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Preface

Thank you for interest in Pediatric Ophthalmology in the Emergency 
Room.

This text represents 15 years of experience in managing acute oph-
thalmic problems in children that bring them to the emergency room, 
and the passion I have in doing so. The chapter authors represent a 
diverse group of specialists from ophthalmology, emergency medicine, 
pediatrics, and radiology who offer their expertise in the multidisci-
plinary team management that I feel yields the best care for children. 
Many of the authors practice at busy level one trauma centers with a 
large volume of pediatric visitors.

This text is intended for a diverse group of healthcare professionals 
that include anyone who cares for children in an acute setting from ini-
tial assessment to final treatment and follow up. This includes pediatri-
cians, emergency room physicians, nurses, physician assistants, trauma 
surgeons, medical students, residents, fellows, neurologists, neurosur-
geons, and ophthalmologists among others.

The information presented in this text should give the reader a broad 
insight into the common ophthalmic conditions that may bring a child 
in for an acute healthcare visit. Each chapter should give a logical 
approach to the evaluation and management of these various condi-
tions. The text highlights various ways in which children present differ-
ently and necessitate different treatment algorithms from adults with 
similar conditions. With an abundance of clinical and radiographic 
images, clinicians will be visually aided in their diagnostic care. The 
important skills of patience and compassion towards children and their 
parents are highlighted throughout the book, as are the specialized 
diagnostic and surgical skill needed in caring for pediatric patients. It is 
my hope that this text serves as a valuable resource in the management 
of pediatric ophthalmic conditions with the ultimate goal of preserving 
or improving the vision of our children.

Roman Shinder, MD, FACS
Brooklyn, NY, USA
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1
1.1  Introduction

Eye-related visits in the pediatric population 
represent a small portion of total emergency 
department visits. In 2010, roughly 2 million, 
or 1.5%, of emergency department visits 
received an ophthalmic principle diagnosis. Of 
these visits, 27.8% were attributed to patients 
less than 18 years of age [1]. Data from 2006 to 
2011 show a similar representation of the 
pediatric age group at 31.2% [2]. These encoun-
ters seem to be increasing – a comparison of 
data from 2001 to 2007 and 2006 to 2011 sug-
gests a significant rise in the annual number of 
pediatric eye-related visits to the emergency 
department [2, 3]. While it is unclear if  this 
increase is proportional to the overall increase 
in emergency department visits in the United 
States, this underscores the importance of a 
strong foundation in evaluating eye-related 
complaints in this patient population.

Pediatric ophthalmologic complaints in 
the emergency department include a wide 
spectrum of emergent and non-emergent con-
ditions that require thorough evaluation. 
Early diagnosis and management are critical 
to preserving a child’s vision and may be aided 

by understanding the physiological develop-
ment of vision in the pediatric population. It 
is incumbent upon the emergency medicine 
physician to know when to seek the consulta-
tion of the ophthalmologist. This chapter 
reviews the comprehensive evaluation of a 
child presenting to the emergency department 
with an eye complaint.

1.2  Pediatric Eye Anatomy 
and Visual Development

. Figure 1.1 details the ocular anatomy. The 
eyelids are superficial to the globe and serve 
three main functions: protection of the eye 
from trauma through the blink reflex, clear-
ance of foreign bodies, and distribution of 
tear film across the cornea to provide a clear 
and undistorted optical surface. The meibo-
mian and Zeis sebaceous glands line the mar-
gin of the eyelids and secrete oils which coat 
the surface of the eye and keep the tears from 
evaporating too quickly.

Beneath the eyelids is the conjunctiva, a 
mucus membrane which lines the posterior 
surface of the lid and extends onto the globe 

       . Fig. 1.1 The ocular anatomy

 N. Tejani et al.
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to the limbus, which represents the peripheral 
corneal junction. The portion covering the 
globe is known as the bulbar conjunctiva, and 
the portion lining the posterior surface of the 
eyelid is known as the palpebral conjunctiva. 
The conjunctiva is made of a non-keratinized 
squamous epithelium containing goblet cells. 
Beneath the epithelium is the conjunctival 
stroma also known as the substantia propria, 
a highly vascularized tissue that is the site of 
immunologic activity. On exam, the conjunc-
tiva is transparent.

Deep to the conjunctiva lies the sclera, the 
tough, fibrous white shell of the eye that pro-
vides shape and support. Contiguous with the 
sclera, the transparent cornea is the anterior 
surface of the globe. Most of the focus power 
of the eye is from the curvature of the cornea. 
The cornea is avascular, composed of special-
ized epithelial cells, and innervated by cranial 
nerve V, the trigeminal nerve.

The uveal tract has three structures: the 
choroid, the iris, and the ciliary body. The iris 
gives the eye its color. The iris’ development is 
completed by the eighth month of gestation 
developing from the ciliary body [4]. The color 
which develops throughout the first year of 
life is determined by the amount of pigment 
and density of the iris stroma. The iris’ func-
tion controls the size of the pupil and thus 
controls the amount of light that falls on the 
retina. This change in size is an involuntary 
reflex requiring cranial nerve II, cranial nerve 
III, and the brain stem connections. 
Sympathetic stimulation dilates the pupil by 
causing iris dilator muscles to contract, 
whereas parasympathetic stimulation causes 
miosis, or pupillary constriction, by causing 
the iris sphincter muscles to contract. The cili-
ary body lies peripherally to the iris and pro-
duces aqueous humor. Ciliary muscle fibers 
adjust the visual focus by releasing tension on 
the suspensory fibers, or zonules, of the lens 
which changes the shape and focusing power 
of the lens. The lens is an avascular, 
 transparent, elliptical structure which further 
focuses the light rays on the retina. The lens 
shape is determined by the ciliary muscle con-
tractions. The change in the lens shape is the 
mechanism by which humans accommodate 
to clearly see near objects and small print.

There are two chambers in front of the 
lens  – the anterior chamber is the region 
between the cornea and the iris, and the poste-
rior chamber is between the iris and lens. The 
anterior and posterior chambers are filled with 
a clear fluid called aqueous humor. The large 
space behind the lens is the vitreous body filled 
with a gel-like fluid called vitreous humor.

The retina is the layer that lies interior to 
the sclera and choroid. Light stimulates reti-
nal photoreceptors to produce neural signals 
that the optic nerve carries to the brain. The 
vascular choroid layer deep to the retina pro-
vides the retina with the nutrition it requires. 
The ophthalmic artery provides most of the 
blood supply to the orbital structures. It is a 
branch of the internal carotid artery. The 
superior and inferior ophthalmic veins drain 
the orbital tissues into the cavernous sinus.

1.3  Evaluation of Children with 
Ophthalmic Complaints 
in the ER

1.3.1  History

The evaluation of a child presenting with an 
eye complaint begins with a thorough history 
from both the child and the caregiver present. 
Chief complaints may include eye pain, dis-
charge, and changes to vision. The history of 
present illness should identify onset, severity, 
ameliorating and exacerbating factors, mon-
ocular or binocular symptoms, previous ocu-
lar history, and associated symptoms. Past 
medical history encompasses the child’s birth 
history and development as well as the mater-
nal prenatal history. Perinatal infections with 
ocular sequelae, including toxoplasmosis, 
rubella, CMV, HSV, and others, are of par-
ticular concern. The results of genetic testing 
may also be pertinent to the child’s past medi-
cal history. Other important components 
include past surgical history, contact lens use, 
allergies to food, environmental substances 
and medications, vaccination status, family 
history, and social history. A review of sys-
tems can be used to identify any concurrent 
systemic symptoms.

 Pediatric Patient Encounter in the Emergency Department
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1
1.3.2  Physical Exam

1.3.2.1  Overview
The ophthalmologic physical examination of 
the child is vital to formulating a diagnosis 
and management plan and knowing when to 
involve the ophthalmologist. The challenges 
to obtaining a comprehensive examination 
in the emergency department are myriad: the 
child may be in distress from an injury, the 
infant or toddler may not be cooperative, and 
caregivers may not be helpful in comforting 
their distressed child. This becomes particu-
larly important when the child has a diagnosis 
of attention deficit hyperactivity disorder or 
autism.

There are two primary keys to examin-
ing a child’s eye: speed and distraction. The 
technique of distraction can be instrumental 
in examination and can be as simple as using 
a small toy to test the patient’s ability to fix 
and follow. The fixation reflex is useful to 
assess vision in young infants or uncoopera-
tive patients.

Visual acuity is examined first. The method 
by which visual acuity is examined depends 
on the age and mental status of the patient. 
A letter chart is appropriate to test vision in a 
child’s age 5 years and older, given that they are 
familiar with the English alphabet. Younger 
children might use a chart with easily identi-
fied pictures. In infants, the ability to perceive 
light is the most sensitive test for their vision. 
This is followed by an external examination 
of the eye looking for any apparent strabis-
mus, ptosis, ocular injection, or other gross 
abnormalities. Next, extraocular movement is 
evaluated for any movement limitation, pain, 
or diplopia. Pupils are assessed for reactivity 
and symmetry. Using an  ophthalmoscope, the 
red reflex is assessed, and the fundus is exam-
ined. The mnemonic VEM PF is often used 
as a memory aide in recalling the steps of the 
ophthalmic exam (. Table 1.1).

1.3.2.2  Visual Acuity
Visual acuity is the vital sign of the eye and 
should hold the highest priority in the evalua-
tion of a pediatric patient in the emergency 
room. A standardized visual acuity exam 

allows the consulting ophthalmologist to 
determine whether the complaint requires an 
urgent evaluation or a routine follow-up in an 
outpatient setting.

Visual acuity testing should be modified 
based on the child’s age and development. By 
3 months of age, the infant should be able to 
fixate on and follow an object. In these prever-
bal children until 3 years of age, the examiner 
should cover each eye and assess for smooth 
tracking of the object by the uncovered eye. 
Patients with decreased visual acuity in one 
eye will often make a fuss when their better 
seeing eye is covered.

Vision in verbal children older than 3 years 
of age should be tested using standardized eye 
charts. Again, the age of the patient should 
be considered when interpreting the results 
of the exam. Children between the ages of 3 
and 5 years should have at least 20/40 vision. 
It is normal for these children to have an acu-
ity difference of one line [5]. Children older 
than 5  years of age should normally have 
20/25 vision or better without any signifi-
cant difference in vision between both eyes 
[5]. Eye charts may be chosen based on the 
child’s development. For example, in children 
who have not learned the English alphabet, 
the Allen card or Tumbling E chart may be 
used. In patients who are unable to stand and 
view diagrams at a distance, the Rosenbaum 
near vision card or Allen reduced picture 
card may be placed 14  inches from the child 
[6]. The Snellen chart is commonly found 
in most emergency departments and can be 
used in verbal children who can identify let-
ters. Prior to any eye chart test, the examiner 
should ensure a standardized exam. Patients 
should be instructed to wear their corrective 
glasses or contact lenses and to stand at the 

       . Table 1.1 Eye exam mnemonic: VEM PF

V Visual acuity

E External exam

M Extraocular movements

P Pupillary response

F Fundoscopy

 N. Tejani et al.



7 1

recommended distance. The vision of each 
eye should be tested independently by hav-
ing the child use an occluder to cover one eye. 
Children may sometimes try to cheat during 
this test, particularly when the eye with better 
visual acuity is occluded. To prevent peeking, 
the child’s guardian can hold the occluder, 
or an eye patch can be used. When patients 
are suspected of malingering, a useful exam 
technique is to ask them to write their name 
on paper. Typically, children who truly have 
vision loss will still be able to complete this 
task. The malingering child may refuse to try 
to prove to the examiner that vision loss is 
 significant.

The patient may not be able to complete 
the eye chart exam for many reasons including 
distress, inadequate pain control, and obstruc-
tion of sight due to swelling and compromised 
vision. Topical analgesia should be adminis-
tered to patients with pain. However, if  unable 
to complete visual acuity testing using charts, 
it is important to document vision based on 
finger counting, detection of motion, and 
light perception. Start by standing at a dis-
tance and asking the patient to cover one eye 
and to count the number of fingers held up by 
the examiner. If  the patient is unable to do so, 
move closer to the patient and repeat. If  unable 
to count fingers up close, then inquire if  they 
can detect the waving hand. In the absence 
of motion detection, shine a light near the 
patient’s eye, and assess for light perception 
and light projection by asking the patient to 
identify the presence and position of the light 
source. In these circumstances, urgent oph-
thalmologic consultation is imperative as the 
threat to binocular vision loss remains even if  
visual acuity in one eye is initially preserved. A 
delay in referral may increase chances of poor 
visual outcome and amblyopia.

1.3.2.3  Visual Development
Pediatric visual development is a complex sys-
tem that requires visual stimulation from both 
eyes during the first 3–4  months of life to 
ensure proper development of neuro-ocular 
pathways. If  any disruption of a child’s vision 
occurs during this critical period in visual 
development, the child will develop a lifelong 

visual deficit [7]. Hence, the rationale behind 
the need for urgent ophthalmology consult in 
conditions like congenital ptosis and strabis-
mus is that it might alter the visual pathway. 
The rate of vision development remains steep 
until about 2 years of life, at which time three- 
dimensional binocular depth perception 
develops [7]. It is not until 8 years of age that 
the brain’s development of vision is complete.

The macula (area of the retina responsible 
for central vision) in young infants is not fully 
developed; therefore, the eyes do not fixate 
well centrally and do not follow objects until 
about 3–4  months of age. The quality and 
duration of fixation can be an indirect mea-
surement of vision – if  fixation is steady and 
maintained, and then visual acuity is assumed 
to be intact. However, if  the fixation is inter-
mittent and poorly maintained, the visual 
acuity is often found to be compromised. 
Accommodation (the ability to focus on near 
objects) develops by 4 months [8].

Visual acuity, like all things in pediatrics, is 
dependent on the patient’s age. Visual acuity 
for newborns is approximately 20/400; how-
ever, a more useful measurement of visual 
function is assessed by pupillary light 
responses or by aversion to bright lights [9]. 
An infant of 6 months should have a visual 
acuity of 20/60–20/100. A child of 3  years 
should be able to use the tumbling E chart or 
recognize common symbols. At this age, they 
should see at a range of 20/25–20/30. At the 
age of 5 years, the patient should have a visual 
acuity of 20/25–20/20, though some variation 
exists. However, if  the visual acuity is less than 
20/20 by 8 years of age, the patient should be 
referred to an ophthalmologist for evaluation.

1.3.2.4  External Exam
Eyelids
The external pediatric eye exam should begin 
with observation. First, the position, shape, 
and passive movement of the eyes should be 
observed. Asymmetry of the lids can give 
valuable hints to underlying defects in the 
muscles and nerves that control eyelid func-
tion [10]. The eyelid skin should be examined 
for any lesions such as vesicles associated with 
a herpes simplex infection or a flesh-colored 
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papule with an umbilicated center character-
istic of molluscum contagiosum.

It is essential to look at the eyelid position. 
Telecanthus refers to widening of the medial 
canthal distance between each of the eyes. 
This is often due to a widening of the nasal 
bridge most commonly secondary to trauma 
or congenital syndromes. Hypertelorism 
describes an increased distance between the 
bony orbits and clinically presents as an 
increased interpupillary distance. This abnor-
mality can be seen with midline defects or in 
syndromes such as Down syndrome, fetal 
alcohol syndrome, cri du chat syndrome, 
Klinefelter syndrome, Turner syndrome, 
Ehlers-Danlos syndrome, and Waardenburg 
syndrome [11].

Eyelid movement is responsible for the 
distribution of the tear film across the cornea. 
This provides a clear and undistorted optical 
surface by evenly distributing the tear film 
across the eye and clears foreign bodies. On 
closure, the upper eyelid moves down to cover 
the cornea, and the lower eyelid only moves 
up slightly. The muscles responsible for upper 
lid retraction are the levator palpebrae supe-
rioris and Muller muscle [12]. The predomi-
nant retractor is the levator palpebrae 
superioris, which is under voluntary control 
by the oculomotor nerve (cranial nerve III). 
The minor retractor is the Muller muscle 
which is under sympathetic innervation. 
Dysfunction of either eyelid retractor can 
result in ptosis or drooping of the upper lid. 
It is important to remember when evaluating 
a patient for ptosis that the etiology could be 
due to disease in the upper lid retractors, ocu-
lomotor nerve, sympathetic chain, neuromus-
cular junction, and birth trauma, among 
others [13]. Ptosis related to pathology of the 
sympathetic pathway will be mild (~2  mm), 
while ptosis related to oculomotor nerve 
pathology will be significant. Congenital pto-
sis is frequently diagnosed on a well-child 
visit because of  parental concern about the 
asymmetry of  the eyes. It can be inherited in 
an autosomal dominant form with variable 
penetrance and may be either bilateral or uni-
lateral [13]. Ptosis should always be evaluated 
by an ophthalmologist as amblyopia can 
develop either from visual deprivation or 

from induced astigmatism. Other causes of 
ptosis in children include genetic syndromes 
such as fetal alcohol syndrome, third nerve 
palsy, myasthenia gravis, Horner’s syndrome, 
and trauma, among others.

The motion of the eyelids should also be 
evaluated at rest as the inability to completely 
close the eyelids is known as lagophthalmos. 
Most often this is a complication of scarring 
or fibrosis of the eyelid or facial nerve palsy. 
Lagophthalmos can result in drying out, 
infection, or ulceration of the cornea.

Eyelid cilia (eyelashes) emerge from the 
anterior half of the eyelid margin. Epiblepha-
ron describes a condition in which an excess 
skin fold is seen just under the lower eyelid 
margin usually medially and leads to the lower 
lid lashes being oriented vertically upward [14]. 
It is most commonly seen in Asian or Hispanic 
children and is usually asymptomatic and self-
limiting and resolves within the first few years 
of life. Rarely the lashes will rub on the ocular 
surface and be symptomatic or cause keratop-
athy in which case surgical correction would be 
required [14].

There are many small sebaceous glands 
found in the eyelid that secrete oils that are 
part of the tear film and prevent the tears 
from evaporating too quickly [15]. The meibo-
mian glands are found in the tarsal plate, 
while the glands of Zeis are in close proximity 
to the eyelash follicles.

Hordeolum and chalazion are the most 
common acquired eyelid lesions in childhood. 
A hordeolum, also known as a stye, is an 
infection of either the meibomian gland 
(internal hordeolum) or gland of Zeis (exter-
nal hordeolum) [16]. It presents as an acute, 
erythematous, tender focal nodule of the eye-
lid and can at times have purulent discharge. 
The most common bacterial cause is 
Staphylococcus sp. A Chalazion is a lipogran-
ulomatous inflammation of one of these seba-
ceous glands. In the acute setting, it is 
challenging to distinguish a chalazion from a 
hordeolum, as an acute chalazion can have a 
similar clinical presentation although will not 
have any purulent discharge. As the inflamma-
tory process subsides within a few days, a 
chronic chalazion may remain as a nontender 
focal subcutaneous nodule.
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Nasolacrimal Outflow System
The tears are drained from the eye by the lac-
rimal outflow system. This network begins 
with the superior and inferior puncta on the 
medial lids and courses distally via the cana-
liculi, lacrimal sac, and eventually the naso-
lacrimal duct which drains into the nose below 
the inferior turbinate. It is important to 
understand that the medial canthal tendon is 
superior to the lacrimal sac; therefore, pathol-
ogy of the lacrimal sac or duct will be seen 
below the medial canthal tendon.

Newborn infants can rarely present with a 
bluish firm mass in the lacrimal sac fossa 
called a dacryocele [17]. This requires immedi-
ate ophthalmology and otolaryngology con-
sultation given the possibility of infection 
and, in rare circumstances, sepsis that can 
develop. In older infants, classically 3–5 weeks 
after birth, congenital nasolacrimal duct 
obstruction can become clinically apparent 
with swelling below the medial canthus and 
tearing and mucopurulent discharge from the 
puncta [18]. This can be seen in as many as 
30% of newborns [18]. To confirm the diagno-
sis, apply gentle pressure over the lacrimal sac 
which may cause reflux of sac contents from 
the puncta.

Conjunctiva
The conjunctiva is a thin transparent mucous 
membrane that lines the posterior aspect of 
the lids and the surface of the globe up to 
the cornea. The portion covering the globe 
is known as the bulbar conjunctiva, and the 
portion covering the lids is known as the pal-
pebral conjunctiva. The conjunctiva is made 
of non-keratinized squamous epithelium 
 containing goblet cells [19]. These goblet cells 
produce mucin, which is part of the tear film. 
Beneath the epithelium is the conjunctival 
stroma, which is highly vascularized and is the 
site of immunologic activity.

On exam, the conjunctiva appears trans-
parent, except when inflamed when it appears 
red because of dilated blood vessels often 
referred to as conjunctival injection. Subcon-
junctival hemorrhages will appear as striking 
bright red discolorations. These hemorrhages 
might occur spontaneously, with coughing 
and Valsalva maneuvers, or secondary to 

trauma. In preverbal children, non-acciden-
tal trauma should always be ruled out [20]. 
Spontaneous resolution, over days to weeks, 
will occur, but parents should be informed to 
expect a shift of the blood and a change in 
color as the blood is reabsorbed.

Conjunctivitis can be from bacterial, viral, 
or allergic causes. Bacterial conjunctivitis 
presents with thick mucopurulent discharge 
often resulting in the lids being stuck together 
in the morning. The tympanic membranes 
should also be evaluated when considering 
bacterial conjunctivitis as frequently there is 
co-infection of the eustachian tube and mid-
dle ear known as unilateral conjunctivitis- 
otitis media syndrome [21]. Viral conjunctivitis, 
most commonly caused by adenovirus, pres-
ents with tearing and clear discharge and 
enlarged preauricular lymph nodes [22]. 
Allergic conjunctivitis presents with bilateral 
clear and stringy tearing, swelling of the lower 
eyelids, and intense pruritus [23].

The age of the patient is also important as 
neonatal conjunctivitis, occurring within 
2–4 days after birth, presenting with copious 
purulent discharge, is classically due to gonor-
rhea [24]. In this case, there is a possibility of 
corneal involvement, and if  not treated it can 
result in corneal scarring, thus making it an 
ophthalmologic emergency. However, if  the 
patient presents after 8–14  days with watery 
discharge and conjunctivitis, chlamydia tra-
chomatis is the more likely offender. Still, 
other pathogens must be considered including 
Staphylococcus sp., Streptococcus sp., and 
Enterococcus sp.

1.3.2.5  Extraocular Movement
The movement of the eye is controlled by six 
extraocular muscles that are innervated by the 
oculomotor, trochlear, and abducens nerves 
(. Table  1.2). Examination of extraocular 
movement begins with observing the child’s 
gaze at rest. Take note of abnormal head pos-
ture as it may signify a compensatory response 
to ocular misalignment. It is important to 
understand normal visual development in chil-
dren and modify the exam accordingly. Infants 
will fixate but not follow objects until 3–4 months 
of age. For this age group, the examiner can 
move the child’s head or instruct the caretaker to 

 Pediatric Patient Encounter in the Emergency Department



10

1

rock the child side to side to evaluate passive 
motility [25]. Children able to track objects 
should undergo the traditional exam of follow-
ing an object in the six cardinal positions of 
gaze. Toys or other brightly colored objects can 
be used to maintain the patient’s attention.

Strabismus denotes ocular misalignment. 
This can be congenital or acquired. Mis align-
ment may be normal in newborns as inter-
mittent esotropia or convergence spasm can 
be seen in infants up to 6 months of  age [5]. 
Pathologic cases of  strabismus can have 
numerous etiologies including stroke, aneu-
rysm, infection, trauma, tumor, or inflamma-
tion. Cranial nerve deficits will present with 
decreased extraocular movements and stra-
bismus. Oculomotor nerve palsy characteris-
tically results in globe that is deviated down 
and out as supraduction, infraduction, and 
 adduction are limited. The child may also 
have ptosis and an enlarged pupil. Trochlear 
nerve palsy leads to hypertropia, or an 
upward deviation of  the eye. Abducens nerve 
palsy will show esotropia, or inward globe 
deviation, as the medial rectus muscle loses 
the antagonistic balance of  the lateral rectus 
muscle which is unable to abduct. It is impor-
tant to evaluate eye movements in orbital 
trauma, especially in cases of  orbital fracture 
to assess for any restrictions that may be 
caused by entrapment of  a rectus muscle.

Specific testing can aid in diagnosing stra-
bismus. The first is the Hirschberg test. With 
the child looking straight, a light is directed at 
the patient, and the corneal light reflex is 
observed. If  there is asymmetry of the light 
reflex with one not centered, this reveals a 
strabismus [26]. The second is the cover- 
uncover test, which involves placing a cover or 
patch over one eye. Allow the child to fixate 
on an object and cover one eye. While doing 
so, a movement in the uncovered eye points to 
a strabismus. It is important to differentiate 
pseudostrabismus from true strabismus. 
Children with large epicanthal folds may have 
the appearance of misaligned eyes when in 
fact no strabismus is present, resulting in 
pseudoestropia.

1.3.2.6  Pupils
The pupil is an opening in the iris that allows 
for light to enter the eye and stimulate the 
retina. Pupillary size is controlled by muscles 
within the iris, which dilate and constrict in 
response to light and dark conditions, respec-
tively. Dilation is controlled by sympathetic 
nerve fibers, while constriction is controlled 
by parasympathetic fibers. Examination of 
the pupils begins with assessment of the sym-
metry, size, and shape of the pupils in ambient 
light. The child should be instructed to focus 
on a distant object to prevent any effects of 
accommodation on the pupil size. Normal 
pupil size in children ranges from approxi-
mately 3 to 6 mm in ambient light [27]. It is 
important to note that pupil size may be rela-
tively smaller in infants. A stable size discrep-
ancy of less than two millimeters in light and 
dark environments signifies benign essential 
anisocoria, a physiologic phenomenon seen in 
almost 20% of the healthy population [28]. A 
larger difference in size represents a disrup-
tion in the neuromotor pathway prompting 
the consultation of the ophthalmologist. 
Causes of pathologic anisocoria include ocu-
lomotor nerve palsy, Horner syndrome, tonic 
pupil, iritis, or trauma. Defects in the shape of 
the pupil indicate a pathology of the iris. An 
iris coloboma is a congenital defect where 
part of the iris is missing, giving an abnormal 
pupil shape.

       . Table 1.2 The extraocular muscles and the 
name and numerical designation of  the cranial 
nerves that innervate them

Extraocular 
muscles

Innervation

Superior rectus Oculomotor (cranial 
nerve III)

Medial rectus Oculomotor (cranial 
nerve III)

Inferior rectus Oculomotor (cranial 
nerve III)

Lateral rectus Abducens (cranial nerve VI)

Superior oblique Trochlear (cranial nerve IV)

Inferior oblique Oculomotor (cranial 
nerve III)

 N. Tejani et al.
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Next, the pupils are stimulated with a light 
source to test the pupillary light reflex. As 
light enters the eye, the optic nerve is stimu-
lated sending sensory information through 
afferent nerve fibers through the optic tracts 
to the visual cortex. Efferent motor nerve 
fibers from the oculomotor nerve then lead to 
pupil constriction. Both the direct and con-
sensual response should be noted. The con-
sensual response describes light in one eye 
leading to constriction of the contralateral 
pupil. The swinging light test can be used to 
identify an afferent pupillary defect, com-
monly known as a Marcus Gunn pupil. When 
alternating the illumination of both eyes, the 
abnormal pupil will dilate in response to the 
light source. Such a finding indicates a disrup-
tion of the optic pathway at the retina or optic 
nerve. Lastly, the near response should be 
tested; both pupils should briskly constrict 
when the child is instructed to focus on a cen-
tral object 1 to 2 centimeters from the face. 
The acronym PERRLA is often used to indi-
cate a normal pupillary exam when both 
pupils are found to be equal, round, and reac-
tive to light and accommodation.

1.3.2.7  Fundus
The fundoscopic exam is used to evaluate the 
posterior structures of the eye, including the 
retina and optic disc. In the emergency depart-
ment, ophthalmoscopes are widely available 
and should be used for this purpose. This part 
of the exam should be completed in a dark or 
dimly lit room to allow the pupils to naturally 
dilate.

The first component of this exam is the red 
reflex test. This is best evaluated from a dis-
tance with the examiner situated at the level 
of the patient’s eyes. As light enters the eye, it 
is reflected off  the retina. This produces the 
characteristic red-orange color that is seen in 
healthy children. However, the exact color of 
the red reflex can vary based on the patient’s 
ethnicity [29]. Each eye should be assessed 
independently. The Bruckner test looks at 
both red reflexes simultaneously. The test is 
considered abnormal if  there is absence of the 
red reflex or asymmetry between the color, 
intensity, and position of the reflex. This may 

be caused by any process that disrupts the 
normal pathway of light through the eye, 
including foreign bodies, opacities, ocular 
misalignment, or malignancy. Leukocoria, or 
a white reflex, may represent a threat to vision 
or even life and requires prompt referral to 
ophthalmology. Bilateral leukocoria is sugges-
tive of congenital cataracts, whereas unilat-
eral leukocoria, particularly in young children, 
can be associated with retinoblastoma among 
others.

Dilation of the pupils allows for improved 
visualization of the fundus. Dilating eye drops 
are generally considered safe in children. 2.5% 
phenylephrine and 0.2% cyclopentolate may be 
used [30]. Internal examination of the fundus 
begins with identifying the optic disc. The optic 
disc should have a sharply demarcated border 
and a yellowish-orange color. Papilledema, or 
bilateral optic disc swelling, is seen in the set-
ting of increased intracranial pressure. The 
retina should be inspected next. Beginning at 
the optic disc, each artery and vein should be 
traced to the periphery. Veins will appear dark 
red and large, with minimal light reflection. 
Conversely, arteries will appear light red and 
small, with a bright light reflex [19].

1.4  Conclusion

The spectrum of pediatric ophthalmologic 
complaints arriving at the emergency room 
ranges from benign, self-limited processes to 
vision or life-threatening conditions. Like any 
pediatric exam, the patient’s age and underly-
ing behavior can significantly hinder or help 
in the exam. The physician must employ 
patience, persistence, and a variety of tech-
niques to elicit important signs and symptoms 
during the exam. The practitioner must be 
comfortable and competent with using com-
mon equipment during evaluation such as the 
ophthalmoscope and visual acuity charts. It is 
the responsibility of practitioners in the pedi-
atric emergency room to be able to efficiently 
evaluate children with ocular complaints and 
recognize the situations that necessitate con-
sultation with an ophthalmologist for proper 
care.
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1 Key Points
 5 The pediatric ophthalmic examination 

must be adapted based on the patient’s 
age, visual development, and functional 
status.

 5 The ophthalmologic examination of 
the pediatric patient must include 
assessment of the visual acuity, external 
eye, extraocular movement, pupils, and 
the globe.

 5 In children unable to provide visual 
acuity via a chart, it is important to 
assess visual acuity in other ways such 
as counting fingers, detecting hand 
motion, or perceiving a light source.

 5 Ocular misalignment can be caused by 
a diverse array of diseases, and failure 
to evaluate and treat strabismus may 
result in amblyopia and loss of vision.

 5 Essential anisocoria is a physiologic 
phenomenon seen in almost 20% of the 
healthy population and is defined by a 
pupil size discrepancy of less than 
2 millimeters.

 5 Dilation of pupils for fundus exam with 
medications such as phenylephrine and 
cyclopentolate is considered safe in 
children.

 ? Review Questions
 1. A 14-year-old male presents to the 

emergency department with left eye 
swelling after being hit in the eye by a 
baseball. Which of  the following 
should be the first physical exam 
finding to elicit from the patient?
 (a) Upward gaze
 (b) Visual acuity
 (c) Pupillary response
 (d) Proptosis
 (e) Conjunctival injection

 2. A 5-year-old female with a history of 
autism spectrum disorder presents with 
excessive crying. She appears to have 
unilateral tearing from the right eye but 
is uncooperative with the exam. What is 
the best approach to examining this 
child in the emergency department?

 (a) Ketamine for sedation
 (b) Tetracaine eye drops
 (c) Lid retractor
 (d) Papoose board
 (e) (b), (c), and (d)
 (f) (a), (c), and (d)

 3. What is the vascular supply of the cornea?
 (a) Central retinal artery
 (b) Supraorbital artery
 (c) Anterior ciliary artery
 (d) None of  the above

 4. The parents bring in their 14-day-old 
baby very anxious that there is 
something wrong. They were told after 
birth that the child had nasolacrimal 
duct obstruction, but they are worried 
that it is getting worse. On physical 
examination, the neonate’s left eye is 
tearing excessively, and the cornea is 
slightly cloudy when compared to the 
right eye. The baby is very active, and a 
red reflex is not elucidated from the left 
eye. What is the next best step?
 (a) Advise to continue lacrimal sac 

massage 3–4 times a day.
 (b) Reassure that 90% of  cases resolve 

by the first year of  life.
 (c) Refer for immediate evaluation by 

an ophthalmologist.
 (d) Refer for the next available 

appointment with an ophthalmo-
logist.

 v Answer
 1. (b)
 2. (e)
 3. (d)
 4. (c)
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2.1  Introduction

A child who arrives in the emergency room 
with eyes that are deviated from the normal, 
symmetric, straight ahead position can send 
fear into the heart of the most experienced 
physician, PA, or consultant ophthalmologist. 
The goal of this chapter is to offer the pan-
icked provider with the tools and knowledge 
to work up the child in a calm and thorough 
manner and review common and uncommon 
causes of strabismus and ocular motility 
problems which may cause parents to bring 
their child to the ER.  While most of these 
conditions outlined below are not dire, some 
are making it important to appropriately 
identify, work up, and manage these cases to 
avoid negative outcomes.

2.2  History

One of the most important tools towards 
arriving at a correct diagnosis is to determine 
the course of events which have led to the 
child’s ocular deviation. Try to learn exactly 
when the problem started. Is the deviation 
constant or intermittent? Is it getting better or 
worse? Is there pain? It is important to inquire 
about birth history as premature infants have 
a much greater occurrence rate of strabismus. 
The child’s current age and the age of onset 
are important, because there are typical ages 
at which common problems present, such as 
intermittent exotropia, which typically pres-
ents between the ages of 2 and 4 years. Learn 
the overall health of the child; a sick child 
with a known diagnosis of systemic illness, 
such as leukemia or developmental abnormal-
ities such as craniosynostosis, may present a 
different differential from a normal sibling. 
Try to identify any history of trauma, either 
to the head, eyes, or orbit. Both sharp and 
blunt trauma can cause the eyes to deviate. 
Always be alert to the occurrence of non- 
accidental trauma, and report it if  there is any 
suspicion for it. Use what has been dubbed, 
“the retrospectoscope” – old photographs of 
the child – to try to pinpoint when the prob-
lem started. In today’s age of smart phones, 

use the photos stored within and social media 
postings to assist in determining when the age 
of onset of the misalignment. It is important 
to question about family history. While there 
is no firm genetic pattern of inheritance for 
strabismus, it is undeniable that families with 
a history of strabismus have an increased inci-
dence of ocular deviations, often in similar 
patterns. Social history can be useful, as intra-
uterine medication and recreation drug expo-
sure and overuse of smart phones and tablets 
may contribute to strabismus occurrence.

2.3  The Examination of the Child

In the words of M. Edward Wilson, “…when 
it comes to the pediatric eye examination, a 
friendly manner, a little trickery, and a lot of 
praise can accomplish a great deal” [1]. It is 
important to establish trust with the child and 
make the exam as fun as possible. Have a 
smaller child sit on their parent’s lap. Try to be 
on the level of the child, rather than looming 
from above. Ask the child for their help in 
accomplishing the exam. Often, I will say, 
“Could you help me with this?”, and when 
they agree to help, the exam becomes a game 
they are participating in, rather than an 
imposed intervention. When they do some-
thing, you wish them to do, praise them with 
phrases like, “You are very good at this. Did 
you practice this at home?” The child thus 
becomes your helper, something they enjoy 
being. However, realize that you do not have 
unlimited time for the exam. A child can 
quickly lose interest, so you must have a plan 
to extract the information you need quickly 
and efficiently.

In the evaluation of a child with deviating 
eyes in the ER, there are several vitally impor-
tant elements which must be included in the 
exam.

kVision
You must figure out what the child is able to 
see and if  vision is symmetric between the 
two eyes. In a child over the age of  3.5 years, 
it should be possible to document standard-
ized visual acuity on an ABC or picture chart 
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(Snellen), HOTV letters, or Lea symbols. To 
test vision in each eye individually, it is 
important to occlude an eye. Children are 
experts in cheating when using a standard 
plastic vision occluder. I recommend using a 
piece of  2-inch silk surgical tape applied 
loosely to the brow and hanging inferiorly 
over the eye. It helps if  you tell the child that 
the tape is only temporary.

kRecording the Vision
Identifying a large discrepancy in vision 
between the two eyes may aid in the diagnosis 
of strabismus. In younger children who can-
not read the eye chart, one can still make a 
good estimate of their ability to see. Use a toy, 
or any interesting object like keys, and move it 
through space in front of the child. See if  the 
child’s eyes move to keep fixation on the 
object. If  the child is able to do this, it tells you 
only that at least one of the eyes can see. To 
determine if  there is a difference in visual acu-
ity between the eyes, it will be necessary to 
occlude one of the eyes. While tape can work 
as an occluder, in the very young or terrible 
twos, it can cause undue distress. In these chil-
dren, it is wise to trick them by using one’s 
thumb as an occluder. You can praise the 
child while gently touching the top of their 
head and stating, “Oh what nice hair you 
have!” Then, stealthily, move your thumb 
down to occlude one eye while moving the 
aforementioned shiny object through space 
(. Fig.  2.1). If  the child does not object to 
covering either eye and continues to watch the 
object, the vision can be recorded as roughly 
equal. A differential response such as object-
ing to covering one eye by crying or moving 
the head to avoid occlusion may be a sign that 
the vision is poor in the non-occluded eye. 
This can be recorded as “fixes and follows well 
in one eye, but not in the other.” There are sev-
eral other systems of recording as well (CSM, 
GSM, etc.), but in the ER fixes and follows 
should suffice.

kAmblyopia
Amblyopia represents a decrease in best cor-
rected visual acuity in one or both eyes due to 
a disruption in normal cortical development 

of the visual cortex during childhood. It 
occurs in 1–5% of children [2–5]. Clinically, 
amblyopia can result from strabismus. In 
these cases, the eye which deviates more often 
has decreased visual acuity due to the brain 
suppressing images from the deviated eye. A 
large difference in visual acuity between the 
eyes in the setting of strabismus suggests long- 
standing deviation which has resulted in 
amblyopia. However, decreased vision in a 
deviated eye can also be seen in neurologic 
and infectious entities, so a difference in vision 
should not forestall a complete workup of the 
patient. It should be remembered that other 
causes of amblyopia, including asymmetric 
refractive error, are probably more common 
than strabismic amblyopia. Treatment includ-
ing the wearing of appropriate glasses, patch-
ing of the better eye, and atropine penalization 
of the better eye can be employed to correct 
the “lazy eye.” However, the complete evalua-
tion for this is better handled by the ophthal-
mologist and should not fall on the ER 
provider (. Table 2.1).

       . Fig. 2.1 An examiner uses his thumb to sneakily 
cover an eye, so as to determine if  the uncovered eye can 
fix and follow a moving object
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kPupils
Pupil size and light reflex should be noted. 
Anisocoria or asymmetric pupil size with an 
enlarged pupil on one side can be a sign of a 
cranial nerve III palsy. A Marcus Gunn affer-
ent pupillary defect may indicate decreased 
visual information traveling from the eye to 
the brain and may suggest more dire problems 
which affect both movement and vision of the 
eye.

2.4  Ocular Alignment and Motility 
Testing

2.4.1  Strabismus

Strabismus or eye crossing represents an issue 
of ocular misalignment. It is a common prob-
lem affecting approximately 4% of children in 
the USA. Due to this misalignment, one eye 
will fixate on a target, while the non-fixating 
eye is deviated inward, outward, upward, or 
downward. The eye which fixates and the eye 
which turns may alternate, and eye crossing 
may be present at all times or only intermit-
tently. To evaluate for the presence of strabis-
mus, the following examination should be 
undertaken. An observation of how the child’s 
eye move should be made. Do the eyes move 
smoothly and fully from side to side and up 
and down, or are there limitations to move-
ment in one or both eyes? Are the eyes still, or 

is there a rhythmic oscillation back and forth, 
known as nystagmus? The head position 
should be observed. Is the head straight, or is 
there a tilt to one shoulder or a turn to the left 
or to the right. All these observations aid in 
diagnosis, direct workup, and determining 
how best to help the child (. Table 2.2).

“The purpose of the motor evaluation of 
the eyes is threefold: (1) to detect and quantify 
an eye misalignment, (2) to evaluate the func-
tion of each extraocular muscle, (3) to assess 
control over the deviation” [6]. However, in 
the emergency room evaluation, the eyes 
should be examined as they move in the fol-
lowing gaze positions – up, down, left, right, 
up and inward, and down and inward. The 
movement of the eye is graded against the 
movement of the opposite eye in a −4 to +4 
scale. Next, the cover test should be done to 
reveal a turn. Alternately covering one eye 
and then the other will cause a turned eye to 
move to pick up fixation, moving in the oppo-
site direction of its initial turn. For example, 

       . Table 2.1 Most common underlying causes of  amblyopia [34]

Type Mechanism of amblyopia Percentage of 
cases (%)

Anisometropic Asymmetric refractive error leads to the formation of  a poorly focused 
retinal image in one or both eyes impairing normal visual cortex 
development

50

Strabismic Eye misalignment produces non- corresponding cortical images. The 
visual cortex suppresses the sensory input from the non-dominate eye 
to prevent cortical confusion and diplopia

19

Mixed Concurrent anisometropia and strabismus are present (e.g. 
Accommodative Esotropia)

27

Stimulation 
deprivation

Media opacity present in the cornea, lens, or vitreous obstructs light 
from forming visual image of  the retina. Lack of  a focused retinal 
image prevents normal visual cortex development

4

       . Table 2.2  Classifying strabismus by 
direction of  eye turn

Inward Eso-

Outward Exo-

Upward Hyper-

Outward Hypo-
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an inward turned eye (esotropia) will move 
outward toward the ear to pick up fixation 
when the other eye is covered. This deviation 
can be measured by prisms, and the pattern of 
measurements can pinpoint the cause of an 
ocular deviation. (This type of detailed mea-
surement will usually be done by the ophthal-
mic consultant.) The cover test only works 
when there is sufficient vision in the deviating 
eye to allow the eye to move to see a target. In 
the event of a non-seeing eye, measurement of 
the deviation is better accomplished by the 
Hirschberg test where a light is shined at the 
eyes. One eye will usually fixate on the light, 
and the reflex will land in the center of the 
pupil. The other eye will show a deviation by 
the light reflex landing eccentrically on the 
cornea, either up, down, in, or out. This devi-
ation of the corneal light reflex can be mea-
sured using a prism. This is known as the 
Krimsky method.

An effort should be made to determine 
whether the deviation measured is constant or 
intermittent and the child’s ability to control 
the deviation if  it is indeed intermittent.

2.4.1.1  Causes of Ocular Motility 
Disturbance Seen 
in the Emergency Room

Even though ER visits should be reserved for 
actual emergencies, parents who are worried 
about their child do not know whether the 
observation they have made of a perceived 
turn is urgent or not. Thus, we will discuss 
many causes of concern, from benign to 
extremely worrisome. This chapter is not 
meant to be an exhaustive review of every eso-
teric form or cause of ocular motility distur-
bance; rather it emphasizes the most common 
and most important entities which present to 
the ER. We start with an examination of com-
itant deviations  – deviations with nearly the 
same amount of turn in all gaze positions.

2.4.1.2  Intermittent, Small Angle 
Strabismus of Infancy

Chronologically, the earliest manifestation 
of  strabismus is the intermittent, variable, 
small angle turn of  infancy. Up to 20% of 
normal infants have eyes with slight inward 
or outward measuring less than 10  ° of  a 

turn. These deviations can be present at 
birth and typically resolve by 3–4 months of 
age. These babies usually end up with 
straight, normally functioning eyes. In the 
absence of  other signs of  illness, no further 
workup is needed, and re-assurance should 
be given. Should a turn still be present after 
the age of  4  months, consultation is war-
ranted [7].

2.4.2  Pseudostrabismus

Pseudoesotropia, the illusion of an inward 
eye turn is a common referral to pediatric 
ophthalmology clinics. This optical illusion is 
caused by the presence of epicanthal lid folds 
and a wide nasal bridge, which cover up the 
nasal sclera in one eye, and give the appear-
ance of crossing when none is there. Alternate 
cover testing with no refixation movement, 
and a light reflex centered in the pupils con-
firms that the eyes are straight, and that pseu-
doesotropia exists (. Fig. 2.2).

2.4.2.1  Infantile (Congenital) 
Esotropia

Parents will often bring their child for evalua-
tion of crossed eyes. Early childhood esotro-
pia can interrupt eye contact, an important 
element of creating the bond between parent 
and child, and so this becomes an emergency 
to the parents. Although formerly called 
“congenital” esotropia, this crossing is rarely 
seen at birth, typically presenting by 6 months 
of age. Unlike the transient turn of early 

       . Fig. 2.2 Pseudostrabismus (pseudoesotropia). 
Although on first glance the eyes appear crossed, the 
pupils are centered and symmetric, and so the eyes are in 
fact straight. A wide nasal bridge and epicanthal lid 
folds can be misleading for parents and physicians. 
(Image provided by Roman Shinder, MD)
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infancy, the crossing of infantile esotropia is 
large (greater than 30 prism diopters), stable 
in size, and present constantly. Cover testing 
reveals an outward movement as the previ-
ously covered eye move to pick up fixation. 
Vision is often good in each eye, and patients 
can exhibit “cross-fixation,” where the child 
views objects on the left side with the right eye 
and objects on the right side with the left eye. 
Imaging studies are not indicated in this con-
dition. While infantile esotropia is not a true 
emergency, prompt referral to a pediatric oph-
thalmology is essential, because surgical 
realignment prior to 2 years of age results in 
better fusional ability and binocular vision [8] 
though there is ongoing debate about the tim-
ing of this surgery [9, 10] (. Fig. 2.3).

2.4.2.2  Accommodative Esotropia
A second surge in the incidence of crossed 
eyes occurs between the ages of 12–18 months 
and reaches its peak between 2 and 4 years of 
age due to the onset of accommodative eso-
tropia. Accommodative esotropia is initially 
present intermittently and is associated with 
variable turn size that increases in amplitude 
when the child fixates on near targets. This 
entity is most commonly seen in farsighted 
children whose eyes deviate inward (converge) 
in a response to accommodative focusing 
effort [11]. A healthy child, with the above 
presentation, needs no further ER workup, 
but does need a prompt referral to a pediatric 
ophthalmologist. Treatment of this condition 
usually consists of the prescribing hyperopic 
correcting glasses which often completely cor-
rects the turn when the glasses are worn. 
Occasionally bifocal or progressive glasses 
may be needed. Delayed treatment of accom-

modative esotropia can lead to tightening of 
the extraocular muscles, which may require 
strabismus surgery in addition to glasses to 
correct. Parents must be advised that the 
glasses work to straighten the eyes only when 
they are being worn and that the turn will 
return with the glasses off!

2.4.2.3  Acute Acquired Esotropia
A sudden onset of constant esotropia, which 
measures the same amount in all gaze posi-
tions, in an older child (or adult) is unusual 
and raises concern for intracranial pathology. 
Concomitant neurological symptoms, head-
ache, nausea, vomiting, gait disturbance, and 
tinnitus, increase the likelihood of underlying 
intracranial malignancy. If  a sudden acquired 
esotropia is intermittent, it is more likely that 
it is the result of decompensation of previ-
ously controlled fusional mechanisms; how-
ever, imaging and workup for underlying 
illness is still recommended.

2.4.3  Exotropia

2.4.3.1  Intermittent Exotropia
By far and away, the most common type of 
outward turn of  the eyes in children is inter-
mittent exotropia. In this form of strabismus, 
the eyes may demonstrate good alignment 
with only occasional episodes of  outward 
deviation. Children are not born with this 
problem  – most cases present between the 
ages of  8 months and 4 years of  age, although 
older presentation is common. Children do 
not typically report diplopia, because the 
deviating eye is suppressed when it moves 
outward. The deviation is typically worse 
when looking in the distance and when the 
child is outdoors with parents often reporting 
that the child closes their non-dominant eye 
when in bright sunlight. This sensitivity to 
light is termed “photalgia.” It is thought that 
this closure is an attempt to avoid double 
vision [12]. Many patients deteriorate in terms 
of how frequently the eye drifts and in how 
much it drifts (. Fig.  2.4). Imaging studies 
are not required in typical cases that present 
to the ER; however, a prompt referral to the 

       . Fig. 2.3 Congenital (infantile) esotropia. Note that 
one eye looks straight ahead, while the other deviates 
inward. Treatment for the condition is surgical repair 
before age 2 years
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pediatric ophthalmologist for evaluation and 
treatment is important. Both surgery and 
non-surgical methods such as glasses and 
patching can be used to restore control of  this 
condition.

2.4.3.2  Congenital or Infantile 
Exotropia

This condition is a large angle (35–90 PD), 
constant exotropia which is present at birth or 
in early infancy. It is rare, occurring in only 
1 in 300,000 births [13]. Amblyopia in one eye 
is common and may be resistant to patching 
therapy. Surgery is needed to correct the turn, 
with the goal to have straight eyes before age 
24  months. Reoperations are common [13] 
(. Table 2.3).

2.4.3.3  Incomitant Strabismus
For the common types of childhood comitant 
strabismus described above, the ultimate cause 
for the turn is unknown. However, in the fol-
lowing incomitant strabismus conditions, 
there is often an identifiable underlying cause. 
It is important to recognize the patterns that 
they occur in and to know how to proceed in 
the workup.

2.4.4  Cranial Nerve Palsies

2.4.4.1  Third Cranial Nerve Palsy
The third cranial nerve carries impulses to 
four of the six extraocular muscles  – the 
medial, inferior, and superior rectus muscles, 
as well as the inferior oblique. It supplies 
innervation to the levator muscle in the eyelid, 
causing it to rise. Additionally, parasympa-
thetic nerve fibers travel to the pupil causing 
constriction. Thus, a complete third cranial 

nerve palsy will cause the eye to be depressed 
and abducted (down and out) secondary to 
the unopposed action of the intact lateral rec-
tus (sixth nerve) and superior oblique (fourth 
nerve). The pupil will be fixed and dilated, 
and the eyelid will be ptotic (droopy). A lesion 
to the third nerve nucleus results in bilateral 
ptosis in addition to the above clinical find-
ings. While a complete third nerve palsy is 
easy to recognize, partial or slowly progressive 
palsies can be difficult to diagnose, and 
chronic or congenital palsies can result in 
aberrant regeneration with bizarre patterns of 
eye movement. While microvascular third 
nerve palsies are common in adults [14], they 
are rare in children [15, 16]. The most com-
mon causes in pediatric surveys are congeni-
tal, trauma, tumors, vascular (including 
migraines), and infection (viral and bacterial 
meningitis, encephalitis, and post-infectious 
encephalomyelitis) [15–17]. Imaging studies 
are necessary. Treatment is aimed at the 
underlying cause of the palsy. This may 
involve neurosurgery to remove tumors or 

       . Fig. 2.4 Exotropia in a young boy. Note that the left 
eye is deviated outward

       . Table 2.3  Characteristics of  the primary 
types of  strabismus

Type Age of onset Size (∆PD)

Intermittent 
small angle 
strabismus 
of  infancy

0–4 months <10 ∆PD

Infantile 
esotropia

>6 months >30 ∆PD

Accommo-
dative 
esotropia

12–48 months Variable with 
larger angle 
esotropia with 
fixation at a 
near relative to 
distance target

Infantile 
exotropia

0–12 months >35–90 ∆PD

Intermittent 
exotropia

8–48 months Variable with 
equal or larger 
angle of 
exotropia with 
fixation at 
distance relative 
to near
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vascular treatments to ameliorate aneurysms. 
Management of resultant strabismus is com-
plex and is best handled by a pediatric oph-
thalmologist (. Fig. 2.5).

2.4.4.2  Fourth Cranial Nerve Palsy
Cranial nerve IV, the trochlear nerve, inner-
vates the superior oblique muscle. Nerve fibers 
originate in the midbrain, cross the midline, 
and innervate the contralateral superior 
oblique. That muscle acts to depress, abduct, 
and rotate the eye inward toward the nose 
(incyclotorsion). The affected eye will be 
higher than the unaffected with worsening 
subjective diplopia and increased misalign-
ment in inward gaze. Individuals with fourth 
nerve palsies usually present with a head tilt 
to the opposite shoulder. This positioning 
compensates for the decreased action of the 
superior oblique muscle, maintains binocular 
vision, and avoids double vision. The most 
common cause of fourth nerve palsy is con-
genital, accounting for 84% of cases in chil-
dren [18]. Acute palsies can be caused by blunt 
trauma, increased intracranial pressure, and 
tumors. MRI imaging should be done in acute 
cases. Chronic cases do not need urgent 
workup, and old photos may confirm a head 
tilt present many years previous. Prism glasses 
can be used to correct for small angle turns, 
but strabismus surgery is necessary to correct 
severe, large angle palsies.

2.4.4.3  Sixth Cranial Nerve Palsies
An inward turn (esotropia), worse in side 
gaze, and often worse in the distance and bet-
ter controlled at near, is the hallmark of a 
bilateral sixth cranial nerve palsy. These 
nerves innervate the lateral rectus muscles, 
which pull the eyes outward. Their weakness 
causes an inward turning. A unilateral sixth 
nerve palsy can result in a head turn away 
from the affected lateral rectus with fusion in 
the gaze position away from the weakness, but 
it can also present with diplopia when there is 
no position where the eyes can align for 
fusion. The sixth nerve has a long course from 
its nucleus in the pons to the lateral rectus 
[19]; thus it is particularly susceptible to injury 
from trauma along that course. A high per-
centage of sixth cranial nerve palsy in children 
are secondary to intracranial pathology, and a 
full neurologic and MRI evaluation is needed 
at the time of presentation. Common causes 
of adult palsies, such as microvascular dia-
betic, are rarely seen in children. Rather, 
trauma, neoplasm, intracranial hypertension, 
and aneurysm are more common causes of 
CN VI palsy in the pediatric population. 
Infections, such as an abscess along the nerve’s 
path, Gradenigo syndrome (otitis media, tri-
geminal pain, and fourth nerve palsy), vari-
cella zoster, meningitis, Lyme disease, 
cytomegalovirus, and Epstein-Barr, have all 
been implicated. A relatively common post- 

a b

c d

       . Fig. 2.5 Third cranial nerve palsy in the left eye, 
partial. Note the following signs: ptosis, deviation of  the 
eye laterally, and downward, dilated, non-reactive pupil. 
The palsy in this young girl was caused by an arachnoid 
cyst of  the nerve. a Primary gaze – note the anisocoria 

with a larger pupil in the left eye, with mild left lid pto-
sis. b Right gaze – note the mild limitation of  adduction 
in the left eye. c Upgaze – limitation of  left supraduc-
tion. d Downgaze – limitation of  left  infraduction
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viral syndrome can produce sixth nerve palsy 
in children. This condition typically resolves 
by itself  but can recur, often involving the 
opposite eye.

Duane retraction syndrome is often mis-
diagnosed for sixth nerve palsy. This congeni-
tal problem results from the failure of  the 
sixth nerve nucleus to form embryologically. 
In the absence of  CN VI, CN III innervates 
the lateral rectus muscle. This results in the 
eyes generally being straight in primary posi-
tion, with inability to abduct the eye, and 
inward retraction of  the globe on attempted 
abduction. Again, this condition is present at 
birth, and should not be a cause of  urgent 
presentation.

Treatment for sixth nerve palsy is available. 
In the initial 6  months, the goal is to avoid 
double vision and allow patients to function 
as normally as possible in their life. Occlusion 
of one eye with a patch or tape over one lens 
of the glasses may be of help initially. Prisms, 
often in the form of Fresnel Press-On prisms, 
can be applied to glasses to improve align-
ment in primary gaze and lessen diplopia. 
Botulinum toxin treatment of the opposing 
medial rectus to decrease diplopia has been 
done [20]. After 6  months, multiple surgical 
techniques are available to straighten the eye 
and reduce diplopia in primary gaze. 
Following strabismus repair, these patients 
will continue to experience diplopia in lateral 
gaze due to the lateral rectus palsy 
(. Table 2.4).

2.4.5  Supranuclear Gaze Palsies

There are several gaze abnormalities or pal-
sies which result from cortical centers which 
provide input and feedback to the cranial 
nerve nuclei responsible for extraocular motil-
ity. These conditions are rare in children and 
are rarely encountered in the emergency room.

2.4.5.1  Dorsal Midbrain Syndrome 
(Induced Convergence 
Retraction)

Lesions of the posterior commissure in the 
dorsal rostral midbrain can be from many 
causes and may produce problems with verti-
cal gaze, eyelid control, pupils, and fixation. 
In a typical case, the child will have limitation 
of up gaze, often with convergence spasm or 
nystagmus on attempted up gaze. Causes in 
children include pineal tumors, hydrocepha-
lus, ventricular shunt malposition, and demy-
elinating diseases such as multiple sclerosis. 
Prognosis depends on the underlying causa-
tion. Radiologic evaluation is needed [21, 22].

2.4.5.2  Internuclear 
Ophthalmoplegia

Internuclear ophthalmoplegia represents the 
inability to move inward from primary gaze 
(adduction), and the contralateral eye moves 
outward (abducts) with a nystagmoid move-
ment. This entity is caused by damage to the 
interneurons which connect the sixth and 
third cranial nerves. The most common cause 
in young people is from demyelinating dis-
ease, but it can also be caused by trauma and 
tumor. Microvascular disease is a common 
cause of INO in adults but is rare in the pedi-
atric population [23, 24]. Prognosis depends 
on the underlying etiology. MRI scan is 
needed.

2.4.6  Skew Deviation

Skew deviation is a strange acquired hyperde-
viation in which there is an alternating ipsilat-
eral hypertropia, resulting from disruption of 
the supranuclear input from the otoliths in the 
inner ear. Skew deviation is caused by brain 

       . Table 2.4  Anticipated strabismus secondary 
to cranial nerve palsy

Oculomotor 
(CN III)

Concurrent:
  Exotropia – loss of 

innervation medial rectus
  Hypotropia – loss of 

innervation to superior rectus 
and inferior oblique

Trochlear 
(CN IV)

Excyclotorsion (patient may 
have compensatory 
contralateral head tilt)
Hypertropia

Abducens 
(CN VI)

Esotropia
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lesions in the posterior fossa, most commonly 
tumors and vascular disease. This condition is 
differentiated from fourth cranial nerve pal-
sies by the absence of excyclotropia on fundus 
torsion or double Maddox rod testing, as well 
as a lessening of the hypertropia when the 
patient is lying down, which does not occur in 
fourth nerve palsies [25].

2.4.6.1  Chronic Progressive External 
Ophthalmoplegia (CPEO)

Chronic progressive external ophthalmople-
gia is a slowly progressive weakness of  the 
ocular muscles including the orbicularis 
oculi. This disease is caused by a mitochon-
drial DNA deletion disease and can be asso-
ciated with systemic problems including 
cardiac conductive abnormalities. Due to the 
slow progressive nature of  symptoms, this 
disease entity is unlikely to cause presenta-
tion to the ER.

2.4.7  Nystagmus

Nystagmus is the uncontrollable, rhythmic 
oscillations of one or both eyes. To the exam-
iner it appears as the constant, to and fro 
motion of the eye(s). The most common 
forms of nystagmus are infantile nystagmus, 
fusion maldevelopment syndrome, and idio-
pathic nystagmus (congenital motor nystag-
mus) [26]. It is important to differentiate the 
“benign” forms of infantile nystagmus from 
later acquired forms as the later acquired 
forms are often associated with neurological 
and drug-related causations.

Infantile nystagmus syndrome starts in 
early infancy. It can occur as a primary entity 
or secondary to defects in the visual system, 
such as albinism, inherited retinal disease, 
optic nerve hypoplasia, congenital cataracts, 
corneal opacities, and aniridia. Due to onset 
early in infancy, affected individuals rarely 
experience oscillopsia, the perception of 
objects in the world moving to and fro.

Fusion maldevelopment nystagmus (latent 
nystagmus) presents or becomes manifest 
when an observer covers one eye. It is com-
monly seen in individuals with pre-existing 

strabismus, such as esotropia. Neither INS 
nor FMNS requires emergent imaging or in- 
depth workup in the absence of other neuro-
logic or toxic findings.

A third type of early childhood nystagmus 
is spasmus nutans. Here there is a triad of 
clinical findings: a fine, extremely fast pendu-
lar oscillation (a flag snapping back and forth 
in a brisk wind), head nodding, and a head tilt 
[27]. True spasmus nutans usually resolves 
within 2 years, but an identical triad of symp-
toms is seen in intracranial tumors of the 
diencephalon. Imaging studies are needed but 
can be deferred in favor of an urgent outpa-
tient workup if  the child is otherwise well and 
does not have any evidence of neurologic or 
developmental deficits.

Nystagmus which develops after the first 
3–9 months of age is more concerning to the 
ER practitioner. Drugs use, both licit and 
illicit, can cause new onset of nystagmus. 
Causative agents include almost all anticon-
vulsants, including phenobarbital, phenytoin, 
and carbamazepine. Sedatives, hypnotics, lith-
ium, ethambutol, dextromethorphan cough 
suppressant, quinine drugs including chloro-
quine, loop diuretics including furosemide, 
aminoglycoside antibiotics including genta-
micin, several chemotherapy agents including 
carboplatin and cisplatin, aspirin, and alcohol 
can cause nystagmus. Illicit drugs such as PCP 
(phencyclidine), LSD, and marijuana have 
been implicated. Additionally, exposure to 
environmental toxins such as butyl nitrite, 
carbon disulfide, hexane, lead, manganese, 
mercury, styrene, tin, toluene, trichloroethyl-
ene, and xylene can cause nystagmus. A teen-
ager who presents with new-onset nystagmus 
certainly deserves a drug and toxicology 
screening blood test. Intracranial disease, 
including trauma, inflammation, cerebral 
malformation, and mass can cause nystag-
mus, but there are usually other signs and 
symptoms present to guide the workup in 
these cases [28, 29].

Finally, there are common benign forms 
of nystagmus that do not warrant further 
workup. End-gaze nystagmus, where the eyes 
oscillate in far lateral gaze, is a normal find-
ing. Voluntary nystagmus of the eyes, where a 
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talented person can intentionally cause the 
eyes to rapidly flutter back and forth, is pres-
ent in 7–15% of the population and is a popu-
lar party trick.

2.5  Strabismus Following Trauma 
to the Extraocular Muscles

The authors are indebted to the excellent review 
of this topic by Andrea Molinari as published 
in the Knights Templar Eye Foundation 
Pediatric Ophthalmology Education Center of 
the AAO.

A child can present to the ER after trauma 
that directly affects the extraocular muscles, 
rather than the cranial nerves or supranuclear 
structures. According to Molinari, there are 
“three basic mechanisms that can affect the 
extraocular muscles in the event of trauma to 
produce strabismus:
 1. Muscle involvement in orbital wall frac-

tures
 2. Muscle contusion
 3. Traumatic disinsertion or laceration of the 

extraocular muscle [30]”

Injuries to extraocular muscles from orbital 
wall fracture can result from two mechanisms: 
muscle entrapment in the orbital fracture and 
a flap tear of a rectus muscle [31]. Orbital 
fractures usually affect the medial and inferior 
walls, which are the thinnest and most likely 
to fracture. The muscles most likely to be 
entrapped in a fracture are the inferior rectus, 
medial rectus, and superior oblique. More 
than one muscle can be affected. In adults, 
orbital fractures typically produce large com-
minuted fractures (“blow out fracture”) which 
may result in enophthalmos. Conversely, in 
children, the bone is elastic, and when it snaps 
and bends, a “trapdoor” is created which 
entraps a muscle or the adnexa attached to the 
muscle. Ischemia of the muscle is common in 
children, and orbital surgeons may not be able 
to wait for swelling to go down before repair is 
done. A special type of trapdoor fracture, 
known as the “white-eyed floor fracture” [32]. 
Here, there is little external evidence of injury, 
but on extraocular motility exam, there is 

restricted up gaze, and often, there is trigger-
ing of the oculocardiac reflex with nausea/
vomiting, syncope, and bradycardia. Here the 
fracture must be repaired quickly to avoid car-
diovascular compromise (. Table 2.1).

A second type of rectus muscle injury 
caused by orbital trauma is the flap tear. Here, 
traction of the orbital tissue causes a tearing 
away of the outer layer of the muscle from the 
inner layer. As opposed to the restriction of 
an entrapped muscle which limits movement 
away from the muscle, in a flap tear, this injury 
produces limitation toward the affect muscle. 
In either injury, the patient may adopt an 
abnormal head position adopted to maintain 
binocular vision, away from the restricted or 
limited muscle.

2.5.1  Muscle Contusion

According to Molinari, a muscle contusion is 
formed by the impact of an “object on the 
surface of the muscle without perforating any 
structure in the eye or surrounding tissues” 
[31]. A hematoma results which prevents the 
muscle from functioning normally. The hall-
mark of this injury is spontaneous improve-
ment as the blood resorbs and muscle 
contractility improves. Both restrictions away 
from the injured muscle and decreased move-
ment in the field of action of the muscle can 
be seen. Both improve as again the blood 
resorbs.

2.5.2  Traumatic Disinsertion or 
Laceration of the Extraocular 
Muscles

Traumatic disinsertion results from a blunt 
object impact injury that goes through the 
conjunctiva to sever the connection of the 
muscle to the globe, at a point 5–7 mm back 
from the limbus. While the muscle may retract, 
intermuscular membranes usually prevent the 
full retraction into the deep orbit, and some 
muscle function may be preserved [33].

Laceration of a muscle is usually caused 
by a sharp object which transects the muscle. 
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Laceration injuries are typically deeper than 
the disinsertions. Repair can be done for both 
types of muscle disinsertions, but it is techni-
cally difficult and often requires coordination 
between a strabismologist, the orbital plastic 
surgeon, and occasionally an ENT endo-
scopic surgeon to locate and repair the mus-
cles. Orbital imaging is crucial for the 
diagnosis and treatment of these patients. The 
best imaging modalities for assessing orbital 
fracture are CT scan of the orbits with slices 
of 1–2 mm and MRI with fat suppression. In 
the ER the best way to proceed with these 
injuries is to apply cool compresses to the 
affected eye to reduce swelling and to urgently 
consult oculoplastic surgery for assistance in 
management.

Key Points
 5 Ocular motility can be daunting for 

emergency department personnel, but 
calm, systematic exam of the child can 
reveal the etiology of strabismus.

 5 Esotropia, a true inward turn of the 
eyes, must be differentiated from 
pseudoesotropia, the false appearance 
of crossed eyes caused by epicanthal lid 
folds.

 5 Exotropia is a common form of 
strabismus and is commonly seen 
intermittently in the second to third 
year of life.

 5 Cranial nerve palsies must be suspected 
in incomitant strabismus, where the 
deviation varies in different gaze 
positions. Trauma, congenital, and 
inflammatory causes must be ruled out.

 5 Nystagmus, the rhythmic oscillation of 
the eyes, can be a benign congenital 
problem; however, newly developing 
nystagmus in later childhood can be 
associated with neoplastic or toxic 
causations. Drugs, alcohol, and toxins 
should be suspected in any teenager 
with new nystagmus.

 5 Direct trauma to the extraocular 
muscles can result in acute strabismus. 
Various mechanisms can cause different 
patterns of strabismus. Surgical repair 
may be needed.

 ? Review Questions
 1. A 1-year old presents with a new-onset 

rapidly beating nystagmus which 
resembles a flag ripping back and forth 
in a strong wind. What diagnosis is 
most likely?
 (a) Acute alcohol intoxication
 (b) Multiple sclerosis
 (c) Spasmus nutans, requiring MRI to 

rule out chiasmal tumor
 (d) Voluntary “party trick” nystagmus

 2. A 3-month-old girl is brought to the ER 
by her concerned parents. She is 
observed to have a very large angle exo-
tropia which is constantly present and 

 Case Presentation

A 14-year old girl is brought to the emer-
gency department by her mother, who is 
concerned that the eyes appear to cross 
inward, especially when she looks to the 
side. She states that the condition has been 
present since birth. She is concerned that 
her daughter may have a brain tumor, since 
she read on the Internet that that is a com-
mon cause of crossed eyes. A careful exam 
reveals a wide nasal bridge and epicanthal 
lid folds. Light reflex testing shows a sym-
metric light reflex centered in the pupil in 
each eye (. Fig.  2.6). The diagnosis of 
pseudoesotropia, the false appearance of 
crossed eyes when the eyes are in fact 
straight, is made. No further diagnostic 
tests were performed. The mother is reas-
sured but is urged to follow up with a pedi-
atric ophthalmologist for confirmation of 
the condition.

       . Fig. 2.6 Clinical photograph of  pseudostra-
bismus related to epicanthal folds. (Image pro-
vided by Roman Shinder, MD)
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which appears to be the same measure-
ment in all gaze positions. The most 
likely diagnosis and therapy is:
 (a) Intermittent exotropia – observe
 (b) Acute alcohol intoxication –send to 

rehab
 (c) Congenital esotropia  – eye muscle 

exercises
 (d) Congenital exotropia  – early 

strabismus repair

 3. A 6-year-old girl presents to the ER with 
a sudden onset of a head turn to the right 
shoulder. Motility testing reveals failure 
of the left eye to fully move laterally past 
midline. There is no sign of trauma. The 
parents state that their daughter recently 
recovered from a severe viral upper 
respiratory illness. What is the most 
likely diagnosis and workup?
 (a) Third cranial nerve palsy  – MRI 

scan.
 (b) Fourth cranial nerve palsy – MRI 

scan.
 (c) Post viral Sixth cranial nerve palsy – 

MRI scan and blood tests; observe 
for spontaneous improvement.

 (d) Traumatic laceration of  the lateral 
rectus – repair in the OR.

 v Answer
 1. (c)
 2. (d)
 3. (c)
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3.1  Introduction

Orbital anatomy is complex. In the setting of 
ophthalmic emergencies, the ideal imaging 
modality is one that can provide a fast and 
high-resolution view of orbital anatomy with-
out the risk of exacerbating an acute pathol-
ogy. By understanding the advantages and 
disadvantages of the different imaging tech-
niques that are available, one can choose the 
best examination for each clinical scenario. 
The main options for imaging in the emergent 
setting are digital radiography (DR), ultra-
sound (US), computed tomography (CT), and 
magnetic resonance imaging (MRI).

3.2  Digital Radiography

DR (plain-film) evaluation represents the 
most basic of tests in radiology. DR is widely 
available and has a lower radiation dose when 
compared to CT. However, plain films no lon-
ger play a significant role in evaluating the 
central nervous system and orbits as their sen-
sitivity is extremely limited compared to MRI 
and CT. The sensitivity of DR is relatively low 
for detection of orbital fractures, ranging 
from 64% to 78% in some series [1]. 
Importantly, the orbital soft tissues (e.g., the 
globes, extraocular muscles, and optic nerves) 
are not visualized on plain radiographs. 
Orbital foreign bodies are also not optimally 
detected by DR, with one recent study report-
ing an overall sensitivity of only approxi-
mately 72% in detecting metallic foreign 
bodies of varying sizes [2]. For these reasons, 
CT has largely supplanted DR for evaluating 
the orbits in the acute setting.

3.3  Ultrasound

Ultrasound (US) has long been utilized by 
ophthalmologists and has emerged as a rapid 
bedside screening tool in the ED for evaluat-
ing intraocular pathology. In a study in 2002 
by Blaivas et al. evaluating the diagnostic per-
formance of US compared to the gold stan-
dard of CT in patients presenting to the ED 

with acute visual changes or ocular trauma, 
60 out of 61 patients had sonographic find-
ings that were confirmed on CT [3]. US pro-
vides excellent soft tissue contrast resolution, 
particularly around fluid-filled spaces [4, 5]. 
Since the anterior and posterior segments are 
largely composed of fluid, the globe provides 
an excellent medium for transmission of 
sound waves and is thus amenable to produc-
ing high-quality images of the eye.

US uses sound waves for creation of an 
image instead of ionizing radiation, making it 
particularly useful for the pediatric popula-
tion, where exposure to radiation is always a 
concern. In addition, US is noninvasive, 
widely available, fast, and allows for dynamic 
imaging in real time. However, US is largely 
operator dependent and thus is limited in its 
reproducibility. Other limitations of ultra-
sound imaging include limited spatial resolu-
tion (relatively small field of view), poor 
evaluation of osseous structures, and inability 
to evaluate adjacent structures outside the 
bony confines of the orbit as the sound waves 
are blocked by the bones.

Ultrasound evaluation is contraindicated in 
cases of suspected globe rupture or recent 
surgery, as pressure applied to the globe 
during the exam can lead to extrusion of 
intraocular contents [6].

US evaluation of  the eye, like other superfi-
cial structures, utilizes high-frequency 
(7–10 MHz) linear probes. Ultrasound gel is 
applied to the eyelids while the eye is closed. 
The probe is then placed in close contact with 
the eyelid overlying the gel [3, 7]. Starting the 
exam with the normal eye will give a better 
idea of  the expected anatomy and will high-
light abnormalities in the symptomatic eye. 
US of  the eye in the ED is typically per-
formed using the B-scan, which produces 
grayscale cross-sectional images. The eye 
should be scanned in at least two planes, usu-
ally axial, sagittal, and oblique orientations. 
Compression will limit visualization of  the 
anterior chamber and is thus avoided for 
anterior chamber evaluation.

 A. Efendizade et al.
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US has shown great value in diagnosing 
emergent conditions of the eye, such as retinal 
detachment, lens dislocation and subluxation, 
endophthalmitis, and intraocular and retro-
bulbar hemorrhage with high accuracy in the 
emergency setting [3]. It is critical to distin-
guish between these entities as their relative 
urgency, treatment, and prognosis differ con-
siderably. US is also very helpful and accurate 
in the evaluation of an orbital foreign body 
(when globe rupture is not expected) and is 
especially useful in identifying non- radiopaque 
foreign bodies that can be missed on DR and 
CT, such as wood. US becomes particularly 
relevant in conditions such as dense cataract, 
hyphema, or vitreous hemorrhage, where fun-
doscopic examination is limited or impossible. 
Lastly, sonography avoids the need for pupil-
lary dilatation and sedation in pediatric 
patients.

The use of spectral and color Doppler 
imaging can determine blood flow to a lesion 
[6–8] and may be useful in identifying an 
orbital varix, arteriovenous fistula, or flow in 
other vascular and venolymphatic malforma-
tions. While US produces no radiation, 
Doppler imaging is believed to expose the 
patient to greater mechanical and thermal 
energy than routine grayscale B-scan images. 
As such, power and pulsed Doppler scanning 
duration should be limited to only what is 
necessary for diagnosis [9].

3.4  Computed Tomography

CT is the preferred initial imaging modality 
to evaluate the orbits for trauma, infection, 
and most other acute pathology. It is widely 
accessible, fast (usually not requiring 
sedation), cost-effective and easily detects 
fractures, calcifications, and most foreign 
bodies [10–12].

While less sensitive than MRI, CT still offers 
exquisite soft tissue detail and can accurately 
diagnose soft tissue injuries, including extra-
ocular muscle entrapment and retrobulbar 

hemorrhage, assess the integrity of the globe 
and its contents, and evaluate for proptosis 
and orbital compartment syndrome [10–15]. 
Additionally, CT does not require the special 
positioning needed for radiographs and can 
evaluate the entire patient in one sitting, an 
important advantage in complex trauma and 
other pathology requiring imaging of differ-
ent parts of the body. While there are many 
advantages, CT comes at the cost of exposing 
the patient to ionizing radiation.

3.4.1  Image Acquisition

CT technology has significantly evolved over 
time with each newer generation of scanners 
designed to reduce scan time and increase 
image quality. Images are generated by rapid 
rotation of an x-ray tube around the patient 
while delivering ionizing radiation in slices 
that are measured by an array of detectors 
that surrounds the body part being scanned. 
The amount of radiation that passes through 
the tissue and into the detectors varies depend-
ing on its density. The data acquired by the 
detectors is then converted into grayscale 
units and reconstructed into images. On CT, 
density (attenuation, or ability to absorb 
x-rays) is measured in Hounsfield units (HU), 
with air having the lowest HU value (and seen 
as darkest), followed by fat, water, soft tissue, 
bone, and finally metal having the highest HU 
value and brightness.

Multidetector CT (MDCT) scanners can 
produce multiple slices per rotation with most 
current scanners in the 16–256-slice range. 
Once a volume of tissue has been scanned 
using thin-section images, they can be recon-
structed into any plane and into soft tissue 
and bone algorithm images. 256-, 128-, and 
64-slice MDCT scanners can image the 
entirety of the orbits in one rotation, depend-
ing on patient size and selected slice thickness. 
This is particularly advantageous for children 
as it allows for rapid imaging with shorter 
scan times, which results in reduced opportu-
nity for motion artifact, less need to repeat 
scans (resulting in lower radiation dose), and 
better image quality.
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3.4.2  CT Contrast

Intravenous contrast significantly aids in 
delineating vascular lesions, inflammation, 
infections, and masses and should be adminis-
tered whenever possible to evaluate for these 
diseases [13, 16]. CT contrast contains iodine 
with varying osmolality and viscosity. Only 
nonionic iso-osmolar or hypo-osmolar con-
trast should be used as they are safer. CT con-
trast dose is determined by the patient’s weight 
(typically 2.0 mL/kg up to 100 mL) and can 
easily be calculated before the scan. Because 
younger pediatric patients often have IV 
access via small-gauge angiocatheters (e.g., 24 
gauge), in tenuous locations, such as the hand 
or foot, it is important to use a lower injection 
rate and pressure (e.g., 1.5 mL/sec and 150 psi) 
or even hand inject contrast in those situa-
tions to prevent catheter failure or vascular 
injury [17].

