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Preface

Pediatric ophthalmology is a broad field encompassing many
diverse topics including embryology, chromosomal abnormali-
ties, neurology, craniofacial abnormalities, systemic diseases,
retina disease, and strabismus. This variety makes pediatric oph-
thalmology interesting, and intellectually stimulating, but at
the time somewhat daunting. The handbook series is designed
to give the practitioner an easy to understand, succinct yet
detailed reference on various subjects related to pediatric
ophthalmology.

The Handbook of Pediatric Neuro-Ophthalmology is a prac-
tical resource on the diagnosis and management of neurological
disorders with ocular manifestations. A broad range of topics
are covered including the pediatric neuro-ophthalmology exa-
mination, ocular motility disorders, optic nerve anomalies,
nystagmus, and neuro-degenerative disease. Children with
neurological disorders often have debilitating disease without
viable treatment options. In these cases even the seasoned
physician can feel uncomfortable when speaking with the
family. A beautifully sensitive chapter is included “Breaking the
News” that gives practical points to help the physician com-
municate with the family.

Chapters in the handbook are reader friendly. They are
organized with clear sub-headings that allow the reader to
quickly find the area of interest. Excellent color photographs and
diagrams illustrate the clinical points and help with disease
recognition. Extensive use of tables and information boxes sim-
plify and summarize complex topics. Each chapter is fully ref-
erenced to provide evidence-based practice guidelines and
further in-depth reading.

Another important use of the Handbook of Pediatric Neuro-
Ophthalmology is patient and family education. Parents are
rightfully concerned about the effects of neurological disease on

\'
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their child’s eyes. Information including diagrams and photo-
graphs from the handbook about the eye manifestations of neu-
rological disease can be shared with the families. This important
information is often lacking in general texts on ophthalmology
and pediatrics.

I hope you will find this book, Handbook of Pediatric
Neuro-Ophthalmology, to be an invaluable adjunct to your pedi-
atric practice.

Kenneth W. Wright, MD
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Embryology
Cynthia S. Cook, Kathleen K. Sulik, and
Kenneth W. Wright

DIFFERENTIATION OF GERM LAYERS
AND EMBRYOGENESIS

After fertilization of the ovum within the uterine tube, cellular
mitosis results in formation of a ball of 12 to 16 cells, the
morula. A fluid-filled cavity within this embryonic cell mass
forms, resulting in a transformation into a blastocyst that begins
to penetrate the uterine mucosa on approximately the sixth day
postfertilization. The cells of the blastocyst continue to divide
with the cells of the future embryo proper (embryoblast) accu-
mulating at one pole. The cells of the primitive embryoblast dif-
ferentiate into two layers, the epiblast and the hypoblast. These
two cellular layers bridge the central cavity of the blastocyst,
thus dividing the blastocyst into the amniotic cavity and the
yolk sac (Fig. 1-1).

During the third week of gestation, the two-layered embry-
oblast transforms into a trilaminar embryo as central epiblast
cells invaginate between the epiblast and hypoblast layers.
Invagination of central epiblast cells creates a longitudinal
groove through the midline of the caudal half of the epiblast, the
primitive streak. This invagination of epiblast cells is termed
gastrulation (Fig. 1-2A,B). Invaginating epiblast cells differenti-
ate to form the mesodermal germ layer, which spreads out to
fill the space between the epiblast and hypoblast. Gastrulation
proceeds in a cranial to caudal progression and continues
through the fourth week of human gestation. These invaginat-
ing epiblast cells displace the hypoblast cells to form the endo-
derm. The epiblast cells therefore give rise to all three definitive
germ layers: ectoderm, mesoderm, and endoderm (Fig. 1-2C).
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FIGURE 1-1. Drawing of a human blastocyst (12 days gestation) that has
penetrated the maternal endometrium. An embryoblast has formed that
consists of two cell layers: the epiblast above and the hypoblast below.
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FIGURE 1-2A-C. (A) Drawing of a 17-day-old embryo in gastrulation stage
(dorsal view) with the amnion removed. (B) Cross section of a 17-day-old
embryo through the primitive streak. The primitive streak represents
invagination of epiblast cells between the epiblast and hypoblast layers.
Note the epiblast cells filling the middle area to form the mesodermal
layer. (C) Cross section of the embryo at the end of the third week shows
the three definitive germ layers: ectoderm, mesoderm, and endoderm.
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Neural ectoderm

Endoderm
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FIGURE 1-3. Drawing of an 18-day-old embryo sectioned through the
neural plate. Note that the ectoderm in the area of the neural groove
(shaded cells) has differentiated into neural ectoderm whereas the
ectoderm on each side of the neural groove remains as surface ectoderm
(clear white cells).

Toward the end of gastrulation, the ectoderm anterior to the
primitive streak differentiates into columnar neural ectoderm;
this expands, forming the neural plate from which the brain
develops (Figs. 1-3, 1-4). Neural ectoderm on each side of the
central neural groove expands to form bilateral elevations called
the neural folds (Fig. 1-5). A central valley in the enlarging
neural plate is called the neural groove. Ectoderm at the lateral
margins of the neural plate has the flat, hexagonal morphology
typical of surface ectoderm (Figs. 1-5, 1-6). By 21 days of human

Cut edge
of amnion

Neural groove
(neural ectoderm)

Neural
plate

Surface
ectoderm

Node of
Hensen

FIGURE 1-4. Drawing of dorsal aspect of embryo at 18 days gestation
showing neural groove and enlarging neural plate.
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Somite FIGURE 1-5. Dorsal view of a
human embryo at 20 days
gestation. The neural plate trans-
forms into two neural folds on

Node of each side of the neural groove.

Hensen The neural groove in the middle

of the embryo is shaded to

represent neural ectoderm; the
unshaded surface of the embryo
is surface ectoderm.

Primitive
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FIGURE 1-6. Drawing of 21-day-old embryo (dorsal view) showing the
enlarging cephalic neural folds, which are separate and have not yet fused.
The central neural folds have fused to form the neural tube. The neural
tube, groove, and facing surfaces of the large neural folds are made up of
neural ectoderm; surface ectoderm covers the rest of the embryo. Neural
crest cells (X) are found at the junction of the neural ectoderm and sur-
face ectoderm. Neural crest cells migrate beneath the surface ectoderm
spreading throughout the embryo and specifically to the area of the optic
sulci. Neural ectoderm, dark shading; surface ectoderm, white; neural
crest cells, cross-hatched area. The neural groove is still open at this
point, and somites have formed along the lateral aspect of the neural tube.
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FIGURE 1-7. Drawing of approximately 23-day-old embryo, dorsal view,
showing partial fusion of the neural folds. Brain vesicles have divided into
three regions: forebrain, midbrain, and hindbrain. Note that the facing
surfaces of the forebrain neural folds are lined with neural ectoderm
(shaded cells) but the majority of the embryo is covered by surface ecto-
derm (clear white). On the inside of both forebrain vesicles is the site of
the optic sulci (optic pits). The neural crest cells that will populate the
region around the developing optic vesicles originate from the midbrain
region.

gestation, while the neural tube is still open, the first sign of the
developing eye is seen. The optic sulci or optic pits develop as
invaginations on the inner surface of the anterior neural folds
(Figs. 1-6, 1-7, 1-8). During expansion of the optic sulci, the
central aspect of the neural folds approach each other and fuse,
creating the longitudinal neural tube. Fusion of the neural folds
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FIGURE 1-8. Drawing of anterior view of embryo at similar stage to
Figure 1-7 (23 days) shows the optic sulci on the inside of the forebrain
vesicles. Shaded area, neural ectoderm. The optic sulci evaginate and
expand toward the surface ectoderm as the neural tube closes anteriorly.
(From Webster WS, Lipson AH, Sulik KK. Am ] Med Genet 1988;31:505-
512, with permission.)

is initiated in the region of the future neck and proceeds along
the midline in both caudal and cranial directions. Following
closure of the neural tube, the neural ectoderm and optic sulci
are internalized, and the embryo is then covered by surface
ectoderm (Fig. 1-7).

Neural Crest Cell Development

As the neural folds elevate and approach each other, a special-
ized population of mesenchymal cells, the neural crest cells,
emigrate from the junction of the neural and surface ectoderm
(see Fig. 1-6). Progenitor cells in the neural folds are multipo-
tent, with potential to form multiple ectodermal derivatives,
including epidermal, neural crest, and neural tube cells. These
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cells are induced by interactions between the neural plate and
epidermis. The competence of the neural plate to respond to
inductive interactions changes as a function of embryonic age.”
These stellate cells migrate peripherally beneath the surface
ectoderm to spread throughout the embryo and surround the
area of the developing optic sulci. Neural crest cells play an
important role in eye development, as they are the precursors
(anlage) to major structures, including cornea stroma, iris
stroma, ciliary muscle, choroid, sclera, and orbital cartilage and
bone (Table 1-1).%* The patterns of neural crest emergence and
emigration correlate with the segmental disposition of the devel-
oping brain.”” Migration and differentiation of the neural crest
cells are influenced by the hyaluronic acid-rich extracellular
matrix and the optic vesicle basement membrane.'” This acel-
lular matrix is secreted by a surface epithelium as well as the
crest cells and forms a space through which the crest cells
migrate. Fibronectin secreted by the noncrest cells forms the
limits of this mesenchymal migration.®® Interactions between
the migrating neural crest and the associated mesoderm appear
to be essential for normal crest differentiation.”®”

TABLE 1-1. Embryonic Origins of Ocular Tissues.

Neural ectoderm (optic cup)
Neural retina
Retinal pigment epithelium
Pupillary sphincter and dilator muscles
Posterior iris epithelium
Ciliary body epithelium
Optic nerve

Neural crest (connective tissue)

Corneal endothelium

Trabecular meshwork

Stroma of cornea, iris, and ciliary body

Ciliary muscle

Choroid and sclera

Perivascular connective tissue and
smooth muscle cells

Meninges of optic nerve

Orbital cartilage and bone

Connective tissue of the extrinsic
ocular muscles

Secondary vitreous

Zonules

Surface ectoderm (epithelium)
Corneal and conjunctival
epithelium
Lens
Lacrimal gland
Eyelid epidermis
Eyelid cilia
Epithelium of adnexa glands
Epithelium of nasolacrimal duct

Mesoderm (muscle and vascular
endothelium)
Extraocular muscle cells
Vascular endothelia
Schlemm’s canal endothelium
Blood
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Somite Development

During the development and closure of the neural groove,
paraxial mesoderm increases in the center of the embryo to
form somites (see Figs. 1-5, 1-6). The somites increase in number
to approximately 40, and eventually this paraxial mesoderm
becomes mesenchyme that, in turn, develops into connective
tissue, cartilage, muscle, and bone for the trunk and extremities.
The neural segmentation pattern appears to be dependent on the
underlying mesoderm. In the region of the brain rostral to the
developing inner ear, the mesodermal segments are called somit-
omeres, whereas segments caudal to this level are somites.”>”
The somitomeres are mesodermal in origin and give rise to the
myoblasts of the extraocular muscles and vascular endothelium
in and around the eye. Unlike the trunk and extremities, orbital
bone and ocular connective tissue are derived from neural crest
cells, not mesoderm.

It is important to point out that mesenchyme is a broad
term for any embryonic connective tissue, whereas mesoderm
specifically relates to the middle embryonic layer. At one time
the middle embryonic layer (the mesoderm) was thought to be
responsible for most of the ocular and adnexal tissues. Embry-
ologic studies have shown that mesoderm plays a relatively
small role in the development of head and neck mesenchyme
and is probably responsible only for the striated muscle of the
extraocular muscles and vascular endothelium. With respect
to the ocular development and development of the head and
neck, most of the mesenchyme or connective tissue comes
from the neural crest cells (see Table 1-1).

OPTIC VESICLE AND OPTIC CUP

As the neural folds progressively fuse in a cranial direction, dila-
tion of the closed neural tube occurs to form the “brain vesi-
cles.” By 3 weeks, these vesicles undergo neural segmentation
and form the specific parts of the brain, that is, forebrain
(prosencephalon), midbrain (mesencephalon), and hindbrain
(rthombencephalon) (see Fig. 1-7). Surface ectoderm covers the
outside of the forebrain, and neural ectoderm lines the inner or
facing surfaces of the paired forebrain vesicles from which the
eyes develop (Figs. 1-8, 1-9). The optic sulci develop as bilateral
evaginations of neural ectoderm on the facing surfaces of the
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FIGURE 1-9A-B. (A) Drawing of a cross section through forebrain and
optic sulci of 23- to 26-day-old embryo, during the period of neural tube
closure. The optic sulci are lined by neural ectoderm (shaded cells); the
surface of the forebrain is covered with surface ectoderm (clear white
cells). As the optic sulci (neural ectoderm) evaginate towards the surface
ectoderm (hollow arrows), the edges of the brain vesicles move together
to fuse, thus closing the neural tube (solid arrows). (B) Drawing of a cross
section through a 26-day-old embryo at the level of the optic vesicle. The
neural tube has closed, the surface ectoderm now covers the exterior of
the forebrain, and the neural ectoderm is completely internalized. The
surface ectoderm cells overlying the optic vesicles thicken to form the
early lens placode. (From Cook CS, Sulik KK. Scanning Electron Microsc
1986;111:1215-1227, with permission).
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forebrain vesicles. Expansion of the optic sulci toward the
surface ectoderm and fusion of the forebrain vesicles create
the optic vesicles (Figs. 1-9, 1-10) by approximately day 25 to 26
(embryo size, 3mm). Closure of the neural tube and expansion
of the optic vesicles occur through the mechanical influences of
the cytoskeletal and extracellular matrix and localized prolifer-
ation and cell growth.”!

The mesencephalic neural crest cells populate the region
around the optic vesicle and ultimately give rise to nearly all the
connective tissue structures of the avian eye, and the same can
be presumed for the mammalian eye (see Table 1-1).°*% An
external bulge indicating the presence of the invaginating optic
vesicle can be seen at approximately 25 days human gestation
(see Fig. 1-9). The optic vesicle appears to play a significant role
in the induction and size determination of the palpebral fissure
and orbital and periocular structures.®

At approximately 27 days gestation, the surface ectoderm
that is in contact with the optic vesicle thickens to form the
lens placode (Figs. 1-9, 1-10, 1-11). The lens placode and under-
lying neural ectoderm invaginate through differential growth
(Fig. 1-10). The invaginating neural ectoderm folds onto itself as
the optic vesicle collapses, creating a double layer of neural

ectoderm  Surface ectoderm
FIGURE 1-10. Drawing of a transection through a 28-day-old embryo
shows invaginating lens placode and optic vesicle (arrows), thus creating
the optic cup. Note the orientation of the eyes 180° from each other; this
corresponds to the SEM view shown in Figure 1-12C.
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FIGURE 1-11A,B. Drawings show the formation of the lens vesicle and
optic cup. Note that the optic fissure is present as the optic cup is not
yet fused inferiorly. Mesenchyme (M) surrounds the invaginating lens
placode. The optic stalk is continuous with the forebrain. Note that the
optic cup and optic stalk are neural ectoderm. RPE, retinal pigment
epithelium.
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ectoderm, the optic cup (Fig. 1-11). The optic cup will eventually
differentiate into neurosensory retina (inner layer) and retinal
pigment epithelium (RPE) (outer layer) (Fig. 1-11). Local apical
contraction''* and physiological cell death®® have been identified
during invagination of the lens placode and formation of the
optic cup. In the mouse embryo, Msx2, a homeobox-containing
transcription factor, is expressed only in the cells of the optic
cup that are destined to become neural retina. In vitro Msx2 has
been shown to suppress RPE differentiation and may be involved
in the initial patterning of the optic cup.*® Abnormal differenti-
ation of the outer layer of the optic cup to form aberrant neural
retina has been demonstrated in several mutant mouse
strains.*'?%1% The area of future retinal differentiation demon-
strates the greatest concentration of vimentin (a cytoskeletal
protein) in the optic cup.® Regionally, within the optic cup,
spatial orientation is predicted by expression of the transcription
factor, vax2, which defines the ventral region (area of the optic
fissure).'” The PAX6 gene has been demonstrated within cells of
neural ectodermal origin (optic cup and, later, in the ciliary body
and retina), surface ectoderm (lens), and neural crest (cornea).”*
The widespread distribution of this gene supports its involve-
ment in many stages of ocular morphogenesis.

The Optic Fissure

Invagination of the optic cup occurs in an eccentric manner with
formation of a seam, the optic fissure, inferiorly (Figs. 1-11,
1-12). The optic fissure is also known as the embryonic fissure or
choroidal fissure. Mesenchymal tissue (of primarily neural crest
origin) surrounds and is within the optic fissure and optic cup,
and at 5 weeks the hyaloid artery develops from mesenchyme in
the optic fissure. This artery courses from the optic stalk (pre-
cursor to the optic nerve) through the optic fissure to the devel-
oping lens (Fig. 1-12). The lens vesicle separates from the surface
ectoderm at approximately 6 weeks, the same time as closure of
the optic fissure. Closure of the optic cup occurs initially at the
equator with progression anteriorly and posteriorly.

Once the fissure has closed, secretion of primitive aqueous
fluid by the primitive ciliary epithelium establishes intraocular
pressure (IOP), which contributes to expansion of the optic
cup.'®? Experimental studies have shown that placement of a
capillary tube into the vitreous cavity of a chick eye reduces
the IOP and markedly slows growth of the eye.” Histological
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FIGURE 1-12. Drawing of cross section at approximately 5 weeks gesta-
tion through optic cup and optic fissure. The lens vesicle is separated from
the surface ectoderm. Mesenchyme (M) surrounds the developing lens
vesicle; the hyaloid artery is seen within the optic fissure. (From Cook
CS, Sulik KK. Scanning Electron Microsc 1986;1I:1215-1227, with
permission.)

examination of these intubated eyes demonstrated proportional
reduction in size of all the ocular tissues except the neural retina
and the lens, which were normal in size for the age of the eye.
The retina in these eyes was highly convoluted and filled the
small posterior segment. Thus, it may be concluded that growth
of the neural retina occurs independently of that of the other
ocular tissues. Experimental removal of the lens in the eye does
not alter retinal growth.*® Growth of the choroid and sclera
appear to be dependent upon IOP, as is folding of the ciliary
epithelium.'? Failure or late closure of the optic fissure prevents
the establishment of normal fetal IOP and can therefore result
in microphthalmia associated with colobomas, that is, colobo-
matous microphthalmia (see Ocular Dysgenesis later in this
chapter).

Figure 1-13 shows a diagram of the eye at the end of the
seventh week and after optic fissure closure. At this stage, the neu-
rosensory retina and pigment epithelium are in apposition, the
optic nerve is developing, and the lens has separated from the
cornea, thus forming the anterior chamber. Mesenchymal tissue
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FIGURE 1-13. Overview at the 7th week of gestation. The developing eye
is surrounded by mesenchyme of neural crest origin. (From Sulik KK,
Schoenwolf GC. Scanning Electron Microsc 1985;1V:1735-1752, with
permission.)
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(neural crest cell origin) around the primitive retina develops
into the choroid and sclera. Peripheral to the developing globe are
linear accumulations of myoblasts (mesodermal origin) that are
anlagen of the extraocular muscles. The eyelids are small buds
above and below the developing eye. The hyaloid vasculature
courses from the primitive optic nerve to the posterior lens
capsule.