Because iodinated contrast is excreted by 
the kidneys, all patients with risk factors such 
as preexisting renal dysfunction, proteinuria, 
and hypertension should be screened to iden-
tify impaired renal function as a predisposing 
factor for contrast induced nephropathy [17]. 
Allergic and other adverse reactions to con-
trast are exceedingly rare in children, particu-
larly in younger children. However, infants 
and younger children should still be closely 
monitored after receiving IV contrast as they 
may not be able to verbalize symptoms of an 
adverse reaction.

3.4.3  Radiation Safety and Dose 
Reduction Techniques

Radiation exposure should always be a con-
sideration when imaging pediatric patients, 
who have a greater likelihood of developing 
radiation-associated diseases, including cata-
racts and malignancy. This is due to different 
factors, including having more actively prolif-
erative tissues, a different distribution of tis-
sue compared to adults (e.g., more active, 
cellular red marrow compared to fatty mar-
row in adults), and a longer life expectancy 
over which to develop cancer. This is espe-

cially significant in younger children, with the 
estimated lifetime cancer risk for a 1-year old 
child from a single head CT estimated at 
0.07% [18]. Although fast, widely accessible, 
and convenient, CT has been found to account 
for approximately two thirds of the collective 
medical radiation dose [19]. This has contin-
ued to increase over the past two decades due 
to greater utilization of CT, particularly in the 
emergent setting. As such, there has been 
increased regulation and public awareness of 
the risks of radiation exposure in recent years 
with campaigns to “image gently” in children 
and “image wisely” in adults in order to follow 
the principle of keeping radiation exposure 
“as low as reasonably achievable” (the 
ALARA principle) [20]. While dose reduction 
techniques can reduce image resolution and 
may not be suitable in all situations (e.g., a 
head CT to evaluate for early brain parenchy-
mal changes in acute ischemia), low-dose CT 
has been shown to produce more than ade-
quate images when evaluating the orbits and 
facial bones for fractures and soft tissue 
changes due to inflammation [21, 22].

The goal of an orbital CT protocol is a 
balance of good image quality with mini-
mized radiation exposure. . Table  3.1 lists 
specific guidelines to limit CT radiation dose 
in pediatric patients. The voltage (kilovolt 
peak, kVp) and tube current (milliamperes, 
mA) are major determinants of the amount 
of energy and radiation the patient is exposed 
to. Modification of the scanning mode, kVp, 
mA, exposure time, pitch (ratio of table move-
ment per rotation/beam thickness), slice thick-
ness, and reconstruction algorithms all allow 
reduction of radiation dose while maintaining 
image quality. While these parameters vary 
between institutions, it is imperative to opti-
mize them in an effort to keep radiation doses 
as low as possible. Orbital CT images are 
obtained from the level of the frontal sinuses 
to the hard palate with a field of view extend-
ing from the orbital soft tissues anteriorly 
through the cavernous sinuses. Parameters are 
typically set to 120 kVp, 100 mAs, 0.625–
1.25 mm slice thickness with 1.25 mm inter-
vals, and a pitch of roughly 1 [14, 15]. Using a 
low-dose CT protocol with lower kVp and 
mAs (e.g., 80 kVp and 20 mAs or less) can 
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 significantly lower the effective dose to the 
patient, with one study demonstrating that 
low-dose sinus CT in children can have similar 
effective dose as two radiographic views of the 
paranasal sinuses [22]. Modern MDCT scan-
ners also have automatic exposure and voltage 
control systems (AEC and AVC, respectively) 
that modulate tube current and voltage (mAs 
and kVp, respectively) based on patient size 

and other parameters to substantially decrease 
radiation dose. In addition, using a processing 
technique known as iterative reconstruction 
can reduce artifacts from hardware and for-
eign bodies and minimize radiation exposure 
while preserving and sometimes improving 
image quality [23]. Lastly, with the lens being 
the most radiation sensitive part of the body, 
special lens protection devices worn similar to 
eyeglasses can decrease the effective radiation 
dose to the eyes by approximately 50% [21]. 
Thus, by adjusting scan parameters, using 
dose modulating software, and shielding of 
the lens and other radiosensitive organs, high- 
quality images can be obtained while mini-
mizing radiation exposure.

Modern CT scanners automatically record 
the CT dose for each study, and these values are 
often included with the images sent for clinical 
review (. Fig. 3.1). Standard parameters used 
to describe CT radiation dose include the vol-
ume computed tomography dose index (CTDI-
vol) and the dose length product (DLP). CTDI 
(expressed in milligrays, mGy) is an estimate of 
the average x-ray tube output from an acquired 
set of CT images. DLP (expressed in milligray- 
centimeters, mGy-cm) is an estimate of the 
total x-ray tube output for an entire scan and is 
obtained by multiplying the CTDI-vol by the 
length of the patient that was scanned. DLP 
closely parallels the effective dose, the best 
parameter to estimate the biological impact of 
radiation, and should be closely monitored by 
physicians and technologists [24].

3.4.4  Specific Indications for CT 
in the Emergent Setting

3.4.4.1  Trauma
Thin-section non-contrast CT is the best ini-
tial imaging modality for trauma. CT can eas-
ily detect fractures of the orbit and skull base, 
characterize displaced fracture fragments, and 
evaluate involvement of the skull base and 
orbital apex foramina, including the optic 
canals (. Fig.  3.2). CT detects radiopaque 
foreign bodies with a high degree of sensitiv-
ity and is the best modality to exclude metallic 
foreign bodies [2, 25]. CT can also determine 

       . Table 3.1 Guidelines to limit radiation dose 
for pediatric CT

1.  Only perform CT if it will affect management 
and consider alternatives

  Can evaluation be performed without radiation 
using US or MRI or with less radiation using 
DR?

2. Properly prepare the patient

  Take measures to limit anxiety and pain

    Involve parents and staff  members experienced 
with interacting with children

    Place IV lines well in advance of  scanning, if  
possible

   Consider sedation, if  necessary

3.   Optimize scan parameters and protocol to reduce 
radiation dose

  Pediatric patients are typically smaller and 
require less radiation for the same scan as an 
adult

    Decrease tube current (mAs) and voltage (kVp) 
accordingly

    Limit size of  scout view and tighten field of 
view of  CT scan to area of  interest

    Use the maximal slice thickness appropriate for 
obtaining a specific diagnosis

    Scan with pitch >1 to avoid redundant 
radiation

4.  Precontrast images rarely provide additional 
information to postcontrast scans and should be 
avoided

5.  Use shielding (e.g., lens, thyroid, breast, and 
gonadal shields) to reduce dose to radiosensitive 
organs

6.  Use dose modulating software (automatic 
exposure and voltage control) and consider using 
iterative reconstruction algorithms
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if  there is evidence of entrapment and orbital 
hemorrhage and aid in predicting the develop-
ment of enophthalmos based on the degree 
and pattern of bony fracture involvement [10, 
26] (. Figs. 3.2 and 3.3). Three-dimensional 
reconstructions are also useful for character-

izing fractures for surgical planning [26] 
(. Fig. 3.3c). When the mechanism of injury 
is severe or if  fractures with a high risk of con-
comitant intracranial injuries are present (e.g., 
orbital roof fractures), a non-contrast head 
CT should also be obtained [27].

a

c

b

d

       . Fig. 3.2 Trapdoor (a coronal, b sagittal) and orbital 
apex (c coronal, d axial) fractures. CT clearly demon-
strates a minimally depressed right orbital floor fracture 
(arrowhead, a and b) and herniation of  the inferior rec-

tus muscle through the defect with entrapment (arrow, 
a). CT clearly depicts a fracture through the left orbital 
apex with fragments impinging upon the superior 
orbital fissure (arrows, c and d)

       . Fig. 3.1 Orbit CT dose report. Standard parameters 
used to describe CT radiation dose include the volume 
computed tomography dose index (CTDI-vol) and the 
dose length product (DLP). The DLP estimates the total 

x-ray tube output for the entire scan and most closely 
parallels the effective dose, the best parameter to esti-
mate the biological impact of  radiation
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3.4.4.2  Orbital Infection 
and Inflammatory Diseases

In patients with suspected orbital cellulitis, 
contrast-enhanced CT is usually the initial 
imaging modality performed to confirm the 
diagnosis, delineate the pattern and degree of 
paranasal sinus disease, and screen for com-
plications that may require surgery, such as 
orbital and subperiosteal abscess. Vascular 
complications of orbital and sinus infection, 
such as cavernous sinus and superior ophthal-
mic vein thrombosis, can also be assessed with 
CT utilizing intravenous contrast. Images 
should be carefully evaluated with the 
Chandler criteria in mind when evaluating for 
orbital complications of sinusitis [28] 
(. Table 3.2, . Figs. 3.4 and 3.5).

Non-contrast CT images almost never 
contribute any additional information to 
post-contrast images in the setting of acute 
nontraumatic orbital inflammation and 
should be avoided to prevent unnecessary 
radiation [27]. Alternatively, if iodinated 
contrast cannot be administered, non-contrast 
CT will still provide valuable information 
about post-septal infection and sinus disease.

MRI may be complimentary to CT and 
should be considered if  more detailed assess-
ment of orbital or intracranial involvement of 
infection is clinically warranted [27].

Contrast-enhanced CT can also aid in the 
diagnosis of  inflammatory diseases that can 
mimic infection, such as idiopathic orbital 

inflammatory syndrome (IOIS), IgG4-related 
orbital disease, and other inflammatory and 
granulomatous disease entities. Lastly, the 

a b c

       . Fig. 3.3 Characterization of  zygomaticomaxillary 
complex (ZMC) fracture. Coronal a, axial b, and 3-D 
reconstruction CT c demonstrate a ZMC fracture, 
including depressed fractures of  the left orbital floor 

and inferior orbital rim (arrows), lateral orbital wall and 
rim (arrowhead, a), and the left zygomatic arch (arrow-
head, b). Severely displaced left maxillary sinus lateral 
and anterior wall fractures are also seen

       . Table 3.2 Chandler classification

Group I: Preseptal (periorbital) cellulitis

Group II: Orbital cellulitis

Group III: Subperiosteal abscess

Group IV: Orbital abscess

Group V: Cavernous sinus thrombosis

The Chandler classification system of  orbital 
complications of  sinusitis divides complications 
by subsite. This classification does not represent 
progression of  disease as each category can have 
different causes and occur independently.

       . Fig. 3.4 Orbital compartment syndrome. Axial CT 
demonstrates left ethmoid sinusitis with extension through 
the medial orbital wall causing an orbital cellulitis adja-
cent to the left lamina papyracea (arrow), left proptosis, 
and tenting of the posterior globe margin (arrowhead) 
consistent with orbital compartment syndrome
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optic nerves are poorly evaluated with CT; if  
there is strong clinical concern for optic neu-
ritis and demyelinating disease, contrast- 
enhanced MRI remains the gold standard 
[27].

3.4.4.3  Vascular Lesions
CT angiography (CTA) may be indicated in 
cases where vascular abnormalities and/or 
injuries are suspected, such as aneurysm, 
carotid-cavernous fistulas (CCF), dissection, 
or intracranial large vessel occlusion. CTA 
involves administration of a bolus of iodin-
ated contrast through a large-gauge IV cathe-
ter with images acquired while contrast is still 
in the arterial system. A standard arterial 
delay time or bolus tracking software can be 
used to determine the optimal time to begin 
image acquisition after contrast injection.

CTA has been shown to reliably detect 
aneurysms 3 mm or larger with a sensitivity 
approaching the gold standard of catheter 
angiography [29] and has been shown to be as 
useful as angiography for detecting CCF [27, 
30]. CTA also depicts the relationship of 

aneurysms to bony structures (such as the 
anterior clinoid process) much better than 
MRA but is less sensitive for cavernous and 
petrous internal carotid artery aneurysms. 
Lastly, CTA can depict intracranial large ves-
sel occlusions and stenosis of greater than 
50% with virtually 100% sensitivity [31].

While cerebral venous structures are often 
visualized on CTA, dedicated CT venography 
(CTV) using delayed images gives the best 
depiction of the cerebral venous system, supe-
rior ophthalmic veins, and, specifically, the 
cavernous sinuses. CTV can detect cerebral 
venous and cavernous sinus thrombosis with 
approximately 95% sensitivity, though 
contrast- enhanced MRV and MRI are felt to 
be slightly superior (. Fig. 3.6) [32–34].

In general, CTA and CTV provide excel-
lent images of the intracranial and orbital 
vasculature. However, both have a relatively 
high radiation dose and provide poorer images 
when dose reduction techniques are employed. 
Further, CTA and CTV always require admin-
istration of contrast, while MRA and MRV 
can be performed without contrast, though at 

a b c
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       . Fig. 3.5 Orbital infections (Chandler groups I–IV). 
a Contrast-enhanced axial CT (CECT) demonstrates 
preseptal cellulitis with marked inflammatory change 
involving the eyelid and preseptal tissues. The post- 
septal tissues are spared b. Axial CT in a patient with 
ethmoid and sphenoid sinusitis (asterisks) demonstrat-
ing extensive infiltration of  the left retrobulbar fat adja-
cent to the lamina papyracea consistent with orbital 
cellulitis. (c Coronal, d Axial) CECT demonstrates 
extensive left ethmoid (asterisk), maxillary, and sphe-

noid (asterisk) sinusitis and large rim enhancing fluid 
collection adjacent to lamina papyracea consistent with 
subperiosteal abscess causing globe compression 
(arrow). Left preseptal cellulitis is also noted (arrow-
heads). (e Coronal, f sagittal) CECT shows large orbital 
abscess (black arrows) causing hypoglobus with a clear 
fat plane separating it from adjacent bone superiorly. 
Marked tenting of  the posterior globe (white arrow) 
consistent with orbital compartment syndrome
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the cost of reduced accuracy. Aside from the 
setting of acute trauma and when clinically 
feasible, MRI, MRA, and MRV should be 
considered prior to performing CT in pediat-
ric patients, even if  sedation is required.

3.5  Magnetic Resonance Imaging

MRI provides the best visualization of the 
orbital soft tissues. MRI is performed using 
powerful magnetic fields to manipulate hydro-
gen protons in the patient. When the protons 
return to their resting state, they emit energy 
that can be measured and reconstructed into 
images for diagnostic information. Unlike CT, 
MRI involves no ionizing radiation, which is a 
major benefit in the pediatric population.

Despite these major advantages, MRI has 
several limitations, including lack of wide-
spread availability, long scan times, and the 
need for sedation in many pediatric patients, 
which requires MRI-compatible equipment.

MRI also lacks fine bony detail and is 
contraindicated in patients with fer ro magnetic 
intraorbital foreign bodies (IOFB) and 
certain implanted medical devices. Screening 
must always be performed to ensure that no 
MR-incompatible devices or foreign bodies 
are present for patient safety. These limitations 

make it difficult to perform MRI in the 
emergent setting and make CT the first choice 
for trauma and other orbital emergencies.

However, CT and MRI are often complemen-
tary with MRI providing better ability to 
detect and characterize infectious and inflam-
matory orbital diseases and the best evalua-
tion of the optic nerves, chiasm and tracts, 
cavernous sinuses, and brain [27]. MRI can 
also detect subtle traumatic ocular pathology 
not seen on CT [27]. . Table 3.3 lists advan-
tages and disadvantages of CT and MRI.

Strict screening must be performed prior 
to scanning to ensure no ferromagnetic for-
eign bodies or MR-incompatible implanted 
medical devices are present. Prior operative 
notes, information cards, and imaging must 
be reviewed to know the exact type of device 
and if  it is MRI-compatible. Physical exami-
nation can also be performed to screen for 
scars from prior trauma or surgery, and, if  
necessary, plain films or CT can be obtained 
to screen for implanted devices, bullet frag-
ments, and other metallic foreign bodies. 
Lastly, ferromagnetic detection devices are 
also available that can detect even extremely 
small ferromagnetic objects and differentiate 
between ferromagnetic and nonferromagnetic 
materials. These devices supplement, but do 

a b

       . Fig. 3.6 Cavernous sinus and superior ophthalmic 
vein thrombosis (Chandler Group V). a Axial CECT 
demonstrates lack of  enhancement of  the right cavern-
ous sinus (wide arrow) with an enlarged, thrombosed 
right superior ophthalmic vein (SOV) containing filling 
defects (narrow arrow). Note normal appearing left 

SOV. b Axial T1 MRI with contrast demonstrates eth-
moid and sphenoid sinusitis with filling defects (black 
arrow) due to thrombosis of  the right cavernous sinus 
and bilateral retrobulbar enhancement due to orbital 
cellulitis (white arrows)
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not replace a thorough MR safety screening 
process. Dental braces are not a contraindica-
tion to MRI but may result in significant 
image distortion, especially on fat saturated 
images. . Table 3.4 lists important contrain-
dications to MRI.

3.5.1  Sedation

Once contraindications are excluded, the 
most critical consideration when performing 
an MRI on a pediatric patient is if  they will 
be able to cooperate for the study. This may 
prove difficult as orbital emergencies often 
present themselves in a child who is in pain 
and distress. High-quality MRI examinations 
require significantly greater time than CT. If  
a child is not able to lie still for a prolonged 
period of time and follow careful instruc-
tions, the MRI will be motion degraded and 
of either limited utility or nondiagnostic. 
Anesthesia may therefore be needed to ensure 
that the MRI is diagnostic and avoid having 
to repeat scanning.

The degree of  sedation required may 
range from minimal sedation/anxiolysis to 

       . Table 3.3 Comparison of  advantages and disadvantages of  computed tomography and magnetic 
resonance imaging

CT MRI

Advantages 1. Widely available
2.  Rapid imaging with less possibility 

for motion and need for repeat 
scanning

3.  No associated safety issues with 
ferromagnetic devices and foreign 
bodies

4.  Imaging modality of  choice for 
orbital trauma and foreign bodies

5.  Excellent evaluation of  bony 
destruction and calcification in soft 
tissue masses

1. No exposure to ionizing radiation
2. Excellent evaluation of  orbital soft tissues
3.  Best modality for imaging the entire optic 

nerve, sella, and parasellar regions
4.  Most sensitive modality to exclude coexisting 

brain, posterior fossa, and spinal cord lesions
5.  More accurate and sensitive than CT for 

intracranial and orbital collections and 
inflammation

Disadvantages 1. Ionizing radiation
2.  Poor evaluation of  fine detail of 

optic nerves
3.  Limited evaluation of  intracranial 

lesions (especially posterior fossa)
4. Poor evaluation of  spinal cord

1.  Ferromagnetic foreign bodies and certain 
implanted medical devices are contraindicated

2.  Requires MRI compatible support and 
monitoring equipment in some patients

3.  Long scan times and safety issues make MRI 
less feasible for emergencies

4. Many patients may need sedation

       . Table 3.4 Contraindications to MRI

1.  Metallic orbital foreign bodies, which can 
dislodge or heat up and injure the eye, optic 
nerve, and other orbital contents

2.  MRI incompatible cardiac pacemakers and 
implanted cardiac defibrillators (AICD). Heating 
and torqueing of the device and changes to its 
electronic function, such as failure to pace may 
occur

  Newer MRI compatible pacemakers and AICDs 
are available, but require monitoring before, 
after, and during the scan

3.  MRI incompatible aneurysm clips, which may 
dislodge or heat

4. Cochlear, otologic, and ear implants

5.  Metallic tension wire fixation for mandible fracture

6.  Some external or implanted medication pumps 
and neurostimulator devices

7.  Metallic bullet fragments and shrapnel are 
potential contraindications depending on 
location (e.g., in the eye or lung)

A thorough screening process is needed for 
ferromagnetic foreign bodies and MRI 
incompatible devices. Several important 
contraindications to MRI are listed here
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general anesthesia, depending on the type of 
imaging study and patient specific factors. 
Moderate sedation is usually successful when 
performing MRI. However, general anesthe-
sia has been reported to significantly improve 
the chances of  obtaining a good-quality study 
in selected patients [35]. General anesthesia 
may be the best choice for MRI in patients 
who are neurologically impaired and have 
global developmental delay and severe distur-
bances in behavior and when the MRI is 
likely to be a long examination [35, 36]. 
Imaging with sedation is most successful 
when performed by a dedicated anesthesiol-
ogy team [36].

Anesthesia is not without risks, and each 
patient must be evaluated prior to sedation to 
limit adverse events. Imaging with sedation 
that is unlikely to change management should 
be avoided [37]. In 2016, the FDA issued a 
communication stating that the use of anes-
thesia for longer than 3 hours or repeat use of 
anesthesia in pregnancy or children under the 
age of 3 years may affect brain development 
[38]. However, more recent data published in 
2019 from a multicenter study indicates that 
brief  general anesthesia administered to 
infants for approximately an hour is safe and 
does not affect IQ and neurocognitive devel-
opment later in life [39]. When the clinical 
context demands the use of sedation for imag-
ing purposes, it is recommended that physio-
logic monitoring must be performed during 
and after the procedure in all infants and chil-
dren [37]. Monitoring devices must be MRI 
compatible and “flexible” enough to maintain 
their integrity and function in a narrow mag-
net bore.

kAlternatives to Sedation
When imaging neonates, alternatives to seda-
tion are available. For example, neonates can 
be successfully scanned if  they are fed, kept 
warm, and provided with a barrier to reduce 
the perceived noise level within the magnet 
(termed a “feed and wrap”). More recently, 
the development of neonatal incubators 
which are MR-compatible and packaged with 
radiofrequency coils has also reduced the 
need for sedation [40]. However, the success 
rate of these techniques begins to drop off  

once patients reach the age of 2 months and 
develop increased awareness of their sur-
roundings. Another technique for children 
aged 3–10 years involves the use of an audio-
visual system during the exam to engage their 
attention [41, 42].

3.5.2  MRI Contrast

Gadolinium-based contrast agents (GBCA) 
can significantly improve visualization of 
certain disease entities, including neoplasms, 
inflammatory diseases, and infection. GBCA 
are considered extremely safe when adminis-
tered at recommended doses based on 
weight. Adverse events and allergic reactions 
to gadolinium are exceedingly rare—far less 
common than iodinated contrast agents 
used for CT, recently reported to be 
<0.0002% [43]. Two major concerns regard-
ing GBCA include nephrogenic systemic 
fibrosis (NSF, seen in patients with impaired 
renal function) and gadolinium deposition 
in deep brain structures [44]. Gadolinium is 
contraindicated in patients with acute, 
severe, and dialysis- dependent renal failure 
due to the risk of  developing NSF, a disease 
where free gadolinium leads to deposits of 
collagen and scarring throughout the body 
[17, 45]. If  risk factors are present, one 
should screen for reduced renal function by 
obtaining an estimated glomerular filtration 
rate (eGFR) prior to administering gadolin-
ium [17, 45]. Gadolinium deposition in the 
brain is a more recently described phenome-
non that occurs in patients who have had 
multiple exposures to GBCA [44]. Thus, it is 
important to limit the number of  contrast-
enhanced MRI examinations a patient 
undergoes to only those that are necessary 
for management.

3.5.3  Basic MR Imaging Sequences 
and Protocols

Physics of MR imaging can be quite confus-
ing even for radiologists, but the pulse 
sequences that are used can be understood as 
follows:
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 5 T1-weighted images (T1WI) result in high 
signal intensity from tissue with high fat 
content. The normal high signal orbital fat 
provides excellent intrinsic contrast that 
outlines the orbital soft tissues. Protein, 
melanin, methemoglobin (a subacute 
blood product), and gadolinium are other 
substances that also have bright signal on 
T1WI.  Simple fluids, such as CSF and 
vitreous and aqueous humor, are dark on 
T1WI (. Fig. 3.7).

 5 T2-weighting images (T2WI) result in 
high signal originating from both simple 
fluid (such as water, CSF, and vitreous and 
aqueous humor) and areas of abnormal 
fluid (e.g., edema and collections).

 5 Heavily T2WI include what are known as 
steady-state free precession sequences 
(SSFP), such as fast imaging employing 
steady-state acquisition (FIESTA), con-
structive interference in steady state (CISS), 
and driven equilibrium (DRIVE) images. 
SSFP uses thin-section images that produce 
very bright CSF signal that allows one to 
trace the course of vessels and cranial nerves 
(which appear dark) in the cisterns intracra-
nially and delineates the anatomy of the 
optic nerve sheath complex (. Fig. 3.8).

 5 Fluid-attenuated inversion recovery (FLAIR) 
is a technique that nulls the signal from 
“normal” fluid. It is normally used for brain 
imaging to suppress the signal from CSF 

a b

       . Fig. 3.7 Non-contrast axial T1-weighted MR image 
a demonstrates abundant, high-signal intraorbital fat 
(arrows). Note the dark signal of  the aqueous and vitre-
ous chambers of  the globes. Post-contrast, fat- 

suppressed T1WI demonstrates normal enhancement of 
the uvea/choroid, lacrimal glands (LG), extraocular 
muscles, cavernous sinuses (CS), and other venous struc-
tures and the infundibulum b. (ON optic nerve)

       . Fig. 3.8 Heavily T2-weighted MR images depicting 
normal anatomy. Axial FIESTA image demonstrates 
the globes with cornea projecting anteriorly. The lens is 
an ovoid anterior structure. Zonular fibers (ZF) extend 
lateral to the lens and attach to the ciliary body. The iris 
is visualized as a hypointense line anterior to the lens. 
The optic nerve is seen centrally with low signal sur-

rounded by bright cerebrospinal fluid and low signal of 
the dura of  the optic nerve sheath. The posterior seg-
ment includes the vitreous fluid behind the lens. The 
anterior segment contains aqueous fluid and is divided 
into anterior and posterior chambers by the iris. Ante-
rior chamber depth (blue line) should be relatively sym-
metric and not exceed 2–3.5 mm
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and make pathologic fluid outside the brain 
(such as hemorrhage or pus) and diseases 
within the brain parenchyma (such as edema 
and demyelination) more conspicuous 
(. Fig. 3.9).

 5 Short-tau inversion recovery (STIR) is a 
technique similar to T2WI in which fluid is 
bright and substances with similar MR 
characteristics to fat are suppressed. STIR 
is helpful when evaluating for infections, 
collections, and masses in the head and 
neck, optic nerve swelling in demyelination, 
and marrow edema.

 5 Fat suppression is a special technique used 
to remove the normal high signal from the 
fat within the orbit (. Fig.  3.7b). Fat 
normally has high signal on T1WI and 
also on T2WI performed using modern 
MR techniques. Post-contrast images 
should always be performed with fat 
suppression to remove the normal high T1 
signal of fat and make enhancing lesions 
more conspicuous. Fat suppression should 
also be employed on T2WI of the orbits to 
make masses, collections, and edema more 
conspicuous.

 5 Diffusion-weighted imaging (DWI) is an 
important sequence that measures 
Brownian motion of water molecules. 
Pathologic processes that result in 
decreased free motion of water (termed 
restricted diffusion) result in bright signal 
on DWI and corresponding dark signal on 
an apparent diffusion coefficient (ADC) 
map. DWI is the most sensitive sequence 
for brain ischemia and can also show 

restricted diffusion in abscesses, densely 
cellular tumors, and acute demyelination 
(. Fig. 3.10).

 5 Gradient echo (GRE) and susceptibility 
weighted imaging (SWI) are sequences 
used to detect hemorrhage and areas of 
mineralization in the brain, both of which 
typically appear dark. SWI is much more 
sensitive than the older GRE technique.

 5 Contrast-enhanced images are obtained 
with T1WI and fat suppression to reveal 
abnormal enhancement patterns due to 
inflammatory diseases and neoplasm. 
Venous structures, including the cavern-
ous sinuses, may also show filling defects 
or absent enhancement due to thrombo-
sis. The extraocular muscles, lacrimal 
glands, superior ophthalmic veins, and 
uvea/choroid all normally enhance and 
should not be confused for pathology, 
unless there is abnormal morphology 
(. Fig. 3.7b).

Typical MR imaging protocol of the orbits 
includes the following:

 5 Thin-section axial and coronal images of 
the orbits with 3 mm slice thickness or less

 5 A field of view including the periorbital 
soft tissues anteriorly through the 
cavernous sinuses posteriorly

 5 T1WI, STIR, or fat-suppressed T2WI, 
post-contrast T1WI with fat suppression, 
and SSFP (e.g., FIESTA) sequences

 5 Routine brain MR sequences, including 
DWI, FLAIR, T2WI, and pre- and post- 
contrast T1WI

a b c

       . Fig. 3.9 Axial and sagittal FLAIR images demonstrate periventricular white matter lesions (arrows, a) extend-
ing toward the corpus callosum (arrows, b) in a patient with multiple sclerosis. Normal axial T2 for comparison, c
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Additional sequences can be added depending 
on suspected pathology (see specific clinical 
scenarios below). For example, MR venogra-
phy can be performed if  there is concern for 
cerebral venous thrombosis, or MR angiogra-
phy can be performed in the case of a sus-
pected aneurysm resulting in third nerve palsy, 
vascular malformations, and arteriovenous 
fistulas or to detect large vessel occlusion in 
suspected stroke. Ultimately, the ideal series 
of sequences will be determined by careful 
discussion with the radiologist as it pertains to 
the clinical context.

3.5.4  Specific Indications

3.5.4.1  Trauma
CT is the first-line imaging modality for 
orbital trauma. MRI may have a complemen-
tary role to better depict optic nerve injury 
and avulsion and subtle abnormalities of the 
globe such as small retinal or choroidal 
detachments and intraocular hemorrhage 
(. Fig.  3.11). Metallic IOFB must be 
excluded prior to MRI. Contrast is not needed 
to evaluate orbital trauma.

a b

       . Fig. 3.11 Greater sensitivity of  MRI for intraocular pathology. Axial CT a demonstrates subtle left intraocular 
pathologic finding. Axial FLAIR MRI image b more clearly demonstrates a left retinal detachment (arrows)

a b

       . Fig. 3.10 Axial diffusion-weighted images demon-
strate areas of  restriction consistent with acute ischemic 
infarcts involving the left occipital lobe and left internal 
capsule (arrows, a) and infarction of  the entire left optic 

nerve (arrow, b) in a patient with invasive fungal sinus-
itis and involvement of  the left cavernous sinus and 
internal carotid artery
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3.5.4.2  Orbital Inflammation 
and Infection

MRI of the orbits is complimentary to CT 
when evaluating orbital infection, including 
ocular infection (e.g., endophthalmitis), 
orbital cellulitis, and abscess. Both CT and 
MRI adequately demonstrate inflammatory 
changes, though CT offers better depiction of 
bony changes, while MRI has greater soft- 
tissue characterization [27]. Non-contrast 
images can demonstrate orbital inflammatory 
changes well, though contrast-enhanced 
images with fat suppression delineate abscesses 
much better. If  there is additional concern for 
intracranial spread of infection, a contrast- 
enhanced brain MRI offers greater sensitivity 
than CT for meningitis, abscess, and empy-
ema [17, 45]. DWI is also useful for demon-
strating pus within the paranasal sinuses and 
orbits. Contrast-enhanced MRI and MRV are 
more accurate than CT for cavernous sinus 
and cerebral venous thrombosis.

3.5.4.3  Optic Neuritis
MRI is the best modality to evaluate demy-
elination in the CNS and diseases of  the 
optic nerves in general. Optic neuritis is best 
visualized using fat-suppressed post-contrast 
T1WI and either STIR or fat-suppressed 
T2WI through the orbits. Optic neuritis is 
often seen as the initial manifestation in 
patients with multiple sclerosis but can also 
be secondary to neuromyelitis optica (NMO) 
spectrum disorders and infectious and 
inflammatory diseases.

MRI of the brain should be performed in 
conjunction with orbit MRI as optic neuritis 
has a high association with MS.  Those with 
optic neuritis and concomitant brain lesions 
on MRI have a markedly increased likelihood 
of having MS. MRI of the spine can be per-
formed if  there is clinical suspicion of coexist-
ing cord lesions or to screen for cord lesions 
that may help confirm the diagnosis of demy-
elination when the orbit and brain MRI are 
abnormal, but nonspecific. Demyelinating 
lesions in the brain are seen best on FLAIR 
images (. Fig.  3.9), while in the posterior 
fossa, T2WI often outperforms FLAIR. Spinal 
cord lesions are best seen on STIR and T2WI 
(. Fig. 3.12). Active areas of demyelination 
in the brain and spinal cord enhance on post-
contrast T1WI and may demonstrate 
restricted diffusion on DWI.

3.5.4.4  Tumor

Contrast-enhanced MRI is the most 
accurate modality to evaluate the soft 
tissues within and around the orbits for 
masses, including the sellar and parasellar 
regions. In patients with monocular vision 
loss and concern for a mass involving the 
globe (such as retinoblastoma), a lesion 
intrinsic to the optic nerve (such as a 
glioma), or extrinsically compressing it 
(such as an optic nerve sheath meningioma), 
contrast-enhanced MRI of the orbits 
provides the best soft tissue evaluation.

a cb d

       . Fig. 3.12 Optic neuritis in a patient with neuromye-
litis optica (NMO). Coronal a STIR and coronal b and 
axial c post-contrast T1WI MRI demonstrate high sig-
nal in the left optic nerve (arrow, a) and diffuse enhance-

ment of  the optic nerve sheath (arrows, b and c). d 
Sagittal T2WI MRI demonstrates a longitudinally 
extensive lesion involving the caudal brainstem and cer-
vical cord (arrows)
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In patients with junctional scotoma or bitem-
poral hemianopia, and suspected mass effect 
upon the optic chiasm, a contrast- enhanced 
brain MRI with thin-section images through 
the sella provides excellent assessment of the 
optic chiasm and its relationship to an under-
lying mass, such as a pituitary adenoma or 
craniopharyngioma. Patients with homony-
mous hemianopia or quadrantanopia are best 
evaluated with a contrast- enhanced brain 
MRI to evaluate for a post-chiasmatic lesion. 
CT is complementary to evaluate for calcifica-
tions in soft tissue masses (such as in optic 
nerve sheath meningioma, retinoblastoma, or 
craniopharyngioma).

3.5.4.5  Ischemia and Vascular 
Lesions

Acute homonymous vision loss with post- 
chiasmatic deficits may be secondary to isch-
emic and hemorrhagic stroke that are best 

evaluated with brain imaging. DWI is the gold 
standard to assess for acute brain ischemia. 
Acute parenchymal hemorrhage is easily seen 
on CT but can also be seen on MRI using 
GRE or SWI.  Because homonymous vision 
loss is most likely post-chiasmatic, a dedicated 
orbit MRI is likely to be low yield [27].

MRA and CTA are both sensitive for 
excluding large vessel occlusions in cases of 
ischemic stroke. MRA and CTA are comple-
mentary and may both be used to evaluate for 
aneurysms, vascular malformations, and arte-
riovenous fistulas (. Fig.  3.13). Time-
resolved CTA and contrast-enhanced MRA 
can be performed to evaluate for early venous 
filling in cases of arteriovenous malforma-
tions and fistulas. MRV is useful to evaluate 
patients with papilledema and those with 
hemorrhagic infarcts to exclude cerebral 
venous thrombosis and is best when per-
formed with IV contrast.

a

d e

b c

       . Fig. 3.13 Direct carotid cavernous fistula. Axial a 
and coronal b CTA images demonstrate an enlarged 
right cavernous sinus (arrow, a) with early venous 
enhancement and a dilated right SOV (arrow, b). c Axial 
MIP image demonstrates dilated CS bilaterally (arrows) 

with early enhancement and dilated SOVs bilaterally 
(arrowheads). d Axial MRA demonstrates abnormal 
flow in the right SOV (arrow). e Lateral view from a con-
ventional angiogram demonstrates early filling of  the 
cavernous sinus and a dilated SOV (arrow)
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3.5.4.6  Ophthalmoplegia 
and Diplopia

The differential diagnosis of  ophthalmople-
gia and diplopia is broad and may be caused 
by pathology involving the globes (for diplo-
pia), extraocular muscles, neuromuscular 
junction, and cranial nerves III, IV, and/or 
VI (including their courses in the subarach-
noid space, cavernous sinuses, orbital apex, 
and orbits) and their nuclei and connecting 
tracts within the brainstem. These structures 
can be assessed using a contrast-enhanced 
orbit MRI and brain MRI with additional 
high- resolution T2WI through the posterior 
fossa to evaluate for skull base and brain-
stem lesions and thin-section SSFP 
sequences (e.g., FIESTA) through the cra-
nial nerves to evaluate for primary lesions 
arising from or extrinsically compressing the 
cranial nerves.

The pattern of involvement, age, and acu-
ity can aid in  localization and predicting the 
lesion and best sequences:

 5 Acute intranuclear ophthalmoplegia may 
be due to demyelination in young patients 
or possibly ischemia that can be seen on 
brain MRI.

 5 Pupil-involving CN III palsy suggests 
extrinsic compression of the oculomotor 
nerve, for which an MRA may also be 
obtained to exclude an aneurysm.

 5 When multiple ipsilateral cranial nerve 
palsies are present involving cranial nerves 
III, IV, and VI, a lesion affecting the 
cavernous sinuses (such as thrombosis) or 
basal cisterns (such as meningitis, 
leptomeningeal carcinomatosis, and 
inflammatory diseases) may be best seen 
on post-contrast images.

 5 In the setting of trauma, CT can be 
performed to look for orbital fractures 
and skull base injuries that may affect 
cranial nerves.

 ? Review Questions
 1. A 17-year-old male presents following 

trauma to the left orbit. The patient 
reports inability to move the left globe 
and monocular blindness, and clinical 
examination is concerning for an open 

globe injury. Which of  the following is 
the next best step for imaging this 
patient?
 (A) Obtain an MRI immediately to 

evaluate the ophthalmoplegia
 (B) Immediately perform ultrasound 

of  the globe to avoid radiation
 (C) Screen the patient for contraindi-

cations for MRI
 (D) Obtain an orbit CT

 2. What sequence is the gold standard for 
detecting acute infarcts?
 (A) Diffusion-weighted images (DWI)
 (B) Fluid-attenuated inversion recov-

ery (FLAIR)
 (C) T2-weighted images
 (D) Contrast-enhanced, fat-suppressed 

T1WI

 3. Which of  the following is true 
regarding cavernous sinus thrombosis?
 (A) Non-contrast CT is sufficient for 

diagnosis
 (B) Non-contrast MRI is sufficient 

for diagnosis
 (C) Non-contrast MRV is sufficient 

for diagnosis
 (D) CT or MRI with IV contrast is 

needed to confirm cavernous 
sinus thrombosis

 v Answer
 1. (D)
 2. (A)
 3. (D)

Key Points
1.  Digital radiography has a very limited 

role in modern orbital imaging. CT is 
far more sensitive for bony and soft 
tissue abnormalities and foreign bodies.

2.  US is a useful bedside tool for the 
evaluation of pathology of the globe 
with no radiation. However, US is 
contraindicated in patients with 
suspected open globe injury.

3.  Non-contrast CT is the best initial 
examination for orbital trauma.
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4.  Contrast-enhanced CT and MRI are 
complementary in assessing orbital 
inflammation, infection, and masses, 
with CT often performed first in the 
emergent setting for practicality.

5.  When possible, CT dose reduction 
techniques and shielding should be 
used to minimize radiation.

6.  Contraindications to MRI (e.g., 
metallic IOFB and medical devices that 
are not safe for MRI) should be 
excluded before scanning.

7.  Optic neuritis and vision loss related to 
lesions at the optic chiasm or 
post-chiasm (e.g., masses, ischemia, 
and demyelination) are best identified 
with MRI.

8.  Homonymous vision loss is usually due 
to a post-chiasmatic lesion and 
typically only requires imaging of the 
brain.

9.  CTA and MRA are useful for excluding 
aneurysms, vascular malformations, 
and AV fistulas. Time-resolved 
contrast-enhanced MRA and CTA 
have increased sensitivity in detecting 
vascular malformations and fistulas.

10.  MRV is useful to exclude cerebral 
venous thrombosis in patients with 
papilledema and/or findings suspicious 
for venous infarcts on brain imaging 
and is more accurate with IV contrast. 
Cavernous sinus thrombosis cannot be 
excluded without IV contrast.

11.  Sedation is usually needed in younger 
children to obtain a high-quality MRI 
and is best performed in conjunction 
with anesthesiology.
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4.1  Introduction

Children who sustain midfacial trauma may 
suffer a variety of  orbital complications that 
present to the emergency room for manage-
ment; of  these, orbital fractures are by the 
far the most common, sometimes requiring 
fairly urgent surgical intervention. Vision- 
threatening orbital hemorrhage as well as 
orbital foreign bodies may also result from 
periocular trauma, and, in many instances, 
these conditions may also require prompt 
management and sometimes surgical inter-
vention.

4.2  Epidemiology

The periorbital area is the third most com-
monly involved region of all facial fractures, 
accounting for up to 45% of all facial frac-
tures in children [1–7]. Motor vehicle colli-
sion, violence, and falls constitute the most 
common mechanisms of facial injury in the 
United States [8]. Orbital fractures occur 
more frequently in boys than in girls, with a 
ratio ranging from 1.1:1 to 8.5:1, although 
studies report that there is no gender differ-
ence in very young children [1, 2, 4, 6, 9–16].

Fractures of the orbital floor are relatively 
uncommon in children younger than 5 years 
old, since maxillary sinus pneumatization 
occurs primarily from 6 to 12  years of age, 
and the orbital floor is more susceptible to 
fractures when it overlies an aerated sinus [17–
19]. Orbital floor fractures in small children 
therefore occur less frequently than fractures 
of the orbital roof, whereas the frequency of 
these injuries is reversed in older children and 
adults.

4.3  Assessment

Ophthalmic evaluation is often overlooked in 
the trauma setting [20, 21]. As occult ophthal-
mic injuries occur in approximately 20% of 

patients with blunt facial trauma [21], oph-
thalmology consultation must be sought in all 
cases of midfacial and/or orbital fractures to 
detect serious ocular injury. Visual acuity 
determination, ocular motility evaluation, 
pupillary function testing, slit lamp examina-
tion, and a dilated funduscopic examination 
should all be performed in the acute setting if  
possible and globe injury ruled out. In the 
presence of vision-threatening injuries, such 
as a ruptured globe or retinal detachment, 
orbital and periorbital repair should be 
delayed until the ocular pathology is managed 
and sufficient time is allowed for recovery [22]. 
Note that this approach may inevitably delay 
orbital surgery several weeks or more [22].

Signs and symptoms suggestive of an 
orbital floor fracture in children with a history 
of midface trauma include infraorbital anes-
thesia, limited and sometimes painful extra-
ocular movements, enophthalmos, and 
subcutaneous emphysema. A common pre-
sentation of a so-called “trapdoor” orbital 
floor fracture (see below) is the oculocardiac 
reflex, which includes nausea and vomiting, 
bradycardia, and syncope upon attempted eye 
movement. These symptoms were shown to 
have a positive predictive value of 75% for a 
trapdoor fracture and 83.3% for the presence 
of inferior rectus herniation on imaging [23]. 
The presence of an oculocardiac reflex in the 
setting of an orbital floor fracture is an indi-
cation for immediate surgical repair [24–26]. 
Forced duction testing, in which the examiner 
grasps the eye and forcibly moves it to deter-
mine if  restriction is present, is rarely if  ever 
required in an awake patient with any type of 
orbital wall fracture. It is inadvisable to per-
form as part of the routine evaluation of 
orbital fractures, though it occasionally may 
be informative in unresponsive patients in an 
ICU setting [22].

Lateral orbital wall fractures are most 
commonly seen as part of a larger zygomati-
comaxillary complex fracture. Patients with 
ZMC fractures may present with a flattened 
malar eminence, lateral canthal dystopia, and 
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trismus in addition to signs and symptoms of 
other orbital wall fractures.

 5 Common presentation of orbital floor 
fracture:

 5 Infraorbital anesthesia/hypoesthesia
 5 Limited and sometimes painful 

extraocular movements, diplopia
 5 Enophthalmos
 5 Subcutaneous emphysema

 5 Signs and symptoms of trapdoor 
fracture:

 5 Nausea and vomiting
 5 Bradycardia or syncope associated 

with extraocular movements

4.4  Imaging

Computed tomography (CT) is the imaging 
gold standard for the detection of  orbital 
fractures. A dedicated, thin cut (1.0–1.5 mm 
slices) orbital CT scan with coronal and sag-
ittal reconstructions is recommended. 
Reconstruction of  images (as opposed to 
direct coronal imaging) is preferred as it 
limits radiation exposure and avoids poten-
tial artifact caused by dental amalgam. If  
there are clinical signs of  soft tissue entrap-
ment suggesting an orbital fracture, such as 
diplopia or pain on eye movement, and no 
tissue herniation is seen on CT imaging (or 
if  there is concern for radiation exposure), 
MRI may be considered, though its useful-
ness in the evaluation of  midfacial fractures 
remains very limited [27]. While some past 
reports suggested using the size of  an iso-
lated orbital floor defect on imaging as a 
guide in determining surgical candidacy, the 
ability to precisely measure the size of  such 
defects is suspect, and it is not possible to 
predict from imaging which patients will 
develop permanent clinical sequelae requir-
ing surgery. It is advisable therefore to use 
clinical criteria alone when deciding if  

repair of  an orbital floor fracture should be 
undertaken [22, 28].

4.4.1  Orbital Floor Blowout 
Fractures

An indirect orbital floor fracture, also known 
as an orbital “blowout” fracture, is a fracture 
of  the orbital floor in which the orbital rim 
remains intact. This type of  fracture most 
commonly occurs above, or just medial to, 
the roof  of  the infraorbital groove, the thin-
nest bone of  the orbit [29] (. Fig.  4.1). 
Blowout fractures may result in herniation 
of  orbital tissue into the maxillary sinus, 
sometimes restricting the motility of  the 
inferior rectus muscle, and can thus lead to 
clinically significant diplopia, especially in 
vertical gaze. Additionally, the increase in 
the orbital volume that results from a 
depressed fragment of  the orbital floor can 
lead to cosmetically significant enophthal-
mos or hypoglobus (inferior displacement of 
the globe) (. Fig. 4.2). Either of  these prob-
lems may be severe enough to warrant surgi-
cal repair. Children with orbital floor 
fractures are much more likely to require sur-
gical repair than children with orbital roof 
fractures [20].

Trapdoor fractures are an anatomic sub-
type of orbital floor fracture seen almost 

       . Fig. 4.1 A. Classic coronal CT appearance of  a left 
orbital blowout fracture where the fracture line runs 
over the infraorbital groove
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exclusively in children. In these fractures, a 
segment of the orbital floor breaks, becomes 
transiently displaced inferiorly while hinged 
at the junction of the medial and inferior 
orbital walls, and then rebounds superiorly 
close to its original position [30]. During the 
transient, momentary period of bony dis-
placement, orbital tissue may herniate into 
the maxillary sinus and become incarcerated 
when the bony fragment returns close to its 
original position with minimal displacement. 
In some cases, herniation and entrapment of a 
significant amount of soft tissue and muscle 
within the maxillary sinus may ensue despite a 
very small or even radiologically impercepti-
ble fracture (. Fig. 4.3). Trapdoor fractures 
are seen primarily in children because their 
bones are more elastic than in adults, which 
allows the attached bone fragment to open 
and recoil like a trapdoor [31], resulting in 
restrictive strabismus, pain on extraocular 
movement, and, if  repair is not prompt, isch-

emia and early tissue necrosis [30]. Jordan 
et al. first coined these medially hinged trap-
door fractures “white-eyed blowout fractures” 
[32]. The term emphasizes the fact that these 
patients may frequently present with mild to 
no signs of periocular injury, such as periocu-
lar ecchymosis and edema, despite the pres-
ence of severe motility restriction.

4.4.2  Medial Wall Fractures

Medial orbital wall fractures can occur in iso-
lation (“medial orbital wall blowout frac-
ture”), in conjunction with other orbital 
fractures (most commonly the orbital floor), 
or can be a part of more extensive naso- 
orbito- ethmoid (NOE) fractures. Due to their 
proximity to the ethmoid sinus and nose, 
medial orbital fractures commonly cause 
orbital emphysema, which rarely can be severe 
enough to cause a compartment syndrome 

a b c

       . Fig. 4.2 a Coronal CT image demonstrating a very 
large right orbital blowout fracture with herniation of 
orbital tissue into the maxillary sinus, resulting in b 

enophthalmos, hypoglobus and c impaired upgaze of the 
right eye

a b

       . Fig. 4.3 a Coronal CT image demonstrating a right orbital “trapdoor” fracture in which the size of  the orbital 
tissue herniating into the maxillary sinus is much smaller than the hole in the orbital floor.  The inferior rectus 
muscle lies beneath the plane of  the orbital floor (red arrow). b Marked restriction in upgaze results
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[33]. Patients with isolated medial orbital wall 
fractures may show limited abduction or 
adduction of the involved eye, diplopia on 
horizontal gazes, or even pseudo-Duane 
retraction syndrome (in which the eye recesses 
into the orbit on attempted abduction) [34] 
(. Fig.  4.4). Medial rectus muscle entrap-
ment with an oculocardiac reflex as a result of 
a medial wall fracture is rare, but like its 
orbital floor counterpart (the trapdoor frac-
ture), it requires emergent surgical repair [5, 
35–41]. Most cases of isolated medial wall 
fractures can be managed conservatively with-
out surgical intervention.

4.4.3  Lateral Orbital Wall Fractures

The lateral orbital wall is the strongest of the 
orbital walls. Lateral orbital wall fracture is 
rare in children and is typically associated with 
additional orbital wall and/or zygomaticomax-

illary complex fractures [42, 43] (. Fig. 4.5). 
Entrapment of the lateral rectus muscle or 
enophthalmos is extremely uncommon [43, 
44]. Inferiorly displaced zygomatic fractures 
can lead to a laterally downward slanting of 
the palpebral aperture (lateral canthal dysto-
pia) since the lateral canthal tendon is attached 
to the zygoma [33]. Severe pediatric zygomatic 
fractures can cause complications such as 
globe dystopia, trismus, sensory deficits in the 
infraorbital nerve (V2) distribution, enoph-
thalmos, and malar flattening [45]. Most cases 
of minimally displaced or nondisplaced lateral 
wall fractures can be managed conservatively 
without surgery [2, 7, 20, 44, 46–51]. In gen-
eral, the decision as to whether or not a ZMC 
fracture should be repaired depends upon the 
clinical deficits produced by the fracture and 
not by the appearance of the fractures on 
imaging studies alone. Many displaced ZMC 
fractures without aesthetic or functional com-
promise can be observed without surgery.

a b

       . Fig. 4.4 a Axial and b coronal CT images of  a left orbital medial wall  fracture with herniation of  the medial 
rectus muscle into the defect

a b

       . Fig. 4.5 Left zygomaticomaxillary complex fracture with posterior and medial displacement of  the malar emi-
nence of  the zygoma viewed on axial a and coronal b images
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4.4.4  Orbital Roof Fractures

Orbital roof  fractures in younger children 
are commonly nondisplaced linear fractures 
[2, 4, 43, 52–55]. Orbital roof  fractures are 
associated with a high incidence of  neuro-
logic injuries such as cerebral edema, hema-
toma, and herniation [2, 56]. Neurosurgical 
consultation is warranted in all cases of 
orbital roof  fracture to rule out and manage 
any associated intracranial injury [53]. 
Superior orbital fissure syndrome or orbital 
apex syndrome may occur, but it is extremely 
rare [2, 49, 57–60]. Emergent intervention 

may be required for optic canal or optic 
nerve compression, orbital apex syndrome, 
or orbital compartment syndrome [61]. Coon 
et  al. reported that linear orbital roof  frac-
tures smaller than 2 cm without a significant 
frontal bone injury are unlikely to develop 
encephalocele or globe malposition and rec-
ommended observation [56]. Overall, man-
agement of  pediatric orbital roof  fractures 
requires a multidisciplinary approach 
(. Fig.  4.6), though the vast majority is 
managed conservatively without surgery. 
From an ophthalmic standpoint, surgical 
repair of  an orbital roof  fracture is indicated 

a b

d

       . Fig. 4.6 a Sagittal CT image of  a right orbital roof 
fracture with bony fragments impinging on the superior 
rectus muscle, causing marked restriction of  supraduc-
tion of  the right eye; b Bony fragments removed from 
the superior orbit through a craniotomy approach; c A 

porous polyethylene implant is positioned through the 
craniotomy exposure to cover the orbital defect and 
screwed in place; d A sagittal postoperative CT image 
reveals the implant (visible due to titanium strips within 
it) covering the bony defect
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only in the presence of  cosmetically apparent 
globe displacement (hypoglobus from a 
depressed bony fragment) or clinically sig-
nificant diplopia, which when present usually 
occurs on upgaze.

4.5  Indications and Timing 
of Surgery

In children with midfacial trauma, a high 
index of suspicion must be maintained for a 
trapdoor orbital floor fracture with an incar-
cerated inferior rectus muscle. Patients pre-
senting with strong clinical signs of tight 
tissue incarceration, such as an oculocardiac 
reflex and/or severe limitation in upgaze 
should undergo surgical exploration and 
repair [23, 25, 27, 32, 35, 62–64]. Repair is 
indicated in these circumstances even if  there 
is minimal radiographic evidence of a frac-
ture. Repairing these fractures within 
24–48  hours of presentation is strongly rec-
ommended and considered by most to be 
associated with better outcomes, such as 
improved motility [5, 25, 27, 32, 35, 39, 40, 63, 
65]. In patients presenting with severe oculo-
cardiac reflex and hemodynamic instability, 
early stabilization and repair would therefore 
seem ideal [2].

The indications and timing of surgical 
intervention for non-trapdoor orbital blow-
out fractures has long been a subject of con-
troversy. Most of the current recommendations 
for management in the pediatric population 
are extrapolated from studies on adults. 
Orbital fractures, including large-sized 
defects, with minimal to no enophthalmos 
and without clinically significant diplopia, 
can be managed conservatively without 
adverse consequences [66]. Repair is only 
required to address either disfiguring enoph-
thalmos or persistent diplopia.

Evaluation of extraocular movements at 
the time of presentation is important in deter-
mining which patients with orbital wall frac-
tures will require repair. In patients with 
non-trapdoor fractures who exhibit normal 
extraocular movements on initial examina-
tion, diplopia will not develop, and if  diplopia 

is present it will not worsen over time. Diplopia 
present on initial examination will improve 
significantly or resolve completely over the 
span of several weeks without any surgical 
repair in the majority of cases [67]. On the 
other hand, the degree of enophthalmos 
either remains the same or worsens over time 
as orbital swelling resolves over the subse-
quent weeks or months after the injury. The 
size of the orbital floor defect in children is 
only poorly associated with the subsequent 
amount of enophthalmos [68]. Commonly 
accepted indications for surgical repair of 
non-trapdoor orbital wall blowout fractures 
are non-resolving clinically significant diplo-
pia and cosmetically unacceptable enophthal-
mos [25, 27, 32, 36]. An operative window of 
2  weeks following the injury has often been 
reflexively advocated in the literature [5, 7, 35, 
63, 69], but retrospective studies have shown 
that non-trapdoor fracture repair performed 
more than 2  weeks after injury produces 
results equivalent to surgery performed prior 
to 2 weeks [70, 71]. A conservative approach 
to the repair of orbital wall fractures is there-
fore appropriate [22]. Patients without severe 
motility restriction at presentation can be 
safely followed, on a weekly or biweekly basis, 
to monitor the resolution in diplopia as 
orbital edema resolves. Once the diplopia is 
ascertained to be no longer improving, the 
patient, parents, and surgeon can then deter-
mine if  any residual double vision is clinically 
significant and if  surgical correction is then 
warranted. A similar approach can be taken 
in the management of non-trapdoor fracture 
patients with respect to the development of 
enophthalmos, regardless of the size of the 
fracture defect. The injured child can be fol-
lowed conservatively for several weeks and 
surgery only performed if  noticeable enoph-
thalmos is bothersome to the parents and 
patient. Early surgical repair of a large orbital 
floor fracture to prevent the development of 
enophthalmos should be discouraged, since 
the ultimate degree of enophthalmos cannot 
be reliably predicted from the CT images and 
unnecessary surgical intervention can thus be 
avoided [22].

To re-emphasize, “watchful waiting” in the 
treatment algorithm for repairing isolated 
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orbital wall fractures does not apply to 
patients with severe incarceration of tissue 
and marked limitation of  ocular motility. In 
children with these trapdoor fractures, in 
which there is severe restriction of  ocular 
movement and an oculocardiac reflex, 
urgent repair within 24–48 hours of  diagno-
sis is strongly recommended. Non-trapdoor 
fractures can be followed conservatively 
to  determine if  cosmetically unacceptable 
enophthalmos develops, or if  disabling dip-
lopia does not resolve, over a several week 
period. Successful surgical outcomes can be 
obtained repairing non-trapdoor fractures 
many weeks after the injury, and many 
patients can avoid surgery altogether by 
delaying the surgery by several weeks.

4.6  Surgical Technique

The two most common surgical approaches to 
the orbital floor are the transconjunctival and 
the subciliary (transcutaneous) incisions. The 
transconjunctival approach avoids a cutane-
ous scar and is associated with a lower inci-
dence of eyelid malposition [58, 59] and thus 
is the preferred approach by the great major-
ity of experienced surgeons. Specifically, a 
subciliary incision results in a higher rate of 
cicatricial lower eyelid retraction [72, 73], the 
correction of which is frequently challenging. 
The transconjunctival approach yields excel-
lent exposure even without an associated lat-
eral canthotomy and cantholysis [26, 61, 
74–76] (. Fig. 4.7). The surgeon should aim 
to (1) reposition all herniated tissue back into 
the orbit with the bony edges of the fracture 
visible for 360 ° after reduction and (2) place 
an implant to cover the defect, ensuring that 
the posterior aspect of the implant rests on 
the posterior bony ledge of the fracture 
(. Fig. 4.8). In trapdoor fractures especially, 
repositioning adhered herniated tissue may 
pose a challenge requiring aggressive lysis of 
adhesions and rarely necessitating enlarging 
the bony defect. Correct positioning of the 
implant is crucial. The most common reason a 
patient seeks secondary repair of a previously 
repaired orbital floor fracture is an improp-

erly placed orbital floor implant, usually 
incorrectly placed under the posterior bony 
ledge [21].

The indications for repair of medial orbital 
wall blowout fractures mirror those for repair 
of orbital floor fractures: in the absence of 
evidence of a trapdoor fracture or  oculocardiac 
reflex, surgery can be postponed for several 
weeks to determine if  cosmetically apparent 
enophthalmos develops or disabling diplopia 
persists. When surgery is indicated, operative 
exposure of the medial orbital wall is best 
accomplished through a transcaruncular 
approach [77], which can be an extension of 
an inferior transconjunctival incision when 
both the medial and inferior orbital walls 
require repair. The goals of medial orbital 
wall fracture repair are the same as orbital 
floor fracture repair: lysis of adhesions, repo-
sitioning of herniated tissue, and placement 
of an implant that rests on the posterior bony 
ledge of the fracture.

A lateral canthotomy, transconjunctival 
approach can be used to access the lateral orbit 
[78–80]. In symptomatic children with large 
and displaced zygomatic fractures, open reduc-
tion of the fractures with stabilization with 
titanium plates and screws using 2-point (fron-
tozygomatic suture, infraorbital rim) or 3-point 
(frontozygomatic suture, infraorbital rim, 
zygomaticomaxillary buttress) fixation is ade-
quate, depending on the type and location of 
the fracture [10, 45, 81]. Unlike orbital blowout 

       . Fig. 4.7 Surgeon’s view of  a left orbital floor defect 
during surgical repair, demonstrating the excellent expo-
sure provided by the inferior transconjunctival 
approach.  The infraorbital neurovascular bundle (blue 
arrow) is visible just adjacent to the large hole (yellow 
arrow)
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fractures, repair of lateral wall and ZMC frac-
tures should be undertaken within a 3–4 weeks 
period, prior to ossification of the displaced 
fragments that would necessitate osteotomies 
or secondary implants for successful repair.

In patients with large, displaced fractures 
of the orbital roof, surgical intervention often 
requires a multidisciplinary team approach. A 
coronal flap with craniotomy is usually neces-
sary to repair symptomatic fractures of the 
orbital roof. In cases of isolated, inferiorly 
displaced, symptomatic orbital roof fractures 
with relatively little comminution, an anterior 
orbitotomy through an upper eyelid crease 
incision and reduction of the bony fragment 
can sometimes be utilized [56].

Alloplastic implants are most commonly 
used in the repair of orbital wall fractures, as 
they avoid a second incision and the need for 
tissue harvesting. Porous polyethylene is fre-
quently favored as it eventually becomes 
incorporated with native fibrovascular tissue 
[22]. Each technique and implant has its own 
advantages and disadvantages [27]. Ultimately, 
the surgeon should decide which technique 

and implant to use at his or her discretion and 
comfort. Success of the operation more cru-
cially depends upon the complete reposition-
ing of the herniated orbital tissue, adequate 
lysis of adhesions, and correct placement of 
the implant.

4.7  Outcome/Complications

Most cases of preoperative diplopia following 
surgical repair of both trapdoor and non- 
trapdoor orbital blowout fractures recover 
completely over time [82]. Persistent diplopia 
may be a result of direct inferior rectus muscle 
injury, fibrosis, or cranial nerve palsy [83]. 
Children with repaired trapdoor fractures 
may experience a higher rate of extraocular 
motility restriction and persistent diplopia, as 
these patients are more likely to be misdiag-
nosed and undergo delayed orbital imaging in 
the emergency department and delayed surgi-
cal repair. Children with trapdoor fractures 
are also less likely to be seen urgently by an 
ophthalmologist and are given follow-up 

a b

dc

       . Fig. 4.8 The goal of  surgical repair of  an orbital 
floor fracture is complete coverage of  the defect, with 
the implant resting securely on the posterior bony ledge 
of  the defect. a, b Sagittal and axial CT images of  a right 
orbital blowout fracture. c, d Sagittal and axial postop-

erative CT images demonstrating the orbital implant 
resting on the bony edges of  the fracture to inure there is 
complete separation between the sinus cavity and the 
orbit
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appointments with an ophthalmologist an 
average of 4–5 days later than those children 
with non- trapdoor orbital floor fractures [64].

Some degree of enophthalmos may be 
present after repair of an orbital wall fracture, 
despite complete repositioning of prolapsed 
tissue and proper placement of the implant 
over the defect. Development of late enoph-
thalmos may occur due to delayed orbital tis-
sue atrophy [84–86]. Surgical technique is a 
crucial element in avoiding a poor postopera-
tive result in the repair of orbital wall frac-
tures. Inadequate repair may lead to persistent 
postoperative diplopia and/or enophthalmos.

4.7.1  Orbital Hemorrhage 
and Compartment Syndrome

Many patients with an orbital fracture will 
have some degree of intraorbital hemorrhage 
on imaging studies, and most require no treat-
ment. However, the constellation of proptosis, 

subconjunctival hemorrhage, periorbital 
ecchymosis, markedly elevated intraocular 
pressure (IOP), an afferent pupillary defect, 
and unilateral loss of vision indicate a clini-
cally significant retrobulbar hemorrhage for 
which urgent surgical decompression via lat-
eral canthotomy and inferior cantholysis may 
be needed to salvage vision [61] (. Fig. 4.9).

Profound decrease in visual acuity, an 
afferent pupillary defect, and elevated IOP are 
especially helpful diagnostic signs in the emer-
gency room. In narcotic-induced miotic 
pupils, in which the detection of an afferent 
pupillary defect is difficult, decreased color 
vision in the setting of a clinically significant 
orbital hemorrhage may reveal optic nerve 
dysfunction. An asymmetric, markedly 
increased IOP measured by portable applana-
tion tonometer may indicate a “tight” orbit 
from increased orbital pressure due to signifi-
cant orbital hemorrhage. Retinal perfusion 
abnormalities can be assessed using indirect 
ophthalmoscopy.

a b

c

       . Fig. 4.9 a Axial CT image of  a right orbital medial 
wall fracture presenting with b right proptosis, no light 
perception vision, and subconjunctival hemorrhage in 

the setting of  acute retrobulbar hemorrhage. Lateral 
canthotomy  and cantholysis c resulted in rapid return 
of  vision to the 20/60 range
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Imaging is often not necessary prior to per-
forming canthotomy/inferior cantholysis in 
severe, acute cases. (Imaging may sometimes be 
appropriate in the acute setting, and though 
MRI is more sensitive in visualizing intraor-
bital hemorrhage [87–90], CT scanning is more 
rapid and will permit earlier intervention). The 
IOP is virtually always elevated in this scenario, 
and following lateral canthal decompression, 
the IOP should fall markedly. If the IOP 
remains elevated, further reduction in IOP 
should be accomplished with topical ocular 
antihypertensive drops and even intravenous 
acetazolamide or mannitol. Intravenous ste-
roids are also typically given to reduce orbital 
edema, decreasing the pressure on the compro-
mised optic nerve and/or retinal circulation 
[85]. Even an eye with no light perception vision 
due to an acute orbital hemorrhage can have 
full restoration of vision following prompt can-
thotomy/inferior cantholysis and other pres-
sure-lowering interventions. In some patients, 
surgical evacuation of the hemorrhage may be 
necessary if efforts to relieve the pressure on the 
nerve or retinal circulation otherwise fail.

4.7.2  Orbital Foreign Body

Traumatic intraorbital foreign bodies in pedi-
atric patients are managed similarly as in 
adult patients, and in the appropriate clinical 
scenario (i.e., fever, persistent orbital inflam-
mation, elevated white count), their presence 
must be suspected until proven otherwise [91, 
92]. The presence of an intraorbital foreign 

body can be easily overlooked, especially in 
asymptomatic patients, and therefore clini-
cians must carefully examine the periorbital 
skin and conjunctiva, especially the conjuncti-
val fornices, for entrance wounds. Reactive 
intraorbital foreign bodies made of iron and 
copper and organic foreign bodies made of 
wood and vegetative material are frequently 
associated with a severe, persistent inflamma-
tory reaction, fistula development, and abscess 
formation and require urgent surgical removal 
[93]. Inert intraorbital foreign bodies (such as 
those made of glass, gold, silver, platinum, 
porcelain, plastic, sand, cilia, or rubber) can 
be treated conservatively with close observa-
tion in asymptomatic patients.

CT scan is the most reliable method for 
identifying intraorbital foreign bodies com-
pared to clinical examination and B-scan 
echography, regardless of location within the 
orbit [22, 87, 90]. Intraorbital wooden foreign 
bodies present a particular diagnostic chal-
lenge to physicians, as they are frequently mis-
taken for air on CT scans, and are often 
difficult to distinguish from adjacent soft tis-
sue or fat; widening the window settings on 
CT imaging can be helpful in detection [94–98] 
(. Fig.  4.10). Trauma patients with orbital 
infection refractory to antibiotics and those 
who develop chronic inflammation, fistula, or 
abscess formation should be suspected as hav-
ing a retained intraorbital wooden foreign 
body.

Systemic broad spectrum antibiotic cover-
age should be given to all patients with an 
orbital foreign body, and extracted foreign 

ca b

       . Fig. 4.10 a Sagittal and b coronal CT images of  of 
multiple periorbital glass foreign bodies implanted dur-
ing a motor vehicle collision. While glass is always visi-

ble on a CT scan, wood foreign bodies in the orbit can 
be mistakenly interpreted as intraorbital air (arrows), as 
demonstrated on this axial CT image c
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bodies should be cultured and sent for antibi-
otic sensitivity. Whenever possible, extracting 
an orbital foreign body through an upper eye-
lid crease incision or inferior transconjuncti-
val incision will minimize any additional 

trauma to adjacent orbital structures. Multiple 
explorations may be required to retrieve an 
intraorbital foreign body if  the intraorbital 
foreign body is located in an area that is diffi-
cult to access surgically [99].

 Case Presentation

A 10-year-old boy presented to the emergency 
room with impaired right supraduction, inter-
mittently associated with nausea, following a 
fall (. Fig.  4.11a). A CT scan of the orbits 
revealed a “trapdoor” right orbital floor frac-

ture in which the fracture segment recoiled to 
trap orbital tissue in the maxillary sinus 
(. Fig.  4.11b). Following transconjunctival 
surgical repair, the right eye motility returned 
to normal (. Fig. 4.11c).

a

c

b

       . Fig. 4.11 a Impaired right supraduction; b “Trapdoor” right orbital floor fracture; c Right eye motility 
returned to normal

Key Points
 5 Ophthalmology consultation is 

imperative in all midfacial and/or 
orbital fractures to rule out serious 
ophthalmic injury.

 5 Children displaying severe ocular motil-
ity restriction and/or an oculocardiac 
reflex following periorbital trauma should 
be suspected as having a trapdoor frac-

ture, an indication for urgent repair 
(within 24 hours of diagnosis).

 5 Most isolated orbital floor fractures can 
be followed conservatively for several 
weeks, and the decision to ultimately 
undergo surgical repair is based solely on 
clinical findings (disfiguring enophthal-
mos or persistent diplopia) that are mon-
itored during serial examinations.
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 5 Complete repositioning of the herni-
ated orbital tissue, adequate lysis of 
adhesions, and correct placement of the 
orbital implant are crucial to the suc-
cess of orbital fracture repair. The 
transconjunctival approach is associ-
ated with a lower incidence of postop-
erative lower eyelid malposition.

 5 Profound decrease in visual acuity, an 
afferent pupillary defect, subconjuncti-
val hemorrhage, decreased ocular 
motility, and elevated IOP are especially 
helpful diagnostic clues in the emer-
gency room to the presence of orbital 
compartment syndrome, usually due to 
an orbital hemorrhage. Urgent canthot-
omy and inferior cantholysis are indi-
cated and can often salvage vision.

 5 Trauma patients with orbital infection 
refractory to antibiotics, and those who 
develop chronic inflammation, fistula, 
or abscess, should be suspected as hav-
ing a retained, undiagnosed intraorbital 
foreign body, especially one composed 
of wood.

 ? Review Questions
 1. A 9-year-old girl sustained forceful blunt 

trauma to her right periorbital area 
while playing baseball. Exam ination of 
the right eye reveals vision loss, 
proptosis, subconjunctival hemorrhage, 
a relative afferent pupillary defect, 
decreased ocular motility, and 
significantly elevated right intraocular 
pressure. Examination of  the left eye is 
within normal limits. This constellation 
of  findings is concerning for which 
diagnosis?
 (a) Orbital floor fracture with 

entrapment
 (b) Orbital hemorrhage and compart-

ment syndrome
 (c) Traumatic retinal detachment
 (d) LeFort II fracture

 2. In the case above, what is the most 
appropriate next step?
 (a) CT imaging
 (b) Analgesics and antiemetics
 (c) Ice pack and close outpatient fol-

low-up
 (d) Urgent canthotomy and cantholysis

 3. Which one of the following symptoms 
associated with orbital floor fractures 
requires urgent repair (within 24–48 
hours)?
 (a) Diplopia
 (b) Enophthalmos
 (c) Bradycardia or nausea/vomiting 

with attempted extraocular move-
ment

 (d) Decreased extraocular motility

 v Answer
 1. (b)
 2. (d)
 3. (c)
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5.1  Introduction

The eyelid is the periocular component most 
exposed to superficial trauma. Numerous 
attachments of the lid provide for the appro-
priate tension and contour of the eyelid to 
provide its function and maintain cosmesis. 
Attention to the delicate anatomy of this 
structure is imperative for recognition of 
structures involved, the associated injuries, 
and possible sequelae of injury.

5.2  Anatomy

The upper eyelid extends from the inferior 
brow to the superior lid margin, separated 
from the lower eyelid by the palpebral fissure, 
which measures approximately 30 mm in hori-
zontal length. The lower eyelid extends from 
the palpebral fissure to the superior maxilla. 
The lateral canthus is positioned approxi-
mately 1–2 mm superior to the medial canthus 
creating a gentle slope for tears to drain to the 
lacrimal drainage apparatus, which originates 
at the punctum. The tarsus provides the struc-
tural backbone for the eyelid and measures 
approximately 10–12  mm in height in the 
upper lid and 4 mm in the lower lid. The layers 
of the eyelid are of particular relevance in the 
setting of trauma and eyelid reconstruction. 
From anterior to posterior at the level of the 
tarsus lie skin, orbicularis oculi muscle, tarsus, 
and conjunctiva. Superior to the superior tar-
sus, the layers of the eyelid from anterior to 
posterior are skin, orbicularis, orbital septum, 
preaponeurotic fat, levator aponeurosis, 
Muller muscle, and conjunctiva. The layers of 
the eyelid inferior to the inferior tarsus are 
analogous to the upper lid with the capsulo-
palpebral fascia replacing the levator aponeu-
rosis as the main eyelid retractor. The eyelid 
margin structures include the lash line anteri-
orly, the gray line centrally, and the Meibomian 
glands and mucocutaneous junction posteri-
orly. Reapproximation of all these layers dur-
ing eyelid laceration repair is imperative to 
retain the function of the eyelid.

The medial and lateral canthal angle 
attachments intricately provide for the struc-

tural framework of the eyelids. The medial 
and lateral canthal tendons are an extension 
of the superior and inferior tarsal plates. The 
medial canthal tendon bifurcates just lateral 
to the lacrimal sac with an anterior limb 
attaching to the anterior lacrimal crest and a 
posterior limb attaching to the posterior lacri-
mal crest. The lateral canthal tendon does not 
bifurcate but attaches to the lateral orbital 
tubercle (. Fig. 5.1).

The orbicularis oculi circumnavigates the 
orbital rim and is the eyelid protractor allow-
ing for voluntary and involuntary closure. The 
orbicularis is divided into pretarsal, preseptal, 
and orbital portions. The medial orbicularis 
attachments are particularly important in the 
setting of medial canthal trauma or avulsion, 
which is a commonly injured area. The pretar-
sal orbicularis inserts posteriorly at the poste-
rior lacrimal crest and anteriorly on the 
medial aspect of the medial canthal tendon. 
The lateral pretarsal orbicularis fuses to make 
up the lateral canthal tendon. Medially, the 
preseptal orbicularis inserts into the common 
medial canthal tendon and laterally fuses to 
make up the lateral palpebral raphe. The 
orbital orbicularis inserts at the anterior can-
thal tendon medially with various bony 
attachments around the orbital rim.

The internal and external carotids provide 
arterial branches to the eyelid to provide an 
extensive network of collaterals and anasto-

Superior limb

Anterior limbPosterior limb

       . Fig. 5.1 Detailed view of  the medial canthal tendon 
of  the right orbit
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moses for a robust vascular supply that aids in 
rapid eyelid healing after trauma or repair. 
The main arteries of interest in the setting of 
trauma include the superior and inferior 
 marginal arcades, located approx. 2–4  mm 
from the margin, and the superior peripheral 
arcade, located between the retractors of the 
upper lid. The venous drainage for the eyelid 
is divided by the septum. Anterior to the sep-
tum, the angular vein and superficial tempo-
ral vein drain medially and laterally, 
respectively. Posterior to the septum, the ante-
rior facial vein, pterygoid plexus, and cavern-
ous sinus provide drainage from the eyelid 
(. Table 5.1).

5.3  Eyelid Trauma

5.3.1  Evaluation

When available, a detailed history of  the 
injury is helpful prior to exam. History 
intake should include the timing and mecha-
nism of injury, blunt vs penetrating nature, 
surface material of  contact with the eyelid, 
and history of  prior trauma or eyelid sur-
gery. Examination of the eyelids should be 
performed after globe injury has been ruled 

out. It is critical to minimally manipulate the 
globe and eyelids prior to ruling out globe 
injury. Thoroughly rinsing and cleaning the 
eyelids with sterile fluids is helpful to obtain 
an accurate exam with optimal visualization. 
Blunt exploration with cotton tip applicators 
will help reveal the extent and depth of  injury. 
It is imperative to identify any exposed fat in 
the eyelid as this suggests violation of the sep-
tum with orbital penetration, which should 
raise suspicion for damage to the eyelid 
retractors or deeper injury to the extraocular 
muscles or neurovascular structures. Often 
the lids may be very swollen, and a Desmarres 
retractor may be used to assist in visualiza-
tion of the posterior surface of  the eyelids to 
rule out foreign bodies and to obtain a clear 
view of the medial and lateral canthal angles. 
Rounding of the canthal angles suggests can-
thal avulsion.

5.3.2  Imaging

Imaging for isolated eyelid trauma is not rou-
tinely necessary. However, based on the his-
tory and exam, a maxillofacial CT scan 
without contrast is indicated if  there is any 
suspicion of foreign bodies, orbital fractures, 
or postseptal infection [1]. In the setting of 
medial canthal rounding, close inspection of 
CT images for a naso-orbital-ethmoidal frac-
ture is suggested [2]. While providing better 
soft tissue identification, MRI is typically not 
indicated in eyelid trauma unless CT is con-
traindicated or unavailable. MRI may be help-
ful in instances of suspected organic foreign 
body. Ultrasound has limited applications in 
the setting of eyelid trauma.

5.4  Different Presentations 
of Eyelid Trauma

5.4.1  Eyelid Laceration

Eyelid and eyebrow lacerations account for 
40% of  facial lacerations presenting to the 
emergency department [3]. Such lacerations 
most commonly affect males in their early 

       . Table 5.1 Periorbital nerves

Periorbital nerves Innervated structures

Supraorbital Eyebrow and forehead

Supratrochlear Medial canthus, upper 
eyelid, lacrimal region

Infraorbital Lower eyelid, upper lip, 
molars, and part of  the 
nose

Infratrochlear Medial eyelids, bridge of 
the nose, conjunctiva, 
lacrimal sac, and 
caruncle

Zygomaticofacial Cheek

Zygomaticotemporal Lateral canthus and 
temporalis region

Eyelid Trauma
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teenage years [3]. Common presenting signs 
of  eyelid laceration include periocular 
edema, ecchymosis, tearing, and often bleed-
ing at the site of  the laceration. Lacerations 
should be carefully examined with a cotton 
tip applicator to identify the length and depth 
of  the laceration and whether it involves the 
eyelid margin or canaliculus. In the setting of 
blunt trauma with laceration, orbital CT may 
be utilized to rule out orbital wall fracture if  
the mechanism of  action is a high-velocity 
injury [3].

5.4.2  Margin Involving Laceration

Full thickness or partial thickness lacerations 
involving the eyelid margin raise an added 
layer of complexity in repair as the smooth 
border of the eyelid has been compromised. 
After the lid margin has been lacerated, ten-
sion spread across the lid may pull the wound 
apart, showing a gap, which classically may be 
mistaken for tissue loss. Patients with margin 
involving lacerations are at risk of corneal 
exposure, irregular tear film distribution, and 
corneal abrasion. Lacerations involving the 
margin may be vertical, oblique, or com-
pound. Proper attention to closure should 
provide an equally good outcome despite the 
orientation of the laceration.

Lacerations involving the medial eyelid 
margin may involve the canalicular system. 
Such lacerations, if  not repaired with canalic-
ular anastomoses and stenting may result in 
chronic epiphora, difficult if  not impossible 
for secondary repair through canalicular 
probing and stenting [4]. In the event of a can-
alicular involving eyelid laceration, an oculo-
plastic specialist or a surgeon with experience 
in canalicular repairs should be consulted.

5.4.3  Extramarginal Eyelid 
Laceration

Eyelid lacerations not involving the margin 
may be superficial or deep. Deep extramar-
ginal lacerations may demonstrate violation 
of the septum, typically seen as exposed 
orbital fat, which should raise suspicion for 

retractor muscle injury or deeper injury. 
Principles of closure in extramarginal lacera-
tions include avoidance of suturing septum 
and avoidance of vertical traction on the lid 
with closure. Traction with closure may risk 
lid retraction and exposure keratopathy. A 
thorough examination in nonmarginal lacera-
tions should include identification of possible 
orbital fractures, exploring for foreign bodies, 
and assessment for lacrimal gland or canalic-
ular involvement.

5.5  Management of Eyelid 
Lacerations

5.5.1  Medical Management

After the scope of the trauma to the eyelid has 
been assessed, the examiner must make a 
determination of the need for surgical inter-
vention. Eyelid injuries that do not require 
surgical intervention include ecchymosis, eye-
lid swelling, or eyelid abrasion. These injuries 
do not require further medical attention, with 
the exception of a deep or large abrasion, 
which may be treated with 1 week of antibi-
otic ointment applied three times per day. If  
the eyelid does require surgery and the repair 
is delayed by over 6  hours, application of a 
topical antibiotic ointment should be consid-
ered to provide appropriate antimicrobial cov-
erage and to keep the wound lubricated. 
Choice of antibiotic should include coverage 
of gram-positive bacteria as these are the 
most common offending agents. In margin 
involving lacerations where there may be 
exposure of the globe, topical lubricating 
ointment of the globe should be prescribed 
with or without an antibiotic component. 
Steroid and analgesic medications are not 
necessary for most isolated eyelid traumas.

5.5.2  Surgical Management

The patient’s systemic injuries should be con-
sidered prior to any surgical repair of eyelid 
injuries. Evaluation or repair of eyelid injuries 
should not delay or complicate any vital care 
provided. The timing of repair may be post-
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poned several days for a patient to become 
medically stable in almost all circumstances. 
If  such monitoring strategy is implemented, 
the surgeon should be prepared to freshen up 
the borders of the wound with a blade to 
remove unwanted granulation or necrotic 
 tissue to aid in successful repair.

Margin involving lacerations can be per-
formed at bedside or in the operating room. 
The surgeon should seek a setting with the best 
lighting possible. Consideration should be 
made to determine the patient’s tolerance of 
bedside repair. The authors prefer to avoid 
bedside repair of any margin involving lacera-
tion in young children, psychiatrically unstable 
patients, patients with severe anxiety or fear of 
needles, or patients with very complex repairs.

Repair of any eyelid or eyebrow laceration 
should be performed with injection of local 
anesthetic containing lidocaine with epineph-
rine for hemostasis and intraoperative pain. 
The patient should be prepped and draped in 
the usual sterile ophthalmic fashion. Topical 
anesthetic may be given in the eyes prior to 
repair to diminish any irritation caused by 
betadine, blood, or manipulation during the 
repair.

5.5.3  Margin Involving Laceration 
Repair

Repair of a margin involving laceration 
should start by aligning the lacerated edges of 
the eyelid with two toothed forceps. This 
should demonstrate that all eyelid tissue is 
indeed present in the vast majority of cases. 
There are multiple ways to repair a margin 

involving eyelid laceration. The authors prefer 
to approximate the tarsus distal to the eyelid 
margin as this releases tension from the mar-
gin and also provides excellent exposure of 
the vertical length of the tarsus throughout 
repair. A 5-0 or 6-0 polyglactin suture is placed 
partial thickness through the anterior surface 
of the tarsus ensuring that the suture is not 
passed through the conjunctiva as this may 
cause postoperative corneal abrasion or irrita-
tion. Additional tarsal sutures may need to be 
similarly passed depending on the vertical 
length of the laceration (. Fig. 5.2a). Up to 
five deep interrupted passes may be needed for 
the upper lid and two for the lower lid. 
Attention is then turned to the margin where 
a 7-0 polyglactin (or 6-0 silk for older children 
who would better tolerate suture removal) 
suture is placed at the level of the Meibomian 
gland orifice in a vertical mattress fashion 
(far – far, near – near) to evert the lid margin. 
A second suture is then placed along the lash 
line, also in vertical mattress fashion. A third 
suture is finally placed at the gray line of the 
eyelid in vertical mattress fashion. In some 
instances, two marginal sutures will suffice for 
marginal approximation. It is critical that all 
sutures placed match each other on each side 
in terms of depth, length, and height of each 
pass. Tails of each pass along the eyelid mar-
gin are left long in order to incorporate them 
in subsequent superficial skin closure to keep 
the tails away to avoid the potential of corneal 
irritation (. Fig.  5.2b). Superficial skin is 
then closed with interrupted 6-0 plain (or 6-0 
silk) gut suture (. Fig. 5.2c). A representative 
case of a margin involving full thickness eye-
lid laceration repair is shown in . Fig. 5.3.

a b c

       . Fig. 5.2 Margin involving eyelid laceration repair. a Tarsal alignment sutures. b Margin alignment sutures. 
c Closure of  skin. (Photo courtesy of  Roman Shinder MD)

Eyelid Trauma



72

5

5.5.4  Non-margin Eyelid Laceration 
Repair

Lacerations that do not involve the lid margin 
are typically more easily repaired. Pillars of 
repair include avoidance of vertical tension 
and avoidance of incorporating the septum in 
the closure as these may cause eyelid retrac-
tion. Whenever possible, attempting to use 
horizontal passes rather than vertical passes 
may be implemented to avoid vertical tension 
on the lid. In general, laceration repair should 
focus on approximating tissues rather than 
tightly closing the wound. In most cases of 
isolated eyelid laceration not involving the 
margin, interrupted, superficial (skin) 6-0 
plain gut sutures are sufficient to obtain ade-
quate closure (. Fig.  5.4). Deep sutures are 
not necessary and should not be placed. 
Significantly large lacerations involving other 
facial structures should be managed in coordi-
nation with a facial plastic or general plastic 
surgeon.

5.6  Canthal Avulsion

Canthal avulsion may occur in any trauma 
setting; however, car accidents, dog bites, and 
falls may be the most common etiologies [5, 
6]. Canthal avulsion is easily recognized by 
rounding of the canthal angle, which can be 
distinguished from the sharp canthal angle 
borders of the uninvolved eyelid. Routinely, 
with avulsion of the medial canthus, canalicu-

lar laceration can be found (. Fig.  5.5). 
Additional findings commonly seen in canthal 
avulsion include vertical laceration across the 
medial canthus, telecanthus, and blepharop-
tosis [6]. Repair of such injuries without atten-
tion to canthal repositioning may not address 
displacement or rounding of the canthal 
angle.

The superior portion of the medial can-
thal tendon attaches to the frontal process of 
the maxilla and the frontal bone providing 
further structural support. The anterior limb 
of the medial canthal tendon provides little 
support to the structure of the lower eyelid 

a b

       . Fig. 5.3 Left upper eyelid margin involving laceration: a Preoperative. b Postoperative appearance 3 months 
after repair

a

b

       . Fig. 5.4 Non-margin involving eyelid laceration 
repair: a Preoperative defect. b Postoperative appear-
ance demonstrating tension-free closure
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but is firmly attached to the anterior lacrimal 
crest. The posterior limb of the medial can-
thal tendon is weakly attached to the poste-
rior lacrimal crest yet provides the majority of 
the lower eyelid tension and position. The 
posterior limb of the medial canthal tendon is 
thus most likely to detach during trauma and 
the most important limb to repair.

Following direct closure of any margin 
involving lacerations and stenting of associ-
ated canalicular lacerations, attention is 
directed at refixation of the medial canthus. If  
the posterior portion of the tendon remains 
attached, the avulsed anterior limb may be 
sutured to the anterior lacrimal crest or to the 
proximal lacerated stump with a single inter-
rupted 4-0 polyglactin suture. If  the posterior 
tendon is avulsed, significant horizontal laxity 
may be demonstrated. When posterior tendon 
avulsion is found, referral to an experienced 
oculoplastic surgeon is indicated for consider-
ation of microplate fixation, transnasal wir-
ing, or suture refixation to the thin periosteum 
around the posterior lacrimal crest [7].

5.6.1  Human and Animal Bites

Trauma to the eyelid resulting from human or 
animal bites is a common presentation to the 
emergency department, dominated by dog bites 
in the pediatric setting. Eyelid lacerations from 
dog bites are four times more likely to occur in 
children compared to adults [8], demonstrating 

the proclivity of dogs to attack the center of the 
face. Between 20% and 40% of eyelid lacera-
tions from dog bites in children are associated 
with canalicular laceration [8, 9]. The physician 
must discuss removal of the animal from the 
home to ensure the safety of the child.

Large animal attacks may lead to signifi-
cant morbidity; thus, attention should first be 
directed to ensuring the patient is primarily 
stable prior to embarking on a detailed oph-
thalmic exam. Evaluation of these lacerations 
should be performed in a similar manner to 
eyelid trauma from any type described above; 
however, special attention should be addressed 
to evaluate for canthal avulsion, infection, 
penetration into deep structures, globe injury, 
and canalicular injury. In large animal attacks, 
CT should be considered to investigate the 
possibility of facial fractures [9].

Dog and cat bites may be associated with 
atypical microbial species, including Pasteu-
rella, streptococci, staphylococci, Moraxella, 
and Neisseria species [10, 11]. The authors 
routinely prescribe a 7-day course of oral 
amoxicillin/clavulanate or clindamycin at time 
of evaluation in bite injuries. Additionally, 
if  the eyelid trauma is from an animal with-
out known rabies immunization, discussion 
with infectious disease regarding treating the 
patient prophylactically with a rabies immuni-
zation is warranted [12].

The surgical protocol for repair of eyelid 
lacerations from bites should follow the above 
guidelines for repair of margin involving and 
extramarginal eyelid lacerations. Attention 
should be made to identify and remove any 
foreign bodies at the time of repair.

5.6.2  Eyebrow Trauma

Defects of the eyebrow resulting from trauma 
may include laceration, burn, or blunt trauma. 
Following high-velocity blunt trauma to the 
brow, CT with thin cuts of the orbits should 
be performed [13]. Fractures associated with 
blunt trauma to the brow are more common 
in children due to incomplete pneumatization 
of the frontal sinus, which distributes force of 
impact in adults [14]. Other, more rare com-
plications of blunt force to the brow include 

       . Fig. 5.5 Right upper eyelid full thickness laceration 
including medial canthal avulsion. (Photo courtesy of 
Roman Shinder MD)
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intracranial injuries, subperiosteal hematoma, 
cerebrospinal fluid leak, and retrobulbar 
hematoma.

Laceration of the brow may be a simple 
laceration or associated with soft tissue or fol-
licle loss. Simple lacerations may be repaired 
with careful alignment of the superficial mus-
cle layer with interrupted 4-0 polyglactin 
sutures followed by closure of the skin with 
interrupted passes of 5-0 plain gut. Attention 
should be directed at brow alignment so that 
there is continuity of the hair follicles after 
closure. Additionally, vertical tension must be 
avoided when closing the brow as this may 
cause upper eyelid retraction and corneal 
exposure (. Fig. 5.6).

Lacerations of the brow involving soft tis-
sue or a moderate amount of follicle loss may 
require local transfer using the remainder of 
the affected eyebrow to achieve good cosmetic 
outcomes. Such cases should be referred to a 
facial surgeon with experience in flap con-
struction.

Large lacerations, degloving injuries, or 
deep abrasions involving significant brow loss 
may be best repaired via a free scalp flap, tem-
poral fascia island flap, or V-Y advancement 
pedicle flap [15]. As grafts involving hair- 
bearing regions post a challenge to most sur-
geons, preoperative flap mapping and 
collaboration with facial plastic surgery col-
leagues should be considered.

5.6.3  Eyelid Burns

Eyelid burn is seldomly an isolated finding. 
Typically, eyelid burns present in the setting of 
other associated facial or full body burns in the 
setting of flame injury; however, chemical, iat-
rogenic, or even warm compress-related burns 
may present with a burn confined to the eyelid 
region [16]. The eyelids, however, are unique to 
many other possibly affected burn sites in the 
associated conditions that may arise from tem-
porarily compromised function [17]. Eyelid 
burns are associated with corneal injury, ectro-
pion, and severe retraction [18]. Copious lubri-
cation of the eye with lubricating ointments is 
important in all facial burn settings, often 
requiring at least three times daily use of a 
lubricating ointment. Similarly, eyelid burns 
require aggressive lubrication to limit systemic 
evaporative fluid loss [19]. If anterior lamellar 
contracture occurs, skin grafting may be neces-
sary to protect the ocular surface.

In the setting of systemic burns with sig-
nificant intravenous fluid resuscitation, prese-
ptal eyelid swelling and chemosis may be 
severe, occasionally creating a compartment 
syndrome with elevated intraocular pressure, 
regardless of eyelid burn injury [20]. In this 
circumstance, diligent monitoring of intraoc-
ular pressure is warranted with prompt can-
thotomy and cantholysis when indicated by 
an ophthalmologist.

a b

       . Fig. 5.6 Brow laceration repair. a Left medial brow and upper eyelid laceration. b Postoperative appearance 
demonstrating alignment of  the brow
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Key Points
 5 Examination of the eyelids should be 

performed after ensuring patient is 
systemically stable and after globe 
injury has been ruled out.

 5 Rounding of the canthal angle suggests 
canthal avulsion.

 5 High suspicion for canalicular 
lacerations should be maintained in 
medial eyelid lacerations  – failure to 
repair canalicular lacerations may result 
in chronic epiphora.

 5 Exposed orbital fat should raise 
suspicion for retractor injury including 
levator muscle/aponeurosis injury.

 5 Avoidance of vertical tension and 
avoidance of incorporation of septum 
in eyelid laceration closures will assist 
in minimizing posttraumatic ectropion 
or retraction.

 5 Dog and cat bites may be associated with 
atypical microbial species, and rabies 
status/vaccination must be considered.

 5 Evaluation of eyelid or eyebrow 
lacerations occurring from high- 
velocity traumas should include CT to 
rule out fracture.

 ? Review Questions
 1. A dog bite to a child results in medial 

eyelid laceration, rounding of  the 
medial canthus and tearing. What 
structure is less likely to require repair 
in this scenario?
 (a) Canaliculus
 (b) Lateral canthal tendon
 (c) Eyelid margin
 (d) Medial canthal tendon

 2. Which of  the following signs accompa-
nying presentation with an eyelid lacera-
tion indicate CT imaging?
 (a) Full thickness margin involving 

laceration
 (b) Eyelid burn
 (c) Periorbital hypesthesia
 (d) Canalicular involving laceration

 Case Presentation

A 16-year-old girl presented to the emergency 
department following a dog bite to the right 
periocular region. On examination, there was a 
full thickness laceration of the central right 
lower eyelid (. Fig.  5.7a). The patient was 

taken to the operating room where the eyelid 
margin involving laceration was repaired 
(. Fig. 5.7b). Postoperatively, the patient had 
a good cosmetic outcome with excellent eyelid 
contour.

a b

       . Fig. 5.7 Repair of  a full thickness eyelid lacera-
tion. a Central lower eyelid laceration. b Postopera-
tive appearance demonstrating good approximation 

of  the eyelid margin with ideal amount of  eversion 
at the margin
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 3. Fat prolapse through a superior eyelid 
laceration should raise concern for?
 (a) Canthal avulsion
 (b) Levator palpebrae superioris apo-

neurosis injury
 (c) Fracture
 (d) Foreign body

 v Answer
 1. (b)
 2. (c)
 3. (b)
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6.1  Introduction

6.1.1  Development 
of the Nasolacrimal System

The nasolacrimal system begins to develop in 
utero at approximately 6 weeks. At this time, 
an epithelial layer of ectodermal tissue is 
entrapped as a core between the (medial) 
maxillary process and (lateral) frontonasal 
process. Fusion of the lateral nasal promi-
nence with the maxillary prominence entraps 
a double layer of epithelial cells which later 
canalizes to form the lacrimal outflow system. 
Over the next several months, this horizon-
tally oriented cord of cells assumes its final, 
mature vertical position (. Fig.  6.1). 
Improper or incomplete development of this 
system can be associated with epiphora, dis-
charge, dacryocystitis, or cellulitis.

The upper portions of the nasolacrimal sys-
tem include the puncta, canaliculi, and com-
mon canaliculus [1]. Atresia or agenesis of the 
puncta is not uncommon. Typically, there is a 
veil or membrane consisting of the conjunctiva 
that occludes the punctal orifice. Although this 
may present as a small dimple in the eyelid 
margin, it is often difficult to appreciate. Gentle 
pressure along the mucocutaneous junction of 

the medial eyelid may aid in the discovery of a 
hidden punctum. A cutdown of this region can 
also be performed but is not recommended in 
the hands of an inexperienced lacrimal sur-
geon. Congenital absence of the punctum is 
rare and usually seen in syndromes such as 
ectrodactyly- ectodermal dysplasia-clefting 
(EEC) syndrome and lacrimo-dento-digital 
syndrome (Levy Hollister) [2, 3] (. Fig. 6.2). 
Gross examination of the puncta through gen-
tle eversion of the eyelids will reveal whether 
punctal atresia is present.

Abnormalities of the lower portions of 
the nasolacrimal system (the lacrimal sac 
and nasolacrimal duct) typically result from 
abnormal canalization of the epithelial 
core. Canalization begins at approximately 
16 weeks, and abnormal separation of epithe-
lial cells can result in fistulae between the lacri-
mal sac and either the nasal cavity (internally) 
or the skin (externally). External fistulae can 
often manifest in a pediatric patient as a sec-
ondary punctum located inferior and medial 
to the normal punctum (. Fig.  6.3). If an 
internal fistula is present, fluid can get trapped 
in the nasolacrimal system. The entrapped 
fluid (which can be mucous, causing a muco-
cele, or amniotic fluid causing an amniotocele) 
may present in a neonate as a cystic distention 

       . Fig. 6.1 Nasolacrimal duct formation. Fusion of 
the lateral nasal prominence with the maxillary promi-
nence entraps a double layer of  epithelial cells which 
later canalizes to form the lacrimal outflow system. As 

the face develops, this cord of  cells (red) shifts from a 
horizontal orientation to vertical position. (Illustration 
credit: Christopher B Chambers)
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below the medial canthus. These entities can be 
evaluated in the emergency room through the 
use of ultrasonography or simple nasal endos-
copy. Importantly, dacryocystoceles have been 
reported to extend into the nasal cavity and 
may cause respiratory distress [4].

Infection or inflammation of the nasolac-
rimal system can occur in the setting of non- 
patency. The most common etiology is the 
presence of a membrane covering the distal 
nasolacrimal ostium at the valve of Hasner. 
On exam, this manifests as a resistance to 
probing in the lower portion of the system. 
Pediatric patients typically present with tear-
ing and mucopurulent discharge, which is fol-
lowed by the appearance of an inflamed mass 
below the medial canthus (. Fig.  6.4). 
Stagnant tears within a non-patent system 
allow bacteria, which typically get drained 
through the lacrimal system into the nose, to 
proliferate within the lacrimal system and 
cause infection. The most common organisms 
are Gram-positive cocci such as Streptococcus 

Pneumoniae, Staphylococcus, and Gram- 
negative Enterobacteriaceae [5]. Nasolacrimal 
probing should not be performed in the set-
ting of active infection or inflammation due 
to the friability of the tissues and the risk of 
creating a false passage within the system and 
thus the spread of the infection. Children 
 presenting with evidence of dacryocystitis 
should receive broad-spectrum antibiotics 
and should undergo thorough imaging of the 
orbits if  orbital cellulitis is suspected.

Congenital nasolacrimal duct obstructions 
must be distinguished from other, nonobstruc-
tive functional abnormalities in the evaluation 
of a pediatric patient with tearing. Eyelid mal-
positions that can also result in tearing include 
entropion/ectropion, colobomas, masses, or 
telecanthus/hypertelorism can result in poor 
punctum-to-globe apposition. Eyelash abnor-
malities such as trichiasis (inversion of nor-
mally located lashes) and distichiasis (accessory 
row of lashes) can irritate the cornea and con-
junctiva resulting in discomfort, redness, and 
tearing. These conditions are best evaluated 
with the use of a slit lamp microscope.

The mechanism of tear drainage is facili-
tated by a combination of positive pressure 
created by blinking and negative pressure 
induced by both capillary action and suction 
within the drainage apparatus. The secretory 
portion of the lacrimal system is composed of 
the main and accessory lacrimal glands, located 
superotemporally to the globe within the lacri-

       . Fig. 6.2 Congenital absence of  the punctum of  the 
lower eyelid. (Courtesy of  William Katowitz, MD)

       . Fig. 6.3 External nasolacrimal fistula can manifest 
as a secondary punctum located inferior and medial to 
the normal punctum (arrow)

       . Fig. 6.4 Acute dacryocystitis revealing erythema 
and induration of  the lacrimal sac with early abscess 
formation. Note mattering of  the lashes with mucous 
discharge lining the eyelid margins
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mal fossa of the frontal bone and within the 
palpebral conjunctival stroma, respectively. 
These glands provide lubrication for the cor-
nea by secreting tears which ultimately accu-
mulate as a tear lake along the margin of each 
eyelid [6]. The excretory portion of the lacri-
mal system, which includes the puncta, cana-
liculi, lacrimal sac, and nasolacrimal duct, 
allows for drainage of excess tears (. Fig. 
16.1). The puncta are 0.3  mm concavities 
located at the medial aspect of both the supe-
rior and inferior lid margins. They are continu-
ous with the superior and inferior ampullae, 
respectively, which are 2 mm in length and ori-
ented perpendicular to the eyelid margin. 
These ampullae drain tears into the superior 
and inferior canaliculi (8 mm in length) which 
usually come together as a common canalicu-
lus. The common canaliculus opens into the 
lacrimal sac (10–12  mm in length) which is 
located in the lacrimal sac fossa, comprised 
anteriorly by the frontal process of the maxil-
lary bone and posteriorly by the lacrimal bone. 
The sac is continuous with the nasolacrimal 
duct (12–18 mm) and empties below the infe-
rior turbinate at the inferior meatus within the 
nasal cavity (. Fig. 6.5) (. Table 6.1).

       . Fig. 6.5 Schematic representation of  the lacrimal 
apparatus of  the right eye. Tears produced in the lacri-
mal gland (LG) are released onto the surface of  the 
globe and accumulate as a tear lake along the eyelid 
margin. These tears are drawn into the superior and 

inferior canaliculi through negative pressure and then 
travel through the common canaliculus (CC). Tears col-
lect in the lacrimal sac (NLS) where they remain in 
between each blink. Tears are then forced down the 
nasolacrimal duct (NLD) and empty into the nose

       . Table 6.1 Nasolacrimal Anatomy

Lacrimal 
outflow 
pathway

Length 
(mm)

Anatomical pathway

Superior and 
inferior 
ampullae

2 Continuous with the 
puncta and drain 
tears into the 
superior and inferior 
canaliculi

Superior and 
inferior 
canaliculi

8 Usually come 
together as the 
common canaliculus 
which opens into 
the lacrimal sac

Lacrimal sac 10–12 Located in the 
lacrimal sac fossa 
(maxillary and 
lacrimal bones) and 
is continuous with 
the nasolacrimal 
duct

Nasolacrimal 
duct

12–18 Empties below the 
inferior turbinate at 
the inferior meatus 
within the nasal 
cavity
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Normal tear drainage requires proper 
functioning of the entire nasolacrimal system. 
At the beginning of a blink, the tear drainage 
system contains tears that have been provided 
by the lacrimal gland and accessory glands. 
Eyelid closure, achieved by contraction of the 
pretarsal orbicularis oculi muscle, moves the 
puncta medially and posteriorly and com-
presses the canaliculi. This action forces tears 
within the system to move down the nasolac-
rimal duct into the nasal cavity [6]. After orbi-
cularis relaxation, the components of the 
lacrimal pump reopen to create a negative 
pressure in the lacrimal sac which draws tears 
down into the drainage system (. Fig. 16.2). 
Obstruction at any level can result in epiph-
ora, with proximal obstruction leading to 
clear tear discharge and distal obstruction 
leading to mucoid discharge.

6.2  Canalicular Trauma

Eyelid lacerations are very common in both 
blunt and penetrating trauma to the face 
due to the delicate nature of eyelid tissues. 
Penetrating injuries due to sharp objects 
such as knives, broken glass, or metallic tools 
require a careful evaluation of both the globe 
and soft tissues. The presence of foreign bod-
ies and the extent of orbital injury must be 
evaluated through the use of CT imaging. 
Dog bites, a common cause of eyelid lacera-
tions in children, are reported to involve cana-
licular damage in 66% of cases [7]. In a study 
by Savar et al. [7], the majority of these inju-
ries involved damage to the inferior canalicu-
lus [7]. Canalicular lacerations are common 
with medial canthal tendon avulsion, which is 
often the result of shearing forces [8]. If  the 
medial canthal tendon is disinserted, it should 
be reattached to the posterior lacrimal crest if  
possible. Normally, the medial canthal tendon 
has two limbs that surround the lacrimal sac 
within the lacrimal sac fossa (. Fig. 16.2). The 
anterior limb attaches to the frontal process of 
the maxilla (anterior lacrimal crest), while the 
posterior limb attaches to the lacrimal bone 
(posterior lacrimal crest). Appropriate repo-
sitioning of the medial canthal tendon estab-
lishes normal, anatomic tone of the lower lid 

around the globe and decreases the likelihood 
of post-traumatic epiphora.

In the emergency department, physicians 
should determine the tetanus status of the 
patient and administer broad-spectrum antibi-
otics and pain control prior to wound explora-
tion [9]. Soft tissue lacerations can be irrigated 
with saline via a high-pressure syringe and 
cleaned with hydrogen peroxide to ensure that 
all foreign bodies and dried blood are removed. 
Canalicular injuries can be missed upon gross 
inspection, and it should be presumed that the 
canaliculus has been violated if  an eyelid mar-
gin laceration is full thickness and medial to 
the punctum [8, 10]. Magnification using a slit 
lamp or surgical loupes can aid in the assess-
ment of canalicular trauma. Damage to the 
canalicular system is diagnosed through punc-
tal probing. A topical anesthetic is instilled 
into the fornix, and a punctal dilator can be 
used to dilate the punctum. A series of lacri-
mal probes are then introduced into the naso-
lacrimal system in the following fashion: 
perpendicular to the eyelid margin for 2 mm 
and then turned at a sharp 90° angle to be par-
allel to the lid margin toward the medial can-
thus. Providing slight lateral tension on the 
eyelid facilitates the easier movement of the 
probe through the canaliculus. If the end of 
the lacrimal probe can be visualized during 
this procedure, a canalicular laceration is con-
firmed. Another method of evaluating cana-
licular trauma is through the use of lacrimal 
irrigation. A 1 or 3 mL syringe filled with nor-
mal saline can be attached to a blunt irrigation 
cannula. This can be inserted into the punctum 
and proximal canaliculus so that saline is 
instilled slowly. If the canalicular system is lac-
erated, the saline will efflux out of the system 
instead of traveling down into the nasophar-
ynx. Simple probing is the preferred method as 
it may be difficult to differentiate reflux from 
true efflux in a lacerated canalicular system.

6.3  Canalicular Laceration Repair

Many studies have revealed that canalicular 
injuries are more common in young, male 
patients. Reports cite between 54% and 83% 
of canalicular lacerations being in this patient 
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population [11–13]. Common mechanisms of 
injury include physical altercations, accidents 
in high-speed vehicles, dog bites, and sport- 
related injuries. Most oculoplastic surgeons 
agree that canalicular repair should occur 
within 72  hours of trauma to prevent 
 granulation tissue from obscuring anatomy 
and leading to stenosis of the nasolacrimal 
system and possible fistula formation [14, 15]. 
There are several factors that determine 
whether repair at the bedside or in the operat-
ing room is undertaken, including the patient’s 
age, health status, level of comfort, other 
associated injuries, and the experience and 
preference of the surgeon. Studies have sug-
gested that the success of canalicular repair is 
highly dependent upon the surgeon’s training 
level, and when possible, oculoplastic sur-
geons should be consulted for such repairs 
[13].

The debate regarding mono- vs bicana-
licular stenting for canalicular repair is ongo-
ing with no clear difference in outcome. 
Repair using a monocanalicular stent (Mini 
Monoka stent, FCI Ophthalmics Inc., 
Pembroke, MA) involves only the injured 
canaliculus. Bicanalicular stenting through 
the use of  a Crawford tube (FCI Ophthalmics 
Inc., Pembroke, MA) requires that the stent 
be passed through the uninjured canaliculus 
and thus puts it at risk for injury [15]. When 
a Mini Monoka stent is used, it gets seated in 
place at the level of  the punctum. Although 
monocanalicular stents have the advantage 
of  easy removal with only forceps in the 
office, their placement at the level of  the 
punctum prevents tear drainage while they 
are in place. Patients who receive a monoca-
nalicular stent should be counseled that tear-
ing will likely occur while the tube is in place 
and the tissues are healing. Bicanalicular 
stents are typically secured endonasally dur-
ing canalicular repair, and removal in the 
office can be more complex, sometimes 
requiring the use of  an endoscope and/or 
endonasal anesthesia. In young children, 
there may be a need to return to the operat-

ing room for sedation in order to safely 
remove a bicanalicular stent.

Canalicular repair can be performed 
under local anesthesia at the bedside or on 
under general anesthesia in the operating 
room. The ideal setting is determined by the 
patient’s age, level of  cooperation, and the 
surgeon’s comfort level. All young children 
must be taken to the operating room for opti-
mal repair. Once the eyelids have been 
cleaned and infiltrated with a local anes-
thetic, the distal end of  the canalicular lac-
eration must be found. This step is best 
achieved in good lighting with the use of  a 
headlight and an assistant who can help with 
retraction and hemostasis. The lacerated 
ends of  the canaliculus look like blood ves-
sels cut in the coronal plane or small holes 
lined by mucosa [16]. If  the distal cut end 
cannot be found by examination with surgi-
cal loupes or a microscope, injection of  saline 
or fluorescein solution can be performed into 
the uninjured canaliculus. Efflux of  fluid can 
be seen coming from the distal cut end. 
Another technique is to instill a few drops of 
2.5% phenylephrine into the laceration, 
which may cause the pouting of  the cut cana-
liculus [15–17]. After the distal end is found, 
a lacrimal probe should be passed through 
the cut end to ensure a hard-stop on the lac-
rimal bone. The monocanalicular stent can 
then be cut to size and threaded through the 
proximal end of  the laceration and through 
the distal end. Trimming of  the stent should 
be minimal to allow proper bridging of  the 
distance between the cut ends. The trimmed 
edge of  the stent is then threaded into the 
nasolacrimal system using either non-
toothed forceps to prevent stent trauma or a 
needle driver in a hand- over- hand technique. 
This step can be challenging and requires 
patience as the stent has a tendency to pro-
lapse back especially if  the stent is left overly 
long. Once the stent is partially threaded into 
the nasolacrimal system, the pericanalicular 
soft tissues can be reapproximated. This step 
is best achieved through the use of  an assis-
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tant who can help realign the tissues and pre-
vent stent prolapse. A 5-0 polyglactin suture 
on a small, half-circle needle can help facili-
tate suture passes in the pericanalicular tis-
sue and also in the medial canthal region in 
the setting of  an avulsed medial canthus. 
Proper alignment of  the two ends of  the lac-
eration reestablishes the eyelid anatomy and 

increases the likelihood of  nasolacrimal sys-
tem patency after healing has taken place. 
Once the repair is complete, the lower eyelid 
should be well approximated to the globe. 
Antibiotic ointment is applied to the wounds 
for 1–2  weeks. The monocanalicular stent 
can be removed in the office 3 months follow-
ing repair (. Figs. 6.6 and 6.7).

a b

       . Fig. 6.6 Five-year-old boy who suffered a dog bite with resultant right lower eyelid canaliculus-involving lacera-
tion and medial canthal avulsion a. Postoperative month 3 status post-repair of  the lower eyelid b

a b

       . Fig. 6.7 A 17-year-old male who suffered a basketball injury resulting in a laceration of  the upper canaliculus 
and medial conjunctiva a. Postoperative week 1.5 status post-repair of  upper eyelid laceration and conjunctiva b
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 Case Presentation

A 4-year-old boy presented to the emergency 
room after running into a wire fence during 
recess at school. Exam was notable for a left 
lower eyelid laceration involving the inferior can-
aliculus (. Fig. 6.8a). Lacrimal probing revealed 
the distal cut end of the canalicular laceration 
(. Fig.  6.8b). CT of the orbits did not reveal 

any fractures. The patient underwent immediate 
surgical repair with placement of a Mini Monoka 
stent. At postoperative month 3, the monocana-
licular stent was removed. The lower lid was 
nicely apposed to the globe, and there was a nor-
mal tear lake, suggesting proper alignment of the 
nasolacrimal system (. Fig. 6.8c).

a

c

b

       . Fig. 6.8 Clinical photograph showing full- 
thickness medial left lower eyelid laceration 
including canalicular laceration a. Intraoperative 

photograph showing a lacrimal probe placed within 
the distal cut end of  the canaliculus b. Postoperative 
photograph showing good lid position c
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Key Points
 5 The nasolacrimal system begins to 

develop in utero at 6  weeks. Improper 
or incomplete development of this 
system can be associated with epiphora, 
discharge, dacryocystitis, or cellulitis.

 5 The secretory portion of the lacrimal 
system is composed of the main and 
accessory lacrimal glands, located 
superotemporally to the globe within 
the lacrimal fossa of the frontal bone 
and within the palpebral conjunctival 
stroma, respectively. These glands 
provide lubrication for the cornea by 
secreting tears which ultimately 
accumulate as a tear lake along the 
margin of each eyelid.

 5 The excretory portion of the lacrimal 
system, which includes the puncta, 
canaliculi, lacrimal sac, and 
nasolacrimal duct, allows for drainage 
of excess tears.

 5 Canalicular trauma is common in 
children and can be the result of either 
blunt or penetrating injury.

 5 Evaluation of canalicular trauma 
should be performed urgently and 
referral to an oculoplastic surgeon for 
repair should be made.

 5 Canalicular repair can be performed 
under local anesthesia at the bedside or 
on under general anesthesia in the 
operating room within 72  hours of 
trauma.

 ? Review Questions
 1. The anatomic pathway of  the 

nasolacrimal system is 
punctum  →  canaliculus  →  common 
canaliculus, then?
 (a) Semilunar fold  →  lacrimal 

sac →  nasolacrimal duct →  valve 
of  Hasner

 (b) Valve of  Rosenmüller →  lacrimal 
sac →  nasolacrimal duct →  valve 
of  Hasner

 (c) Valve of  Hasner  →  lacrimal 
sac →  nasolacrimal duct →  valve 
of  Rosenmüller

 (d) Semilunar fold  →  lacrimal 
sac →  nasolacrimal duct →  valve 
of  Hasner

 2. The nasolacrimal duct opens below the:
 (a) Inferior turbinate
 (b) Superior turbinate
 (c) Middle turbinate
 (d) Middle meatus

 3. Which bones comprise the lacrimal sac 
fossa?
 (a) Maxillary and lacrimal
 (b) Maxillary and ethmoid
 (c) Ethmoid and lacrimal
 (d) Maxillary and zygoma

 v Answer
 1. (b)
 2. (a)
 3. (a)
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7.1   Introduction

The cornea is contiguous with the sclera and 
helps form the outer tunic of the eye. The cor-
nea is a five-layered structure that protects the 
inner structures of the eye but also serves as a 
refractive surface (. Fig.  7.1). The cornea 
must remain clear in order for the eye to see 
well.

The tear film sits on the corneal epithe-
lium, the outermost part of the cornea. This 
multilayered nonkeratinized epithelium regen-
erates itself  normally and in disease. It is firmly 
anchored to its underlying basement mem-
brane by hemi-desmosomes [1]. Bowman’s 
layer sits between the epithelium and the stro-
mal layer. At the posterior stroma resides 
Descemet’s membrane, a true basement mem-
brane. Internal to Descemet’s membrane is a 

single layer of hexagonal cells comprising the 
corneal endothelium.

Many disorders affect various parts of the 
cornea. The cornea can be examined grossly 
in the emergency room with a penlight. For 
further magnification, a penlight can be used 
in conjunction with a 20-diopter lens. The slit 
lamp microscope is the ideal exam tool which 
offers great illumination, optical viewing, and 
much higher magnification. After concluding 
whether the cornea is clear or hazy, one can 
use topical anesthesia with fluorescein strips 
to determine corneal epithelial integrity. 
Using fluorescein and a cobalt blue light, one 
can detect a violation of the epithelium 
(. Fig. 7.2). One can also look for a positive 
Seidel test where aqueous humor is streaming 
out of the eye in anterior ruptured globes, 
thereby diluting the fluorescein [2].

       . Fig. 7.1 Schematic diagram showing the layers of  the cornea. (Used with permission from the Cornea Research 
Foundation of  America)

a b

       . Fig. 7.2 Slit lamp and external photographs display-
ing fluorescein staining where the corneal epithelium is 
violated in corneal abrasions. One classic pattern is an 

abrasion within the interpalpebral fissure a. There may 
be more focal loss resulting in punctate staining defects b
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7.2   Emergency Diseases Affecting 
the Cornea

7.2.1  Corneal Abrasion

The cornea can be abraded from innumerable 
sources. These abrasions can vary from very 
small to very large and even affect the entire 
corneal epithelium. The history often aids in 
making the diagnosis, indicating the cause 
and nature of the abrasion. Fingernails, paper, 
leaves and branches, hairbrushes, eyeliner 
wands, toys, and pet claws are among the 
common etiologies.

After ascertaining the nature of the injury, 
ask about any treatment prior to presentation. 
The use of contact lenses should be specifi-
cally asked about. The patient with corneal 
abrasion presents with pain, tearing, light sen-
sitivity, and decreased vision.

Visual changes should be assessed with a 
near card, and pupils also should be examined 
thoroughly. There have been cases of ruptured 
globes being misdiagnosed as a corneal abra-
sion, and sometimes, the shape of the pupil 
can help in proper diagnosis. In cases of sus-
pected foreign bodies (cutting wood or metal 
on a machine), it is important to not only 
inspect the cornea but also evert the lids and 
examine the fornices to identify additional 
foreign bodies. Fluorescein staining is very 
helpful in detecting a corneal abrasion 
(. Fig. 7.2). Measure the abrasion size if  pos-
sible at the slit lamp. Anterior chamber 
inflammation is sometimes present on slit 
lamp exam as well.

The treatment of corneal abrasion includes 
topical prophylactic antibiotics (generally 
fluoroquinolones or aminoglycosides) and 
sometimes cycloplegic agents (such as cyclo-
pentolate1% twice daily) for comfort. The use 
of a patch depends on the size and type of 
abrasion. If  a contact-lens-related infection or 
contact with wood matter are possible causes 
of the abrasion, patching should be avoided. 
A bandage contact lens can be used in small 
or large abrasions, but we prefer to patch large 
abrasions. Similar time to healing [3] and simi-
lar percent of healing [4] were observed with 
both patching and  topical therapy. However, 

patching does temporarily limit depth per-
ception by preventing binocular vision [3, 4]. 
Patching may represent a good strategy in 
young children, as the need for topical medi-
cation applied several times daily is obviated. 
Additionally, keeping the eye closed under a 
patch will keep the child more comfortable 
rather than feel the discomfort that comes 
with each blink over an abraded cornea. Pain 
will likely persist until the epithelium regener-
ates.

7.2.2  Chemical Burn

The cornea is very susceptible to both acid 
and alkali burns (the latter tend to be more 
severe). Take a careful history, and determine 
what the toxic substance is. Try to figure out 
the pH and obtain the data sheet on the chem-
ical with the help of poison control. In chil-
dren, battery acid and laundry detergent pods 
have been noted to cause ocular injury. These 
eyes need to be irrigated extensively and have 
antibiotics applied promptly.

The time of injury and any treatment prior 
to the emergency department visit should be 
ascertained. Chemical burn patients require a 
complete eye exam. Most of these patients 

 Case Presentation

A child experienced a scratch by a finger-
nail. Note the epithelial defect with fluo-
rescein uptake (. Fig. 7.3). The fluorescein 
is also taken up by tear film at the lid mar-
gins.

       . Fig.  7.3 Clinical photograph of  an inferomedial 
corneal abrasion with fluorescein staining

Pediatric Corneal Emergencies



90

7

have severe pain, tearing, and decreased 
vision. In the cases of severe burns, a “white” 
eye can be indicative of an ischemic process 
which carries a poor prognosis.

The mainstay of treatment is determining 
the pH and trying to normalize it through copi-
ous irrigation with sterile water or a balanced 
saline solution [5]. A Morgan lens used with 
topical anesthesia can be very helpful to admin-
ister the irrigation. It’s important to sweep the 
fornices with a cotton tip applicator to remove 
any toxin or toxin-containing particulates from 
the ocular adnexa. Restoring the pH of tears to 
the physiologic range (7.3–7.7) may require 
prolonged irrigation and repeated forniceal 
sweeping. The corneal exam will reveal superfi-
cial punctate keratitis or frank abrasion upon 
the application of fluorescein. If a very large 
abrasion or ischemia is noted, a Seidel test may 
be appropriate to ensure the burn has not pen-
etrated the full thickness of the cornea.

The treatment of chemical burns includes 
antibiotic drops, copious use of preservative- 
free artificial tears, and very close follow-up. 
Surgical management may take place at a later 
time if  the burn is severe and may involve 
amniotic membrane graft, keratoprosthesis, 
or limbal cell transplant.

Patients who present with a suspected 
ocular chemical burn should be examined 
immediately. Irrigation must be initiated 
emergently after checking a visual acuity 
and initial pH of the tear film if  equipment 
is available. Use urine pH paper or a 
wider-range pH paper. Check pH prior to 
the instillation of topical anesthesia and 
irrigation if  possible; however, do not delay 
initiation of irrigation if  these tools are not 
immediately available. Pause irrigation for 
10 minutes to allow tear film pH to reflect 
its true pH and not that of the irrigation 
fluid once appropriate pH paper is available.

7.2.3  Corneal Foreign Body

When a corneal foreign body is suspected, the 
examiner should take a thorough history, and 
determine the nature of the injury. Was it 

while walking outside or while cutting 
 something? Did something enter the eye and 
remain there, or was it removed by the patient 
or someone else? When did the injury occur? 
Patients sometimes present immediately after 
suspected foreign body injury but also some-
times present days later due to persistent ocu-
lar irritation.

Inspect the everted lid and fornices as 
more than one foreign body can be present. It 
is important to assess the size and depth of 
the corneal foreign body. If  very deep or par-
tially in the anterior chamber, it may be best 
to remove under microscopic control in the 
operating room. For very superficial corneal 
foreign bodies, a cotton tip applicator may 
suffice for removal, but in the vast majority, it 
is necessary to use a bent needle carefully at 
the slit lamp as the foreign body is generally 
embedded partially in the corneal stroma. An 
epithelial defect will remain after the removal 
of the foreign body. If  perforation is sus-
pected, Seidel testing should also be per-
formed before the foreign body removal and 
again afterward if  removal at the slit lamp 
occurs.

 5 Superficial corneal foreign bodies not 
associated with full-thickness corneal 
injury typically can be safely removed at 
the slit lamp with sufficient patient 
cooperation.

 5 Very superficial foreign bodies may be 
removed with the use of a cotton tip 
applicator by gently brushing the 
foreign body in parallel with the corneal 
surface.

 5 If  this is not sufficient, use a very fine-
gauge needle (the authors recommend a 
30 gauge; however, 27 and 29 gauges 
such as sometimes found on a tuberculin 
syringe can be used). Bend the needle 30 
degrees toward the examiner with the 
bevel also facing the examiner. Hold 
the eyelids open, and using the edge of 
the bevel gently, scrape the base of the 
foreign body in parallel with the corneal 
surface.
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An additional examination should also occur 
for concurrent injury to other ocular struc-
tures, including conjunctival or scleral lacera-
tions, anterior chamber inflammation or 
hemorrhage, iris injury, or pupil peaking. 
There is a low likelihood of a concurrent 
intraocular foreign body [6].

The treatment of corneal foreign bodies is 
the prompt removal and use of topical antibi-
otics. In the case of wood matter, the possibility 
of fungus has to be considered if an infection 
develops. Corneal foreign bodies incurred while 
gardening can also carry a number of organ-
isms including bacteria and fungi. Counsel 
patients to use protective eyewear as a preven-
tative measure against recurrent injury  [7].

7.2.4  Corneal Laceration 
and Ruptured Globe

Open globe injuries in childhood are uncom-
mon. The source of injury can be determined 
in most cases by a careful history. The object 
can be blunt or sharp, penetrating or perforat-
ing, and single or multiple. Examples of 
offending agents include pencils, pens, toys, 
balls, knives, and fences [8, 9].

The examination should start by assessing 
visual acuity and pupils. In the appropriate 
age group, visual acuity at presentation is the 
most important factor in visual and ocular 
prognosis; however, ensure the patient can tol-
erate examination without squeezing the eye 
which causes undue pressure on the globe [9]. 
It is important not to press on the eye (such as 
with an ultrasound probe) and provide ade-
quate systemic analgesia in suspected cases of 
globe rupture, as the pressure can lead to 
intraocular content protrusion [10].

Look at the lids carefully—in the case of 
full-thickness lid lacerations, a cut into the 
sclera may sometimes be visible. The diagno-
sis of a corneal laceration can be made easily 
in some cases such as when uvea (iris) is pro-
truding through the cornea (. Figs. 7.5 and 
7.6). In cases where the pupil is normal and 
there is no iris protrusion, a careful slit lamp 
exam is necessary. The depth of the anterior 
chamber and the integrity of the cornea can 
be helpful in making the diagnosis. A positive 

 Case Presentation

A child complained of pain after cutting 
metal during shop class due to a corneal 
foreign body (. Fig. 7.4).

       . Fig.  7.4 Slit lamp photograph displaying a 
superficial metallic corneal foreign body in the 
center of  the visual axis

 5 After removing as much of the lodged 
material as possible, instill topical 
antibiotic drops and repeat Seidel 
testing to ensure that the corneal 
damage has not violated deeper layers 
or become full thickness.

 5 Sweep the everted eyelids with a cotton-
tip applicator again to remove any 
loosened foreign material to prevent 
repeated injury.

       . Fig.  7.5 Clinical photograph of  a full-thickness 
scleral laceration ruptured globe of  the left eye showing 
uveal prolapse through the wound and a traumatic 
pupil. (Photo courtesy of  Roman Shinder, MD)
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Seidel test is indicative of a leak and an open 
globe. CT can be helpful in posterior ruptures. 
Imaging can also be obtained if  an intraocu-
lar foreign body is suspected but not visual-
ized though MRI is contraindicated in this 
context given the possibility of a metallic for-
eign body [10]. In cases where the diagnosis is 
still in doubt but suspected, an exam under 
anesthesia may be warranted.

When the diagnosis of a ruptured globe is 
made, the evaluation can be stopped, and a 
clear rigid shield should be placed over the 
eye. Do not patch the eye as this may put addi-
tional pressure on the globe and also prevent 
the patient from appreciating visual changes. 
In the vast majority of cases, the lacerations 
do not self-seal, thus requiring repair in the 
operating room under general anesthesia.

The treatment of a ruptured cornea or 
globe is surgical in almost all cases. In the ster-
ile environment of the operating room, the 
wound is carefully inspected and closed 
appropriately. Antibiotics are used intraoper-
atively and postoperatively to prevent endo-
phthalmitis and direct extension of infection 
into surrounding tissues. The surgery should 
be performed within 24 hours of presentation, 
and prognosis depends on the extent of the 
injury and amount of damage to vital struc-
tures [8]. Further steps include patching and 
glasses use to prevent deprivation amblyopia 
in the operative eye, as well as a consistent 
follow-up to identify and manage further ocu-
lar morbidity [8].

Place a clear rigid shield over an affected 
eye once a corneal laceration or any type of 
ruptured globe is identified. This provides 
protection from external pressure including 
the patient’s hands. The clear material allows 
the patient to still appreciate the vision they 
have in the affected eye and notice any visual 
decline. Patients should be counseled to alert 
their provider if they notice any visual decline.

CT is the preferred imaging modality if  a 
ruptured globe is suspected. If  there is any 
concern for a retained intraocular foreign 
body that is metallic, MRI is contraindi-
cated. Ultrasound often requires applying 
pressure to the eye which could cause fur-
ther ocular damage in addition to intraocu-
lar tissue expulsion from a wound. Wood 
material is difficult to visualize on many 
imaging modalities and a greater index of 
suspicion should be employed.

7.2.5  Contact Lens Related 
Infection

Children are prescribed contact lenses typi-
cally around age 12. Although most contact 
lens wearers do not incur serious injuries, 
there are a number of problems that can arise 
from contact lens use. We will touch on some 
of the more common issues that can bring the 
patient to the emergency department.

Patients can overwear lenses, which causes 
redness and discomfort. The treatment for 
this is to stop the use of lenses and take a con-
tact lens “holiday.”

Giant papillary conjunctivitis is a condi-
tion seen in chronic lens users. The conjunc-
tiva develops giant papillae on the 
undersurface of the upper lid, and the eye can 
become red with discharge. The treatment is 
usually a change in the lens (in addition to a 
lens holiday) and topical anti-inflammatory 
drops to reduce inflammation. We prefer topi-
cal antihistamines and low-dose steroids.

Contact-lens-related infections will be cov-
ered in 7 Chap. 11.

       . Fig. 7.6 Clinical photograph of  a full-thickness cor-
neoscleral laceration ruptured globe showing uveal pro-
lapse through the wound and a traumatic pupil. (Photo 
courtesy of  Solly Elman, MD)
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Many contact-lens-related issues can be 
alleviated with a contact lens “holiday.” 
Additional therapeutic strategies are 
targeted at the specific secondary infected 
or inflamed tissue.

Key Points
 1. Corneal abrasions are extremely 

common and often easy to diagnose. 
Patients present with pain and tearing 
and a variable change in vision. Use 
fluorescein staining to determine size 
and location, and treatment should 
start soon after diagnosis. The goal of 
treatment is corneal re-epithelialization, 
pain control, and prevention of 
infection through antibiotic use.

 2. Chemical injury can cause serious ocular 
morbidity. The patients look clinically 
much like the corneal abrasion patient: 
history distinguishes the two pathologies. 
The goal of treatment is the normaliza-
tion of the surface pH through copious 
irrigation which in some severe cases may 
take 24–48  hours. Upon discharge, the 
patient should be using frequent artificial 
tears and topical antibiotics.

 3. A corneal foreign body can be diagnosed 
in the emergency department by use of 
the slit lamp after taking a careful history. 
Removal of the foreign body is done at 
the slit lamp under high magnification 
and using topical anesthesia. Topical 
antibiotics and close follow-up should be 
arranged.

 4. A pediatric ruptured globe is a true 
ophthalmic emergency requiring emer-
gency intervention. Once the diagnosis 

is made, a clear rigid shield (not a patch) 
is placed over the eye without placing 
any pressure on the globe. Topical and 
systemic antibiotics should be promptly 
begun and preparation for the operat-
ing room made for repair under general 
anesthesia.

 5. Contact lens wearers presenting to the 
emergency room with a red eye need a 
careful eye exam to the emergency room 
must have infection ruled out by slit 
lamp examination. The patient may have 
just an epithelial defect on presentation 
and some inflammatory cells in the 
corneal stroma (not yet a well-defined 
corneal infectious infiltrate), and it is 
important to recognize the infection 
early. Treatment with a broad spectrum 
combination of antibacterial antibiotics 
should be initiated once the diagnosis is 
made to distinguish the possible entities 
including infection, overwear, and 
corneal abrasion, among others.

 ? Review Questions
 1. A 6-year-old boy presents for 

evaluation after hitting his eye on the 
corner of  a wooden table at home and 
is found to have a corneal foreign body. 
Which of  the following would be 
included in the examination?
 (a) Fluorescein exam
 (b) Visual acuity
 (c) CT orbits
 (d) A and B
 (e) B and C
 (f) A, B, and C

(D: no CT typically indicated given the 
very low likelihood of concurrent 
intraocular foreign body if  a corneal 
foreign body is identified)

 2. Which imaging modality is most appro-
priate when there is concern for a full- 
thickness corneal laceration?
 (a) MRI
 (b) Ultrasound
 (c) CT
 (d) X-ray

 Case Presentation

Contact-lens-associated conditions: This 
patient is a 16-year-old contact lens wearer 
with a corneal infection (keratitis) as evi-
denced by round whitish stromal infiltrates 
with hazy margins inferiorly (. Fig. 7.6).
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 3. Which finding present on the exam 
would NOT be expected secondary to 
contact- lens- related issues alone?
 (a) Papillary conjunctivitis
 (b) Punctate corneal abrasions
 (c) Follicular conjunctivitis
 (d) Bulbar conjunctival injection

 4. True or false: A negative Seidel test 
indicates that a full-thickness corneal 
injury is present.

 v Answers
 1. (d)
 2. (c)
 3. (c)
 4. False
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8.1   Introduction

The anterior chamber of the eye is the aque-
ous humor-filled space bordered by the cor-
nea anteriorly and the iris and lens posteriorly. 
The iridocorneal angle created by the intersec-
tion of the iris root and the peripheral cornea 
is an important anatomical landmark which 
houses the ciliary body, scleral spur, Schlemm’s 
canal, and the trabecular meshwork. These 
structures are responsible for the production 
and drainage of aqueous humor and for con-
trolling the size of the pupillary aperture.

The crystalline lens lies directly posterior 
to the pupillary diaphragm. It is held in place 
by suspensory ligaments called zonules of 
Zinn, which extend from the ciliary body to 
the lens. The normal lens is a transparent 
structure responsible for maintaining its own 
clarity, refracting light, and providing accom-
modation.

Slit lamp biomicroscopy is used to directly 
visualize the anterior chamber, while a mir-
rored lens called a gonioscope must be placed 
directly on the cornea to view the internal 
angle structures. Gonioscopy may be difficult 
to perform on a child, as the examination can 
be uncomfortable and requires stable posi-
tioning at the slit lamp. Other imaging modal-
ities such as ultrasound biomicroscopy (UBM) 
and anterior segment ocular coherence 
tomography (AS-OCT) are non-contact meth-
ods of visualizing the anterior chamber and 
angle and may be better tolerated in children.

While trauma to the anterior chamber can 
occur in isolation after blunt trauma to the 
eye, it often occurs in conjunction with injury 
to adjacent ocular tissues such as the cornea 
or retina. A complete ophthalmologic exami-
nation of the anterior and posterior segment 
is essential for all children presenting with eye 
trauma. B-scan ultrasonography is often nec-
essary as the view to the fundus may be 
obscured by blood, inflammation, or another 
anterior segment pathology. MRI or CT 
should be obtained if  there is a concern for 
open globe or orbital injury. Examination 
under anesthesia may be required if  a com-
plete ophthalmologic exam is unable to be 
performed in an uncooperative child.

8.1.1  Subconjunctival Hemorrhage

kIntroduction
Subconjunctival hemorrhage (SCH) is an 
accumulation of  blood in the subconjuncti-
val space due to bleeding from a conjunctival 
or episcleral blood vessel. In young patients, 
trauma followed by contact lens wear is the 
most common causes of  SCH [1]. The dif-
ferential diagnosis for SCH in a child with-
out a history of  trauma is extensive and is 
outlined in . Table  8.1. Non-accidental 
trauma is a rare but important cause of  SCH 
that should be considered in the absence of 
other etiologies.

kClinical Presentation and Diagnosis
Children with SCH typically present to the 
emergency room after trauma to the eye or, in 
cases of spontaneous subconjunctival hemor-
rhage, are brought in by their parents who 
notice the striking red spot of blood. Because 
SCH often accompanies trauma to other ocu-
lar structures, presenting symptoms can be 

       . Table 8.1 Differential diagnosis of  subcon-
junctival hemorrhages

Causes Examples

Traumatic Blunt or penetrating trauma
Birth trauma
Surgical traumaContact lens 
associated
Acute thoracic compression 
syndrome
Non-accidental trauma

Acute 
hemorrhagic 
conjunctivitis

Enterovirus, 
Coxsackievirus, Kawasaki 
disease, Adenovirus

Valsalva 
maneuvers

Coughing, vomiting, 
straining

Oncologic Neuroblastoma, leukemia, 
rhabdomyosarcoma

Hematologic Hemophilia, 
thrombocytopenia

Vascular Hypertension, diabetes, 
atherosclerosis

Drugs Anticoagulants
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variable; however, when SCH occurs in isola-
tion, it is asymptomatic.

The diagnosis of SCH is made on physical 
examination alone, which reveals a flat, sharply 
circumscribed, localized collection of blood in 
the subconjunctival space (. Fig.  8.1). It is 
typically described as involving a certain num-
ber of degrees of the conjunctiva (0–360). A 
complete anterior and posterior segment 
examination is important to rule out any coex-
isting injury. Three hundred sixty degrees of 
SCH is suspicious for globe rupture and may 
warrant surgical exploration.

kManagement
Though the appearance of SCH may be 
alarming, patients must be reassured that 
SCH alone will resolve spontaneously and 
does not require treatment. Blood degrada-
tion and absorption will cause the red color of 
SCH to evolve into orange or yellow before 
complete absorption usually occurring 
between 1 and 2 weeks from onset [2].

8.1.2  Hyphema

kIntroduction
A hyphema is the presence of blood within 
the anterior chamber of the eye. It most com-
monly occurs after blunt or penetrating 
trauma, with the presumed source of bleeding 
from tears in the anterior ciliary body and iris 

blood vessels [3]. Traumatic hyphema occurs 
at a rate of 17 per 100,000 per year with 
70–75% of patients being children [4]. The 
majority of cases occur during sports, but 
other important causes include airbag, paint-
ball, and nerf gun injuries [5–7].

Non-traumatic causes of hyphema are 
uncommon in children but include intraocu-
lar surgery, iris neovascularization, anterior 
chamber tumors, myotonic dystrophy, kera-
touveitis, leukemia, and bleeding disorders [8, 
9]. A spontaneous hyphema from vascular-
ized iris nodules is the most common present-
ing symptom of juvenile xanthogranuloma 
(JXG), a benign dermatologic disorder affect-
ing infants and young children. Patients also 
present with a single (or rarely multiple) 
asymptomatic yellow and brown skin nodule. 
The nodules in JXG are benign and are the 
result of histiocyte proliferation [10].

As in the case of subconjunctival hemor-
rhage, a hyphema in the absence of known 
trauma or predisposing ocular or systemic 
disease should raise suspicion for non- 
accidental injury.

kClinical Presentation and Diagnosis
Children with hyphema typically present after 
eye trauma with pain, photophobia, and 
decreased vision. The hyphema may be visual-
ized via penlight or slit lamp examination as a 
layering of blood within the anterior chamber 
(. Fig. 8.2) and can be graded as the percent 
of space it occupies (. Table 8.2). A microhy-
phema refers to the presence of red blood cells 
suspended in the anterior chamber, and an 
8-ball hyphema describes an anterior chamber 

       . Fig. 8.1 Clinical photograph of  nasal subconjuncti-
val hemorrhage        . Fig. 8.2 Clinical photograph showing hyphema
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that is completely filled with dark-clotted 
blood.

A complete ophthalmologic examination 
must be performed, as hyphema can signify 
severe ocular injury and damage to adja-
cent tissues. Dilated fundus exam should be 
attempted to evaluate concomitant posterior 
segment trauma, but B-scan ultrasound may 
be necessary as blood may obscure the view 
to the fundus. CT scan or MRI of the orbits 
may also be indicated if  there is suspicion for 
globe rupture. Sickle cell prep and, if  indi-
cated, hemoglobin electrophoresis should be 
ordered, as the presence of sickle cell hemo-
globinopathy will change management and 
prognosis. Laboratory workup including com-
plete blood count, prothrombin time, partial 
thromboplastin time, liver function tests, and 
bleeding time should be considered in patients 
with bleeding disorders.

kComplications of Hyphema
Because of the complications that can be 
associated with hyphema, close follow-up is 
recommended until resolution of the layered 
clot. A secondary hemorrhage, or rebleed, can 
occur between 2 and 5  days of the initial 
trauma, and so daily follow-up is often recom-
mended during this time. A rebleed carries a 
poor prognosis as it has been associated with 
increased intraocular pressure, corneal blood-
staining, and amblyopia. Rebleeds are more 
common in African American patients and 
patients with sickle cell disease [11].

kElevated Intraocular Pressure and Optic 
Atrophy

Elevations in intraocular pressure (IOP) can 
occur from hyphemas of any size, and so IOP 

should be checked and closely monitored. The 
iCare tonometer (Tiolat Oy, Helsinki, 
Finland) is a newer, non-contact method of 
measuring intraocular pressure which is use-
ful in the pediatric population. Elevated intra-
ocular pressure (>22  mm hg) can lead to 
glaucoma or optic atrophy resulting in perma-
nent vision loss. Particular attention must be 
given to the sickle cell patient with hyphema 
as sickled red blood cells can clog the trabecu-
lar meshwork leading to persistently elevated 
intraocular pressure in eyes that are more 
prone to optic atrophy. Lower thresholds for 
surgical intervention exist for these patients.

kCorneal Bloodstaining
Corneal bloodstaining occurs when hemoglo-
bin and hemosiderin deposit into the corneal 
stroma typically due to severe and prolonged 
hyphema. The incidence is 5% of patients 
with hyphema, with risk factors including 
compromised corneal endothelium, large 
hyphemas, elevated intraocular pressure, and 
rebleed [4]. The pigment deposition results in 
a straw-yellow opacification of the cornea and 
subsequent vision loss. Corneal bloodstaining 
may take several months to 2 years to clear, 
which in children is problematic due to the 
risk of amblyopia. A corneal transplant may 
be indicated depending on the severity and 
duration of vision loss and the age of the 
child.

kPosterior Synechiae and Peripheral 
Anterior Synechiae

Prolonged inflammation and clot organiza-
tion may produce both posterior synechiae 
(adhesions between the iris and lens) and 
peripheral anterior synechiae (adhesions 
between the iris and the trabecular mesh-
work). Both conditions can result in angle- 
closure glaucoma and vision loss if  left 
untreated.

kAmblyopia
Visual deprivation due to the hyphema itself or 
from corneal bloodstaining obstructing the 
visual axis may lead to amblyopia. Though eye 
shields in adults with hyphema are often utilized 
to prevent additional trauma leading to rebleed, 
eye shields are avoided in children in order to 

       . Table 8.2 Hyphema grading

Microhyphema Circulating red blood cells

Grade I ≤ 1/3 anterior chamber volume

Grade II 1/3 to 1/2 anterior chamber 
volume

Grade III > 1/2 anterior chamber volume

Grade IV Total anterior chamber volume

 L. Palazzolo et al.



99 8

reduce the risk of amblyopia [8]. The risk of 
traumatic hyphema-induced amblyopia may be 
overstated, however. In a study of 316 children 
with traumatic hyphema, only two patients 
developed amblyopia, and those two patients 
had concurrent traumatic cataracts [12].

kManagement
All patients with hyphema are instructed to 
refrain from physical activity to prevent sec-
ondary hemorrhage and to elevate the head to 
promote gravitational layering and clot for-
mation. Admission to the hospital should be 
considered if  it seems unlikely that the child 
and/or caregivers will be able to follow the rec-
ommendations.

Most cases of  traumatic hyphema respond 
well to medical management. Topical cyclo-
plegics are prescribed for symptom relief  and 
for the prevention of  posterior synechiae. 
Topical steroids are routinely used to decrease 
inflammation and prevent subsequent 
peripheral anterior synechiae formation. 
Topical steroids carry their own risks how-
ever, namely, glaucoma and cataract forma-
tion, and so should be used cautiously in 
children. In a Cochrane meta-analysis com-
paring topical steroid use to controls, no sig-
nificant difference was seen in time to 
resolution of  primary hemorrhage, risk of 
secondary hemorrhage, or risk of  elevated 
intraocular pressure; however they are used 
routinely in cases of  hyphema to control 
inflammation and prevent synechiae [13]. 
Antifibrinolytics have been shown to decrease 
the rate of  secondary rebleed, but they may 
delay clot resorption [8].

Aggressive treatment of elevated IOP is 
necessary to prevent corneal bloodstaining, 
optic atrophy, and glaucoma. Topical beta 
blockers are the first-line treatment of elevated 
IOP in children. An alternative or adjunctive 
option is a topical carbonic anhydrase inhibi-
tor. Adrenergic agonists such as brimonidine 
are contraindicated in children due to the risk 
of central nervous system depression [14]. 
Systemic carbonic anhydrase inhibitors are 
used when topical medications fail to control 
the intraocular pressure.

Surgical evacuation of  the hyphema or 
anterior chamber washout should be consid-

ered in the setting of  non-resolving hyphema, 
persistently elevated IOP unresponsive to 
medical therapy, or visual deprivation in 
children who are at risk for amblyopia. In 
patients with sickle cell disease or trait, there 
should be a low threshold for surgical evacu-
ation because of  the increased risk of  optic 
atrophy.

8.1.3  Traumatic Iritis

kIntroduction
Traumatic iritis, or traumatic acute anterior 
uveitis, refers to inflammation of the iris and/
or ciliary body following ocular trauma. It is 
the most common cause of uveitis in children 
accounting for up to 25% of childhood uveitis 
diagnoses [15]. Traumatic iritis is thought to 
be caused by the inflammatory response to 
cell injury and necrosis following trauma. 
Inflammatory mediators are released after 
injury, resulting in vasodilation, increased 
vascular permeability, and chemotaxis of 
inflammatory cells.

kClinical Presentation and Diagnosis
Patients with traumatic iritis typically present 
24–48 hours after traumatic eye injury com-
plaining of photophobia, tearing, and blurry 
vision. Inflammatory cells and aqueous flare 
in the anterior chamber are visible on slit 
lamp examination. Irritation of the iris and 
ciliary body can cause spasm of accommoda-
tion and often results in a poorly dilating 
pupil. Intraocular pressure may initially be 
low due to transient shutdown of the ciliary 
body but may later rise secondary to trabecu-
lar meshwork swelling and obstruction by 
inflammatory debris [16].

kManagement
Traumatic iritis is a self-limited process and 
will resolve on its own in 7–14 days; however, 
most patients are treated with topical cyclo-
plegics and topical steroids for patient com-
fort and to prevent the formation of posterior 
synechiae and peripheral anterior synechiae. 
With the resolution of iritis, cycloplegics can 
be discontinued and steroids tapered to pre-
vent rebound inflammation.
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8.1.4  Iris Trauma: Sphincter Tear

Introduction Blunt trauma to the eye can 
cause tears in the iris sphincter muscle, result-
ing in pupillary abnormalities. Compressive 
forces generate horizontal stretching within the 
pupillary aperture in opposition to the resis-
tance provided by the lens, resulting in disrup-
tion of the marginal sphincter fibers [17].

kClinical Presentation and Diagnosis
Patients with iris sphincter tears commonly 
present after blunt trauma to the eye. 
Symptoms are dependent on the extent and 
severity of associated injuries but can include 
pain, photophobia, and blurry vision. Iris 
sphincter tears can be seen on slit lamp exam-
ination as scalloped notches in the iris sphinc-
ter at the pupillary margin. Depending on the 
extent of tearing, the pupil may appear irregu-
lar or dilated and may be minimally reactive 
to light. Evaluation requires careful slit lamp 
examination as hyphema and traumatic iritis 
often occur in conjunction with iris sphincter 
tears. In cases where the pupil appears dilated, 
it is important to rule out a third nerve palsy, 
which can present with mydriasis, ptosis, and 
extraocular muscle abnormalities on the 
affected side. Neuroimaging is indicated if  
third nerve palsy is suspected.

kManagement
Topical corticosteroids and cycloplegics are 
used to treat accompanying iritis and/or 
hyphema. If  pupillary function does not 
return after a period of observation, patients 
may report persistent debilitating glare, pho-
tophobia, and monocular diplopia. Prosthetic 
contact lenses employ the pinhole effect to 
alleviate these symptoms [18]. Surgical pupil-
loplasty may be considered in cases of multi-
ple or large tears [19].

8.1.5  Iris Trauma: Iridodialysis

kIntroduction
Iridodialysis is the separation of the iris root 
from the ciliary body. The iris root is the thin-
nest portion of the iris stroma, leaving it par-
ticularly vulnerable to damage [20]. Blunt or 

penetrating trauma is the most common cause 
of iridodialysis in all age groups. Airsoft toy 
guns, bottle rockets, and water balloon sling-
shots are important causes of iridodialysis in 
the pediatric population [5, 21, 22].

kClinical Presentation and Diagnosis
Symptoms of iridodialysis depend on its size 
and associated inflammatory response. Small 
dialyses may be asymptomatic, while larger 
dialyses may cause monocular diplopia, glare, 
and photophobia. The disinserted iris root 
appears on slit lamp examination as polycoria, 
or the presence of an additional “D-shaped” 
pupil (. Fig.  8.3). Accompanying hyphema 
and/or traumatic iritis are common findings.

kManagement
Topical corticosteroids and cycloplegics may 
be given to treat the accompanying traumatic 
iritis and/or hyphema. Small asymptomatic 
iridodialyses require no further intervention, 
but a larger or symptomatic iridodialysis pres-
ents both functional and cosmetic concerns. 
Treatment is either a prosthetic contact lens or 
surgical repair of the iridodialysis [23, 24].

8.1.6  Iris Trauma: Cyclodialysis

kIntroduction
Cyclodialysis describes a separation of the 
longitudinal fibers of the ciliary muscle from 
the scleral spur. This separation, or cleft, pro-

       . Fig. 8.3 Clinical photograph showing irregular 
D-shaped pupil, clinically significant for iridodialysis. 
(Reprinted with permission from the American Acad-
emy of  Ophthalmology. © 2019 American Academy of 
Ophthalmology)
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vides a pathway for aqueous humor to drain 
into the suprachoroidal space and results in 
ocular hypotony (IOP lower than or equal to 
5 mmHg). The primary cause of cyclodialysis 
in all age groups is blunt trauma [25]. Less fre-
quently, cyclodialysis may be iatrogenic from 
surgical iris manipulation. Aminlari described 
a 4.5-month-old girl who had cyclodialysis 
following trabeculotomy for congenital glau-
coma [26].

kClinical Presentation and Diagnosis
All patients with cyclodialysis will present 
with a very low IOP often less than 5 mmHg. 
In a case review of 32 eyes with cyclodialysis, 
mean presenting IOP was 3.2  mm Hg [27]. 
Clinical studies repeatedly demonstrate that 
the size of the cyclodialysis cleft does not cor-
relate with the degree of hypotony [26, 27]. 
Patient’s history should correlate with clinical 
findings, for example, report of recent blunt 
injury or ocular surgery. Concurrent clinical 
evidence of severe ocular trauma, such as iris 
sphincter tears or hyphema, can also aid in 
the diagnosis. Complications of severe ocular 
hypotony may be observed on initial clinical 
presentation, including shallow anterior 
chamber, cataract, optic disc edema, macular 
edema, choroidal effusion, and retinal or 
 choroidal folds [25, 26, 28].

Gonioscopy is the primary method to con-
firm the diagnosis of cyclodialysis, but it has 
several limitations. Gonioscopy is difficult to 
perform on a child, and it is especially difficult 
on a hypotonous eye with a shallow anterior 
chamber. Ultrasound biomicroscopy and 
anterior segment OCT are noninvasive imag-
ing modalities that minimize patient discom-
fort because they do not require direct contact 
with the eye. Both AS-OCT and UBM are 
easy to repeat in order to monitor response to 
treatment [27, 29].

kManagement
The size of the cyclodialysis guides treatment. 
For small clefts (<4 clock hours), treatment 
should begin conservatively with medical 
management consisting of 1% atropine, one 
to two times daily for a period of 6 to 8 weeks. 
It is hypothesized that by relaxing the ciliary 
muscle with atropine, the detached muscle 

fibers are brought closer to the sclera to per-
mit cleft closure [30]. Topical corticosteroids 
should be limited because they can delay heal-
ing of the cleft.

Noninvasive methods of closure such as 
laser photocoagulation [31], transscleral dia-
thermy [32], or transconjunctival cryotherapy 
[33] can be considered for moderate sized 
clefts. Surgical approaches are reserved for 
larger clefts, or if  noninvasive methods have 
failed [34, 35]. Overall, the prognosis of cyclo-
dialysis is favorable. Good visual outcomes 
have been reported following cyclodialysis 
closure regardless of cleft size or time until 
receiving treatment [26, 36].

8.1.7  Traumatic Cataract

kIntroduction
Cataract, or opacification of  the crystalline 
lens, is a major preventable cause of  blind-
ness in children worldwide. While a cataract 
in an adult can be successfully managed at 
any point after its development, delayed 
treatment of  a cataract in a child can lead to 
deprivation amblyopia, in which improper 
development of  the visual pathways leads to 
permanent vision loss. In developed coun-
tries, 0.1 to 0.4 per 10,000 children are blind 
from childhood cataracts, and the number 
increases tenfold in developing countries with 
limited access to healthcare [37]. Trauma to 
the globe can induce monocular cataract 
formation, which carries the highest risk of 
amblyopia in children. The percentage of 
childhood cataracts from a traumatic etiol-
ogy has been reported from 11.6% to 57% 
[38–40]. Cataract in a child can also be con-
genital, which may be genetic (autosomal 
dominant), associated with a systemic dis-
ease, or idiopathic [41].

Traumatic cataract is precipitated by blunt 
injury to the eye or direct penetrating injury 
to the crystalline lens and can occur acutely or 
years after the inciting injury. Blunt trauma 
causes a “shock wave” to advance through the 
eye, which stimulates cataract formation. 
Penetrating injury leads to opacification at the 
site of penetrating trauma and can rapidly 
progress to complete lens opacification. The 
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mechanism of traumatic cataract in children 
varies based on geographic location. The 
majority of injuries are accidental while chil-
dren are playing or involved in sports [42, 43]. 
In a review of patients in Colorado, United 
States, the most common cause of monocular 
cataract was from metallic objects including 
knives or BB guns, while bilateral cataracts 
were often associated with chronic self-injuri-
ous hitting or firework injuries [44].

kClinical Presentation and Diagnosis
The clinical presentation of cataract is vari-
able in a child. Patients typically have a recent, 
or sometimes remote, history of ocular 
trauma and may or may not complain of 
decreased visual acuity. Other presenting signs 
and symptoms include photophobia, strabis-
mus, or the parents noting an abnormal opaci-
fication or discoloration of the child’s eye. 
Leukocoria or “white pupil” is the loss of the 
pupillary red reflex and may be present. Small 
cataracts may not cause any symptoms and 
may be found incidentally during a routine 
eye exam. The diagnosis of cataract is made 
by slit lamp examination which demonstrates 
focal or complete opacification of the crystal-
line lens. Contusion-related traumatic cata-
racts classically form a rosette or stellate 
opacification (. Fig.  8.4). Total white lens 
opacification may also be seen.

kManagement
Visually significant traumatic cataracts should 
be removed surgically within weeks of the 
injury, especially for children less than 6 years 
of age who are at greatest risk of developing 
deprivation amblyopia [45]. Surgical planning 
can be complex for these patients and varies 
depending on the age of the child and the 
extent of ocular injury. Postoperatively, pedi-
atric patients have a higher tendency for 
inflammation, intraocular pressure increases, 
hyphema, posterior capsular opacification, 
lens-iris capture with intraocular lens decen-
tration, and long-term increased risk of glau-
coma [46–48]. However the prognosis is overall 
favorable. Patients with traumatic cataract 
often have good visual outcomes [49, 50].