LENS

Thickening of the lens placode can be seen on gestational day 27
in the human (see Fig. 1-10). Before its contact with the optic
vesicle, the surface ectoderm must become competent to respond
to lens inducers. It then receives inductive signals from the ante-
rior neural plate, so that it gains a “lens-forming bias” specified
for lens formation. Complete lens differentiation requires both
inductive signals from the optic vesicle and an inhibitory signal
from head neural crest to suppress any residual lens-forming bias
in head ectoderm adjacent to the lens.*® In the chick, a tight extra-
cellular matrix-mediated adhesion between the optic vesicle and
the surface ectoderm has been described.*”*"* This anchoring of
the mitotically active surface ectoderm results in cell crowding,
cell elongation, and formation of the thickened placode.'”
Adhesion between the optic vesicle and the lens placode is
thought to ensure alignment of the lens in the visual axis.
Although adhesion between the optic vesicle and surface ecto-
derm exists, electron microscopic studies have demonstrated
that there is no direct cell contact.**'® The basement mem-
branes of the optic vesicle and the surface ectoderm remain
separate and intact throughout the contact period. Experimental
studies have demonstrated a requirement for functional PAX6
gene in both the optic vesicle and surface ectoderm to mediate
lens placode induction.”® The BMP4 gene, which is present only
in the optic vesicle, is also required for lens induction.*

The lens placode invaginates forming the hollow lens
vesicle (Figs. 1-11, 1-12). The size of the lens vesicle is deter-
mined by the area of contact of the optic vesicle and the surface
ectoderm. Lens vesicle detachment from the surface ectoderm
occurs on day 33 (7-9 mm) and is the initial event leading to the
formation of the chambers of the eye. This process of separation
is accompanied by active migration of epithelial cells out of the
keratolenticular stalk or junction,® cellular necrosis, and base-
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ment membrane breakdown.* Although apoptosis (programmed
cell death) is a normal feature of lens vesicle separation, exces-
sive and persistent cell death is associated with aphakia in the
lap mouse mutant.®

Induction of a small lens vesicle that fails to undergo normal
separation from the surface ectoderm is one of the characteris-
tics of teratogen-induced anterior segment malformations
described in animal models.?*?*811% In the mouse mutant (dyl),
this failure of lens vesicle separation is caused by a mutation in
the FoxE3 gene that promotes survival and proliferation while
preventing differentiation of the lens epithelium.'® AP-2 tran-
scription factors also influence lens vesicle separation as well as
causing mis-expression of PAX6 and MIP26 genes.'” Anterior
lenticonus, anterior capsular cataracts, and anterior segment
dysgenesis with keratolenticular adhesions (Peters’ anomaly)
may result from faulty keratolenticular separation. Further dis-
cussion of anterior segment dysgenesis follows. Arrest of lens
development at the lens stalk stage results in aphakia in mutant
mice (ak mutation). In addition to aphakia, affected eyes exhibit
absence of a pupil and abnormalities in the iris, ciliary body, and
vitreous.*0*!

The hollow lens vesicle consists of a single layer of
epithelial cells with cell apices directed toward the center of the
sphere. Following detachment from the surface ectoderm, the
lens vesicle is surrounded by a basal lamina, the future lens
capsule. Abnormalities in this basement membrane may result
in involution of the lens vesicle, resulting in later aphakia.® At
approximately 37 days gestation, primary lens fibers form from
elongation of the posterior lens epithelium of the lens vesicle
(Fig. 1-14).%' The retinal anlage promotes primary lens fiber for-
mation in the adjacent lens epithelial cells. Experimental in vivo
rotation of the lens vesicle in the chick eye by 180° results in
elongation of the lens epithelial cells nearest the presumptive
retina, regardless of the orientation of the transplanted lens.*!
Thus, the retina develops independently from the lens although
the lens appears to rely upon the retina for cytodifferentiation.
In the mouse, the Prox1 and Maf genes have been demonstrated
to mediate lens fiber elongation.®®'° As these posterior epithe-
lial cells lengthen to fill the lumen of the lens vesicle, they lose
their nucleus and most organelles." Upregulation of lens-
specific proteins, CP49 and CP95, is demonstrated after closure
of the lens stalk.’! The primitive lens filled with primary lens
fibers is the embryonic lens nucleus. After the epithelial cells
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FIGURE 1-14. Formation of the embryonic lens nucleus and primary lens
fibers at approximately 7 weeks. Note that mesenchyme (M) of neural crest
origin surrounds the optic cup. The posterior lens epithelial cells (located
nearest the developing retina, R) elongate, forming the primary lens fibers
(L). The anterior epithelium remains cuboidal and becomes the anterior
epithelium in the adult. The optic fissure is now closed.

ARG



18 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

of the posterior lens elongate to form the fibers of the embyronal
nucleus, they eventually separate from the posterior capsule;
therefore, there is an absence of epithelial cells on the posterior
capsule. In the adult, the embryonic nucleus is the central
round, slightly dark sphere inside the Y sutures. There are no
sutures within the embryonal nucleus. The lens fibers have
extensive interdigitations with a relative absence of extracel-
lular space. Anterior lens epithelial cells (nearest the corneal
anlage) remain cuboidal and become the permanent lens epithe-
lium, which is mitotic throughout life, giving rise to future
secondary fetal and adult cortical lens fibers.

After the embryonic nucleus is formed, secondary lens
fibers develop from anterior epithelial cells to form the fetal
nucleus. The anterior epithelial cells migrate to the periphery of
the lens (lens equator), where they elongate and differentiate
into lens fibers. This region of the lens is called the lens bow.
These secondary lens fibers elongate anteriorly and posteriorly
around the embryonic nucleus to meet at the anterior and pos-
terior poles of the lens (Fig. 1-15). The lens fibers exhibit surface
interdigitations with relative lack of extracellular space. Unlike
more mature cortical lens fibers that have tapered ends, these
fetal lens fibers (secondary lens fibers) have blunt tips, so when
they meet they form a faint adherence or “suture.” This meeting
of the secondary lens fiber ends results in two Y sutures, the
anterior upright Y suture and the posterior inverted Y suture

mbryonal
nucleus

Anterior

lens epithelium Posterior

"Y" suture

Anterior

"Y" suture
Fetal nucleus

Secondary

lens fibers

FIGURE 1-15. Diagram of secondary lens fibers and Y sutures. Secondary
lens fibers elongate at the equator to span the entire lens, from the ante-
rior Y suture to the posterior Y suture. The anterior Y suture is upright
and the posterior Y suture is inverted.
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(Fig. 1-15). The fetal nucleus consists of the secondary lens fibers
and can be clinically identified as that part of the central lens
that is inside the Y sutures but outside the embryonic nucleus.
The lens differentiates under the influence of many growth
factors, including FGF, IGF, PDGF, and TGF, and genes be-
come active encoding cytoskeletal proteins (filensin, phakinin,
vimentin, nestin), structural proteins (crystallins), and mem-
brane proteins.*”!'® Abnormal initiation and differentiation of
secondary lens fibers have been demonstrated in the Cat2 and
Cat3 mutant mouse strains. These eyes exhibit abnormalities
limited to the lens, unlike the aphakia mutant eyes, which have
malformations of the anterior segment and vitreous and folding
of the retina.*

At birth, the lens is almost entirely made up of lens nucleus
with minimal lens cortex. Lens cortex continues to develop
from the anterior epithelial cells postnatally and throughout life.
Congenital cataracts that occur as a result of abnormal forma-
tion of primary or secondary lens fibers would be expected to be
localized in the nuclear region between the Y sutures. Abnor-
mal lens vesicle separation from the surface ectoderm would be
associated with defects in anterior epithelium or lens capsule
and may cause anterior polar cataracts. Incomplete regression of
the pupillary membrane can be associated with (secondary) ante-
rior lens opacities. A defect of the surface ectoderm or basement
membrane could result in cataracts associated with anterior or
posterior lenticonus.

Tunica Vasculosa Lentis

The lens receives nutrition and blood supply from the hyaloid
artery, a branch of the primitive ophthalmic artery. The hyaloid
artery first enters the eye through the optic fissure (see Fig.
1-12) and then becomes incorporated into the center of the optic
nerve as the optic fissure closes. The hyaloid vessels form a
network around the posterior lens capsule and then anastomose
anteriorly with the network of vessels in the pupillary mem-
brane (Fig. 1-16). The pupillary membrane consists of vessels and
mesenchyme that overlie the anterior lens capsule (see Devel-
opment of Anterior Segment). This hyaloid vascular network
that forms around the lens is called the tunica vasculosa lentis.
The hyaloid vasculature reaches its greatest development at
approximately 10 weeks gestation. The tunica vasculosa lentis
and hyaloid artery regress during the end of the fourth month of
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FIGURE 1-16. Drawing of a 2-month-old fetal eye shows the hyaloid
vascular system and tunica vasculosa lentis.

gestation. The clinical lens anomaly, Mittendorf’s dot, is a
small (1-2mm) area of fibrosis on the posterior capsule and is
probably a manifestation of incomplete regression of the hyaloid
artery where it attaches to the posterior capsule. The regression
of the pupillary membrane begins during the sixth month and
is usually complete by the eighth month. Persistent pupillary
membranes result from incomplete regression. These iris strands
may connect to an anterior polar cataract (Fig. 1-17) or area of
corneal endothelial fibrosis.

CORNEA AND ANTERIOR CHAMBER

The anterior margins of the optic cup advance beneath the
surface ectoderm and its subjacent mesenchyme following lens
vesicle detachment at approximately day 33 of gestation. The
surface ectoderm overlying the optic cup and lens represents the
presumptive corneal epithelium,; it secretes a thick matrix pro-
ducing the primary cornea stroma.** This acellular material con-
sists of collagen fibers, hyaluronic acid, and glycosaminoglycans.
Neural crest cells migrate between the surface ectoderm and
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FIGURE 1-17. Photograph of persistent pupillary membrane with small
central anterior polar cataract.

optic cup using the basal lamina of the lens vesicle as a substrate
or scaffold."! Hydration of hyaluronic acid helps to create the
space for cellular migration.'® This loosely arranged neural crest
cell-derived mesenchyme initially fills the future anterior
chamber and gives rise to the corneal stroma, corneal endothe-
lium, the anterior iris stroma, the ciliary muscle, and most of
the structures of the iridocorneal angle. Separation of the corneal
mesenchyme (neural crest cell origin) from the lens (surface
ectoderm origin) results in formation of the anterior chamber.
Mesenchymal tissue surrounds the lens and forms the tunica
vasculosa lentis and is continuous anteriorly with the pupillary
membrane. Capillaries within the tunica vasculosa lentis anas-
tomose with the hyaloid vascular system. The vascular endothe-
lium appears to be the only component of the anterior segment
that is of mesodermal origin, as even the vascular smooth muscle
cells and pericytes are of neural crest origin.*®*

The anterior corneal stroma remains acellular and gives rise
to Bowman’s membrane, which underlies the corneal epithelium.
Although the corneal epithelium is of surface ectodermal origin,
Bowman’s membrane is a condensation of anterior corneal stroma
that is of neural crest cell origin. Type I collagen fibrils and
fibronectin secreted by the developing keratocytes (neural crest
cell origin) form the secondary corneal stroma. Subsequent dehy-
dration of the corneal stroma results in loss of much of the
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fibronectin and a 50% reduction in thickness of the stroma.*%
The endothelium plays an important role in the dehydration of
the stroma. Patches of endothelium become confluent during the
early part of the fourth month of gestation and develop zonulae
occludentes at their apices by the middle of the fourth month of
gestation.'"® By the sixth month of gestation, Descemet’s mem-
brane and endothelium are structurally and functionally present
and, at this time, the cornea achieves relative transparency. Pro-
teoglycans containing keratan sulfate chains play a role in gener-
ating and maintaining corneal transparency.**

IRIS AND CILIARY BODY

The two layers of the optic cup (neural ectoderm origin) consist
of an inner nonpigmented layer and an outer pigmented layer.
Both the pigmented and nonpigmented epithelia of the iris and
ciliary body develop from the anterior aspect of the optic cup
whereas the retina develops from the posterior optic cup. The
optic vesicle is organized with all cell apices directed to the
center of the vesicle (see Figs. 1-10, 1-11). During optic cup
invagination, the apices of the inner and outer epithelial layers
become adjacent. Thus, the cells of the optic cup are oriented
apex to apex.

A thin periodic acid-Schiff-(PAS) positive basal lamina lines
the inner aspect (vitreous side) of the nonpigmented epithelium
and retina (inner limiting membrane). At approximately 4.5
months, both the pigmented and nonpigmented epithelial cells
show apical cilia that project into the intercellular space. There
is also increased prominence of Golgi complexes and associated
vesicles within the ciliary epithelial cells.'””> These changes and
the presence of “ciliary channels” between apical surfaces
probably represent the first production of aqueous humor.'®

The iris develops by an anterior growth of the optic cup. The
iris stroma develops from the anterior segment mesenchymal
tissue of neural crest cell origin. The iris epithelium, including
the pupillary sphincter and dilator muscles, originates from the
neural ectoderm of the optic cup.’**%1%* The smooth muscles
of the pupillary sphincter and dilator muscles represent the
only muscles in the body of neural ectodermal origin. In avian
species, however, the pupillary muscles are striated and origi-
nate from stromal mesenchymal (neural crest) cells that migrate
into the muscle bundles to become skeletal muscle cells.''*!"’
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The ciliary body develops as the neuroectoderm of the anterior
optic cup folds, and underlying mesenchyme differentiates into
the ciliary muscles. Tertiary vitreous in the area of the ciliary
body folds develops into lens zonules.

IRIDOCORNEAL ANGLE

Iridocorneal angle maturation begins during the 15th week of
gestation through a combination of processes.®*® Differential
growth of the vascular tunic results in posterior movement of
the iris and ciliary body relative to the trabecular meshwork and
exposure of the outflow pathways.* Schlemm’s canal is identi-
fied during the 16th week.!'* There is gradual cellular rearrange-
ment and mesenchymal atrophy, as well as enlargement
of numerous large spaces, until they become confluent with
the anterior chamber.”® The corneal trabeculae enlarges and the
corneal endothelium covering the angle recess regresses. The
discontinuity of the cellular layer covering the angle and
the many lacunae present in late gestation may be correlated
with the normal development of an increase in the outflow facil-
ity of aqueous humor. It may be speculated that, if the splitting
and rebuilding of the endothelial membrane lining of the early
iridocorneal angle is arrested, a block to normal outflow may
result. Persistence of the endothelial (Barkan’s) membrane has
been postulated to be of significance in the pathogenesis of
congenital glaucoma.!¥#*¢1870111 Pogtnatal remodeling of the
drainage angle is associated with cellular necrosis and phagocy-
tosis by macrophages, resulting in opening of the spaces of
Fontana (clefts in the trabecular meshwork) and outflow
pathways. 5%

Studies using staining for neuron-specific enolase (NSE)
indicate that, although most of the structures of the iridocorneal
angle are of neural crest origin, the endothelial lining of
Schlemm’s canal (like the wvascular endothelium) is
mesodermal "7

CHOROID AND SCLERA

Both the choroid and the sclera are of neural crest origin. The
anterior sclera forms as a condensation of mesenchymal tissue
that is continuous with the cornea (see Fig. 1-13). This conden-
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sation progresses posteriorly toward the optic nerve and, by
approximately 12 weeks, the mesenchymal condensation has
enveloped the optic nerve. The lamina cribrosa consists of mes-
enchymal cells that have penetrated the optic nerve. The cornea
and sclera are derived from the same mesenchymal tissue,
except for the corneal epithelium, which is of surface ectoderm
origin.

The choroid is a highly vascular pigmented tissue that
develops from mesenchymal tissue (neural crest) surrounding
endothelial blood spaces (mesoderm). The blood spaces organize
and give rise to the embryonic choriocapillaris at approximately
2 months of gestation.'®*>* At approximately 4 months, the
choriocapillaris connects with the short posterior arteries and
joins with the outer venous layer and the four vortex veins.
Outside the choriocapillaris, multiple anastomoses between
arterioles and venules occur, thus forming the fetal choroid
plexus.

RETINA

The retina develops from neural ectoderm, with the retinal
pigment epithelium (RPE) developing from the outer layer of the
optic cup and the neurosensory retina developing from the inner
layer of the optic cup (Figs. 1-11, 1-12, 1-13, 1-14, 1-18). As with
the ciliary epithelium, invagination of the optic vesicle causes
the apices of the inner nonpigmented layer to be directed

L.
’

FIGURE 1-18A-C. (A) At approximately 38 days, the hyaloid vasculature
surrounds the lens (L) with capillaries that anastomose with the tunica
vasculosa lentis. Axial migration of mesenchyme forms the corneal
stroma and endothelium (C). The retina (R) is becoming stratified while
the pigment epithelium (PE) remains cuboidal. (B) By day 41, the retina
has segregated into inner (IN) and outer (ON) neuroblastic layers. The
ganglion cells are the first to differentiate, giving rise to the nerve fiber
layer (arrowhead). The pigment epithelium has become artifactually sep-
arated from the neural retina in this specimen. (From Cook CS, Sulik KK.
Scanning Electron Microsc 1986;111:1215-1227, with permission.) (C) Dif-
ferentiation of the retina progresses from the central to the peripheral
regions. At this time, the inner (IN) and outer (ON) neuroblastic layers
are apparent at the posterior pole but, peripherally, the retina consists of
outer nuclear and inner marginal zones. Between the inner and outer neu-
roblastic layers is a clear zone, the transient fiber layer of Chievitz. PE,
pigment epithelium; arrowhead, nerve fiber layer. (From Cook CS, Sulik
KK. Scanning Electron Microsc 1986;I11:1215-1227, with permission.)
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outward, to face the apices of the outer pigmented layer, which
are directed inward. Thus, the apices of these two cell layers are
in direct contact. Primitive RPE cells are columnar, but by 5
weeks they change shape to form a single layer of cuboidal cells
that exhibit the first pigment granules in the embryo. Bruch’s
membrane, the basal lamina of the RPE, is first seen during this
time (optic cup stage) and becomes well developed by 6 weeks
when the choriocapillaris is starting to form. By 4 months, the
RPE cells take on a hexagonal shape on cross section and develop
microvilli that interdigitate with projections from photorecep-
tors of the nonpigmented layer.

By the sixth week postfertilization, the nonpigmented inner
layer of the optic cup differentiates into an outer nuclear zone
and an inner marginal zone. Cell proliferation occurs in the
nuclear zone with migration of cells into the marginal zone.
This process forms the inner and outer neuroblastic layers (Fig.
1-18B,C), separated by their cell processes, which make up the
transient fiber layer of Chievitz. With further realignment of
cells, this layer is mostly obliterated by 8 to 10 weeks gestation.
The ganglion cells of the inner neuroblastic layer are the first to
differentiate (7th week), giving rise to a primitive nerve fiber
layer (Fig. 1-18B,C, arrow).