8.1.8  Ectopia Lentis and Lens 
Subluxation

kIntroduction
Ectopia lentis describes displacement or mal-
position of the crystalline lens. The lens may 
be subluxed, partially displaced while remain-
ing in the pupillary space, or it may be luxed, 
completely dislocated and found free floating 
in the vitreous, anterior chamber or laying 
directly on the retina. Ectopia lentis is most 
commonly the result of blunt trauma to the 
globe, in which shearing forces stretch and 
break the lens zonules resulting in zonular 
dehiscence and subsequent dislocation. Other 
causes of ectopia lentis include congenital 
conditions that predispose to zonular weak-
ness such as Marfan syndrome, homocystin-
uria, or Ehlers-Danlos syndrome. These 
conditions should be considered in non- 
traumatic cases, or when lens dislocation 
occurs after a minor injury.

kClinical Presentation and Diagnosis
Symptoms of ectopia lentis depend on the 
degree of lens dislocation. In cases of mild 
subluxation, vision may be minimally affected 
due to refractive changes or not affected at all. 
Complete dislocation will cause severe vision 
loss. Slit lamp examination is necessary to 
evaluate the position of the lens, and the edge 

       . Fig. 8.4 Slit lamp photograph showing stellate trau-
matic cataract following blunt trauma
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of a subluxed lens may be visible through a 
dilated pupil (. Fig. 8.5). Iridodonesis (quiv-
ering of the iris) or phacodonesis (quivering 
of the lens) may be present. A posteriorly 
luxed lens may be visualized on dilated fundu-
scopic exam, B-scan ultrasonography, UBM, 
or CT scan. An anteriorly luxed lens will be 
visualized in the anterior chamber and can 
cause pain and a rise in intraocular pressure 
due to pupillary block.

kManagement
Management of  ectopia lentis in children ini-
tially involves optimization of  optical refrac-
tion in order to prevent amblyopia. Cataract 
extraction with intraocular lens implantation 
may be considered when functional visual 
acuity cannot be achieved with refraction, 
the refraction is unstable due to lens mobility, 
or when displacement of  the lens causes sec-
ondary ocular hypertension [51]. Following 
surgical correction, patients should be moni-
tored for late intraocular lens (IOL) decentra-
tion or subluxation, especially if  there is a 
sutured IOL which has long-term risks of 
suture breakage 5 or more years following 
insertion [52–54]. Overall, prognosis is good 
for these patients with the majority experi-
encing an improvement in visual acuity after 
surgery [55]. Despite the risks of  long-term 
suture breakage, overall good outcomes have 
been reported with both iris-fixated [56] and 

scleral- fixated [57, 58] intraocular lenses in 
children. Long-term follow-up shows stabil-
ity of   corrected vision [59].

8.1.9  Case Study

A 7-year-old boy presented to the emergency 
department after being hit in the left eye with 
a soccer ball. He complained of  ocular pain 
and blurry vision. Visual acuity was 20/20 in 
the right eye and 20/100  in the left eye. A 
3 mm layered hyphema was visible inferiorly 
in the anterior chamber (. Fig. 8.6). Initial 
intraocular pressure (IOP) measurements 
were within normal limits. A B-scan was per-
formed because of  the poor view to the fun-
dus and was within normal limits. A sickle 
cell screen was negative. The patient was 
started on prednisolone acetate 1% eye drops 
four times a day to the left eye and cyclopen-
tolate hydrochloride eye drops three times a 
day to his left eye. The patient was advised to 
maintain strict bed rest and was given daily 
follow- up. On day 1, intraocular pressure was 
found to be elevated to 35 mm hg. The patient 
was started on timolol eye drops twice a day 
with improvement in intraocular pressure. 
After 10 days, the clot resorbed and intraocu-
lar pressure remained stable after cessation 
of  timolol. His visual acuity returned to 
20/20.

       . Fig. 8.5 Clinical photograph showing lens sublux-
ation (ectopia lentis) inferiorly

       . Fig. 8.6 Clinical photograph showing layered 
hyphema. (Reprinted with permission from the Ameri-
can Academy of  Ophthalmology. © 2019 American 
Academy of  Ophthalmology)
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Key Points
 5 For all childhood ocular trauma, early 

intervention is critical to decrease the 
risk of amblyopia, in which improper 
development of the visual pathways 
leads to permanent vision loss.

 5 Subconjunctival hemorrhage resolves 
spontaneously and does not require 
treatment.

 5 Patients with hyphema must be closely 
monitored for complications, which 
include rebleed, elevations in intraocu-
lar pressure, optic atrophy, corneal 
bloodstaining, synechiae formation, 
and amblyopia.

 5 Traumatic hyphemas are typically 
managed with topical cycloplegics, 
steroids, and, if  necessary, intraocular 
pressure lowering medications.

 5 Traumatic iritis presents 24–48  hours 
after traumatic eye injury, and patients 
present with photophobia, tearing, and 
blurry vision.

 5 Iris sphincter tears appear as scalloped 
notches in the iris sphincter at the pupil-
lary margin and may coincide with the 
presence of hyphema and traumatic iritis.

 5 Cyclodialysis is a separation of the 
longitudinal fibers of the ciliary muscle 
from the scleral spur. Patients will have 
low intraocular pressure, and early 
management is medical with topical 
cycloplegics.

 5 Traumatic cataract may form after 
blunt or penetrating injury to the eye, 
and patients will have decreased visual 
acuity in the affected eye. Early surgical 
management is indicated in children.

 5 Ectopia lentis describes displacement 
or malposition of the crystalline lens, 
and usually occurs following blunt 
ocular trauma.

 ? Review Questions
 1. Subconjunctival hemorrhages are best 

managed by
 (a) Observation
 (b) Topical cycloplegics
 (c) Topical steroids
 (d) Stopping use of  blood thinners

 2. An 8-year-old boy presents to the emer-
gency room after being hit in the right 
eye with a basketball. He reports blurry 
vision, eye pain, headache, and sensitiv-
ity to light. The intraocular pressure of 
the right eye is 34 mm Hg, and a 2 mm 
layered hyphema is found in the anterior 
chamber. Sickle cell prep is negative. 
The best next step is
 (a) Surgical evacuation of  the anterior 

chamber
 (b) Placement of  an eye shield, bed rest, 

and observation
 (c) Topical cycloplegics, steroids, and 

 intraocular pressure lowering drops
 (d) Topical and oral NSAIDs

 3. Traumatic iritis typically presents __ 
after a traumatic eye injury
 (a) Immediately
 (b) Several hours
 (c) 24–48 hours
 (d) 1 week

 4. Iridodialysis is
 (a) The separation of  the longitudinal 

fibers of  the ciliary muscle from 
the scleral spur

 (b) The separation of  the iris root from 
the ciliary body

 (c) The separation of  the anterior layer 
of  iris stroma is separated from the 
posterior iris stroma

 (d) The disruption of  the marginal 
sphincter fibers of  the iris

 5. What is the typical clinical presentation 
of  traumatic cyclodialysis?
 (a) Elevated intraocular pres sure 

> 35 mmHg
 (b) Very low intraocular pres-

sure < 5 mmHg
 (c) Irregularly shaped pupillary mar-

gins
 (d) Blood in the anterior chamber 

(hyphema)

 6. A 2-year-old girl with no past medical 
history and normal development to 
date was a passenger in a motor vehicle 
accident and on examination is noted 
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to have a “white pupil” with loss of  the 
pupillary light reflex. What is the likely 
diagnosis?
 (a) Traumatic cataract
 (b) Hyphema
 (c) Ptosis
 (d) Strabismus

 v Answer
 1. (a)
 2. (c)
 3. (c)
 4. (b)
 5. (b)
 6. (a)
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9.1   Introduction

Trauma to the posterior segment can drasti-
cally impact vision and result in permanent 
visual loss. This chapter will review posterior 
segment anatomy and techniques for its exam-
ination in the emergency room and will 
describe the effects of trauma on various 
structures of the posterior segment with a 
focus on diagnosis and management. The goal 
is to help guide patient evaluation and appro-
priate referral.

9.2   Ocular Anatomy

A basic understanding of eye anatomy is nec-
essary prior to examining the eye. Similar to a 
camera, the eye consists of structures that 
gather and focus incoming light and struc-
tures that sense the resulting images and 
transmit them to the brain.

The main light-sensing structure of  the 
eye, the retina, and the tissues that support its 
function (sclera, vitreous humor, optic nerve, 
choroid) make up the posterior segment. The 
sclera is a dense, collagen-rich structure that 
is between 0.3 and 1 mm thick and forms the 
outer wall of  the posterior four-fifths of  the 
eye and gives it the characteristic globe-like 
shape [1]. Extraocular muscles attach directly 
to the sclera. Most of  the volume of  the pos-
terior segment is occupied by the vitreous 
humor, a gel-like substance composed of 
hyaluronic acid and water. The neurosensory 
retina lines the inner wall of  the posterior 
segment. It is a translucent tissue between 0.1 
and 0.5 mm thick, composed of  several layers 
of  photoreceptors, neuronal cells, and other 
cell types, that provides support [2]. Retinal 
photoreceptors convert light into electri-
cal signals that are then transmitted to the 
brain via the optic nerve. The posterior-most 
aspect of  the retina is called the macula, an 
area where photoreceptor density is highest 
and visual acuity is best [3]. The optic disc, 
located at the nasal edge of  the macula, is the 
location where retinal nerve fibers collect and 
exit the eye, forming the optic nerve (cranial 
nerve II). A central retinal artery and vein 

run within the optic nerve. These prominent 
vessels provide blood supply to the superfi-
cial 2/3 of  the retina (so-called inner retina) 
via their smaller subdivisions (branch retinal 
arteries and veins), which can be readily seen 
on fundus examination. The deeper 1/3 of  the 
retina (so- called outer retina) contains retinal 
photoreceptor cells and is supported by an 
adjacent monolayer of  pigmented cells called 
the retinal pigmented epithelium (RPE). 
[3] Between the RPE and the sclera lies the 
choroid, a network of  small arterioles, capil-
laries, and venules that provides nutritional 
support to the RPE and to the outer retina. 
The choroid extends anteriorly, almost to the 
anterior segment. At its anterior edge, the 
choroid abuts the ciliary body, a tissue that 
produces the aqueous humor and supports 
the crystalline lens. The iris, choroid, and the 
ciliary body considered together form the 
uvea (. Fig. 9.1).

9.3   Posterior Segment

Common abbreviations in posterior 
segment examination:

 5 Vit: vitreous humor
 5 ON: optic nerve
 5 Mac: macula
 5 AV: arteries and veins
 5 P: peripheral retina

       . Fig. 9.1 Fundus photo of  left eye
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The structures visible on posterior  segment 
examination include the vitreous, optic nerve 
head, the retina, with its associated arteries 
and veins. Many of these may be seen, at least 
partially, using a direct ophthalmoscope via 
an undilated pupil. A much better view of 
these structures can be obtained with phar-
macologic pupil dilation. Typical dilating 
drops are 1% tropicamide and 2.5% phenyl-
ephrine (with dilation lasting approximately 
4  hours) or cyclopentolate (dilation lasting 
approximately 8 or more hours). Atropine 1% 
drops can cause dilation for over 1 week and 
thus should be avoided as a first-line agent.

In the emergency room setting, direct oph-
thalmoscopy is a useful technique to view 
some aspects of the posterior segment. The 
limitations of direct ophthalmoscopy include 
a very narrow field of view (a typical ophthal-
moscope provides only ~5 degrees of view of 
the retina) and a very short working distance, 
which may be uncomfortable for some patients 
and physicians. An alternative to the tradi-
tional direct ophthalmoscope is the 
PanOptic™ Ophthalmoscope (Welch Allyn, 
New  York), which provides an expanded 
25-degree field of view and has a longer work-
ing distance, which may make its use more 
comfortable.

Traumatic abnormal findings in the poste-
rior segment include vitreous hemorrhage, 
intra- and subretinal hemorrhages, retinal 
tears and/or detachments, macular holes, reti-
nal edema (commotio), choroidal rupture and 
hemorrhage, optic nerve edema or avulsion, 
and intraocular foreign bodies.

If media opacity (dense hemorrhage in the 
anterior chamber or vitreous, dense corneal 
haze, dense cataract) or poor pupil dilation 
precludes visualization of the posterior seg-
ment, a sonographic examination of the eye is 
needed to determine if  there are any gross reti-
nal or choroidal abnormalities, such as retinal 
detachment or choroidal hemorrhage, as well 
as intraocular foreign bodies. Most detailed 
images are obtained using ultrasound machines 
specialized for ocular use, but if  one is not 
available, machines specialized for abdominal/
obstetric sonography can be used as well.

CT and MRI scans are commonly used to 
assess intraorbital pathology, such as fractures, 

infections, inflammation, and tumors. CT may 
also be used to detect a presence of an other-
wise occult intraocular foreign body. Not infre-
quently, these foreign bodies are ferromagnetic, 
so care must be taken before ordering MRI for 
patients with severe eye trauma, as the magnet 
can cause secondary damage via induced for-
eign body movement [4].

“Care must be taken before ordering MRI 
for patients with severe eye trauma, as the 
magnet can cause secondary damage via 
induced foreign body movement.”

Ophthalmologists have other imaging modali-
ties that document the status of the eye and its 
changes over time. Retinal vasculature may be 
monitored using color fundus photographs 
and retinal angiography, while retinal layers 
and structures can be visualized with the aid 
of optical coherence tomography (OCT). 
These modalities, however, require non-porta-
ble equipment and high degree of patient 
cooperation, and so are most useful in outpa-
tient, non-urgent settings.

9.4   Vitreous

The posterior segment of the eye is normally 
filled with the vitreous humor  – a thick gel- 
like fluid, similar in consistency to raw chicken 
egg white [5]. The vitreous is strongly adher-
ent to the retina in children but liquefies and 
becomes less adherent with age, often detach-
ing from the posterior retina. In most cases, 
such posterior vitreous detachments (PVD) 
are atraumatic, but in some patients, trac-
tional forces from the vitreous may result in 
nicking of retinal blood vessels, mild bleeding 
into the vitreous, or even a retinal tear or 
detachment. Most frequently, tears occur in 
the peripheral retina, where the vitreous 
attachment to the retina is strongest [6].

Bleeding into the vitreous cavity is referred 
to as vitreous hemorrhage. Such vitreous 
hemorrhage may be due to damaged retinal 
vessels, ruptured retinal vessel aneurysms, 
blood seeping from ectopic blood vessels that 
develop superficial to or deep to the retina 
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(neovascularization) in such common condi-
tions as diabetic retinopathy and age-related 
macular degeneration, as well as due to eye 
trauma with resulting choroidal rupture [7].

Vitreous hemorrhage without associated 
anterior segment injury typically presents 
with a painless reduction in visual acuity and 
floaters (some resembling cobwebs or dark 
swirls). Symptoms can worsen overnight with 
complaints of severe vision loss in the morn-
ing due to blood pooling, while the patient 
lays supine. Therefore, if  the diagnosis of vit-
reous hemorrhage is made early, it is impor-
tant to emphasize sleeping with the head of 
the bed elevated, or even sleeping sitting 
upright overnight, to promote the hemor-
rhage settling inferiorly. In a case of vitreous 
hemorrhage, evaluation of the retina is neces-
sary to detect a tear or detachment, preferably 
by visualization, or with sonography if  the 
hemorrhage is dense and does not permit a 
view of the fundus.

Infectious or inflammatory processes in 
the posterior segment can result in the 
appearance of  white blood cells in the vitre-
ous, called vitritis. Inflammatory material in 
the vitreous is perceived by the patient as 
haze or fog in their vision. Examination will 
often reveal conjunctival redness and refrac-
tile cells in the anterior and/or posterior seg-
ment. Vitritis and hypopyon after an eye 
trauma suggest post-traumatic endophthal-
mitis, and ophthalmology should be urgently 
consulted [8].

“Vitritis and hypopyon after an eye trauma 
suggest post-traumatic endophthalmitis 
and ophthalmology should be urgently 
consulted.”

9.5   Retina

The retina is a thin, translucent tissue that 
converts light stimuli into electrical signals, 
which in turn are carried by the optic nerve to 
the brain’s visual processing centers. Damage 
to the retina may result in vision loss. Below, 
we describe traumatic conditions specific to 
the retina and structures adjacent to it.

9.5.1  Commotio Retinae

Blunt force trauma produces shock waves that 
are transmitted to the retina through the vitre-
ous. The resultant damage to retinal photore-
ceptors and underlying retinal pigmented 
epithelium is called commotio retinae 
(. Fig. 9.2). When the macula is affected, the 
condition is also referred to as Berlin’s edema. 
Because traumatic shock waves are more 
readily transmitted through formed vitreous 
[9], the condition is more common among 
younger patients [10]. Commotio retinae 
manifests as patches of retinal whitening in 
the affected areas, where profound photore-
ceptor damage may be permanent. Most 
cases, however, have a good prognosis, with 
spontaneous resolution and visual recovery. 
Exceptions have coincident choroidal rup-
tures, vitreous or subretinal hemorrhage, and 
retinal tears or detachments.

9.5.2  Retinal Tears 
and Detachments

Retinal detachment (RD) is a sight- 
threatening condition in which the neu-
rosensory retina becomes separated from 
underlying retinal pigment epithelium and the 
choroid. Patients who had sustained ocular 
trauma should be asked about symptoms of 

       . Fig. 9.2 Fundus photograph of  left eye showing 
retinal whitening indicative of  comotio retina (Berlin’s 
edema)
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retinal detachment including seeing flashes 
of light, new floaters, or curtain-like obscu-
rations of vision. Traumatic retinal detach-
ments are often rhegmatogenous  – that is, 
they are caused by retinal tears. Retinal tears, 
often flap-shaped, occur in areas of the retina 
(most often in the periphery) that are tightly 
adherent to the vitreous [11]. Separation of 
the posterior vitreous from the retina, whether 
traumatic or spontaneous, exerts traction on 
the retina and will sometimes cause it to tear 
(. Fig. 9.3). Ongoing vitreous traction on the 
tear, combined with intraocular fluid currents 
that occur with eye movements, together pro-
motes entry of liquefied vitreous fluid through 
the tear into the subretinal space, resulting in 
retinal detachment. Less commonly, ocular 
trauma may cause the most peripheral edge 
of the retina to detach and allow subretinal 
entry of fluid without any retinal tearing; this 
is called a retinal dialysis [12].

Two common conditions that make the 
retina more susceptible to post-traumatic 
tears and detachment are myopia and lattice 
degeneration. Myopia, commonly called 
nearsightedness, is often due to an elon-
gated globe shape that results in increased 
susceptibility to tears (. Fig.  9.4) [13]. 
Lattice degeneration describes patches of 
thin peripheral retina that appear to have a 
lattice-like structure. These may arise spon-
taneously or may be associated with other 
ocular or systemic conditions such as myo-

pia and Stickler syndrome. Retina within 
patches of  lattice is therefore more likely to 
tear and detach with traction or after 
trauma [14].

Retinal detachments are broadly divided 
into peripheral detachments (macula-on) 
(. Fig.  9.5a, b) and detachments involving 
the macula (macula-off, . Fig. 9.5c). Retinal 
detachments are also described in terms of 
clock hours in which they are present. A con-
sultation with a retinal surgeon should be 
obtained to localize any retinal tears, to deter-
mine whether there is any chronic inflamma-
tion in the eye that may result in retinal 
scarring and foreshortening and to determine 
the correct treatment of  the condition. 
Reassuringly, single-surgery success rate for 
retinal detachment is usually greater than 
90% [15].

The urgency of retinal detachment repair 
is primarily determined by the state of the 
macula. A macula-sparing retinal detachment 
(macula-on RD) requires surgical repair 
within 24 hours in order to prevent spread of 
the detachment and to protect central visual 
acuity. A macula-involving retinal detach-
ment (macula-off  RD) has poor prognosis for 
visual recovery, and urgent repair is thus less 
critical. In these cases, studies show that repair 
should be performed within 7–10 days for the 
best visual outcome [16].

       . Fig. 9.3 Fundus photograph showing a giant retinal 
tear

       . Fig. 9.4 The posterior pole of  a highly myopic indi-
vidual. The optic disc is somewhat tilted. There is broad 
peri-papillary atrophy and macular pigmentary mot-
tling
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9.5.3  Macular Hole

A macular hole is a break in the central mac-
ula that may develop spontaneously or sec-
ondary to vitreous traction from a variety of 
etiologies, including trauma. Patients with 
small macular holes often report metamor-
phopsia, a visual distortion wherein images 
appear to be wavy or warped [17]. An Amsler 
grid may be used to test for metamorphop-
sia  – patients with this condition are often 
able to localize the area on the grid (in their 
visual field) where the straight lines of the grid 
appear wavy or curved. Patients with larger 
macular holes present with reduced central 
visual acuity, a non-specific complaint. 
Ophthalmologists are often able to discern a 
macular hole by its appearance, but most also 
obtain additional imaging of the macula to 

supplement their clinical assessment. Optical 
coherence tomography (OCT) is a non- 
invasive form of imaging that uses light waves 
to create cross-sectional images of the retina. 
OCT is an excellent tool for evaluating the size 
and thickness of a macular hole (. Fig. 9.6a). 
Macular holes, especially ones that arise sec-
ondary to ocular trauma, may close spontane-
ously, with some improvement in visual acuity. 
Persistent macular holes require surgical 
intervention (. Fig. 9.6b).

9.5.4  Solar and Laser Injuries

Solar retinopathy is damage to the retinal 
photoreceptors, most commonly in the fovea, 
due to the toxic effects of UV radiation. 
Patients with solar retinopathy tend to be 

a

c

b

       . Fig. 9.5 a, b Fundus photos of  a macula-sparing retinal detachment in the left eye with subretinal fluid noted 
nasal to the optic nerve. c Fundus photo of  a macula-involving retinal detachment
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younger and usually report looking directly 
into sunlight, such as gazing at a solar eclipse 
[18]. The associated vision loss is transient 
and often improves over months, although 
there may be permanent visual sequelae.

Laser light propagates at shorter wave-
lengths than solar UV radiation, thereby 
transmitting more energy. Similar to UV radi-
ation, laser light can cause phototoxic reac-
tions in the eye but can also transfer direct 
thermal energy into the sensitive structures in 
the retina and the underlying retinal pigment 
epithelium. Symptoms are dependent on the 
severity of the retinal damage and the loca-
tion of the injury and may range from minor 
visual changes to permanent vision loss. 
Direct laser damage to the fovea is much more 
likely to result in significant vision changes 
than damage to the peripheral retina. Laser 
retinopathy is typically due to accidental 
trauma from laser pointers or workplace inju-
ries [19]. The rate of accidental eye trauma 
has increased as the unregulated market for 
higher power lasers has grown [20]. If  laser 
retinopathy is suspected, the patient should be 
given an outpatient appointment with an oph-
thalmologist for evaluation of damage and for 
further management.

9.5.5  Terson’s Syndrome

Terson’s syndrome is vitreous and retinal hem-
orrhaging associated with intracranial hemor-
rhages, including subarachnoid hemorrhage 
and traumatic brain injury [21]. It is a condi-
tion that usually occurs in adults, but it has 
been reported in children as young as 7 months 

old [22]. A commonly accepted mechanism of 
Terson’s syndrome is that a sudden rise in 
intracranial pressure results in dilatation of 
retinal venules, some of which break open and 
bleed in all parts of the retina and into the vit-
reous [23]. Given the association of Terson’s 
syndrome with potentially life-threatening 
intracranial pathology, pharmacologic pupil 
dilation should be deferred until monitoring 
for possible brain herniation via pupillary 
reactivity is no longer required. Treatment of 
the inciting intracranial pathology takes pre-
cedence to treatment of intraocular hemor-
rhage. The ophthalmology service should be 
consulted once the patient is stabilized.

9.5.6  Purtscher’s Retinopathy

Purtscher’s retinopathy is a rare condition 
which develops after trauma, usually asso-
ciated with head or chest compression or 
long- bone fractures [24]. Observed retinal 
abnormalities include foci of nerve fiber layer 
whitening (“cotton-wool spots”), patches of 
retinal non-perfusion, macular edema, and 
intraretinal hemorrhages. Loss of vision in 
these patients may occur immediately after the 
injury or may be delayed for up to 48 hours 
[25]. The mechanism of retinal injury remains 
unclear and may involve systemic release of 
platelet or fibrin aggregates, fat or air emboli, 
as well as complement-mediated intravascular 
inflammation, which may then result in retinal 
vascular micro-infarctions. There is no retina- 
specific treatment. Systemic administration of 
high-dose IV corticosteroids has not shown 
success in visual improvement [26].

a b

       . Fig. 9.6 a OCT of  full-thickness macular hole. b OCT of  the same eye following surgical repair
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9.5.7  Non-accidental Pediatric 
Trauma (Shaken Baby 
Syndrome)

Shaken baby syndrome, non-accidental trauma 
due to acceleration-deceleration forces during 
a shaking episode, affects approximately 1400 
children per year [27]. The typical child suffer-
ing from such non-accidental trauma presents 
obtunded, with illness and dehydration as the 
default diagnosis. However, once non-acciden-
tal trauma is suspected, a detailed eye exam is 
warranted. Bilateral vitreous, intraretinal, and 
subretinal hemorrhages are the hallmark find-
ings of pediatric non-accidental trauma 
(. Fig. 9.7) [28]. However, care must be taken 
to distinguish this serious condition from intra-
retinal hemorrhages that may be the sequelae 
of normal vaginal birth. Children that present 
with intraocular bleeding have poor visual and 
neurologic outcomes; conversely, reassuring 
initial neurological examination is usually cor-
related with a good visual prognosis.

9.6  Ciliary Body

The ciliary body, located posterior to the iris 
plane, consists of secretory cells that generate 
the aqueous humor filling the anterior cham-
ber. It also includes muscle and fine connec-

tive tissue that support the crystalline lens 
capsule, maintaining its proper positioning 
along the visual axis and enabling it to change 
shape during accommodation [29]. Blunt 
trauma may cause the tearing of the delicate 
muscles within the ciliary body which is 
termed angle recession. Subsequent scarring 
and fibrosis of the damaged structures may 
lead to elevated intraocular pressures and 
traumatic glaucoma years later. Trauma may 
also cause the ciliary body to separate from 
the underlying sclera entirely, creating a so- 
called cyclodialysis cleft. Such clefts create a 
relatively unimpeded pathway for aqueous 
humor to drain from the eye, resulting in 
hypotony and consequent chorioretinal folds 
and decreased vision [30]. Because the signs of 
ciliary body trauma may be subtle (minimal 
hemorrhages, a slight distortion in iris or 
pupil shape), while the effects of such trauma 
may not manifest for months or even years, it 
is vital that injured eyes be examined by an 
ophthalmologist during or soon after the 
patient’s visit to the emergency room [31].

9.7  Choroid

Contiguous with the ciliary body, the choroid 
is a dense network of arterioles and capillaries 
located between the sclera and the retinal pig-
ment epithelium (RPE). Choroidal vessels 

       . Fig. 9.7 Fundus photograph of  the right and left 
eye of  a child with non-accidental trauma demonstrat-
ing diffuse pre-retinal bleeding as well as numerous dot- 

blot and flame intraretinal hemorrhages extending from 
the posterior pole to the periphery. (Image courtesy of 
Neelakshi Bhagat, MD)
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provide the RPE and the deeper part of the 
retina (outer retina) with nutritional and oxy-
gen support [32].

Sudden significant differences between 
intra-arterial pressure and intraocular pressure 
(as in penetrating eye trauma or some types of 
ocular surgery) may result in effusions into the 
potential space between the choroid and the 
sclera. These are called choroidal detachments. 
They may be serous, which tend to be painless 
and are due to serum transudation, or hemor-
rhagic, which are characterized by a sudden 
onset of severe eye pain due to shearing of cho-
roidal vessels [33]. Choroidal detachments may 
enlarge to the point of blocking some or most 
of a patient’s visual field. Depending on etiol-
ogy and severity, they may be managed by top-
ical or oral steroids and/or by surgical drainage.

Compressive eye trauma may cause a 
momentary but significant deformation of the 
globe and result in linear breaks in the RPE 
and its underlying basement membrane and 
choroid.

Such breaks are called choroidal ruptures 
and may result in subretinal, intraretinal, and 
vitreous hemorrhage (. Fig. 9.8). Ruptures in 
the macula will result in a greater degree of 
vision loss. Although the hemorrhages typically 
resolve within weeks, discontinuities of the RPE 
and its basement membrane persist and may 
lead to development of ectopic and disorga-
nized blood vessels deep to the retina (choroidal 
neovascularization). These, in turn, may result 

in additional subretinal bleeding, scarring, and 
further vision loss [34]. An ophthalmologist will 
usually follow patients with history of choroi-
dal rupture closely, monitoring for development 
of neovascularization and treating any abnor-
mal vasculature that may arise.

9.8   Sclera

The sclera is the connective tissue outer casing 
(the “white”) of the eye that provides struc-
ture and shape to the eye. Although the sclera 
is resilient, substantial trauma to the eye can 
result in disruption of the scleral structure, 
which may present as a scleral laceration/rup-
ture. Typical presenting symptoms are pain, 
light sensitivity, and conjunctival chemosis.

Suspected scleral laceration should be 
examined further, with the goal of determin-
ing the depth of the injury. A full-thickness 
scleral laceration may also damage the under-
lying choroid, resulting in notable subconjunc-
tival hemorrhage in all quadrants. If the scleral 
laceration does not result in hemorrhage, the 
Seidel test may nevertheless be useful in deter-
mining whether colorless intraocular contents 
(such as vitreous or subretinal fluid) are being 
extruded through the wound. A positive Seidel 
test result warrants an urgent ophthalmology 
consult for globe rupture. Patients with a sus-
pected scleral laceration should receive an 
urgent non-contrast CT of the orbits to deter-
mine if  any intraocular foreign bodies are pres-
ent. Posterior scleral lacerations are not visible 
at the slit lamp but may present with low intra-
ocular pressure (hypotony) and with resulting 
chorioretinal or even corneal folds.

Treatment of partial-thickness scleral lac-
erations includes broad-spectrum topical 
antibiotics and possible surgical repair. Full- 
thickness scleral lacerations represent a globe 
rupture and as such require emergent evalua-
tion and surgical repair [35].

9.9   Intraocular Foreign Body

Presence of an intraocular foreign body 
(IOFB) indicates a penetrating ocular injury 
has occurred, and the case should be treated 

       . Fig. 9.8 Fundus photograph of  the right eye show-
ing a choroidal rupture deep to the macula
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as an open globe. The extent of ocular dam-
age caused by foreign body penetration 
depends on the route of the projectile, struc-
tures penetrated, and the size, shape, and 
composition of the penetrating material. For 
example, a smaller foreign body entering the 
vitreous cavity directly through the sclera 
causes less damage to fewer structures than a 
larger one passing through the cornea, iris, 
and the crystalline lens.

IOFB composition imparts different post- 
injury risks. Metallic IOFBs, particularly ones 
made of iron or copper, will result in long- 
term retinal toxicity if  left embedded in the 
eye, unlike IOFBs made of inert substances 
like glass, stone, or plastic (. Fig.  9.9). 
Conversely, metallic IOFBs may be relatively 
hot when entering the eye (as in the case of 
shrapnel) and, as such, be relatively sterile and 
less likely to cause a post-injury endophthal-
mitis than IOFBs that contain or carry vege-
table matter or other organic materials [36].

The overall risk of post-traumatic endo-
phthalmitis is approximately 1% [37]. This 
risk is increased to 6.9–16.5% in cases of 
retained foreign body material and even 
higher if  the retained material is composed of 
organic matter [38].

Aspects of the eye examination that sug-
gest the presence of an intraocular foreign 
body include signs of an open globe (scleral 
or corneal perforations), as well as signs of 
intraocular damage, such as focal iris trans- 
illumination defects, unilateral cataract in the 

injured eye, or hemorrhage in the anterior 
chamber or vitreous cavity.

Further evaluation of a possible IOFB 
should include a CT scan of the orbits and 
possibly an ocular ultrasound. MRI should 
be avoided if  the foreign body is suspected to 
be ferromagnetic. If  presence of an intraocu-
lar foreign body is suspected, the ophthalmol-
ogy service should be notified in order to 
assess and provide appropriate treatment.

Key Points
 5 The macula is responsible for central 

visual acuity, and damage to the macula 
may be visually devastating.

 5 The PanOptic™ has advantages to the 
traditional direct ophthalmoscope 
including a wider field of view and a 
longer working distance.

 5 Ophthalmic ultrasonography is 
required to assess the status of the 
retina when a view of the posterior pole 
is not attainable.

 5 Symptoms of a retinal detachment 
include new onset flashes, shower of 
floaters, and/or a curtain over the visual 
field.

 5 Macula-sparing retinal detachments 
require more urgent repair than macula- 
involving retinal detachments in order 
to protect central visual acuity.

 5 Cases of suspected non-accidental 
trauma in infants require a dilated 
fundus exam.

 5 MRI must be avoided in cases of 
suspected metallic intraocular foreign 
body.

 ? Review Questions
 1. A 56-year-old woman presents to the 

emergency department with decreased 
vision in her right eye after a 
mechanical fall. Her vision is 20/200 in 
the right eye with a pressure of  16. No 
afferent pupillary defect is noted on 
exam. A photo of  her fundus is shown 
(. Fig. 9.10). What is the most likely 
diagnosis?

       . Fig. 9.9 CT image showing a metallic foreign body 
within the vitreous cavity of  the right eye
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 2. A 48-year-old man presents to the emer-
gency department reporting a 2-day his-
tory of  worsening floaters in his right 
eye. The onset of  floaters was accompa-
nied by flashes. The patient also states 
that earlier today, a shadow appeared in 
the periphery of  his vision in his right 
eye. His visual acuity in his right eye is 
20/30, pressure is 14mmHg, and no 
afferent pupillary defect is noted. A 
photo of  his fundus is shown 
(. Fig.  9.11). What is the most likely 
diagnosis and what are the next steps?

 3. A 26-year-old man presents to the 
emergency department after feeling a 
sharp pain in his left eye, while he was 
working on a construction project. He 
was not wearing eye protection at the 
time. His vision is 20/25 in the left eye, 

the intraocular pressure is 12mmHg, 
and there is no afferent pupillary 
defect. What is the likely diagnosis in 
this case? What additional testing 
would confirm or disprove the likely 
diagnosis?

 v Answer
 1. The fundus photograph shows a 

round spot in the center of the macula 
surrounded by a gray halo. The patient 
likely has a macular hole as evidenced 
by her history of trauma and sudden 
decrease in vision to 20/200. Of note, 
the patient does not have an afferent 
pupillary defect because the surrounding 
retina and optic nerve remain unharmed. 
Based on the photo, the differential 
diagnosis is full-thickness macular 
hole, partial- thickness lamellar hole, 
epiretinal membrane (macular pucker), 
solar retinopathy, or an intraretinal cyst 
among others. In the ophthalmologist’s 
office, the patient will undergo testing to 
determine the diagnosis.

 2. Fundus photo of  the right eye showing 
a temporal retinal tear with associated 
detachment.

The most likely diagnosis is a rheg-
matogenous retinal detachment with 
macula attached. It is important to ask 
the patient the duration of  symptoms, 
history of  trauma, previous eye surgery/
procedures, or myopia. On exam, look 
for associated vitreous hemorrhage. This 
condition requires urgent evaluation by 
an ophthalmologist in order to preserve 
vision. Correcting a retinal detachment 
in which the macula is still attached is 
often done surgically within 24 hours of 
patient presentation.

 3. Slit lamp photograph shows a round 
irregularity in the lens. After an eye 
examination including Seidel testing, 
CT scan is warranted. Image of  a CT 
scan is shown. There is a foreign body 
noted in the posterior vitreous in the left 
eye. Due to presence of  an intraocular 
foreign body, this case is considered an 
open globe and requires urgent 
ophthalmology evaluation.

       . Fig. 9.10 A photo of  her fundus is shown. 
What is the most likely diagnosis?

       . Fig. 9.11 What is the most likely diagnosis 
and what are the next steps?
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 Case Presentation

A 16-year-old boy with a recent history of mul-
tiple presentations after altercations with peers 
presents again, this time reporting decreased 
vision in the left eye. He reports that a dark cur-
tain has descended over his central vision over 
the last several days and that his vision has con-
tinued to worsen. An external exam of the face 
and left eye shows faint periocular bruising. His 
vision is hand motion in the left eye, and dilated 

fundus exam shows retinal dialysis (disinsertion 
of the peripheral retina at the ora serrata) as 
well as total retinal detachment. Ophthalmic 
ultrasound confirms retinal dialysis, and the 
retina is detached with only a posterior attach-
ment at the optic nerve (. Fig.  9.12). This is 
considered a macula-off retinal detachment in 
an open-funnel configuration. The patient 
required repair in the operating room.
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10.1   Introduction

10.1.1   Optic Nerve Anatomy

Cranial nerve II, the optic nerve, is composed 
of 1.1 million retinal ganglion cell (RGC) 
axons that transmit afferent visual input from 
the retina. The optic nerve has four anatomi-
cal subdivisions: intraocular (1 mm), intraor-
bital (24  mm), intracanalicular (9  mm), and 
intracranial (16 mm). As the RGC axons exit 
the globe to form the optic nerve, they are 
supported by the lamina cribrosa, a system of 
10 connective tissue plates. The optic nerve 
fibers are myelinated by oligodendrocytes 
posterior to the lamina cribrosa and sur-
rounded by a meningeal sheath (pia mater, 
arachnoid mater, and dura mater). The intra-
canalicular segment travels through the optic 
canal within the lesser wing of the sphenoid 
bone, and at this segment the dural sheath 
surrounding the optic nerve fuses with the 
periosteum and immobilizes the nerve. The 
optic nerves converge at the optic chiasm and 
the neural fibers continue posteriorly as the 
optic tracts.

The short posterior ciliary arteries, 
branches from the ophthalmic artery, provide 
vascular supply to the optic nerve head. 
These arteries have few anastomoses and are 
susceptible to ischemia. The remainder of  the 
optic nerve obtains its primary blood supply 
from pial branches of  the surrounding 
meninges.

10.1.2   Traumatic Optic Neuropathy

10.1.2.1   Definition
In traumatic optic neuropathy (TON), dam-
age of  optic nerve fibers leads to complete 
or partial impairment of  visual function [1]. 
TON may be caused by direct or indirect 
injury. In direct TON, penetrating trauma 
with optic nerve transection, optic nerve 
avulsion, hemorrhage, or hematoma leads 
to direct optic nerve damage [2]. Indirect 
TON is the more common mechanism of 
TON and involves severe closed head 
trauma with coup and contrecoup shearing 

forces disrupting optic nerve fibers [3]. The 
damage is most often at fixed segments of 
the optic nerve, with highest frequency at 
the intracanalicular segment where the 
nerve is adherent to the periosteum in the 
optic canal [4].

10.1.2.2    Epidemiology
TON is most frequently diagnosed in 
younger patients and has a male predilection 
[5]. The estimated annual incidence for pedi-
atric traumatic optic neuropathy is 0.99 
cases per million [6]. In a case review of 
pediatric patients with visual pathway inju-
ries following ocular trauma, TON made up 
the majority (86.1%) of  injury types [7]. The 
most common mechanisms for TON in pedi-
atric populations are falls from a height, 
motor vehicle accidents, and sports-related 
injuries [8–10].

10.1.2.3    Clinical Presentation
The diagnosis of TON is primarily clinical, 
and early diagnosis is often delayed due to 
impaired consciousness or unstable condition 
with multisystem trauma. If  able, patients 
may describe a subjective decrease in visual 
acuity. Non-accidental forms of trauma 
should be ruled out for all pediatric patients.

10.1.2.4    Diagnosis
On clinical examination, patients will have 
severely reduced visual acuity reported as 
20/400 or worse in the affected eye [11]. A rel-
ative afferent pupillary defect in the affected 
eye is an early sign of optic nerve dysfunction 
and can be easily tested regardless of a 
patient’s level of consciousness. In addition, 
patients may have visual field limitations and 
impaired color vision. A direct ophthalmo-
scope can be used to visualize the optic nerve. 
In the case of posterior optic nerve injury the 
nerve can appear normal. For acute anterior 
optic nerve injury, there may be optic disc 
swelling, dilated retinal veins, and retinal 
hemorrhage.

Patients should have a complete examina-
tion by an ophthalmologist including fundus 
examination to directly visualize the optic 
nerve and rule out other ocular injury. Other 
serious injuries often coexist, including ante-
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rior or posterior segment ocular injury, orbital 
wall fractures, skull fractures, or intracranial 
bleeding [7, 12].

Imaging studies are advised in the setting 
of head trauma, although it has uncertain 
clinical value for the diagnosis of TON [4]. 
CT scan is preferable for examining bony 
structures and can evaluate for causes of 
direct TON such as optic canal fracture. If  a 
patient has an orbital roof fracture there is 
also a high likelihood of optic canal fracture, 
and careful clinical and radiologic examina-
tion should be made to rule out direct TON 
(. Fig. 10.1). In one case series of pediatric 
traumatic optic neuropathy, 14% were associ-
ated with optic canal fracture [8]. To limit 
radiation exposure, MRI evaluation of the 
optic nerve may be preferable in the pediatric 
population. However, MRI should not be 
used if  there is a possibility of a metallic for-
eign body. In addition, B-scan ultrasonogra-
phy is a noninvasive and inexpensive option 
that has shown utility for diagnosing optic 
nerve avulsion anteriorly [13].

10.1.2.5    Management
Primary nerve injury is irreversible, and TON 
treatment focuses on limiting further secondary 
injury. The main approach for TON is conserva-
tive, with patients observed for visual recovery 
[14]. Reports of spontaneous visual improve-
ment following indirect TON are encouraging 
for conservative management, with a recovery 
rate of 30–60% [15]. The prognosis for sponta-
neous recovery is positively related to the 
patient’s presenting visual acuity [16].

Based on research with spinal cord injury 
and corticosteroid use, it is hypothesized that 
high-dose corticosteroids administered soon 
after trauma may relieve optic nerve edema 
within the optic canal and decrease risk of 
damage to retinal ganglion cells [17]. Research 
has been undertaken regarding the use of 
high-dose IV steroids for treatment in TON 
with mixed results [18–21]. As per the most 
recent Cochrane Eyes and Vision Group 
review in 2013, there is not enough evidence to 
support the use of steroids over observation 
alone [16]. In addition, the Corticosteroid 

a b

dc

       . Fig. 10.1 a Coronal CT with normal optic canal 
(arrow), b Axial CT with normal optic canal (arrow), 
c Coronal CT with optic canal fracture (arrow) and 

 traumatic optic neuropathy, d Coronal CT showing 
associated orbital roof  fracture (arrow)
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Randomization After Significant Head Injury 
(CRASH) trial demonstrated higher mortal-
ity rates for patients receiving high-dose ste-
roids after head injury, and high-dose steroids 
should not be given to the large subgroup of 
patients with both TON and head injury [22].

Surgical decompression may be indicated 
and should be evaluated on a case-by-case 
basis [23]. With retrobulbar hematoma or 
optic nerve sheath hematoma, urgent surgical 
decompression and evacuation of the hema-
toma are imperative to relieve optic nerve 
compression and improve potential for visual 
recovery [24]. The use of optic canal decom-
pression for other forms of TON such as optic 
canal fracture is currently debated. Optic 
canal fracture has been identified as a poor 
prognostic factor, regardless of surgical inter-
vention, and further research is being con-
ducted in this area [16].

10.1.2.6    Prognosis
For indirect TON, potential for visual recov-
ery is related to visual acuity on initial pre-
sentation. Patients who have no light 
perception vision on presentation have poor 
visual prognosis regardless of  treatment [9, 
21]. If  there is no visual improvement within 
48  hours after injury, there is also a poor 
prognosis [25]. Direct TON has a poor prog-
nosis in all cases [26].

10.1.3   Pupil Abnormalities: 
Acquired Horner Syndrome

10.1.3.1   Anatomy
Problems with pupillary response may be 
related to either interruption of sympathetic 
activity, responsible for pupillary dilation 
(mydriasis), or parasympathetic activity, 
responsible for pupillary constriction (miosis).

Pupillary Light Reflex The pupillary light reflex 
pathway is responsible for equal and simultane-
ous pupillary constriction in response to light. 
Afferent fibers first travel along the optic nerve 
to synapse in the pretectal nucleus, located in the 
midbrain at the level of the superior  colliculus. 
Then, efferent fibers travel to both the ipsilateral 

and contralateral Edinger- Westphal nuclei. The 
Edinger-Westphal nucleus gives rise to pregan-
glionic parasympathetic fibers that exit with cra-
nial nerve III. The fibers synapse in the ciliary 
ganglion and give rise to postganglionic myelin-
ated short ciliary nerves, which innervate the iris 
sphincter muscle for pupillary constriction.

Sympathetic Pathway to Head and Neck The 
sympathetic pathway leading to pupillary dila-
tion involves three neuron synapses 
(. Fig. 10.2). The first-order neuron originates 
in the ipsilateral hypothalamus and descends 
the spinal cord to synapse in the inferomedio-
lateral gray matter at C8, T1, and T2, also 
called the ciliospinal center of Budge-Waller. 
The second-order preganglionic neuron exits 
the spinal cord, passes over the pulmonary 
apex, and synapses in the superior cervical gan-
glion. The third-order postganglionic neuron 

       . Fig. 10.2 Sympathetic pathway. (Reproduced from 
BCSC Neuro-ophthalmology, . Figs.  1–41: Anatomy 
of  the Sympathetic Pathway with permission from 
American Academy of  Ophthalmology. Illustration by 
Christine Gralapp. © 2020 American Academy of  Oph-
thalmology [92])
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ascends in the paravertebral chain and along 
the wall of the carotid artery, entering the cav-
ernous sinus and then traveling with the abdu-
cens nerve (cranial nerve VI) to enter the orbit.

10.1.3.2    Definition
Horner syndrome describes an interruption at 
any point along the three neuron sympathetic 
pathway supplying the head and neck, with 
subsequent clinical manifestations including 
the classic triad of ipsilateral ptosis (related to 
Müller muscle dysfunction), miosis (pupillary 
dilator dysfunction), and anhidrosis.

10.1.3.3    Epidemiology
Pediatric Horner syndrome is rare, with a 
reported incidence of 1.42 per 100,000 
patients under 19 years of age [27]. Trauma is 
the most common cause of acquired Horner 
syndrome in children, with the most cited 
mechanisms including birth trauma or iatro-
genic injury [27]. Birth trauma is associated 
with the use of forceps or vacuum extraction, 
shoulder dystocia, fetal rotation, or post-term 
delivery, all of which can result in brachial 
plexus injury or damage to vascular structures 
[28]. In several case reports, birth trauma was 
linked to carotid artery dissection and associ-
ated Horner syndrome [29, 30]. Iatrogenic 
trauma leading to pediatric Horner syndrome 
has been identified in several case reports, 
including secondary to thyroid surgery and 
following pulmonary hydatid cyst removal 
[31, 32]. Nontraumatic causes of Horner syn-
drome in children include neuroblastoma or 
other malignancy, and these causes should 
still be considered even if  there is a history of 
trauma or surgery [33, 34]. See 7 Chap. 15 for 
more information on neuroblastoma.

10.1.3.4    Clinical Presentation
Patients will present with ipsilateral ptosis, 
miosis, and anhidrosis to varying degrees 
based on the location of sympathetic fiber dis-
ruption. Anisocoria is more pronounced in 
dim lighting.

Patients with first- and second-order neu-
ron Horner syndrome have complete ipsilat-
eral face anhidrosis, while those with 
third-order neuron lesions will only have anhi-
drosis involving the ipsilateral forehead. The 

iris melanocytes are derived from neural crest 
cells, and when Horner syndrome is acquired 
prior to 2 years of age, melanocyte innerva-
tion needed for early melanin pigmentation of 
the iris is disrupted. This leads to a difference 
in eye color with the ipsilateral iris being 
lighter, termed iris heterochromia [35] 
(. Fig. 10.3a).

Signs of Horner syndrome in the pediatric 
population: ipsilateral

 5 Ptosis
 5 Miosis
 5 Anhidrosis (first- and second-order 

neuron)
 5 Iris heterochromia (congenital or onset 

prior to age 2)
 5 Straighter hair

Patients with Horner syndrome secondary to 
carotid artery dissection may also demon-
strate focal cerebral deficits and cranial nerve 
palsies. In one rare clinical case, unilateral 
straight hair was the first sign of pediatric 
Horner syndrome [36] (. Fig. 10.3b).

10.1.3.5    Diagnosis
Diagnosis is largely clinical as above, com-
bined with MRI and MRA studies to identify 
the cause of Horner syndrome. Imaging 
workup is especially important to rule out 
life-threatening causes of Horner syndrome 

       . Fig. 10.3 Pediatric Horner syndrome on the left side 
showing iris heterochromia, anisocoria, ipsilateral miosis, 
and ptosis. There is usually straighter hair on the ipsilat-
eral side. (Adapted from Smith et  al. [93], . Fig.  1. 
Reproduced under a Creative Commons Attribution 4.0 
International license [7 https://creativecommons. org/
licenses/by/4. 0/])
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such as carotid dissection or malignancy [29, 
37]. Pharmacologic testing can also aid in the 
diagnosis of Horner syndrome. Topical apra-
clonidine eye drops (0.5% or 1%) will cause 
reversal of anisocoria with the Horner pupil 
becoming larger than the normal pupil, as 
well as reversal of the ptosis. The Horner 
pupil will poorly dilate with topical cocaine 
eye drops 4% or 10%, while the normal pupil 
dilates, thus increasing the anisocoria. 
Cocaine testing has been used safely in chil-
dren with no systemic side effects; however, 
apraclonidine should be used with caution 
due to the risk of central nervous system 
depression in children, especially if  less than 
2 years old [38].

10.1.3.6    Management
Treatment of Horner syndrome is dependent 
on the etiology. In the case of carotid dissec-
tion, antiplatelets or anticoagulation is imper-
ative to reduce the risk of stroke [34]. Patients 
who fail medical management of carotid 
artery dissection may be closely monitored or 
undergo surgical intervention, such as intra-
vascular stenting. For iatrogenic causes of 
Horner syndrome or other non-life- 
threatening mechanisms, observation is pre-
ferred. Spontaneous resolution over months 
has been reported [31].

10.1.4   Head Trauma: Overview

10.1.4.1   Epidemiology
Head trauma is a frequent cause of emer-
gency room visits, with isolated head trauma 
reported as 30% of all major pediatric trauma 
in one large case series [39]. Young males are 
the primary demographic affected, and motor 
vehicle accidents are the primary reported 
cause of accidental severe head injury in 
children [40, 41]. Patients presenting with a 
Glasgow Coma Scale score less than or equal 
to 8 have more severe head injuries, and those 
who lose consciousness following head injury 
are more likely to have permanent neurologic 
injury [42].

Patients with head injury and visual com-
plications should be evaluated for skull base 
fracture, arterial or venous injury, traumatic 

brain injury, or direct penetrating trauma to 
visual pathways. These diagnoses will be 
reviewed in the remainder of the chapter.

10.1.5   Skull Base Fractures

10.1.5.1   Anatomy
A skull base (or basilar skull) fracture extends 
through any of the cranial floor bone and can 
damage vascular and nerve structures at 
foramina as they exit or enter the skull base 
(. Fig. 10.4).

The anterior skull base is composed of the 
frontal bone. There is risk of injury to CN I as 
it exits the cribriform plate. The middle skull 
base is composed of the sphenoid bone. The 
middle skull base has several important struc-
tures at risk for damage, including the optic 
nerve (CN II) and ophthalmic artery in the 
optic canal; the superior orbital fissure with 
CN III, IV, ophthalmic nerve (V1), VI, and 
superior ophthalmic vein; the foramen rotun-
dum with the maxillary nerve (CN V2), fora-
men ovale with the mandibular nerve (CN 
V3); and the carotid canal with the internal 
carotid artery and sympathetic plexus.

The posterior skull base is composed of 
the temporal bone and occipital bone. In the 
posterior skull base, there is the internal 
acoustic meatus where CN VII and VIII exit; 
the jugular foramen is passage for the internal 
jugular vein, CN IX, CN X, CN XI, inferior 
petrosal sinus, and posterior meningeal artery; 
the hypoglossal canal with CN XII; and the 
foramen magnum with CN XI, vertebral 
artery, spinal vein, and spinal arteries.

10.1.5.2    Epidemiology
Skull base fractures are due to high-impact 
trauma [43]. The rate of skull base fractures in 
children with head trauma ranges from 4% to 
20% [44]. Blunt head trauma causes over 90% 
of skull base fractures, and the most common 
mechanisms in children are motor vehicle 
accidents or falls from a height [45–47]. Less 
commonly, skull base fractures are due to iat-
rogenic injury, including complications of 
endoscopic sinus surgery, or direct penetrat-
ing injury, such as a gunshot wound through 
the skull base [48, 49].
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10.1.5.3    Clinical Presentation
The clinical presentation can vary greatly based 
on the location and severity of the fracture. 
Physical examination may be limited due to 
the state of the patient following high- impact 
trauma. If able, physical examination should 
look for evidence of skull base injury, such as 
cranial nerve deficits, periorbital ecchymosis, 
and hemotympanum. Clinically, cerebrospinal 
fluid (CSF) leak may present as otorrhea or 
rhinorrhea, with increase on Valsalva or other 
high-pressure maneuvers. CSF leak is a critical 
finding that provides evidence of dural break 
with associated risk for meningitis.

10.1.5.4    Diagnosis
If  there is suspected CSF otorrhea or rhinor-
rhea, the fluid can be sent for β-2 transferrin 
or β-trace protein laboratory testing. Clinical 
examination should be paired with imag-
ing studies to aid with identifying the site of 

skull base fracture and CSF leak. For imme-
diate diagnosis, plain x-ray of the head and 
cervical spine and a standard non-contrast 
head CT can rule out associated intracranial 
hemorrhage or other acute life-threatening 
conditions. CT scan can be paired with more 
detailed imaging to aid with localization of 
CSF leak and possible surgical planning, 
including high-resolution CT, angiographic 
studies including CT or MR angiography, and 
venography. CT scan is the preferred modal-
ity for early investigations of head injury, and 
MRI is used as a secondary evaluation of soft 
tissue, because MRI has been shown to have a 
high false positive rate for localizing fractures 
and CSF fistulas [50].

10.1.5.5    Management
Management is individualized based on the 
patient’s clinical presentation, severity of skull 
base fracture, and other comorbid injuries 

       . Fig. 10.4 Skull base anatomy. (Adapted from . Fig. 7.8 Skull base anatomy superior view, Betts et al. [100].  
©Jan 16, 2020 OpenStax 7 https://openstax. org/books/anatomy-and-physiology/pages/7-2-the-skull)
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[51, 52]. A closed basilar skull fracture with 
no associated vascular or nerve damage does 
not require surgical repair [47].

Basilar skull fractures with dural break, 
indicated by CSF leak, have two primary 
management options: conservative and surgi-
cal management. The goal of conservative 
management is to decrease intracranial pres-
sure and rate of CSF leak, with measures 
including bed rest, head elevation, and car-
bonic anhydrase inhibitors [53]. Patients 
should avoid nose blowing and other maneu-
vers that may increase pressure in the sinuses 
and contribute to worsening CSF leak as well 
as increased risk of meningitis.

For a stable patient with CSF leak, conser-
vative management is encouraged because 
traumatic CSF leaks are associated with a 
high rate of spontaneous closure, ranging 
from 50 to 90%, and often observed within 1 
week of traumatic injury [45, 53, 54]. Early 
prophylactic antibiotics have not demon-
strated utility for preventing meningitis [44]. 
If  a CSF leak persists following 1  week of 
conservative management, surgical manage-
ment is favored due to low likelihood of spon-
taneous resolution and increased risk of 
meningitis [50, 55].

10.1.6   Traumatic Aneurysm

Traumatic aneurysms are “false” aneurysms. 
Trauma induces complete disruption of  the 
arterial wall, and a false lumen is formed by 
a surrounding hematoma. These are unsta-
ble, with a poorly defined shape and irregu-
lar neck. The majority (90%) of  traumatic 
aneurysms occur in the anterior fossa at the 
skull base or on distal, small cerebral 
branches [56].

10.1.6.1    Epidemiology
Traumatic intracranial aneurysms are rare, 
representing less than 1% of all intracranial 
aneurysms [56]. They are more prevalent in 
children than adults, and it is estimated that 
30% of traumatic aneurysms occur in patients 
less than 20 years of age [57, 58]. The primary 

mechanism is penetrating trauma, particu-
larly stab wounds [59]. There is a severe risk of 
delayed intracranial hemorrhage, and rup-
tured traumatic aneurysms have a mortality 
rate of about 50% [60].

10.1.6.2    Clinical Presentation
Traumatic aneurysm may be asymptomatic or 
have symptoms of mass effect or aneurysm 
rupture. Symptoms may become evident only 
a few minutes after injury if  there is early rup-
ture, or may develop slowly over time depend-
ing on the size, stability, and location. 
Common presenting symptoms of aneurys-
mal rupture include headache, decreased level 
of consciousness, seizure, and focal neurologi-
cal deficits [60].

10.1.6.3    Diagnosis
Due to nonspecific clinical presentation in 
the setting of  head trauma with possible 
other intracranial injuries, the diagnosis of 
traumatic aneurysm requires a high degree 
of  suspicion combined with radiologic 
workup. CT scan can be performed quickly 
and will demonstrate acute intracranial hem-
orrhage in the case of  a ruptured traumatic 
aneurysm. CT scan should be followed with 
angiography if  CT scan identifies intracra-
nial hemorrhage, skull fracture, or if  there is 
continued clinical suspicion for an aneurysm 
[61]. CT angiography (CTA) is preferred as 
the first line study in emergencies; however, 
digital subtraction angiography (DSA) is the 
gold standard for diagnosing aneurysm. 
DSA should be used to confirm and docu-
ment the location of  an aneurysm initially 
identified with CTA [57]. Traumatic aneu-
rysms may take some time to develop, and 
repeat imaging is recommended 2–4  weeks 
after the injury.

10.1.6.4    Management
Early neurosurgical or endovascular manage-
ment of traumatic aneurysm is imperative due 
to the high risk of aneurysmal rupture and 
associated mortality rate [56, 58]. The appro-
priate treatment option is based on the loca-
tion of aneurysm and its structure.
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10.1.7   Traumatic Intracranial 
Hemorrhage

Intracranial hemorrhage (ICH) is defined as 
bleeding within the intracranial vault and is 
defined by its anatomic site: subarachnoid, 
intraparenchymal, epidural, or subdural 
(. Fig. 10.5).

10.1.7.1    Subarachnoid Hemorrhage
Subarachnoid hemorrhage (SAH) is bleeding 
within the subarachnoid space. Overall, trau-
matic SAH is reported to occur at a rate of 
28–61% following moderate to severe head 
injury with an average age of 40 years old [62–
64]. Children are at decreased risk of develop-
ing traumatic SAH compared to adults. The 

a b

c d

       . Fig. 10.5 Intracranial hemorrhage on CT. a Sub-
arachnoid hemorrhage (Reproduced Wilson et al. [101] 
with permission from John Wiley and Sons. ©2005 John 
Wiley & Sons, Inc.). b Intraparenchymal hemorrhage 

(Adapted from Chang et al. [102] with permission from 
Oxford University Press. © 2006 Oxford University 
Press). c Epidural hematoma (arrow). d Subdural hema-
toma (arrow)
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clinical presentation includes severe headache, 
vomiting, altered mental status, and possible 
loss of consciousness. CT scan has high sensi-
tivity and specificity for diagnosis [65]. 
Lumbar puncture is the gold standard for 
diagnosis and should be performed if  CT scan 
is negative but high clinical suspicion remains. 
Macroscopic blood in the CSF, termed xan-
thochromia, identifies the presence of SAH 
even if  hemorrhage is not yet evident on CT 
scan [65]. Patients with traumatic SAH have a 
worse prognosis for complete recovery com-
pared to head trauma patients without trau-
matic SAH [66].

10.1.7.2    Intraparenchymal 
Hemorrhage

Intraparenchymal hemorrhage (IPH) describes 
hemorrhage into the brain parenchyma. The 
hemorrhage can possibly extend into the ven-
tricles and the subarachnoid space. The earli-
est symptom is headache from rapidly 
increased intracranial pressure, and focal defi-
cits evolve over a period of minutes to half an 
hour based on location of hemorrhage [67]. 
Other symptoms include stiff  neck, vomiting, 
and seizures. IPH is best diagnosed with CT 
scan.

10.1.7.3    Epidural Hematoma
In epidural hematoma (EDH), there is bleed-
ing external to the dural membrane following 
rupture of vessels that run in the periosteal 
layer of the dura. It may be associated with 
skull fracture [68]. The incidence of EDH is 
reported between 1 and 6% in children follow-
ing severe head trauma and most often associ-
ated with falls from a height [69]. Reported 
mortality in children with traumatic EDH 
ranges from 1 to 12% [55].

The classic clinical presentation of an 
EDH describes a “lucid interval” during which 
the patient appears awake and alert, followed 
by a loss of consciousness and rapid neuro-
logical decline secondary to mass effect [70]. 
Other clinical signs include scalp hematoma 
suggestive of underlying cranial fracture, 
headache, vomiting, transient or complete loss 
of consciousness, amnesia, and epistaxis [40]. 
There is risk of cerebral herniation with 
increasing size of EDH.  Diagnosis is made 

with CT scan, which will demonstrate a bicon-
vex hyperdensity that can cross the midline.

In pediatric patients, conservative manage-
ment with close observation is advocated for 
asymptomatic patients, or those with no mass 
effect and EDH volume less than 15 mL on 
initial CT scan [71–73]. Surgical management 
is indicated with poor neurological status or 
dependent on characteristics such as hema-
toma size, midline shift, and interval changes 
on repeat imaging [74].

10.1.7.4    Subdural Hematoma
In subdural hematoma (SDH), there is bleed-
ing under the dural membrane, often caused 
by tears of the cerebral bridging veins as they 
enter the dural sinus [68]. Traumatic SDH is 
more common in adults than children, 
although it has been reported as a frequent 
finding in children who were victims of abu-
sive head trauma [75].

Compared to EDH, SDH has a higher 
association of intraparenchymal brain dam-
age and worse prognosis [76]. Patients may 
present with headache, seizures, and other 
signs of raised intracranial pressure. If  the 
patient has unreactive pupils, this may signify 
transtentorial herniation and worsens the 
overall prognosis. Diagnosis is made by CT 
scan and seen as a crescent-shaped hyperden-
sity that does not usually cross the midline.

10.1.8   Traumatic Brain Injury

The definition of TBI is not standardized, 
although it typically describes external 
mechanical injury to the brain resulting in pri-
mary and secondary outcomes [77].

Primary TBI describes the immediate 
impact of trauma with possible damage to the 
skull and brain parenchyma and includes bas-
ilar skull fractures, intracranial hemorrhage, 
penetrating injury, contusions, and diffuse 
axonal injury. Contusions are very common 
following high-velocity closed head trauma, 
reported up to 89% [78].

Contusions are caused by coup- contrecoup 
forces causing brain parenchyma to hit against 
the cranial fossa, falx cerebri, or tentorium 
cerebelli with subsequent tissue damage. 
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Diffuse axonal injury (DAI) is a severe form 
of TBI. It describes widespread axonal dam-
age from shearing forces during rapid rota-
tional movement, especially fast acceleration 
or deceleration, which stretch and deform 
brain parenchyma and vasculature [79]. DAI 
most greatly affects interfaces of different tis-
sue density, including the corpus callosum, 
gray- white matter junctions, deep white mat-
ter, periventricular regions, hippocampal 
regions, and the brainstem [80].

Secondary TBI describes the long-term 
neuropsychiatric and functional impairment 
that follows primary TBI, a spectrum that is 
closely linked to the severity of initial injury.

10.1.8.1    Epidemiology
TBI is the leading cause of disability and death 
in children [81, 82]. According to surveillance 
data from the CDC’s National Center for 
Injury Prevention and Control, approximately 
1.7 million people in the United States suffer 
traumatic brain injuries each year [83]. The 
rate of TBI is higher in younger age groups 
and males, with about 30% in children aged 
less than 14 years old [84]. The primary mech-
anism is high velocity falls [83].

Traumatic brain injury is the leading cause 
of disability and death in children and is 
most frequent in males less than 14  years 
old.

10.1.8.2    Clinical Presentation
Patients with DAI may present with loss of 
consciousness or persistent vegetative state 
following head trauma [85]. Secondary TBI 
has been reported months to years following 
the inciting event [86]. Frequently reported 
sequelae of  secondary TBI include headache, 
dizziness, irritability, impaired concentra-
tion, memory deficits, fatigue, depression, 
anxiety, judgment problems, noise sensitiv-
ity, photophobia, oculomotor deficits with 
resultant diplopia, and visual field loss [87]. 
Post- traumatic seizures are common, with 
increased frequency for children who were 
injured at a younger age, trauma by abuse or 

assault, and in those who had associated sub-
dural hemorrhage [88].

10.1.8.3    Diagnosis
CT scan may identify areas of contusion. MRI 
is the best imaging modality for DAI [89].

10.1.8.4    Management
Early neuropsychological rehabilitation may 
decrease the long-term morbidity of TBI [90]. 
The main focus of early management of 
severe TBI is to prevent secondary injury by 
avoiding hypotension and hypoxia with close 
ICU monitoring and treatment [84, 91]. For 
patients with secondary TBI, rehabilitation, 
including referral to a low vision specialist, 
may help with the adaptation to long-term 
visual and neurological sequelae.

10.1.9   Oculomotor System

The oculomotor system is a complex set of 
interconnected regions throughout the central 
nervous system that controls various eye move-
ments. Furthermore, the oculomotor system 
maintains the stability of eye position and 
directs eye movements in a coordinated fashion. 
Dysfunction of the system may lead to ocular 
misalignment and associated symptoms of 
blurry vision and/or diplopia. A child with 
extraocular nerve palsies may present differently 
than adults due to their inability to properly ver-
balize/describe their complaints such as diplo-
pia. A high level of suspicion is required to 
properly diagnose and subsequently treat a child 
with an oculomotor  deficit secondary to trauma.

10.1.10   Overview of Anatomy

10.1.10.1   The Orbit
There are seven bones that form the orbit: fron-
tal, zygomatic, maxillary, ethmoid, sphenoid, 
lacrimal, and palatine bone (. Fig. 10.6). The 
orbital roof is comprised of two bones includ-
ing the frontal bone and the lesser wing of the 
sphenoid; together the two bones separate the 
orbit from the above frontal sinus and intra-
cranial cavity. The lateral wall is formed by the 
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zygomatic bone and the greater wing of the 
sphenoid. The maxilla along with the palatine 
bone and orbital plate of the zygomatic bone 
make up the orbital floor. Lastly, the medial wall 
is comprised of the lesser wing of the sphenoid 
along with the lacrimal bone, the orbital plate of 
the ethmoid, and the frontal process of the max-
illa. Important neurovascular structures pass 
through the orbital apex via the optic canal, and 
the superior and inferior orbital fissures.

The Extraocular Muscles
There are seven extraocular muscles of the eye 
consisting of four rectus muscles, two oblique 
muscles, and one palpebral muscle. The four 
rectus muscles include the superior, inferior, 
medial, and lateral. The rectus muscles as well 
as the levator palpebrae superioris (levator 
muscle) originate from the annulus of Zinn, 
which is a tendinous ring at the orbital apex 
(. Fig. 10.7). The superior oblique originates 
from the periosteum of the body of the sphe-
noid bone and inserts onto the eye beneath 
the insertion of the superior rectus. The infe-

rior oblique has an origin from the periosteum 
of the maxillary bone and inserts on the pos-
terior inferior temporal surface of the eye. 
Lastly, the levator muscle originates from the 
lesser wing of the sphenoid bone and eventu-
ally travels anteriorly to become the levator 
aponeurosis with insertion into the eyelid.

The Ocular Motor Cranial Nerves, 
in Brief
There are three ocular motor cranial nerves 
that control eye movements: the third nerve 
(oculomotor), the fourth nerve (trochlear), 
and the sixth nerve (abducens). These nerves 
arise from their nuclei located in the mid-
brain and pons, then course through the 
subarachnoid cistern and the cavernous 
sinus before entering the orbit via the supe-
rior orbital fissure to innervate their respec-
tive extraocular muscles (. Fig. 10.8).

       . Fig. 10.6 Depiction of  the seven orbital bones. 
Yellow = frontal bone; red = sphenoid bone; green = 
lacrimal bone; brown = ethmoid bone; blue = Zygo-
matic bone; purple = maxillary bone; turquoise = pala-
tine bone (Reproduction of  a lithograph plate from 
Gray’s Anatomy . Fig.  190, a two-dimensional work 
of  art. Permission permitted under the Creative Com-
mons Attribution License 2.5. Created on 12.15.2006, 
no further changes were made to the figure. 7 https://
commons. wikimedia. org/wiki/File:Orbital_bones. png)

       . Fig. 10.7 Extraocular muscles of  the right eye, with 
the five muscles that form the annulus of  Zinn. (Repro-
duced with permission from 7 https://www. aao. org/
image/fibrous-annulus-of-zinn © 2020 American Acad-
emy of  Ophthalmology)
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10.1.10.2    Cranial Nerve III: 
The Oculomotor Nerve

Anatomy
The oculomotor nerve (third nerve) originates 
in the midbrain and travels through the sub-
arachnoid space, and eventually into the lat-
eral wall of the cavernous sinus. The nerve 
then divides into superior and inferior 

branches before terminating at the extraocu-
lar muscles, levator muscle in the eyelid, and 
pupillary sphincter muscle. The superior divi-
sion of the third nerve innervates the levator 
muscle and superior rectus, while the inferior 
division innervates the medial rectus, lateral 
rectus, inferior rectus, and inferior oblique 
muscles (. Fig. 10.9).

       . Fig. 10.8 Cavernous sinus anatomy. (Reproduced with permission from Chowdhury et al. [103])

       . Fig. 10.9 Superior and 
inferior divisions of  the 
oculomotor nerve. (Adapted 
from Eye nerve pathways 
diagram. Patrick J. Lynch, 
medical illustrator; C. Carl 
Jaffe, MD, cardiologist. Cre-
ative commons attribution 
2.5 license 2006)
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Parasympathetic pupillary fibers travel 
from the Edinger-Westphal nucleus in the 
midbrain and follow the path of the third 
nerve. The parasympathetic fibers then follow 
the inferior division of the third nerve, syn-
apse in the ciliary ganglion, and eventually 
innervate the iris sphincter muscle (pupillary 
constrictor) (. Fig. 10.10).

10.1.10.3    Traumatic Third Nerve 
Palsy

Clinical Presentation
The oculomotor nerve (CN3) serves several 
functions, namely, controlling the movement 
of the medial rectus, superior rectus, inferior 
rectus, inferior oblique, and levator muscles. 
Functionally, this translates into inward, 
upward, and downward movement and tor-
sion of the eye. Levator control maintains the 
upper eyelid position. Lastly, the oculomotor 
nerve permits the pupil to constrict and facili-
tates accommodation.

Complete third nerve palsy classically pres-
ents with eyelid drooping (ptosis), a fixed dilated 
(mydriatic) pupil, and limitation of adduction, 
infraduction, and supraduction (. Fig. 10.11). 
There is usually an outward and downward 
deviation of the affected eye due to unopposed 
activity of the lateral rectus and superior oblique 
muscles, which are innervated by the sixth and 
fourth nerves, respectively.

Trauma to the third cranial nerve is the 
second most common mechanism of dysfunc-
tion, occurring by compression, stretch and 
contusion, or transection [94]. Traumatic 
closed head injury affecting the third nerve 
tends to be more severe than in cases where 
the fourth or sixth cranial nerve is affected. 
Typically, traumatic third nerve palsy is due to 
motor vehicle accidents [94].

Mechanisms of Injury
The third nerve is vulnerable in the cisternal 
space where it passes in close proximity to the 
superior cerebellar artery and posterior com-
municating artery. Aneurysms of the respec-
tive arteries may impinge on the nerve and 
affect the peripheral parasympathetic fibers 
that run along with the nerve. Pupil involve-
ment (mydriasis) with a third nerve palsy 
suggests a compressive etiology. Ruptured 
aneurysms can cause direct hemorrhagic 
damage to the nerve or lead to uncal hernia-
tion, while unruptured aneurysms are thought 
to cause compressive mechanical distortion, 
edema, and fibrosis of  the nerve itself  [94].

The third nerve is vulnerable to damage by 
mechanical stretching and contusion where it 
attaches to the dura near the cavernous sinus 
and adjacent to the posterior clinoid processes 
[95]. Transtentorial herniation of the uncus 
may also compress the third nerve. In the cav-

       . Fig. 10.10 Respective innervations of  the superior 
and inferior divisions of  the oculomotor nerve. (Repro-
duced from Henry Gray, Warren Lewis, Anatomy of  the 

Human Body, 1918. Plate 775 from Wikimedia Com-
mons: Grey’s Anatomy. Work is listed in the public 
domain)
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ernous sinus, CN III dysfunction can be due 
to traumatic carotid-cavernous fistula. Both 
direct and indirect subtypes may involve the 
third, fourth, and sixth nerves and present 
with ophthalmoplegia and other findings such 
as dilated, tortuous conjunctival vessels, ele-
vated intraocular pressure, chemosis, and pro-
ptosis [96].

Diagnosis
Traumatic third nerve palsy is primarily a 
clinical diagnosis with physical examination 
findings described above. Various etiologies 
may be confirmed with neuroimaging. 
Subarachnoid hemorrhage associated with a 
suspected ruptured aneurysm may easily be 
visualized on non-contrast head CT. Imaging 

with CTA or MRA may detect vascular inju-
ries such as aneurysms or findings consistent 
with carotid-cavernous fistula. Fracture of the 
skull base may be detected with CT.

Management
The offending etiology should be promptly 
diagnosed and addressed, particularly in 
aneurysmal and vascular cases. Diplopia from 
traumatic third nerve palsy should be man-
aged conservatively with monocular occlusion 
or prism lenses. Often the complete ptosis 
occludes the visual axis initially, allowing for 
relief  of diplopia until the ptosis recovers. 
Partial recovery often occurs after about 5 
months [97]. Overall, after 6–12 months, sur-
gical interventions may be considered.

a

b

       . Fig. 10.11 Third nerve palsy. a Ocular motility 
showing limited supraduction, adduction, and infraduc-
tion. b Right ptosis and displacement of  the eye down 
and out. The right pupil is also dilated. (Adapted from 
Evaluation and management of  third nerve palsy in 

children [slides] [Neuro-Ophthalmology Virtual Educa-
tion Library: NOVEL Web Site] with permission from 
Paul H. Phillips, M.D. Available at 7 https://collections. 
lib. utah. edu/ark:/87278/s6t7749q. © North American 
Neuro-ophthalmology Society 2019)
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10.1.11   Cranial Nerve IV: 
The Trochlear Nerve

10.1.11.1   Anatomy
The trochlear nerve is unique among the three 
ocular motor cranial nerves because of its par-
ticularly long intracranial course and dorsal 
exit from the brainstem. The trochlear nerve 
originates in the midbrain at the level of the 
inferior colliculus, near the junction of the mid-
brain and pons. The trochlear nerve eventually 
passes into the cavernous sinus where it runs 
along the lateral wall close to the third nerve 
superiorly and the ophthalmic division of the 
trigeminal nerve inferiorly. The trochlear nerve 
then enters the orbit via the superior orbital fis-
sure and proceeds to pass over the optic nerve 
before innervating the superior oblique muscle.

10.1.11.2    Traumatic Fourth Nerve 
Palsy

Clinical Presentation
The trochlear nerve’s primary role is intorsion 
but also serves to abduct and depress the eye. 
Damage to the trochlear nerve causes excyclo-
torsion and limited downgaze in the adducted 
position, resulting in vertical binocular diplo-
pia from elevation of the affected eye.

Pathophysiology
Physically slender with a long intracranial 
course, the trochlear nerve is the most com-
mon congenital cranial nerve palsy and is 
particularly subject to traumatic damage [98]. 
The trochlear nerve is vulnerable to avulsion 
and compression by the tentorial edge [99]. 
Damage to the trochlear nerve can occur with 
local ischemia in the setting of trauma when 
shearing forces damage the vulnerable parame-
dian branches of the basilar bifurcation [94].

Diagnosis
Since the superior oblique moves the eye 
down and in, the involved eye might be 
deviated superiorly (also called a hypertro-
pia). The affected eye may additionally be 
extorted and the child may adopt a com-
pensatory head tilt to the side opposite the 
paralyzed muscle. Clinical examination for 
suspected trochlear nerve palsy involves 

measuring the vertical deviation with cross-
cover testing using prism lenses in all gazes 
including head tilt.

Management
As with other acute ocular motor cranial 
nerve palsies, monocular occlusion may be 
used in the acute setting for the relief  of diplo-
pia. Recovery occurs over the course of about 
6  months. If  the vertical deviation causing 
diplopia is less than 15 prism diopters, Fresnel 
prisms (flexible plastic prisms adhered to the 
lens in a pair of spectacle glasses) may be used. 
Fresnel prism correction higher than 15 prism 
diopters is not practical due to the degrada-
tion of visual acuity from the thicker prism. 
When symptomatic relief  is not achieved after 
prism correction for larger deviations, some 
patients may require surgical correction.

10.1.12   Cranial Nerve VI: 
The Abducens Nerve

10.1.12.1   Anatomy
The abducens nucleus originates in the brain-
stem and follows a course similar to the oculo-
motor nerve with a course through the 
cavernous sinus. The sixth nerve has the longest 
subarachnoid course of all the ocular motor 
cranial nerves, making it particularly suscepti-
ble to damage from subarachnoid processes 
causing raised intracranial pressure 
(. Fig.  10.12). In the cavernous sinus, the 
abducens nerve proceeds within the medial cav-
ernous sinus, in close contact with the internal 
carotid artery (ICA) and the sympathetic 
plexus (. Fig.  10.8). For this reason, sixth 
nerve palsy presenting with ipsilateral Horner’s 
syndrome localizes to the cavernous sinus. The 
nerve then enters the orbit via the superior 
orbital fissure, within the annulus of Zinn, and 
proceeds to innervate the lateral rectus muscle.

10.1.12.2    Traumatic Sixth Nerve Palsy
Clinical Presentation
The abducens nerve allows for ipsilateral 
horizontal gaze. Isolated sixth nerve palsy 
presents with horizontal binocular diplopia, 
with ipsilateral impaired abduction and 
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inward deviation of  the affected eye. Patients 
will be most symptomatic in ipsilateral lat-
eral gaze and when looking in the distance 
(. Fig. 10.13).

Pathophysiology
Trauma most frequently damages the abducens 
nerve in cases of raised intracranial pressure or 
herniation. In the cavernous sinus, the sixth 
nerve’s close relation to the internal carotid 

artery leaves it at risk of being involved with 
any extradural carotid aneurysms [96]. 
However, it should be noted that cavernous 
carotid aneurysms typically present with a con-
stellation of cranial nerve abnormalities rather 
than isolated unilateral sixth nerve palsy [96].

Diagnosis
Patients may present with partial or complete 
limitation of  abduction. In primary gaze posi-
tion, there is often a large esotropia (inward 
deviation) initially. Patients may often rotate 
their head toward the paralyzed side in order 
to compensate for the palsy. The etiology of 
sixth nerve palsy can be detected with neuro-
imaging with CT for assessment of  skull base 
fractures or MRI for assessment of  the brain 
parenchyma. If  there is suspicion for raised 
intracranial pressure as a cause for bilateral 
sixth nerve palsy, a proper workup must be 
undertaken and urgent intervention is neces-
sary to lower the CSF pressure [96].

Management
Similar to third and fourth nerve palsy, the 
affected eye in sixth nerve palsy should be 
managed initially by monocular occlusion 
and prisms. If  the diplopia has not recovered 
after 6  months, strabismus surgery may be 
considered for relief.

       . Fig. 10.12 Innervation of  the extraocular muscles. 
(Adapted from Figure 14-10 in 7 http://what-when-
how.com/neuroscience/the-cranial-nerves-organization-
of-the-central-nervous-system-part-4/)

       . Fig. 10.13 Sixth nerve palsy of  the right eye demon-
strating ipsilateral impaired abduction and inward devi-
ation (esotropia). (Reproduced from Gonçalves et  al. 
[104]. Copyright © 2017 Rita Gonçalves et  al. Open 
access article distributed under the Creative Commons 
Attribution License.)

Case Presentation

An 8-year-old girl was admitted to the hos-
pital after a severe motor vehicle accident. 
The patient had no specific past medical or 
ocular history. On examination, there was 
limitation of abduction of the left eye, 
which raised suspicion for a left 6th nerve 
palsy. Concurrently, the patient had 
decreased corneal sensation of the left eye. 
Neuroimaging and subsequent angiogra-
phy revealed a dissecting carotid aneurysm 
causing compression of the 6th nerve, V1 
and V2 within the cavernous sinus.
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Key Points
 5 Traumatic optic neuropathy most often 

occurs due to acceleration-deceleration 
head injuries causing trauma to the fixed 
intracanalicular segment of the optic 
nerve where the nerve is adherent to the 
periosteum in the optic canal. Many cases 
will spontaneously improve, and there is 
limited evidence of steroid benefit.

 5 Acquired pediatric Horner syndrome 
presents with ipsilateral blepharoptosis, 
miosis, and facial anhidrosis, with 
anisocoria more evident in dim lighting. 
If  acquired in early infancy, ipsilateral 
iris heterochromia and straight hair 
may also be present. Causes of acquired 
pediatric Horner syndrome include 
birth trauma, iatrogenic injury, 
neuroblastoma, or other malignancy.

 5 Intracranial hemorrhage is less common 
after head trauma in children compared 
to adults. Subdural hematoma can 
occur in abusive head trauma and has a 
higher association of intraparenchymal 
injury, resulting in worse prognosis.

 5 Ophthalmic manifestations of traumatic 
brain injury include photophobia, 
headache often causing retrobulbar pain, 
eye movement abnormalities, ocular 
motor deficits with resultant diplopia, 
and visual field loss.

 5 Ocular motor cranial nerve palsy can be 
caused by direct trauma, hemorrhage, 
or compression by vasculature or 
parenchyma.

 ? Review Questions
 1. Which of  the following studies showed 

that steroid use in head injury may be 
harmful (thus limiting the benefit in 
traumatic optic neuropathy)?
 (a) ONTT
 (b) IIHTT
 (c) CRASH
 (d) IONDT

 2. Traumatic optic neuropathy is most 
often associated with a fracture of  the:
 (a) Medial wall of  the orbit
 (b) Frontal bone/orbital roof
 (c) Orbital floor
 (d) Lateral wall of  the orbit

 3. A 3-month-old boy presents with uni-
lateral ptosis associated with a smaller 
pupil and lack of  facial sweating. 
Which of  the following pharmacologic 
pupil tests for Horner syndrome is 
contraindicated?
 (a) 4 or 10% Topical cocaine
 (b) hydroxyamphetamine
 (c) 1% apraclonidine

Case Presentation

A 15-year-old female with no past ocular or 
medical history presented to the emergency 
department following assault with loss of con-
sciousness. The patient recalled that she was 
punched multiple times in the back of her head. 
At presentation, she reported acute decreased 
vision in the right eye and right periorbital 
pain. Right eye examination was significant for 
visual acuity of 20/40, relative afferent pupil-
lary defect, decreased color vision, and perior-
bital edema and ecchymosis. Confrontation 
visual field testing identified an inferior altitu-

dinal defect in the right eye, and full visual field 
in the left eye. A CT orbits without contrast did 
not identify any orbital fractures, there was no 
tenting of the right globe, and the right optic 
nerve was not on stretch. An MRI orbits and 
brain with and without contrast also did not 
demonstrate acute optic nerve pathology. The 
patient was diagnosed with indirect traumatic 
optic neuropathy. She was managed conserva-
tively. Over a period of 1 month, the patient’s 
visual acuity improved to 20/20, color vision 
normalized, and visual field defects resolved.
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 4. Which of  the following are true regard-
ing traumatic brain injury?
 (a) It is the leading cause of  disability 

and death in children
 (b) It is more common in girls over the 

age of  14
 (c) Post-traumatic seizures are less 

common when associated with 
subdural hematoma

 (d) CT is the best imaging modality to 
identify diffuse axonal injury

 5. Which of the following choices matches 
the ocular motor cranial nerve with its 
unique anatomic feature?
 (a) Trochlear nerve: longest intracra-

nial course
 (b) Third nerve: travels in close prox-

imity to the cavernous carotid 
artery

 (c) Sixth nerve: contains fibers from 
the Edinger-Westphal nucleus

 v Answer
 1. (c)
 2. (b)
 3. (c)
 4. (a)
 5. (a)
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11.1    Introduction

Ocular infections in the pediatric population 
can involve the conjunctiva, cornea, or entire 
globe. Infectious etiologies include bacteria, 
viruses, fungi, and atypical organisms. 
Prompt diagnosis and treatment are critical 
to prevent poor visual outcomes in this 
patient population.

11.2    Endophthalmitis

11.2.1    Definitions

Endophthalmitis refers to an infection of 
bacteria or fungi in the eye involving the vit-
reous and aqueous humor. The human eye 
contains three compartments: the anterior 
chamber between the iris and cornea, poste-
rior chamber between the iris and lens, and 
vitreous cavity posterior to the lens contain-
ing the vitreous humor. Endophthalmitis can 
be categorized as exogenous or endogenous 
[1]. In exogenous endophthalmitis, organisms 
are introduced directly into the eye via 
trauma, surgery, or an infected cornea. In 
contrast, endogenous endophthalmitis is in 
the setting of  an infection seeded to the eye 
via the bloodstream. Panophthalmitis is 
defined as endophthalmitis that also involves 
the sclera and choroid [1].

Patients with endogenous endophthalmitis 
will usually have ocular symptoms or a known 
diagnosis of an underlying systemic infec-
tion [1]. Endogenous endophthalmitis is rare, 
accounting for 2–8% of all reported cases of 
endophthalmitis, and occurs mostly in adults 
[2]. Pediatric endogenous endophthalmitis is 
reported to account for 0.4–1% of all cases 
[2]. Due to its rare nature, endogenous endo-
phthalmitis is often misdiagnosed or diag-
nosed late, which can result in poor visual 
outcomes [3]. The most common sources of 
pediatric endogenous endophthalmitis include 
wound infection, meningitis, endocarditis, uri-
nary tract infection, indwelling intravenous 
catheters, or hemodialysis fistulas [3]. The ear-
liest symptoms of endogenous endophthalmi-
tis in adults include pain and decreased vision, 

leading these patients to seek medical care. 
These symptoms are difficult to elicit in pedi-
atric patients, which can lead to misdiagnosis 
or diagnostic delay and potentially devastating 
visual outcomes. Pediatric endogenous endo-
phthalmitis can be misdiagnosed as uveitis, 
persistent fetal vasculature, cataract, retinop-
athy of prematurity, toxocariasis, Coat’s dis-
ease, retinal detachment, and retinoblastoma 
[3]. The most common organisms respon-
sible for bacterial endophthalmitis are Gram-
positive organisms such as Staphylococcal and 
Streptococcal species, accounting for 60–80% 
of all cases [3].

Exogenous endophthalmitis is a vision- 
threatening complication of ocular trauma or 
surgery. Approximately 3% of open globe 
injuries are associated with endophthalmitis 
[4]. Risk factors associated with exogenous 
endophthalmitis after pediatric open globe 
injury include young age, delayed presenta-
tion, delayed primary repair, incomplete his-
tory regarding the etiology of the injury, 
incomplete examination, injury with a con-
taminated object, rural setting, and retained 
intraocular foreign body (IOFB) [4]. Delay in 
primary repair of the wound is the most 
important risk factor [4]. The United States 
Eye Injury Registry recommends primary 
repair after open globe injury as soon as pos-
sible and preferably within 24  hours [4]. 
Studies have shown that delaying repair 
increases the risk of developing endophthal-
mitis [4]. However, some studies indicate that 
nearly half  of  pediatric patients with open 
globe injury present after 24  hours [5]. The 
main reasons cited for delay in seeking medi-
cal attention are distance, cost, negligence, 
delayed referral and no symptoms [4]. Studies 
have shown that many pediatric open globe 
injuries occur at home and are caused by 
sharp objects [4]. A significant percentage of 
injuries have been reported to be self-inflicted 
or bystander injuries [4]. Rural settings have 
higher incidences of infection compared to 
urban settings [5, 6]. Several studies have 
demonstrated an increased risk of endo-
phthalmitis in the presence of an IOFB, par-
ticularly wooden IOFBs [4]. Factors such as 
traumatic lens rupture, posteriorly located 
wound, and intraocular tissue prolapse have 
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not been shown to be definitive risk factors 
for development of endophthalmitis [4]. The 
most common causative organisms of pediat-
ric post-traumatic endophthalmitis are strep-
tococcal species and staphylococcal species, 
compared with Staphylococcus epidermis and 
Bacillus in the adult population [7]. The inci-
dence of fungal post-traumatic endophthal-
mitis ranges from 0 to 15.4%, and the most 
common causative organisms are Candida, 
Aspergillus, and Fusarium [4].

11.2.2   History and Physical 
Examination

Several factors make obtaining an accurate 
history and physical exam difficult in the set-
ting of suspected pediatric endophthalmitis. 
The most important element of the history is 
eliciting trauma to the eye, but the patient 
may be afraid to admit to an injury or too 
young to explain the type of injury. Parents 
may not know about a previous injury or be 
afraid to reveal an injury to their child for fear 
of being accused of neglect or intentional 
abuse. In cases of endogenous endophthalmi-
tis, patients may not admit to non-ocular pain 
unless specifically questioned.

The physical exam is made difficult by the 
presence of  pain limiting the ability to per-
form a thorough eye examination. Some 
symptoms of  endophthalmitis include 
decreased visual acuity, photophobia, and 
pain out of  proportion to an injury [4]. Signs 
include severe conjunctival injection, hemor-
rhagic chemosis, corneal edema or infiltrates, 
hypopyon or fibrin in the anterior chamber, 
vitritis, and loss of  the red reflex (. Fig. 11.1) 
[4]. Edema of  the eyelids and decreased 
extraocular movements are some extraocular 
signs that may hint at endophthalmitis but 
are nonspecific [4]. In cases of  uncooperative 
patients, an examination under anesthesia 
(EUA) with measurement of  intraocular 
pressure and dilated fundus examination 
should be carried out [4]. If  a provider sus-
pects a case of  endophthalmitis, an ophthal-
mologist should be consulted to perform a 
thorough history and eye exam. The dura-
tion between injury and onset of  clinically 

detectable signs of  endophthalmitis may take 
anywhere from hours to weeks after injury 
[8]. The rapidity of  the disease depends on 
the pathogen, with Bacillus progressing to 
panophthalmitis within hours to days while 
fungal infections tend to have a more indo-
lent course [4].

Imaging can help detect IOFB and orbital 
fractures. A CT of the orbits is typically the 
study of choice in any trauma situation 
despite requiring possible anesthesia, and 
exposure to ionizing radiation [4]. MRI 
should be avoided in the initial trauma setting 
due to the possibility of metallic IOFB caus-
ing further damage [4]. In endogenous cases, 
scans of the body searching for a primary 
source of infection should be guided by a 
thorough history and physical examination.

Cultures can be obtained at the time of  a 
pars plana vitrectomy (PPV) to guide treat-
ment. Children would not cooperate for a 
vitreous biopsy under topical or local anes-
thesia, and the vitreous sample in a child 
would be thick and difficult to aspirate [4]. 
Ideally the sample should be obtained prior 
to treatment; however, therapy should not 
be delayed if  endophthalmitis is strongly 
suspected. An initial Gram stain and KOH 
prep can guide therapy until definitive cul-
ture results return. A Gram stain is only 
positive 60% of  the time even in culture pos-
itive cases [4].

       . Fig. 11.1 Endophthalmitis depicting diffuse con-
junctival injection and chemosis, dense hypopyon with 
corneal thinning, and obliterated anterior chamber 
structures
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11.2.3   Management

There is a lack of evidence-based guidelines 
for managing pediatric post-traumatic or 
endogenous endophthalmitis [4]. While the 
endophthalmitis vitrectomy study provides 
some guidelines regarding taking a patient to 
surgery or injecting the eye with antibiotics, 
the patient population was adults who devel-
oped endophthalmitis after cataract surgery 
[1]. In traumatic cases, the globe should be 
closed as soon as possible and repair should 
be attempted if  at all possible [4]. Treatment 
should be guided based on the extent of dam-
age, nature of injury, and presence or absence 
of an IOFB.  Empiric therapy with systemic 
broad-spectrum antibiotics covering Gram- 
positive and Gram-negative organisms is typi-
cally administered [4]. If  there is a known 
history of trauma involving organic material 
such as wood or vegetable matter, consider-
ation should be given to add anaerobic and 
antifungal coverage [4]. Intravitreal antibiot-
ics alone have questionable efficacy, and many 
cases will require pars plana vitrectomy (PPV) 
to salvage the globe [4]. Typically, the adult 
dosage of intravitreal antibiotics such as van-
comycin or ceftazidime is given [4]. Prompt 
PPV should be considered in cases where 
there is extensive vitreous exudation and poor 
red reflex, retained IOFB, strong suspicion of 
fungal etiology, or poor response within 
24  hours of primary repair and intravitreal 
antibiotic injection [4]. Surgery can aid in deb-
ulking vitreous toxins, microorganisms, 
inflammatory cells, obtaining sample for 
microbiological testing, and direct adminis-
tration of antibiotics [4]. If  an IOFB is pres-
ent initially and cannot be conveniently 
removed at the time of initial globe repair, a 
second surgery to remove the IOFB can be 
scheduled shortly afterward. In the pediatric 
population, it may be difficult to surgically 
induce a posterior vitreous detachment (PVD) 
[4]. Silicone oil can be used to tamponade the 
retina, inhibit the growth of microorganisms 
by decreasing the potential culture medium, 
and prevent the onset of phthisis bulbi [4]. 
Repeat intravitreal antibiotics may be neces-
sary under sedation or general anesthesia if  

there is worsening or persistent inflammation 
[4]. Repeat surgery should be considered if  
there is minimal or no improvement within 
72 hours [4].

In endogenous endophthalmitis, treatment 
should be initiated as soon as the diagnosis is 
suspected with prompt intravitreal antibiotic 
administration, hospitalization, infectious 
disease consultation, and intravenous antibi-
otics. Vancomycin and ceftazidime are the 
most commonly used intravitreal antibiotics 
[9]. Review studies in adults indicate that eyes 
undergoing pars plana vitrectomy are more 
like to retain useful vision and less likely to 
undergo evisceration or enucleation [9]. 
Broad-spectrum intravenous antibiotics are 
typically used as an adjunct to local therapy 
and are often continued for several weeks 
after initiation. In cases of fungal endogenous 
endophthalmitis, intravitreal injection with 
voriconazole, or amphotericin B should be 
started along with intravenous amphotericin 
B, oral fluconazole or oral voriconazole [10]. 
Vitrectomy can help decrease the infectious 
load and provide better accessibility of anti-
fungal therapy to intraocular structures [9]. 
Even with early diagnosis and treatment, the 
morbidity and mortality are significant [2].

11.3    Keratitis

11.3.1    Definitions

The cornea is the clear anterior most struc-
ture in the eye that is avascular and permits 
light to enter the eye. It contributes the major-
ity of the focusing power of the eye [11]. 
Disease of the cornea is a leading cause of 
monocular blindness worldwide and tends to 
disproportionately affect marginalized popu-
lations [12]. Infection of the cornea, or infec-
tious keratitis, is a leading cause of global 
blindness and affects both developed and 
developing countries [12]. In the United 
States, infectious keratitis in adults is typically 
associated with contact lens wear, while in 
developing countries it is usually a conse-
quence of ocular trauma sustained during 
agricultural work [12]. In addition to these 
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risk factors, colonization of the eyes during 
birth and trauma are significant risk factors 
[13]. Treatment of pediatric infectious kerati-
tis is typically the same as for adults and con-
sists of  topical administration of antimicrobial 
agents, sometimes with co-administration of 
anti- inflammatory agents [13]. Challenges 
specific to the pediatric population include 
secondary amblyopia, severe inflammatory 
reaction, and difficulty in examining and 
treating patients with topical medication [13]. 
Microbial agents that can infect the cornea 
include bacteria, fungi, viruses, and atypical 
organisms such as acanthamoeba [13].

11.3.2   Bacterial

While there are case reports of Pseudomonas 
keratitis in premature neonates without pre-
ceding trauma, typically bacteria cannot 
infect an intact corneal surface without prior 
damage to the corneal epithelium [13]. Once 
bacteria have successfully invaded the corneal 
surface, they can proliferate and penetrate 
into the corneal stroma [13]. The predomi-
nant bacteria that cause keratitis in children 
are similar to those found in adults [13]. 
Staphylococcus aureus and Streptococcus 
pneumoniae are the major Gram-positive 
microorganisms, while Pseudomonas aerugi
nosa is the major Gram-negative microorgan-
ism associated with infectious keratitis in 
children [13]. Coagulase-negative staphylo-
cocci such as Staphylococcus epidermis are 
typically part of the normal ocular microbi-
ota, but they can be associated with opportu-
nistic infection [13]. Bacteria are the second 
most prevalent cause of infectious keratitis in 
children after viruses, followed by fungi and 
parasites [13].

The major risk factors for bacterial kerati-
tis in children are trauma and contact lens 
wear [13]. Trauma with plant material can 
seed bacteria or fungi [13]. Other risk factors 
include severe systemic illness, which is most 
commonly seen in those younger than 4 years 
of age, and congenital and acquired external 
ocular disease [13]. The primary symptoms of 
bacterial keratitis include rapid onset of pain, 

conjunctival injection, blurry vision, photo-
phobia, ocular discharge, and eyelid edema 
[13]. The signs include a corneal infiltrate with 
overlying fluorescein staining (. Fig.  11.2) 
[13]. The nature of the infiltrate can be central 
or paracentral and is usually anterior to mid- 
stromal [12]. Other possible findings include 
hypopyon, folds in Descemet’s membrane, 
and superficial endothelial inflammatory 
plaques [14]. It can be difficult to distinguish 
between various types of keratitis based on 
clinical exam, and so cultures are important 
to establish the causative organism and guide 
therapy [12].

In order to better interpret culture results, 
it is imperative to have a basic understanding 
of the normal ocular flora. In newborns, 
Lactobacillus, Bifidobacterium, Corynebac
terium, Peptostreptococcus, coagulase-nega-
tive Staphylococcus, and Propionibacterium 
species compose the normal ocular flora [14]. 
In older children, Streptococci dominate the 
conjunctival flora, and Corynebacteria do so 
in adults [14]. The rate of culture positive 
specimens varies widely and has been reported 
to be 48–87% [14]. The most commonly 
 isolated organisms in microbial keratitis 
in  children are Gram-positive organisms 
Streptococcus pneumoniae and Staphylococcus 
Aureus and Gram-negative Pseudomonas 
Aeruginosa [14]. The responsible microorgan-
isms vary by geographic location [14]. To 
obtain corneal scrapings in children, sedation 
or general anesthesia may be required [14]. 

       . Fig. 11.2 Corneal infiltrate with hypopyon in the 
setting of  bacterial keratitis
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Smears should be inoculated in blood, choco-
late, Sabouraud agar, Lowenstein-Jensen agar, 
and thioglycolate broth [14]. Corneal scrap-
ings and microbiological examination yield 
positive cultures in only 52–65% of cases [14]. 
Therefore, culture results should not delay 
therapy, nor should negative cultures prompt 
cessation of antibiotic therapy.

Treatment of microbial keratitis in chil-
dren should be aggressive and prompt. 
Typically, either fortified antibiotics consist-
ing of an aminoglycoside and cefazolin or a 
fourth- generation fluoroquinolone (moxiflox-
acin or gatifloxacin) are used [14]. Older gen-
eration fluoroquinolones may be utilized if  
newer generations are unobtainable, but 80% 
of ocular isolates of methicillin-resistant 
Staphylococcus aureus in the United States 
have been reported to be resistant to fluoro-
quinolones [12]. While following clinical prog-
ress, it is important that toxicity from 
antibiotic drops can delay corneal healing 
[12]. In some younger patients, regular topical 
administration may not be tolerated. In these 
cases, subconjunctival injection under seda-
tion can be considered [14]. However, there 
are no standard guidelines regarding the dos-
age or amount of antibiotic injected [14]. In 
addition to antibiotics, anticollagenases and 
topical steroids are often administered [12]. 
While tetracyclines have been shown to inhibit 
collagenase and metalloproteinase, there are 
no high-quality randomized controlled trials 
in humans to guide use of doxycycline as an 
adjuvant treatment for corneal ulceration [12]. 
Topical steroids have long been proposed as 
adjuvant treatment for bacterial keratitis in 
order to decrease inflammation, scarring, neo-
vascularization, and stromal melting [12]. 
While no randomized controlled trials com-
paring adjuvant steroids and topical antibiot-
ics alone have shown a definitive benefit for 
adjuvant topical steroids, subgroup analysis 
within some large randomized clinical trials 
have suggested a benefit of steroids in certain 
subgroups [12]. Patients with low vision at 
baseline, central corneal ulcers and deep 
ulcers had better final vision when treated 
with adjuvant steroids after 2–3 days of anti-
biotics [12]. Importantly, ulcers caused by 
Nocardia or Pseudomonas aeruginosa did not 

benefit from adjuvant steroids [12]. It is 
important to note that these are studies of 
adult populations and may not be directly 
applicable to pediatric populations.

11.3.3   Fungal

Fungal keratitis shares many similarities with 
bacterial keratitis and can be difficult to dis-
tinguish clinically. While fungal keratitis is 
classically associated with warm, humid envi-
ronments, the major predisposing risk factors 
are agricultural associated trauma and con-
tact lens wear [12, 14]. The incidence can vary 
widely by geographic location, as fungal 
microbial keratitis has been reported to be 
responsible for 18% of keratitis cases in the 
United States, and 48.7% of cases in China 
[14]. Clinically, satellite lesions have been 
commonly described as a characteristic fea-
ture of fungal keratitis [13]. However, satellite 
lesions can be found in other infections such 
as acanthamoeba keratitis [15]. Studies have 
not found any features capable of allowing 
differentiation of fungal from bacterial kerati-
tis, although patients with bacterial keratitis 
tend to be older [15].

Antifungal treatment options are limited 
and can be very toxic to the cornea. Topical 
natamycin 5% was introduced in the 1960s 
and is limited by poor penetration into the 
corneal stroma [12]. Topical amphotericin B 
0.3–0.5% can be used but requires a com-
pounding pharmacy and is fairly toxic to the 
cornea [12]. Voriconazole is a newer- 
generation triazole which penetrates well into 
the cornea [12]. Large randomized controlled 
clinical trials comparing topical natamycin to 
topical voriconazole in the treatment of fila-
mentous fungal ulcers were stopped due to 
worse outcomes in the topical voriconazole 
group [12]. These results were especially pro-
nounced in cases of Fusarium keratitis [12]. 
Additionally, randomized, controlled trials 
comparing adjuvant oral voriconazole to pla-
cebo for smear-positive filamentous fungal 
keratitis did not find any benefit to adjuvant 
oral voriconazole [12]. There were signifi-
cantly more adverse events in the oral vori-
conazole group, including elevations of 
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aspartate aminotransferase or alanine amino-
transferase and visual disturbances, compared 
to the placebo group [12]. Subgroup analysis 
did find possible benefit to adjuvant oral vori-
conazole in Fusarium ulcers [12].

11.3.4   Acanthamoeba

Acanthamoeba keratitis (AK) was first 
described in 1984 in the United Kingdom [16]. 
These ubiquitous microorganisms are oppor-
tunistic pathogens with a cyst form and a tro-
phozoite form [17]. Acanthamoeba keratitis is 
typically implicated in contact lens associated 
keratitis in developed countries and trauma- 
related keratitis in developing countries [17]. 
The incidence of AK is higher in soft contact 
lens wearers than rigid gas permeable lens 
wearers and has been related to lens hygiene 
[17]. The classic symptom associated with AK 
is pain out of proportion to exam findings, 
and examination signs include a radial kerato-
neuritis (inflamed corneal nerves) and ring 
infiltrates [17]. However, these findings do not 
present in all patients, and the clinical presen-
tation of AK can be highly variable [17]. Early 
cases can present with punctate epithelial ero-
sions, anterior stromal haze, nummular or 
coin-shaped keratitis, and stromal edema with 
keratic precipitates [17]. Many cases are misdi-
agnosed and treated as herpes simplex virus 
keratitis due to the similar presentations [17]. 
Late-stage findings include ring-shaped infil-
trates, necrotizing keratitis, and diffuse infiltra-
tive keratitis [17]. It is important to suspect 
AK in any presumed cases of viral, bacterial, 
or fungal keratitis not responding to therapy, 
cases of chronic keratitis especially with ring 
infiltrates, and patients with inflamed corneal 
nerves in association with corneal infiltrates 
[15]. In general, patients with acanthamoeba 
keratitis tend to be younger, have a longer 
duration of symptoms and have ring infiltrates 
and disease confined to the epithelium [15].

Diagnosis of AK should not delay therapy, 
and involves microscopic examination of 
scraped corneal specimen inoculated and 
grown on various culture media and smears 
[17]. The Acanthamoeba cysts appear as 
double- walled structures with an inner hexag-

onal wall on smears stained with Calcofluor- 
White or Gram stain [17]. Culture confirmation 
can be performed on non-nutrient agar with 
Escherichia coli overlay and can take up to 
1–3  days [17]. Corneal biopsy may be per-
formed in cases of deep infiltrates and negative 
corneal scrapings [17]. Molecular methods of 
diagnosis are not currently available in most 
clinics but show promise in providing a rapid 
and accurate diagnosis of AK [17]. In vivo 
confocal microscopy (IVCM), a noninvasive 
imaging technique that allows direct visualiza-
tion of pathogens in cornea tissue can aid in 
clinical diagnosis [17]. However, this technique 
is highly dependent on user experience and 
requires significant patient cooperation [17].

Treatment of acanthamoeba keratitis typi-
cally consists of topical biguanides such as 
0.02–0.06% polyhexamethylene biguanide 
(PHMB) or 0.02–0.2% chlorhexidine [17]. 
These are the therapies that have the capabil-
ity to eradicate the cyst form of acantham-
oeba [17]. Drops typically need to be 
administered every hour for the first 48 hours, 
followed by hourly drops until clinical signs 
of resolution are observed [17]. Intensive early 
treatment is recommended because organisms 
may be more susceptible before the cyst forms 
have matured [17]. The average duration of 
medical therapy has been reported to be 
approximately 6 months [17]. Topical steroids 
may be considered if  there is presence of 
increase in deep vascularization of the cornea, 
inflammatory complications such as scleritis, 
iridocyclitis, chronic keratitis or severe pain 
out of proportion to clinical findings [17]. 
Topical steroids should not be started until 
2 weeks of biguanide treatment has been com-
pleted, and antiamoebic therapy should be 
continued after steroids are stopped [17]. 
Surgical treatment is indicated in cases of 
large infiltrates extending or threatening the 
limbus, failure of medical therapy and gross 
thinning or perforation of the cornea [17]. 
Important complications of acanthamoeba 
keratitis include cataract, iris atrophy and 
fixed dilated pupil, scleritis, and intraocular 
spread [17]. The prognosis of acanthamoeba 
keratitis is highly variable and depends on the 
time to diagnosis and treatment as well as the 
severity of the infection [17]. In general, cases 
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diagnosed and treated promptly (typically 
within 3  weeks) respond well to medical 
therapy [17].

11.3.5   Viral (Herpes)

Herpes simplex virus (HSV) is a ubiquitous 
virus that is a major cause of visual morbidity 
in the United States and worldwide [18]. 
Primary ocular infection occurs in many chil-
dren and manifests as blepharitis or blepharo-
conjunctivitis [19]. Primary herpetic keratitis 
is rare and is usually confined to the epithe-
lium [19]. The virus typically establishes 
latency and can reactivate, causing herpetic 
keratitis which can manifest as blepharocon-
junctivitis, epithelial keratitis, stromal kerati-
tis, or iridocyclitis [18]. Reactivation can be 
triggered by fever, trauma, stress, immuno-
suppressant therapy, or UV radiation [20]. In 
US children, the median time to recurrent dis-
ease is 13  months, and the probability of 
recurrence during the first 18  months after 
primary infection is 73% [20]. Recurrent infec-
tious HSV keratitis can present as epithelial 
vesicles which can coalesce to form a dendritic 
ulcer or geographic ulcer (. Fig. 11.3) [18]. It 
can also manifest as an immune stromal kera-
titis or iridocyclitis, which is thought to 
develop as a result of a cell-mediated immune 
response [18]. While in adults, the most com-
mon manifestation of HSV keratitis is den-
dritic keratitis; inflammation and stromal 
keratitis are more common in the pediatric 

population [20]. Rarely, a severe HSV stromal 
necrotic keratitis can also develop but is 
caused by active viral invasion into the cor-
nea. Disciform endotheliitis, inflammation of 
the corneal endothelium with stromal or epi-
thelial edema but no stromal infiltrate has also 
been described [18]. Misdiagnosis rates of 
30% have been reported for HSV keratitis [20]. 
Rates of bilateral disease in the pediatric pop-
ulation have been reported as high as 26%, 
which is higher than the adult population 
which is usually less than 3% [21].

Medical management of herpes simplex 
epithelial keratitis consists of oral acyclovir 
suspension dosed by weight in infants and 
young children or acyclovir (400  mg three 
times daily), valacyclovir (500 mg twice daily), 
or famciclovir (250  mg twice daily) pills in 
older children [20]. Topical therapy with 3% 
vidarabine ointment or 1% trifluridine drops 
can also be used [20]. Stromal keratitis, endo-
theliitis, and iridocyclitis can be treated with 
topical steroids such as prednisolone acetate 
1% in addition to systemic antiviral treatment 
[20] (. Table 11.1).

The steroid dosage can be adjusted based 
on clinical response, as there are no published 
guidelines regarding the dosage or duration of 
treatment. Therapy is typically well tolerated, 
but acyclovir suspension can cause diarrhea, 
and acyclovir capsules contain lactose which 
may not be tolerated by lactose intolerant 

       . Fig. 11.3 Corneal dendrite in the setting of  herpes 
simplex virus keratitis

       . Table 11.1 Treatment of  different types of 
HSV eye disease in the pediatric population

Diagnosis Treatment

HSV epithelial 
keratitis (infants 
and young children)

Oral acyclovir suspension 
dosed by weight

HSV epithelial 
keratitis (older 
patients)

Acyclovir 400 mg TID, 
valacyclovir 500 mg BID, 
or famciclovir 250 mg 
BID

Stromal keratitis, 
endotheliitis, 
iridocyclitis

Prednisolone acetate 1% 
and systemic antiviral 
treatment

Recurrent disease Acyclovir 200–400 mg 
BID (prophylaxis)
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children [20]. In patients with recurrent dis-
ease or at high risk for recurrent disease, oral 
acyclovir can be used prophylactically to pre-
vent further recurrences [20]. Oral acyclovir 
can also be used in patients on topical cortico-
steroid medication for immune stromal kerati-
tis to prevent active infection [22]. When using 
oral acyclovir for prophylaxis, the proper dos-
age can only be determined from clinical expe-
rience as there are no fixed guidelines in 
pediatric patients. Studies suggest starting 
with twice daily acyclovir dosed by weight, but 
due to small sample sizes, the effect of con-
tinuous prophylactic antiviral therapy has not 
been assessed [20].

Sequelae of HSV keratitis that can perma-
nently decrease vision include corneal scar-
ring, astigmatism and corneal anesthesia [20]. 
In some studies, over 50% of patients develop 
central corneal opacities, and over 8% develop 
irregular astigmatism greater than 2 diopters, 
with over 30% of patients developing amblyo-
pia as a result [23]. Due to the high rates of 
amblyopia, these patients need close long- 
term follow-up after the acute infection has 
resolved. The risk of amblyopia also demon-
strates the importance of timely and aggres-
sive therapy as soon as the diagnosis is 
properly made. In cases requiring surgery, 
antiviral prophylaxis is important, with some 
studies advocating 6 months of oral acyclovir 
prior to keratoplasty and permanent acyclovir 
prophylaxis after surgery [24].

11.4    Conjunctivitis

11.4.1    Definitions

Conjunctivitis, inflammation of the conjunc-
tiva, is estimated to affect six million people 
annually in the United States and result in 
hundreds of millions of dollars in annual 
healthcare costs. The majority of affected 
patients are treated by primary care physi-
cians, as 1% of all primary care office visits in 
the United States are related to conjunctivitis. 
All patients presenting with signs and symp-
toms of conjunctivitis should receive an eye 
exam including visual acuity, type of dis-
charge; presence of corneal opacities; eyelid 

swelling; proptosis of the globe; and the size, 
shape, and reactivity of the pupil. Infectious 
conjunctivitis is typically caused by bacterial 
or viral organisms. Any patient with presumed 
infectious conjunctivitis should be referred to 
an ophthalmologist if  there is vision loss, 
severe pain, purulent discharge, corneal find-
ings, conjunctival scarring, lack of response 
to initial therapy after 1-week, recurrent epi-
sodes of conjunctivitis, history of herpes sim-
plex virus eye disease, or history of contact 
lens wear. Additional cases that should be 
considered for referral include patients with 
photophobia or requiring steroids [25].

11.4.2   Bacterial

Bacteria are reported to account for a signifi-
cant proportion of cases of acute infectious 
conjunctivitis, although there may be false 
 positive bacterial cultures due to the presence of 
normal ocular flora. The most common 
 causative organisms include Staphylococcus 
aureus, Staphylococcus epidermidis, Strep
tococcus pneumoniae, Moraxella catarrhalis, 
Pseudomonas aeruginosa, and Haemophilus 
influenzae. Neisseria gonorrhoeae can cause 
hyperacute conjunctivitis, and Chlamydia and 
Bartonella species may cause distinct forms of 
conjunctivitis [26].

Bacterial conjunctivitis typically presents 
with conjunctival hyperemia with mild to mod-
erate discharge and early morning crusting in 
one or both eyes (. Fig.  11.4). While most 
forms of acute bacterial conjunctivitis are self-
limiting, Neisseria conjunctivitis presents with 
hyperacute purulence with pseudomembranes 
and preauricular lymphadenopathy. Chlamydial 
conjunctivitis can present as trachoma or inclu-
sion conjunctivitis. Trachoma, mostly seen in 
developing countries, is caused by chlamydial 
serotypes A through C. Trachoma presents as a 
severe follicular reaction of the superior tarsal 
conjunctiva. The tarsal conjunctiva can form a 
line of chronic scarring called Arlt’s line. Follicles 
at the corneoscleral limbus can develop, called 
Herbert’s pits. Trachoma can cause vision loss 
due to corneal cicatrization. Inclusion conjunc-
tivitis is caused by chlamydial serotypes D 
through K.  It is characterized by a unilateral, 
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chronic follicular conjunctivitis with mucopuru-
lent discharge commonly seen in sexually active 
adolescents. It can be associated with preauricu-
lar lymphadenopathy, urethritis, and vaginitis. 
Another condition with preauricular and sub-
mandibular lymphadenopathy is Parinaud ocu-
loglandular syndrome, which is often caused by 
Bartonella henselae. Parinaud syndrome most 
commonly presents as a unilateral granuloma-
tous conjunctivitis, which may also be accompa-
nied by a neuroretinitis and corresponding 
decrease in visual acuity [26]. If suspected bacte-
rial conjunctivitis lasts longer than 4 weeks, oph-
thalmic consultation should be sought for 
possible chronic bacterial conjunctivitis. Some 
common causes include Staphylococcus aureus, 
Moraxella lacunata, and enteric bacteria. 
Conjunctivitis that does not respond to stan-
dard antibiotic therapy in sexually active patients 
should prompt evaluation for chlamydia. Any 
patients presenting with symptoms of conjunc-
tivitis who wear contact lenses should discon-
tinue wearing lenses and be referred to an 
ophthalmologist to rule out bacterial keratitis, 
which can be vision threatening [25].

Diagnosis of  bacterial conjunctivitis is 
typically made clinically, and many cases 
are treated empirically. Gram stain and cul-
ture are indicated if  there is severe conjunc-
tivitis with copious discharge. In severe 
cases, it is important to rule out Neisseria 
species, as Neisseria gonorrhoeae may raise 
concern for sexual abuse, and Neisseria 
meningitidis can cause meningitis. Corneal 
scrapings can be used to diagnose chla-
mydia. [26]

Treatment of  bacterial conjunctivitis is 
not necessary in many cases due to the self-
limited nature of  the disease. Antibiotics 
have been shown to induce earlier remission 
of  some strains of  bacterial conjunctivitis 
[26]. Meta- analysis has shown that patients 
with purulent discharge or mild severity of 
red eye may have a small benefit from antibi-
otics [27]. Antibiotics seem to be more effec-
tive in patients with a positive bacterial 
culture result [25]. Topical antibiotics such 
as trimethoprim-polymyxin B, gentamicin, 
tobramycin, sulfacetamide, and erythromy-
cin carry low risks and can generally be used 
safely [26]. Drops or ointment can be used, 
but ointment can blur vision and be poorly 
tolerated in pediatric patients. There are no 
significant differences in cure rates between 
various broad-spectrum topical antibiotics. 
Topical steroids should be avoided as they 
can prolong disease course and worsen infec-
tion. In general, antibiotics should be con-
sidered in cases of  immunocompromised 
patients, contact lens wearers, and patients 
with purulent or mucopurulent discharge 
[25]. In cases of  Neisseria and chlamydia, 
topical treatment is insufficient and systemic 
therapy should be initiated. Chlamydia can 
be treated with oral azithromycin 1  g or 
100 mg of  doxycycline twice daily for 7 days 
along with concurrent treatment for 
Neisseria. Neisseria gonorrhoeae can be 
treated with 1 g of  intramuscular Ceftriaxone 
once, and treatment to cover chlamydia. The 
copious discharge of  Neisseria infections 
may require frequent lavage to remove debris 
and allow for better penetration of  topical 
therapy. Surgical intervention may be indi-
cated to prevent cicatrization in severe cases 
of  chlamydia [26].

       . Fig. 11.4 Purulent discharge, chemosis and conjunc-
tival injection in bacterial conjunctivitis. (Photo cour-
tesy of  Laura Palazzalo MD)
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11.4.3   Viral

Viral conjunctivitis is extremely common in 
the pediatric population, and causative agents 
include adenovirus, enterovirus, coxsackievi-
rus, and pox virus [26]. Adenovirus, the most 
common cause of viral conjunctivitis, is highly 
contagious. Adenovirus is capable of trans-
mission via contaminated fingers, medical 
instruments, water, or personal items. Typical 
incubation time is 5 to 12 days, with an infec-
tious window of 10–14 days [25]. Patients usu-
ally present with unilateral tearing and 
follicular conjunctival injection (. Figs. 11.5 
and 11.6). Adenovirus strains can cause vari-
ous presentations such as epidemic kerato-
conjunctivitis (EKC), pharyngoconjunctival 
fever, and acute hemorrhagic conjunctivitis. 
EKC is caused by adenoviruses 8, 19, and 37 
and is associated with preauricular lymphade-
nopathy and immune-mediated corneal infil-
trates. Pharyngoconjunctival fever is caused 
by adenoviruses 3 and 7. It is characterized by 
subconjunctival hemorrhages, conjunctival 

edema, sore throat, preauricular lymphade-
nopathy, and fever. Acute hemorrhagic con-
junctivitis is caused by enterovirus 70, 
coxsackievirus A2 and adenovirus 11 [26]. It is 
highly contagious, characterized by a rapid 
onset, and leads to a severely painful conjunc-
tivitis with subconjunctival hemorrhage. It is 
usually a benign condition that resolves in 
5–7 days [28]. Herpes simplex virus can also 
cause a unilateral follicular conjunctivitis, 
often but not always in the setting of an ipsi-
lateral vesicular facial rash [26]. Herpetic con-
junctivitis does tend to be unilateral, and 
corneal involvement with dendrite is seen in 
50% of patients [29]. While primary infection 
is usually self-limited, recurrent disease can 
result in corneal opacification and loss of 
vision [29]. Pox virus, the causative virus in 
molluscum contagiosum, is a frequent cause 
of chronic unilateral follicular conjunctivitis. 
Close exam will reveal umbilicated lesions 
along the eyelid [26].

Diagnosis of  viral conjunctivitis is typi-
cally clinical, although rapid immunochro-
matographic tests can confirm adenovirus 
infections in the office [26]. Treatment is usu-
ally supportive as most cases are self-limited. 
Topical artificial tears, topical antihistamines, 
and cool compresses may help alleviate some 
symptoms. Strict hand washing, instrument 
disinfection, and isolation of infected patients 
from other patients in the clinic are recom-
mended to prevent transmission. Topical 
antibiotics are not recommended as they do 
not protect against secondary infections, and 
their use may delay diagnosis by causing 
allergic or toxic reactions of  the conjunctiva. 
Additional concerns with topical antibiotics 
include increasing antibiotic resistance and 
spreading the infection to the other eye from 

       . Fig. 11.5 Clear left 
ocular discharge and 
conjunctival injection in 
viral conjunctivitis. 
(Photo courtesy of  Laura 
Palazzalo MD)

       . Fig. 11.6 Clear right ocular discharge and diffuse 
conjunctival injection in viral conjunctivitis. (Photo 
courtesy of  Rudolph Wagner MD)
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contaminated eye drop bottles. Patients with 
presumed viral conjunctivitis should be 
referred to an ophthalmologist if  symptoms 
do not resolve within 7–10  days because of 
the risk of  complications. Patients should 
avoid other children for up to 1 week to pre-
vent viral transmission to others [25]. In cases 
where herpes simplex virus (HSV) is sus-
pected, ophthalmologic referral is recom-
mended to rule out corneal involvement and 
possible sight- threatening complications [26]. 
HSV causes a small percentage of  acute con-
junctivitis cases, typically presenting as uni-
lateral conjunctivitis with vesicular eyelid 
lesions. Topical and oral antivirals can 
shorten the course of  the disease and are rec-
ommended, but topical corticosteroids 
should be avoided as they can potentiate the 
virus [25]. Molluscum contagiosum can also 
be spread by contact but can be cured with 
incision and curettage, excision, or cryother-
apy of the offending eyelid lesion [26].

11.4.4   Ophthalmia Neonatorum

Conjunctivitis in the first month of life is often 
known as ophthalmia neonatorum [26]. Causes 
include Chlamydia, Neisseria, and herpes 
viruses. Risk factors include increased shed-
ding of organisms in the vaginal tract during 
the third trimester, premature rupture of mem-
branes, and prolonged labor [30]. The most 
frequently identified cause of neonatal con-
junctivitis is Chlamydia trachomatis serotypes 
D-K, usually transmitted perinatally by 
infected mothers [31, 32]. The prevalence of 
chlamydia in pregnant women is as high as 
18% [31]. While infected mothers transmit the 
infection to babies born vaginally 50% of the 
time, babies born by cesarean section with 
intact membranes can also be infected. Among 
perinatally infected infants, 25–50% goes on to 
develop conjunctivitis [31]. Patients present 
with conjunctival edema, hyperemia, and 
watery or mucopurulent discharge. Symptoms 
typically start 5–14  days after birth and can 
last over 2 weeks [31]. Silver nitrate, erythro-
mycin, or tetracycline, which is often given as 
prophylaxis for gonococcal conjunctivitis, 
reduces the incidence of Chlamydia trachoma

tis, but do not prevent colonization in the nose 
and throat. It is important to emphasize that 
screening pregnant women at high risk for dis-
ease can be a highly successful strategy for pre-
vention, allowing some countries to dismiss 
universal ocular prophylaxis [32]. At the time 
of diagnosis, the infant’s mother and sexual 
partners must be tested. Untreated infections 
may result in chronic corneal and conjunctival 
scarring and long-term vision loss [31].

While nucleic acid amplification tests 
(NAATs) have largely replaced culture for 
diagnosing chlamydial infection in adults, the 
gold standard for diagnosing C. trachomatis is 
still culture, which is also approved by the 
Food and Drug Administration (FDA) for 
conjunctival use. Culture is the preferred 
method for confirming diagnosis in all medi-
colegal cases. Specimens must contain epithe-
lial cells because chlamydia species are 
obligate intracellular organisms. Specimens 
should be obtained using an aluminum- 
shafted Dacron-tipped swab and transported 
and processed under specified temperature 
guidelines. Wooden or calcium alginate swabs 
are not recommended because they may 
inhibit the growth of the organism. Culture is 
98–100% specific and also highly sensitive but 
is labor-intensive and expensive, and the test 
requires incubation for 48–72  hours which 
delays diagnosis. Other tests for chlamydial 
conjunctivitis include enzyme-linked immu-
nosorbent assay, nucleic acid probe, and direct 
fluorescent antibody tests. These tests are gen-
erally not as sensitive as culture, but do have a 
rapid turnaround time [31].

Treatment for chlamydia conjunctivitis is 
typically oral erythromycin 50 mg/kg per day 
in four divided doses for 14 days [31]. Topical 
erythromycin can be added as an adjunct [30]. 
Many cases are mild and self-limited, but 
severe cases with eyelid swelling, chemosis, 
papillary conjunctival reaction, pseudomem-
brane formation, peripheral pannus, or cor-
neal involvement require treatment [32]. Other 
options include 150 mg/kg sulfisoxazole orally 
per day divided every 4–6  hours [31]. 
Approximately 10–20% of infants diagnosed 
with chlamydial conjunctivitis require retreat-
ment. WHO guidelines recommend treating 
N. gonorrhoeae at the same time.
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Gonococcal conjunctivitis, caused by 
Neisseria gonorrhoeae, is typically more severe 
than chlamydial conjunctivitis. It had been erad-
icated in the United States in the 1950s; however, 
it resurfaced following an increasing incidence 
of adult gonococcal infections and development 
of antimicrobial resistance. Gonococcal con-
junctivitis is typically severe and bilateral, with 
an incubation period of 2–5  days. Symptoms 
include hyperacute purulent discharge, eyelid 
edema, and chemosis. Screening for gonococci is 
important because the organism can penetrate 
intact corneal epithelium and cause corneal 
ulceration, perforation, and endophthalmitis. 
Additionally, systemic complications such as 
stomatitis, arthritis, rhinitis, septicemia, and 
meningitis can arise [30]. The 2019 updated 
United States Preventive Services Task Force 
(USPSTF) recommendation on ocular prophy-
laxis for gonococcal ophthalmia neonatorum is 
to use 0.5% erythromycin ophthalmic ointment 
in all newborns [33].

Diagnosis of gonococcal conjunctivitis 
can be made by detection of intracellular 
Gram-negative diplococci on blood agar, 
chocolate agar, or Thayer-Martin media. 
Treatment consists of intravenous penicillin G 
100,000  units/kg/day for 1  week. In areas 

where penicillinase-producing strains of N. 
gonorrhoeae are endemic, a third-generation 
cephalosporin drug should be used for 7 days. 
Alternatively, the WHO recommends a single 
dose of ceftriaxone 50  mg/kg. Alternative 
options include a single dose of intramuscular 
spectinomycin 25 mg/kg or kanamycin 25 mg/
kg. Infected mothers should be given a single 
dose of ceftriaxone (25–50 mg/kg). Frequent 
normal saline lavage of the infant’s eyes may 
also be necessary to eliminate all discharge. 
Again, all neonates treated for gonococcal 
conjunctivitis should be treated concomi-
tantly for chlamydia due to the high co- 
infection rates [30].

A less common infectious cause of neona-
tal conjunctivitis is herpes simplex virus, 
which usually presents in an infant with gen-
eralized herpes infection. Common signs 
include vesicles around the eye and corneal 
involvement [30]. These infants require a diag-
nostic lumbar puncture and ophthalmology 
assessment [34]. Treatment consists of low- 
dose intravenous acyclovir (30  mg/kg/day in 
divided doses) or vidarabine (30 mg/kg/day in 
divided doses) for at least 2  weeks [30]. 
Supplementation with topical vidarabine 
ointment or trifluridine drops can be added.

 Case Presentation

A 17-year-old male presented to the emergency 
department with a 1-week history of worsening 
irritation, redness, swelling, and copious muco-
purulent discharge from his right eye associ-
ated with eye pain and photophobia. He had 
no past ocular or medical history and initially 
denied any systemic symptoms. Upon further 
questioning including a thorough review of 
systems, the patient ultimately endorsed pain 
with urination and urethral discharge. He also 
reported having multiple unprotected sexual 
encounters.

On examination, his visual acuity unaided 
was decreased to 20/100  in the right eye, no 
improvement with pinhole, and 20/20 in the left 
eye. External examination of the right eye 
revealed significant eyelid edema and erythema 
with profuse mucopurulent discharge at the 

 eyelid  margin (. Fig. 11.7). The ocular surface 
was coated with discharge, and there was signifi-

       . Fig. 11.7 Diffuse mucopurulent discharge and 
conjunctival injection in the setting of  gonococcal 
conjunctivitis.
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cant conjunctival injection and chemosis. The 
corneal exam was significant for a peripheral cres-
centic stromal infiltrate extending from the 10 
o’clock to 3 o’clock positions, with a surrounding 
1 mm wide band of 70% thinning. The left ante-
rior segment was normal. Conjunctival surface 
samples for bacterial culture were obtained from 
the right eye with sterile swabs. The ocular surface 
was then copiously irrigated with sterile saline to 
clear away the discharge. This material rapidly 
reaccumulated within minutes. The emergency 
department also obtained urethral swabs for 
gonococcal and chlamydial testing. The patient 
was commenced on topical moxifloxacin drops to 
the right eye hourly. Based on a high clinical sus-

picion for gonococcal disease, the patient received 
1  g of ceftriaxone intramuscularly and azithro-
mycin 1 g orally for treatment of possible chla-
mydial co-infection. Gram stain ultimately 
revealed Gram-negative intracellular diplococci, 
and in the context of corneal involvement, the 
patient was admitted for continued systemic 
treatment, which consisted of ceftriaxone 1  g 
intravenously every 24 hours. The patient’s condi-
tion steadily improved after initiation of systemic 
treatment with his vision returning to 20/20 in the 
affected right eye by day 10 of his hospital stay. 
He was tapered off of the topical antibiotics. A 
residual stromal scar outside of the visual axis 
remained after treatment.

Key Points
 5 Endophthalmitis is a vision-threatening 

emergency frequently precipitated by 
trauma that should warrant an 
ophthalmology consultation.

 5 Keratitis can be caused by bacteria, 
viruses, fungi, or atypical organisms.

 5 The treatment of viral herpes keratitis 
in the pediatric population is different 
from that of adults.

 5 Most cases of bacterial conjunctivitis 
are self-limited and do not require 
treatment.

 5 Bacterial conjunctivitis caused by 
Neisseria or chlamydia requires 
systemic treatment.

 5 Conjunctivitis in the first month of life 
is known as ophthalmia neonatorum 
and can be caused by Chlamydia, 
Neisseria, and herpes viruses. Treatment 
is organism specific.

 ? Review Questions
 1. All of  the following are signs of 

possible endophthalmitis EXCEPT
 (a) 360 degrees of  hemorrhagic 

chemosis
 (b) vitritis
 (c) hypopyon
 (d) iris nodules

 2. Which of  the following is a major risk 
factor for bacterial keratitis?
 (a) eye rubbing
 (b) contact lens wear
 (c) playing outdoors
 (d) intense screen time

 3. What is recommended for prophylaxis 
of  gonococcal ophthalmia neonatorum 
in all newborns?
 (a) Ceftriaxone
 (b) Clarithromycin
 (c) Erythromycin
 (d) Doxycycline

 v Answers
 1. (d)
 2. (b)
 3. (c)

References

 1. Durand ML.  Endophthalmitis. Clin Microbiol 
Infect. 2013;19:227–34.

 2. Murugan G, Shah PK, Narendran V. Clinical profile 
and outcomes of pediatric endogenous endophthal-
mitis: a report of 11 cases from South India. World J 
Clin Pediatr. 2016;5(4):370–3.

 3. Chaudhry IA, Shamsi FA, Al-Dhibi H, Khan 
AO. Pediatric endogenous bacterial endophthalmitis: 
case report and review of the literature. J AAPOS. 
2006;10(5):491–3. Epub 2006 Sep 7.

 C. G. Miller and F. Cao



161 11

 4. Bansal P, Venkatesh P, Sharma Y.  Posttraumatic 
endophthalmitis in children: epidemiology, diagno-
sis, management, and prognosis. Semin Ophthalmol. 
2018;33(2):284–92.

 5. Narang S, Gupta V, Simalandhi P, Gupta A, Raj S, 
Dogra MR.  Paediatric open globe injuries. Visual 
outcome and risk factors for endophthalmitis. Indian 
J Ophthalmol. 2004;52(1):29–34.

 6. Boldt HC, Pulido JS, Blodi CF, Folk JC, Weingeist 
TA.  Rural endophthalmitis. Ophthalmology. 1989; 
96:1722–6.

 7. Alfaro DV, Roth DB, Laughlin RM, Goyal M, 
Liggett PE. Pediatric posttraumatic endophthalmitis. 
Br J Ophthalmol. 1995;79:888–91.

 8. Affeldt JC, Flynn HW, Forster R, Mandelbaum S, 
Clarkson JG, Jarus GD. Microbial endophthalmitis 
resulting from ocular trauma. Ophthalmology. 
1987;94:407–13.

 9. Jackson TL, Paraskevopoulos T, Georgalas 
I. Systematic review of 342 cases of endogenous bac-
terial endophthalmitis. Surv Ophthalmol. 2014;59: 
627–35.

 10. Riddell J, Comer GM, Kauffman CA. Treatment of 
endogenous fungal endophthalmitis: focus on new 
antifungal agents. Clin Infect Dis. 2011;52(5):648–53. 
Pub 2011 Jan 16.

 11. Facts about the Cornea and Corneal Disease. 
National Eye Institute. https://nei. nih. gov/health/
cornealdisease. Accessed 18 Feb 2019.

 12. Austin A, Lietman T, Rose-Nussbaumer J.  Update 
on the management of infectious keratitis. 
Ophthalmology. 2017;124(11):1678–89. https://doi.
org/10.1016/j.ophtha.2017.05.012.

 13. Stretton S, Gopinathan U, Willcox MD.  Corneal 
ulceration in pediatric patients: a brief  overview of 
progress in topical treatment. Paediatr Drugs. 
2002;4:95–110.

 14. Al-Otaibi AG. Non-viral microbial keratitis in chil-
dren. Saudi J Ophthalmol. 2012;15:191–7. https://
doi.org/10.1016/j.sjopt.2011.10.002.

 15. Mascarenhas J, Lalitha P, Prajna NV, et  al. 
Acanthamoeba, fungal, and bacterial keratitis: a 
comparison of risk factors and clinical features. Am 
J Ophthalmol. 2014;157(1):56–62. https://doi.org/ 
10.1016/j.ajo.2013.08.032.

 16. Jones DB, Visvesvara GS, Robinson NM. 
Acanthamoeba polyphaga keratitis and Acenthamoeba 
uveitis associated with fatal meningoencephalitis. 
Trans Ophthalmol Soc UK. 1975;95:221–32.

 17. Garg P, Kalra P, Joseph J. Non-contact lens related 
Acanthamoeba keratitis. Indian J Ophthalmol. 
2015;65(11):1079–86.

 18. Azher TN, Yin XT, Tajfirouz D, Huang AJ, Stuart 
PM. Herpes simplex keratitis: challenges in diagnosis 
and clinical management. Clin Ophthalmol. 
2017;11:185–91. https://doi.org/10.2147/opth.s80475.

 19. Poirier RH. Herpetic ocular infections of childhood. 
Arch Ophthalmol. 1980;98:704–6.

 20. Liu S, Pavan-Langston D, Colby KA. Pediatric her-
pes simplex of the anterior segment. Ophthalmology. 
2012;119:2003–8.

 21. Chong EM, Wilhelmus KR, Matoba AY, et  al. 
Herpes simplex virus keratitis in children. Am J 
Ophthalmol. 2004;138:474–5.

 22. Schwartz GS, Holland EJ.  Oral acyclovir for the 
management of herpes simplex virus keratitis in chil-
dren. Ophthalmology. 2000;107:278–82.

 23. Sema-Ojeda JC, Ramirez-Miranda A, Navas A, 
Jimenez-Corona A, Graue-Hernanadez EO. Herpes 
simplex virus disease of the anterior segment in chil-
dren. Cornea. 2015;34(Suppl 10):S68–71.

 24. Sema-Ojeda JC, Loya-Garcia D, Navas A, Lichtinger 
A, Ramirez-Miranda A, Graue-Hernandez 
EO.  Long-term outcomes of pediatric penetrating 
keratoplasty for herpes simplex virus keratitis. Am J 
Ophthalmol. 2017;173:139–44.

 25. Azari AA, Barney NP.  Conjunctivitis: a systematic 
review of diagnosis and treatment. JAMA. 2013; 
310(16):1721–9.

 26. LaMattina K, Thompson L. Pediatric conjunctivitis. 
Dis Mon. 2014;60(6):231–8.

 27. Jefferis J, Perera R, Everitt H, van Weert H, Rietveld 
R, Glasziou P, et al. Acute infective conjunctivitis in 
primary care: who needs antibiotics? An individual 
patient data meta-analysis. Br J Gen Pract. 
2011;61(590):e542–8.

 28. Wright PW, Strauss GH, Langford MP. Acute hem-
orrhagic conjunctivitis. Am Fam Physician. 1992; 
45(1):173–8.

 29. Wagner RS, Aquino M. Pediatric ocular inflamma-
tion. Immunol Allergy Clin N Am. 2008;28(1):169–
88–vii.

 30. Mallika P, Asok T, Faisal H, Aziz S, Tan A, Intan 
G.  Neonatal conjunctivitis  – a review. Malays Fam 
Physician. 2008;3(2):77–81.

 31. Chandran L, Boykan R.  Chlamydial infections in 
children and adolescents. Pediatr Rev. 2009;30(7): 
243–50.

 32. Zuppa AA, D'Andrea V, Catenazzi P, Scorrano A, 
Romagnoli C.  Ophthalmia neonatorum: what kind 
of prophylaxis? J Matern Fetal Neonatal Med. 2011; 
24(6):769–73.

 33. US Preventive Services Task Force, Curry SJ, Krist 
AH, Owens DK, Barry MJ, Caughey AB, et  al. 
Ocular prophylaxis for gonococcal ophthalmia neo-
natorum: US preventive services task Force reaffir-
mation recommendation statement. JAMA. 2019; 
321(4):394–8.

 34. Matejcek A, Goldman RD.  Treatment and preven-
tion of ophthalmia neonatorum. Can Fam Physician. 
2013;59(11):1187–90.

Ocular Infections

https://nei.nih.gov/health/cornealdisease
https://nei.nih.gov/health/cornealdisease
https://doi.org/10.1016/j.ophtha.2017.05.012
https://doi.org/10.1016/j.ophtha.2017.05.012
https://doi.org/10.1016/j.sjopt.2011.10.002
https://doi.org/10.1016/j.sjopt.2011.10.002
https://doi.org/10.1016/j.ajo.2013.08.032
https://doi.org/10.1016/j.ajo.2013.08.032
https://doi.org/10.2147/opth.s80475


163

© Springer Nature Switzerland AG 2021
R. Shinder (ed.), Pediatric Ophthalmology in the Emergency Room,  
https://doi.org/10.1007/978-3-030-49950-1_12

Extraocular Infections
Liza M. Cohen and Daniel B. Rootman

Contents

12.1  Introduction – 165

12.2  Hordeolum – 165
12.2.1  Case Presentation – 165
12.2.2  Relevant Anatomy – 165
12.2.3  Clinical Presentation – 165
12.2.4  Investigations – 166
12.2.5  Treatment – 166

12.3  Molluscum Contagiosum – 166
12.3.1  Case Presentation – 166
12.3.2  Relevant Anatomy – 166
12.3.3  Clinical Presentation – 166
12.3.4  Investigations – 167
12.3.5  Treatment – 167

12.4  Infectious Dacryoadenitis – 167
12.4.1  Case Presentation – 167
12.4.2  Relevant Anatomy – 167
12.4.3  Clinical Presentation – 167
12.4.4  Investigations – 168
12.4.5  Treatment – 169

12.5  Preseptal Cellulitis – 169
12.5.1  Relevant Anatomy – 169
12.5.2  Clinical Presentation – 169
12.5.3  Investigations – 170
12.5.4  Treatment – 170

12

https://doi.org/10.1007/978-3-030-49950-1_12#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-49950-1_12&domain=pdf


12.6  Bacterial Orbital Cellulitis – 171
12.6.1  Case Presentation – 171
12.6.2  Relevant Anatomy – 171
12.6.3  Clinical Presentation – 171
12.6.4  Investigations – 171
12.6.5  Treatment – 174

 References – 175



165 12

12.1   Introduction

Infections of the ocular adnexa are common 
among children and often present to the emer-
gency room. The variation in both presenta-
tion and management depends on the 
anatomical structures affected and etiology of 
the infectious process. In this chapter, the rel-
evant anatomical, clinical, and management 
considerations for the most common extraoc-
ular infections in the pediatric population will 
be addressed. These include hordeolum, mol-
luscum contagiosum, dacryoadenitis, presep-
tal cellulitis, and orbital cellulitis.

12.2   Hordeolum

12.2.1   Case Presentation

A 4-year-old girl presented with right lower eye-
lid redness, swelling, and pain. On examination, 
there was an elevated erythematous, tender 
lesion on the right lower eyelid with surround-
ing eyelid edema and erythema (. Fig. 12.1). 
Visual function and extraocular motility were 
intact, and the globe appeared normal. The 
diagnosis of hordeolum was made, and she was 
treated with warm compresses and erythromy-
cin ointment with resolution of symptoms.

12.2.2   Relevant Anatomy

The upper and lower tarsal plates are com-
prised of dense connective tissue and provide 
structural support to the eyelids. The upper tar-
sal plate contains approximately 25 meibomian 

glands and lower tarsal plate 20 meibomian 
glands. These are modified holocrine sebaceous 
glands which secrete lipids that contribute to 
the tear film (. Fig. 12.2) [1]. The meibomian 
glands can become obstructed, resulting in a 
buildup of oils and an inflammatory reaction to 
the foreign substance in the subcutaneous tis-
sues. Whether the inciting event or a secondary 
process, infection of the meibomian glands is 
referred to as an internal hordeolum.

The eyelids also contain the glands of Zeis, 
which are sebaceous glands located at the base 
of the eyelash follicles. The lashes originate on 
the anterior aspect of the eyelid margin. There 
are approximately 100 eyelashes on the upper 
eyelid and 50 on the lower eyelid [1]. Blockage 
and subsequent infection of the glands of 
Zeis is referred to as an external hordeolum.

12.2.3   Clinical Presentation

Hordeola typically develop over the course of 
a few days and present with an elevated lesion 
on the eyelid margin associated with localized 
eyelid edema, erythema, and tenderness. 
Purulent material drains from the eyelashes in 
the case of external hordeola or through the 

       . Fig. 12.2 Cross-section of the upper eyelid. A. Eyelid 
skin. B.  Orbicularis oculi muscle. C.  Orbital septum. 
D. Preaponeurotic orbital fat. E. Levator palpebrae supe-
rioris muscle. F. Müller’s muscle. G. Levator aponeurosis. 
H.  Palpebral conjunctiva. I.  Tarsus containing meibo-
mian glands. (photo courtesy of Roman Shinder, MD)

       . Fig. 12.1 External photograph of  right lower eyelid 
hordeolum
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tarsal conjunctiva for internal hordeola. There 
may be evidence of predisposing factors such 
as meibomian gland dysfunction, blepharitis, 
or acne rosacea. The remainder of the oph-
thalmic examination, including visual func-
tion, globe appearance, and extraocular 
motility is typically unremarkable. A history 
of previous episodes is common.

12.2.4   Investigations

The diagnosis of hordeolum is made clinically, 
and work-up is typically not required. The 
infection is usually caused by gram- positive 
skin flora, most commonly Staphylococci or 
Streptococci [1].

12.2.5   Treatment

Hordeola often resolve spontaneously with-
out treatment. Conservative management 
with warm compresses with gentle massage 
several times daily can hasten drainage of the 
lesion. Topical antibiotic therapy that pro-
vides gram-positive coverage, such as erythro-
mycin or bacitracin ointment, may also aid in 
resolution [1]. Systemic therapy with oral 
antibiotics such as cephalexin can be consid-
ered for hordeola not responding to topical 
treatment. Oral doxycycline can be used in 
children older than 8  years for multiple or 
recurrent hordeola for its antibacterial and 
anti-inflammatory properties [2].

In certain cases, hordeola can become cha-
lazia once the infection clears, and only the 
inflammatory component remains, typically 
without tenderness or discharge. These may 
be amenable to surgical intervention.

In rare cases, hordeola may progress to 
preseptal cellulitis, which will be discussed 
later in this chapter.

12.3   Molluscum Contagiosum

12.3.1   Case Presentation

A 9-year-old boy presented with left periocu-
lar lesions as well as irritation, redness, and 

foreign body sensation of the left eye. On 
examination, there were multiple elevated 
flesh-colored waxy nodules with central 
umbilication on the left eyelids and nasal skin 
(. Fig. 12.3). Slit lamp examination revealed 
follicular conjunctivitis. The diagnosis of mol-
luscum contagiosum was made, and he was 
treated with incision and curettage of the 
lesions with resolution of symptoms.

12.3.2   Relevant Anatomy

Molluscum contagiosum is an infection of the 
epidermis that often involves the eyelid in 
children and can lead to a secondary follicular 
conjunctivitis. This is an inflammatory 
response due to the release of toxic viral par-
ticles from an eyelid margin lesion onto the 
conjunctival surface [1].

12.3.3   Clinical Presentation

Molluscum contagiosum is an infection with 
the molluscum contagiosum virus, which is a 
double-stranded DNA poxvirus. It most com-
monly occurs in children and typically pres-
ents with multiple 1–5  mm dome-shaped, 
waxy, flesh-colored papules on the eyelids or 
eyelid margins with central umbilication. 
These lesions may cause pruritis or irritation.

       . Fig. 12.3 External photograph of  left periocular 
molluscum contagiosum lesions. (photo courtesy of 
Roman Shinder, MD)
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There may be a secondary follicular con-
junctivitis resulting in foreign body sensation 
and conjunctival injection. Corneal pannus 
and superficial punctate keratitis can also 
occur. Immunocompromised patients may 
have larger and more numerous lesions with 
less conjunctival reaction [1]. There may be a 
history of atopic dermatitis, as there is an 
increased incidence of molluscum contagio-
sum infection in this population [3]. Molluscum 
infection is very contagious and can be spread 
via direct skin contact, autoinoculation, or 
fomites [1].

12.3.4   Investigations

Molluscum contagiosum is a clinical diagnosis 
based on the characteristic appearance of 
lesions and typically does not require work- up. 
While the presence of many lesions is common 
in young children due to autoinoculation, in 
older patients it may warrant systemic testing 
for immunocompromised states such as HIV, 
AIDS, and Wiskott-Aldrich syndrome [1]. The 
diagnosis can be confirmed by excisional 
biopsy, with the typical appearance being a 
nodular proliferation of epithelium with cen-
tral focus of necrotic cells and intracytoplas-
mic inclusions called molluscum bodies.

12.3.5   Treatment

Many lesions resolve spontaneously and do 
not require treatment; however this can take 
months or years [1]. Lesions causing 
 conjunctivitis can be treated by incision and 
curettage of the central core of the lesion. 
One technique involves utilizing a chalazion 
curette [4]. Follicular conjunctivitis typically 
resolves with removal of the lesion [1].

Other treatment modalities are utilized for 
lesions found elsewhere on the body but carry 
risks when used in the periocular region. 
Surgical excision of the entire lesion may cause 
unacceptable scarring. Cryotherapy, ablative 
laser therapy, and cautery can cause loss of eye-
lashes and/or pigmentary skin changes. Topical 
chemical agents (e.g., cantharidin, potassium 
hydroxide, podophyllotoxin, benzoyl peroxide, 

tretinoin, trichloroacetic acid, lactic acid, gly-
colic acid, salicylic acid), immune-modulating 
agents (e.g., imiquimod, interferon-alpha, 
cimetidine), and anti-viral agents (e.g., cidofo-
vir) can risk injury to the ocular surface [5–7].

12.4   Infectious Dacryoadenitis

12.4.1   Case Presentation

An 13-year-old girl presented with right peri-
orbital edema of the lateral right upper lid for 
one day that coincided with an upper respira-
tory illness. Examination revealed edema and 
tenderness of the lacrimal fossa and an 
enlarged and hyperemic right lacrimal gland 
(. Fig.  12.4a,b). CT scan of the orbits 
showed an enlarged enhancing right lacrimal 
gland (. Fig. 12.4c). She was diagnosed with 
viral dacryoadenitis and treated with a con-
servative regimen of oral NSAIDS, showing 
resolution within 1 week (. Fig. 12.4d).

12.4.2   Relevant Anatomy

The lacrimal gland is an exocrine gland 
located in the superolateral orbit. It resides 
within a shallow concave depression in the 
orbital process of the frontal bone, known as 
the lacrimal fossa. The gland is divided by the 
lateral horn of the levator aponeurosis into an 
orbital lobe superiorly and palpebral lobe 
inferiorly. Approximately 8–12 major ducts 
secrete tears into the superior cul-de-sac 5 mm 
above the lateral superior tarsal border after 
passing through Müller’s muscle and conjunc-
tiva [1]. Since the lacrimal excretory ducts 
pass through the palpebral lobe, removal of 
the palpebral lobe can reduce secretion from 
the entire gland. Thus, biopsy of the orbital 
lobe is preferred when biopsy is warranted.

12.4.3   Clinical Presentation

Dacryoadenitis refers to inflammation of the 
lacrimal gland and can occur with infectious, 
inflammatory, or less frequently neoplastic 
etiologies. Infectious dacryoadenitis presents 
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12 most acutely, is more common in children/
young adults, and is typically unilateral. It 
presents with erythema, edema, and tender-
ness over the lateral upper eyelid, which can 
result in a “S-shaped” ptosis [1]. There can be 
associated tearing or discharge. Pus in the lat-
eral conjunctival fornix with pouting ductules 
can be a clue to a bacterial infectious etiology. 
The palpebral lobe of the lacrimal gland may 
appear enlarged and hyperemic. Ipsilateral 
conjunctival chemosis, preauricular lymph-
adenopathy (particularly in viral dacryoade-
nitis), fever, and elevated white blood cell 
count are also characteristic. Upper respira-
tory symptoms may be present. The parotid 
glands can be enlarged in mumps and syphilis.

12.4.4   Investigations

Infectious dacryoadenitis in children is most 
commonly caused by a virus, with the princi-
pal etiologies being Epstein-Barr virus, cyto-
megalovirus, herpes simplex virus, varicella 

zoster virus, influenza, and mumps [8–12]. 
Bacterial dacryoadenitis is rare in children but 
typically caused by gram-positive cocci such 
as Staphylococci, Streptococci, and Neisseria; 
however, gram-negative bacteria such as 
Haemophilus, Moraxella, and Pseudomonas 
have also been identified [8, 13]. Rare cases 
have been associated with Brucellosis, tuber-
culosis, syphilis, lyme disease, and cysticerco-
sis [14–17].

Although the diagnosis can often be made 
clinically based on characteristic presentation 
and signs, orbital imaging is useful in confirm-
ing the diagnosis and ruling out alternative eti-
ologies such as preseptal or orbital cellulitis, 
ruptured dermoid cyst, or neoplasm. CT or 
MRI of the orbits, preferably with contrast, 
can be used to image the lacrimal gland. The 
advantages of CT are that it provides superior 
detail of adjacent bony anatomy, is time-effi-
cient in acquisition, and may avoid the need for 
general anesthesia in children. However, CT 
exposes children to ionizing radiation, whereas 
MRI does not. On imaging,  dacryoadenitis 

a

c d

b

       . Fig. 12.4 a External photograph showing lateral 
right upper lid edema and “S” shaped ptosis. b Injection 
and inflammation of  the lacrimal gland noted during lid 
retraction. c. Axial orbital CT with contrast showing 

enlargement and enhancement of  the right lacrimal 
gland (arrow). d. External photograph showing clinical 
resolution at 1 week. (Photos courtesy of  Roman Shin-
der, MD)

 L. M. Cohen and D. B. Rootman



169 12

appears as diffuse enlargement and enhance-
ment of the lacrimal gland that tends to mold 
around the globe (. Fig. 12.4c). A lack of dis-
crete mass, bony remodelling of the lacrimal 
fossa, indentation of the globe, and intraconal 
soft tissue stranding help distinguish dacryo-
adenitis from other entities.

Laboratory work-up can help determine 
the etiology when infectious dacryoadenitis is 
suspected. If  the patient is febrile, a complete 
blood count with differential and blood cul-
tures should be obtained to assess for sepsis. 
Viral serologies can also be useful. Though 
uncommon, if  conjunctival discharge is pres-
ent, it could be sampled for gram stain and 
bacterial/viral cultures.

12.4.5   Treatment

If  the specific etiology is unclear, one typically 
treats empirically with systemic antibiotics for 
36–48  hours. Reassessment for clinical 
response at this time point can guide further 
management. In mild-to-moderate cases, oral 
antibiotics with good gram-positive coverage 
such as amoxicillin/clavulanate or cephalexin 
can be used. In moderate-to-severe cases, hos-
pital admission for treatment with intrave-
nous antibiotics and close monitoring may be 
necessary. If  there is clinical improvement 
with antibiotics, a bacterial etiology is likely, 
and the course of antibacterial treatment 
should be continued. If  cultures are positive, 
coverage can be tailored to the specific patho-
gen and susceptibility.

If  there is no improvement in clinical sta-
tus after a 36–48-hour trial of systemic antibi-
otics, a viral or inflammatory etiology may be 
suspected. Viral dacryoadenitis is best treated 
with supportive measures including cool com-
presses and oral analgesics as needed. A non- 
viral inflammatory dacryoadenitis is treated 
with steroids, which will be discussed in a later 
chapter.

If  symptoms worsen or become associated 
with signs of orbital involvement such as 
decreased vision, extraocular motility limita-
tion, or proptosis, repeat imaging for assess-
ment of abscess formation and admission for 
intravenous antibiotics should be considered.

Rarely, bacterial dacryoadenitis may result 
in a lacrimal gland abscess. The characteristic 
radiographic sign is a rim-enhancing lesion 
located within the lacrimal gland. Early surgi-
cal drainage via orbitotomy through a lateral 
upper eyelid crease incision often leads to 
complete recovery; [18] however these often 
resolve with antibiotic therapy alone [19].

12.5   Preseptal Cellulitis

12.5.1   Relevant Anatomy

The distinction between preseptal and orbital 
cellulitis is based on whether the infection 
involves the periorbital tissues anterior to the 
orbital septum (preseptal cellulitis) or orbital 
tissues posterior to the septum (postseptal/
orbital cellulitis). The septum is a thin, multi- 
layered sheet of fibrous tissue, which arises 
from the periosteum of the superior and infe-
rior orbital rims at the arcus marginalis and 
defines the anterior boundary of the orbit 
(. Fig. 12.2) [1]. In the upper eyelid, the sep-
tum fuses with the levator aponeurosis 
approximately 2–5  mm above the superior 
border of the tarsus [20]. In the lower eyelid, 
the septum fuses with the capsulopalpebral 
fascia either at or just below the inferior tarsal 
border [1]. Although the orbital septum 
defines preseptal versus orbital cellulitis, these 
two conditions often represent a continuum 
with overlapping underlying causes requiring 
similar treatments.