By the 16th week, mitosis has nearly ceased and retinal
differentiation commences, as does synaptic contact between
retinal neurons.” Cellular differentiation progresses in a wave
from inner to outer layers and from central retina to peripheral
retina (Fig. 1-18C). The ganglion cells give rise to a more defined
nerve fiber layer that courses to the developing optic nerve. Cell
bodies of the Mueller and amacrine cells differentiate in the
inner portion of the outer neuroblastic layer; bipolar cells are
found in the middle of the outer neuroblastic layer, with hori-
zontal cells and photoreceptors maturing last, in the outermost
zone of the retina.”” Early in development, retinal cells demon-
strate neurite regeneration in vitro. This regenerative capability
decreases with age and is lost postnatally in the rat at a time
that corresponds to the time of eye opening and retinal matura-
tion (equivalent to the eighth month of human gestation).'%
Thy-1, the most abundant surface glycoprotein found in the
retina, is primarily associated with ganglion cells and appears to
regulate neurite outgrowth.”

Macular differentiation occurs relatively late, beginning in
the sixth month.* First, multiple rows of ganglion cells accu-
mulate in the central macular area. At this time, the immature
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cones are localized in the central macular area while the rods
develop in the periphery. At 7 months, the inner layers of the
retina (including ganglion cells) spread out to form the central
macular depression or primitive fovea. The cones in the foveal
area elongate, allowing denser cone populations and enhanced
foveal resolution. These changes in foveal cones continue until
after birth. At birth, the fovea is fairly well developed and con-
sists of a single row of ganglion cells, a row of bipolar cells, and
a horizontal outer plexiform layer of Henle. It is not until several
months postpartum that the ganglion cells and bipolar cells
completely vacate the fovea centralis.

Retinal Vasculature

The fetal ophthalmic artery is a branch of the internal carotid
artery and terminates into the hyaloid artery. The hyaloid artery
enters the optic cup via the optic fissures and stalk (developing
optic nerve) (see Fig. 1-12). At approximately 6 weeks gestation,
the ophthalmic artery becomes entrapped in the optic cup as the
optic fissure closes. The portion of the hyaloid artery within the
optic stalk eventually becomes the central retinal artery, while
the more terminal parts of the hyaloid artery arborize around the
posterior aspect of the developing lens. The hyaloid artery grad-
ually atrophies and regresses as branches of the hyaloid artery
become sporadically occluded by macrophages.®** Regression of
the hyaloid vasculature is usually complete by the fifth month
of human gestation. Bergmeister’s papilla represents a remnant
of the hyaloid vasculature that does not regress; this is a benign
anomaly consisting of a small fibrous glial tuft of tissue that
emanates from the center of the optic disc.

The hyaloid vasculature is the primary source of nutrition
to the embryonic retina. Regression of the hyaloid vasculature
serves to stimulate retinal vessel angiogenesis. Spindle-shaped
mesenchymal cells from the wall of the hyaloid vein at the optic
disc form buds that invade the nerve fiber layer during the fourth
month of gestation.® Subsequently, solid cords of mesenchymal
cells within the inner retina canalize and contain occasional red
blood cells at approximately 5 months gestation. In situ differ-
entiation of craniofacial angioblasts has been demonstrated in
avian species using polyclonal antibodies to quail endothelial
cells.”® Vascular budding and further differentiation form the
deeper capillary network in the retina.”® The primitive capillar-
ies have laminated walls consisting of mitotically active cells
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secreting basement membrane.” Those cells in direct contact
with the bloodstream differentiate into endothelial cells while
the outer cells become pericytes. Tissue culture experiments
have demonstrated that the primitive capillary endothelial
cells are multipotent and can redifferentiate into fibroblastic,
endothelial, or muscle cells, possibly illustrating a common
origin of these different tissue types. Pigment epithelium
derived factor (PEDF) has been demonstrated to inhibit angio-
genesis of the cornea and vitreous. Inadequate levels may play
a permissive role in ischemia-driven aberrant vascularization.*

The central retinal artery grows from the optic nerve to the
periphery, forming the temporal and nasal retinal arcades. By
approximately 5 months, the retinal arcades have progressed to
the equator of the eye. At this time, the long and short poste-
rior ciliary arteries are well developed, with the long posterior
artery supplying the anterior segment and the short posterior
artery supplying the choroid. The retinal arteries grow from the
optic nerve toward the ora serrata and reach the nasal periphery
first (by 8 months).”® Even at birth, however, there is usually a
crescent of avascular retina in the temporal periphery. The fact
that a newborn infant has an immature temporal retina without
complete vascularization may explain why there have been scat-
tered cases of retinopathy of prematurity in full-term infants.
Oxygen affects angiogenesis and seems to play a role in stimu-
lating and retarding vessel growth.®® In immature kitten retinas,
increased oxygen concentration causes atrophy and regression of
capillaries whereas hypoxia increases capillary arborization.”
Endothelial cell growth is also promoted by low oxygen tension,
and endothelial growth is inhibited by high oxygen tension.”
Vasoendothelial growth factor (VEGF) both stimulates and
maintains normal vessel growth to the peripheral retina. High
oxygen downregulates VEGF, stopping the normal process of
peripheral vascularization.>*®** These findings give rise to the
hypothesis that retinopathy of prematurity (ROP) is secondary
to initial increased oxygen concentration, which results in
inhibition or retraction of peripheral capillary networks (vaso-
obliteration).” This lack of peripheral capillary network sub-
sequently results in retinal hypoxia increased VEGF then
secondary endothelial cell growth and neovascularization (i.e.,
ROP).® There is evidence that strict curtailment of O, dose early
in a premature infants course reduces the incidence of severe
ROP.HZS
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VITREOUS

The primary vitreous first appears at approximately 5 weeks ges-
tation and consists of the hyaloid vessels surrounded by mes-
enchymal cells, collagenous fibrillar material, and macrophages
(see Fig. 1-12). Most of the mesenchymal cells are of neural crest
origin. The secondary vitreous forms at approximately 8 weeks
at the time of fetal fissure closure (see Fig. 1-13).° It circumfer-
entially surrounds the primary vitreous containing the hyaloid
vessels. The secondary vitreous consists of a gel containing
compact fibrillar network, primitive hyalocytes, monocytes, and
a small amount of hyaluronic acid.' Primitive hyalocytes
produce collagen fibrils that expand the volume of the second-
ary vitreous. At the end of the third month, the tertiary vitre-
ous forms as a thick accumulation of collagen fibers between
the lens and optic cup (Fig. 1-19). These fibers are called the mar-
ginal bundle of Drualt. Drualt’s bundle has a strong attachment
to the inner layer of the optic cup and is the precursor to the vit-
reous base and lens zonules. The early lens zonular fibers appear

Tertiary vitreous

Primary vitreous

Secondary
vitreous

Hyaloid artery

Retinal artery & vein

FIGURE 1-19. Drawing of cross section of a 10-week-old eye shows the
primary vitreous, secondary vitreous, and tertiary vitreous. The primary
vitreous includes the hyaloid artery and associated matrix; it extends cen-
trally from the optic nerve to the retrolental space. The secondary vitre-
ous surrounds the primary vitreous; it has less vasculature and is clearer
than the primary vitreous. The tertiary vitreous forms between the lens
equator and the area of the ciliary body; the lens zonules develop within
the fibrillar matrix in this. Note that eyelids are fused at this stage.
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to be continuous with the inner limiting membrane of the non-
pigmented epithelial layer covering the ciliary muscle. Toward
the end of the fourth month of gestation, the primary vitreous
and hyaloid vasculature atrophies to a clear, narrow central
zone, Cloquet’s canal. Apoptosis occurs during hyaloid vessel
regression.’! Persistence of the primary vitreous and failure of
the posterior tunica vasculosa lentis to regress can result in
persistent hyperplastic vitreous (PHPV). PHPV consists of a
fibrovascular membrane that extends from the optic nerve
along the hyaloid remnant and covers the posterior capsule of
the lens. During the fifth month of gestation, an attachment
forms between the ciliary body and the lens (Weiger’s ligament,
or capsulohyaloidal ligament). Later in development, at approx-
imately 5 to 6 months, the hyaloid system completely regresses
and the hyaloid artery blood flow ceases. At birth, Cloquet’s
canal persists as an optically clear zone emanating from the
optic nerve to the back of the lens. Cloquet’s canal is a remnant
of primary vitreous. Most of the posterior vitreous gel at birth
is secondary vitreous with the vitreous base and zonules repre-
senting tertiary vitreous.

OPTIC NERVE

The optic stalk is the initially hollow structure connecting the
optic vesicle with the forebrain. At approximately 6 weeks ges-
tation, axons from developing ganglion cells pass through vac-
uolated cells from the inner wall of the optic stalk. Emanating
from the center of the primitive nerve is the hyaloid artery. A
glial sheath forms around the hyaloid artery. As the hyaloid
artery regresses, a space between the hyaloid artery and the glial
sheath enlarges. Bergmeister’s papilla represents a remnant of
these glial cells around the hyaloid artery. The extent of the
Bergmeister’s papilla is dependent on the amount of hyaloid and
glial cell regression. Glial cells in this area migrate into the optic
nerve and form the primitive optic disc. The glial cells around
the optic nerve and the glial part of the lamina cribrosa come
from the inner layer of the optic stalk, which is of neural ecto-
derm origin. Later, there is development of a mesenchymal
(neural crest cell) portion of the lamina cribrosa. By the third
month, the optic nerve shifts nasally as the temporal aspect of
the posterior pole enlarges. The tissue of Kuhnt, which circum-
ferentially surrounds the intraocular part of the optic nerve and
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acts as a barrier between the optic nerve and retina, comes from
glial tissue in the region of the disc and mesenchyme from
nearby developing retinal vasculature. Myelinization of the
optic nerve starts at the chiasm at about 7 months gestation and
progresses toward the eye. Normally, myelinization stops at
the lamina cribrosa at about 1 month after birth. At birth, the
myelin is thin, with the layers of myelin increasing into late
childhood.

Myelinated nerve fibers occur if the myelinization contin-
ues past the lamina cribrosa (Fig. 1-20). The best explanation as
to why myelinization passes the lamina cribrosa is the presence
of heterotopic oligodendrocytes or glial cells within the retinal
nerve fiber layer. This concept contrasts with the theory that
there is a congenital defect in the lamina cribrosa that allows
myelinization to progress into the retina. Autopsy studies of
myelinated nerve fibers have failed to show a defect in the
lamina cribrosa; therefore, myelinated nerve fibers most prob-
ably represent ectopic myelinization.!®!°! Myelinization of the
nerve fibers is often associated with high myopia and ambly-
opia. Patients with this disorder should be aggressively treated
by correcting the refractive error and initiating occlusion

FIGURE 1-20. Photograph of myelinated nerve fibers emanating from the
disc. Myelinated nerve fibers will cause a local scotoma; however, in the
macular and foveal region, their presence does not usually preclude good
central vision.
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therapy of the sound eye to treat the amblyopia, as good visual
outcome can be achieved even when there is macular
involvement.'®

EYELIDS

The eyelids develop from surface ectoderm that gives rise to
the epidermis, cilia, and conjunctival epithelium. Neural crest
cell mesenchyme gives rise to deeper structures including the
dermis and tarsus. The eyelid muscles, orbicularis and levator,
are derived from mesoderm. By 6 weeks of gestation, the upper
and lower eyelid buds are visible (see Fig. 1-15). They come from
mesenchymal accumulations called frontonasal (upper lid) and
maxillary (lower lid) processes. The lid folds grow together and
elongate to cover the developing eye. Upper and lower lids fuse
together at approximately 10 weeks. By 6 months gestation,
glandular structures and cilia develop, and the lids gradually
separate.

EXTRAOCULAR MUSCLES

The extraocular muscles arise from mesoderm in somitomeres
(preotic mesodermal segments), with the primitive muscle cone
first appearing at 5 to 7 weeks gestation (Fig. 1-13). The oculo-
motor innervated muscles originate from the first and second
somitomeres, the superior oblique muscle from the third somit-
omere, and the lateral rectus muscle from the fifth somito-
mere.”” The motor nerves to the extraocular muscles grow from
the brain to the muscle and innervate the mesodermal conden-
sation at approximately 1 month.

The extraocular muscles develop from local mesenchyme
(mesodermal origin) in situ within the orbit, rather than from
anterior growth of surrounding mesoderm, as had been an earlier
hypothesis. Additionally, muscles do not grow from the orbital
apex anteriorly; rather, the insertion, belly, and origin develop
simultaneously.”®”* The orbital axes rotate from the early stages
of optic cup development to adulthood.
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OCULAR DYSGENESIS

Syndromes of ocular dysgenesis are summarized in Table 1-2.

Microphthalmia

Studies of ocular malformations induced by teratogen exposure
have been helpful in identifying sensitive periods during devel-
opment. Microphthalmia and anophthalmia may result from
insult at a number of developmental stages. Acute exposure to
teratogens during early gastrulation stages results in an overall
deficiency of the neural plate with subsequent reduction in size
of the optic vesicle. This aberration results in microphthalmia,
which may be associated with a spectrum of secondary malfor-
mations including anterior segment dysgenesis, cataract, and
PHPV.***" Deficiency in size of the globe as a whole is often
associated with a corresponding small palpebral fissure. Because
the fissure size is determined by the size of the optic vesicle
(most likely during its contact with the surface ectoderm),
support is provided for a malformation sequence beginning at
the time of formation of the optic sulcus or optic vesicle.

Failure or late closure of the optic fissure prevents the estab-
lishment of normal fetal IOP and can result in microphthalmia
associated with colobomas, that is, colobomatous microph-
thalmia (Fig. 1-27). This syndrome may be associated with
orbital (or eyelid) cysts (Fig. 1-28). It is important to recognize
that delay in closure of the fissure during a critical growth period
may result in inadequate globe expansion. However, if the
fissure eventually closes, it may be difficult to distinguish
between colobomatous and noncolobomatous microphthalmia.
In colobomatous microphthalmia, the optic vesicle size is
initially normal and a normal-sized palpebral fissure would
be expected, whereas with microphthalmia that results from a
primary abnormality in the neural plate and optic sulci, the
palpebral fissure would be small.

Optic Fissure Closure Anomalies (Coloboma)

Colobomas represent an absence of tissue that may occur
through abnormal fusion of the optic fissure, which normally
closes at 4 to 5 weeks gestation. Colobomas may occur
anywhere along the optic fissure and can affect the iris, choroid,
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TABLE 1-2. Summary of Syndromes of Ocular Malformations.

Anterior
segment Ocular
Syndrome Microphthalmia dysgenesis coloboma Glaucoma
CHARGE F 15
Meckel’s + + Uveal
Rubenstein-Taybi +
Basal cell nevus + Iris
syndrome
Cat’s eye F 3= +

Axenfeld-Rieger’s
Autosomal dominant
iridogoniodysgenesis

Nail patella

Branchiootorenal

Microphthalmia i

Peters’ anomaly +/—

Iris hypoplasia
Ciliary body

hypoplasia
+

+/— +/-

+
Gonio-
dysgenesis

Cataract

R
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TABLE 1-2. (continued)
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Other ocular Nonocular Genetics Genetics
abnormalities anomalies (mice) (human)
Choanal atresia +/— X-linked
Growth retardation autosomal
Genital hypoplasia recessive
Ear anomalies
(deafness)
Hypospadias
Heart defect Autosomal
Renal/hepatic recessive
disease condition
Occipital mapped to
encephaloceles chromosome
Microcephaly 17q21-q24
Hydrocephaly
Cleft palate
Cataract
Ptosis Mental retardation Translocation
Broad fingers involving
and toes chromosome
Short stature 2p13.3 and
Cardiac anomalies 16p13.3
Renal anomalies
Strabismus Hypertelorism CECRI on
Cataract Basal cell nevus 9q22.3-g31
Cleft lip/palate
Mental retardation
Anal atresia 22q11
Preauricular
skin tags
Renal anomalies
Tris Craniofacial FoxCl1 FKHL7 gene
hypoplasia Dental FoxC2 6p24-p25
defects Ml (mice)
Hypertelorism
Lmx1B Chromosome 9
Branchial arch EYAL
anomalies
Ear anomalies
Renal
anomalies 17 Cenf 16p13.3
14932
Anterior Craniofacial Cat4a on RIEGI on
lenticonus; Heart defects chromosome chromosome
cataract Dwarfism 8 4q25
Syndactyly

(continued)
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TABLE 1-2. Summary of Syndromes of Ocular Malformations.

(continued)
Anterior
segment Ocular
Syndrome Microphthalmia dysgenesis coloboma Glaucoma
Renal/coloboma Optic disc
coloboma
Cyclopia/holo- +/— +/- +/- +/-
procecephaly
Leber’s congenital
amaurosis
Septooptic
dysplasia
Rieger’s anterior +
segment
dysgenesis
Aniridia +/= + +/- +
Goldenhar’s G Upper lid
oculoauriculovertebral coloboma

Source: NIH Online Mendelian Inheritance in Man: www3.ncbi.nlm.nih.gov/

macula, and optic nerve (Figs. 1-21, 1-22, 1-23). Colobomas are
often associated with microphthalmia (colobomatous microph-
thalmia) or, less frequently, orbital or eyelid cysts (Fig. 1-22).
Because the optic fissure closes first at the equator of the eye,
and then in a posterior and anterior direction, colobomas are
most frequently found at the two ends of the optic fissure, that
is, iris and optic nerve. When the optic nerve is involved in the
coloboma, vision is usually affected, in some cases causing
blindness. Optic nerve colobomas may be associated with
basal encephaloceles, which also represent a failure of fissure
closure.”*> Large choroidal colobomas may be associated with
posterior pole staphylomas, causing macular disruption and poor
vision. Occasionally, a line of choroidal colobomas occur along
the fetal fissure area with skip areas (Fig. 1-23). Isolated iris
colobomas usually do not affect visual acuity unless there is an
associated refractive error. Typical iris colobomas occur infer-
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TABLE 1-2. (continued)

Other ocular Nonocular Genetics Genetics
abnormalities anomalies (mice) (human)
Renal 19 Pax2 PAX2 on
anomalies 10924.3-q25.1
Cyclopia Holopro- Sonic hedgehog
cencephaly (SHH) on 7q36
HPE120n 1q22.3
Cataract Central 3 Rpe65 CRX
pigmentary blindness Autosomal
retinopathy Mental recessive
Keratoconus retardation RPEG5 on 1p31
Optic disc Growth 14Hesx1 Autosomal
hypoplasia hormone recessive HESX1
deficiency on 3p21.1-
3p21.2
Cataract = Fra-2 Autosomal
Corneal dominant 4q28-
opacity q31(PAX6), PITX3
on 10925
Cataract Wilm's tumor 2Sey Autosomal
Foveal dominant
hypoplasia PAX6 on 11p13
Epibulbar Ear malformations Autosomal
dermoid Facial asymmetry dominant
Vertebral anomalies GHS on 7p

onasally along the location of the optic fissure whereas atypical
iris colobomas are not associated with abnormal fissure closure
and can occur elsewhere. Atypical iris colobomas usually have
an intact iris root (Fig. 1-24).