12.5.2   Clinical Presentation

The clinical manifestations of preseptal cellu-
litis are consistent with its localization ante-
rior to the orbital septum. It presents with 
acute onset of unilateral eyelid edema, ery-
thema, warmth, and tenderness (. Fig. 12.5). 
Preseptal cellulitis is typically more rapidly 
progressive and severe in children than in 
adults [1]. The eyelid edema is often worse 
than in orbital cellulitis, although this is an 
unreliable sign as the two may coexist. 
Fluctuance of skin and soft tissue may indi-
cate an abscess.
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Distinctively, the orbit is uninvolved, and 
therefore measures of optic nerve function 
including visual acuity, pupillary reactions, 
color vision, and optic nerve appearance are 
normal. As well, extraocular motility is intact 
and without pain. Chemosis and proptosis are 
characteristically absent. Fever and elevated 
white blood cell count can occur in more 
severe infections. It is important to inquire 
about and examine the patient for potential 
sources of infection, such as sinusitis, trauma, 
or insect bites.

12.5.3   Investigations

Preseptal cellulitis in the pediatric popula-
tion is caused by bacterial infection in the vast 
majority of cases. The infection can originate 
from three sources: spread from contiguous 
structures (sinuses, lacrimal sac, lacrimal gland, 
hordeola), direct inoculation (insect bite, lac-
eration, surgery), and hematologic spread 
from a distant focus (bacteremia, otitis media, 
 pneumonia). The most common etiology in chil-
dren is underlying sinus infection due to gram-
positive cocci such as Staphylococcus aureus, 
Staphylococcus epidermidis, Streptococcus pyo
genes, and Streptococcus pneumonia. Haem
ophilus influenza should be considered in 
nonimmunized children. Anaerobes should 
be suspected if there is a history of animal or 
human bite, foul-smelling discharge, or necro-
sis [1]. Although rare, necrotizing fasciitis can 
occur in the pediatric population, with associ-
ated morbidity.

Imaging of the brain, orbits, and sinuses 
via CT with contrast may be obtained in 
severe cases, if  the etiology is unclear (e.g., no 
direct inoculation site identified), or sinusitis 
is suspected. If  there are any orbital signs such 
as decreased vision, proptosis, or extraocular 
motility limitation, imaging is necessary to 
exclude orbital involvement. On imaging, pre-
septal cellulitis is characterized by soft tissue 
stranding anterior to the orbital septum.

In patients with moderate-to-severe prese-
ptal cellulitis and/or fever, systemic work-up 
with a complete blood count with differential 
and blood cultures is warranted. If  an abscess 
is present, it should be drained and gram 
stain/cultures sent to identify the causative 
organism.

12.5.4   Treatment

Empiric antibiotics should be initiated upon 
making the diagnosis of preseptal cellulitis. 
Mild-to-moderate cases in which the patient is 
not systemically ill and can reliably follow up 
may be treated with oral antibiotics as an out-
patient. Broad-spectrum antibiotics that pro-
vide good gram-positive coverage, including 
cephalosporins for purely anterior preseptal 
cellulitis and amoxicillin/clavulanate for infec-
tion originating in the sinuses, are commonly 
prescribed. If  there is suspicion for commu-
nity acquired MRSA, trimethoprim- 
sulfamethoxazole, clindamycin, or doxycycline 
can be considered [1].

In all infants <1 year of age as well as chil-
dren with moderate-to-severe disease, signs 
of systemic illness, and/or if there is no clini-
cal improvement after 48 hours of outpatient 
therapy, admission to the hospital for close 
monitoring, imaging, cultures, and treatment 
with intravenous antibiotics is appropriate. 
Consultation with an infectious disease spe-
cialist can aid in selection of intravenous 
antibiotics, which typically include ampicillin-
sulbactam, piperacillin- tazobactam, or a third-
generation cephalosporin, plus vancomycin or 
clindamycin for MRSA coverage [1]. After sig-
nificant improvement is observed, intravenous 
antibiotics can be de-escalated to oral antibiot-
ics for the remainder of the course.

       . Fig. 12.5 External photograph of a child with right 
lower lid preseptal cellulitis showing erythema and edema 
of the lid. (photo courtesy of Roman Shinder, MD)
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If a localized abscess is present, incision 
and drainage can facilitate resolution of the 
infection. Care should be taken to avoid open-
ing the orbital septum, as this can facilitate 
spread of the infection into the orbit. Patients 
with an abscess may require stronger initial 
treatment with trimethoprim- sulfa-
methoxazole or clindamycin to provide cover-
age for MRSA [1]. Nasal decongestants in 
cases with  concurrent sinusitis can also provide 
relief of symptoms.

Prognosis is typically good with prompt 
and appropriate treatment. However, poste-
rior extension of the infection can result in 
orbital cellulitis.

12.6   Bacterial Orbital Cellulitis

12.6.1   Case Presentation

A 13-year-old girl presented with fever, redness, 
swelling, and pain of the left eye. Examination 
revealed erythema and edema of the eyelids, 
chemosis, left-sided proptosis, and limitation of 
extraocular motility (. Fig. 12.6a, b, c). Visual 
function was intact. CT scan of the orbits 
revealed left medial orbital cellulitis 
 extending  from adjacent ethmoid sinusitis 
(. Fig. 12.6d, e). The diagnosis of orbital cel-
lulitis was made, and she was admitted to the 
hospital for treatment with intravenous ampi-
cillin-sulbactam and vancomycin. With clinical 
improvement, antibiotics were de-escalated to 
oral clindamycin, and she was discharged home.

12.6.2   Relevant Anatomy

The orbit is an anatomically complex space that 
contains the globe, extraocular muscles, nerves, 
blood vessels, and fat. Its boundaries are defined 
by four walls comprised of seven bones as well 
as the orbital septum anteriorly. The perios-
teum of the orbital bones is contiguous with 
the orbital septum anteriorly and dura mater of 
the optic nerve posteriorly (. Fig.  12.7). Pus 
can accumulate in the space between the bone 
and periosteum, with a characteristic radio-
graphic appearance (. Fig.  12.8). The orbit 
can be subdivided into intraconal and extra-

conal compartments (. Fig.  12.7), although 
this distinction may be artificial in cases of a 
diffuse infective process.

Adjacent to the superior (anteriorly), 
medial, and inferior boundaries of the orbit 
are the paranasal sinuses. The close proximity 
of the sinuses to the orbit is relevant to the 
disease process in orbital cellulitis, as orbital 
cellulitis in children tends to arise from the 
adjacent sinuses.

12.6.3   Clinical Presentation

The clinical findings of  orbital cellulitis are 
consistent with its location posterior to the 
orbital septum. Characteristic nonspecific 
signs include eyelid erythema, edema, and 
tenderness, much like preseptal cellulitis. 
Additional features of  an orbital process are 
characteristically present and include pro-
ptosis, chemosis, limitation of  and pain with 
extraocular movements, and/or signs of 
optic neuropathy including decreased visual 
acuity, color vision, visual fields, and a rela-
tive afferent pupillary defect, with or with-
out optic disc edema. Fever and leukocytosis 
are also typical. Nasal congestion, rhinor-
rhea, and headache are common if  there is 
concurrent sinusitis. A history of  frequent 
sinus infections may be elicited. Tooth pain 
can indicate dental infection as the source. 
Severe or delayed cases may proceed to man-
ifestations of  central nervous system infec-
tion including changes in mental status and 
headache.

12.6.4   Investigations

Like preseptal cellulitis, orbital cellulitis is 
caused by three primary mechanisms: spread 
from contiguous structures (sinuses, teeth, 
lacrimal sac, lacrimal gland, preseptal celluli-
tis, hordeola), direct inoculation (penetrating 
injury, surgery), and hematologic spread (bac-
teremia, otitis media, pneumonia). Also simi-
lar to preseptal cellulitis, the most common 
etiology in children is contiguous spread from 
bacterial sinusitis, with the ethmoid sinuses 
being most frequently affected.
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The etiologic organisms responsible for 
orbital cellulitis vary with age. In general, 
children younger than 9 years have infections 
caused by a single aerobic organism, whereas 
children older than 9 years are more likely to 
have polymicrobial infections [21]. Gram- 
positive cocci are usually involved, typically 
Staphylococcus and Streptococcus species. In 
nonimmunized children, Haemophilus influ
enza should be considered. Gram-negative 
pathogens are generally found in immunosup-

pressed patients [1]. Polymicrobial infections 
from a combination of aerobes and anaerobes 
can be related to a dental abscess.

If orbital cellulitis is suspected based on clin-
ical presentation, imaging of the brain, orbits, 
and sinuses via CT scan with contrast is indi-
cated. Imaging may demonstrate non- specific 
inflammatory signs such as proptosis and orbital 
fat stranding. Sinusitis of the adjacent sinuses 
is  typical. Abscess formation may occur, 
 commonly in the medial orbit (. Fig.  12.8). 

a

e

c d

b

       . Fig. 12.6 Orbital cellulitis. a. External photograph 
showing left periorbital edema and complete mechani-
cal ptosis. Extraocular movements disclosed decreased 
adduction b and supraduction c. Axial d and coronal e 

CT showing medial orbital cellulitis (arrows) extending 
from ethmoid sinusitis (asterisks). (Photo courtesy of 
Roman Shinder, MD)
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a b

       . Fig. 12.7 a Axial and b Coronal view of the orbital 
spaces: A. Extraconal space, B. Intraconal space, C. Sub 
Tenon space, D.  Subarachnoid space, E.  Extraocular 

Muscle, F.  Subperiosteal space. (Photo courtesy of 
Roman Shinder, MD)

a

c

b

       . Fig. 12.8 a Clinical photograph of  a child showing 
extensive left periorbital edema and complete mechani-
cal ptosis. Axial b and coronal c CT orbits with contrast 

showing medial orbital subperiosteal abscess (arrows) 
from adjacent ethmoid sinusitis. (Photo courtesy of 
Roman Shinder, MD)
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Posterior extension of the disease into the cav-
ernous sinus in the form of mycotic thrombosis 
and further to the intracranial cavity with men-
ingeal and/or parenchymal involvement is a rare 
but serious situation. MRI of the brain/orbits 
with contrast can be considered for better char-
acterization of soft tissue involvement including 
subperiosteal abscess, especially when there is 
concern for intracranial extension. It is impor-
tant to note that imaging findings can lag behind 
the clinical picture and should not be used for 
monitoring disease course [22].

Once the diagnosis of orbital cellulitis is con-
firmed with imaging, the patient should undergo 
systemic evaluation with a complete blood count 
with differential and blood cultures. If an abscess 
is drained, gram stain/cultures should be sent to 
identify the causative organism. Spread by a sus-
pected hematologic source should be investigated 
thoroughly with echocardiogram, liver ultra-
sound, and/or other appropriate investigations.

12.6.5   Treatment

Orbital cellulitis requires prompt and aggressive 
management in order to avoid potential compli-
cations. The mainstay of treatment is hospital-
ization with intravenous antibiotics. Empiric 
broad-spectrum antibiotics with ampicillin-sul-
bactam, pipercillin-tazobactam, or a third-gen-
eration cephalosporin plus either vancomycin or 
clindamycin for MRSA coverage may be used 
initially. This should be narrowed based on cul-
ture results. Antibiotics can be transitioned to 
oral therapy once clinical improvement is noted. 
In a cohort study of 42 patients with nonsurgi-
cal subperiosteal abscess, the mean duration of 
intravenous antibiotic therapy was 4 days and 
post- discharge oral antibiotic therapy 2–3 weeks 
[23]. An infectious disease specialist may be con-
sulted to aid in choosing appropriate antibiotics. 
Decongestant nasal spray can improve sinus 
congestion if there is concurrent sinusitis.

If  a subperiosteal abscess is present, it may 
or may not require surgical drainage. This rep-
resents a difference in management between 
pediatric and adult orbital cellulitis. Whereas 
most adult subperiosteal abscesses should be 
drained because infections are usually polymi-
crobial, pediatric subperiosteal abscesses are 

less likely to require drainage, as they are more 
typically caused by a single gram-positive 
organism [21]. Guidelines published by Garcia 
and Harris suggest that surgical drainage of 
pediatric subperiosteal abscess is not neces-
sary unless any of the following criteria are 
present [24] (. Table 12.1).

Consultation with an otolaryngologist 
may be sought if  there is concurrent sinusitis, 
as combined sinus with subperiosteal abscess 
drainage has been associated with improved 
outcomes compared to subperiosteal abscess 
drainage alone [25]. Intraconal orbital 
abscesses are much less common in children 
and require urgent surgical drainage [1].

Adjunctive use of steroids in addition to 
antibiotic therapy remains controversial. Small 
studies have shown it may hasten recovery while 
posing a low risk of exacerbating infection [26, 
27]. However, the risk of immunosuppression in 
the presence of an unknown infectious process 
must be weighed with the potential benefits [28].

While the majority of patients with orbital 
cellulitis respond well to medical/surgical 
management, infection can occasionally 
spread posteriorly and lead to cavernous sinus 
thrombosis. The valveless venous drainage 
system of the eyelids, sinuses, and orbit via 
the superior and inferior ophthalmic veins 
can facilitate this spread of infection. 
Cavernous sinus thrombosis typically presents 

       . Table 12.1 List of  criteria for surgical 
drainage of  pediatric subperiosteal abscess per 
Garcia and Harris [24]

Age greater than 9 years-old

Frontal sinusitis

Nonmedial subperiosteal abscess

Large subperiosteal abscess

Suspicion of  anaerobic infection

Recurrence of  subperiosteal abscess after prior 
drainage

Evidence of  chronic sinusitis (nasal polyps)

Acute optic nerve or retinal compromise

Infection of  dental origin (anaerobic infection 
likely)
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as worsening proptosis, ophthalmoplegia, and 
hypesthesia in the distributions of V1 and V2. 
Bilateral orbital involvement and superior 
ophthalmic vein engorgement are highly sug-
gestive of cavernous sinus thrombosis [1]. 
Intracranial extension of infection can occur 
and manifest as meningitis or brain abscess. 
Consultation with neurosurgery and infec-
tious disease in these cases is advised.

Key Points
 5 Extraocular infections in the pediatric 

population have varying presentation 
and management depending on the 
anatomical structures affected and eti-
ology of the infectious process.

 5 Hordeolum is an infection of eyelid 
sebaceous glands presenting as an ele-
vated erythematous tender lesion on the 
eyelid and often resolves with conserva-
tive measures such as warm compresses.

 5 Molluscum contagiosum is a viral infec-
tion that frequently affects the eyelid skin 
in children, may result in a secondary fol-
licular conjunctivitis, and can be treated 
with incision and curettage of lesions.

 5 Infectious dacryoadenitis is an infection 
of the lacrimal gland and most com-
monly results from viral or bacterial 
infection. Clinical history, examination, 
and laboratory investigations can guide 
appropriate therapy.

 5 Preseptal cellulitis is an infection of the 
periorbital soft tissues anterior to the 
orbital septum, and thus the orbit is 
uninvolved. Identification of the source 
of the infection can often guide therapy 
with oral and/or intravenous antibiotics.

 5 Orbital cellulitis is an infection poste-
rior to the orbital septum and therefore 
may present with orbital signs including 
proptosis, extraocular motility limita-
tion, and decreased visual function. 
Orbital imaging is necessary to evaluate 
for sinusitis and the extent of infection 
and may demonstrate a subperiosteal 
abscess. Treatment consists of prompt 
initiation of intravenous antibiotics and 
in some cases surgery.

 ? Review Questions
 1. In the pediatric population, infectious 

dacryoadenitis is most commonly 
caused by which type of  infection?
 (a) Viral
 (b) Bacterial
 (c) Fungal
 (d) Parasitic

 2. The distinction between preseptal and 
orbital cellulitis is made by which ana-
tomical structure?
 (a) Tarsal plate
 (b) Septum
 (c) Conjunctiva
 (d) Extraocular muscles

 3. A 7-year-old boy presents with pain, 
erythema, proptosis, and extraocular 
motility limitation of  the right eye, and 
CT imaging confirms orbital cellulitis. 
Treatment is initiated with intravenous 
ampicillin-sulbactam and vancomycin. 
After 48  hours, he is not improving 
clinically and his proptosis has 
worsened. What should be the next 
step in management?
 (a) Continue intravenous antibiotic 

therapy.
 (b) Repeat CT imaging to assess for 

worsening of  disease such as sub-
periosteal abscess and/or cavernous 
sinus thrombosis.

 (c) De-escalate treatment to oral anti-
biotics.

 (d) Take the patient to the operating 
room for surgery.

 v Answers
 1. (a)
 2. (b)
 3. (b)
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13.1   Introduction

Uveitis in children and adolescents include a 
range of inflammatory or infectious causes 
that are isolated to the eye or associated with 
systemic disease. The incidence of uveitis is 
less frequent in children than adults; however, 
the overall prognosis is worse because of 
delayed diagnosis [1]. Issues like exam diffi-
culty, history obtainment, and lack of 
expected ocular symptoms like pain as seen in 
juvenile idiopathic arthritis (JIA) uveitis, 
delay the diagnosis, and potentially cause per-
manent ocular damage. Often, presenting 
symptoms can be strabismus or leukocoria 
which are first noticed by parents. Diagnosis 
delay can eventually lead to amblyopia in chil-
dren under 8 years old [2].

13.2   Anatomy and Definition

The uvea consists of the iris, ciliary body, and 
choroid (. Fig. 13.1). The iris is responsible for 
the amount of light entering the eye by con-
stricting or dilating. The ciliary body produces 
aqueous fluid and is also responsible for accom-
modation. The choroid is comprised of blood 
vessels which supply the outer retina and retinal 
pigment epithelium. Uveitis is the inflamma-
tion of any of these aforementioned structures 
due to an abnormal or excessive inflammatory 
response mediated by macrophages, neutro-
phils, and lymphocytes. The inflammation can 

become chronic and lead to ocular damage [2]. 
The eye has three main compartments: ante-
rior, intermediate (vitreous), or posterior (ret-
ina/choroid). The term iritis is generally used to 
describe inflammation seen anteriorly or in the 
aqueous humor (. Table 13.1).

13.3   Causes and Symptoms

The two possible causes of inflammation are 
either infectious or noninfectious. Masquerade 
syndromes like retinoblastoma can mimic 
uveitis and should always be ruled out first. 
Infectious causes are often related to congeni-
tal exposure of TORCH infections like toxo-
plasmosis, HIV, rubella, cytomegalovirus, 
herpes simplex, or zoster. Noninfectious 
causes are autoimmune mediated and can 
either be localized to the eye or associated 
with a systemic autoimmune process.

As mentioned earlier, most children with 
uveitis will be asymptomatic making diagno-
sis challenging. Other signs and symptoms 

       . Fig. 13.1 Sagittal 
drawing of  the eye. 
(Image courtesy of  Erin 
Harpur, designer)

       . Table 13.1 Uveitis Subtypes

Type Affected structures

Anterior Iris

Intermediate Ciliary body and vitreous

Posterior Retina and/or choroid
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can include a red eye, photophobia, decreased 
visual acuity, or unusual behavior [1].

The location of the primary source of 
inflammation (anterior, intermediate, poste-
rior) can help determine the etiology of 
inflammation. For example, JIA remains the 
most common cause of anterior uveitis in chil-
dren, while toxoplasmosis (. Fig. 13.2) is the 
most common posterior uveitis. Intermediate 
uveitis, accounting for 25% of uveitis in the 
pediatric age group can be caused by Lyme 
disease, sarcoidosis, or tuberculosis; however, 
it is largely idiopathic [2].

13.4   Juvenile Idiopathic Arthritis 
Uveitis

Juvenile idiopathic arthritis (JIA) is a systemic 
autoimmune disease affecting 70,000 children 
in the United States [2]. The peak onset is 
between 6  months and 4  years and is subdi-
vided into six groups: systemic, polyarticular, 
oligoarticular, psoriatic, enthesitis-related, and 
undifferentiated [3]. Oligoarthritis, which is 
defined as persistent arthritis which affects 
four  or fewer joints (usually large joints 
like  knees, ankles and elbows), is the most 
 frequent type of JIA and also has the highest 

likelihood of associated uveitis with 10–30% 
involvement [3]. Children of this subtype are 
usually positive for antinuclear antibodies 
(ANA) and negative for rheumatoid factor. JIA 
uveitis is usually silent and can present prior to 
the joint inflammation making diagnosis chal-
lenging. Uveitis associated with JIA is also 
more common among females [3].

JIA associated uveitis is bilateral, anterior, 
and usually nongranulomatous with associ-
ated small keratic precipitates [3]. White blood 
cells will be present in the aqueous humor 
(. Fig.  13.3) and can be graded in intensity 
depending on the amount seen at the slit lamp. 
The eye will look quiet with an absence of con-
junctival injection. If the child is old enough to 
complain of blurry vision, then distance visual 
acuity in the emergency room should be taken 
with an occluder (. Fig. 13.4a). The pinhole 
feature (. Fig.  13.4b) will often correct a 
refractive error (myopia or hyperopia), and 
absence of 20/20 vision can signify an ana-
tomic determent such as band keratopathy, 
cataract, or cystoid macular edema. However, 
children with JIA uveitis can remain 20/20. 
Band keratopathy (calcium on the cornea) can 
be seen with penlight and signifies chronic 
inflammation (. Fig.  13.5). Posterior syn-
echia represents scarring of the iris at the 
pupillary border with the anterior lens capsule. 
It is another sign of chronic inflammation that 
can be observed by penlight exam (. Fig. 13.6) 
and can cause the pupil to look irregular or be 
nonreactive to light. Lack of a red reflex with a 
direct ophthalmoscope can signify a dense 

       . Fig. 13.2 Fundus photograph of  toxoplasmosis 
chorioretinitis. The white lesion superior to the optic 
nerve is the site of  active infection with inflamed retinal 
vasculature. The adjacent dark lesion is inactive scar tis-
sue from prior infection. (Photo courtesy of  Sanjay 
Kedhar MD)

       . Fig. 13.3 Slit lamp photograph at high magnifica-
tion showing white blood cells floating in the aqueous 
humor (arrow, photo courtesy of  Sanjay Kedhar MD)
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cataract. There should be low threshold to 
place an ophthalmology consult in children 
with known JIA who have ocular complaints.

Treatment of JIA uveitis ranges from topi-
cal steroids, localized steroid injections, sys-
temic immunosuppression such as oral 
steroids, and immune modulators like metho-
trexate and adalimumab [4]. Follow-up should 
be guided by the degree of disease activity and 
the intensity of therapy. Weekly visits may be 
appropriate initially, followed by more 
extended intervals based on disease response. 
Quiescent patients may be followed every 

3–6 months [3]. A typical steroid drop treat-
ment regimen is prednisolone acetate 1% given 
four times per day, though higher initial doses 
may be used based on the degree of inflamma-
tion. Systemic steroids like prednisone are 
typically started at a dose of 1  mg/kg body 
weight, followed by a slow taper. While sys-
temic corticosteroids may be a reasonable ini-
tial therapy, extended use is discouraged given 
their unfavorable systemic side effect profile 
[3]. Clinicians should also be mindful of the 

a b

       . Fig. 13.4 Vision checked with an occluder a and using pinhole function b to help reduce refractive error

       . Fig. 13.5 Slit lamp photograph showing band kera-
topathy, or calcium deposition on the cornea, which can 
be a sign of  chronic ocular inflammation. (Photo cour-
tesy of  Sanjay Kedhar MD)

       . Fig. 13.6 Slit lamp photograph of  posterior syn-
echia causing an irregularly shaped pupil. (Photo cour-
tesy of  Scott Richter OD)
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risk of cataract formation and glaucoma with 
continued steroid use, especially with topical 
formulations. Those patients requiring contin-
ued systemic therapy should be transitioned 
to steroid-sparing immunomodulating ther-
apy. Systemic steroids or immmunomodula-
tors such as methotrexate should be managed 
in accordance with a pediatric rheumatologist.

Approximately 30% of eyes effected by JIA 
present with vision of 20/50 or worse, while 
20% present with 20/200 or worse vision [5]. 
Thirty percent of effected eyes will progress to 
vision of 20/50 or worse and 20% of eyes will 
progress to 20/200 or worse [5]. The most com-
mon causes of severe vision loss are cataract 
formation and band keratopathy [5]. Risk of 
progression to severe vision loss has been 
shown to be significantly reduced with immu-
nosuppressive therapy [5]. Poor prognostica-
tors for vision loss are persistent anterior 
segment reaction and posterior synechia [5].

13.5   Sympathetic Ophthalmia

Sympathetic ophthalmia (SO) is a rare, bilateral 
granulomatous panuveitis (affecting all three 
chambers of eye) which occurs after ocular 
trauma from either penetrating accidental inju-
ries or surgical procedures to one eye [6]. 
Trauma to one eye (referred to as the exciting 
eye) will cause an inflammatory response in the 
contralateral eye (referred to as the sympathiz-
ing eye). This response can occur days to years 
after the initial injury [7]. The cause is theorized 

to be an autoimmune reaction to uveal antigens 
which are normally sequestered in the uvea but 
are exposed to the immune system after trauma. 
Incidence of SO is low but ranges from 0.1% to 
0.3% in traumatized eyes, with a possibly higher 
incidence in children due to their increased risk 
of accidental trauma [6]. Enucleation of the 
injured eye prior to inflammation in the sympa-
thizing eye has been generally thought to pre-
vent the occurrence of SO [8].

13.6   Clinical Presentation 
and Diagnosis

The clinical presentation of SO is variable but 
always bilateral, with the exciting eye usually 
being more symptomatic and showing more 
inflammation than the sympathizing eye. 
Diagnosis is made on history and clinical 
exam, therefore careful attention to a history 
of trauma to one eye with associated symp-
toms of pain, redness, decreased vision, or 
photophobia in both eyes warranting an 
urgent ophthalmology consult [8, 9]. On slit 
lamp exam, there will be cells in the anterior 
chamber with likely mutton-fat keratic pre-
cipitates on the inferior cornea. Posterior syn-
echia can be present. Intraocular pressure will 
be generally normal or low due to ciliary body 
shutdown from inflammation. There gener-
ally is a vitritis accompanied by yellow-white 
subretinal lesions in the posterior pole or mid- 
periphery called Dalen-Fuchs nodules 
(. Fig. 13.7a) [9]. Further testing in the office 

a b

       . Fig. 13.7 a Fundus photograph of  a patient present-
ing with sympathetic ophthalmia in his sympathizing 
eye. Notice yellow subretinal lesions (arrow). b Macular 

OCT displaying subretinal fluid causing retinal eleva-
tion (arrow)
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with ocular coherence tomography (OCT) can 
show retinal elevation from subretinal fluid 
(. Fig. 13.7b).

13.7   Treatment

The initial treatment of  SO is almost always 
systemic corticosteroids given at a dose of  1 
to 1.5 mg/kg of  prednisone. Given SO’s dis-
ease course, oral steroids generally need to be 
tapered slowly based on disease activity. 
Relapses are still common and in patients 
who can’t tolerate corticosteroids or don’t 
adequately respond, long-term immunomod-
ulatory agents like methotrexate, myocophe-
nolate, and adalimumab have been shown to 
be effective [8–10]. Enucleation of  the excit-
ing eye upon onset of  SO has not been shown 
to reduce disease severity in the sympathizing 
eye [8].

13.8   Episcleritis and Scleritis

13.8.1   Anatomy

The sclera is a fibrous, relatively avascular 
structure that encloses the posterior four- 
fifths of the eye. It is situated in between the 
conjunctiva and the uveal layers. It is com-
posed mainly of type I collagen, gylcosamino-
glycans, and fibroblasts. It fuses with the optic 
nerve sheath posteriorly and the corneal lim-
bus anteriorly. It ranges in thickness from 
1 mm at its posterior apex to 0.3 mm just pos-
terior to the insertion sites of the extraocular 
muscles. The episclera is a loose layer of fibro-
vascular tissue that covers the outer sclera and 
is deep to the bulbar conjunctiva [11].

13.8.2   Episcleritis

Episcleritis is an inflammation of  the epi-
sclera that is relatively uncommon in the 
pediatric age group. The two forms of 
episcleritis are simple and nodular, with the 
latter exhibiting localized injection cluster-
ing around nodules with the former being 

localized to a small area [2, 12]. It is char-
acterized by sectoral redness overlying the 
sclera (. Fig.  13.8) which will blanch with 
topical phenelyephrine 2.5%. Patients usu-
ally are asymptomatic or  complain of  mini-
mal discomfort. Vision will not be affected. 
Hyperemic vessels will be mobile with a cot-
ton tip applicated over the underlying sclera 
in episcleritis, which helps distinguish this 
entity from scleritis where the injected ves-
sels are immobile. Another difference is the 
injected area will be nontender in episcleritis 
while there is marked tenderness in scleritis. 
It is also easy to confuse episcleritis with 
conjunctivitis (viral, bacterial, or allergic). 
However, no conjunctival papillae or follicles 
will be present in episcleritis which can help 
distinguish it from conjunctivitis.

13.8.3   Workup and Management

Most cases of episcleritis do not require a 
workup; however, a thorough review of sys-
tems (ROS) should be done to help assess a 
possibility of a systemic autoimmune disease 
like juvenile idiopathic arthritis, lupus, or 
inflammatory bowel disease [13]. Joint pain or 
swelling, morning stiffness, rashes, cold sores, 
shortness of breath, diarrhea, constipation, or 
a strong family history of autoimmune dis-
ease should warrant a systemic workup. 
Infectious etiologies, although rare, include 
herpetic (HSV, VZV), lyme disease, syphilis, 
and tuberculosis. Cases have been reported in 
children younger than 5  years old following 
an upper respiratory illness [14].

       . Fig. 13.8 Slit lamp photograph of  episcleritis show-
ing episcleral sectoral injection of  the ocular surface. 
(Photo courtesy of  Scott Richter OD)
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In the absence of systemic disease, episcle-
ritis is usually self-limited. Treatment with 
cold artificial tears four times daily can allevi-
ate some of the signs and symptoms. It is 
important to avoid topical steroids, even 
though very effective, as the inflammation can 
become recalcitrant once the steroid is tapered 
and ultimately become a chronic process. 
Topical nonsteroidal anti-inflammatories 
(NSAIDs) are usually not effective. Oral 
NSAIDs can be used in cases of known sys-
temic disease [2]. Consider a viral cause if  a 
patient presents to the ER with chronic 
inflammation that has not responded to oral 
NSAIDs.

13.8.4   Scleritis

Scleritis is inflammation of the sclera and 
occurs rarely in the pediatric population. It 
affects either the anterior sclera where redness 
will be visible to the examiner or the posterior 
sclera which will not have visible redness. Both 
forms are associated with pain. Scleritis is 
often found in patients with known autoim-
mune conditions like rheumatoid arthritis 
(RA), systemic lupus erythematosus (SLE), 
inflammatory bowel disease, sarcoidosis, and 
granulomatous with polyangiitis (GPA) to 
name a few. Infectious etiology from lyme, 
syphilis, TB, and herpes are also possible [2]. 
Anterior scleritis is sub-divided into diffuse, 
nodular, and necrotizing [12].

13.8.4.1    Posterior Scleritis
Multiple case series have shown a predomi-
nance of the posterior form in the pediatric 
age group. In isolated posterior scleritis, ante-
rior injection is either absent or mild. 
Presentation is bilateral in about 50 percent of 
cases and pain increases with extraocular 
movement [15]. Patients may also have dimin-
ished extraocular motility and proptosis [15]. 
Many clinicians regard this disease as a vari-
ant of idiopathic orbital inflammation given 
the proximity to the orbit. Accompanying 
intraocular findings can include serous retinal 
detachments, choroidal folds and optic nerve 
head edema, all of which may cause vision 
loss. Imaging will demonstrate a thickened 
posterior sclera on CT (. Fig.  13.9a) or 
MRI, while ultrasound will show a classic 
“T-sign,” (. Fig.  13.9b) characterized by a 
layer of fluid behind the thickened sclera. 
Systemic disease associations with posterior 
scleritis in the pediatric population are uncom-
mon [15].

13.8.4.2    Anterior Scleritis: Diffuse or 
Nodular

Diffuse scleritis is the most common type of 
scleritis and involves either a small or large 
area of continuous sclera [2]. It will present 
with injection of the deeper scleral vessels, 
with variable amounts of edema or scleral 
thickening (. Fig.  13.10). Nodular scleritis 
will also present with pain and redness cen-
tered on 1 or 2 raised nodules usually close to 

a b

       . Fig. 13.9 a Axial CT showing right posterior scleral inflammation denoted by increased thickness and enhance-
ment (arrow). b B-scan ultrasound of  the eye showing classic T-sign in posterior scleritis (arrow) 
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the limbus. Care must be taken to differentiate 
scleritis from episcleritis and conjunctivitis 
due to differences in treatment. Scleral injec-
tion from scleritis will have a violaceous hue 
which will not blanch with topical phenyleph-
rine. Slit lamp examination may show thick-
ening of the underlying sclera, and inflamed 
scleral vessels will have a crisscross pattern, as 
opposed to the radial pattern of episcleral 
vasculature. A cotton tip applicator can be 
used to displace more superficial episcleral 
vessels in order to more clearly differentiate 
which layers are affected. Complications of 
anterior scleritis include peripheral ulcer-
ative  keratitis (PUK), anterior uveitis, and 
scleral  thinning in the chronic phase 
(. Fig. 13.11) [12].

13.8.4.3    Anterior Necrotizing 
Scleritis

The necrotizing forms of scleritis are associated 
with areas of scleral thinning and may be 
inflammatory or non-inflammatory. The 
inflammatory form presents with significant 
pain and areas of avascular necrosis sur-
rounded by redness (. Fig. 13.12) [2]. This is 
associated with systemic disease in the majority 
of cases and usually requires immunosuppres-
sive treatment. The non- inflammatory form, 
known as scleromalacia perforans, is not pain-
ful but causes severe scleral thinning that results 
in visualization of dark underlying uveal tissue. 
These necrotizing forms are more commonly 
associated with systemic rheumatologic disease 
and often necessitate long term immunomodu-
latory therapy. There have also been cases 
reports of necrotizing scleritis following pediat-
ric strabismus surgery [16]. While spontaneous 
globe rupture is rare, effected eyes are more sus-
ceptible to rupture with minimal trauma

13.8.4.4    Workup
Approximately 50% of scleritis cases are asso-
ciated with systemic autoimmune disease in 
the adult age group. While the association with 
systemic disease with anterior scleritis is not as 
clearly defined in the pediatric group, workup 
and referral to a pediatric rheumatologist is 
usually recommended. Less than 10% of cases 
are associated with infection, the leading cause 
of which is VZV, with syphilis, lyme, and TB 
being less common [12]. A careful clinical his-
tory should include inquiry into joint pains, 

       . Fig. 13.10 Anterior segment photograph of  diffuse 
anterior scleritis involving the superior sclera. (Photo 
courtesy of  Sanjay Kedhar MD)

       . Fig. 13.11 Chronic scleritis can eventually thin the 
sclera, allowing the underlying uvea to be shown. (Photo 
courtesy of  Sanjay Kedhar MD)

       . Fig. 13.12 Necrotizing scleritis with inflammation 
causing scleral thinning with surrounding marked scleral 
injection. (Photo courtesy of Sanjay Kedhar MD)
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gastrointestinal complaints, and ophthalmic 
history (surgery, prior inflammatory episodes). 
In the pediatric age group, isolated posterior 
scleritis is rarely associated with systemic dis-
ease [17]. Workup should be tailored to the his-
tory and physical but should generally include 
blood count (CBC) with differential, erythro-
cyte sedimentation rate (ESR), antinuclear 
antibodies, rheumatoid factor, antineutrophil 
cytoplasmic antibodies, syphilis serology, and 
lyme screen with Western blot reflex [18].

13.8.4.5    Treatment
Treatment of scleritis is always systemic. With 
anterior scleritis, therapy proceeds in a step- 
wise fashion with NSAIDS being first line in 
uncomplicated cases, and systemic steroids or 
immunomodulatory therapy reserved for 
severe or recurrent cases. A typical regimen is 
prednisone with an initial dose of 1 mg/kg fol-
lowed by a slow taper over a few months once 
scleral inflammation is controlled [15]. Local 
therapy with periocular steroid injections are 
effective in some cases [2]. Immunomodulatory 
therapy options include methotrexate, cyclo-
phosphamide, and anti-TNFa agents which 
should be administered in  collaboration with 
a pediatric rheumatologist [12].

13.8.5   Allergic Conjunctivitis

13.8.5.1    Acute Allergic Conjunctivitis
Acute allergic conjunctivitis may occur in iso-
lation or as part of a more systemic allergic 
response. The pathogenesis is a type I, IgE- 
mediated allergic response with mast cells and 
histamine release playing a pivotal role. 
Symptoms develop shortly after exposure to 
an allergen and include significant chemosis, 
eyelid edema, itching, and tearing 
(. Fig.  13.13) [18]. While the exam is often 
impressive, the condition usually resolves with 
conservative therapy. Topical and systemic 
antihistamines are recommended, and avoid-
ance of the allergen is encouraged. Allergic 
conjunctivitis should be distinguished from 
infectious conjunctivitis (bacterial or viral), as 
the management of these entities is very dif-
ferent. Infectious conjunctivitis usually pres-
ents over one to 2 days with more impressive 

injection and, in the case of bacterial infec-
tions, thick mucopurulent discharge. A his-
tory of sick contacts and recent upper 
respiratory infections is common. Viral con-
junctivitis usually starts unilaterally before 
effecting the fellow eye and is usually a self-
limited infection. Bacterial conjunctivitis 
more commonly remains unilateral, and 
responds to topical antibiotics. Both types of 
infections may form pseudomembranes on 
the palpebral conjunctiva, a feature uncom-
mon to allergic conjunctivitis.

13.8.5.2    Chronic Allergic 
Conjunctivitis

These entities represent immune hypersensi-
tivity reactions and are subdivided into peren-
nial allergic conjunctivitis (PAC), seasonal 
allergic conjunctivitis (SAC), vernal kerato-
conjunctivitis (VKC), and atopic keratocon-
junctivitis (AKC). The first two are more 
common and are usually less severe than the 
latter two. While SAC and PAC are both 
mediated by more straightforward IgE mech-
anisms, VKC and AKC are now thought to be 
mediated by more complex hypersensitivity 
processes [20].

13.8.5.3    Perennial and Seasonal 
Allergic Conjunctivitis

These common conditions are characterized 
by persistent conjunctival chemosis, hyper-
emia, itching, and mucoid discharge. Affected 
children often have a history of atopy, includ-
ing asthma, eczema, allergic rhinitis, and 
chronic eyelid skin changes such as allergic 
shiners. The pathophysiology is a type I hyper-
sensitivity reaction mediated by mast cells and 

       . Fig. 13.13 Inferior palpebral conjunctival chemosis 
with follicles in acute allergic conjunctivitis. (Photo 
courtesy of  Scott Richter OD)
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IgE. The attacks usually occur in the spring 
and fall in the seasonal variant and are caused 
by airborne outdoor allergens. The perennial 
variant is thought to be caused by household 
allergens, including dust mites and pet mate-
rial [21]. Allergen avoidance should be encour-
aged and referral to an allergy specialist 
should be made when appropriate. Topical 
treatment options include antihistamine and 
mast cell stabilizing eye drops. The former 
provides relatively acute relief, while the latter 
requires several days for therapeutic effect 
[19]. Combination drops containing both 
antihistamine and mast cell stabilizing medi-
cations (e.g., ketotifen) are also available over- 
the- counter and frequently prescribed for this 
condition. Steroid and NSAID drops should 
be used sparingly given their respective side 
effect profiles.

13.8.5.4    Vernal Conjunctivitis
Vernal conjunctivitis (VKC) represents a dis-
tinct entity from perennial or seasonal con-
junctivitis. It is now thought to be mediated 
by a complex, multifactorial immune pro-
cess which includes Th2 cells, eosinophils, 
Il-4, and Il-5 [20]. It usually develops within 
the first decade of  life and resolved by age 
20. Males are more commonly affected. 
Symptoms include itching, burning, tearing, 
and mucoid discharge. Distinguishing signs 
include prominent papillae on the superior 
palpebral conjunctiva (. Fig.  13.14) and 

Horner-Trantas’ dots (. Fig. 13.15), which 
are raised white lesions along the limbus 
consisting of  eosinophils and neutrophils. 
Additionally, affected patients may develop 
characteristic shield ulcers, which are sterile 
non-healing corneal erosions usually found 
in the superior cornea. A minority of 
patients may develop vision changes second-
ary to corneal scarring and induced astigma-
tism. Treatment is similar to the perennial 
and seasonal forms. Antibiotic drops may be 
added for epithelial defects. Topical cyclo-
sporine drops may be tried in severe or 
refractory cases [22].

13.8.5.5    Atopic Keratoconjunctivitis 
(AKC)

AKC usually begins during the late teenage 
years and usually persists past early adult-
hood. A history of atopy is common [23]. 
Signs and symptoms are similar to VKC; 
however, the inferior palpebral conjunctiva is 
more commonly involved (. Fig. 13.16) [19]. 
Eczematous periocular skin changes are com-
monly seen and may include prominent lower 
lid folds called Dennie-Morgan lines on the 
lower lid. AKC has also been associated with 
early cataract formation [23]. Treatment is 
similar to VKC.

       . Fig. 13.14 Giant papillae seen involving the supe-
rior palpebral conjunctiva in vernal conjunctivitis. 
(Photo courtesy of  Scott Richter OD)

       . Fig. 13.15 Single Horner-Trantas’ dot at 11 o’clock 
(arrow) in vernal keratoconjunctivitis. There is mild 
conjunctival injection. (Photo courtesy of  Maxine 
Miller, MD)
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Key Points
 5 Uveitis secondary to JIA can be 

relatively asymptomatic but can lead to 
significant ocular complications if  not 
treated in a timely manner.

 5 Sympathetic ophthalmia should be 
considered in bilateral uveitic presen-
tations after penetrating ocular trauma 
or surgery.

 5 It is important to distinguish scleritis 
from episcleritis, as the former is more 
likely to be secondary to a systemic 
inflammatory disease and requires sys-
temic treatment.

 5 Posterior scleritis may present similarly 
to idiopathic orbital inflammation 
(IOI).

 5 Ocular allergy ranges from mild to 
severe and may lead to secondary ocular 
complications if  not controlled.

 ? Review Questions
 1. What subtype of  JIA is most prone to 

developing anterior uveitis?
 (a) Oligoarticular, ANA negative
 (b) Oligoarticular, ANA positive
 (c) Polyarticular, ANA negative
 (d) Polyarticular, ANA positive

 2. Which of  the following findings is more 
typical of  episcleritis as opposed to scle-
ritis?
 (a) Association with systemic disease
 (b) Prominent dilated subconjunctival 

vessels in crisscross configuration 
that cannot be displaced with a 
cotton tip

 (c) Boring pain that worsens with pal-
pation

 (d) Injection that blanches with 
topical phenylephrine 2.5%

 3. If  no specific allergen is identified, what 
is the most reasonable first-line therapy 
for seasonal allergic conjunctivitis?

 Case Presentation

A 9-year-old female presented to the ER 
with blurry vision in both eyes. She denies 
light sensitivity or pain but complained of 
knee pain on review of systems. Her dis-
tance visual acuity was 20/80  in the right 
eye and 20/40  in the left eye with no 
improvement on pinhole. Pen light exam 
showed a fixed, small pupil in the right eye 
and a reactive response on the left. On fur-
ther examination, she had 2+ graded white 
cells anteriorly in both eyes with posterior 
synechia in the right eye. (. Fig.  13.17) 
Given her history of knee pain and iritis, a 
presumed diagnosis of JIA-mediated uve-
itis was made. She was started on topical 
steroids in both eyes and referred to both 
an ophthalmologist and pediatric rheuma-
tologist for further workup and treatments.

       . Fig. 13.17 Anterior uveitis secondary to JIA 
with white cells in the anterior chamber and poste-
rior synechia. (Photo courtesy of Scott Richter OD)

       . Fig. 13.16 Inferior palpebral conjunctival papillae. 
(Photo courtesy of  Scott Richter OD)

Ocular Inflammation



190

13

 (a) Artificial tear drops
 (b) Systemic steroids
 (c) Prednisolone acetate 1% drops
 (d) Ketotifen drops

 v Answers
 1. (b)
 2. (d)
 3. (d)
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14.1  Introduction

Pediatric patients often present in the acute 
setting with signs and symptoms of extraocu-
lar inflammation. While there is a wide differ-
ential that may produce a similar constellation 
of findings, we will focus on a number of non-
infectious entities in this chapter. The presen-
tation, pathology, evaluation, and treatment 
of idiopathic orbital inflammation, ocular 
rosacea, contact dermatitis, and chalazion are 
reviewed here.

14.2  Idiopathic Orbital 
Inflammation

14.2.1  Background

Idiopathic orbital inflammation (IOI), or 
nonspecific orbital inflammation, is a benign 
nonspecific, non-neoplastic inflammatory 
condition of the orbit without identifiable 
local or systemic cause. It was first described 
as a distinct entity by Birch-Hirschfield in 
1905 who presented a lecture on “orbital 
pseudotumor” diagnosed in four patients with 
exophthalmos [1]. In 1923, Benedict and 
Knight introduced “inflammatory pseudotu-
mor” based on their experience of six patients 
who were believed to have a neoplasm but 
found to have lymphocytic infiltration of the 
soft tissue on surgical exploration [2].

In adults, it comprises 6–16% of all orbital 
lesions and accounts for up to 10% of orbital 
biopsies [3]. Further, it is the second most 
common cause of proptosis following thyroid 
eye disease and the third most common 
orbital disorder following thyroid eye disease 
and lymphoproliferative disease.

14.2.2  Presentation

While idiopathic orbital inflammation typi-
cally presents in the third to sixth decades, it 
can rarely occur in children though the actual 
incidence is unknown. Historically, there has 
been no gender predilection [4] though more 
recently a female predilection has been 

 suggested [5]. This disease can be either a focal 
or diffuse process. Focal involvement may 
manifest as an orbital mass, myositis (extra-
ocular muscle, most often the medial rectus [5, 
6]), dacryoadenitis (lacrimal gland) 
(. Fig. 14.1), perineuritis (optic nerve), pos-
terior scleritis, and Tolosa-Hunt syndrome 
(orbital apex); the first three are the most 
common presentations in the pediatric popu-
lation [7]. Of note, idiopathic orbital inflam-
mation may present in several disparate 
anatomic areas simultaneously.

Clinical manifestation can vary widely 
depending on the orbital tissue involved and 
the degree of inflammation. In children, the 
most common ophthalmologic symptoms 
reported are periorbital swelling, orbital pain, 
blepharoptosis, palpable mass, proptosis, and 
extraocular motility dysfunction [7, 8]. 
Mottow et  al. [8] found that the periorbital 
swelling was characteristically worse upon 
arising in the morning with improvement 
throughout the day. Orbital pain is more com-
mon in older children and can vary from mild 
discomfort or tenderness to severe boring 
pain [7]. The myositic variant is more com-
monly associated with pain which is further 
exacerbated by eye movement. Pain and pro-
ptosis may be less prevalent in children com-
pared to adults [7]. In adults, idiopathic 
orbital inflammation is generally a unilateral 

       . Fig. 14.1 Left dacryoadenitis presenting as upper lid 
edema
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process; however, bilateral involvement occurs 
in up to one third of children and may be 
more commonly seen in African Americans 
[7]. While systemic symptoms are rare in 
adults, over half  of children will complain of 
headache, nausea, vomiting, abdominal pain, 
anorexia, lethargy, malaise, and fever [7, 8].

14.2.3  Differential Diagnosis

By definition, idiopathic orbital inflammation 
has no identifiable cause and is a diagnosis of 
exclusion. In the pediatric population, there is a 
wide differential diagnosis. Infectious etiologies 
may include acute orbital cellulitis, chalazion, 
or infectious dacryoadenitis. Noninfectious 
inflammatory causes may include ruptured der-
moid cyst, mucocele, orbital foreign body, thy-
roid ophthalmopathy, sarcoidosis, or 
granulomatosis with polyangiitis. Neoplastic 
causes may be benign like Langerhans cell his-
tiocytosis, lymphatic malformations, and optic 
nerve glioma or malignant like rhabdomyosar-
coma, metastatic neuroblastoma, and lympho-
proliferative disorders.

14.2.4  Work-Up

Any child presenting with the above symp-
toms needs a detailed history and full eye 
examination. Further work-up involves sero-
logic testing and imaging to exclude the 

aforementioned etiologies. Laboratory test-
ing depends on the presentation, clinical his-
tory, and tissues involved but often includes 
CBC, TFTs, ACE, lysozyme, ESR, CRP, 
ANA, RF, anti-CCP, ANCA, HLA-B27, 
RPR, FTA-Ab, Lyme, quantiferon gold, and 
IgG4. While they are often normal, a mild 
leukocytosis, peripheral eosinophilia, and 
elevated inflammatory markers are not 
uncommon. Computerized tomography 
(CT) is a rapid and readily available modality 
that does not require sedation but exposes 
the child to radiation. Magnetic resonance 
imaging (MRI) provides excellent soft tissue 
detail without radiation exposure but may 
require sedation due to the length of  study. 
Contrast enhancement and fat suppression 
techniques can help show subtle areas of 
inflammation or enhancement that may oth-
erwise be masked by the high intensity signal 
of  orbital fat. Again, depending on the loca-
tion as well as degree and chronicity of 
inflammation, the pathology may appear in a 
variety of  ways [5]. Often, it can be seen as a 
diffuse orbital mass with indistinct margins. 
Dacryoadenitis may appear as enlargement 
of  the lacrimal gland with adjacent fat 
stranding (. Fig. 14.2). Myositis shows dif-
fuse involvement of  the extraocular muscle 
including its tendon insertion giving it a 
tubular-like appearance; this is in contrast to 
the tendon-sparing muscle involvement seen 
in thyroid eye disease (. Figs.  14.3 and 
14.4). Perineuritis reveals optic nerve 

a b

       . Fig. 14.2 Right dacryoadenitis. Axial a and Coronal b CT demonstrating an enlarged right lacrimal gland with 
indistinct margins
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enhancement and thickening of  the optic 
nerve sheath which can appear as a “tram-
track” on axial view and “doughnut” on cor-
onal view. Bone involvement is quite rare and 
prompts further evaluation for an underlying 
etiology [7].

There is some debate regarding biopsy. 
Mottow et al. [8] studied 29 cases of pediatric 
idiopathic orbital inflammation and found 
that those who underwent biopsy were more 

likely to suffer sequelae regardless of initial 
degree of severity or pattern of involvement. 
As such, biopsy may be reserved for patients 
with atypical presentation, poor response to 
steroids, or recurrence to rule out other causes. 
Particularly in patients with primary isolated 
myositis or optic perineuritis, the risks of 
induced strabismus or vision loss may out-
weigh the benefits of the procedure. 
Nonetheless, given improvements in histo-

a b

       . Fig. 14.3 Left medial rectus myositis. Axial a and Coronal b CT demonstrating a diffusely enlarged left medial 
rectus muscle. Note involvement of  the tendinous insertion giving a tubular-like appearance to the rectus muscle

a

c

b

       . Fig. 14.4 Left lateral rectus myositis. a Clinical photograph showing decreased left abduction. Axial b and coro-
nal c MRI orbits with contrast and fat suppression depicting enlarged left hyperintense lateral rectus muscle
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pathologic analysis and increased recognition 
that patients with idiopathic orbital inflam-
mation may not fully respond to corticoste-
roids, several authorities have recommended 
biopsy in cases of non-myositic disease [9]. 
When biopsy is done, histopathology shows a 
nongranulomatous inflammation of plasma 
cells, macrophages, lymphocytes, polymor-
phonuclear cells with eosinophils and varying 
degrees of reactive fibrovascular stroma. 
More chronic forms have an increased amount 
of collagenous connective tissue.

Idiopathic orbital inflammation is a diagnosis 
of exclusion. Consider the following work-up:

 5 Serology: CBC, TFTs, ACE, lysozyme, 
ESR, CRP, ANA, RF, anti-CCP, 
ANCA, HLA-B27, RPR, FTA-Ab, 
Lyme, quantiferon gold, and IgG4

 5 Orbital imaging (CT or MRI)
 5 Possible biopsy

14.2.5  Pathogenesis

Several theories postulate that a triggered 
immune dysregulation after infections, minor 
trauma, or surgery may play a role in devel-
oping this nonspecific orbital inflammation 
[10–12]. Wladis et  al. [13] found that there 
was significantly increased cytokine expres-
sion in IOI orbits compared to controls, in 
particular IL-12, TNF-α, and IFN-γ, sug-
gesting that this disorder may represent an 
aberrant innate immune response. Additional 
studies document the presence of  toll-like 
receptors which further support this link 
[14]. An autoimmune component may also 
be implicated given observed associations 
with a number of  rheumatologic conditions, 
including Crohn’s disease, systemic lupus 
erythematosus, rheumatoid arthritis, anky-
losing spondylitis, and myasthenia gravis 
[15–19]. Further, Atabay et  al. [20] discov-
ered circulating serum antibodies against eye 
muscle membrane antigen in idiopathic 
orbital myositis.

14.2.6  Treatment

For mild cases of inflammation, observation 
or non-steroidal anti-inflammatory drugs may 
be acceptable. Still, the mainstay of treatment 
is systemic corticosteroids with a classic rapid 
response within 24–48  hours. Dosing is 1.0–
1.5 mg/kg/day of oral steroids with a slow taper 
over months as premature cessation of medica-
tion may result in an incomplete response with 
recurrence. The myositic variant may require an 
even slower taper. Steroid response may be lim-
ited in more chronic forms of idiopathic orbital 
inflammation. Adverse events such as prema-
ture atherosclerosis, osteoporosis, diabetes, and 
growth retardation may limit long-term use in 
the pediatric group, especially in the setting of 
multiple recurrences. Children and their fami-
lies should be counseled on the importance of 
strict medication compliance and the risk of 
sudden cessation of corticosteroids.

In adults, orbital radiation (e.g., 1500–
2500 Gy over 10–15 days) has been used as a 
second-line treatment with good results; how-
ever there is some hesitation regarding this 
modality in patients younger than 20  years 
due to concern for an increased risk of induced 
malignancy. More recently, attention has 
turned to immunomodulators and biologic 
therapies. There is currently no consensus on 
these treatment protocols, and this should be 
undertaken in conjunction with a pediatric 
rheumatologist.

Methotrexate interferes with folic acid 
synthesis via inhibition of dihydrofolate 
reductase, resulting in suppression of both B- 
and T-cells. Smith et al. [21] instituted a meth-
otrexate regimen beginning with 7.5  mg for 
the first week then increasing to 15 mg weekly, 
increasing at monthly intervals up to a maxi-
mum of 25  mg/week depending on clinical 
response and side effects. Of seven patients 
>18 years old with nonspecific orbital inflam-
mation, four demonstrated a clinical benefit, 
one failed to respond, and two discontinued 
treatment for undisclosed reasons prior to 
completion of the 4-month trial. Shah et al. 
[22] reported five of six adult patients with 
steroid-intolerant or refractory idiopathic 
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orbital inflammation responded well to 
12.5 mg weekly of oral methotrexate. Adverse 
effects of methotrexate include hepatotoxic-
ity, gastrointestinal disturbance, fatigue, hair 
loss, and neutropenia. Mycophenolate mofetil 
is another antimetabolite that inhibits purine 
synthesis and, as a result, B- and T-cell repli-
cation. Hatton et al. [23] treated five patients 
(ages 28–48  years) with mycophenolate 
mofetil, four of whom had previously experi-
enced multiple recurrent episodes on alterna-
tive therapies and as an initial treatment for 
one patient with poorly controlled type 1 
 diabetes mellitus. Four patients responded 
with complete resolution of inflammation, 
three of whom were able to discontinue corti-
costeroids altogether. One discontinued the 
therapy due to severe nausea. The treatment 
dose of mycophenolate mofetil was titrated to 
achieve resolution, and the average mainte-
nance dose in these patients was 2.2  g/day. 
Patients may complain of gastrointestinal dis-
turbance, hypertension, peripheral edema, 
headache, and fever. Cyclosporine inhibits 
T-cell synthesis of IL-2 and related cytokines. 
Several case reports have shown efficacy, espe-
cially in cases of adults with uncontrolled or 
recalcitrant IOI [24–26]. Side effects of liver 
and bone marrow toxicity and pulmonary 
fibrosis must be monitored.

Rituximab is a chimeric mouse-human 
monoclonal antibody against CD20 protein 
and causes a selective, temporary depletion of 
CD20+ B-cell populations. Schafranski [27] 
reported a case of idiopathic orbital inflam-
mation refractory to azathioprine therapy in a 
66-year-old patient with diabetes mellitus who 
had marked improvement in signs and symp-
toms after two 1  g infusions of rituximab. 
Others have also reported successful treat-
ment of IOI in the adult population with 
rituximab [28–30]. Reported side effects of 
rituximab include infusion reaction (including 
fevers, chills, rigors, nausea, dizziness, rash, 
and bronchospasm), pulmonary toxicity, car-
diac toxicity, and immunosuppression. In an 
effort to reduce systemic side effects, Savino 
et  al. [31] performed weekly 10  mg intraor-
bital rituximab injections in IOI adults refrac-
tory to corticosteroid treatment. The site of 

injection was planned according to the clinical 
situation and imaging results. One patient 
experienced complete resolution after 
2  months of treatment, the other two had 
improvement of symptoms as well as exam, 
radiologic, and histologic findings after 1- and 
2-month cycles. The injections were tolerated 
well by all patients.

Infliximab is an intravenous chimeric 
monoclonal antibody against TNF-α. An 
increasing body of literature supports the use 
of infliximab as a steroid-sparing agent in 
recalcitrant IOI. The usual dosing schedule is 
3–5  mg/kg of body weight given at baseline, 
week 2, week 6, and every 4–8 weeks thereaf-
ter. In rheumatoid arthritis, infliximab is more 
effective when given with methotrexate. 
Garrity et  al. [32] presented a retrospective 
case series of seven patients (age 27–46 years) 
who were treated with infliximab after failure 
of traditional therapy. All patients had a favor-
able response, and those without other sys-
temic conditions were able to discontinue all 
corticosteroid treatment. Wilson et al. [33] pre-
sented a 15-year-old patient with bilateral 
idiopathic orbital inflammation refractory to 
corticosteroid and methotrexate treatment 
that was started on infliximab (5  mg/kg at 
baseline, week 2, week 6, and then every 
8 weeks thereafter) for a total of six infusions. 
He was successfully tapered off of steroids 
without any further relapse 2  years after his 
initial diagnosis. Miquel et al. [34] treated two 
adult patients with steroid-dependent IOI with 
eight cycles of infliximab (initially 3–5 mg/kg 
per month extending to 5  mg/kg every 
6 weeks). Both patients demonstrated a rapid 
and dramatic improvement, enabling a reduc-
tion in corticosteroid dosage. These patients 
continued to receive infliximab and remained 
free of orbital manifestations after >20 months 
of follow-up. Sahlin et  al. [35] presented a 
15-year-old female with idiopathic sclerosing 
orbital myositis that could not be satisfactorily 
treated with corticosteroids, azathioprine, and 
methotrexate. Infliximab treatment was started 
at 3 mg/kg administered at weeks 0, 2, 4, and 
then every 8 weeks with clinical improvement 
noted within 3 days of the first infusion. The 
infusions were discontinued after the sixth 

Extraocular Inflammation



198

14

dose for factors unrelated to the disease or 
treatment. The methotrexate was continued, 
but steroid treatment was tapered and discon-
tinued. The patient remained free of disease at 
final follow- up. Side effects of infliximab 
include reactivation of latent tuberculosis, 
drug-induced lupus, increased risk of lym-
phoma, pancytopenia, severe infection, and 
demyelinating disease.

Adalimumab is a fully humanized IgG1 
monoclonal antibody to TNF-α and may be 
safer than infliximab. Adams et al. [36] reported 
two pediatric patients with refractory, steroid-
dependent, recurrent,  nonspecific orbital myo-
sitis that could not be controlled with standard 
immunosuppressive therapies, including meth-
otrexate, mycophenolate mofetil, and cyclo-
phosphamide. Adalimumab was started at 
40  mg subcutaneous injection weekly with 
prompt, long-lasting improvement; corticoste-
roid dosage was reduced and all other medica-
tions were discontinued. Both patients have 
remained in remission without recurrence. 
Adverse effects of adalimumab are similar to 
those of infliximab.

Complete surgical excision of the involved 
areas is typically neither possible nor indi-
cated. Surgical approach is reserved primarily 
for biopsy for diagnostic purposes only. The 
approach varies with the area of involvement. 
A lacrimal gland biopsy is typically performed 
via an upper lid crease incision under local 
anesthesia in addition to sedation for older 
children or general anesthesia for younger 
children. The septum is incised and the orbital 
lobe of the gland is approached just inferior 
to the lateral superior orbital rim. Care is 
taken to avoid the palpebral lobe of the gland 
which can damage its excretory ducts and 
leads to dry eye. To access the inferior orbit 
for biopsy, a transconjunctival approach infe-
rior to the tarsus under general anesthesia can 
be utilized. The surgeon must remain aware of 
the position of the globe as well as the inferior 
oblique muscle which resides between the 
nasal and central fat pads. The medial orbit 
can be readily accessed through a transcarun-
cular incision. By staying posterior to the pos-
terior lacrimal crest, one can avoid injury to 
the medial canthal tendon and lacrimal drain-
age system.

Ultimately, recurrence rates in the pediat-
ric population have been reported as high as 
76% and families should be counseled to this 
possibility. Some studies have found that 
females are more likely to recur with recur-
rence manifesting on average 1.7  years later 
[7]. Those who present with bilateral disease 
are also more prone to recurrence [8]. Children 
with bilateral disease, including recurrent 
alternating episodes, are more likely have to 
have a severe degree of visual loss, greater 
degree of residual proptosis, papilledema, and 
iritis [7]. Iritis appeared to be the most telling 
single finding with respect to long-term 
sequelae [8].

14.3  Ocular Rosacea

14.3.1  Background

Acne rosacea, also known as rosacea, is a 
chronic inflammatory disorder that primarily 
affects the skin of the central face and perior-
bital region characterized by intermittent 
remissions and exacerbations. According to 
the National Rosacea Society, the presence of 
one or more of the following features is indic-
ative of rosacea: flushing or transient ery-
thema, nontransient erythema, inflammatory 
papules or pustules, and telangiectasias. 
Secondary features that often appear include 
burning and stinging sensation, elevated red 
plaque, dry appearance, edema, ocular mani-
festation, and phymatous changes [37]. These 
symptoms are often exacerbated by hot liq-
uids, spicy foods, alcohol, caffeine, and envi-
ronmental stimuli such as sun and wind 
exposure. Patients may also report an 
increased sensitivity to topical products such 
as cleansers or soaps [38].

14.3.2  Classification

In 2002, the National Rosacea Society devel-
oped a classification system consisting of four 
main subtypes [39]: erythematotelangiectatic, 
papulopustular, phymatous, and ocular. In 
addition, granulomatous rosacea is recog-
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nized as a variant. Erythematotelangiectatic 
rosacea is marked by persistent facial ery-
thema with episodic flushing with or without 
telangiectasias (. Fig. 14.5). Papulopustular 
is the most common subtype and presents as 
inflammatory papules and/or pustules on a 
bed of facial erythema. In the phymatous sub-
type, the skin thickens and becomes irregular 
and bumpy in texture with rhinophyma being 
the most common presentation. Ocular rosa-
cea signs and symptoms include conjunctival 
injection, foreign body sensation, burning or 
stinging, dryness, itching, photophobia, 
vision changes, lid margin telangiectasias, and 
lid and periocular edema. Granulomatous 
rosacea is a noninflammatory variant charac-
terized by hard yellow, brown, or red papules 
or nodules on the normal-appearing cheek or 
periorificial skin that can lead to scarring [37].

Given growing insights into the pathogen-
esis and pathophysiology of  the disease as 
well as the frequent overlap of  subtypes, the 
National Rosacea Society gave an updated 
classification system based on phenotype in 
2017 in an attempt to unify rosacea as a sin-
gle clinicopathologic entity with multiple pre-

sentations [40]. A diagnosis of  rosacea may 
be made if  either “fixed centrofacial erythema 
in a characteristic pattern that may periodi-
cally intensify” or phymatous changes are 
present. While major cutaneous signs often 
occur in the setting of  the above phenotype 
diagnostic features, the presence of  two or 
more of  the following alone may also be con-
sidered diagnostic of  rosacea: flushing, pap-
ules and pustules, telangiectasias, or ocular 
manifestations. Secondary signs and symp-
toms may appear with one or more diagnos-
tic or major phenotypes: burning or stinging, 
facial edema, or dry appearance. As the dis-
ease progresses, it may increase not only in 
severity but also in the number and variety of 
manifestations [40].

A standard grading system has been pro-
posed to more accurately assess and monitor 
disease state: mild (<10 papules/pustules, mild 
erythema, with or without symptoms), mod-
erate (10–19 papules/pustules, moderate ery-
thema, with or without symptoms), and severe 
(>20 papules/pustules, severe erythema, with 
or without symptoms). In addition, one 
should note the severity and frequency of 
flushing and telangiectasias [41].

       . Fig. 14.5 Acne rosacea, erythematotelangiectatic 
subtype demonstrating bed of  facial erythema and tel-
angiectasias over the cheek and nose

Criteria for Rosacea Diagnosis

In order to make a diagnosis of  rosacea, a 
patient must have:

 5 One diagnostic phenotype
 5 Two or more major cutaneous signs
 5 Either a diagnostic phenotype or 

major cutaneous sign PLUS second-
ary sign or symptom

Diagnostic phenotypes:
 5 Fixed centrofacial erythema in a char-

acteristic pattern that may periodi-
cally intensify

 5 Phymatous changes

Major cutaneous signs: flushing, papules 
and pustules, telangiectasias, or ocular 
manifestations

Secondary signs and symptoms: 
burning or stinging, facial edema, or dry 
appearance
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14.3.3  Presentation

Acne rosacea most commonly affects adults 
in their third to fifth decades [42]. Rosacea is 
considered to be rare in children and adoles-
cents, but it is likely underreported due in part 
to a lack of awareness and misdiagnosis. 
Children often have a long history of symp-
toms and multiple visits to various specialists 
before the correct diagnosis is made [43]. 
There is no clear gender predilection in adults 
[42], but it may be more common in girls. 
Rosacea occurs more frequently in light-
skinned individuals but can occur in darker-
skin types, including Asians and 
African-Americans [44]. Pediatric patients 
typically have clinical features similar to that 
seen in adults with the exception of phyma-
tous rosacea which has not yet been reported 
in children [45]. Many will report a positive 
family history [43].

While they can each occur independently, 
58–72% cutaneous rosacea patients will also 
suffer from ocular rosacea [46, 47]. Patients will 
often report eye redness, burning, tearing, dry-
ness, foreign body sensation, or  photosensitivity. 
Exam findings may include blepharitis, meibo-
mian gland dysfunction, lid margin telangiec-
tasias, conjunctivitis, episcleritis, keratitis, iritis, 
recurrent chalazia (. Fig. 14.6), and edema of 
the lids and periocular region. In severe cases, 
this can progress to corneal neovasculariza-
tion, ulceration, thinning, and perforation that 
can result in severe visual impairment or blind-
ness [48]. Ocular disease is most often bilateral 
and symmetric. Flares in ocular disease is typi-
cally independent of the activity and severity 
of cutaneous disease. In children, ocular symp-
toms tend to predominate and can precede 
cutaneous symptoms in up to 50% [49], com-
pared to 20% in adults [50].

14.3.4  Differential Diagnosis

In the pediatric population, the differential 
diagnosis for acne rosacea may include steroid 
rosacea, granulomatous periorificial dermati-
tis, sarcoidosis, systemic lupus erythemato-
sus, acne vulgaris, and demodicosis. Steroid 
rosacea is a rosacea-like condition precipi-
tated by the use of  topical or inhaled steroids 
or their rapid withdrawal. Granulomatous 
periorificial dermatitis, also known as facial 
Afro- Caribbean childhood eruption or 
Gianotti-type perioral dermatitis, represents 
a less common variant of  perioral dermatitis 
where monomorphic pink to yellow-brown 
papules are seen in the perioral, perinasal, 
and periocular skin of  prepubertal children 
with darker skin types. Erythema and tel-
angiectasias are uncommon [51]. Childhood 
sarcoidosis is rare but may present in a simi-
lar manner clinically and histologically to 
granulomatous variant rosacea. Sarcoidosis, 
however, tends to have systemic findings 
including fatigue, weight loss, and pulmonary 
symptoms as well as abnormal lab findings 
(positive angiotensin- converting enzyme and 
lysozyme) and radiography (bilateral hilar 
lymphadenopathy on chest X-ray). The malar 
rash of  systemic lupus erythematosus can be 
mistaken for centrofacial erythema in rosa-

       . Fig. 14.6 Right lower lid chalazion in setting of  ocu-
lar rosacea

 Grading

Mild: <10 papules/pustules, mild ery-
thema, with or without symptoms

Moderate: 10–19 papules/pustules, mod-
erate erythema, with or without symptoms

Severe: >20 papules/pustules, severe 
erythema, with or without symptoms
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cea. Systemic complaints (including fatigue, 
arthralgia, and myalgia), serologic work-up 
(positive anti- nuclear antibody), and biopsy 
with direct immunofluorescence can help to 
distinguish the conditions. Acne vulgaris can 
appear quite similar to the papulopustular 
subtype of  acne rosacea but has comedones 
as a distinguishing characteristic from the 
latter; of  note, acne vulgaris and acne rosa-
cea co-exist in some patients. Patients with 
demodicosis can also have a facial eruption 
with erythema associated with papules and 
pustules; however it is rare in immunocom-
petent children. Further, skin scrapings will 
typically show an abundance of  the demodex 
mites [38].

14.3.5  Pathogenesis

The underlying cause of  rosacea is unknown; 
however several pathophysiologic pathways 
have been investigated. The innate immune 
system provides constant surveillance and 
upon detecting an offending agent initiates a 
rapid but nonspecific response. It has been 
suggested that dysregulation of  this innate 
immune system leads to the cutaneous 
inflammation seen in rosacea. Wladis et  al. 
[52] sought to characterize the molecular 
biologic environment of  pathological skin in 
ocular rosacea and found significantly 
increased concentrations of  five specific 
molecules compared to normal controls: 
IL-1β, IL-16, monokine induced by IFN-γ, 
monocyte chemotactic protein-1, and stem 
cell factor. Increased leukocytes, in particu-
lar helper T cells, and cytokine levels are also 
a common feature [53]. In addition, acne 
rosacea is thought to be due in part to vascu-
lar hyperactivity and instability [54]. Studies 
have identified increased levels of  cathelici-
din and kallikrein 5 [55, 56], endoglin 
(CD105) and intercellular adhesion mole-
cule expression in arterioles [57], and num-
ber of  toll-like receptors [57, 58]. Rosacea 
has a well-described association with facial 
demodex colonization, but its significance 
and pathophysiology in the disease is unclear 
[59, 60]. A link with H. pylori has also been 
suggested [61].

14.3.6  Treatment

As there currently is no cure for rosacea, treat-
ment is aimed at control of symptoms and 
prevention of complications. Treatment is 
based on phenotype rather than subtype. 
Furthermore, response to a given intervention 
tends to be highly idiosyncratic.

The first step entails baseline skin care 
and lifestyle modification. A gentle facial 
cleanser and moisturizer/barrier repair prod-
uct is an important component to the overall 
management of  the disease [39]. Minimizing 
exposure to alcohol, caffeine, chocolate, 
spicy foods, and hot beverages may decrease 
potential triggers. Broad-spectrum sun-
screens and protective clothing can be used 
to block sunlight and weather exposures. 
Physical and emotional stress may aggravate 
the disease. Green- tinted makeup can help 
conceal erythema.

Sodium sulfacetamide 10%-sulfur 5% 
(available as a cleanser, cream, gel, and topical 
suspension), metronidazole (0.75% and 1% 
formulations available as gel, cream, and 
lotion) [62], and azelaic acid 15% gel [63, 64] 
are all FDA-approved topical agents in the 
treatment of cutaneous rosacea with overall 
favorable safety and tolerability profiles [65, 
66]. These have been well-established to reduce 
the inflammatory lesions in papulopustular 
rosacea. Various studies have reported the use 
of other non-FDA-approved topical thera-
pies, including tacrolimus 0.1% ointment [67], 
benzoyl peroxide with and without antibiotic 
[68, 69], and retinoid therapy [70, 71], with a 
range in efficacy. More recently, attention has 
turned to α-adrenergic receptor agonists, spe-
cifically brimonidine tartrate [72] and oxy-
metazoline [73], to treat diffuse centrofacial 
erythema, or background vascular erythema 
[74, 75].

The literature regarding systemic therapy 
of pediatric ocular rosacea is sparse. There is 
no established therapy regimen; dosing and 
duration is custom based on patient age and 
clinical status. Children tend to respond well 
to systemic antibiotics; however relapses can 
occur upon discontinuation. This may be 
blunted by gradual tapering of therapy over 
months.

Extraocular Inflammation



202

14

Tetracyclines appear to be safe and effec-
tive in pediatric ocular rosacea in children 
over 8  years of age. It exhibits both anti- 
bacterial and anti-inflammatory effects. These 
medications accumulate in sebum and 
decrease bacterial lipase production and free 
fatty acid concentration. It may also decrease 
microbial inflammatory mediators via inhibi-
tion of protein synthesis. The second- 
generation tetracyclines, including doxycycline 
and minocycline, have longer half-lives, 
increased bioavailability, and decreased gas-
trointestinal side effects as they can be taken 
with food, but there is no increased efficacy 
compared to tetracycline. These medications 
should be avoided below 8 years of age as it 
can permanently stain teeth, interfere with 
tooth enamel development, and deposit in 
bones, causing temporary retardation in skel-
etal growth. As such, some authorities advo-
cate withholding these agents until the teenage 
years. Dose-related phototoxicity, cutaneous 
hyperpigmentation, acute vestibular side 
effects, drug-induced lupus-like syndrome, 
and autoimmune hepatitis have also been 
reported as side effects. These are almost 
exclusively due to minocycline. Of note, the 
only systemic agent approved by the FDA is 
modified-release oral doxycycline 40 mg daily 
for the treatment of inflammatory papules 
and pustules [76]. When used with topical 
therapies, it induces a more rapid and greater 
therapeutic effect [77].

In children younger than 8 years of age or 
with an allergy to tetracyclines, oral erythro-
mycin, metronidazole, or second-generation 
macrolides (e.g., azithromycin, clarithromy-
cin) may be used. Erythromycin is typically 
given at a dose of 20–40 mg/kg/day. Treatment 
for at least 3  months is recommended for 
relapsing or persistent disease [49]. 
Erythromycin improves meibomian gland 
function and, consequently, lengthens tear 
breakup time and improves punctate keratop-
athy. Side effects include gastrointestinal and 
hepatic toxicity. Some have found increased 
efficacy in achieving and maintaining com-
plete remission with metronidazole compared 
to erythromycin [49]. Metronidazole (dosing 
250 mg daily) was once a popular treatment 
for rosacea in Europe, but data is limited 

regarding its use. Side effects include periph-
eral neuropathy and seizures. Patients must 
also avoid alcohol ingestion during treatment 
due to a disulfiram-like reaction. While the 
macrolides, specifically azithromycin, have 
been shown to have immunomodulatory and 
anti- inflammatory effects, there are no large-
scale randomized controlled trials regarding 
use in rosacea. Side effects may include gas-
trointestinal intolerance, metallic taste, drug 
interactions, and QT prolongation. Patients 
are often required to take the medication 
(250–500  mg) 3  days per week, and many 
patients find adherence to such a dosing pat-
tern to be difficult. Oral isotretinoin (0.3–1 mg/
kg daily divided into BID dosing) is thought 
to work by decreasing sebum production and 
sebaceous follicles. It has been reported to be 
effective in severe and/or refractory cases as 
well as phymatous rosacea. Side effects include 
dry eyes, intracranial hypertension, and birth 
defects; as such, appropriate precautions for 
avoiding pregnancy in reproductive-age 
females must be taken. In cases of rosacea or 
rosacea-form facial eruptions induced by 
demodicosis, oral ivermectin with or without 
topical permethrin may be an effective treat-
ment [76].

Ocular treatment often begins with warm 
compresses and eyelid hygiene to soften thick 
stagnant secretions, increase meibomian 
gland turnover, remove debris, and keep mei-
bomian gland orifices open. Meibomian gland 
dysfunction-associated dry eye management 
focuses on lubrication with artificial tears as 
well as fatty acid nutritional supplementation 
with fish oil and flax seed. Topical ophthalmic 
cyclosporine 0.05% is a well-established treat-
ment for chronic dry eye but has also been 
shown to improve tear quality and corneal 
staining specifically in ocular rosacea [78]. Tea 
tree oil scrubs can decrease demodex counts 
as well as inflammation. Topical antibiotics 
such as ophthalmic erythromycin or bacitra-
cin can reduce bacterial flora, particularly S. 
aureus and P. acnes whose lipases may con-
tribute to increased free fatty acids and insta-
bility of the tear film. A limited course of 
corticosteroids at the lowest concentration 
possible may be necessary to treat episcleritis 
or sterile keratitis.
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Further ocular interventions may include 
punctal occlusion for refractory dry eye. 
Meibomian gland probing can be performed 
to manually open cicatrized orifices to improve 
outflow of contents and stabilize the tear film 
[79]. Recurrent chalazia that do not resolve 
may require incision and drainage with or 
without intralesional steroids.

The natural progression of  the various 
subtypes of  rosacea is not well understood. 
Long-term management balancing control 
of  disease and extended exposure to treat-
ments requires the clinical judgment of  the 
physician as well as patient motivation and 
adherence [80].