Differentiation of choroidal and iris stroma is determined by
the adjacent structures of the optic cup: the iris epithelium, ante-
riorly, and the future retinal pigment epithelium, posteriorly. In
animals exhibiting primary abnormalities in differentiation of
the outer layer of the optic cup, anterior and posterior segment
colobomas are seen in a very specific distribution associated with
the iris epithelium or RPE defects,*® and this is the most
likely explanation for atypical uveal colobomas. The term lens
coloboma is actually a misnomer, as this defect results from a
lack of the zonular pull in the region of the coloboma rather than
regional hypoplasia of the lens. Ciliary body colobomas are often
associated with abnormal lens shape or subluxation or both.
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FIGURE 1-21A-C. (A) Photograph of patient with left colobomatous
microphthalmia and normal right eye. (B) Slit lamp view of the iris
coloboma left eye. Note the pigment on anterior capsule of the lens. (C)
Optic nerve coloboma of left eye with inferior choroidal coloboma that
extended anteriorly to meet the iris coloboma seen in (B).

38
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Colobomatous microphthalmia with eyelid cyst syndrome
may be unilateral or bilateral (see Fig. 1-28). Colobomatous cysts
form from the inner layer (neuroectoderm) of the optic cup as it
grows out of the persistent opening of the optic fissure. The
lower lid cyst contains primitive vitreous contents that were not
enclosed within the eye because the optic fissure did not close.
The cyst has a stalk that connects to the microphthalmic eye.
For those who are unaware of the syndrome, the lid cyst is often
mistaken as an abnormal eye located in the lid.

Dermoids and Dermolipomas

Dermoids are choristomas (histologically normal tissue in an
abnormal location) and are thought to represent arrest or inclu-
sions of epidermal and connective tissues (surface ectoderm
and neural crest cells). They may be associated with abnormal
closure of the optic fissure. This collection of epidermal and
connective tissue can occur at the limbus (limbal dermoid),
in the conjunctiva (dermolipoma), and subcutaneously in and
around the orbit. The most common location of subcutaneous
periorbital dermoid cysts is the superotemporal and superonasal
quadrants of the orbital rim. These dermoids are usually found
attached to bone, associated with a cranial suture.

Limbal dermoids are similar to subcutaneous dermoid cysts
and consist of epidermal tissue and, frequently, hair (Fig. 1-25).
Corneal astigmatism is common in patients with limbal der-
moids. Astigmatisms greater than +1.50 are usually associated
with meridional and anisometropic amblyopia. Removal of
limbal dermoids is often indicated for functional and cosmetic
reasons, but the patient should be warned that a secondary
scar can recur over this area. Limbal dermoids can involve deep
corneal stroma, so the surgeon must take care to avoid perfora-
tion into the anterior chamber.

Dermolipomas (lipodermoids) are usually located in the
lateral canthal area and consist of fatty fibrous tissue (Fig. 1-26).
They are almost never a functional or cosmetic problem and are
best left alone. If removal is necessary, only a limited dissection
should be performed to avoid symblepharon and scarring of
the lateral rectus. Unfortunately, restrictive strabismus with
limited adduction frequently occurs after removal of temporal
dermolipomas.
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FIGURE 1-22A-B. (A) Photograph of 6-month-old with colobomatous
microphthalmia and orbital cyst anomaly. Note the left lower eyelid cyst
causing a mass in the lower lid, left blepharophimosis (small lids and
narrow lid fissure), and apparently normal right eye. (B) Desmarres retrac-
tors open the eyelids in an attempt to expose the microphthalmic left eye.
The only remnant of eye that could be seen externally was a small dimple
just nasal to the lid retractors.
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FIGURE 1-22C-D. (C) CT scan shows the presence of a left microph-
thalmic eye, left lower lid cyst, and right optic nerve coloboma. At the
time of surgery to remove the cyst, a stalk was found connecting the cyst
to the microphthalmic eye. (D) Fundus photograph of optic nerve, right
eye (good eye). Note the presence of a large optic nerve coloboma. This
was an isolated optic nerve coloboma; the right eye was otherwise
normal.
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FIGURE 1-23A,B. Patient with iris (A) and choroidal and optic nerve
(B) colobomas in typical inferior location. Note the choroidal skip lesion
inferior to the disc.



FIGURE 1-24. Photograph of ectropion uvea caused by peripheral ante-
rior stromal membrane pulling the pupillary margin forward, exposing
posterior pigment epithelium. Note there is an associated corectopia and
dyscoria. The appearance of the eccentric pupil could be classified as an
atypical iris coloboma. This is not a true coloboma because of the
location and the presence of an intact iris root.

FIGURE 1-25. Isolated limbal dermoid at inferotemporal limbus, right
eye. Hair cilia emanates from the center of the lesion. These limbal
dermoids are often associated with large astigmatisms and can cause
astigmatic, anisometropic amblyopia.
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S
FIGURE 1-26. Dermolipoma in lateral canthal area, right eye. These are
benign; however, if removed, can cause restrictive strabismus and fat
adherence syndrome.

Goldenhar’s syndrome (oculoauriculovertebral dysplasia) is
a clefting anomaly of the first brachial arch and is associated
with neural crest cell abnormalities. Goldenhar’s syndrome is
characterized by the combination of epibulbar dermoids (der-
molipomas and limbal dermoids), ocular coloboma (Fig. 1-27),
incomplete cryptophthalmos or lid colobomas, preauricular skin
tags, vertebral anomalies, and, sporadically, with heart and
pulmonary defects.

Cryptophthalmos

Cryptophthalmos is a congenital failure of lid and eye separa-
tion and development. In most cases, cryptophthalmos is inher-
ited as an autosomal recessive trait, which may include mental
retardation, cleft lip or palate, cardiac anomalies, or genitouri-
nary abnormalities. The eyelids may be colobomatous, with
the colobomatous lid fusing with the peripheral cornea or con-
junctiva (incomplete cryptophthalmos; Fig. 1-27). Complete
cryptophthalmos is a total absence of normal eyelids and lid
fold, with the eye covered by skin that is adherent to an ab-
normal cornea. The cornea is often thin, being replaced by a
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FIGURE 1-27A,B. (A) Photograph of a patient with Goldenhar’s syndrome
and incomplete cryptophthalmos of left eye. Cryptophthalmos consists of
fusion of the upper lid to the cornea of the left eye. In addition to cryp-
tophthalmos, patient has bilateral upper lid colobomas and left inferior
limbal dermoid. (B) Close-up view of the left eye shows upper lid coloboma
and cryptophthalmos with upper lid adhesion to the cornea and conjunc-
tiva and inferior dermoid cyst.
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fibrovascular tissue rather than clear cornea. The anterior segment
is often abnormal, having a small or absent lens and anomalies
of the iris or ciliary body. When associated with microphthalmia
and anterior segment dysgenesis, this developmental abnormal-
ity is initiated at the optic vesicle stage with secondary effects
on neural crest and surface ectoderm. In the rare cases where
the globe and anterior segment are normal, cryptophthalmos
could be caused by an abnormality in surface ectoderm.

Cornea Plana

Cornea plana is a failure of the cornea to steepen relative to the
curvature of the globe and normally occurs between the third
and fourth month of gestation. This failure to steepen results in
a relatively flat cornea. Cornea plana can be associated with
other anterior segment anomalies (Fig. 1-28) or inherited as an
autosomal dominant or recessive trait.

Sclerocornea

Sclerocornea is a condition in which the junction between the
cornea and sclera is indistinct. Additionally, the cornea appears

FIGURE 1-28. Photograph of congenital corneal opacity involving
the temporal half of the cornea. Handheld slit lamp examination revealed
iris strands to the cornea, flat peripheral cornea, and a blending of sclera
and cornea in the periphery. The diagnosis is anterior chamber dysgenesis
syndrome, including sclerocornea, cornea plana, and Peter’s anomaly.
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to be relatively small, as the limbal cornea is replaced by a
mixture of cornea and scleral tissue.”” Sclerocornea may be asso-
ciated with other anomalies such as microphthalmia, coloboma,
and anterior chamber dysgenesis (Fig. 1-28).

Anterior Segment Dysgenesis

Human anterior segment dysgenesis encompasses a broad
spectrum of malformations including posterior embryotoxon,
anterior displacement of Schwalbe’s line, Axenfeld’s anomaly
(anterior displacement of Schwalbe’s line associated with periph-
eral iris strands to Schwalbe’s line), Peters’ anomaly (central
corneal opacity with absence of Descemet’s membrane and
endothelium in the area of the opacity), Rieger’s anomaly
(iris stromal hypoplasia with pseudopolycoria and iridocorneal
attachments), or other combinations of iridocorneal or iridolen-
ticular adhesions associated with various anterior segment
anomalies. Congenital glaucoma is frequently associated with
anterior segment dysgenesis syndromes.

Because most of the structures of the ocular anterior segment
are of neural crest origin, it is tempting to incriminate this pop-
ulation of cells as being abnormal in differentiation or migration
in cases of anterior segment dysgenesis. This theory has received
widespread support and has resulted in labeling these conditions
as “ocular neurocristopathie,” particularly when other anomalies
exist in tissues that are largely derived from neural crest cells (e.g.,
Rieger’s syndrome; craniofacial connective tissue and teeth).
There are several arguments in opposition to this theory. First,
the neural crest is a predominant cell population of the develop-
ing craniofacial region including the eye. In fact, the number of
tissues that are not neural crest derived is smaller than those
which are (see Table 1-1). Thus, most malformations of this region
would be expected to involve neural crest tissues, which may
reflect their ubiquitous distribution rather than their common
origin. The normal development of the choroid and sclera (also of
neural crest origin) in anterior segment dysgenesis argues against
a primary neural crest anomaly. Second, the neural crest is an
actively migrating population of cells that is influenced by adja-
cent cell populations, and the perceived anomaly of neural crest
tissue may be a secondary effect in many cases.

It is also important to recognize that, although much of the
maturation of the iridocorneal angle occurs during the third
trimester, much earlier events may influence anterior segment
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development. Anterior segment dysgenesis syndromes that are
characterized primarily by axial deficits in corneal stroma and
endothelium accompanied by corresponding malformations in
the anterior lens capsule and epithelium (Peters’ anomaly) most
likely represent a manifestation of abnormal keratolenticular
separation. The spectrum of malformations included in Peters’
anomaly can be induced by teratogen exposure in mice at a time
corresponding to the third week postfertilization in the human,
just before optic sulcus invagination. Alternative theories for
the pathogenic mechanism leading to Peters’ anomaly, namely,
intrauterine infection or anterior displacement of the lens or iris
diaphragm, fail to explain the relatively localized axial defects.

Other anterior segment dysgenesis syndromes are charac-
terized by more peripheral iridocorneal angle malformations and
may represent malformations that are initiated somewhat later
in gestation. These syndromes are often accompanied by absent
or abnormal lining of Schlemm’s canal, which is of mesodermal
origin. In posterior polymorphous dystrophy and iridocorneal
endothelial syndromes, the primary anomalies appear to be
associated with the corneal endothelium and its basement
membrane, both neural crest derivatives. Abnormal-appearing
collagen within the trabecular meshwork has been identified
in all these syndromes. Its significance is unknown; however, it
may relate to neural crest abnormality.

Gene mutations that affect ocular neural crest cell popula-
tions and result in anterior segment dysgenesis have been iden-
tified. Of particular note is a genetic form of Rieger’s syndrome
caused by mutation in a homeobox transcription factor, PITX2.?
In-situ hybridization in mice has shown that mRNA encoded by
this gene is localized in the periocular mesenchyme.

Congenital Glaucoma

Although glaucoma may accompany any of the anterior segment
syndromes described previously, elevated intraocular pressure
(IOP) is usually not present at birth, in contrast to true con-
genital glaucoma. Earlier theories described the gonioscopic
presence of a “Barkan’s membrane” covering the trabecular
meshwork in eyes with congenital glaucoma. Most histological
examinations of affected eyes have failed to demonstrate such a
membrane. Studies have revealed anterior displacement of the
ciliary body and iris base, representing the immature conforma-
tion seen in fetuses during the second trimester. In the absence
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of other malformations, these cases of congenital (and juvenile)
glaucoma most likely represent arrested maturation and
remodeling of the iridocorneal angle, which occur during the
last trimester.

Pupillary Anomalies

Corectopia is defined as an eccentric location of the pupil, which
may be normal or malformed (Fig. 1-29). The pupil may have an
abnormal shape (dyscoria) and not be in line with the lens.
Corectopia may be associated with corresponding ectopia of the
lens that may or may not be in line with the ectopic pupil.
Colobomas can be mistaken as eccentric pupils, but true colobo-
mas lack peripheral iris whereas corectopia has an intact periph-
eral iris. Ectopia lentis et pupillae is the eccentric location of
both the lens and pupil, which may be eccentric together and
in line or, more commonly, displaced in opposite directions
(Fig. 1-29).

Polycoria is a condition in which there are many openings
in the iris that result from local hypoplasia of the iris stroma
and pigment epithelium. True polycoria actually is a condition
in which there is more than one pupil and the multiple pupils
all have a sphincter and the ability to contract. Most cases of

i
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FIGURE 1-29. Photograph of corectopia associated with iris hypoplasia
and ectopia lentis. Note that the corectopia is the opposite direction to
the ectopia lentis.
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polycoria, however, are actually pseudopolycoria as only one
of the pupils is the true pupil with an iris sphincter muscle.
Therefore, in almost all clinical situations, the correct term is
pseudopolycoria. Tris stromal hypoplasia, in the absence of an
iris epithelium defect, represents a defect in neural crest cell
migration and development.

Ectropion uvea (congenital) is iris pigment epithelium that
is present at the pupillary margin and on the anterior iris stroma,
most likely caused by an exuberant growth of neural ectoderm
over the iris stromal mesenchyme. It can also be caused by iris
stromal atrophy or congenital fibrosis of the anterior iris stroma
that contracts and everts the pupillary margin to expose the
pigment epithelium. This last mechanism also results in
corectopia (see Fig. 1-24).

Persistent Hyperplastic Primary Vitreous

Persistent hyperplastic primary vitreous (PHPV) relates to an
abnormality in the regression of the primary vitreous in the
hyaloid artery and is usually associated with microphthalmia. It
is also referred to as persistent fetal vasculature. A fibrovascular
stalk emanates from the optic nerve and attaches to the posterior
capsule. The retrolenticular vascular membrane covers the pos-
terior half of the lens and usually extends to attach to the ciliary
processes. With time, the retrolenticular membrane contracts,
pulling the ciliary processes centrally. If the lens and membrane
are not removed, secondary glaucoma may occur. Early surgery
(lensectomy and anterior vitrectomy) is indicated to prevent
amblyopia and to maintain integrity of the eye.

Retinal Dysplasia

Disorganized differentiation of the retina is often seen as a com-
ponent of multiple ocular malformation syndromes. The inner
optic cup may continue to proliferate in a microphthalmic eye,
leading to folds and rosettes. The retina is dependent on the
underlying retinal pigment epithelium for normal differentia-
tion. Expression of cyclin-dependent kinase inhibitor protein,
p27(Kipl), precedes withdrawal of retinal cells from the cell
cycle, leading to terminal differentiation. Displacement of
p27(Kipl)-deficient Miller glia into the photoreceptor layer is
associated with experimental retinal dysplasia.®
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Malformation Complexes Involving the Eye,
Brain, and Face

It is not surprising, considering that the eye is an extension of the
brain, that developmental abnormalities of the eye and brain fre-
quently are concurrent. Among the most severe brain malforma-
tions are those involving abnormal closure of the neural tube or
severe forebrain midline reduction abnormalities. These malfor-
mations are frequently accompanied by anophthalmia, microph-
thalmia, anterior chamber cleavage abnormalities, or abnormal
ocular placement (hypertelorism or hypotelorism, synoph-
thalmia). Animal models have provided information regarding the
developmental basis for a number of these malformation com-
plexes. Because many of the relevant ocular abnormalities have
been discussed earlier, the remainder of this chapter focuses on
dysmorphogenesis of the brain and face.

Development of the forebrain and the midportion of the face
above the oral cavity are intimately related. The olfactory (nasal)
placodes become distinguishable on the frontolateral aspects of
the frontonasal prominence during the fourth week of gestation.
The thickened olfactory ectoderm is initially part of the antero-
lateral rim of the anterior neural folds. As the frontonasal
prominence develops, elevations (termed the medial and lateral
nasal prominences) form around the olfactory epithelium. As
their name implies, the nasal prominences develop into the
nose. The lower portions of the medial nasal prominences also
contribute to the upper lip and form the portion of the alveolar
ridge that contains the upper four incisors as well as the associ-
ated part of the hard palate that is termed the primary palate.
On each side of the developing face, fusion of the medial nasal
prominence with the lateral nasal prominence and the maxil-
lary prominence of the first visceral arch is required for normal
formation of the upper lip. As previously mentioned, neural
crest cells are a predominant contributor to craniofacial devel-
opment and provide, among other components, the skeletal and
connective tissues of the face. This function is in contrast to
the majority of the skull, whose progenitor populations are
mesodermal.

The maxillary prominence, the tissue of which is primarily
neural crest derived, is located below the developing eye and
contributes to the lower eyelid. The upper lid is associated with
the lateral nasal prominence as well as other tissues of the fron-
tonasal prominence. Lid colobomas might be expected to occur
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at sites between the various growth centers that contribute to
the eyelids. In addition to its maxillary component, the first vis-
ceral arch is made up of a mandibular subunit that contributes
to the lower jaw and part of the external ear. The mandibular
portion of the first arch has significant mesodermal progenitor
cells in addition to those of neural crest origin.

Holoprosencephaly, Synophthalmia, and Cyclopia

Formation of a single median globe (cyclopia) or two incomplete
(and apparently) fused globes (synophthalmia) may occur by
two different mechanisms. Experimental studies in amphibian
embryos have demonstrated “fate maps” identifying the origi-
nal location of the ectodermal tissue that will form the globes
as a single bilobed area which crosses the midline in the ante-
rior third of the trilaminar embryonic disc. An early failure in
separation of this single field could result in formation of a single
median globe or two globes that appear to be “fused” which, in
reality, have failed to fully separate. Later, in gestation, loss of
the midline territory in the embryo could result in fusion of the
ocular fields that were previously separated. This loss of midline
territory is seen in holoprosencephaly (a single cerebral hemi-
sphere).”® Mutation in a number of different human genes can
cause holoprosencephaly. Among the genes identified are sonic
hedgehog (SHH), the protein product that is expressed at early
stages of embryogenesis in the ventral midline of the forebrain
and the subjacent tissue. SHH mutation results in holoprosen-
cephaly type 3.°° Mutation in other genes that are conserved in
the animal kingdom, including SIX3 (the Drosophila sine oculis
homeobox gene) and ZIC2, a homolog of the Drosophila
odd-paired gene, are also associated with holoprosencephaly
(HPE).ZO’IW

Acute exposure of rodent embryos to teratogens at gastrula-
tion stages of embryogenesis can result in the spectrum of
malformations associated with holoprosencephaly. Loss of pro-
genitor populations in the median aspect of the developing
forebrain epithelium or its underlying mesoderm cause the
subsequent dysmorphogenesis. Selective loss of the midline-
associated tissues results in abnormally close approximation of
the olfactory placodes and tissue deficiencies in the medial nasal
prominence derivatives. At the mild end of the spectrum is a
facial phenotype characteristic of fetal alcohol syndrome (Fig.
1-30A,B). Midline deficiencies can be so severe that the nose is



FIGURE 1-30A-F. Abnormally close proximity of the nasal placodes and
subsequent deficiency in medial nasal prominence development results
in the development of a small nose and a long upper lip (from nose to
mouth) with a deficient philtrum. Variable degrees of severity of effect in
ethanol-exposed mouse fetuses results in phenotypes comparable to those
in humans with fetal alcohol syndrome (A,B), cebocephaly (C,D), and
premaxillary agenesis (E,F). (From Siebert JR, Cohen MM Jr, Sulik KK.
Holoprosencephaly: an overview and atlas of cases. New York: Wiley-Liss,
1990, with permission.)
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derived from two conjoined nasal placodes, and lateral nasal
prominences and hypotelorism is marked (Fig. 1-30C,D). Defi-
ciencies that involve not only the anterior midline region but
also the neural crest cells that contribute to the maxillary promi-
nences (i.e., the crest cells derived from the mesencephalic neural
folds) appear to be the basis for the premaxillary agenesis mal-
formation complex illustrated in Figure 1-30E,F. In some rodent
models, as in humans, mandibular deficiencies can also occur in
conjunction with upper midface abnormalities, yielding the
malformation complex termed agnathia-holoprosencephaly.

Exencephaly (Anencephaly) and Encephalocele

Although based on experimental evidence in animal models,
most open neural tube defects (exencephaly, or anencephaly)
result from failure of the neural tube to close, and some may be
accounted for by postclosure rupture. Animal models have also
illustrated that encephaloceles may be the result of abnormal
closure. For example, delayed closure of the anterior neuropore
appears to result in a rather tenuous closure with abnor-
mally thin neuroepithelium and subsequent frontonasal
encephalocele.

Because closure of the neural tube depends on a number of
factors including the presence of normal neuroepithelium and
its underlying mesenchyme and extracellular matrix, the types
of and targets for insult that could result in failure of closure are
also multiple. One of the most vulnerable periods for insult
resulting in exencephaly in rodent embryos occurs before
elevation of the cranial neural folds, when the embryos have
approximately four to eight somite pairs (corresponding to the
end of the third and beginning of the fourth week postfertiliza-
tion in the human). At this time, premigratory neural crest cells
appear to be particularly vulnerable to insult, their loss result-
ing in mesenchymal deficiency as well as interruption of the
neuroepithelial integrity.®

Frontonasal Dysplasia

Median facial clefts with accompanying hypertelorism (fron-
tonasal dysplasia) occur in widely varying degrees of severity.
Animal models indicate that teratogen-induced distension
(resulting from excessive fluid accumulation) of the neural tube
shortly after the time of closure can account for some forms of
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frontonasal dysplasia.®* Also of interest is an animal model
resulting from a transgenically induced mutation.”" The rather
unusual phenotype results from delayed closure of the anterior
neural folds and abnormal separation of the olfactory placodes
from the rim of the neural plate.
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Pediatric Neuro-
Ophthalmology

Examination
Edward G. Buckley

his chapter highlights the areas of the eye examination that

are of significance in assessing pediatric neuro-ophthalmic
disorders. Before beginning the formal examination, spend a
few moments interacting with the child in a nonthreatening
way. Gaining the child’s confidence early in the exam will be
rewarded later when cooperation is imperative. A great deal of
information can be gathered by simple observation and, there-
fore, surveillance for subtle findings should be maintained
during the exam. After establishing rapport with the child, the
order in which information is collected depends on the condi-
tions of the examination and the cooperation of the child. Rigid
adherence to a particular regimen may lead to a frustrating expe-
rience. It is fruitless to begin taking a long, detailed history
if it is obvious that the child is already somewhat fussy and
rapidly losing attention. In such circumstances, the exam will
have to be goal directed. By prioritizing the examination to fit
the “problem,” the maximum amount of information can be
obtained in what often turns out to be a very limited amount of
time.

HISTORY

The past medical history plays an important role in diagno-
sis and often dictates which portions of the examination are
the most important to accomplish. Because pediatric neuro-
ophthalmic problems are often secondary to central nervous
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system damage at birth, special areas to explore include mater-
nal infections, prematurity, birth trauma, and suspected brain
damage such as hydrocephalus and cerebral palsy. Special em-
phasis should be placed on visual and neurological development
and details of similar problems in other family members.
Information about previous evaluations and the results of past
neuroradiologic studies (MRI/CT) are also helpful in under-
standing the current issues.

VISUAL ACUITY

Parental assessment of the child’s visual activity is helpful in
determining the degree of impairment. Ask such questions as:
“Does the child appear to see?” “Does the child respond to light,
faces, and toys?” and “Does the child fix on the parent’s face,
bottle, hands, and feet?” Does the child smile appropriately? If
the child does display visually guided behavior, an effort should
be made to get some idea as to the degree of visual function.
How far away can the child see? Does the child follow move-
ment across the room, pick up small objects, or reach for things?
This approach is helpful not only in determining the etiology of
visual loss but also in predicting future visual performance.

Rarely, the parent will indicate that no visual function is
present. In this circumstance the parent is usually correct
because the normal tendency is to be optimistic and overesti-
mate visual function. Caution must be exercised in dismissing
parental observations of visual function in a child who is appar-
ently blind from cortical damage. In this circumstance, visual
function can fluctuate significantly and can be intermittently
present.

Visual Acuity Measurement

The accurate assessment of visual function is an important part
of the neuro-ophthalmic exam. Many of the entities in subse-
quent chapters have decreased visual acuity as the presenting
symptom. Special techniques are required to obtain an objective
assessment of visual function in the young child. Table 2-1 con-
tains a summary of the methods applicable to the various age
groups.

Binocular visual acuity should be evaluated first because it
is often superior to monocular function and the manipulation
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TABLE 2-1. Visual Acuity Testing by Age.
Age Acuity Test

Birth to 2 months 20/200-20/60 Observation
Blink to light
Fix and follow objects
OKN drum
2-6 months 20/50+ Observation
Blink to threat
Reach for objects
Preferential looking
OKN drum
VER
6-18 months 20/40+ Preferential looking
OKN drum
Reach for candy beads (1 cm-1 mm)
VER
18-36 months 20/30+ Preferential looking
OKN
Reach for candy beads (1 cm-1 mm)
VER
Allen cards
HOTV
3-5 years 20/30+ Reach for candy beads (1 cm-1 mm)
Allen cards
HOTV
“E” game
Snellen chart

OKN, optokinetic nystagmus; VER, visual evoked response; HOTV, matching of Snellen characters.

required to test the vision monocularly may result in loss of
cooperation. Near visual function testing should also be
attempted because in most neuro-ophthalmic disorders visual
acuity will be better at near than at distance. This point is
extremely important when trying to assess whether the child
will be able to attend regular schools and whether large-print
books or other visual aids will be necessary.

OKN Testing

Optokinetic nystagmus (OKN) testing is especially useful in
assessing visual function in infants. The optokinetic response
elicits a jerk nystagmus, which, if present, is indicative of visual
function. This nystagmus was first described by Helmholtz, who
observed the eyes of passengers gazing out of train windows.” He
noted a slow following phase in the direction of target move-
ment and a rapid jerk return in the opposite direction to pick up
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fixation. Because the slow phase is initiated by vision, optoki-
netic nystagmus may be used as a parameter of visual function
and, by varying the size of the optokinetic target, to assess the
degree of visual acuity.” If a vertical optokinetic nystagmus can
be superimposed on an already present horizontal nystagmus,
this is usually indicative of visual function good enough to
attend normal schools with some assistance (Fig. 2-1). The
absence of an optokinetic response, however, is not helpful and
does not necessarily imply a lack of visual function.

Low-Illumination Acuity Testing

Testing visual acuity under reduced illumination can be used
to distinguish amblyopia (strabismic or anisometropic) from
retinal or optic nerve dysfunction.'* If the illumination to a
normal eye is decreased using a neutral density filter (no. 96 2-
Log filter; Kodak), the vision will be mildly reduced from 20/20
to 20/40. In an eye with a retinal or optic nerve lesion, the vision
will be reduced dramatically (20/40 to 20/200) whereas an eye
with amblyopia will exhibit little or no reduction (20/40 to
20/50). (Neutral-density filters can be obtained in most camera
shops.] Newer electrophysiological methods of assessing

L

o -
FIGURE 2-1. Vertical optokinetic nystagmus testing using an OKN
drum. If a vertical nystagmus can be elicited, vision is 20/400 or better.
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FIGURE 2-2A,B. (A) Child with lights on. (B) Same child immediately
after lights are turned down. Note marked retraction of the upper lids.
This reflex indicates some visual function.

visual function include visual evoked potentials and pattern
electroretinography.

Very young children (1-3 months of age) will exhibit marked
lid retraction when the lights are suddenly turned off (Fig. 2-2).
This primitive reflex can be used to assess function in the appar-
ently blind infant. If little or no visual function is present, this
reflex will not occur. However, if visual acuity is 20/400 or
better, marked lid retraction will occur immediately after the
room lights are turned off. The lids may stay retracted for 20 to
30 s but will eventually return to the normal position. This
reflex will occur repeatedly every time the lights are turned off.
The presence of this reflex offers reassurance that some visual
function exists.

Visual Evoked Potential

With the advent of computer technology, the ability to analyze
brain electrical activity (EEG) during repetitive visual stimulation
has evolved. By averaging 200 to 300 such tracings, a waveform
results that has been termed the visual evoked potential (VEP).
The VEP is commonly used to detect disorders of the visual
pathway, and the two main characteristics are the wave ampli-
tude and latency. The latency is a measure of optic nerve con-
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duction and is delayed in such entities as optic neuritis. When
using a patterned visual stimulus the amplitude can be a measure
of visual acuity. A recent modification called the sweep VEP may
prove promising in assessing visual acuity in preverbal infants.

PUPILLARY EXAMINATION

A wealth of information can be learned from examination of the
pupils. An attempt should first be made to determine whether
the pupils react to light and, if so, how briskly? A brisk con-
striction to light usually indicates good ocular and optic nerve
function. A sluggish response, or no response at all, implies
retina, optic nerve, or third nerve dysfunction. This assessment
of pupil response to light can be helpful in localizing the site of
visual loss, which is especially helpful in the child with possible
cortical visual impairment (Fig. 2-3). Brisk pupillary reactions in
a child with profound visual loss indicate a cortical etiology
(Table 2-2).

Afferent Pupillary Defect (Marcus Gunn Pupil)

A specific sign for optic nerve dysfunction is the presence of an
afferent pupillary defect (Marcus Gunn pupil). In testing for an
afferent pupillary defect, room illumination should be decreased,
the patient should be fixating at a distant target, and a bright
light source should be used. The test compares the pupillary
constriction, and hence optic nerve function, of the two eyes.
The eye with the optic nerve dysfunction perceives the light
source as being less bright and the pupils constrict less as com-
pared to when the same light is shown in the “normal” eye.
Therefore, the direct response to light (light shown into the
involved eye) is less than the consensual response (light shown
into the uninvolved eye). Clinically, the test is performed by
swinging a flashlight between the two eyes, resting approxi-
mately 2 s at each eye.'”” During the swinging flashlight test it
appears to the observer as if the involved eye is exhibiting pupil-
lary dilation to the light source (see Fig. 2-3). This seemingly
“paradoxical dilatation to light” is the hallmark of an afferent
pupillary defect, and the eye with the pupil that “dilates” to
light has either an optic nerve or retinal abnormality.
Performing the swinging flashlight test on young children
is often troublesome because distance fixation cannot be
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FIGURE 2-3. Testing for an afferent pupillary defect. The “swinging flash-
light test” is performed by shining a light in the right eye (top right) and
noting the pupil size of both eyes. The light is then “swung” to the left eye
and both pupils observed (top Ieft). The poorer response when shining the
light in the right eye indicates a right afferent pupillary defect. The test can
also be performed using room illumination by alternatively covering each
eye (middle left and right). The larger pupil on the right eye indicates a
right afferent defect. Bottom: testing for an afferent defect with a fixed right
pupil. Compare the size of the left pupil when light is shone in the right
eye (bottom left) as compared to the left eye (bottom right). The better
response from the left eye indicates a right afferent defect.

TABLE 2-2. Pupil Evaluation in Low-Vision Infant.

Location of disorder

Anterior pathway Cortical
Pupil reactivity to light Sluggish Brisk
Afferent defect Possible Never
Paradoxical pupil Possible Never

Iris defects Possible Never
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maintained and, with near fixation, accommodative miosis
makes interpretation difficult. In such circumstances, normal
room illumination can be used to assess optic nerve function'®
(Fig. 2-3 demonstrates this technique). This approach is especially
helpful in the infant or toddler who invariably fixates on the light
source, making traditional testing impossible. An afferent pupil-
lary defect can even be detected if one of the pupils is non-
reactive secondary to trauma, pharmacological dilation, or ocular
inflammation (Fig. 2-3). In such cases, the direct and consensual
responses of the single reactive pupil must be compared. If the
consensual response is less than the direct response there is an
abnormality in that eye. The afferent pupillary defect is a sensi-
tive indicator of optic nerve dysfunction and, more specifically,
visual field loss.!” Retinal disease or amblyopia can also cause an
afferent pupillary defect, but the disease process is usually severe
and visual function is quite poor. Because the afferent pupillary
defect is a relative measure of optic nerve function between eyes,
bilateral symmetrical optic nerve involvement will result in a
negative test.

Paradoxical Pupillary Constriction to Darkness

Another useful test is the “paradoxical pupillary constriction to
darkness.”">¢ Figure 2-4 illustrates this phenomenon. As the
room lights are turned off, the pupils, instead of dilating, will

Normal Paradoxical

e OO0 O O

Lights off o o o °
wr @O OO

FIGURE 2-4. The paradoxical pupillary response to darkness is a
momentary pupillary constriction immediately upon decreasing room
illumination.
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TABLE 2-3. Paradoxical Pupillary Phenomena.

Common causes
Congenital stationary night blindness
Congenital achromatopsia
Optic nerve hypoplasia
Rare causes
Leber’s congenital amaurosis
Best’s disease
Albinism
Retinitis pigmentosa

momentarily constrict. After 2 to 10s the pupils will undergo
slow dilatation; this is best seen by providing some low-level
side illumination as the lights are dimmed. This “paradoxical
pupillary constriction to darkness” is indicative of optic nerve
or retinal disease or both (Table 2-3).

Anisocoria

Occasionally the patient will present with one pupil larger than
the other. The diagnostic dilemma is deciding whether the
abnormality is the large pupil or the small pupil, or whether no
abnormality exists at all. Usually, this can be accomplished with
a few simple clinical observations (outlined in Table 2-4). It must
be remembered that anisocoria is NOT a sign of severe unilat-
eral retinal or optic nerve dysfunction. In an otherwise normal
patient, a blind eye will not result in anisocoria.

TABLE 2-4. Anisocoria.

Response  Difference

Diagnosis Pupil size to light greater in:  Drug testing
Essential anisocoria 1-2 mm Normal No change None
difference
Tonic pupil (Adie’s) Large Absent Light Pilocarpine
(0.1% constricts)
Horner’s syndrome  Small Normal  Dark Cocaine 10%
(poor dilation)
Pharmacological Large Absent No change Pilocarpine 2%
(no constriction)
Oculomotor palsy Large Absent No change Pilocarpine

(0.1% constricts)
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Iris Defects

While examining the pupillary response, attention should also
be directed toward the iris structure and color. An iris coloboma
may indicate posterior segment abnormalities such as retinal
or optic nerve colobomas. Iris transillumination defects are
indicative of ocular albinism, which is associated with macular
hypoplasia, decreased vision, and nystagmus. A complete
absence of the iris (aniridia) is associated with nystagmus,
cataracts, macular hypoplasia, and poor vision. Unequal pig-
mentation may be a sign of a congenital sympathetic paresis
(congenital Horner’s syndrome) with the paresis in the hypopig-
mented (lighter-colored) side.

MOTILITY

The major task in evaluating a child with a motility abnormal-
ity is trying to determine whether it is caused by a “common
strabismus” or a potentially more serious acquired disorder. The
acute nature of the presentation, which is often helpful in adults,
can be confusing in children as many benign entities such as
accommodative esotropia can “suddenly” appear. In addition,
many congenital motility disturbances such as Brown’s syn-
drome and Duane’s syndrome can go unnoticed for quite some
time. Careful observation for compensatory head positions,
variability, or signs of aberrant regeneration may give a clue
as to the acquired nature of the disorder. Examination of old
photographs can be extremely useful in dating the onset of the
strabismus. Because strabismus is often secondary to other
ophthalmic abnormalities, a thorough eye exam including
cycloplegic refraction (to rule out accommodative factors) is nec-
essary. Because most neuro-ophthalmic motility disorders result
from a weakness of one or more of the extraocular muscles, the
motility evaluation hinges on whether the ocular rotations are
normal. Although this can be difficult in children, various
methods are available.

Begin by having the child look in the various fields of gaze.
Colorful toys, noisy objects, or lights can be helpful in accom-
plishing this task. Occasionally, the child will resist looking in
certain gaze positions, and other methods must be employed to
assess a limitation. One of the most useful is the “doll’s head
maneuver.” Because the child is often very apprehensive, he or
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she will remain fixated on the examiner instead of looking at the
toy or light. In such circumstances, the examiner can rotate the
child’s head, thereby forcing the eyes into the desired position (Fig.
2-5). In doing so, any weakness can be determined just as effec-
tively as having the child look into that gaze position.

A second maneuver using the same vestibular response can
be employed with very young infants. It involves having the
examiner rotate the infant in a circle (Fig. 2-6). This action stim-
ulates the semicircular canals and forces the infant’s eyes toward
the direction of rotation.” Its main utility is in horizontal motil-
ity defects. This action also causes a jerk nystagmus to occur
upon cessation, with the fast component to the opposite direc-
tion. Thus, when rotating an infant to the examiner’s right, the
child will exhibit a deviation to its left (examiner’s right) with
a right jerk nystagmus. This approach is extremely helpful in
identifying sixth nerve palsies.

Occasionally, a child presents with an esotropia and,
because of strong visual cross-fixation, attempts at assessing
abduction are futile. In such circumstances, a trial of alternately
patching the eyes in the clinic or at home may demonstrate the
patient’s normal ocular rotation. The Bielschowsky head tilt

L | —
FIGURE 2-5. Doll’s head maneuver to access ocular motility. The head
is rotated by the examiner bringing the eyes into the various gaze posi-
tions. Note the marked exotropia on downgaze.
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FIGURE 2-6. Testing ocular motility using the vestibular-ocular reflex.
The child is rotated in a circle, which stimulates the semicircular canals,
causing the eyes to deviate in the direction of rotation.

test, although not usually quantifiable in young children, can be
used to detect an isolated cyclovertical muscle paresis. A verti-
cal deviation seen while tilting the child’s head to the side
should raise the suspicion that a paralytic condition exists and
further investigation is warranted.