14.4  Contact Dermatitis

14.4.1  Background

Contact dermatitis is an umbrella term that 
describes an inflammatory skin reaction 
caused by contact with an external substance. 
It manifests with varying degrees of pruritus, 
erythema, and edema that may be accompa-
nied by scaling, vesicles, and bullae. Response 
is dependent on the causative agent, duration 
of contact, location of contact, and the indi-
vidual patient characteristics. In chronic cases, 
the skin may undergo lichenification in which 
it becomes leathery and thickened. There are 
two primary types of contact dermatitis: irri-
tant and allergic [81].

14.4.2  Irritant Contact Dermatitis

Irritant contact dermatitis is the most com-
mon type in the adult and pediatric popula-
tions and represents a general inflammatory 
response to a noxious substance. This subtype 
does not require a specific antigen-primed 
immune response to initiate a reaction. Mild 
irritants such as saliva, urine, feces, diapers, 
cleaning products, sanitizers, and certain 
insects will cause signs and symptoms with 
continued contact over time. It typically 
begins as dry, chapped skin that then pro-
gresses to itchy, red, swollen, and scaly skin 
with repeated exposures. If  exposure contin-

ues, the skin fissures and develops sores and 
blisters. Diaper rash and excessive handwash-
ing with harsh soaps are a frequent cause of 
mild irritant contact dermatitis [82]. Strong 
irritants such as fiberglass, turpentine, pepper 
spray, and bleach may show signs and symp-
toms quickly upon contact or within a few 
hours. Mutation in the filaggrin gene results in 
loss of filaggrin protein production that may 
alter the skin barrier and is associated with 
increased susceptibility to chronic irritant 
contact dermatitis [83].

14.4.3  Allergic Contact Dermatitis

Allergic contact dermatitis is a delayed cell- 
mediated type IV hypersensitivity reaction 
that requires a prior sensitization followed by 
a secondary exposure to elicit a response. This 
reaction is driven by T lymphocytes, particu-
larly helper T cells [84, 85]. True prevalence is 
difficult to estimate as allergic contact derma-
titis in children is often undiagnosed or misdi-
agnosed. Though the clinical relevance is still 
unclear, positive patch testing was found to be 
positive in 13.3–24.5% of healthy children 
[86–89]. Sensitization rates are rising with 
reports of sensitization beginning as early as 
6  months of age [87, 90]. Females are more 
frequently affected [89]. Metals, in particular 
nickel and cobalt, are the most common aller-
gens. They are found throughout our environ-
ment in a wide range of daily items such as 
jewelry, keys, clothing, electronics, and toys. 
Reportedly up to 10% of users can develop 
allergic contact dermatitis after using neomy-
cin [81]. Bacitracin and corticosteroids are 
other common medical allergens (. Fig. 14.7). 
Paraphenylenediamine (PPD) is a strong sen-

       . Fig. 14.7 Allergic contact dermatitis on bilateral 
upper lids after using bacitracin ointment
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sitizer that has been banned from skin care 
products since 1938 but is still found in hair 
dye and temporary tattoo dyes. Balsam of 
Peru was originally discovered in Peru from 
the bark of the Myroxylon balsamum tree. 
Nowadays, it is often used as a fragrance in 
personal toiletries, flavoring in food and drink, 
and mild antiseptic in medicinal products [91, 
92]. Rhus family plants, including poison ivy 
and poison oak, contain urushiol and are 
common causes of allergic contact dermatitis. 
The erythematous eruption often presents in a 
classic geometric or linear pattern matching 
the contact sites of the allergen. This can pro-
vide a useful clue to identify the inciting aller-
gen [93]. A history of allergic rhinitis or 
asthma may increase the risk of allergic con-
tact dermatitis, although further investigation 
is needed to clarify the role of atopy [94].

14.4.4  Differential Diagnosis

The differential diagnosis is wide, but one 
must primarily rule out other types of eczem-
atous and noneczematous dermatitis, includ-
ing atopic dermatitis, drug eruption, scabies, 
and seborrheic dermatitis [95]. Atopic derma-
titis is an endogenous inflammatory skin con-
dition that typically occurs before 5 years of 
age and can present similarly with dry, scaly 
skin and prominent pruritus. It may be diffi-
cult to differentiate between atopic dermatitis 
and contact dermatitis clinically, though the 
former tends to be symmetric and the latter 
correlating with exposure pattern. Because 
atopic dermatitis also causes a skin barrier 
dysfunction, it may actually predispose to 
easier hapten exposure and elicitation of con-
tact dermatitis. Drug eruption should be 

 considered if  a patient suddenly develops a 
symmetric systemic cutaneous reaction after 
beginning a medication. Scabies is an intensely 
pruritic rash characterized by burrows, or ser-
piginous, gray, linear elevations in the superfi-
cial epidermis, frequently found in the webbed 
spaces between the fingers, flexor surfaces of 
the wrist, and palms and soles. Seborrheic 
dermatitis is a common skin condition that 
presents as greasy-appearing, scaly, red 
patches in sebaceous gland-rich areas. One 
may also consider infectious etiologies for an 
inflammatory skin reaction. Cellulitis can 
present with areas of erythema and edema; 
however it is typically accompanied by sys-
temic signs such as fever and leukocytosis. If  
blistering lesions are present, herpetic infec-
tion or impetigo should also be on the differ-
ential.

14.4.5  Work-Up

Diagnosis of both types of contact dermatitis 
is typically suspected based on detailed patient 
clinical history, including personal products 
as well as home and school exposures. The 
diagnosis is often made on purely clinical 
grounds. However, epicutaneous patch testing 
remains the gold standard to confirm the 
diagnosis of allergic contact dermatitis [96]. 
Patch testing involves application of stan-
dardized concentrations of allergens directly 
to the skin, usually on the back, for 48 hours 
and then grading a response at multiple inter-
vals after initial placement [97, 98]. Still, clini-
cal correlation remains critical as patch testing 
has a reported sensitivity of 70% and specific-
ity of 80% [99]. Of note, there are no FDA- 
approved patch testing devices currently 
available to those under 18  years of age. 
Removing the suspected offending agent can 
be both diagnostic as well as therapeutic. Skin 
biopsy is not a routine part of the diagnostic 
work-up, but may be performed in cases of 
unusual or recalcitrant cases where patch test-
ing is negative. Histology demonstrates epi-
dermal spongiosis and is frequently 
nonspecific [81].

Types of Contact Dermatitis

 5 Irritant: general inflammatory response 
to a noxious substance

 5 Allergic: delayed cell-mediated type IV 
hypersensitivity reaction that requires 
a prior sensitization followed by a sec-
ondary exposure to elicit a response
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14.4.6  Treatment

The mainstay of treatment is identification 
and avoidance of the suspected offending sub-
stance. Supportive therapy includes restora-
tion of the skin barrier function with emollient 
moisturizers. Systemic antihistamines, cool 
compresses, and oatmeal baths can soothe 
acute symptoms and relieve discomfort. When 
these are not sufficient, topical corticosteroids 
work through various mechanisms to decrease 
proliferation of lymphocytes and production 
of cytokines to hasten resolution of clinical 
symptoms and cutaneous signs. There is a 
well-established benefit in allergic contact der-
matitis, but its role in irritant contact dermati-
tis is more controversial [82]. The optimal 
steroid selection, strength (classified grades 1 
through 7), and vehicle is typically adjusted 
according to involved location and severity of 
the condition. For example, lower-potency 
(group 7) steroids are typically applied to 
areas with thinner skin, whereas mid- or high- 
potency topical steroids may be used else-
where on the body. While duration of 
treatment also varies, topical application is 
typically continued for a few weeks to avoid 
any rebound. Topical corticosteroids should 
be used with caution as they can become a 
source of sensitization. Chronic use can result 
in cutaneous atrophy, hirsutism, folliculitis/
acne, and systemic absorption [82]. Oral corti-
costeroids can be used in cases of high sever-
ity, notable facial swelling, or diffuse rash 
covering much of the body.

Utilizing the intrinsic immunosuppressive 
properties of UV light, phototherapy (oral 
psoralens plus UVA, narrow-band UVB), is 
another treatment option for patients with 
contact dermatitis that is refractory or unre-
sponsive to topical or systemic corticoste-
roids. Topical calcineurin inhibitors 
(Tacrolimus 0.03% and 0.1% ointment, 
Pimecrolimus 1% cream) inhibit the signal 
transduction pathway in T cells and subse-
quently block production of inflammatory 
cytokines. They have shown good success in 
dampening chronic cutaneous inflammation, 
particularly in atopic dermatitis [95, 100]. A 
recent study showed similar efficacy of topical 

tacrolimus 0.1% ointment and mometasone 
furoate 0.1% ointment in a randomized study 
of patients with allergic contact dermatitis of 
the hands [101]. Of note, the FDA issued a 
warning regarding a possible link between 
topical calcineurin use and malignancy in 
children and adults; while there was a trend 
toward increased risk of lymphoma and leu-
kemia, it was not statistically significant and 
no definite causal relationship has been estab-
lished thus far [102]. They should not be used 
in children under 2  years of age. Systemic 
treatment with immunomodulators, such as 
methotrexate, cyclosporine, and azathioprine, 
may be a second-line option for patients with 
chronic dermatitis that does not respond to 
conventional therapy. More recently, trials of 
etanercept and infliximab have been used to 
inhibit TNF-α and diminish cytokine inflam-
mation in the skin, though their role in con-
tact dermatitis is not well-studied [82].

This disease persists into and throughout 
adulthood, necessitating continued avoidance 
of allergens and management of the inflam-
matory response [103].

14.5  Chalazion

14.5.1  Background 
and Presentation

Chalazia are noninfectious inflammatory 
lesions caused by inspissation of the meibo-
mian glands resulting in trapping of seba-
ceous material and subsequent leakage into 
the surrounding tissue. They are the most 
common inflammatory lesion of the eyelid, 
occurring in all ages, races, and genders [104]. 
It typically presents as rapid onset of an ery-
thematous eyelid lesion associated with mild 
focal edema and tenderness (. Fig.  14.8). 
Spontaneous resolution often occurs within 
1–2  weeks, although a chronic form may 
develop (. Fig. 14.9). Patients typically pres-
ent in the chronic phase weeks to months after 
initial onset with a persistent painless local-
ized eyelid nodule. On exam, it is essential to 
evert the affected lid to examine the conjuncti-
val surface (. Fig. 14.10). Diagnosis is made 
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based on history and clinical findings. Biopsy 
is not routinely performed and is reserved for 
atypical, persistent, or recurrent lesions. 
Histology shows a chronic granulomatous 
reaction with a mixed inflammatory infiltrate 
including multinucleated giant cells and lipid- 
laden epithelioid cells [105].

14.5.2  Associations and Risk 
Factors

Chalazion is often associated with ocular 
rosacea and chronic posterior blepharitis 
[106]. Demodex is more prevalent in patients 
with chalazia, and these patients tend to have 
multiple chalazia and higher recurrence. The 

       . Fig. 14.9 Right upper lid chronic chalazion. (Image 
courtesy of  Tal J. Rubinstein, MD)

a

c

b

       . Fig. 14.8 Single acute chalazion on a left lower lid (note prominent anterior presentation) and b right lower lid. 
c Multiple acute chalazia on right upper lid
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exact role of Demodex infestation in patho-
genesis, however, remains unclear [107]. 
Gastritis, lower serum vitamin A levels, and 
smoking have also been reported as risk fac-
tors [106, 108].

14.5.3  Differential Diagnosis

In children, the differential diagnosis may 
include hordeolum, juvenile xanthogranu-
loma, epidermal inclusion cyst, Molluscum 
contagiosum, and idiopathic facial aseptic 
granuloma. A hordeolum is an acute purulent 
infection, often staphylococcal, of the meibo-
mian gland (internal hordeolum) or gland of 
Zeis (external hordeolum or stye). This can 
progress to preseptal or orbital cellulitis in 
which systemic treatment and possible surgi-
cal incision and drainage is required. Juvenile 
xanthogranuloma is a form of histiocytosis 
that can present with a solitary reddish or yel-
low skin lesion on the head or trunk, includ-
ing the eyelid. While the skin lesion tends to 
spontaneously regress over time, the disease 
can have other extracutaneous (e.g., liver, 
lung, spleen, lymph node, bones, and gastro-
intestinal tract) and ocular involvement [109]. 
An epidermal inclusion cyst forms after epi-
thelial cells from the surface have been 
implanted into the dermis, often after trauma 

or surgery. It appears as an elevated, round 
white-yellow lesion with a central pore that 
indicates the remaining pilar duct. Molluscum 
contagiosum is a viral infection that typically 
presents with multiple umbilicated, dome- 
shaped, waxy papules. This may be associated 
with a chronic follicular conjunctivitis caused 
by the pox virus being shed onto the eye sur-
face [110]. Idiopathic facial aseptic granuloma 
is a rare pediatric dermatologic disorder char-
acterized by painless violaceous nodules on 
the cheeks or eyelids that spontaneously 
resolve [111].

14.5.4  Complications

Complications of  chalazia may include unac-
ceptable aesthetic appearance and mechani-
cal ptosis. These lesions can also induce 
refractive visual changes such as irregular 
astigmatism and optical aberrations, particu-
larly when larger in size [112–114]. Pyogenic 
granuloma, which may be associated with 
bleeding and further aesthetic dissatisfaction, 
is often found in the setting of  a chronic cha-
lazion. A study by Fukuoka et al. found that 
chalazia and their excision were linked to 
shortening and dropout of  Meibomian 
glands on meiboscopy which may contribute 
to tear film instability [91]. Similar to horde-

a b

       . Fig. 14.10 Left lower lid chalazion a. View with left lower lid eversion b. (Images courtesy of Tal J. Rubinstein, MD)
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ola, chalazia can become infected, and 
patients may present with erythema and dis-
comfort secondary to preseptal cellulitis 
(. Fig. 14.11). In such cases, oral antibiotics 
should be initiated to cure the infection. 
Ultimately, drainage of  the chalazion may 
facilitate more rapid healing and prevent 
recurrence.

14.5.5  Treatment

Up to 25–43% of acute chalazia may sponta-
neously self-resolve [115]. Treatment often 
begins with conservative management includ-
ing hot compresses, digital massage, and eye-
lid hygiene such as baby shampoo scrubs, tea 
tree oil, and dilute hypochlorous spray. 
Success of  this regimen varies widely from 
25–87%, heavily dependent on whether treat-
ment is initiated during the acute or chronic 
stage as well as patient education and compli-
ance [115–117]. If  the lesion persists despite 
conservative management, incision and 
curettage, intralesional steroid injection, or a 
combination of  the two can be performed. 
After local anesthesia is infiltrated into the 
affected eyelid, incision and curettage is per-

formed by placing a clamp and everting the 
eyelid, making a vertical or cruciate incision 
through the conjunctiva and posterior tarsal 
plate, followed by curettage to remove the 
gelatinous mucoid contents. In more chronic 
cases, the lesion may be composed predomi-
nantly of  fibrotic tissue and one may need to 
excise this tissue and its surrounding capsule. 
Caution should be taken with lesions at the 
eyelid margin or adjacent to the punctum to 
avoid lid notching and damage to the lacri-
mal system, respectively. Occasionally, the 
lesion may be more prominent from the ante-
rior aspect of  the lid and the incision can be 
made through the skin and orbicularis into 
the tarsus. Following incision and curettage, 
a topical antibiotic is typically given and the 
eyelid may or may not be patched depending 
on physician and patient preference. 
Intralesional steroids can be injected (typi-
cally 0.05–0.15 ml) either transcutaneously or 
transconjunctivally into the chalazion. 
Triamcinolone acetonide (available in 10 mg/
ml and 40 mg/ml concentrations) is the most 
widely used intralesional corticosteroid, but 
triamcinolone diacetate, dexamethasone, and 
betamethasone have also been used. 
Triamcinolone is a suspension of  small corti-
costeroid crystals that functions as a depot, 
storing in the tissue and slowly releasing over 
weeks [118]. Though the anterior approach is 
associated with less discomfort for the 
patient, it may predispose to injection site 
depigmentation [119] and, rarely, emboliza-
tion of  the steroid to retinal and/or choroidal 
vasculature that can lead to retinal vascular 
occlusive events and loss of  vision [120, 121]. 
Reported recurrence rates range from 0 to 
16% for incision and curettage and 0 to 27.3% 
for intralesional steroids. When only one pro-
cedure is done, incision and curettage is gen-
erally more effective than intralesional 
steroids, however that superiority diminishes 
after repeated treatments [122]. Incision and 
curettage is often associated with greater 
 discomfort and inconvenience than intrale-
sional steroids though similar satisfaction 
scores were reported with both procedures 
[123, 124].

       . Fig. 14.11 Left upper lid chalazion complicated by 
secondary bacterial infection and preseptal cellulitis. 
(Image courtesy of  Tal J. Rubinstein, MD)
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Topical antibiotics have no role in the treat-
ment of chalazia, but can treat associated 
staphylococcal blepharitis. Acute secondary 
infection may require treatment with systemic 
antibiotics directed against skin flora. Tetracy-
clines may be indicated for recurrent or multi-
ple chalazia or accompanying rosacea. As 
described previously, these medications accu-
mulate in sebum and decrease bacterial lipase 
production, free fatty acid concentration, and 
microbial inflammatory mediators. Dosing is 
typically oral doxycycline 50–100 mg once or 
twice a day. Side effects include permanent 
staining of teeth, interference with tooth 
enamel development, deposition in bones 
causing temporary retardation of skeletal 
growth, and photosensitivity. The medication 
should be reserved for patients over 8 years of 
age and avoided in pregnancy. If  unable to 
take tetracyclines, erythromycin or metronida-
zole may be an acceptable alternative.

14.5.6  Sample Case

A 16-year-old girl presented with a five-day his-
tory of right upper eyelid edema. She reported 
notable itching and burning. On exam, the 

right upper lid was noted to be diffusely edema-
tous (. Fig. 14.12). She was found to have a 
mild papillary conjunctivitis with chemosis and 
trace superficial punctate keratitis. On further 
questioning, the patient denied any history of 
trauma or sinusitis but reported a visit to 
Urgent Care 1 week previously where she was 
diagnosed with “conjunctivitis” and started on 
an “antibiotic eye drop.” She was diagnosed 
with likely allergic contact dermatitis, but patch 
testing was deferred. The ophthalmic drop was 
discontinued, and the patient was instructed to 
use artificial tears and cool compresses with 
complete resolution of symptoms.

Key Points
 5 Idiopathic orbital inflammation can 

affect any tissue in the orbit; it most 
commonly presents as an orbital mass, 
myositis, or dacryoadenitis.

 5 Bilateral involvement, recurrence, and 
systemic symptoms are more common 
in pediatric idiopathic orbital inflam-
mation.

 5 The mainstay of IOI treatment is 
systemic corticosteroids with a classic 
response within 24–48  hours; this is 
tapered slowly over several months.

 5 Rosacea is likely a single clinicopatho-
logic entity with various presentations 
characterized by erythema, telangiecta-
sias, and papules or pustules. Ocular 
involvement is common and can have 
serious sequelae.

       . Fig. 14.12 Clinical photograph of  a young female 
who presented with right upper lid edema. (Image cour-
tesy of  Tal J. Rubinstein, MD)

Step-by-Step Incision and Drainage 
of Chalazion

Step-by-step incision and drainage of 
chalazion:
1. Anesthetize the lid (e.g., subcutaneous 

2% lidocaine with epinephrine).
2. Place chalazion clamp.
3. Evert the lid.
4. Use an #11 blade to create a vertical (or 

cruciate incision) through the conjunc-
tiva and tarsus overlying the lesion.

5. Perform curettage to remove gelati-
nous inner contents.

6. Excision of  the capsule (often in more 
chronic cases).

7. +/− intralesional steroid injection.
8. Removal of  chalazion clamp.
9. Application of  antibiotic or antibi-

otic-steroid ointment to surgical site.
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 5 History regarding possible exposures 
and pattern of involvement on physical 
exam are helpful clues in diagnosis (and 
treatment) of contact dermatitis.

 5 Chalazia are benign inflammatory 
lesions representing blocked meibomian 
glands, often in the setting of blepharitis 
and ocular rosacea. These lid nodules 
commonly self-resolve but may require 
further intervention, such as incision 
and drainage and/or intralesional 
steroid injection.

 ? Review Questions
 1. An otherwise healthy 11-year-old girl 

presents with right upper lid edema 
and erythema. Visual acuity, pupil 
exam, and intraocular pressure are 
normal, but there is mild limitation of 
extraocular motility. On exam, she has 
ptosis as well as temporal conjunctival 
injection. An orbital CT scan reveals 
an enlarged lacrimal gland with 
adjacent fat stranding. All of  the 
following would be an acceptable step 
in the evaluation and treatment except:
 (a) Excisional biopsy of  the lacrimal 

gland
 (b) Initiation of  steroid therapy
 (c) A serologic work-up
 (d) Referral to a pediatric 

rheumatologist

 2. Rosacea may be exacerbated by all of 
the following except:
 (a) Hot and spicy food
 (b) Alcohol
 (c) Doxycycline
 (d) Sun and wind exposure

 3. Contact dermatitis often presents as a 
pruritic, erythematous rash. The sever-
ity is dependent on all of  the following 
except:
 (a) Causative agent
 (b) Ultraviolet (UV) light exposure
 (c) Duration of  contact
 (d) Individual patient characteristics

 4. Intralesional steroids are commonly 
used in the treatment of  chalazia. 
Complications may include all of  the 
following except:
 (a) Skin depigmentation
 (b) Vaso-occlusive event
 (c) Intraocular pressure (IOP) elevation
 (d) Lid notching

 v Answers
 1. (a)
 2. (c)
 3. (b)
 4. (d)
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15.1   Rhabdomyosarcoma

15.1.1   Introduction

Rhabdomyosarcoma (RMS) is a highly malig-
nant tumor originating from pluripotent 
mesenchyme composed of striated muscle 
cells in various stages of development [1–5]. 
Rhabdomyosarcoma is the most common 
soft tissue sarcoma in the pediatric popula-
tion [1–8], accounting for 5% of all childhood 
malignancies and 20% of all malignant soft 
tissue tumors of childhood [1]. Approximately 
25%–35% of RMS originates from the head 
and neck region with 50% arising in the para-
meningeal area and 30% arising in the orbit [1, 
4, 5]. There is a slight predilection for males. 
No known racial predilection has been estab-
lished [1, 7]. Systemic associations include Li- 
Fraumeni syndrome, neurofibromatosis type 
I, familial cancer syndrome (p53 mutation), 
Noonan syndrome, Beckwith-Wiedemann 
syndrome, and Costello syndrome [1, 5].

15.1.2   Clinical Features

Rhabdomyosarcoma usually presents in the 
first decade of life at a mean age of 10 years 
[9]. Orbital RMS most commonly presents 
with unilateral proptosis (80–100%) that 
develops rapidly over weeks [1, 3–5]. Other 
presenting symptoms include globe displace-
ment (80%), conjunctival and eyelid swelling 
(60%), ptosis (30–50%), and a palpable orbital 
mass (25%) most commonly in the superona-
sal orbit [1, 9]. In advanced cases, pain (10%) 
can be found [1]. In rare instances, RMS pres-
ents in the conjunctiva as a papillomatous, 
botryoid mass [10].

Clinically, orbital RMS presents as a uni-
lateral, well-circumscribed, palpable mass 
(. Fig. 15.1a). In advanced orbital RMS, the 
mass can be irregular and ill-defined from 
pseudocapsule invasion. Secondary ocular 
complications include elevated intraocular 
pressure, exposure keratopathy, optic neurop-
athy, central retinal vein occlusion, and cen-

a b

c d

       . Fig. 15.1 Orbital rhabdomyosarcoma. a External 
examination disclosed an elevated reddish round mass 
located deep to the left lower lid. b T2-weighted coronal 
MRI image revealed a hyperintense inferomedial extra-

conal mass. c External photograph of  the surgical exci-
sion of  the tumor that proved to be rhabdomyosarcoma. 
d External appearance 1 year after biopsy, chemother-
apy, and radiotherapy
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tral retinal artery occlusion [1]. Distant 
metastasis occurs in approximately 6% [9] and 
occurs hematogenously, most often to the 
lung, bone, and bone marrow [1 3–5, 7, 9].

15.1.3   Imaging

Neuroimaging is required to evaluate the 
extent of  disease and rule out intracranial 
involvement. Computed tomography (CT) 
scan is superior for detecting bone involve-
ment but exposes the child to radiation. 
Magnetic resonance imaging (MRI) does 
not involve radiation exposure, provides bet-
ter spatial resolution and soft tissue detail, 
and more accurately detects intracranial 
spread [1–3, 5]. Orbital RMS is frequently 
located in the extraconal space but can be 
both intra- and extraconal. The mass is seen 
adjacent to the extraocular muscles without 
enlargement of  the muscle belly [1, 3, 5]. 
Early orbital RMS does not invade bone, 
but larger, more advanced tumors can exhibit 
bone destruction and invade adjacent 
sinuses. Rhabdomyosarcoma appears 
isodense to muscle on CT, hypointense to fat 
on T1-weighted MRI, and hyperintense to 
muscle and fat on T2-weighted MRI and 
enhances with gadolinium contrast 
(. Fig. 15.1b). Systemic workup for metas-
tasis can include nuclear bone scintigraphy 
positron emission tomography- computed 
tomography (PET- CT) and bone marrow 
biopsy. Bone scintigraphy is especially useful 
in the detection of  osteoblastic spread, while 
PET-CT is used in the identification of  bone 
and lymph node metastasis. Whole-body 
MRI is superior to PET-CT for recognition 
of  distant spread [5].

Radiologic Features of 
Rhabdomyosarcoma
Rhabdomyosarcoma
CT scan

 5 Homogenous soft tissue mass isodense 
to normal muscle

MRI
 5 T1: low to intermediate intensity, 

isointense to nearby muscle
 5 T2: hyperintense
 5 Post contrast: enhancing mass

15.1.4   Pathology

Tissue diagnosis is required prior to proceed-
ing with treatment [7]. Orbital RMS can be 
classified into three histological subgroups: 
embryonal (50%–70%, botryoid subtype 5%), 
alveolar (20%–30%), and pleomorphic (5%–
10%). The PAX3-FOXO1 fusion gene that 
occurs as a result of a stable reciprocal trans-
location of chromosome 2 and 13 is exclusive 
to alveolar RMS and is associated with a 
poorer prognosis [5].

15.1.5   Management and Prognosis

Orbital rhabdomyosarcoma is both a chemo-
sensitive and radiosensitive tumor. Primary 
treatment includes incisional or excisional 
biopsy (. Fig.  15.1c) followed by adju-
vant chemotherapy and/or radiotherapy. 
Staging according to the Intergroup Rhab-
domyosarcoma Study Group (IRSG) clas-
sification (. Table 15.1) guides management 
(. Table 15.2) [1, 3, 5, 7]. Vincristine, actino-
mycin, cyclophosphamide, and doxorubicin 
are the most commonly used chemothera-
peutic agents [1, 3, 5, 7]. Radiation treatment 
is usually at a dose of 36–50  Gy given over 
the course of 4–5  weeks. Patients should be 
monitored for radiation side effects including 
cataract, dry eye, orbital hypoplasia, ptosis, 
and radiation retinopathy. A multidisciplinary 
approach is required for optimal care. Prog-
nosis for orbital RMS has improved over the 
years (. Fig. 15.1d) with overall survival of 
92% at 5 years and 87% at 10 years for groups 
I, II, and III [5]. Orbital location, earlier diag-
nosis, favorable histopathology of embryonal 
type, and PAX3-FOXO1 fusion gene negative 
status are associated with a better prognosis.
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15.2   Leukemia

15.2.1   Introduction

Leukemia is a malignant neoplasm of the 
hematopoietic stem cells and is the most com-
mon childhood malignancy in the USA 
[11, 12]. In the pediatric population, acute 
lymphoblastic leukemia (ALL) accounts for 
80% of all cases, while acute myeloblastic leu-
kemia (AML) accounts for the remaining 20% 
[11]. Up to 69% of all patients with leukemia 
have ophthalmic involvement at some point in 
the course of the disease [12]. ALL is more 
common in non-Hispanic white males, while 
AML is more common in adult males of 
European descent [13].

15.2.2   Clinical Features

Acute lymphoblastic leukemia usually pres-
ents in the first decade of life between 2 and 
5 years of age [13]. Leukemia can affect the eye 
primarily by direct infiltration or secondarily 
due to hyperviscosity or anemia. Primary ocu-
lar involvement can involve the anterior uvea, 
the orbit, and the optic nerve. In the anterior 
segment, leukemia can present with chemosis, 
iris mass, pseudohypopyon, or pseudouveitis. 
In the orbit, primary disease can present as a 
discrete mass known as a myeloid sarcoma or 
chloroma, which is composed of primitive 
granulocyte precursors. Chloroma is found in 
3% of AML cases and is bilateral in approxi-
mately 60% [14]. The extraocular muscles as 
well as the lacrimal gland can be involved and 
mimic dacryoadenitis [15]. In the optic nerve, 
leukemic infiltration can present with acute 
vision loss and pain. Optic nerve infiltration 
can rapidly progress causing central retinal 
artery or vein occlusion, neovascular glau-
coma, or retinal detachment. Secondary ocu-
lar involvement is most commonly seen as 
leukemic retinopathy (. Fig.  15.2) [11, 14], 
characterized by flame- shaped hemorrhages, 
often with white centers at the level of the 
nerve fiber layer, but can also present as 
hyphema or vitreous hemorrhage [11, 16]. 

       . Table 15.1 Intergroup rhabdomyosarcoma 
study group. Surgical-pathological grouping 
system [1]

Group Definition

I Localized tumor
Completely resected with pathologically 
clear margins
No regional lymph node involvement

Ia Confined to muscle or organ of  origin

Ib Contiguous involvement outside the 
muscle or organ of  origin

II Localized tumor
Residual disease and/or regional lymph 
node involvement

IIa Microscopic residual disease
No evidence of  gross residual tumor or 
regional lymph node involvement

IIb No microscopic residual disease
Regional lymph node involvement

IIc Microscopic residual disease
Regional lymph node involvement

III Localized tumor
Incomplete resection with biopsy or 
gross residual disease

IV Distant metastatic disease present

Information from Shields and Shields [1]

       . Table 15.2 Intergroup rhabdomyosarcoma 
study group. recommendations for treatment of 
orbital rhabdomyosarcoma [5]

Group Radiation 
therapy

Chemotherapy

I None VA

II 36 Gy VAC

III 45 Gy VAC

IV Intensive Intensive

V = vincristine; A = actinomycin D; 
C = cyclophosphamide

Information from Jurdy et al. [5]
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Vascular tortuosity, dilation, occlusion and 
perivascular sheathing can be present [16]. 
Leukemic retinopathy is the most common 
ophthalmic manifestation of leukemia [11, 14].

15.2.3   Imaging

Chloroma appears hypointense to isoin-
tense on T1-weighted MRI and isointense 
to hyperintense on T2-weighted MRI and 
shows enhancement with gadolinium contrast 
[11, 17]. Neuroimaging is required to rule out 
central nervous system disease.

Radiologic Features of Orbital Chloroma
Orbital Chloroma
MRI

 5 T1: hypointense to isointense
 5 T2: isointense to hyperintense
 5 Post contrast: enhancing mass

15.2.4   Pathology

Chloroma, appearing green on gross examina-
tion, is composed of immature white blood 
cells including myeloblasts, myelocytes, and 

promyelocytes [16]. In patients with leukemic 
retinopathy, histopathology shows evidence 
of retinal capillary endothelial loss similar to 
radiation retinopathy [12].

15.2.5   Management and Prognosis

Treatment of leukemia is led by a pediatric 
oncologist. Systemic chemotherapy and bone 
marrow transplantation are part of the treat-
ment regimen; however, in cases where treat-
ment of ocular leukemia is insufficient, adjuvant 
radiation is indicated and is useful for orbital 
and ocular leukemia, leukemic retinopathy, iris 
infiltration, and optic nerve head involvement 
[11, 12]. The presence of ocular, orbital, or CNS 
involvement indicates poor prognosis [12].

15.3   Metastatic Neuroblastoma

15.3.1   Introduction

Metastatic neuroblastoma is a rare neuroen-
docrine tumor that commonly originates from 
the adrenal glands [18] but can be found in 
other locations along the sympathetic chain 

a b

       . Fig. 15.2 Leukemic retinopathy. Color fundus pho-
tograph of  the right a and left b eye showing diffuse dot 
blot and flame-shaped retinal hemorrhages with hard 

exudates in the macula consistent with leukemic reti-
nopathy
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in the neck, chest, abdomen, and pelvis [19]. 
Neuroblastoma is the most common extracra-
nial solid tumor in children under 5-years-old 
and represents 7.5% of all cancers in children 
under 15 years of  age [20]. The majority of 
cases present by 5 years of  age and 90% occur 
before age 10 [20]. Metastatic neuroblastoma 
can involve the orbits in approximately 10%–
20% of cases (. Fig. 15.3a) [21]. There is a 
slight predilection for males. No known racial 
predilection has been established [20, 21].

15.3.2   Clinical Features

Metastatic neuroblastoma presents in a system-
ically unwell child at a mean age of 2.5 years 
[18]. The clinical features and rapid onset of 
this tumor resemble that of orbital RMS; 
however, the patients are usually younger 
and clinically ill. Neuroblastoma can pres-
ent as a primary disease with opsoclonus or 
Horner’s syndrome; as orbital metastatic dis-
ease manifesting with a classic triad of edema, 
ecchymosis, and proptosis; or as hypertensive 
retinopathy secondary to systemic hyperten-
sion [20, 21]. The classic “raccoon eyes” triad 
of proptosis, ecchymosis, and edema is com-
mon and arises from retrobulbar metastasis. In 
a study by Smith et al., in 14 cases of neuro-
blastoma, orbital metastasis was present in 6 
(48%) [21]. Four patients presented bilaterally 
and two unilaterally. Common presenting signs 

included ptosis and ecchymosis, while propto-
sis and strabismus were less common [21].

15.3.3   Pathology

Histopathology of metastatic neuroblastoma 
is composed of embryonal neuroblasts 
arranged individually, as pseudorosettes, 
sheets, clumps, or cord-like groups within a 
sparse fibrous tissue stroma. The nucleus 
appears dark and vesicular with a high nuclear 
to cytoplasmic ratio [18].

15.3.4   Imaging

Metastatic orbital neuroblastoma has been 
known to mimic other orbital tumors such as 
RMS, hemangioma, and lymphangioma. 
Tumors mostly appear as a poorly defined 
mass in the posterolateral orbital wall, with 
bony destruction and intracranial extension 
on CT (. Fig.  15.3b) [18]. On MRI, meta-
static neuroblastoma shows low signal inten-
sity on T1-weighted images, high signal 
intensity on T2-weighted images, and little to 
no enhancement on post-contrast images [19]. 
Further evaluation includes urinary catechol-
amine levels (elevated in 80%–90% of 
patients), chest X-ray to evaluate for a medi-
astinal mass, and bone marrow biopsy which 
frequently shows neuroblastoma cells [18].

a b

       . Fig. 15.3 Metastatic neuroblastoma. a External 
photograph of  a 5-year-old male with painless right- 
sided proptosis, inferomedial globe dystopia, and 
decreased supraduction for 2 months from a superolat-

eral periorbital mass. b Orbital CT scan showing an ill- 
defined lytic mass centered in the right zygoma with 
both intra- and extraorbital extension. (Photo courtesy 
of  Dr. Roman Shinder)
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Radiologic Features of  Orbital 
Neuroblastoma
Orbital Neuroblastoma
MRI

 5 T1: hypointense
 5 T2: hyperintense
 5 Post contrast: little to no enhancement

15.3.5   Management and Prognosis

Management of metastatic orbital neuroblas-
toma includes intensive, multi-agent 
 neoadjuvant chemotherapy followed by 
tumor resection [20]. The two most important 
clinical factors in predicting the outcome for 
neuroblastoma are the stage of disease and 
age at diagnosis. Metastatic neuroblastoma 
involving the orbits is categorized as stage IV 
disease according to the International 
Neuroblastoma Staging System [21], with a 
guarded 5-year survival of 50%.

15.4   Orbital Lymphangioma

15.4.1   Introduction

Lymphangioma (lymphovenous malforma-
tion) is a benign, hamartomatous, unencap-
sulated, vascular malformation typically 
diagnosed during early childhood [22–28], 
accounting for 25% of orbital vascular lesions 
and 4% of all orbital lesions [29]. There is 
a slight female predilection [25]. There is 
no known racial predilection or systemic 
association.

15.4.2   Clinical Features

Orbital lymphangioma is present from birth 
and largely remains asymptomatic or possibly 
unrecognized. These lesions commonly 
become clinically apparent following acute 
hemorrhage within the lesion, either sponta-
neous or secondary to trauma, or enlarge-
ment as a result of an upper respiratory tract 

infection [22–24, 26]. These events can cause a 
myriad of symptoms, including acute unilat-
eral proptosis, pain, limitation of ocular 
movement, blepharoptosis, loss of vision, and 
globe displacement (. Fig.  15.4a). Orbital 
lymphangioma is a type 1 vascular malforma-
tion according to the International Orbital 
Society (. Table 15.3).

15.4.3   Imaging

On MRI, orbital lymphangioma appears as a 
multicystic, heterogeneous mass with fluid 
levels in the setting of acute or chronic intral-
esional hemorrhage [24].

15.4.4   Pathology

Histopathologically, lymphangioma is com-
posed of multiple dilated sacs of irregular vas-
cular channels with lymphocytes or lymphoid 
aggregates lined by a thin single layer of flat-
tened endothelial cells (. Fig. 15.4b) [23–25].

15.4.5   Management and Prognosis

Management of orbital lymphangioma 
includes observation, drainage, debulk-
ing, complete excision, infusion of scleros-
ing agents, or a combination of sclerosing 
therapy and surgical excision. Treatment 
is guided by symptoms, risk of amblyopia, 
and cosmetic appearance. Sclerosing agents, 
including OK-432 (a biological product from 
Streptococcus pyogenes), Sotradecol (sodium 
tetradecyl sulfate), doxycycline, bleomycin, 
and sodium morrhuate, are administered 
by intralesional injection and result in sig-
nificant reduction in tumor size [23–25, 30]. 
Complete surgical excision is technically dif-
ficult due to the poorly defined nature of the 
tumor (. Fig.  15.4c) and can be associated 
with complications including intraoperative 
hemorrhage and multiple recurrences [22–26, 
30, 31]. Intraoperative use of fibrin glue can 
improve hemostasis and facilitate tumor exci-
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sion [24, 30]. Medical therapy with oral silde-
nafil has been reported to be effective with 
collapse of the cystic spaces within the tumor 

[22]. Prognosis for orbital lymphangioma is 
variable depending on the size and location of 
the lesion (. Fig. 15.4d).

15.5   Hemangioma of Infancy

Hemangioma of infancy is a benign, vascular 
tumor and is the most common vascular 
tumor of the pediatric population [32] occur-
ring in 5%–10% of infants [32, 33]. Of all 
facial hemangioma, ocular hemangioma of 
infancy accounts for 24% [32]. In a survey of 
1264 patients with orbital tumors by Shields 
et al., 213 (17%) had vascular tumors of which 
36 (3%) were hemangioma of infancy [31]. 
Periocular hemangioma of infancy has a pre-
dilection for female gender and Caucasian 
race. Risk factors include multiple gestation 
pregnancy and premature birth [31, 32]. 
Systemic associations include PHACES syn-
drome (posterior fossa malformations, hem-
angiomas, arterial anomalies, cardiac defects, 
eye abnormalities, and sternal clefting), vis-

a b

c d

       . Fig. 15.4 Orbital lymphangioma. a External photo-
graph of  a 2-month-old child with proptosis and cor-
neal exposure of  the left eye secondary to orbital 
lymphangioma. b Histopathology showing irregular 

vascular channels and hemorrhage with organization 
(H&E, 10x). c Intraoperative photograph during exci-
sion. Consistent with lymphangioma. d External photo-
graph of  the same child 4 days after surgery

       . Table 15.3 Orbital vascular malformations [27]

No flow 
malformations 
(Type 1)

Lymphangiomas

Venous flow 
malformations
(Type 2)

Primary varices
Including:
Distensible and 
nondistensible varieties
Mixed forms with venous and 
no flow components (grouped 
here to emphasize the clinical 
importance of  the venous 
relationship)

Arterial flow 
malformations
(Type 3)

Secondary varices

Information from Harris [27]
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ceral hemangiomatosis (including subglottic 
hemangioma), Kasabach-Merritt syndrome, 
and Maffuci syndrome [31, 33, 34].

15.5.1   Clinical Features

Infantile hemangioma typically presents in 
infancy and is present at birth in 55% of cases 
[35, 36]. Periocular hemangioma of infancy 
typically appears as a small red lesion on the 
eyelid, which from the third month of life 
undergoes a phase of rapid proliferation and 
progressive enlargement [32]. This is followed 
by a slow involution phase over several 
months or years, characterized by a change in 
color from bright red to purplish gray. 
Approximately 30% completely regress by age 
3 years and 76% by 7 years [33].

Infantile hemangioma can be categorized 
by the depth of skin involvement (superficial, 
deep, mixed) or by area of involvement (local-
ized, segmental, indeterminate) [33]. 
Superficial hemangioma most often reaches 
its full size by 6–8 months of age while deep 
hemangioma can continue to grow until 
12–14 months of age [32, 33]. Deep hemangi-
oma can present with proptosis without any 
visible superficial hemangioma. In rare cases, 
hemangioma can also develop in other ocular 
locations such as the conjunctiva or iris [33].

Ocular sequelae of infantile hemangioma 
include amblyopia, cosmetic deformity, and 
orbitopathy. Large superonasal eyelid heman-
gioma tends to be more amblyogenic than 
those located in the central or temporal orbit, 
causing anisometropic astigmatic amblyopia 
or deprivation amblyopia [34].

15.5.2   Imaging

In the office, ultrasound is a quick noninva-
sive procedure that can characterize, localize, 
and determine the depth of the lesion without 
exposing the patient to radiation [33]. In addi-
tion, Doppler studies reveal the distinctive 
high flow pattern of hemangioma. When the 
diagnosis of hemangioma is uncertain, the 
gold standard imaging of choice is MRI with 
gadolinium contrast [33]. Hemangioma is 

seen as a well-circumscribed, densely lobu-
lated mass with low-intensity septations and a 
pseudocapsule. On T1-weighted MRI, hem-
angioma is isointense to extraocular muscle 
and hyperintense in areas of thrombosis. On 
T2-weighted MRI, hemangioma is hyperin-
tense to muscle. Post-contrast imaging shows 
gradual irregular enhancement with delayed 
washout [32].

Radiologic Features of  Hemangioma 
of Infancy
Hemangioma of  infancy
MRI

 5 T1: isointense signal to extraocular 
muscle with lobulated hypointense sep-
tations

 5 T2: hyperintense to muscle
 5 Post contrast: gradual enhancement 

with washout

15.5.3   Pathology

During the proliferative phase, infantile hem-
angioma is composed of densely packed endo-
thelial cells with small vascular lumen forming 
capillaries that are separated by fibrous septa-
tions. During the involution phase, the regress-
ing lesion displays increased fibrosis and 
hyalinization of capillary walls [32].

15.5.4   Management and Prognosis

All patients with infantile hemangioma 
should be referred to a pediatrician for sys-
temic review and evaluation for visceral hem-
angiomas and other associations. Ocular 
management of infantile hemangioma is 
aimed at the prevention of amblyopia and 
cosmetic disfigurement. All patients should be 
assessed with cycloplegic refraction, and any 
refractive error and amblyopia should be 
treated. Close follow-up and observation of 
the lesion is an acceptable treatment plan, but 
in patients with potentially amblyogenic hem-
angioma of infancy, treatment is warranted. 
Systemic propranolol therapy is the treatment 

 A. P. Martin et al.



227 15

of choice for infantile hemangioma (6) and 
requires a multidisciplinary team including a 
pediatrician and sometimes a pediatric cardi-
ologist. Potential side effects include brady-
cardia, hypotension, bronchospasm, and 
hypoglycemia, making pretreatment assess-
ment vital [37]. Oral propranolol given three 
times a day is usually titrated from a starting 
dose of 0.5 mg/kg/day up to 2 mg/kg/day over 
weeks with prompt clinical response seen as 
decrease in size, softening, and lightening in 
the color of the hemangioma [37]. Treatment 
is tapered and discontinued when response 
reaches a plateau or when the patient reaches 
12 months of age [37]. For non-amblyogenic, 
superficial, and mixed hemangioma of 
infancy, treatment with topical beta-blockers 
has shown similar success with fewer systemic 
side effects. Topical 0.25% timolol gel applied 
twice daily over the hemangioma results in 
more than 50% decrease in lesion size after 
2 months of treatment (. Fig. 15.5) [38].

Systemic, intralesional, and topical corti-
costeroids have also been successful in the 
treatment of hemangioma of infancy. Steroids 

accelerate the regression of the lesion but can 
have significant systemic adverse effects 
including growth retardation, adrenal sup-
pression, behavioral changes, and gastrointes-
tinal upset [37, 39]. Intralesional steroids can 
cause local complications, including eyelid 
necrosis, central retinal artery occlusion, and 
ophthalmic artery occlusion [33]. Surgical 
resection has been largely surpassed by oral 
propranolol and topical timolol therapy. The 
prognosis for patients with infantile hemangi-
oma is favorable, as the natural course of the 
disease is slow involution over many years.

15.6   Retinoblastoma

15.6.1   Introduction

Retinoblastoma (RB) is a neuroblastic tumor 
of embryonal retinal cells arising from the 
mutation of both copies of the RB1 tumor 
suppressor gene located on the long arm of 
chromosome 13(13q14). As the most common 
malignant intraocular tumor in the pediatric 

a b

c d

       . Fig. 15.5 Eyelid hemangioma of  infancy. a External photograph of  a hemangioma of  infancy of  the left upper 
eyelid. Regressing hemangioma at b 2, c 5, and d 10 months after initiating topical timolol therapy
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population, it accounts for 11% of all cancers 
in infancy and 4% of all pediatric cancers with 
an incidence of 1  in 15,000 live births [40]. 
Risk factors for retinoblastoma include a 
known family history of the disease, 13q dele-
tion syndrome, and maternal or paternal radi-
ation exposure [40]. There is no known race or 
gender predilection [40–43].

15.6.2   Clinical Features

Retinoblastoma can occur as a result of an 
autosomal dominant hereditary germline 
mutation (40%) or a sporadic somatic muta-
tion (60%) [40]. Germline RB has an earlier 
age of onset presenting in the first year of life 
and is more often bilateral or multifocal. 
These patients are at risk for pineoblastoma as 
well as secondary cancers, including osteo-
genic sarcoma, melanoma, breast cancer, and 

non-Hodgkins lymphoma [44]. In contrast, 
somatic RB occurs in older children age 
1–3  years (mean 18  months), with 95% of 
tumors diagnosed before age 5 years [40, 41, 
43, 45]. Tumors are usually unilateral and uni-
focal with no increased risk of secondary can-
cers. Presenting features of RB include 
leukocoria (56%) (. Fig.  15.6a), strabismus 
(24%), or poor vision (8%) [46]. Anterior seg-
ment findings of retinoblastoma include shal-
low anterior chamber, narrow or closed angles, 
elevated intraocular pressure, iris nodules or 
neovascularization, pseudohypopyon, or the 
presence of a whitish anterior chamber mass. 
Cataract or signs of inflammation are rare. On 
binocular indirect ophthalmoscopy, early RB 
presents as a round translucent thickening of 
the sensory retina (. Fig. 15.6b), with larger 
tumors, appearing as a round, opaque white 
or yellow retinal mass with fine intralesional 
blood vessels, a feeding retinal artery, and a 

a b

c d

       . Fig. 15.6 Retinoblastoma. a External photograph 
of  both eyes showing bilateral (right greater than left) 
leukocoria. b Retcam image of  the left eye showing an 
elevated white intraocular mass along the inferior 

arcade of  the left eye. c Retcam image of  the right eye 
showing a creamy yellow intraocular mass occupying 
over 50% of  the globe. d B-scan ultrasonography of  the 
left eye showing a hypoechoic intraocular mass
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draining vein (. Fig.  15.6c). Lesions that 
reach 10 mm in diameter can present with cal-
cifications that signify ischemia or necrosis 
[40]. Growth patterns exhibited by RB can be 
classified as endophytic, exophytic, or, rarely, 
a diffuse infiltrating type. Endophytic RB is 
characterized by the growth of RB within the 
retina and seeding into the vitreous cavity. 
Exophytic RB is characterized by growth deep 
within the retina into the subretinal space 
eventually leading to a retinal detachment 
[40]. Disc swelling can be seen secondary to 
raised intracranial pressure in the presence of 
pineoblastoma. External examination should 
also be performed to evaluate for lymphade-
nopathy and proptosis. Retinoblastoma is cur-
rently classified according to the International 
Classification of Retinoblastoma (ICRB) 
classification system (. Table 15.4) [40, 44].

15.6.3   Imaging

Indirect ophthalmoscopy by an experienced 
ocular oncologist is the most valuable tool to 
establish the diagnosis of  RB. By ultrasonog-
raphy, retinoblastoma is seen as a round intra-
ocular mass with high internal echoes 
(. Fig. 15.6d). Calcification is present in 95% 
of cases [40, 43], which differentiates RB from 
other intraocular tumors and Coats disease. 
On MRI, RB is hyperintense to vitreous on 

       . Table 15.4 The international classification 
of  retinoblastoma [47]

Group Philadelphia 
version

CHLA version

A RB ≤ 3mma RB ≤ 3 mm at least 
3 mm from the 
foveola and 1.5 mm 
from the optic nerve
No seeding

B RB > 3mma or
  Macular 

location (≤3 mm 
to the foveola)

  Juxtapapillary 
location 
(≤1.5 mm to the 
disc)

  Subretinal fluid 
≤3 mm from 
margin

Retinal tumors of 
any size or location 
not included in 
group A
No vitreous or 
subretinal seeding
Small cuff  of 
subretinal fluid 
≤5 mm from tumor 
margin

C RB with
  Subretinal 

seeds ≤3 mm 
from tumor

  Vitreous seeds 
≤3 mm from 
tumor

  Both subretinal 
and vitreous 
seeds ≤3 mm 
from tumor

Discrete tumor of 
any size or location
Focal vitreous and 
subretinal seeding 
that is local, fine, 
and limited 
(theoretically 
treatable with 
radioactive plaque)
Up to one quadrant 
subretinal fluid

       . Table 15.4 (continued)

Group Philadelphia 
version

CHLA version

D RB with
  Subretinal 

seeds >3 mm 
from tumor

  Vitreous seeds 
>3 mm from 
tumor

  Both 
subretinal and 
vitreous seeds 
>3 mm from 
tumor

Massive, 
nondiscrete 
endophytic or 
exophytic disease
and/or
Diffuse vitreous or 
subretinal seeding 
more extensive 
than Group C
Retinal detachment 
>1 quadrant

E Extensive RB 
occupying >50% 
globe or
  Neovascular 

glaucoma
  Opaque media 

from 
hemorrhage in 
the anterior 
chamber, 
vitreous or 
subretinal 
space

  Invasion of 
postlaminar 
optic nerve, 
choroid 
(>2 mm), 
sclera, orbit, 
anterior 
chamber

Massive RB with 
anatomic and 
functional 
destruction of  the 
eye with one or 
more of  the 
following:
Neovascular 
glaucoma
Massive intraocular 
hemorrhage
Aseptic orbital 
cellulitis
Tumor anterior to 
anterior vitreous 
face
Tumor touching 
lens
Diffuse infiltrating 
tumor
Phthisis or 
pre-phthisis

Key: RB Retinoblastoma, CHLA Children’s Hos-
pital of  Los Angeles
Information from Shields and Shields [47]
aRefers to 3 mm in basal dimension or thickness
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T1-weighted imaging and hypointense to vit-
reous on T2-weighted imaging and shows 
marked heterogeneous enhancement post 
contrast. Studies should also evaluate for 
optic nerve involvement, extraocular exten-
sion, and pineoblastoma. Brain MRI should 
be repeated every 6 months until age 5 years 
to screen for pineoblastoma [40, 43]. 
Fluorescein angiography (FA) is an effective 
way to determine recurrences after treatment 
and can also identify ischemic retinopathy as 
well as anterior segment neovascularization. 
Ophthalmic vascular events following intra- 
arterial chemotherapy (IAC) such as vascular 
attenuations and vascular occlusions can also 
be seen on FA [48]. Features of active RB 
angiographically include prominent vessels in 
the arterial phase with leakage in the venous 
phase [40]. Optical coherence tomography 
(OCT) imaging can detect the presence of 
subretinal fluid, evaluate macular integrity, 
and identify microscopic RB not seen on oph-
thalmoscopy [40, 49]. Hand-held OCT can 
detect subclinical recurrences not readily 
identifiable on ultrasound or clinical exami-
nation [49]. Retcam™ photography utilizes a 
wide-angle camera for documentation and 
serial monitoring of RB. Retcam use in con-
junction with FA is important for monitoring 
recurrences.

15.6.4   Pathology

Retinoblastoma appears as a mass of baso-
philic cells that contain round, oval, or 
spindle- shaped nuclei. Numerous mitotic fig-
ures and fragments of apoptotic nuclear 
debris are present. Characteristic tumor 
growth into the vitreous cavity or subretinal 
space with pseudorosette formation occurs 
when the RB tumor outgrows its blood supply 
leading to necrosis with associated calcifica-
tion. Flexner-Wintersteiner rosettes represent 
early retinal differentiation and are a charac-
teristic feature of retinoblastoma, while 
Homer-Wright rosettes indicate neuroblastic 
differentiation [40].

15.6.5   Management and Prognosis

As recent as two decades ago, retinoblastoma 
was managed with enucleation and external 
beam radiotherapy (EBRT). Both treatment 
modalities led to complications such as cos-
metic deformity, bony hypoplasia, and risk of 
secondary tumors. More recently, safer, globe- 
saving treatment options including chemo-
therapy, brachytherapy, and IAC have become 
available [40, 41, 45, 50]. Goals in the treat-
ment of RB are to save the life of the patient, 
preserve as much vision as possible, and mini-
mize side effects of treatment, specifically sec-
ondary cancers. Retinoblastoma is a 
chemosensitive tumor, with systemic chemo-
therapy generally used as a primary treatment 
option, especially in patients with a germline 
mutation. The most common chemothera-
peutic regimen used is carboplatin, etoposide, 
and vincristine (CEV) [40, 42–45], which is 
well tolerated by children and can be globe 
preserving in the majority of group A, B, C, 
and D patients. In a study by Shields et  al., 
ocular salvage rates were 100%, 93%, 90%, 
and 47% for groups A, B, C, and D, respec-
tively [40, 51]. Systemic chemotherapy not 
only treats RB but also offers systemic protec-
tion from the development of secondary can-
cers and metastasis. The most common cause 
of chemotherapy failure is recurrence of sub-
retinal seeds and/or vitreous seeds [41]. One 
of the more recent innovations in RB treat-
ment is intra-arterial chemotherapy, which 
allows for direct delivery of concentrated che-
motherapeutic agents to the eye with minimal 
systemic absorption [40, 42, 45]. IAC can be 
used as primary treatment for unilateral or 
bilateral RB, for subsequent treatment of 
recurrence, or for management of vitreous or 
subretinal seeds. The route of delivery is 
through cannulation of the femoral artery, 
internal carotid artery, and ophthalmic artery. 
Melphalan, a nitrogen mustard alkylating 
agent, and topotecan, a topoisomerase I 
inhibitor, are the most common agents used in 
IAC. In a study by Shields et al., globe salvage 
rates after primary IAC were 100%, 100%, 
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94%, and 36% in patients with ICRB group B, 
C, D, and E tumors, respectively [42]. IAC 
success is determined by the tumor size and 
amount of vitreous and subretinal seeding 
present [40, 42, 45]. Advantages of IAC 
include lower systemic side-effects, higher 
concentration delivered to the tumor, and 
lower rates of hospitalization. The systemic 
chemoprotective effect of IAC is not known. 
Complications of IAC include periorbital 
edema, erythema, obstruction of ophthalmic 
and chorioretinal vessels, and systemic com-
plications such as neutropenia [40, 42, 45]. 
Extensive vitreous seeds can be resistant to 
systemic chemotherapy and IAC but can 
respond to intravitreal chemotherapy using 
either topotecan or melphalan [40, 43]. 
Intravitreal chemotherapy in combination 
with IAC improved globe salvage rates in 
group D and E patients [52].

Focal therapies for early RB without reti-
nal detachment or seeding include transpupil-
lary thermotherapy (TTT) and cryotherapy 
[40, 42, 45]. Transpupillary thermotherapy is 
primarily used for early-stage RB and involves 
the application of heat directly to the tumor. 
Cryotherapy directly kills primary tumor 
cells, recurrent tumor cells, and small subreti-
nal seeds through freezing treatment. 
Additionally, cryotherapy to the ora serrata 
prior to chemotherapy helps improve drug 
penetration to the tumor [40, 43].

In addition to being chemosensitive, RB is 
also radiosensitive. Brachytherapy with 
Iodine-125 can be used for primary localized 
tumors or localized recurrent and residual 
tumors. Plaque radiotherapy is customized to 
deliver a total dose of 35 Gy to the RB apex in 
3–4 days and provides excellent tumor control 
in 96% of recurrent tumors and 90% of local-
ized primary tumors [40, 41, 45]. Side effects 
from plaque radiation include cataract forma-
tion, scleral necrosis, radiation retinopathy, 
and papillopathy [40]. Even with all the globe- 
preserving advances in RB management, enu-
cleation continues to be a life-saving option in 
RB treatment [40, 41, 43–50]. Indications for 
enucleation include failure of other therapies, 

neovascular glaucoma, chronic retinal detach-
ment, optic nerve invasion, or anterior cham-
ber invasion [40, 43, 45]. During surgery it is 
optimal, especially in advanced cases, to 
acquire the longest possible optic nerve sec-
tion and avoid globe perforation [40, 43]. 
Chemotherapy after enucleation should be 
performed in high-risk cases [40, 45, 50]. 
Genetic testing and counseling play an impor-
tant role to identify at-risk family members 
and heritability patterns [43].

Retinoblastoma remains a therapeutic 
challenge. In developing regions such as Asia 
and Africa, mortality rate is 50% owing to late 
detection and advanced disease. In developed 
countries where health care is readily accessi-
ble and modern technology is available, the 
survival rate from this potentially fatal disease 
is greater than 95% [40, 41, 43, 45]. Early 
detection and access to healthcare lead to bet-
ter prognosis.

15.7   Leukocoria

Leukocoria is an abnormal white pupillary 
reflex that can be physiologic when light 
reflects off  the optic nerve or associated with a 
variety of ocular conditions, including con-
genital cataract (60%), retinoblastoma (18%), 
persistent fetal vasculature (PFV)(4.2%), 
Coats disease (4.2%), retinopathy of prematu-
rity, ocular toxocariasis, and familial exuda-
tive vitreoretinopathy [40, 53]. In a clinical 
series of lesions simulating retinoblastoma 
(pseudo-retinoblastoma), Coats disease (40%) 
was the most frequent mimicker of RB, fol-
lowed by PFV (28%), vitreous hemorrhage 
(5%), and ocular toxocariasis (4%) [53]. 
Clinical features, age at presentation, and 
characteristic imaging findings can differenti-
ate these mimickers from retinoblastoma 
(. Table 15.5) [40, 53].

Coats disease is a primary retinal telangi-
ectasia, commonly misdiagnosed as retino-
blastoma. Coats disease presents at a later 
age compared to RB (5 years vs. 1.5 years), 
which is usually unilateral with a male gen-
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der predilection [53]. Xanthocoria, yellow 
pupil, is the most common presenting fea-
ture of  Coats disease and appears in 47% of 
patients (. Fig. 15.7a) [40, 53]. Coats disease 
is characterized by irregular dilated capillar-
ies, telangiectasia, and aneurysms on both 
sides of  the circulation with associated reti-
nal exudation, exudative retinal detachment 
(. Fig.  15.7b), and retinal non-perfusion 
(. Fig. 15.7c). Ultrasonography reveals reti-
nal detachment without an intraocular mass 
(. Fig. 15.7d).

Persistent fetal vasculature, formerly 
known as persistent hyperplastic primary vit-
reous (PHPV), is a unilateral, congenital mal-
formation secondary to failure of regression 
of the primary vitreous. Persistent fetal vascu-
lature manifests at birth with features that can 
include microphthalmia, leukocoria, cataract, 
Mittendorf’s dot, persistent tunica vasculosa 
lentis, persistent hyaloid canal (. Fig. 15.8a) 
with a hyaloid artery, and closed funnel reti-

nal detachment attached to the optic disc [40]. 
PFV can manifest as anterior, posterior, or 
combined anterior and posterior PFV, which 
is the most common subtype. Misdiagnosis is 
primarily due to the detection of leukocoria 
and is responsible for over 25% of pseudo- 
retinoblastoma [40]. On ultrasonography, 
PFV is seen as a persistent vestigial hyaloid 
with a hyaloid artery stemming from the disc, 
and rarely calcification (. Fig. 15.8b) [40].

Retinopathy of prematurity (ROP) is a vas-
cular proliferative retinopathy of premature 
low-birth-weight infants exposed to high and 
fluctuating levels of oxygen and accounts for 
5% of pseudo-retinoblastoma [53]. Leukocoria 
is mainly due to retinal detachment or a retro-
lental fibrovascular mass (. Fig.  15.9a) 
[40, 53]. Features of ROP include peripheral 
retinal neovascularization, vitreous traction, 
and retinal detachment (. Fig.  15.9b). No 
calcification is seen on ultrasonography, and 
fluorescein angiography can display leakage 

       . Table 15.5 Differential diagnosis of  retinoblastoma. features differentiating pseudoretinoblastoma from 
true retinoblastoma [53]

Feature Retinoblastoma Persistent fetal 
vasculature

Coats disease Ocular 
toxocariasis

Family history 10% Familial Mostly sporadic Sporadic Sporadic

Mean age of 
onset (years)

1.5 At birth 5 7.5

Gender Male = female Male = female Mostly males Male = female

Laterality Unilateral or bilateral Mostly unilateral Mostly unilateral Mostly unilateral

Leukocoria Present in 90% Present Xanthocoria Present

Intraocular mass White intraretinal 
mass with a dilated 
feeding artery and a 
tortuous draining 
vein.

Traction of 
retinal vessels

Irregular dilation 
of  retinal vessels 
with 
telangiectasia.

Traction of 
retinal vessels 
toward 
granuloma

Ultrasonography Solid retinal mass 
with high-intensity 
echoes due to 
intratumoral 
calcification 
Retinal detachment

Microphthalmia
Persistent 
hyaloid artery
Retinal 
detachment
No calcification
No solid retinal 
mass

Retinal 
detachment
Rarely, linear 
calcification at the 
level of  retinal 
pigment 
epithelium

Solid retinal mass 
but lacks 
high-intensity 
internal echoes
Retinal 
detachment
No calcification

Information from Shields et al. [53]
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due to neovascularization at the demarcation 
of the vascular and avascular retina.

Ocular toxocariasis is a parasitic infesta-
tion caused by the nematode Toxocari canis 

or Toxocara cati, with domestic dogs and cats 
being the definitive hosts, respectively. 
Transmission occurs via the fecal-oral route 
by consumption of  food or soil contaminated 

a

c d

b

       . Fig. 15.7 Coats disease. a External photograph 
showing xanthocoria of  the left eye. b Retcam retinal 
image of  the left eye showing subretinal exudation and 
tortuous retinal vessels. c Fluorescein angiography of 
the left eye showing hyperfluorescence of  the telangiec-

tatic vessels with associated “light bulb” aneurysms and 
peripheral capillary non-perfusion. d B-scan ultraso-
nography showing retinal detachment with subretinal 
fluid and absence of  an intraocular mass

a b

       . Fig. 15.8 Persistent fetal vasculature. a Retcam reti-
nal image of  the left eye showing a fibrovascular stalk 
stemming anteriorly from the optic disc to the lens. 

b B-scan ultrasonography showing a fibrovascular stalk 
with retinal traction and absence of  calcification
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by the feces of  common host species. 
Leukocoria in ocular toxocariasis is second-
ary to the presence of  a white, subretinal 
granulomatous mass, which can mimic exo-
phytic retinoblastoma (. Fig.  15.10a, b) 
[40]. On ultrasonography, an elevated intra-
ocular mass can be present, but often without 
calcification.

Familial exudative vitreoretinopathy 
(FEVR) is an inherited abnormality of  reti-
nal development resulting in incomplete 
peripheral vascularization. FEVR is a bilat-

eral, asymmetric condition that can present at 
any age with a mean age of  presentation of 
6 years old [40]. Leukocoria due to subretinal 
and intraretinal exudation can mimic 
RB.  Features of  FEVR include retinal trac-
tion, straightening of  retinal vessels 
(. Fig. 15.11a, b), and a characteristic non-
vascularization of the retinal periphery 
(. Fig.  15.11c). There is an absence of  an 
intraocular mass on ultrasonography 
(. Fig.  15.11d), and calcifications are not 
present on CT scan or MRI [40].

a b

       . Fig. 15.9 Retinopathy of  prematurity. a Retcam 
retinal image of  the right eye showing stage 4A retinop-
athy of  prematurity with partial retinal detachment and 
dragging of  the retinal vessels. b Stage 5 retinopathy of 

prematurity showing total retinal detachment. (Photos 
courtesy of  Dr. Antonio Capone, Jr. and Dr. Nathan 
Farley of  Associated Retinal Consultants, William 
Beaumont Hospital, Royal Oak, MI)

a b

       . Fig. 15.10 Ocular toxocariasis. a Fundus photo-
graph of  the right eye showing a whitish-yellow periph-
eral retinal granuloma with retinal vessel dragging and 

absence of  vitritis. b Focal elevated retinal granuloma 
with surrounding fibrovascular membrane and retinal 
pigment epithelium changes

 A. P. Martin et al.



235 15

a b

c d

       . Fig. 15.11 Familial exudative vitreoretinopathy. a 
Fundus photograph of  the left eye showing retinal 
 traction and straightening of  the retinal vessels. b Fun-
dus photograph of  the retinal periphery of  the left eye 
showing retinal vessel straightening, macular dragging, 

and exudation. c Fluorescein angiography of  the right 
eye showing peripheral avascular retina and retinal neo-
vascularization. d B-scan ultrasonography showing reti-
nal detachment with the absence of  intraocular mass 
and calcifications

 Case Presentation

A 14-month-old girl was referred to the ocular 
oncology clinic with bilateral leukocoria 
(. Fig 15.12a) noted by her mother. On binoc-
ular indirect ophthalmoscopy, there was a 
creamy yellow intraocular mass with retinal 
detachment noted in both eyes. Examination 
under anesthesia was performed in the operat-
ing room. Retcam images were taken which con-
firmed the diagnosis of Group D retinoblastoma, 
right eye (. Fig 15.12b), and Group E retino-

blastoma, left eye. Ultrasonography and MRI 
revealed a calcified intraocular mass with exten-
sive retinal detachment bilaterally (OU) 
(. Fig  15.12c, d). FA and OCT showed total 
retinal detachment and iris neovascularization 
OU. The patient was treated with six cycles of 
systemic chemotherapy using the CEV regimen. 
On six- month follow-up, examination showed 
complete tumor regression in both eyes. Brain 
MRI every 6 months until age 5 was advised.
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Key Points
 5 Pediatric ocular tumors can be intra-

ocular or extraocular and can be 
threatening to life, vision, and cosmetic 
appearance.

 5 Prompt diagnosis and management 
are vital to preserving the patient’s life, 
salvage the eye, and promote normal 
visual development.

 5 Orbital rhabdomyosarcoma, a tumor 
composed of striated muscle cells, is 
both chemosensitive and radiosensitive. 
Prognosis depends on the histopatho-
logic subgroup.

 5 Leukemic retinopathy, clinically seen 
as retinal flame-shaped hemorrhages, is 
the most common ophthalmic manifes-
tation of systemic leukemia.

 5 Neuroblastoma can present with the 
classic “raccoon eyes” triad of perior-
bital edema, ecchymosis, and proptosis, 
which is a sign of retrobulbar metastasis.

 5 Orbital lymphangioma, a benign vas-
cular malformation present at birth, 
can remain asymptomatic and undiag-
nosed. Management is guided by risk 
for amblyopia, threatened visual func-
tion, and cosmetic appearance.

 5 Hemangioma of infancy can be treated 
with close observation or systemic beta- 
blocker therapy. Treatment is guided by 
risk for amblyopia or cosmetic concerns 
and is best handled by a multispecialty 
team.

 5 Retinoblastoma remains a therapeutic 
challenge but advances in modern sci-

a

c d

b

       . Fig. 15.12 Retinoblastoma. a External photo-
graph showing bilateral (right greater than left) leu-
kocoria from bilateral retinoblastoma. b Group D 
retinoblastoma of  the left eye showing a creamy yel-

low intraocular mass. c B-scan ultrasonography 
showing a hyperechoic intraocular mass with exten-
sive retinal detachment. d T1-weighted axial orbital 
MRI showing total retinal detachment in both eyes.
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ence have yielded a greater than 95% sur-
vival rate in developed countries. Early 
detection and access to equipped medi-
cal facilities lead to better prognosis.

 5 Detailed indirect ophthalmoscopy and 
multimodal imaging with ultrasonog-
raphy, fluorescein angiography, optical 
coherence tomography, and magnetic 
resonance imaging can guide the oph-
thalmologist in differentiating retino-
blastoma from pseudo-retinoblastoma.

 ? Review Questions (All Relate to the Same 
Patient)
 1. A 2-year-old female with leukocoria 

in the right eye and strabismus was 
referred to you. Past medical history 
revealed that the child was born pre-
mature at 35  weeks gestation. The 
remainder of  the history is unre-
markable. On examination, a creamy 
yellow intraocular mass measuring 
approximately 6  ×  6  mm is found in 
the macula along the inferotemporal 
arcade in the right eye. The vitreous is 
unremarkable. What is the most likely 
diagnosis?
 (a) Coats disease
 (b) Retinopathy of  prematurity
 (c) Ocular toxocariasis
 (d) Retinoblastoma

 2. Given your diagnosis, how will you 
manage the patient?
 (a) Refer to a pediatric infectious 

disease specialist to start 
albendazole treatment.

 (b) Do argon laser photocoagulation 
to prevent neovascularization.

 (c) Schedule examination under anes-
thesia with imaging, fluorescein 
angiography, OCT, and ultraso-
nography, advise genetic testing, 
and refer to pediatric oncology for 
chemotherapy.

 (d) Order a whole-body CT scan to 
look for systemic involvement.

 3. Your colleague suggested that you 
perform a brain MRI every 6 months 
until your patient is 5 years old. What 
is the rationale behind this?
 (a) Monitoring for pineoblastoma 

and second cancers
 (b) Toxocara larvae can easily be 

monitored by MRI.
 (c) Evaluate the extent of  retinal exu-

dation and telangiectasia.
 (d) MRI can predict brain problems 

in premature babies.

 v Answers
 1. (d)
 2. (c)
 3. (a)
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16.1   Introduction

Epiphora, or the overflow of tears, is a very 
common finding in the pediatric population. 
From an ophthalmic plastic perspective, 
epiphora can be caused by obstructive out-
flow mechanisms or hypersecretion second-
ary to eyelid/adnexal abnormalities. This 
chapter will largely focus on the most com-
mon causes of  epiphora in the pediatric pop-
ulation, specifically congenital nasolacrimal 
obstruction and its associated pathologies 
and epiblepharon.

16.2   Anatomy: Lacrimal Drainage 
System

The nasolacrimal drainage system begins at 
the medial eyelid. The lacrimal drainage sys-
tem consists of the lacrimal puncta, lacrimal 
canaliculi, lacrimal sac, and nasolacrimal 
duct [1] (. Fig. 16.1). The entire length of the 
drainage system from puncta to meatal open-

ing of the nasolacrimal duct ranges from 
25 mm in the newborn to about 35 mm in the 
adult.

Proper function of  this system is essential 
in preventing epiphora as well as maintaining 
a healthy ocular surface. The lacrimal puncta 
(singular, punctum) are small openings 
located along the superior and inferior medial 
eyelid margin. The puncta lie in an elevated 
area of  tissue known as the lacrimal papilla. 
The inferior punctum is approximately half  a 
millimeter lateral to the superior punctum 
and lies 6.5 mm from the medial canthus. The 
size of  the puncta is 0.2–0.3 mm in diameter 
and can stretch with punctal dilation [1]. 
Both puncta are inverted against the globe 
and are in complete contact with the globe 
upon eyelid closure. Each punctum drains 
into its corresponding canaliculus. The cana-
liculi are canals spanning 10  mm, located 
within the eyelid margin, medial to the 
puncta. Tears enter the puncta and travel into 
the vertical part of  the canaliculus which is 
2 mm in length and then into the horizontal 
canaliculus which traverses 8  mm medially, 
following the course of  the lid margin. Next, 
the superior and inferior canaliculus combine 
to form a single common canaliculus just 
prior to the lacrimal sac in 90% of the popu-
lation [2]. The common canaliculus drains via 
the internal punctum that enters the lateral 
surface of  the upper one third of  the lacrimal 
sac, in a slightly posterior and inferior loca-
tion [1]. This angle of  entrance forms the 
valve of  Rosenmuller, a mucosal tissue fold 
preventing reflux. The lacrimal sac is approx-
imately 10–15  mm in vertical length and is 
oval in shape. The lacrimal sac and the naso-
lacrimal duct are comprised of  stratified 
columnar epithelium and contain mucus-
secreting goblet cells unlike the more proxi-
mal portions of  the nasolacrimal system. The 
upper portion of  the sac is termed the fun-
dus, while the lower portion is termed the 
body. The sac lies in a bony fossa between the 
anterior and posterior lacrimal crests, com-
prised of  the maxillary and lacrimal bones, 
respectively. The sac spans 2–5 mm above the 
level of  the medial canthal tendon and 
approximately 10 mm below. The lacrimal sac 
is anterior to the orbital septum, and there-

       . Fig. 16.1 Anatomy of  the lacrimal outflow system. 
Canaliculi are approximately 10 mm in length. A 2 mm 
vertical portion widens from punctum into an ampulla 
where it joins the horizontal canaliculus to enter the sac 
at the common canaliculus. These structures constitute 
the upper lacrimal system. The lacrimal sac and duct are 
considered the lower lacrimal system. The nasolacrimal 
duct empties into the inferior meatus. [Reprinted by per-
mission from Springer Nature Customer Service Centre 
GmbH: (Springer Publishing Company) [1]]
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fore pathologic processes confined to the lac-
rimal sac are periorbital (preseptal) in nature. 
The location of  the lacrimal sac relative to 
the medial canthal tendon aids in diagnosis 
of  periorbital disease and will be discussed 
later in the chapter. The lacrimal sac is sur-
rounded by periorbital fascia from the poste-
rior lacrimal sac periosteum and receives 
attachments from the superior and deep 
limbs of  the medial canthal tendon. The two 
portions of  the medial canthal tendon strad-
dle the sac before attaching to the anterior 
and posterior lacrimal crest (. Fig.  16.2a). 
The contraction and relaxation of  the orbicu-
laris muscle, medial canthal tendon, and lac-
rimal sac fascial attachments during blinking 
results in negative pressure created within the 
lacrimal sac facilitating tear drainage from 
the ocular surface in a process termed the lac-
rimal pump (. Fig. 16.2b). The sac contin-
ues and opens into the nasolacrimal duct, 
passing inferiorly, posteriorly, and laterally 
within a canal formed by the maxillary and 
lacrimal bones. This interosseous portion 
within the canal is 12 mm. The nasolacrimal 
duct opens into the inferior meatus of  the 
nose, approximately 2.5  cm posterior to the 
naris, under the inferior turbinate at the valve 
of  Hasner.

The most common cause of congenital 
nasolacrimal duct obstruction (CNLDO) is 
imperforation of the valve of Hasner. This 
mucosal fold of tissue remains imperforate in 
about 70% of newborns [2]; however, most 
resolve within the first month of life and spon-
taneous opening can continue in the first 
6–12 months of life.

16.3   Congenital Nasolacrimal Duct 
Obstruction

Congenital nasolacrimal duct obstruction 
(CNLDO) occurs in approximately 5% of 
newborn infants. It is the most common cause 
of nasolacrimal duct obstruction in the pedi-
atric age group. It is the most common cause 
of epiphora and periocular discharge in 
infants [3]. It is sporadic and occurs at similar 
rates in males and female. CNLDO can be 
unilateral or bilateral; however, unilaterality is 
present in 2/3 of cases. As aforementioned, 
the location of obstruction is most commonly 
at the distal valve of Hasner due to an imper-
forate membrane obstructing outflow [1]. 
Ninety percent of these cases spontaneously 
resolve by 12 months of age and most open 
spontaneously within 4–6 weeks of birth. The 
second most common cause of CNLDO is 
ductal stenosis [4]. Other less frequent causes 
of CNLDO include proximal lacrimal out-
flow agenesis or maldevelopment of the punc-
tum and canaliculus. Proximal outflow 
obstruction can occur concurrently with dis-
tal obstruction. Risk factors associated with 
CNLDO at any level include newborns with 
midline facial anomalies, clefting syndromes, 
craniosynostoses, and Down syndrome [3]. 
Infants and children are at increased risk for 
nasolacrimal obstruction secondary to varia-
tion in structure and size of the immature 
nasolacrimal system. The inferior meatus is 
flatter and allows little space between the floor 
of the nose, lateral nasal wall, and inferior 
turbinate. The limited intranasal space may 

a b

       . Fig. 16.2 Lacrimal pump. A.  Anatomic relation-
ships of  the medial canthal tendon and lacrimal sac. 
B.  Stages of  lacrimal pump cycle with blinking. 