Last, one can use the optokinetic drum or tape to assess
ocular motor function. By rotating the drum to the patient’s left,
a pursuit movement to the left followed by a fast eye movement
to the right (saccade) is elicited. Optokinetic testing is useful for
monocular motility disorders because it helps demonstrate
slower incomplete saccadic movements in paralytic extraocular
conditions that are neurogenic, myoneural, or myopathic.” In
addition, it can help to demonstrate weaknesses of gaze func-
tion and the absence of saccades in the presence of pursuit move-
ments (congenital motor apraxia).
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NYSTAGMUS

The child with nystagmus often presents a difficult diagnostic
challenge. The clinician’s primary responsibility is to determine
whether the nystagmus is a sign of a significant central nervous
system abnormality that requires immediate intervention. For-
tunately, the great majority of children with nystagmus have
ophthalmic etiology that can be diagnosed with simple office
examination techniques.'' In fact, more than 90% of children
with nystagmus have some identifiable disorder of the anterior
visual pathway. Although nystagmus can be confusing at first, a
systematic and thorough evaluation will often elicit its etiology,
suggest the appropriate additional laboratory tests, and provide
valuable information to the parents concerning the child’s future
visual development and prognosis. There are several specific, rec-
ognizable, localizing types of nystagmus that direct the clinician
to the appropriate diagnosis and evaluation (Table 2-5).

Describing Nystagmus

When describing a nystagmus, record as much information
about the movement as possible. The nystagmus should be
described by the type of movement, the frequency (the number
of oscillations per unit of time), the amplitude (the distance
traveled during the movement), and the direction, which may
be horizontal, vertical, rotary, oblique, or circular (Fig. 2-7). A com-
plete description often aids in the diagnosis and the follow-up
of the patient’s subsequent course.* Observing the nystagmus for
an extended period of time is helpful in trying to determine its
characteristics; this is particularly important in identifying
periodic alternating nystagmus, a jerk nystagmus that changes
directions every 60 to 90s. Allowing the child to walk and move

TABLE 2-5. Localizing Types of Nystagmus.

Nystagmus Location/etiology

Latent Congenital

Manifest latent Congenital

Spasmus nutans Chiasm/suprachiasmal

Periodic alternating Brainstem/cerebellum

See-saw Midbrain/suprachiasmal

Retraction Dorsal midbrain

Downbeat Cerebellum/cervicomedullary junction

Opsoclonus Neuroblastoma
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FIGURE 2-7. A schemata for recording nystagmus patterns, illustrating
a left jerk nystagmus that worsens on leftgaze and improves on rightgaze.
Double or triple arrows in any one block indicate increased movement
in that gaze position. A combination of symbols can be used to fully
record the movement pattern.

about the examination room will facilitate recognizing such
factors as head positions, which may become more pronounced
when the child is trying to move through the environment as
opposed to sitting on the parent’s lap.

Head Positions

Observations about head position or head movement can be very
informative. Spasmus nutans, a benign form of acquired nys-
tagmus, often has an associated head bob or torticollis. A patient
with congenital motor nystagmus often develops a head turn to
dampen the nystagmus. Although the presence of a preferred
head position is not particularly helpful in deciding about etiol-
ogy, it has some bearing on visual function and the type of
nystagmus. Patients with a jerk nystagmus more often tend to
develop head positions than patients with pendular nystagmus;
this is because of Alexander’s law of nystagmus, which states
that a jerk nystagmus becomes worse when gazing in the direc-
tion of the fast component.* Thus, a left jerk nystagmus becomes



76 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

FIGURE 2-8. Example of head turn used in a patient with a left jerk nys-
tagmus with a null point in rightgaze (Alexander’s law).

much worse in leftgaze and improves dramatically on rightgaze.
Therefore, a patient with a left jerk nystagmus will have a left
face turn and a right gaze preference (Fig. 2-8). Old photographs
can be helpful in documenting head positions.

CONFRONTATION VISUAL FIELDS

Visual field testing in children is limited to detecting altitudi-
nal and hemianopic defects (bitemporal, homonymous). In
children as young as 6 months of age, visual field testing can
be accomplished by observing reflex eye movements to a visual
stimulus. The technique is performed by having the examiner
first attract the child’s attention, and then a toy or some other
interesting target is moved in quietly from the periphery. If the
child makes an eye movement to fixate on the target, this is evi-
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dence that the peripheral field is intact (Fig. 2-9). This technique
is quite useful in detecting homonymous and bitemporal
hemianopias. It is less useful in altitudinal defects. In children
as young as 2 years, “finger mimicking” visual fields can be

—
FIGURE 2-9. Testing visual fields in a young child. Begin by attracting
the child’s attention straight ahead (top). Then move an object in from
the side. A head movement to the side of the target (bottom) indicates
intact peripheral field.
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FIGURE 2-10. Finger mimicking visual fields. The child is asked to show
the same number of fingers as the examiner. These should be displayed
quickly to avoid fixation artifact.

obtained. Using this technique the child is asked to copy what
the examiner is doing. Having the child display one, five, or no
fingers by “mimicking” the examiner is a fairly reliable way to
assess visual fields (Fig. 2-10). The numbers two, three, and four
should be avoided as they are somewhat confusing at times. The
fingers should be flashed quickly to avoid erroneous results
obtained by the child fixating on the hand instead of the
examiner.

Fixation is often difficult to control and is the major problem
with this technique. A useful maneuver when attempting to eval-
uate the temporal visual field is to place the child’s eye in full
abduction; this prevents further eye movement laterally and min-
imizes a fixation artifact. This move cannot be done nasally as
the nose blocks visual field assessment. Binocular visual field
defects should be assessed first as the child may not cooperate for
monocular testing because of the necessary eye occlusion. Finger
“counting” visual fields can be performed in children over 3 years
of age. The technique is similar to finger mimicking; however,
the child “counts” the number of fingers presented. Simultane-
ous presentation in both hemifields is now possible, and subtler
field defects can be detected. As before, the fingers should be
flashed quickly and the numbers kept to one, five, or none. Alti-
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tudinal field defects are easier to test in this age group, and very
reliable information can be obtained by this technique.

Goldman and automated perimetry can be performed on the
child aged 6 to 7. Often children are playing sophisticated video
games at home, and the test can be explained using such terms.
Testing, however, should be kept simple because patience and
fatigue are factors. Fixation is still a problem at this age, and
constant surveillance is necessary to obtain a reliable field.
When using the Goldman perimeter, two isopters are all that are
necessary to detect most neuro-ophthalmic visual defects in
children (V,e, ILe).'* Automated perimetry is more difficult
because the control programs are written to detect subtle field
defects in adults and take more time than most children will
tolerate. Before using more sophisticated tests, the examiner
should begin with a simple confrontation technique to assess
reliability. Visual field constriction is a common artifact because
the child is hesitant to “make a mistake.” This tendency tends
to decrease with age.

COLOR VISION

Color, like beauty, is in the eye of the beholder. It is no more
measurable by physical means than is the sensation of pain or
the feeling of joy. The sensation of color can, however, be closely
linked to physical attributes of the visual stimulus and to
anatomic and physiologic properties of the afferent visual
system.! The human process of color photoreception can be
explained by the trichromatic theory. Early investigators
hypothesized that there were three classes of cones in the
human retina. Later experiments have confirmed the presence
of exactly three types of color pigments in cone photoreceptors.
These pigments have spectral sensitivity curves that peak at
450nm (blue cones), 540nm (green cones), and 580nm (red
cones), and individuals with congenital color deficiencies have
an absence of one or more pigments.®

The terms “protan” (red) and “deutan” (green) originate
from the Greek words for “first” and “second” and denote the
two most common kinds of red-green confusion, whereas blue-
yellow confusions characterize the “tritan” (third) type of
defect.® Congenital dyschromatopsias are mostly of the red-
green type, binocular and stable throughout life. Color defects
in patients with acquired dyschromatopsias frequently mimic
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TABLE 2-6. Associated Color Vision Defects.
Red-green Blue-yellow

Optic nerve diseases
Optic neuritis
Toxic
Leber’s atrophy
Compressive
Traumatic
Dominant atrophy
Chronic disc edema
Ischemic
Retinal diseases
Retinal detachment (macula on)
Toxic
Peripheral chorioretinal dystrophies
Diabetic retinopathy
Retinoschisis
Cystoid macular edema
Cone dystrophy X
Juvenile macular degeneration X

P4 D

PR X

P X XX

Modified from Harper W. Acquired dyschromatopsias. Surv Ophthalmol 1987;32:10-32, with
permission.

the abnormal patterns seen in those patients with congenital
defects. It has been noted by Kollner and others that patients
with diseases of the macula tended to have blue-yellow defects
while those with diseases of the optic nerve tended to have red-
green defects. Unfortunately, not all acquired defects behave in
this manner, and significant exceptions exist. Table 2-6 lists the
most common disease entities and their relative color defects.
The most accurate way to measure color vision is with the
use of spectral light sources (Nagel anomaloscope). Because such
testing is very difficult and time consuming, alternative
methods based on pigmented surface colors were developed.”
Tests that use this method are the pseudoisochromatic plates,
the Farnsworth-Munsell 100 hue test, and Farnsworth D-15
test. By far the easiest test to use in children is the
pseudoisochromatic plates. The plates consist of dots arranged
in a particular pattern that can be read quite easily by the normal
individual. The plates were designed to detect congenital
dyschromatopsias but are inadequate for classification. The
patterns are designed to show large letters, figures, or numbers,
which are easily recognized even by children. Although the child
may not know the letter or number illustrated, they can be asked
to trace the figure with their finger. More sophisticated testing
and classification can be performed with the Farnsworth—
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Munsell 100 hue test or the Farnsworth D-15 test?; these involve
arranging colored caps between pairs of reference caps that are
placed at each end of a long narrow rectangular box. Character-
istic patterns of confusion are seen in individuals with congen-
ital and acquired color vision defects. This test requires a fair
amount of cognitive ability, and children usually must be 6 or
7 years of age before such testing is possible.

FUNDUSCOPIC EXAM

The funduscopic exam is crucial in the evaluation of children
with neuro-ophthalmic disorders, because most cases of visual
loss or nystagmus are caused by an optic nerve or macular dis-
order that can usually be diagnosed with indirect ophthal-
moscopy (Table 2-7). The test can be done by having the child
cradled in the parent’s lap, with the child’s feet tucked under the
parent’s elbows, and the head supported by the parent’s closed
knees. If possible, to facilitate cooperation, keep the infant
slightly hungry and feed the bottle during the fundus exam. If
the child does provide some resistance, an assistant can be used
to stabilize the head. The use of a lid speculum may be neces-
sary, but every effort should be made to avoid it. Parents do not
like the lid speculum and may become quite annoyed with the
physician’s “barbaric” techniques. Attempts at reassuring the
parents that this is not uncomfortable, when the child is scream-
ing loudly, usually are unsuccessful.

The older infant and young child can be persuaded into coop-
erating for the indirect ophthalmoscopy exam by making some

TABLE 2-7. Possible Etiology of Decreased Vision.

Age Monocular Binocular
Infant Optic nerve hypoplasia Optic nerve hypoplasia
Optic glioma Chiasmal glioma

Retinal dysplasia (Leber’s congenital
amaurosis)

Albinism
Delayed visual maturation
Child Strabismus Hereditary optic atrophy
Neuroretinitis Stargart’s disease
Optic neuritis Pseudotumor cerebri
Teenager Optic neuritis Optic neuritis

Macular dystrophies
Leber’s optic neuropathy
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FIGURE 2-11. Indirect ophthalmoscopy in a child can be performed by
using a 20 diopter lens. Control and stability can be obtained by resting
the fingers on the child’s forehead.

compromises in the quality of the exam. The first is to use as
low illumination as possible. Although this does decrease the
quality of the image, it is much better to get a “grade B” look
of the fundus rather than a “grade A” view of the closed lids or
inferior sclera. Second, avoid manipulating the lids as this
usually causes the child to squeeze and results in the Bell’s phe-
nomena. By using a 20 diopter indirect lens and resting the
fingers lightly on the child’s forehead for support, the examiner
can get an excellent view of optic nerve and macula (Fig. 2-11).
Last, quick views should be obtained of each eye before pro-
longed retinal or optic nerve examination is attempted as all too
often the child rapidly becomes uncooperative. A quick view of
each eye is better than none at all. The peripheral fundus is
rarely of neuro-ophthalmic significance but can be examined
with a 28 diopter indirect lens if necessary.

GENERAL NEUROLOGICAL EVALUATION

The ocular findings must be evaluated in the context of the
patient’s overall neurological condition to reach a valid conclu-
sion. In searching for associated neurological abnormalities,
questions should be asked about such entities as seizures, ataxia,
decreased hearing, and spasticity. In young infants, much can
be learned by assessing general neurodevelopment as this will
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give some indication of neurological impairment. The best
milestones to check are those which mothers tend to remember
clearly (smiling, sitting, standing, walking, first words, feeding
self, and bladder control), and the experienced mother should be
asked to make comparisons with her other children. Discrepan-
cies may have diagnostic value, because delay in a single area
nearly always indicates a localized rather than a generalized
defect.!® Table 2-8 is a summary of some of the more common
neurological milestones and their time of occurrence.

A detailed neurological examination in a child is beyond
the expertise of most ophthalmologists, but a few areas are of
particular concern. Helpful neuro-ophthalmic localizing infor-
mation can be learned by assessing the trigeminal nerve (facial
sensation), facial nerve (muscles of facial expression), and the
auditory nerve (hearing). As an example, an abduction deficit plus
ipsilateral facial weakness is most likely caused by a lesion in
the brainstem (pons). An abduction weakness plus ipsilateral
hearing loss and facial pain is most likely the result of inflam-
mation of the petrous bone (Gradenigo’s syndrome). Testing
motor function and sensation in the upper and lower extremi-
ties, although less helpful from an ophthalmic standpoint, should
also be attempted. Such information can be useful in guiding
further neurological and neuroradiologic investigation. Only
by considering the ocular abnormality within the context of
the entire neurological system can appropriate therapy be
recommended.

TABLE 2-8. Developmental Milestones in Infants and Children.

Age Motor activity Social activity
6 weeks Lifts head while prone Smiles
3 months Holds objects in hands Cooing noises
6-8 months Sits, rolls over Vocalizes displeasure
Feeds self
9-12 months Crawls, stands with support Waves bye-bye
Walks holding on Plays patty-cake

Two to four words
12-15 months  Cruises, walks by self, throws objects ~ Requests by pointing

Scribbles with crayon Understands name of
Builds tower with blocks several objects
Assists in dressing
18-24 months  Bends over and picks up objects Uses spoon
Toilet trained Two to three sentences
Runs Knows some body parts

Data from Gesell and Amatruda. Developmental diagnosis. New York: Harper & Row, 1974; Illing-
worth. The development of the infant and young child: normal and abnormal. New York: Churchill
Livingstone, 1980; Farmer TW (ed) Pediatric neurology. Philadelphia: Harper & Row, 1983, with
permission.
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The Pediatric Low-Vision
Patient

Anne Frances Walonker

he American Academy of Pediatrics states that 75% of

learning during the early years is processed through vision;
because vision is a learning sense, children with visual impair-
ment may not learn to perform many tasks as quickly as those
with normal vision. Children with subnormal vision often look
and act like any other child in the classroom and on the play-
ground making it difficult to distinguish them from normally
sighted children. Children with low vision may wear thick
glasses or even dark glasses, but they will run and jump as fear-
lessly as their playmates.

Never having known any other vision, these children are
often unaware that their vision is less than that of other chil-
dren, and the majority adapt quite well to their environment.
Only a few children with low vision need special schools or a
protected environment. The majority of these low-vision chil-
dren function much better in a standard school system with the
help of a resource teacher for some part of the school week. As
much as is possible, these children need to be mainstreamed.
They need to be expected to perform the same tasks and to
assume the same responsibilities as normally sighted children
of the same age.

INCIDENCE

According to the Centers for Disease Control (CDC), nearly 1 in
1000 children in the United States has some degree of low vision
or is legally blind.! Not being able to see can alter how a child
understands and functions in the world. Impaired vision can
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affect a child’s emotional, neurological, and physical develop-
ment by potentially limiting the range of experiences and the
kinds of information to which a child is exposed.

CLINICAL FEATURES

Decreased vision in a child can be caused by many different
processes, each one requiring a different method of treatment:
either medical, surgical, or optical. If normal vision cannot be
restored, then the use of both optical and nonoptical aids to
enhance the remaining vision is necessary.

Whatever the cause of the decreased vision, early interven-
tion is of the utmost importance for the child to adapt to the
environment and to continue the learning processes without
interruption. The clinical features that could alert a parent to
signs of a visual problem in their child include, but are not
limited to, nystagmus, strabismus, random eye movements,
leukocoria, and corneal opacity.

CLINICAL ASSESSMENT

Clinical assessment of a child with a suspected visual impair-
ment always consists of a very detailed clinical evaluation by a
pediatric ophthalmologist, with ancillary testing such as elec-
trophysiology and ultrasonography when appropriate.

The measurement of visual function should be done with
targets appropriately sized for both the age of the child and the
level of vision suspected, moving the child closer to the testing
targets both for near and for distance. The visual requirements
for each child should also be assessed because the various ther-
apeutic modalities are age and task appropriate.

The importance of early diagnosis of the child’s visual
disability cannot be overstated. The earlier the disability is
diagnosed, the earlier treatment intervention can begin. Early
treatment may produce a better outcome by allowing a stepwise
approach to planning the use of aids, both visual and nonvisual,
for the short and long term. For those children with an inher-
ited process, early diagnosis makes it possible to provide expe-
dient and appropriate counseling for the families involved.
Innumerable low-vision aids of various types are available for
enhancing both distance and near vision. The type of device that
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is appropriate will change as the child becomes older and their
visual requirements change and increase. The low-vision devices
that are useful for children bear no relationship to those used by
most adults.

Because reading is the child’s access to learning, a visual
aid that makes this task possible is one of the most important
devices for these children. The phakic school-age child has an
enormous range of accommodation. These children find that
reading can be a simple matter of bringing the print close enough
to their faces to magnify the image. A fixed-stand low-power
magnifier (Fig. 3-1) to enhance these images is probably the most
useful low-vision aid for these young children. When the mag-
nifier is placed directly on the page, its fixed focus keeps the

FIGURE 3-1. Low-power stand magmﬁer
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print clear at all times and lets the child run the device along
the page. Even very young children learn to manipulate these
devices, and they have been found more useful than many of
the more technically sophisticated and costly aids available
today.

The aphakic child has different needs. However, glasses or
contact lenses with reading additions and the same fixed-focus
stand magnifiers can be of great help to these children. The other
aid that is exciting to young children with decreased vision is a
monocular telescope (Fig. 3-2). It takes a little longer to master
this device, but, once the child learns to use it, it opens up a
whole new world. The small size of these telescopes makes

FIGURE 3-2. Monocular telescope.
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them highly portable. A child can use this device anywhere and
can share it with normally sighted friends, thus erasing the
stigma associated with the use of a low-vision aid.

The social and academic success of a child with a visual dis-
ability depends largely on the expectations of the family and the
understanding of the teachers and the school administrators; the
focus should not be on the limitations that the visual disability
creates but on the heights that these children can achieve.
Teachers, classroom aides, and playground supervisors should be
encouraged to treat these children no differently than they treat
the others in the class. However, staff need to remain aware of
the children’s special needs and address these needs appropri-
ately. Where these children are seated in the classroom, the dis-
tance between them and the blackboard, the size of the letters
on the board, the color of the chalk used, and the angle of the
glare from the windows are all as important as any optical or
nonoptical visual aid being used.

Furnishing the family and the teachers with a detailed report
of the size of print that the child can see for both near and dis-
tance work is most helpful. When there are problems with con-
trast on homework assignments (some copies are so poor that
enlarging the print makes them impossible to read), a different
type of copy for these children is important. For some children,
a closed-circuit television (Fig. 3-3) facilitates reading when
increased magnification is required, as the magnifying glass of
increased power decreases the field of view. These devices are
expensive, but an older child will find them very useful. Most
schools with resource centers make them available, as do public
libraries.

With increased awareness of and attention to those things
that make schoolwork easier to handle, most children will adapt
well to their less-than-normal vision, which will do more for
their self-confidence than any expensive magnifier or compli-
cated reading machine can possibly do. However, as the child
becomes older and reading demands increase, these more sophis-
ticated instruments will become appropriate and should be
added to the armamentarium. Newer instruments include
closed-circuit television cameras that can be used with com-
puters and portable handheld devices that scan curved surfaces
and have large-print readouts on the handles. There are many
headborne devices, used for both distance and near reading, that
are appropriate for adults who need them to maintain a career.
These newer devices are not really necessary in the elementary
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- FIGURE 3-3. Closed-circuit television.

and high school classroom, but they may be more useful
to college students who sit in large classrooms and who may
find it necessary to copy notes from distant blackboards or
screens.

There are some points to remember when evaluating a child
for visual aids:

e Amblyopia can occur in the presence of another visual
abnormality and should be treated vigorously. The better the
vision, the less magnifying power needed.

e It is acceptable for moderate to high myopes to remove their
glasses for near work.

e The accommodative range will decrease as these children
get older, and a change in vision does not necessarily mean
a worsening of a previously stable condition.

e There is no limit to the amount of reading aid that can be
prescribed so long as this aid improves near vision.

e Only those visual aids that are needed for the currently per-
formed tasks should be prescribed. For the young child, this
will probably mean a stand magnifier for near tasks and a
telescope for distance tasks.
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RESOURCES

Bibliography from Pediatric Ophthalmology
Consumer Resources

Madelyn Hall

Good Samaritan Hospital and Medical Center
1040 N.W. 22nd Avenue

Portland, OR 97219

“Vision and Vision Impairment” (a bibliography of books for
children)

Pediatric Projects Incorporated

P.O. Box 1880

Santa Monica, CA 90406

“Selected readings for parents of preschool handicapped
children”

National Library Service for the Blind and Physically
Handicapped

Library of Congress

1291 Taylor Street NW

Washington DC 20542

1-800-424-8567

Additional Resources

National Association for the Visually Handicapped (NAVH)
305 East 24th Street
New York, NY 10010

American Foundation for the Blind
Customer Service Division

15 West 16th Street

New York, NY 10010

Reference

1. Centers for Disease Control. NECH Publ no 99-0444. National
Center for Environmental Health, Centers for Disease Control.
Washington, DC: 1999.



Breaking the News: The
Role of the Physician

Nancy Chernus-Mansfield

anet and Marc thought their life was as close to perfection as

any family’s life could be. Married for 8 years, they had one
daughter, Missy, age 5, and Brian, age 3 months, their long-
awaited son. At Brian’s 3-month routine well-baby checkup, the
pediatrician remarked that Brian might have strabismus because
his eyes appeared to turn in and weren’t “working together,” as
Janet later described it. The pediatrician was very reassuring,
however, and told Marc and Janet that he would like the baby
to be examined by a pediatric ophthalmologist “just to be on the
safe side.” Marc had recently started a new and more respon-
sible job so it was decided that Janet would take Brian for the
eye examination herself, to minimize the amount of time Marc
was away from the office.

Thursday, July 14, began like many others for Janet. She got
Missy off to kindergarten, kissed Marc goodbye, and packed up
for the day’s outing, an eye doctor’s appointment. Preparing a 3-
month-old to meet a new doctor was a challenge for Janet. She
wanted Brian not only to look his best but to be his most alert
and charming self.

When Janet arrived for the appointment, everything seemed
easy enough. She filled out the routine medical information
and was brought into the examining room. The doctor came in,
introduced himself, and asked Janet some questions about
Brian’s development and about the pregnancy. As Brian was
being examined, Janet began to feel twinges of anxiety. Brian was
screaming. For the doctor to get a good look at his eyes, he
explained to Janet that he would have to put a speculum in
Brian’s eyes to keep them open and in position. Unprepared for
the papoose board they placed him on, or for the torturous-
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looking instrument the doctor used, Janet was becoming
extremely upset. Finally the examination was complete, or so
Janet thought. The doctor said he couldn’t give a diagnosis,
however, without some additional tests. Janet didn’t understand.
Why would crossed eyes require additional tests? The doctor
would not comment. He told Janet he wanted more information
and would arrange for her to go across the street to a facility that
could do the tests. Quickly, Janet called her neighbor to make
arrangements for Missy to be picked up from kindergarten.
Although she was feeling upset by the morning’s examination,
Janet thought it best not to call and alarm Marc because she
thought the doctor was probably just being thorough.

Janet took Brian across the street to the laboratory where
they did electrophysiological tests. Fortunately, Brian had fallen
asleep and the flashing lights and electrodes did not seem to
bother him. The person who did the tests did not give Janet any
information. He told her to return to her physician’s office.

When Janet entered the doctor’s office this time, she was
feeling very apprehensive. She was ushered into the doctor’s
office, instead of an examining room. After about 15 long
minutes, the doctor appeared. He sat down behind his desk, took
out Brian’s chart, and began to speak. From what Janet can
remember, he said something like this: “The test confirmed
what I have suspected. Your baby has a condition known as
Leber’s congenital amaurosis. This condition affects the optic
nerves and, from my experience, I believe he is totally blind.
There is no treatment. I am sorry. I wish you and your family
the best of luck.”

Janet can’t remember what happened after that. She has
no memory of her drive home, of picking up Missy, or of calling
Marc. What she does remember is feeling that her life, Brian’s
life, Marc’s life, and Missy’s life were over. Nothing would ever
be the same again.

Thursdays were busy days for Jack Smith, M.D. He had
private patients in the morning and clinic patients all afternoon.
At 38, he had achieved his dream of becoming a successful
pediatric ophthalmologist. He had always had an interest in
ophthalmology but, after his pediatric rotation, he decided
that pediatric ophthalmology was a truly exciting field. Jack felt
lucky that his wife of 12 years was always supportive of him and
that all three of his children, Jack Jr., 10, Jennifer, 8, and Jason,
6, seemed happy and were proud of their dad. He enjoyed the
challenge of his work in his private office as well as his research
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and teaching at the medical school. He had developed a partic-
ular interest in treating strabismus and had become the leading
specialist in his area.

After arriving at his office, Jack surveyed his schedule and
buzzed Karen, his “right arm,” to send in the first patient. As
he entered the examining room he saw Janet, an attractive
thirtyish woman, gazing lovingly at her infant. Jack suspected
that the baby had strabismus. The call from the pediatrician
was brief, and indicated nothing out of the ordinary. Jack intro-
duced himself and began the examination. Almost immediately
he could feel a knot beginning in his stomach as he noted the
presence of a nystagmus. By the time the baby was papoosed
and the speculum was in place, he was really concerned. He
thought, “Maybe it won’t be as bad as I think it is; wait for
the ERG.” He would feel his discomfort build as he told Janet
he wanted some additional tests. “No need to alarm her at
this point,” he thought. So he sent Janet across the street and
proceeded to see the many other children waiting for their
examinations.

At 11:45 A.M., the call came from the electrophysiology lab.
Jack’s suspicions were confirmed: Leber’s—a totally blind baby.
In 45 minutes he would be face-to-face with Janet. This was the
only part of his practice he dreaded—giving bad news. What
should he tell her? He wished he knew. “Does anyone?” he won-
dered. “T will just give her the facts. There’s no way to sugarcoat
this,” he thought. Nothing had prepared him to break people’s
hearts.

Jack doesn’t remember the details of Janet’s reaction. He
knew, of course, that she was extremely upset. Primarily,
though, he felt overwhelming helplessness. None of his hard-
won expertise could fix this baby; no patching, no surgery, no
nothing. All Jack could do was hope that this family had the
strength to cope with the diagnosis. The thought came, “If it
was one of my kids, what would I do?” He dismissed that
thought quickly. It was too painful. “I'm getting morbid; proba-
bly most of the kids do great, and their parents can handle their
problems.” At least Jack wanted to think so. He loved being a
pediatric ophthalmologist because he could really help kids. It
was so satisfying to see a child who had amblyopia, for example,
and to know that with patching the child’s vision would be
assured. He didn’t really know that much about what happened
to the few blind children he had encountered. They seemed
okay, but, Jack thought, to be fully honest, they were the
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patients with whom he spent the least time. There was, after
all, nothing he could do for them.

Yet that day he couldn’t shake the feeling of discomfort as
he continued to see patients. His mind kept returning to Janet
and the pain on her face. What would life be like for her and for
her family? Janet seemed shocked when she heard the diagno-
sis, but she was very quiet. She hadn’t said very much or even
asked any questions other than, “Are you sure there is nothing
that can be done?” He had said “No.” Maybe, he thought in ret-
rospect, just saying “no” was too brusque. He hated to admit
there was nothing more he could do and that he was unable to
offer further hope. Maybe he should have said more. Is there
something else he could have done for her? He just didn’t know.

PARENTAL REACTIONS TO THE
DIAGNOSIS OF BLINDNESS

The impact of blindness on all family members is tremendous.
Before the birth of any baby, we all have dreams and expecta-
tions about what the future holds. Expecting a child is a special
time for most parents. Mothers and fathers love their baby long
before it is born. They love the baby because they project onto
their child all their dreams, fantasies, and expectations. For
many parents, their hopes are realized when a healthy child is
born. But for a moment try to imagine all these expectations
and dreams destroyed by hearing the doctor say, “Your baby
is blind.” Parents are devastated. They experience a blow that is
totally shattering. As Pearl Buck said when learning her daugh-
ter was mentally retarded, “All the joy of my life was gone.”
Author Renee Nastoff, the parent of a child with a disabil-
ity, eloquently described her pain when she wrote, “I fight the
unseen enemy. I have reason for revenge but nothing against
which to vent my outrage. My child is held hostage by a cruel
twist of fate. Only a parent can comprehend the frustration
of fighting an attacker that can’t possibly be hurt. It is in the
air all around me every moment of my life, overshadowing all
decisions about my child, crushing and destroying the simple
parental right to dream—about Little League, college, marriage,
grandchildren. I can feel the enemy now, its fingers tightening
at my throat, forcing what I thought were controlled tears.
Sometimes it loosens its painful clasp, but never does it desert
its hold on my life. T can’t kill this stranger, and I can’t break
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away. Yet it tries to force the very spirit of life from me. It will
remain with me forever.”

A parent experiences one of life’s most devastating losses
when a child is born with a disability. What the parent has lost
is the anticipated perfect child—that very-much-loved-and-
dreamed-of child to whom they have already become attached.
Surprisingly, the degree of the baby’s impairment is not always
the crucial factor in determining the parent’s reactions. The
most important determinant is the parent’s dreams for that
child. Loss is the hardest thing that we, as human beings, expe-
rience. It is not an uncommon event that affects only certain
people, nor is loss merely defined as death of a loved one. It actu-
ally touches each of us many times and in many ways in our
lifetime. Loss shatters the dreams that are the most basic to a
person’s existence. Major losses with which we are all familiar
include divorce, death, or illness. However, less profound losses
can include the loss of physical attractiveness, career recogni-
tion, money, etc. The significance of the loss varies for each
person and depends on how meaningful that particular loss is to
the individual’s identity. Loss is a common human experience
cutting across all socioeconomic lines. The loss of the expected
perfect baby is a major trauma in a family’s life. The kinds of
feelings that parents have in response to their child’s visual
impairment may be confusing to them. Feelings of shock,
helplessness, fear, denial, depression, sadness, anger, guilt, dis-
appointment, and uncertainty are natural and occur with inten-
sity. Many parents have called this time a “mourning period”
because the feeling of sadness is so acute. As one mother said:
“1 felt like my perfect baby had died and I had a different baby—
a blind one.” Another parent said, “I was so confused. What I
expected to be the happiest time of my life turned out to be the
saddest.”

Grieving is a normal and spontaneous reaction to loss, but
in our culture this normal reaction is often regarded as abnor-
mal. Society may view people who are grieving appropriately
as though they are behaving inappropriately. Grieving is the
process that enables human beings to deal with loss. Yet parents
report that the expression of their grief often cuts them off from
the very support they need. As one father said, “I haven’t cried
since I was 12, but now whenever anyone asks about my son, I
start to cry. I know that I make people uncomfortable and they
often try to avoid me.” This father’s expression of his feelings is
a healthy response that will eventually enable him to cope with
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his grief. It is part of the process of detaching from the child he
wished for and forming an attachment to his actual child.

Another important and universal reaction parents express is
an overwhelming need to understand the reason for their child’s
impairment. Parents say:

“The question ‘why’ is always in the back of my mind. Am
I to blame?”

“When I was pregnant, I moved the furniture.”

“There were various medications I was taking for my
asthma. I often wonder, ‘Was the medicine the cause of my
baby’s handicap? ”

“When I was pregnant with John, I couldn’t quit work. We
had no insurance, and I sometimes think maybe I could have
taken it easier and should not have worried about the money.
When I'm alone I start blaming myself.”

It is natural for parents to look for reasons to explain their
child’s blindness. When a painful event occurs, it is human
nature to feel that perhaps we could bear the pain better if we
would understand why it happened, if we could make sense of
something so senseless. When people feel lost, they want a road
map, and answers seem to provide the needed map. For some
people, medical explanations are helpful; for others, religious
beliefs provide comfort; but for the vast majority of parents,
there are no satisfying answers that relieve the pain or diminish
the feeling that “life is not fair.” Most of us have a deep sense
of justice and fairness, and it is terribly hard to think that some-
thing this tragic can happen without a reason. Some fortunate
families who are religious believe that, although they don’t
understand why, God has a purpose and this helps them cope
with their child’s disability. Many parents never find a reason-
able explanation. People find it hard to think that a catastrophic
disability happens randomly or that the world could be so
chaotic that who or what a person is, or does, is of no conse-
quence. Most of us grow up believing that justice prevails, that
bad things happen to bad people and good things happen to good
people. Reconciling this view with one’s own life is very diffi-
cult for all of us. A physician once said, in helping a family deal
with this issue: “Often people think that, because they took
drugs in high school or had a teenage abortion, they may be
responsible for the child’s disability. I reassure my patients that
all of us can find fault with ourselves in reviewing our lives.
However, I tell parents that their previous behaviors have
nothing to do with their child’s disability. It is simply a random
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event, and they were unlucky. I find that my patients are very
relieved when I reassure them about these issues.”

Most parents do begin to cope quickly and in tandem with
grieving. Although parents love their disabled child and make
the necessary adjustments, their lives are never the same. The
pain comes and goes forever.

BREAKING THE NEWS: THE ROLE
OF THE PHYSICIAN

Physicians are often unaware the their role has a direct effect on
the family’s adaptation process. The way the physician presents
the diagnosis to the family is crucial. For the rest of their lives,
parents will remember not just what they were told, but the way
in which it was communicated by the physician.

The following ingredients are necessary in a successful
doctor-patient or doctor-parent interaction: consideration,
truth, clarity, awareness, compassion, trust, accessibility, and
professional kindness.

Consideration

Always sit down when talking to a family. Sit down in a private
place, with no spectators. Do not appear rushed, even though
you may have a waiting room full of patients. Look directly at
the parents, make eye contact, and do not write or dictate into
a recorder as you are talking. Try not to be interrupted when
giving bad news; the family needs your undivided attention.
During the diagnostic process, don’t think out loud. This causes
unnecessary anxiety. Don’t talk with other medical personnel in
front of the family; this can be accomplished before or after you
have finished explaining the diagnosis. Above all, treat people
as you would like to be treated in a like situation.

Truth

It is understandably difficult for the physician to give bad
news. It is best to be direct, but not blunt. As one physician said,
“There are many ways to say the same thing: truth doesn’t mean
brutality. Your face can stop a clock—when I'm with you, time
stands still.” Although both statements convey the same cogni-
tive information, the emotional impact is significantly different.
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Clarity

Give information using plain language. When parents are
anxious, it interferes with understanding. Often physicians use
medical jargon to protect themselves in this time of stress.
Physicians must give the information clearly and directly. Some-
times in their discomfort, doctors unconsciously resort to exces-
sive discussion or speculation about the disease or use too much
intellectual discourse. This is not helpful to the family.

Awareness

Be aware of how the family is feeling. Acknowledge your own
feelings as well. Recognize how you feel as a doctor giving a diag-
nosis for which there is no cure. Remember that the family is
frightened and in more pain than you are and think about how
the news is affecting them. Often physicians talk about disease
or body parts to depersonalize the information and to deperson-
alize the enormity of the task of giving a difficult diagnosis.

Compassion

Allow yourself to feel compassion for your patient, for their
parents, and for yourself. Compassion will not distort the profes-
sional relationship. Rather, your concern and discomfort about
the diagnosis can be helpful to a family. Even if you are ill at ease
or uncomfortable, the human connection your feelings can create
may help the family to cope. Your expression, body language, and
tone of voice are important. Your words will be etched forever in
the memory of the family.

Trust

Parents must trust you not only as a physician who is medically
competent, but as someone that they can count on to help them
in this critical period. They must trust you to be honest at all
times. Parents must also be able to trust that you recognize their
pain and sorrow and will not abandon them.

Accessibility

Because of the emotional impact of the diagnosis, parents need
to be able to talk with you more than once. Often it is helpful
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to leave the room for a period of time after the initial diagnosis
has been delivered. Anxiety often blocks the ability to absorb
information, and the family may need to have the diagnosis
explained more than once. This response is normal and has
nothing to do with their intelligence. Allow them some private
time and then return 10 to 15 minutes later to review the infor-
mation. Let the family know that you are available if they would
like to schedule another appointment to talk about the diagno-
sis again or to answer any questions.

Professional Kindness

Professional kindness is the key to giving bad news. It encom-
passes all the ingredients previously discussed. It enables
physicians to communicate with their patients in a helpful and
meaningful way. It helps parents to come to terms with the diag-
nosis. Professional kindness is a tool, a means of helping people
in a kind and humane way. Professional kindness lets parents
know you care and are concerned about their welfare and the
welfare of their child. Professional kindness will not tax the per-
sonal resources of a physician. Rather, it provides a concrete set
of behaviors that can be relied upon even in the most serious
situation.