[Reprinted by permission from Springer Nature Cus-
tomer Service Centre GmbH: (Springer Publishing 
Company) [1]]
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cause impingement of the nasolacrimal duct 
opening by the inferior turbinate. This space 
increases with age. The lacrimal sac is also less 
developed and may impede outflow due to an 
improper pump mechanism. Congenital lacri-
mal sac mucocele also known as dacryocysto-
cele and dacryocele forms when both the 
nasolacrimal duct and the internal punctum 
are closed in utero [5]. Congenital dacryoceles 
appear as medial canthal masses at birth. The 
fluid becomes purulent within days of birth, 
and neonatal dacryocystitis can occur which 
can be life-threatening.

Acquired nasolacrimal duct or canalicular 
obstructions can occur following trauma, 
viral conjunctivitis, acute dacryocystitis, and 
use of topical antiviral medications  – how-
ever, this is out of the scope of this chapter.

16.3.1   Congenital Nasolacrimal 
Obstruction

16.3.1.1   History
Blockage of the valve of Hasner presents with 
symptoms such as chronic or intermittent 
tearing, mucoid or clear discharge, conjuncti-
val injection, and sometimes eyelid edema. A 
parent may complain that his or her infant 
has recurrent “pink eye” which raises the sus-
picion of mucopurulent regurgitation onto 
the ocular surface causing conjunctivitis. 
Symptoms may be unilateral or bilateral. 
Intermittent tearing suggests a partial NLDO, 
while chronic tearing points to complete 
NLDO.  Worsening with upper respiratory 
infection is also common. Although rare, pre-
septal cellulitis may be a complication of 
valve of Hasner obstruction. Tearing in the 
first 12  months of life is suspicious for 
CNLDO; however, there are other, more wor-
rying causes that must initially be ruled out. A 
complete ophthalmologic examination includ-
ing intraocular pressure, dilation, and refrac-
tion is important in a child with chronic 
tearing. The history is almost as vital as, if  not 
more than, the examination. A detailed his-
tory is essential and should include questions 
regarding onset, duration, associated symp-
toms, past medical history, birth history, and 

medications. CNLDO usually presents within 
the first 2 months of life in full-term infants. 
Some authors attribute this to tear production 
that approaches normal rate by 6 weeks of life 
[6]. Important associated symptoms such as 
blepharospasm, photophobia, strabismus, or 
nystagmus should cause concern for congeni-
tal glaucoma. Tearing is very common in con-
genital glaucoma and, if  misdiagnosed, can 
lead to visually devastating outcomes. 
Significant itching or presence of tearing 
when outdoors suggests allergy. Other differ-
ential diagnoses include acute conjunctivitis 
and eyelid abnormalities such as entropion, 
epiblepharon, and trichiasis. Diagnosis is 
most often clinical for CNLDO, but certain 
signs can help elucidate the diagnosis.

16.3.1.2   Examination
A thorough ophthalmic exam should be per-
formed in every child presenting with epiph-
ora. Vision, pupil evaluation, extraocular 
motility, alignment, anterior segment, and 
dilated fundus examination with cycloplegic 
retinoscopy should be performed. Although 
less common than CNLDO, a comprehensive 
ocular exam can reveal congenital glaucoma 
which often presents with tearing in addition 
to photophobia and blepharospasm. If  there 
is suspicion for glaucoma, it is necessary to 
perform an examination under anesthesia 
with measurement of intraocular pressure, 
gonioscopy, and careful eye examination. 
Failure to diagnose infantile glaucoma can 
lead to significant, irreversible vision loss.

Simple observation can help give many 
clues to the etiology of tearing. It is important 
to establish a relationship with both the par-
ent and the child prior to examination in order 
to gain trust and cooperation [1]. Attention to 
the adnexal and eyelid structures is impor-
tant. One of the most common causes of tear-
ing from hypersecretion due to corneal 
irritation is from epiblepharon. This is differ-
ent from a frank entropion where the eyelid 
margin is inwardly rotated. In epiblepharon 
the skin and orbicularis muscle override the 
lower (or upper) eyelid crease and push the 
eyelashes toward the eye. In more severe cases 
of epiblepharon, the eyelashes rub the cornea. 
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This finding is more common in children of 
Asian and Hispanic descent.

In older children, it may be possible to use 
a slit lamp biomicroscope for a better exami-
nation of the eyelids, puncta, and periorbita. 
Questions to consider include: Are the puncta 
absent (upper lacrimal system obstruction)? 
Are the lashes inverted toward the ocular sur-
face? Is there any ocular surface or corneal 
abnormality (i.e., enlarged corneal diameter, 
conjunctivitis, keratitis)? Instillation of fluo-
rescein onto the ocular surface and use of a 
Wood’s lamp can show corneal abnormalities 
(i.e., abrasion, dryness, ulceration) which can 
lead to secondary hypersecretion. Are the eye-
lids in correct position? Eyelid abnormalities 
such as entropion and epiblepharon can irri-
tate the cornea and are causes of secondary 
hypersecretion. The latter will be discussed 
later in the chapter. Craniofacial abnormali-
ties including midfacial and eyelid abnormali-
ties should be noted as they can be both 
associated with eyelid abnormalities and 
obstructive outflow.

The typical findings in a child with 
CNLDO include an increased tear lake, 
mucoid discharge, and eyelash crusting and 
mattering (. Fig. 16.3) [1, 2]. Simple observa-
tion of a child with the help of a parent or 
caregiver may reveal periocular skin irritation 
and crusting. One of the most important and 
sensitive examination techniques which can 
also aid in diagnosis is palpation of the lacri-
mal sac area. This may be difficult in younger 
children but can be important in determining 
the location of nasolacrimal obstruction. 
Firm pressure is applied over the medial can-

thal area while the puncta are observed for 
reflux. Reflux of material onto the ocular sur-
face implies a patent upper lacrimal system 
and obstruction distal to the lacrimal sac. 
However, if  there is no reflux, it does not rule 
out a lower lacrimal system abnormality. 
Swelling in the medial canthal area is an 
important sign especially in neonates. 
Enlargement below the medial canthal tendon 
signifies either a dacryocele/dacryocystocele 
or, if  erythematous with inflammatory signs, 
dacryocystitis. Swelling above the medial can-
thal tendon always requires further investiga-
tion as these may be neoplastic masses, frontal 
sinus encephaloceles, or anterior ethmoidal 
mucoceles [7].

16.3.1.3   Diagnosis
Dye Disappearance Test (DDT)
History and in-office examination can help 
rule out hypersecretory causes of  tearing, 
but if  there is still a concern regarding diag-
nosis, further testing may be required. In 
adults, irrigation of  the nasolacrimal sys-
tem can be performed; however, this is often 
not possible in the pediatric patient. A less 
invasive test of  tear outflow can be per-
formed termed the dye disappearance test 
(DDT). The dye disappearance test involves 
the instillation of  fluorescein dye (dropper 
or wetting a fluorescein strip with topical 
anesthetic) into the lower fornices of  both 
eyes. Excess dye is wiped from around the 
eye, and the ocular surface is observed after 
5  minutes. The disappearance of  dye from 
the ocular surface is observed using cobalt 
blue light on the slit lamp or Wood’s lamp 
(. Fig.  16.4). Obstruction of  outflow is 
present if  retained dye with increased tear 
meniscus is present at 5  minutes [8]. 
Disappearance of  dye within 5 minutes indi-
cates a patent nasolacrimal system. The 
DDT cannot localize the site of  obstruc-
tion. It can also be difficult to assess the tear 
lake if  the child begins to cry or becomes 
uncooperative after fluorescein instillation. 
The Jones dye tests are usually performed 
after the DDT in adults and can often local-
ize obstruction to the upper or lower lacri-
mal system. However, like irrigation, these 
tests are not feasible in children.

       . Fig. 16.3 Clinical photograph in an infant showing 
left-sided epiphora due to congenital nasolacrimal duct 
obstruction. [Reprinted by permission from Springer 
Nature Customer Service Centre GmbH: (Springer Pub-
lishing Company) [1]]
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Dacryocystography (DCG) 
and Dacryoscintigraphy (DSG)
Additional testing for outflow obstruc-
tion includes dacryocystography (DCG) 
and dacryoscintigraphy (DSG). These 
tests are reserved for selected patients or if  
there is an atypical history or examination. 
Dacryocystography (DCG) is a radiologic 
test that is helpful in determining anatomical 
abnormalities in the nasolacrimal system. It 
details the site of obstruction and is helpful 
in the setting of mucocele, stones, neoplasms, 
and fistulae [1]. Although helpful in adults, its 
use in children is limited because most of the 
aforementioned lacrimal pathologies are rare 
in the pediatric population. It also requires 
the use of general anesthesia in children. 
Orbital X-ray films are taken (AP and lateral) 
prior to examination. A radiopaque dye is 
then injected with a lacrimal cannula into the 
lower canaliculus of each eye. Serial anterior- 
posterior and oblique films are taken at 15 
and 30  minutes after instillation [1]. DCG 
provides visualization of the lacrimal appara-
tus and sites of obstruction. DCG exposes the 
patient to radiation and thus further limits its 
use in the pediatric population.

Dacryoscintigraphy (DSG) is another 
diagnostic modality of tear outflow that is 
more practical in children. Unlike DCG, DSG 
does not require lacrimal injection of dye and 
therefore does not require general anesthesia 

in young children. It also exposes the patient 
to much less radiation [9]. Patients are pre-
medicated with potassium perchlorate (6 mg/
kg) to prevent thyroidal uptake of the radio-
active tracer, technetium-99 m pertechnetate. 
The patient is placed in front of a gamma 
camera such that both lateral canthi and the 
tip of the nose are visible in the camera’s view. 
The parent can often hold the child’s head in 
place for the test. Ten microliters of 100 μCi 
of technetium-99  m pertechnetate is then 
instilled into each eye. A gamma camera cap-
tures the emitted radiation from the tracer 
within the nasolacrimal system and creates a 
two-dimensional image. Sequential analogue 
images are taken four times per minute for 
20 minutes. Flow into the sac usually occurs 
within 1  minute and into the duct within 
2–3 minutes [1]. Delayed clearance can indi-
cate a functional or anatomic obstruction. 
The patient can participate to help elucidate 
the cause of obstruction. Having the patient 
forcefully blink can increase the lacrimal 
pump force and overcome any functional 
obstruction. DSG can provide qualitative 
assessment of lacrimal outflow in select chil-
dren and is often more practical than dacryo-
cystography.

Imaging modalities such as computed 
tomography (CT) or magnetic resonance 
imaging (MRI) are usually not necessary for 
CNLDO.  Dilation of the lacrimal sac can 
cause swelling inferior to the medial canthal 
tendon and is typical of dacryocele and there-
fore does not require imaging. However, if  
there is any questionable presentation, imag-
ing is warranted. CT or MRI is necessary if  a 
patient presents with swelling above the 
medial canthal tendon because imaging may 
show neoplasm, encephalocele, or ethmoidal 
mucocele. Imaging is also warranted in refrac-
tory dacryoceles. MRI is often preferred in the 
pediatric population due to the ionizing radia-
tion and subsequent risk of secondary cancers 
when using CT. An exception is the presence 
of a canine maxillary tooth that may obstruct 
the lacrimal outflow at the level of the lacri-
mal duct and can only be fully appreciated 
with CT imaging [10].

       . Fig. 16.4 Fluorescein dye disappearance test. Posi-
tive fluorescein dye disappearance test with increased 
tear meniscus on the right side indicating outflow 
obstruction. The dye has disappeared from the left eye 
after 5 minutes of  instillation. [Reprinted by permission 
from Springer Nature Customer Service Centre GmbH: 
(Springer Publishing Company) [1]]
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16.3.1.4   Management of CNLDO
It is important to determine the specific cause 
of CNLDO prior to invasive therapy as treat-
ment can vastly vary. In some cases, diagnosis 
and treatment are simultaneously accom-
plished. The initial treatment for CNLDO is 
conservative because spontaneous resolution 
can occur in 80% to 94.7% of cases within 
12 months [11–15]. Conservative management 
consists of topical antibiotic eyedrop or oint-
ment in conjunction with lacrimal sac Crigler 
massage (. Fig.  16.5). The Crigler massage 
involves sliding the fingertip from a superior 
to inferior direction along the lacrimal crest, 
starting at the medial canthal tendon. 
Moderate pressure should be used over the 
sac and duct. Antibiotic ointment can be 
applied to the finger for lubrication during 
massage. Using dacryoscintigraphy, Foster 
and Katowitz demonstrated that the down-
ward motion of the massage forces fluid down 
the obstructed duct [16]. Therefore, it is essen-

tial to demonstrate proper massage technique 
to the caregivers. There have been no long-
term effects associated with chronic 
(6–9  months) use of antibiotic ointments, 
erythromycin, or polymyxin B-bacitracin [17]. 
Polymyxin ointment is more prone to causing 
an allergic skin reaction than erythromycin; 
however, if  the surrounding eyelid skin 
appears irritated and itches, the ointment 
should be stopped immediately.

Probing and Irrigation
If  conservative measures fail, then the next 
step is probing the nasolacrimal duct. Initial 
probing has shown success rates of 96.4% 
when performed in patients younger than 
13 months based on a large study by Katowitz 
and Welsh [11]. There is a decline in the suc-
cess of probing as the child ages past 
13  months. Therefore, the authors recom-
mend that conservative measures be instituted 
until 12 months of age and, if  unsuccessful, 
initial probing can be performed at approxi-
mately 1 year of age. In 2018, a large cohort 
study again reviewed the spontaneous resolu-
tion of patients with congenital NLDO and 
suggested that the optimal timing of initial 
surgical intervention may be between 
9  months and 15  months of age [18]. Thus, 
while there is no accepted standard for the 
timing of surgery in infants, an initial inter-
vention should be considered sometime 
around a child’s first year of life. Success of 
probing also depends on the type and severity 
of the obstruction.

Probing can be performed in the office or 
operating room (OR) based on physician pref-
erence. An in-office probing is extremely pain-
ful and difficult in an awake, crying, and 
moving child. It carries the risk of false pas-
sage, infection, airway obstruction due to 
bleeding and edema, and ocular injury and 
should be considered only in newborns with 
unilateral dacryoceles.

Probing in the OR carries the risk of gen-
eral anesthesia; however, it allows the surgeon 
to perform a complete diagnostic examination 
including inspection of the nasal passages and 
confirmation of diagnosis. Therapeutic prob-
ing can then be performed in a controlled set-

       . Fig. 16.5 In the Crigler massage, the fingertip 
should be placed over the medial canthal area and mod-
erate pressure applied over the lacrimal as the fingertip 
is moved in an inferior direction. [Reprinted by permis-
sion from Springer Nature Customer Service Centre 
GmbH: (Springer Publishing Company) [1]]

Ophthalmic Plastics



248

16

ting and decreases the risk of damage to the 
fragile lacrimal system. If  initial probing in 
the OR does not clear the obstruction, the 
surgeon may be able to perform infracture of 
the inferior turbinate with or without silicone 
intubation in the same procedure, decreasing 
the need for repeated anesthesia exposure.

In the OR, there should be an experienced 
pediatric anesthesiologist. The choice of 
endotracheal tube intubation (ETT) versus 
laryngeal masked airway (LMA) depends 
upon the risk of laryngospasm as well as need 
for intranasal access. LMA provides free 
access to the nose for retrieval of fluids during 
irrigation and ability to perform infracture of 
the inferior turbinate. LMA is advantageous 
in shorter procedures such as probing and irri-
gation and decreases the chance of laryngo-
spasm because it does not manipulate the 
glottis or trachea and can be removed in a 
deep state easier than ETT. LMA maintains 
the airway and can be used for longer proce-
dures should stenting or infracture become 
necessary. Laryngospasm is a life-threatening 
airway concern in the pediatric population 
and can also be minimized by decreasing 
secretions that stimulate the nose and throat. 
Small volume fluorescein irrigation (0.5 ml or 
less) and the use of nasal vasoconstrictors 
such as oxymetazoline 0.05% decrease the 
chance of irritation, while the latter also pro-
vides hemostasis.

After general anesthesia is achieved, the 
surgeon should first examine the lacrimal 
puncta. If  they are both present on one side, 
probing and dilation of the upper puncta is 
warranted. Upper punctal probing is less 
manipulative to the upper lacrimal system as 
compared to inferior punctal probing which 
requires simultaneous manipulation of the 
lower eyelid. Probing and dilation must be 
performed carefully because aggressive dila-
tion can lead to tearing of surrounding orbi-
cularis oculi fibers. Forcing the probe can also 
create false passages. Significant dilation may 
cause loss of future canalicular stents, should 
they be needed. A blunt, 23-gauge lacrimal 
cannula is attached to a syringe containing 
several milliliters of diluted fluorescein solu-
tion. The cannula is used as a probe and is 
similar in diameter to the #0 or #00 Bowman 

lacrimal probe. The preferred cannula has a 
smooth tip with the port on the side and has a 
slight curve. As the cannula passes, the sur-
geon can feel for any strictures or stenosis in 
the upper puncta or canaliculi. If  unable to 
pass, the surgeon should stop and use a 
smaller Bowman probe. The probe or cannula 
is passed down into the nasolacrimal duct 
until it meets resistance. The instrument 
should slide easily into the nasolacrimal duct 
and should not be forced. Dye is injected from 
the syringe to test the patency of the system 
which is confirmed when dye is suctioned 
from the inferior meatus. Inferior turbinate 
infracture is a procedure commonly per-
formed by lacrimal surgeons to allow for less 
crowding of structures at the inferior meatus 
and the valve of Hasner, in an effort to 
improve tear drainage.

Nasolacrimal Stent Intubation
When upon probing the nasolacrimal sys-
tem, a surgeon encounters mucosal or bony 
stenosis, a nasolacrimal stent may be placed. 
Most lacrimal surgeons consider this a sec-
ondary procedure after a failed probing; how-
ever, some authors support the placement of 
stents as a primary procedure for CNLDO 
[19]. Modern tear duct stents are made of 
silicone and can be bicanalicular or monoca-
nalicular. The Crawford or Guibor stents are 
suaged to a metal probe that requires intra-
nasal retrieval with a hook or hemostat. They 
also require being tied intranasally or being 
fixed to the nasal wall. Currently, bicanalicu-
lar stents are most often used for bicanalicu-
lar lacerations and dacryocystorhinostomy 
procedures. Monocanalicular stents repre-
sented a breakthrough in tear duct surgery as 
no endonasal securing procedure was needed. 
Monocanalicular Crawford or Ritleng probes 
may be used. When using a Ritleng stent, 
intranasal retrieval of the prolene thread guide 
of the stent is accomplished with a long hook. 
Both the monocanalicular and bicanalicular 
stents that are pushed into the nose offer the 
advantage of being able to treat nasolacrimal 
duct stenosis and have been compared in the 
literature [20]. Monocanalicular stents are 
preferred in most cases of ductal stenosis due 
to their many advantages. As aforementioned, 
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they do not require endonasal fixation which 
allows for faster surgery and decreased time 
under anesthesia. In addition to this, mono-
canalicular stents have shown to be more 
successful, with lower rates of dislodgement, 
canalicular slitting, and premature removal in 
comparison with bicanalicular stenting [20]. 
The placement of a monocanalicular stent 
also does not require sedation for removal 
and is technically an easier procedure. A 
more recent variant of the Monoka stent that 
is pushed into the nose offers the advantage 
of not requiring intranasal retrieval, but is 
less effective in treating ductal stenosis and is 
indicated for mucosal obstructions in the tear 
system [21].

Complications of stenting should be 
explained prior to intubation. One of the 
most common complications of stenting is 
displacement of the silicone tubing up the 
duct and into the lacrimal sac. Since there 
is no endonasal fixation, the bicanalicular 
stent may be pulled at the medial canthus, 
pulling the knots of the tube into the lac-
rimal sac. This will be visible as a long loop 
of the tubing visible at the medial canthus 
and extending toward or lying on the globe. 
This can be managed by cutting the loop and 
pulling the knots out through the puncta. 
Monocanalicular stents can become unseated 
and sit loose in the eyelid. Less commonly 
monocanalicular stents can migrate into the 
nasolacrimal system causing inflammation 
and persistent symptoms including infec-
tion (dacryocystitis). Other complications of 
silicone stenting include pyogenic granuloma, 
conjunctival or corneal abrasion, and frank 
extrusion of tubing.

Canalicular slitting, or cheese wiring, of 
the canaliculi and puncta can occur with 
bicanalicular stenting especially if  the loop is 
tied too tight initially. Slitting can also occur 
as a child’s face and lacrimal system grow 
since the loop is a fixed length. The loop 
should be tied loosely enough to prevent can-
alicular slitting but also not so loose as to 
allow for extrusion.

Postoperative bleeding in the nose present-
ing as frank hemorrhage is uncommon but 
can be serious in a small child. If  conservative 
measures such as oxymetolazine nasal spray, 

cold compresses, and head elevation do not 
work, nasal packing or cautery can be applied 
in a controlled setting.

Balloon Dacryoplasty
An alternative to stent placement is a proce-
dure to widen the tear duct mucosa (and when 
possible soft bone). This procedure was devel-
oped from angioplasty technology and 
applied to tear duct surgery. It involves the 
intubation of the nasolacrimal system with a 
catheter that can expand when filled with 
saline with the use of a pressurized pump. 
Balloon dilation is applied to the lower por-
tion of the nasolacrimal duct and again to the 
upper portion. Balloon dacryoplasty does not 
require stenting and therefore avoids the 
potential complications of stents such as stent 
prolapse, as well as the second OR procedure 
and anesthesia needed in many children for 
removal of the stent [22]. It is also technically 
easier than primary silicone intubation with 
similar success rates. A comparison of this 
procedure to stenting was found to be equally 
efficacious in a small series [23].

Dacryocystorhinostomy
If  the lower tear system is unable to ade-
quately transmit tears, a tear duct bypass may 
be needed. Ideally the upper system will trans-
mit tears into the tear sac. If  one or both 
puncta and canaliculi are patent, a connection 
of the tear sac can be made directly into the 
nose. This is a dacryocystorhinostomy (DCR), 
which involves making a window in the 
 lacrimal sac fossa and opening the tear sac so 
tears may flow directly into the nose.

The decision to pursue DCR is undertaken 
after less invasive procedures have been 
attempted. The authors recommend less inva-
sive procedures such as probing with possible 
infracture of the inferior turbinate, balloon 
dilation, and/or silicone stent intubation prior 
to DCR. Age does play a role in the decision 
to pursue DCR.  Blood loss in the pediatric 
group is more significant the younger the 
patient. Intranasal passages are also much 
smaller which makes early surgery more chal-
lenging, requiring smaller instruments and 
endoscopes. DCR is usually not required in 
children less than 1 year of age; however, the 
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authors have performed successful DCR in an 
infant as young as 2 weeks of age. The neces-
sity of early DCR is uncommon and most 
often seen in cases with acute severe dacryo-
cystitis in combination with osseous or cra-
niofacial abnormalities.

This surgery classically has been accom-
plished via a medial canthal incision or lower 
eyelid crease incision. Kerrison rongeurs are 
used to create a window via bone removal of 
the lacrimal sac fossa bones. The lacrimal sac 
mucosa can then be directly anastomosed to 
the nasal mucosa in the form of sewn mucosal 
flaps. A lacrimal stent is helpful if  placed to 
help prevent adhesions to the common cana-
licular opening and surgical rhinostomy.

With the advance of endoscopic endona-
sal surgery, the ability to perform DCR sur-
gery without the need for a skin incision has 
evolved and is now considered as effective as 
the external approach [24].

Endoscopic formation of a rhinostomy 
can be performed with Kerrison rongeurs. 
Surgical instrumentation has evolved to allow 
for the use of high-powered drills, such as a 
diamond burr or more recently an ultrasonic 
bone aspirator as described by Murchison 
et al. [25]. This latter device is very effective in 
pediatric patients with a more crowded nasal 
anatomy.

Tear Duct Bypass Tube (Jones and Cox 
Tubes)
When the upper nasolacrimal system is unable 
to transmit tears, a connection must be made 
from the conjunctiva to the nose. This prob-
lem can be primary in the setting of agenesis 
of the lacrimal puncta and canaliculi or 
acquired due to nasolacrimal trauma or infec-
tion. A tube made of Pyrex glass (Jones or 
Cox) is inserted from the inferior-medial con-
junctival cul-de-sac extending into the nose. 
Ideally, a surgical rhinostomy is created to 
allow the tube to be suspended by the con-
junctiva and nasal mucosa.

16.3.1.5   Dacryocele/Dacryocystocele
Dacryocele, also known as dacryocystocele, is 
a type of CNLDO. It is an uncommon cause 
of CNLDO, but it requires prompt recogni-

tion and management. Congenital dacryocele 
occurs in utero from a distal blockage of the 
lacrimal sac causing it to distend and eventu-
ally kink off  the connection to the canalicu-
lus. It is also understood that the valve of 
Rosenmuller is a unidirectional valve and 
therefore would not drain the lacrimal sac via 
the canaliculi. The mucus secreted from the 
lacrimal sac accumulates and dilates the sac 
and duct. Amniotic fluid can also be trapped 
in the sac. Newborns present with a mass 
below the medial canthal tendon that may 
have a bluish hue (. Fig. 16.6). It can be mis-
diagnosed as a hemangioma due to the simi-
lar skin discoloration. Congenital dacryocele 
may also present with respiratory distress sec-
ondary to extension of the dilated duct into 
the nose or the concurrent presence of intra-
nasal cysts. Neonates are obligatory nasal 
breathers, and therefore a nasal mass may 
cause difficulty with breathing and potentially 
be life-threatening [5]. A prompt recognition 
of the dacryocele is necessary because it is 
often complicated by dacryocystitis. Infection 
of the dacryocele contents leads to erythema, 
swelling, and systemic signs of illness in a 
neonate. Management of non-infected con-
genital dacryocele is initially conservative 
with gentle massage of the lacrimal sac in an 
attempt to clear the obstruction [26]. It is nec-
essary to emphasize a gentle massage because 
vigorous massage may lead to lacrimal sac 
rupture and subsequent cellulitis. In addition 
to massage, warm compresses and topical 
antibiotics have also been used as conserva-
tive treatment for dacryocele. If  the dacryo-

       . Fig. 16.6 Right-sided dacryocele. Clinical photo-
graph in an infant showing a bluish subcutaneous mass 
just inferior to the medial canthal tendon
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cele persists beyond 1 or 2 weeks, probing of 
the nasolacrimal system is indicated. This is 
unlike valve of Hasner obstruction but neces-
sary due to the high risk of dacryocystitis. 
Probing can be done in office with observa-
tion or in the operating room under general 
anesthesia. Neonates are relatively immuno-
compromised and are at high risk for sepsis 
and death if  dacryocystitis is untreated [18]. 
Neonates with dacryoceles must be watched 
very closely in the first 2  weeks of life. Any 
sign of infection warrants the initiation of 
intravenous antibiotics and prompt surgery to 
relieve the obstruction. If  the dacryocystitis is 
severe, it can cause cellulitis and even rupture 
the skin surface.

Intranasal cysts may block the distal end 
of the duct and have recently been associated 
as being present in most children with dacryo-
celes [18, 27]. These cysts can block the distal 
part of the duct and can be present in pediat-
ric NLDO beyond the neonatal period. A sug-
gestion of the presence of an intranasal cyst is 
failed nasolacrimal probing. In these situa-
tions, an examination under anesthesia with 
an endoscope may show the cyst. Levin et al. 
discovered associated intranasal cysts in 23 
out of 24 patients with dacryoceles or dacryo-
cystitis [27]. . Table  16.1 summarizes an 
approach to the pediatric patient with dacryo-
cystitis and dacryoceles.

16.3.2   Epiblepharon

Epiblepharon should always be considered as 
a cause of tearing in infants. It has been esti-
mated that this eyelid malposition occurs in 
approximately 12.6% of Asians [28]. This con-
dition can be congenital or acquired. It is most 
often caused by an overriding horizontal thin 
strip of eyelid skin and orbicularis oculi mus-
cle causing the eyelashes to be directed verti-
cally and should be differentiated from an 
entropion where the eyelid margin itself  is 
rotated inward. The lower eyelid is often more 
involved than the upper. This is especially true 
in patients of Asian or Hispanic descent. 
When epiblepharon is diagnosed, it is impor-
tant to assess the impact on the patient. Most 
of the time, epiblepharon is asymptomatic in 
children and can be observed. In obtaining a 
history, the frequency of tearing and eye rub-
bing should alert the physician to the severity 
of epiblepharon. Similar to other eyelid mal-
positions, misdirection of lashes may cause 
ocular surface symptoms ranging from mild to 
severe including epiphora, foreign body sensa-
tion, photophobia, and blepharospasm [29].

On exam, visual acuity should be mea-
sured. In an infant, preferential gaze testing 
should be tested to screen for amblyopia. A 
patient who has unilateral symptoms should 
raise the concern for deprivation amblyopia 

       . Table 16.1 Age-related management of  pediatric dacryocystitis and dacryocele

Is there an 
infected tear 
system

Age <6 months Age >6 months Notes

Yes 
(dacryocystitis)

Consider admission and IV 
antibiotics

Oral antibiotics (only if  
afebrile) with close follow-up

Consider surgery 
with persistent 
fevers and 
symptoms

No (unilateral 
dacryocele)

Office probing with close 
observation for respiratory 
distress

Consider surgery given risk for 
dacryocystitis

Beware of  the 
presence of  an 
intranasal cyst

No (bilateral 
dacryocele)

Do not probe in the office. 
Promptly schedule for surgery 
given the risk of  respiratory 
distress and dacryocystitis

Do not probe in the office. 
Promptly schedule for surgery 
given the risk of  respiratory 
distress and dacryocystitis

Beware of  the 
presence of  an 
intranasal cyst
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a b

       . Fig. 16.7 Lower eyelid epiblepharon. a Clinical 
photograph of  a 6-month-old with lower eyelid epi-
blepharon. b Clinical photograph of  that same patient 

6 months after bilateral lower eyelid epiblepharon repair 
using the technique described in . Fig. 16.8

a b

c d

       . Fig. 16.8 Repair of  epiblepharon. a The ellipse of 
skin and orbicularis oculi are marked for excision on the 
lid. b Orbicularis and lower eyelid retractors along the 
inferior aspect of  the incision are sutured to the tarsus 
and orbicularis along the superior edge of  the incision 

using a double-armed suture. c Diagrammatic represen-
tation of  suture placement in sagittal section. d The skin 
is closed with absorbable suture. [Reprinted by permis-
sion from Springer Nature Customer Service Centre 
GmbH: (Springer Publishing Company) [1]]
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due to symptomatic epiblepharon. A corneal 
exam followed by fluorescein staining is criti-
cal to assess the clinical impact of the lashes 
rubbing on the cornea. . Figure 16.7 depicts 
a pediatric patient with lower eyelid epiblepha-
ron before and after surgical repair. No cor-
neal staining or the presence of scant punctate 
epithelial erosions can be managed with obser-
vation and/or lubricants. Confluent epithelial 
erosions, corneal abrasion, or rarely corneal 
ulceration would warrant surgical repair. In 
most cases surgery can be avoided, but should 
be considered if  medical management has 
failed, especially if  a child has evidence of 
vision compromise from the epiblepharon.

If  surgery is needed in the lower eyelid, a 
surgical repair involves an incision just 
below the eyelashes (subciliary incision). 
The lower eyelid retractors should be dis-
sected and advanced onto the tarsus to 
rotate the eyelashes anteriorly. Care must be 
made to not be overaggressive which can 
induce an ectropion. A small ellipse of  skin 
and orbicularis can be removed and the skin 
closed with a running gut suture. This tech-
nique is summarized in . Fig. 16.8a–d. An 
upper eyelid surgical repair of  epiblepharon 
may require a skin crease incision to debulk 
and remove skin and orbicularis oculi as 
needed.

 Case Presentation

A 2-week-old male presented to the emergency 
department, brought in by his mother with 
complaints of redness and swelling under the 
infant’s left eyelid as well as increasing discharge 
from the left eye for 2 days. The mother reported 
he was born with a “bump” under his left eyelid. 
She expressed concern that he was not feeding 
well and had a fever. On examination, there was 
an erythematous mass overlying the left medial 
lower eyelid with associated preseptal cellulitis 
(. Fig. 16.9a). There were no signs of respira-
tory distress. Maxillofacial CT was ordered sec-

ondary to severity and globe displacement. The 
neonate was urgently brought to the operating 
room, and intravenous antibiotics were started. 
Nasal endoscopy revealed a cyst at the level of 
the inferior turbinate. A microdebrider was 
used to remove the cyst as well as irrigate and 
aspirate the purulent material which was sent 
for culture. The intranasal cyst was marsupial-
ized, and patency of the nasolacrimal system 
was confirmed with fluorescein dye instillation. 
The dacryocystitis resolved and the patient 
showed marked improvement (. Fig. 16.9b).

a b

       . Fig. 16.9 Acute dacryocystitis. a Clinical photo-
graph showing significant periorbital edema and 
erythema centered at the left lacrimal sac fossa. b 

Clinical photograph showing marked improvement 
1 week after antibiotic and surgical therapy
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Key Points
 5 Surgical interventions in infants under 

the age of 12 should be reserved for 
cases of dacryoceles or dacryocystitis or 
when a patient is already under general 
anesthesia for a different surgery.

 5 Most cases of congenital nasolacrimal 
duct obstruction resolve by the age of 
12 months.

 5 During nasolacrimal duct probing, if  
ductal stenosis is encountered, consider 
placing a stent or performing a balloon 
dacryoplasty concurrently.

 5 Dacryocystorhinostomy can be 
reserved for cases in which more 
conservative interventions have failed.

 5 Epiblepharon can often be managed 
with ocular lubricants alone without 
the need for surgery.

 ? Review Questions
 1. A 6-month-old presents with unilat-

eral tearing and discharge. There is no 
lacrimal sac mass or expressible mucus 
with massage. What is the best treat-
ment for this child?
 (a) An in-office probing
 (b) A probing under general anesthesia
 (c) No intervention since this will likely 

get better by age 1
 (d) Tear duct massage and topical 

antibiotics until the symptoms 
improve up to 12 months of  age

 2. A 24-month-old female has persistent 
right-sided tearing without discharge 
after the placement of  a monocana-
licular stent at age 13 months. The stent 
was kept in place for 3 months and was 
removed in the office. The child has 
remained symptomatic despite surgery 
8  months ago. In-office dye disappear-
ance testing is 2+ on the right and 0 on 
the left. What is the best treatment for 
this child?
 (a) Observation only. The child can 

grow out of  this problem and is 
not at risk for dacryocystitis since 
she has had surgery already.

 (b) In-office probing and stenting.
 (c) Given the persistent symptoms, 

consider a repeat probing and stent, 
or balloon dacryoplasty or dacryo-
cystorhinostomy.

 (d) Jones or Cox tube placement since 
a probing with stent has failed.

 3. A 4-month-old girl of  Korean descent 
present with tearing and no discharge. 
Handheld slit lamp reveals bilateral 
lower eyelid epiblepharon with the cen-
tral and medial lashes touching the cor-
nea. You perform a dye disappearance 
test and see only trace dye pooling in 
the eyelid after 5 minutes. The corneas 
do not stain with fluorescein. What is 
the best approach for this patient?
 (a) Take this child to the operating 

room, and perform lower eyelid 
retractor advancements to repair 
the lower eyelid epiblepharon.

 (b) Start this child on a topical antibi-
otic ointment.

 (c) Since there is no corneal staining, 
you can start this child on a mod-
erately viscous artificial tear four 
times a day.

 (d) Prescribe a very viscous artifi-
cial tear (for severe dry eye) to be 
applied every 3 hours.

 v Answers
 1. (d)
 2. (c)
 3. (c)
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17.1   Introduction

This chapter describes the workup of visual 
loss and the various presentations and diag-
nostic criteria for headaches in the pediatric 
population. The provider will learn examina-
tion techniques to differentiate between objec-
tive and nonorganic visual loss. The material 
will also enable healthcare providers to recog-
nize signs of underlying conditions that mani-
fest as headaches and efficiently treat chronic 
headache disorders.

17.2   Nonphysiologic Visual Loss

Nonphysiologic visual loss, or nonorganic 
visual loss (NOVL), manifests as a decrease in 
visual acuity or color vision, photopsias, or 
visual field defect that cannot be explained by 
a physiologic process [1]. It falls on a wide 
spectrum of conditions that include conver-
sion disorder, malingering, and factitious dis-
order. When there is underlying pathology but 
the visual loss is exaggerated, it is called func-
tional overlay. These patients present unique 
challenges for the provider and caretakers.

17.2.1   Etiology

NOVL is a diagnosis of exclusion, obtained 
with a meticulous history and neuro- 
ophthalmic physical examination that cannot 
identify an organic cause. A patient with 
NOVL may be a malingerer who will present 
with exaggerated symptoms of vision change 
and the intention of attaining a secondary 
gain [2]. NOVL may also present in a patient 
with an underlying factitious disorder who 
develops subconscious symptoms [2].

The patient may present with complaints 
of monocular or binocular change in vision. 
The degree of symptoms may vary from blur-
riness to complete visual loss. Visual field 
defects most commonly include generalized 
constriction, tunnel vision, or, less commonly, 
homonymous hemianopia.

NOVL is often associated with a high prev-
alence of a concurrent psychiatric disorder 

such as depression, anxiety, or panic disor-
der. Nevertheless, it is important to recognize 
that organic disorder may still coexist and the 
burden of differentiating between functional 
overlay and malingering is on the provider, 
often resulting in extensive testing [3].

Nonorganic visual loss is often triggered by 
a psychosocial stressor. Consider:

 5 Physical or sexual abuse
 5 Bullying
 5 Unstable family structure
 5 Academic difficulties
 5 Change in environment

17.2.2   Epidemiology

Incidence in school-aged children is report-
edly 1.75%, with a higher predominance in 
adolescents [4]. It is more common in females 
than males. Several studies note an earlier age 
of presentation among female patients, with 
age of onset at 8–9.4 years old compared to 
onset at age 10  years old in males [5–7]. 
Children are more likely to present with sym-
metric bilateral symptoms. Several underlying 
psychosocial stressors may be present in 
patients with NOVL including physical or 
sexual abuse, bullying, unstable family struc-
ture, academic difficulties, and change in 
 environment [4].

17.2.3   Diagnosis

The provider must maintain a high level of 
suspicion and pay attention to visual behav-
ior. If  the patient can easily navigate his or her 
environment and the visual loss seems out of 
proportion to visual behavior and examina-
tion findings, evaluation for nonorganic visual 
loss should be performed. Comprehensive 
dilated ophthalmic and neurologic examina-
tion will often reveal inconsistent findings that 
will lead to a diagnosis of NOVL. The care-
taker may provide history of a recent psycho-
logical stressor that preceded the symptoms. 
Visual acuity recorded may be inconsistent 
when tested multiple times. The goal of the 
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examination is to demonstrate better than 
reported visual acuity and normal or incon-
sistent objective ophthalmic examination 
findings.

When testing visual acuity in mild to 
moderate NOVL (with reported Snellen 
visual acuity of  20/100 or better), it is usu-
ally necessary to start from the bottom of  the 
eye chart and to provide constant encourage-
ment for the patient to try to identify at least 
one letter on the line being tested. One may 
also test stereo acuity in which the patient 
wears 3-D glasses and identifies objects that 
are in three dimension (. Figure 17.1a). In 
order to successfully perform the stereo test, 
the patient must have good visual acuity in 
both eyes and the eyes must be well aligned. 
Patients with true monocular severe visual 
loss will not be able to see in three dimen-
sion on the stereo test. In the presence of 
acute monocular severe visual loss (20/400 
or worse) and an otherwise normal-appear-
ing anterior and posterior segment of  the 
eye, one would suspect retrobulbar optic 
nerve pathology, and a relative afferent 
pupillary defect (RAPD) should be present 
(. Figure  17.1b). If  absent, the provider 
may test each eye separately with the optoki-
netic nystagmus (OKN) drum or strip, which 
should produce jerk nystagmus if  visual 
acuity is 20/400 or better (. Figure  17.1c). 
If  the patient claims light perception or no 
light perception vision, the provider can hold 
a portable mirror and gently rotate it. If  the 
visual acuity is good enough to make out the 
shape of  their face, the provider will notice 
the patient’s eye moving to follow the facial 
reflection (. Figure 17.1d).

Visual field testing may be helpful in estab-
lishing a diagnosis; however, younger children 
will not be able to comprehend or cooperate 
with the test. Visual field testing may be suit-
able for adolescents and will demonstrate a 
few classic findings highly suggestive of 
NOVL.  These findings include tunnel as 
opposed to funnel visual field [4]. The visual 
field should expand as the target moves fur-
ther back (corresponding to the degree of 
visual field) (. Fig. 17.2).

17.2.4   Management

Reassurance to the child and the parents is an 
important approach to treatment [8, 9]. The 
provider may state that there is no sign of per-
manent damage to the eye and that the child 
will likely improve with time. There must be 
an attempt to address the inciting social 
stressor. It is discouraged to confront the 
patient with inconsistencies in examination 
findings or to belittle his or her symptoms. 
Regular follow-up appointments are impor-
tant to document improvement and continue 
evaluation for coexisting organic etiologies.

17.2.5   Prognosis

Prognosis is favorable for most patients as 
normalization of vision is expected with time. 
While most patients do not harbor an under-
lying psychiatric diagnosis, some may benefit 
from further evaluation and management by a 
psychiatrist [4].

17.3   Migraine

Migraine is the most common subtype of 
chronic primary headache in the pediatric pop-
ulation [10, 11]. When untreated, it can have a 
significant effect on quality of life leading to 
decreased school attendance and decline in 
academic performance and socialization [12].

17.3.1   Pathophysiology

There are several proposed theories explain-
ing the pathophysiology behind migraines. 
While the consensus is that the mechanism is 
multifactorial, the exact etiology remains 
unclear.

One theory is that is it caused by the acti-
vation of the trigeminovascular system with 
the release of pro-inflammatory mediators 
like vasoactive intestinal peptide (VIP), sub-
stance P, and calcitonin gene-related peptide 
in the synapses of trigeminal nerve branches 
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       . Fig. 17.1 Examination techniques for nonorganic 
visual loss. a Titmus stereo acuity test. b Testing for a 
relative afferent pupillary defect (Adapted with permis-
sion from 7 https://neupsykey. com/neuro- ophthalmology- 

9/#c010_f001). c Optokinetic nystagmus (OKN) drum. d 
Mirror test. (Reproduced with permission from the Ameri-
can Academy of Ophthalmology. © 2020 American Acad-
emy of Ophthalmology)

a

b
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       . Fig. 17.1 (continued)

 V. I. Elmalem et al.



263 17

surrounding cerebral and meningeal vessels 
[10, 13]. This subsequently leads to vasodila-
tion and disruption of the blood-brain barrier 
that further stimulates the trigeminovascular 
system. Another proposed mechanism behind 
migraines is explained by aberrant central cat-
echolaminergic system leading to cortical 
hyperexcitability [10]. Low magnesium levels 
have also been associated with abnormal 
afferent transmission of pain [10].

For migraine with aura, another theory 
describes a pattern of hyperperfusion fol-
lowed by hypoperfusion occurring at the level 
of the brainstem, mediated by alternating 
neuronal activation and suppression, or corti-
cal spreading depression. This process of neu-
rogenic inflammation leads to nociceptor 
activation and cortical blood flow disruption 
[10, 14].

       . Fig. 17.2 Visual field patterns in nonorganic visual 
loss. a Tangent screen with tunnel vision. One should 
expect the visual field to expand when tested further 
away from the screen. If  it remains the same, this is not 
physiologic. (Reproduced with permission from the 
American Academy of  Ophthalmology. © 2020 Ameri-
can Academy of  Ophthalmology). b Normal Humphrey 
visual field. c Humphrey visual field with generalized 
constriction. (Adapted with permission from the Ameri-

can Academy of  Ophthalmology. © 2020 American 
Academy of  Ophthalmology). d Humphrey visual field 
clover leaf  pattern (unreliable) (Adapted with permis-
sion from the American Academy of  Ophthalmology. © 
2020 American Academy of  Ophthalmology). e Gold-
mann visual field spiral with intersecting isopter lines. 
(Adapted with permission from the American Academy 
of  Ophthalmology. © 2020 American Academy of  Oph-
thalmology)
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       . Fig. 17.2 (continued)
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e

       . Fig. 17.2 (continued)
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17.3.2   Epidemiology

The prevalence of migraine among the pediat-
ric population varies from 3 to 21.4% with an 
increasing prevalence from childhood to ado-
lescence [15]. Female predominance of 2.5:1 is 
noted from adolescence and lasts through 
adulthood. Migraine may have a genetic pre-
disposition with approximately 70% of 
patients reporting family history in at least 
one family member [10, 15]. Children with 
migraine have worse quality of life and higher 
rates of comorbid anxiety, depression, 
ADHD, sleep disorders, and epilepsy [10, 11, 
15, 16].

17.3.3   Diagnostic Workup

A thorough history and physical examination 
is often sufficient to establish a clinical diag-
nosis of migraine. Physical examination 
including a neurologic examination is not 
expected to reveal any focal neurological defi-
cits or signs leading to a secondary cause of 
headache.

In certain cases, laboratory workup, neu-
roimaging, or an electroencephalographic 
study may be required to evaluate for a seizure 
disorder or a secondary cause of headache. 
Neuroimaging should always be performed if  
there is any concern for a structural etiology 
of headache. Red flag warning signs requiring 
urgent neuroimaging include any focal neuro-
logic deficit lasting longer than 60 minutes, a 
change in headache pattern with increased 
frequency and severity of headache, or the 
presence of papilledema. Examination of the 
optic disc is essential in evaluation of all 
patients presenting with headache.

Based on the International Headache 
Society (IHS) International Classification of 
Headache Disorders 3rd edition (ICHD-3), 
a diagnosis of migraine requires ≥5 sepa-
rate episodes of headache lasting from 4 to 
72  hours when untreated. These headaches 
must be associated with at least two of the 
following characteristics: unilateral location, 
pulsatile in nature, aggravation by activity, 

and interference with daily activities. These 
episodes are commonly associated with nau-
sea, vomiting, photophobia, and phonopho-
bia [17]. Unlike adults, children commonly 
present with bifrontal pain that is difficult to 
localize and associated with vague premoni-
tory symptoms such as fatigue, sleep diffi-
culty, mood changes, and hyperactivity [18]. 
Cranial autonomic symptoms may be found 
in the majority of children with migraine [19]. 
These symptoms include at least one of the 
following: lacrimation, conjunctival injection, 
ptosis, miosis, nasal congestion, periorbital 
edema, facial flushing, or sweating. A detailed 
history may be challenging to obtain from a 
child and may require exclusion of other etiol-
ogies with appropriate supplementary testing.

17.3.4   Classification of Migraine

According to the ICHD-3 [20], migraine may 
be classified as episodic or chronic. Episodic 
migraines are recurrent attacks, while chronic 
migraines are ≥15 headaches per month, 8 of 
which fit the criteria for migraine, for 
≥3 months’ duration.

Migraine is also classified as migraine with-
out aura and migraine with aura.

Aura is a prodromal sensation, often a 
visual, somatic, or less commonly an olfac-
tory manifestation that precedes a migraine 
attack or seizure episode [20]. The visual phe-
nomenon lasts less than 1 hour, must be com-
pletely reversible, and may have positive 
features (bright scintillations, flashing lights) 
or negative features (blurry vision, blind spots, 
or homonymous hemianopia).

Migraine without aura, previously referred 
to as “common migraine” for being the most 
common subtype of migraine, usually lacks a 
preceding activation of the brainstem or cor-
tical function and hence does not have preced-
ing symptoms such as visual disturbance.

Migraine with aura, previously referred to 
as “classic migraine,” or typical aura with head-
ache, has a biphasic pattern that begins with 
an aura and is followed by a headache. 
Children may not be able to adequately 
describe these auras. Encouraging them to 
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draw these experiences may prove to be helpful 
in making a diagnosis. Another subtype of 
migraine with aura includes typical aura with-
out headache in which patients experience the 
aura with a mild or no distinct headache within 
the subsequent hour.

Hemiplegic migraine is associated with 
fully reversible motor weakness, with or with-
out speech, visual, or sensory symptoms. 
Retinal vasospasm, also called “retinal 
migraine”, is associated with fully reversible 
monocular visual phenomena, usually 
described as acute visual loss in a similar pat-
tern of amaurosis fugax. Retinal vasospasm is 
more common in patients with migraine, but 
is not associated with cortical spreading 
depression.

17.3.5   Management

Management of migraine is divided into abor-
tive and preventative treatment. The following 
recommendations are largely based on adult 
studies as there is limited data for high-quality 
randomized controlled studies in the pediatric 
population [21–23]. A crucial element of man-
agement is proper education of the patient 
and family. A headache diary suitable for chil-
dren may help identify and avoid precipitating 
triggers and help monitor efficiency of treat-
ment. Triggers may include stress, menstrual 
cycle, irregular meals, poor sleeping patterns, 
or specific foods or odors [24].

Once prodromal symptoms or headache 
starts, the patient should be encouraged to 
rest in a dark, quiet room.

During an acute attack, the earlier 
the intervention is given the more likely 
it is to be effective. In mild to moderate 
headaches, the first drug of choice is an 
analgesic, preferably acetaminophen or non-
steroidal anti- inflammatory drugs (NSAIDs). 
Acetaminophen pediatric dosage is 15 mg/kg 
every 2–4  hours not exceeding 1000  mg per 
dose or three doses per day. Ibuprofen pedi-
atric dosage is 10 mg/kg every 4–6 hours not 
exceeding 40 mg/kg per day. If  migraines are 
accompanied by significant nausea or vomit-

ing, an antiemetic agent may be considered. 
Alternatively, analgesics and antiemetics may 
be administered in suppository form.

In moderate to severe attacks, or in mild 
attacks that are refractory to analgesics, 
migraine-specific agents like triptans should 
be considered separately or in combination 
with an NSAID. Sumatriptan is often the first 
choice and can be started at the smallest dose 
of 25  mg orally or 5  mg nasal spray. While 
there is no consensus on when to transition to 
adult dosing, many physicians will treat chil-
dren over the age of 10 who weigh ≥50 kg with 
adult dosage of sumatriptan. For children who 
are unable to swallow pills, oral disintegrating 
formulations of rizatriptan, zolmitriptan, and 
almotriptan may be used. Ergotamine drugs 
have been largely replaced by sumatriptan 
for abortive treatment due to their side effect 
profile and potential to worsen nausea, vomit-
ing, and symptoms related to vasospasm. The 
efficacy of valproate has not been well estab-
lished in children. Opioids, benzodiazepines, 
and barbiturates are habit-forming drugs with 
significant side effects and should not be used 
to treat migraine in children.

Preventative treatment should be consid-
ered in patients with frequent and disabling 
migraines, or with failure or adverse side 
effects of acute therapy [25]. Preventative 
medications such as cyproheptadine, amitrip-
tyline, propranolol, topiramate, and ribofla-
vin may be started at the lowest dose and 
titrated until therapeutic effects are attained 
or maximum dose is reached. A trial period of 
1–3 months should be considered before 
switching to another agent.

17.3.6   Prognosis

Long-term follow-up studies have demon-
strated that the majority of  pediatric 
patients improve with time and comprehen-
sive headache management as the frequency 
or severity of  their headaches decreases with 
age [26–28]. The most important prognostic 
factors include medical and psychiatric 
comorbidities.
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17.4   Cluster Headache

Cluster headaches are debilitatingly painful 
and often a source of great distress. It com-
monly presents with unilateral stabbing or 
throbbing pain, maximally noted around the 
orbits, and is associated with transient auto-
nomic symptoms such as lacrimation, ptosis, 
and rhinorrhea. The headache occurs in a 
“cluster” of episodes throughout the day last-
ing 5–180  minutes. This type of headache 
rarely occurs in the pediatric population but 
has a fairly typical presentation similar to 
those in adult patients [20, 29].

17.4.1   Pathophysiology

There are several postulated theories regarding 
the pathophysiology of cluster headaches; 
however, it remains incompletely understood. 
The unilateral boring orbital pain is suggestive 
of the involvement of ipsilateral trigeminovas-
cular complex and the trigeminal-autonomic 
reflex pathway. The reflexive autonomic symp-
toms support the activation of the ipsilateral 
parasympathetic nerves [30].

17.4.2   Epidemiology

Cluster headache is a rare subgroup of chronic 
headaches. The prevalence of cluster head-
ache in the general population is <1%, while 
the prevalence of childhood onset is 0.1%. It 
is more common in males than females with 
the ratio of 4.3:1. With age, childhood-onset 
cluster headache can go into spontaneous 
remission or become less frequent with pro-
longed periods of remission between attacks 
[31, 32].

17.4.3   Diagnostic Workup

Cluster headache is largely a clinical diagnosis 
made with a meticulous and detailed head-
ache history. Cluster headache can be con-
fused with migraine or sinusitis. Correct 
diagnosis can be made with targeted history, 
physical examination, and appropriate imag-

ing when indicated to rule out potentially life- 
threatening conditions.

ICHD-3 diagnostic criteria allow practitio-
ners to reliably differentiate cluster headaches 
from other headache disorders. Cluster head-
ache presents with unilateral orbital or peri-
orbital severe pain that lasts a few minutes to 
180  minutes when treated. Acute attacks may 
occur several times a day to every other day. 
These episodes are accompanied by a sense of 
restlessness and the following autonomic signs: 
lacrimation, nasal congestion, rhinorrhea, mio-
sis, ptosis, conjunctival injection, or facial per-
spiration. These attacks occur steadily for weeks 
to months followed by a period of remission.

Patients commonly present to the emer-
gency department with an acute attack and 
to the clinic in between attacks. A thorough 
physical examination will show visual acuity 
that is unchanged from baseline, usually a 
normal pupillary reaction, confrontation 
visual fields, extraocular movements, color 
vision, and dilated funduscopic examination. 
If  a patient presents with active symptoms, 
the slit lamp examination may reveal unilat-
eral conjunctival injection, tearing, and less 
likely ptosis and miosis. Assessment of  the 
cranial nerves should always be done and is 
expected to be normal. Imaging is not rou-
tinely obtained unless the patient presents 
with “red flags” or if  the constellation of 
symptoms are not supportive of  a diagnosis 
of  benign cluster headaches. “Red flags” can 
include neurological findings, increased fre-
quency or severity of  headache, focal neuro-
logical symptoms, meningeal signs, systemic 
symptoms, or nighttime awakening.

Visual field testing can assess for scattered 
visual field loss or homonymous visual field 
defects; however, the required cooperation 
may be limited in the pediatric population.

17.4.4   Classification of Cluster 
Headaches

The ICHD-3 classifies cluster headaches as 
episodic or chronic. Episodic cluster headaches 
present with at least two attacks lasting a week 
to a year and separated by a period of remis-
sion ≥3  months. Chronic cluster headaches 
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present with attacks that occur for a period of 
≥1  year without a remission period or one 
lasting <3 months.

17.4.5   Management

Treating cluster headaches in pediatric 
patients is aimed at improving their qual-
ity of life. The duration of treatment greatly 
varies as these patients tend to experience 
remission with age. Certain behavior modifi-
cations such as adequate sleep, hydration, and 
exercise have been associated with decreased 
headache frequency and severity. Common 
triggers such as exposure to tobacco as well as 
certain food and beverages have been impli-
cated in the onset of cluster headaches and 
should be avoided. As for treatment of acute 
episodes, oxygen therapy is the recommended 
initial approach [33, 34]. Considering oxygen 
therapy may not be readily available at home, 
many practitioners will treat with subcutane-
ous or intranasal triptan (off-label) to pro-
vide relief  as it has been shown to have good 
efficacy in adults and tolerability in adoles-
cents [34].

17.4.6   Prognosis

Cluster headaches can be extremely debilitat-
ing when not properly managed and have 
been associated with higher risk of depression 
and lower quality of life. There are a limited 
number of long-term studies available evalu-
ating the evolution of cluster headaches from 
childhood to adulthood. A few studies 
 demonstrate that episodes may increase in fre-
quency or remain the same, and complete 
resolution with age rarely occurs [35–37].

17.5   Photophobia and 
Post- Traumatic Headache

Photophobia is a common and disabling con-
dition noted in many patients with ocular or 
neurologic disorders such as uveitis, blepharo-
spasm, chronic headaches, or post-traumatic 

brain injury. Excessively bright light leads to 
discomfort or pain, and the patient subse-
quently adopts an aversion to light and reports 
“seeing better” in dim lighting. Symptoms are 
perpetuated by the patient wearing dark sun-
glasses to avoid photophobia resulting in dark 
adaptation and a more intense photophobia 
response when the sunglasses are removed.

17.5.1   Association with Headache 
Syndromes

Chronic headache syndromes such as tension 
headaches, cluster headaches, and migraines 
are a common cause of photophobia [38]. 
According to the ICHD-3 (. Table  17.1), 
a major diagnostic criterion for migraine is 
photophobia and may be reported by patients 
during or between attacks [38]. Different light 
stimuli such as flickering light, fluorescent 
light, or bright sunlight have been implicated in 
triggering migraine attacks [39] (. Table 17.2).

17.5.2   Post-Traumatic Photophobia

Post-traumatic photophobia commonly 
occurs in the acute and subacute phase 
(7–19 days) of  a traumatic brain injury (TBI) 
[40]. The development of  photophobia after 
TBI may be accounted for by the injury of 
intracranial structures and inflammation 
of  the trigeminal nociceptive pathway [41]. 
TBI is associated with many post-traumatic 
chronic pain conditions, headache being 
the most common (prevalence 58%). More 
specifically, there is a higher risk of  devel-
oping migraine-like headache after TBI [42, 
43]. Given the intimate relationship between 
migraine and photophobia, the prevalence 
of  photophobia in TBI patients is not sur-
prising [42, 43].

17.5.3   Treatment

Chronic photophobia in children can be 
addressed with FL-41 filtered lenses, which 
are rose-tinted. These lenses filter out certain 
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       . Table 17.1 International Classification of  Headache Disorders-3 (2018) 7 https://ichd-3. org/

Part I: The 
primary 
headaches

Part II: The secondary 
headaches

Part III: 
Neuropathies and 
facial pains and 
other headaches

Part IV: Appendix

1. Migraine 5.  Headache attributed to 
trauma or injury to the head 
and/or neck

13.  Painful lesions 
of the cranial 
nerves and other 
facial pain

A1. Migraine

2.  Tension-type 
headache 
(TTH)

6.  Headache attributed to 
cranial or cervical vascular 
disorder

14.  Other headache 
disorders

A2.  Tension-type headache 
(alternative criteria)

3.  Trigeminal 
autonomic 
cephalgias 
(TACs)

7.  Headache attributed to 
nonvascular intracranial 
disorder

A3.  Trigeminal autonomic 
cephalgias (TACs)

4.  Other 
primary 
headache 
disorders

8.  Headache attributed to a 
substance or its withdrawal

A4.  Other primary headache 
disorders

9.  Headache attributed to 
infection

A5.  Headache attributed to 
trauma or injury to the 
head and/or neck

10.  Headache attributed to 
disorder of  homeostasis

A6.  Headache attributed to 
cranial and/or cervical 
vascular disorder

11.  Headache or facial pain 
attributed to disorder of 
the cranium, neck, eyes, 
ears, nose, sinuses, teeth, 
mouth, or other facial or 
cervical structure

A7.  Headache attributed to 
nonvascular intracranial 
disorder

12.  Headache attributed to 
psychiatric disorder

A8.  Headache attributed to 
substance or its withdrawal

A9.  Headache attributed to 
infection

A10.  Headache attributed to 
disorder of  homeostasis

A11.  Headache or facial pain 
attributed to disorder of 
the cranium, neck, eyes, 
ears, nose, sinuses, teeth, 
mouth, or other facial or 
cervical structure

A12.  Headache attributed to 
psychiatric disorder
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wavelengths of blue and green present in fluo-
rescent lighting, which are thought to be par-
ticularly bothersome for patients with 
migraine and TBI.

Wearing FL-41 filtered lenses reduces light 
sensitivity, frequency and severity of migraine 
(by over half  in children), and improves con-
trast perception [42–44].

17.6   Papilledema

17.6.1   Definition

Papilledema refers to swelling of the optic 
nerve secondary to elevated intracranial pres-
sure (ICP) (. Fig. 17.3). Profound, permanent 
vision loss may occur secondary to irreversible 

       . Table 17.2 Common headache syndromes and their clinical features

Common headache 
syndromes

Headache characteristics Duration Associated symptoms

Migraine Unilateral throbbing 
pain

4–72 hours Phonophobia, photophobia, 
nausea, vomiting, aggravated 
by activity

Tension-type 
headache (TTH)

Bilateral, band-like 
squeezing pain

30 minutes to 7 days Phonophobia or photophobia, 
tenderness of  pericranial 
muscles

Paroxysmal 
hemicrania

Unilateral paroxysmal 
severe pain

2–30 minutes Ipsilateral cranial autonomic 
symptoms (ipsilateral 
conjunctival injection, 
lacrimation, miosis or ptosis, 
nasal congestion, eyelid 
edema, facial sweating)

Cluster headache 
(CH)

Unilateral electric or 
stabbing pain

Clusters lasting 
15–180 minutes for 
period of  1–3 months

Ipsilateral cranial autonomic 
symptoms

Short-lasting 
unilateral 
neuralgiform 
headache

Unilateral frequent 
attacks

1 second to 10 minutes Ipsilateral conjunctival 
injection and lacrimation

Headache 
secondary to 
vascular disorder

Acute and severe Continued Often accompanied by focal 
neurological deficits

Headache 
attributed to a 
substance 
exposure or 
withdrawal

Unilateral or bilateral Substance exposure: 
immediately within 
hours
Substance withdrawal: 
weeks to hours

Headache 
secondary to 
infection

Systemic infection: 
diffuse, moderate-severe 
intensity
Meningoencephalitis: 
holocranial vs. nuchal

Remits with infection
In minority of  cases 
headache persists 
>3 months after 
resolution of  infection

Fever, nausea/vomiting, 
lethargy, and convulsions
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a b

c d

e f

       . Fig. 17.3 Frisen grading system for papilledema. a 
Grade 0, no disc edema; b Grade 1, mild papilledema 
with a C-shaped nerve fiber layer disc edema sparing the 
temporal disc; c Grade 2, mild to moderate papilledema 
with 360 degree edema; d Grade 3, moderate to severe 
papilledema with obscuration of  vessels as they leave 

the disc; e Grade 4, severe papilledema with obscuration 
of  major vessels on the disc; f Grade 5, severe papill-
edema with most major vessels obscured and marked 
disc elevation. (Reproduced with permission from the 
American Academy of  Ophthalmology. © 2020 Ameri-
can Academy of  Ophthalmology)
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damage to the optic nerves. The underlying eti-
ologies for elevated ICP that may result in pap-
illedema in children are numerous but are 
classified into two main categories: idiopathic 
and secondary causes of elevated ICP [45].

17.6.2   Clinical Presentation

Elevated ICP may present with a variety of 
different symptoms. Commonly, patients will 
present with headaches, pulsatile tinnitus, 
horizontal diplopia, and transient visual 
obscurations (TVOs) [45]. Additionally, nau-
sea and associated vomiting may also be 
observed. Headaches due to elevated ICP are 
typically present upon awakening, refractive 
to pain medication, and worse in the supine 
position. Diplopia is typically horizontal, 
reflecting the presence of a unilateral or bilat-
eral sixth nerve palsy. Transient visual obscu-
rations consist of blackouts or blur-outs of 
vision lasting a few seconds and are often 
prompted by positional changes such as bend-
ing over or with Valsalva pressure. Visual acu-
ity is usually normal in patients with 
papilledema, but may drastically worsen in 
chronic cases. Blind spot enlargement is clas-
sically appreciated in papilledema; however, 
rapid progressive visual field loss and even 
blindness may ensue within a period of weeks 
to months.

17.6.3   Diagnosis

Diagnosis of papilledema requires direct 
examination of the optic nerve to determine 
the presence of disc swelling. Once established 
and elevated ICP is suspected, an evaluation 
of the etiology begins. Neuroimaging with 
both magnetic resonance imaging (MRI) of 
the brain and orbits and magnetic resonance 
venography (MRV) are often advocated. MRI 
permits the evaluation of secondary causes of 

elevated ICP such as intracranial masses or 
hydrocephalus. MRV allows for the assess-
ment of occult cerebral venous thrombosis, an 
etiology that is occasionally not readily appre-
ciated on standard MRI sequences. Elevation 
of ICP is confirmed through lumbar punc-
ture. CSF cytology and chemistry studies per-
formed during the study may also elucidate 
infectious, inflammatory, neoplastic, and sec-
ondary causes of elevated ICP.  An opening 
pressure greater than 28 cmH2O is considered 
elevated for children, although greater than 
25 cm H20 is considered elevated in those not 
sedated during lumbar puncture and in non-
obese children [45].

17.6.4   Etiology

Causes of papilledema in children and 
required workup:

 5 Idiopathic intracranial hypertension: 
obtain history of recent weight gain/
obesity, use of steroids, oral 
contraceptives, acne treatment, or 
tetracycline antibiotics; negative 
neuroimaging, lumbar puncture with 
opening pressure ≥28 cmH2O and 
normal CSF content

 5 Intracranial tumor: MRI brain with and 
without contrast

 5 Cerebral venous sinus thrombosis: obtain 
history of blood clots, recent head 
trauma, sinusitis, or otitis media; MRV 
head without contrast, lumbar puncture 
with opening pressure

 5 Hydrocephalus: MRI brain with 
evaluation of cerebrospinal fluid 
dynamics

 5 Meningitis: vital signs, lumbar puncture 
with opening pressure and CSF studies 
with gram stain and culture
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17.6.4.1   Idiopathic Intracranial 
Hypertension or 
Pseudotumor Cerebri 
Syndrome

Primary pseudotumor cerebri syndrome, also 
known as idiopathic intracranial hypertension 
(IIH), is a condition characterized by signs 
and symptoms of increased intracranial pres-
sure with no recognizable cause and normal 
brain parenchyma. Aplastic anemia and iron 
deficiency have been linked to idiopathic 
intracranial hypertension. Weight gain and 
obesity are strongly associated with IIH. These 
patients demonstrate the signs and symptoms 
of elevated ICP, but lack any localizing find-
ing on neurological examination and have 
otherwise normal neurodiagnostic studies 
with the exception of increased CSF pressure 
confirmed on lumbar puncture. IIH is 
described in further detail in the next section.

17.6.4.2   Secondary Causes 
of Papilledema

Secondary ICP elevation with papilledema 
may be caused and may be a presenting sign 
of a myriad of etiologies including but not 
limited to space-occupying tumor, hydroceph-
alus, an abnormality of the cerebral spinal 
fluid outflow tract, dural venous sinus throm-
bosis, meningitis, iatrogenically induced by 
medication, or in association with a systemic 
disorder. A thorough medical history may 
provide diagnostic clues to the etiology. 
History of blood clots, recent head trauma, 
sinusitis, or otitis media may be suggestive of 
dural venous sinus thrombosis. Fever, malaise, 
or neck stiffness may suggest meningitis.

17.6.5   Treatment

Treatment and management of papilledema is 
often guided by the degree of visual impair-
ment at the time of presentation. An interdis-
ciplinary approach with an ophthalmologist 
should be implemented to closely monitor 
and prevent significant visual morbidity from 
papilledema. For secondary causes of papill-
edema, the underlying etiology must be 
addressed as directed. In primary papill-

edema, treatment is directed at lowering ICP 
via medications such as diuretics (acetazol-
amide, topiramate, or furosemide). Surgical 
approaches are often undertaken when pre-
sentation at initial diagnosis is severe.

17.7   Idiopathic Intracranial 
Hypertension

17.7.1   Definition

Idiopathic intracranial hypertension (IIH), 
otherwise known as pseudotumor cerebri syn-
drome (PTCS), encompasses a constellation 
of symptoms due to elevated intracranial 
pressure (ICP) of unclear etiology [45]. 
Although most typically observed in obese 
women of childbearing age, the pediatric pop-
ulation may be affected as well [46, 47]. PTCS 
is classically regarded as either primary or sec-
ondary. Primary PTCS has an uncertain etiol-
ogy and no identifiable cause, while secondary 
PTCS may be associated with a number of 
medical conditions and medications [45].

17.7.2   Epidemiology

There are an estimated 0.9 per 100,000 cases 
of PTCS in both the general pediatric and 
adult populations [47–49]. Female sex and 
obesity are more strongly associated with 
PTCS in older rather than younger pediatric 
patients [48–50]. In addition to weight, height 
and linear growth acceleration appear to play 
a role [51].

17.7.3   Pathophysiology

The pathophysiology of pediatric IIH is com-
plex, but is fundamentally related to abnor-
mal cerebral spinal fluid (CSF) dynamics, 
either impaired CSF outflow, aberrant CSF 
production, or a combination [52]. In primary 
PTCS, distinct driving factors derived by age, 
sex, and weight contribute [53]. The current 
theory is that there is an interplay and multi-
faceted relationship between obesity, pubertal 
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status, sex, and age, which may be acting to 
influence CSF production or outflow [53]. In 
early and late adolescence, adiposity is clearly 
associated with primary PTCS; however, in 
younger children, factors other than obesity 
seem to contribute to the disease [54].

Secondary IIH is a clinical diagnosis that 
is linked to one or more of a variety of identi-
fiable causes, including venous sinus thrombo-
sis, various medications, and medical 
conditions other than obesity [53]. More com-
mon causes of secondary IIH in the pediatric 
population include withdrawal from chronic 
corticosteroids, exposure to tetracycline- 
related antibiotics, vitamin A and retinoid 
usage, and synthetic growth hormone expo-
sure [55].

17.7.4   Clinical Presentation

Papilledema is the hallmark ophthalmologic 
finding of IIH, although rare cases may occur 
without papilledema. Common clinical symp-
toms may include headache, nausea, vomit-
ing, tinnitus, neck stiffness, transient visual 
obscurations, decreased vision, and diplopia 
[46]. Children with PTCS have a higher fre-
quency of ocular motility dysfunction com-
pared with adults, with a sixth nerve palsy 
being the most common, affecting as many as 
40% of patients [46–56].

17.7.5   Diagnosis

Assessment for the presence or absence of 
papilledema is the first critical step in diagno-
sis of  PTCS.  A careful examination of  the 
optic nerve head is necessary; but orbital 
ultrasound and optical coherence tomogra-
phy (OCT) imaging may be useful adjunctive 
tests [54]. The diagnosis of  PTCS requires the 
presence of  normal brain parenchyma on 
contrast-enhanced neuroimaging [54]. The 
primary role of  MRI is to exclude other 
causes of  elevated ICP such as hydrocepha-
lus, mass, other structural lesions, and abnor-
mal meningeal enhancement. Common 
radiological signs include flattening of  the 
posterior sclera, enhancement of  the prelam-

inar optic nerve, and an empty sella [58, 59]. 
A MR venogram is not always necessary, but 
should be considered for patients with high 
suspicion for cerebral venous sinus thrombo-
sis. Venous imaging should be considered for 
atypical presentations/populations such as 
males and thin females [54]. Lumbar punc-
ture is necessary to document an elevated 
ICP and to ensure a normal CSF composi-
tion. In adults and nonobese children with 
sedation, an ICP greater than 25 cmH20 is the 
criterion for abnormal elevation. For obese 
children who receive sedation, opening pres-
sure greater than 28 cmH2O is considered 
elevated [57]. CSF composition should be 
normal.

17.7.6   Treatment

Goals of  treatment are aimed at preventing 
permanent vision loss and relieving symp-
toms associated with elevated ICP.  Two 
mainstays of  treatment are focused on medi-
cations to lower ICP and directed weight 
loss [54]. PTCS does not always require 
treatment, and medical treatment is usually 
started when the patient begins to experi-
ence visual deficits [60]. Carbonic anhydrase 
inhibitors such as acetazolamide reduce 
CSF production and provide effective man-
agement in PTCS. Alternative therapies such 
as furosemide, topiramate, and spironolac-
tone are less commonly used. When associ-
ated with obesity or being overweight, 
weight loss becomes an important part in 
the treatment and management of 
PTCS.  Based on studies in adults, patients 
are advised to lose 6–10% of  body weight to 
manage the disease acutely and prevent its 
recurrence [61, 62]. Weight loss goals should 
however be balanced with the consideration 
that many pediatric patients are still growing 
and that specific goals should depend on the 
patient’s age, body mass index, and comor-
bidities [54]. Nonconservative, surgical 
interventions are reserved for only severe 
cases where patients have demonstrated pro-
gressive vision loss despite maximal medical 
therapy, or in cases of  severe visual loss at 
the time of  presentation. Optic nerve sheath 

Headache, Visual Loss and Papilledema



276

17

fenestration is indicated when vision impair-
ment is the primary concern, while CSF 
shunting (lumboperitoneal or ventriculo-
peritoneal) is preferred for children with 
refractory headaches, severe visual impair-
ment, and papilledema unresponsive to 
standard medical treatment [60].

While long-term prognosis is not defini-
tively determined with certainty, recurrence 
rates for pediatric IIH are cited to be around 
40%, with recurrences being common after 
stopping treatment [63]. Pubertal age carries a 
worse prognosis for visual outcome than other 
ages [64].

 Case Presentation

A 9-year-old boy presents with subacute visual 
loss in the right eye over the last month. He has 
no past medical or ocular history. General 
examination reveals a well- nourished boy in no 
acute distress with a flat affect. Visual acuity is 
light perception in the right eye and 20/25  in 
the left eye. Pupils are equal and there is no 
relative afferent pupillary defect (RAPD). 
Confrontation visual field is full in the left eye, 
and the patient is unable to identify fingers in 
the right eye. The mirror test shows eye move-
ment with movement of the mirror for both 
eyes. He is able to identify the three-dimen-
sional animals and all the circles on the Titmus 

stereoacuity test. Examination of the anterior 
and posterior segment of the eye is unremark-
able. A conversation with the mother outside 
the examination room confirms declining 
grades in school over the last few months and a 
few trips to the school principal for fights with 
a boy at school. The mother is advised that 
there is evidence of nonorganic visual loss (no 
RAPD and normal eye examination, positive 
mirror test, normal Titmus stereoacuity) and 
the patient should receive counseling regarding 
possible bullying at school. The vision should 
improve over time once the underlying cause is 
addressed.

 Case Presentation

A 12-year-old girl presents with headache for 
the last 3 to 4 months. Height and weight are 5 
foot 2 inches and 230 pounds, respectively. 
Past medical history is significant for eczema-
tous dermatitis and acne. Medications include 
triamcinolone 1% topical ointment, isotreti-
noin, and minocycline. Best corrected visual 
acuity is 20/20 in both eyes, color vision is full, 
and confrontation visual fields are full. Pupils 
are equal and there is no relative afferent 
pupillary defect. Formal Humphrey visual 
field shows enlargement of  the blind spot and 
mild peripheral constriction in both eyes. Eye 
examination reveals normal anterior segment 
and grade 3 papilledema in both eyes. Brain 
MRI with and without contrast and MRV are 

unremarkable. Lumbar puncture opening 
pressure is 32 cmH2O in the lateral decubitus 
position, and CSF contents are unremarkable. 
She is advised to stop taking triamcinolone, 
isotretinoin, and minocycline. She is treated 
with acetazolamide 500  mg PO twice daily 
and referred to neuro-ophthalmology for 
careful monitoring. She is counseled to follow 
a low-salt diet and lose 6% of  her body weight 
(about 14 pounds). She is advised that if  her 
papilledema does not improve and she has 
progressive visual loss despite medical treat-
ment (including weight loss, stopping the 
offending medications, and treatment with 
acetazolamide), she may require surgical man-
agement of  pseudotumor cerebri.
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Key Points
 5 Nonorganic visual loss is a conversion 

disorder in which the visual loss is not 
physiologic or the examination findings 
do not coincide with the reported 
severity of visual loss.

 5 Nonorganic visual loss is often triggered 
by a psychosocial stressor including 
physical or sexual abuse, bullying, 
unstable family structure, academic 
difficulties, or change in environment.

 5 Migraine is the most common headache 
syndrome in children and can have 
comorbid anxiety, depression, ADHD, 
sleep disorders, and epilepsy.

 5 Papilledema causes peripheral 
constriction of the visual field and the 
central visual acuity is usually preserved 
until significant damage to the optic 
nerve occurs.

 5 Workup of papilledema should include 
urgent MRI to exclude other causes of 
elevated ICP such as hydrocephalus, 
mass, other structural lesions, and 
abnormal meningeal enhancement, 
especially in children who have a normal 
BMI and rapid onset of symptoms.

 ? Review Questions
 1. All of  the following are tests for 

nonorganic visual loss except
 (a) Mirror test
 (b) Tangent screen
 (c) Goldmann visual field test
 (d) Optical coherence tomography

 2. Which of  the following features of  head-
ache warrant urgent neuroimaging?
 (a) Scintillating scotoma in the right 

visual field lasting 15 minutes
 (b) Focal neurologic deficit lasting 

3 hours followed by headache
 (c) Headache associated with photo-

phobia
 (d) Homonymous hemianopia lasting 

20 minutes followed by headache

 3. Which of  the following is a treatment 
for severe papilledema associated with 
rapid onset of  significant visual loss in 
idiopathic intracranial hypertension?
 (a) Weight loss of  6–10% body weight 

at presentation
 (b) Acetazolamide
 (c) Optic nerve sheath fenestration
 (d) Topiramate

 v Answers
 1. (d)
 2. (b)
 3. (c)
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