SUMMARY

o Professional kindness works. Parents, and physicians them-

selves benefit.

Treating families with professional kindness affects those

families for the rest of their lives. Families who experience

the lack of kindness are negatively affected forever, whereas

those who experienced their doctor’s concern feel cared

about, which strengthens their ability to cope.

Points to remember:

. Sit down.

. Make eye contact.

. Say you are sorry to have to give bad news.

. Give the diagnosis in a private setting.

. Explain the diagnosis simply and clearly.

. Do not take calls or allow interruptions while telling the
news.

-0 A0 TP
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g. Allow the parents to cry or to express shock, grief, anger,
or any other emotion they feel.

h. If you are too busy to spend sufficient time, arrange for
another appointment so that parents can have adequate
time to ask questions.

i. Do not try to ameliorate grief by saying such things as
“It could be worse.”

j. Try to give appropriate referrals. It helps both the family
and the physician to be able to do something.

k. If possible, do not request payment from a family in
shock. A staff member can contact the family at a later
date.

1. Teach your staff about all these points. Insist on profes-
sional kindness in your office.

Acknowledgment. I thank Marilyn Horn, L.C.S.W., for all her
hard work with the original subject matter.

APPENDIX

Parents need referrals. Contacting resources is something con-
crete parents can do for their child, and for many individuals,
taking action also relieves anxiety. Resources are different in
each state. We have prepared a list that gives you a place to start.
Parents can use this list to find out what other resources may
exist in their community.

Cancer

American Cancer Society
46 First St. NE

Atlanta, GA 30308
800/ACS-2345
404/320-3333

Candlelighters Childhood Cancer Foundation

1312 18th St. NW, Suite 300

Washington, DC 20036

800/366-2223

202/659-5136

(See also Visual Impairments for Retinoblastoma resources
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Cerebral Palsy

Canadian Cerebral Palsy Association
800 Wellington St., Suite 612
Ottawa, Ontario

Canada K1R 6K7

800/267-6572 (in Canada)
613/235-2144

United Cerebral Palsy Association
7 Penn Plaza, Suite 804

New York, NY 10001
800/USA-1UCP

212/268-6655

CHARGE Syndrome

CHARGE Accounts
c/o Quota Club

2004 Parkade Blvd.
Columbia, MO 65202
314/442-7604

Chronic Illness

N.O.R.D.

National Organization for Rare Disorders
P.O. Box 8923

New Fairfield, CT 06812
http://www.rarediseases.org

Magic Foundation

(Optic Nerve Hypoplasia)

1327 N. Harlem Ave.

Oak Park, IL 60302
709/383-0808
http://www.magicfoundation.org

Parents of Chronically Il Children
1527 Maryland St.

Springfield, IL 62702
217/522-6810
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Deaf/Blind

John Tracy Clinic

806 West Adams Blvd
Los Angeles, CA 90007
800/522-4582

Hydrocephalus

Hydrocephalus Association
2040 Polk St., Box 342

San Francisco, CA 94109
415/776-4713

Hydrocephalus Support Group
c¢/o Kathy McGowan

6059 Mission Rd., #106

San Diego, CA 92108
619/282-1070

National Hydrocephalus Foundation
22427 S. River Rd.

Joliet, IL 60436

815/467-6548

Lawrence Moon Bardet Biedl Syndrome

Lawrence Moon Bardet Biedl Syndrome Network
18 Strawberry Hill

Windsor, CT 06095

203/688-7880

Marfan Syndrome

National Marfan Foundation
382 Main St.
Port Washington, NY 10050
516/883-8712

Mental Retardation

Association for Retarded Citizens of the U.S.
500 E. Border St., Suite 300

Arlington, TX 76010

817/261-6003
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Neurofibromatosis

National Neurofibromatosis Foundation
141 Fifth Ave., Suite 7-S

New York, NY 10010

800/323-7938

212/460-8980

Visual Impairments

American Foundation for the Blind
15 West 16th St.

New York, NY 10011
800/AF-BLIND (232-5463)
212/620-2043

American Printing House for the Blind
1839 Frankfort Ave.

P.O. Box 6085

Louisville, KY 40206-0085
502/895-2405

Association for Macular Diseases
210 East 64th St.

New York, NY 10021
212/655-3007

The Institute for Families of Blind Children
P.O. Box 54700

Mailstop #111

Los Angeles, CA 90054-0700

323/669-4649

National Association for the Visually Impaired

P.O. Box 317

Watertown, MA 02272-0317

800/562-6265

Fax: 617/972-7444

(Some areas have a state organization as well; NAPVI can direct
the parent)

National Organization for Albinism and Hypopigmentation
(NOAH)

155 Locust St., Suite 1816

Philadelphia, PA 19102

800/473-2310

215/545-2322
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Parents and Cataract Kids (PACK)
c/o Geraldine Miller

P.O. Box 73

Southeastern, PA 19399
215/352-0719

Retinoblastoma International
4650 Sunset Blvd., M.S. 88
Los Angeles, CA 90027
323/669-2299
www.retinoblastoma.net

New England Retinoblastoma Support Group
603 Fourth Range Road
Pembroke, NH 03275

General Resources

The Family Resource Coalition
230 N. Michigan Avenue

Suite 1625, Dept. W

Chicago, IL 60601
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(Identification of parent support groups all over the country)

Reaching Out: A Directory of National Organizations Related to

Maternal and Child Health
38th and R Streets, NW
Washington, DC 20057
202/625-8400

Team of Advocates for Special Kids
100 W. Cerritos Ave.

Anaheim, CA 92805

714/533-8275

Other National Toll-Free Numbers:

American Council of the Blind 800/424-8666
Better Hearing Institute 800/424-8576

Epilepsy Information Line 800/332-1000

Cystic Fibrosis Foundation 800/344-4823
Downs Syndrome 800/221-4602

Easter Seal Society 800/221-6827

Health Information Clearinghouse 800/336-4797
Spina Bifida 800/621-3141
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Fragile X Foundation 800/835-2246

American Kidney Fund 800/835-8018

National Information Center for Orphan Drugs and Rare Disease
800/336-4797

Sickle Cell Association 800/421-8453

Retinitis Pigmentosa (RP) Association International 800/
344-4877

Local School Districts or State Departments of Special
Education

Search on the Internet for most current information.



Ocular Motility Disorders

Mitra Maybodi, Richard W. Hertle, and
Brian N. Bachynski

Normal individuals and most patients with common con-
comitant childhood strabismus have full ocular rotations
(versions and ductions). This chapter is devoted to some of the
more frequently encountered childhood disorders of the central
and peripheral nervous systems, neuromuscular junction, and
extraocular muscles that appear clinically to have incomitant
ocular misalignments.

Analysis of ocular alignment, versions, ductions, forced duc-
tions, and generated force allows the examiner to sort the causes
of these limited eye movements into three general categories:
(1) neuromuscular dysfunction, (2) restriction of the globe by
orbital tissues, and (3) combined neuromuscular dysfunction and
restriction (Fig. 5-1). Diagnosis in children is especially chal-
lenging because it is rarely possible to clinically test the force
generated by extraocular muscle action. A general anesthetic is
routinely required to perform forced ductions. It may therefore
be necessary to base diagnostic and therapeutic decisions on
incomplete clinical information, and the clinician must rely on
familiarity with the epidemiologic and clinical characteristics of
each disorder.

DISORDERS OF THE CENTRAL AND
PERIPHERAL NERVOUS SYSTEMS

Eye movement disorders arising from disturbance of the normal
neurophysiology may be classified as supra-nuclear, internuclear,
or infranuclear.
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Comitant Incomitant

Supranuclear Meuramuseular Full Limited
Dystunclicn Dysfunciion
"Parefic Disease’
Unrestricted Reslricted

Heuromuscular
Dysfunction

FIGURE 5-1. Clinical evaluation of range of eye movements. Versions
and cover test measurements allow the examiner to decide whether the
eye movements are normal (no limitation) or limited. Forced duction
testing is used to differentiate a restriction (positive resistance to move-
ment of the globe) from a “paresis” (no resistance to movement of the
globe).

Supranuclear Eye Movements

Cranial nerves III, IV, and VI serve together with the extraocu-
lar muscles as a final mechanism that executes all eye move-
ments. Supranuclear pathways initiate, control, and coordinate
various types of eye movements. Several types of eye move-
ments are briefly mentioned here (Table 5-1), but a detailed and
lucid synthesis of current concepts of the neural control of eye
movements can be found in many other sources.**

PHYSIOLOGY AND CLINICAL ASSESSMENT

The vestibular apparatus drives reflex eye movements, which
allow us to keep images of the world steady on the retinas as we
move our heads during various activities. The eyes move in the
opposite direction to the movement of the head so that they
remain in a steady position in space. The semicircular canals are
the end organs that provide the innervation to the vestibular
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nuclei, which in turn drive cranial nerves III, IV, and VI to com-
pensate for rotations of the head. In contrast, the otoliths
respond to linear accelerations of the head and to gravity when
the head is tilted. You can easily test the effectiveness of input
from the semicircular canals by testing the vestibulo-ocular
reflex (VOR). First, hold your head still and observe an object
such as your index finger as you move it side to side at about 1
to 3 cycles/s. The image is a blur. However, if you hold your
finger steady and rotate your head from side to side at the same
frequency, you are able to maintain a clear image.

Several forms of saccades, fast eye movements, can be
clinically observed. Voluntary saccades may be predictive, in
anticipation of a target appearing in a specific location;
command-generated, in response to a command such as “look
to the right”; memory-guided; or antisaccades, in which a
reflexive saccade to an abruptly appearing peripheral target is
suppressed and, instead, a voluntary saccade is generated in the
equidistant but opposite direction. Involuntary saccades consist
of the fast phase of nystagmus due to vestibular and optokinetic
stimuli; spontaneous saccades, providing repetitive scanning of
the environment, although also occurring in the dark and in
severely visually impaired children; and reflex saccades, occur-
ring involuntarily in response to new visual, auditory, olfactory,
or tactile cues, suppressable by antisaccades.*

TABLE 5-1. Types of Eye Movements.

Type of eye
movement  Function Stimulus Clinical tests
Vestibular ~ Maintain steady Head rotation Fixate on object while
fixation during moving head; calorics
head rotation
Saccades Rapid refixation Eccentric retinal Voluntary movement
to eccentric image between two objects;
stimuli fast phases of OKN or
vestibular nystagmus
Smooth Keep moving Retinal image slip  Voluntarily follow a
pursuit object on fovea moving target; OKN
slow phases
Vergence Disconjugate, slow Binasal or Fusional amplitudes; near
movement to bitemporal point of convergence
maintain disparity;

binocular vision

retinal blur

OKN, optokinetic nystagmus.
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The pathway of saccades originates in the visual cortex and
projects through the anterior limb of the internal capsule,
through the diencephalon. It then divides into dorsal and ventral
pathways, the dorsal limb going to the superior colliculi, and the
ventral limb (which contains the ocular motor pathways for hor-
izontal and vertical eye movements) to the pons and midbrain.
The superior colliculus acts as an important relay for some of
these projections (Fig. 5-2).

The neurons responsible for generating the burst, or dis-
charge, for saccades are classified as excitatory burst neurons
(EBN); inhibitory burst neurons (IBN) function to silence activ-

FIGURE 5-2. The superior colliculi are a pair of ovoid masses composed
of alternating layers of gray and white matter; they are centers for visual
reflexes and ocular movements, and their connections to other structures
in the brain and spinal cord are varied and complex. Some of these other
structures include the retina, visual and nonvisual cerebral cortex, infe-
rior colliculus, paramedian pontine reticular formation, thalamus, basal
ganglia, and spinal cord ventral gray horn. The fibers of the medial lon-
gitudinal fasciculus form a fringe on its ventrolateral side: 1, superior
(cranial) colliculus; 2, brachium of superior (cranial) colliculus; 3, medial
geniculate nucleus; 4, brachium of inferior (caudal) colliculus; 5, central
gray substance; 6, cerebral aqueduct; 7, visceral nucleus of oculomotor
nerve (Edinger-Westphal nucleus); 8, nucleus of oculomotor nerve; 9,
medial lemniscus; 10, central tegmental tract; 11, medial longitudinal fas-
ciculus; 12, red nucleus; 13, fibers of oculomotor nerve; 14, substantia
nigra; 15, basis pedunculi.
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FIGURE 5-3. Brainstem structures controlling eye movements.
Parasagittal section of the cerebrum and brainstem shows areas of the
ocular motor nuclei and brainstem structures involved with internuclear
and supranuclear pathways. PC, posterior commissure; SC, superior col-
liculus; IC, inferior colliculus; Pi, pineal; riMLF, rostral interstitial
nucleus of the medial longitudinal fasciculus; INC, interstitial nucleus of
Cajal; CN III, IV, VI, cranial nerve III, IV, VI; MLF, medial longitudinal
fasciculus; PPRF, paramedian pontine reticular formation; VN, vestibu-
lar nuclei.

ity in the antagonist muscle during the saccade. In the brain-
stem, the rostral interstitial nucleus of the medial longitudinal
fasciculus (riMLF) and the pontine paramedian reticular forma-
tion (PPRF) provide the saccadic velocity commands, by gener-
ating the “pulse of innervation” immediately before the eye
movement, to cranial nerves III, IV, and VI. Horizontal saccades
are generated by EBN in the PPRF, which is found just ventral
and lateral to the MLF in the pons (Figs. 5-3, 5-4, 5-5), and by
IBN in the nucleus paragigantocellularis dorsalis just caudal to
the abducens nucleus in the dorsomedial portion of the rostral
medulla. Vertical and torsional components of saccades are gen-
erated by EBN and IBN in the riMLF, located in the midbrain.
Following a saccade, a “step of innervation” occurs during
which a higher level of tonic innervation to ocular motoneurons
keeps the eye in its new position, against orbital elastic forces



FIGURE 5-4. Transverse section of caudal pons. AbdNu, abducens
nucleus; AbdNr, abducens nerve; AMV, anterior medullary velum; CSp,
corticospinal tract; FacG, internal genu of facial nerve; FacNr, facial
nerve; FacNu, facial nucleus; LVN, lateral vestibular nucleus; ML, medial
lemniscus; MLF, medial longitudinal fasciculus; MVN, medial vestibular
nucleus; RetF, paramedian pontine reticular formation; SCP, superior
cerebellar peduncle; SpTNu, spinal trigeminal nucleus; SpTT, spinal
trigeminal tract; SVN, superior vestibular nucleus. (Adapted from Haines
DE. Neuroanatomy: an atlas of structures, sections, and systems.
Baltimore: Urban & Schwarzenberg, 1983, with permission.)
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FIGURE 5-5. Schematic of brainstem pathways coordinating horizontal
saccades. The PPRE, after receiving input from the ipsilateral cortical
centers and superior colliculus, stimulates two sets of neurons in the
abducens nucleus: (1) those that send axons to innervate the ipsilateral
lateral rectus and (2) those whose axons join the MLF and subsequently
activate the medial rectus subnuclei of the contralateral third nerve.
PPRF, paramedian pontine reticular formation; VI, sixth cranial nerve
nucleus; I1I, third cranial nerve nucleus.
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that would restore the eye to an anatomically “neutral” position.
For horizontal saccades, the step of innervation comes from the
neural integrator (see following), primarily from the nucleus
prepositus-medial vestibular nucleus complex. The eye is held
steady at the end of vertical and torsional saccades by the step of
innervation provided from the interstitial nucleus of Cajal in the
midbrain.?$

In addition to burst neurons, omnipause neurons, located
in the nucleus raphe interpositus in the midline of the pons,
between the rootlets of the abducens nerves, are essential for
normal saccadic activity. Continuous discharge from omnipause
neurons inhibits burst neurons, and this discharge only ceases
immediately before and during saccades.”®

Other burst neurons termed long-lead burst neurons (LLBN)
have also been identified that discharge 40ms before saccades,
whereas the previously mentioned burst cells discharge 12ms
before saccades. Some LLBN lie in the midbrain, receiving
projections from the superior colliculus and projecting to the
pontine EBN, medullary IBN, and omnipause neurons. Other
LLBN lie in the nucleus reticularis tegmenti pontis (NRTP), pro-
jecting mainly to the cerebellum but also to the PPRF. It appears
that LLBN receiving input from the superior colliculus may play
a crucial role in transforming spatially coded to temporally
coded commands, whereas other LLBN may synchronize the
onset and end of saccades.*®

If an abnormality of saccadic eye movements is suspected,
the quick phases of vestibular and optokinetic nystagmus (OKN)
can be easily evaluated in infants and young children. To
produce and observe vestibular nystagmus, hold the infant at
arm’s length, maintain eye contact, and spin first in one direc-
tion and then in the other. An OKN response can be elicited in
the usual manner by passing a repetitive stimulus, such as
stripes or an OKN drum, in front of the baby first in one direc-
tion and then in another. In addition, reflex saccades are induced
in many young patients when toys or other interesting stimuli
are introduced into the visual field. Older children are asked to
fixate alternately upon two targets so that the examiner can
closely observe the saccades for promptness of initiation, speed,
and accuracy.

Smooth pursuit permits us to maintain a steady image of a
moving object on our foveas and thereby to track moving targets
with clear vision. The pathways for smooth pursuit have not
been fully elucidated, but it appears that frontal and extrastriate
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visual cortex transmits information about the motion of both
the target and the eyes to the dorsolateral pontine nuclei
(DLPN). This complex signal travels from the DLPN to the cere-
bellum (paraflocculus, flocculus, and dorsal vermis), and from
the cerebellum via the vestibular and fastigial nuclei to its final
destination, the ocular motor nerve nuclei III, IV, and VI. Uni-
lateral lesions in the cortex and cerebellum affect smooth
pursuit toward the side of the lesion.

Vergences are eye movements that turn the eyes in opposite
directions so that images of objects will fall on corresponding
retinal points. Two major stimuli are known to elicit vergences:
(1) retinal disparity, which leads to fusional vergences, and (2)
retinal blur, which evokes accommodative vergences. Conver-
gence of the eyes, accommodation of the lens, and constriction
of the pupils occur simultaneously when there is a shift in fixa-
tion from distance to near; together, these actions constitute the
near triad.

The neural substrate for vergence lies in the mesencephalic
reticular formation, dorsolateral to the oculomotor nucleus.
Neurons in this region discharge in relation to vergence angle
(vergence tonic cells), to vergence velocity (vergence burst cells),
or to both vergence angle and velocity (vergence burst-tonic
cells). Although most of these neurons also discharge with
accommodation, experiments have shown that some do remain
predominantly related to vergence.* Like versional movements,
a velocity-to-position integration of vergence signals is neces-
sary. The nucleus reticularis tegmenti pontis (NRTP) has been
shown to be important in the neural integration, that is,
velocity-to-position integration, of vergence signals. The cells in
NRTP that mediate the near response appear to be separate from
the cells which mediate the far response. Lesions of NRTP cause
inability to hold a steady vergence angle. NRTP has reciprocal
connection with the cerebellum (nucleus interpositus) and
receives descending projections from several cortical and sub-
cortical structures. >

The cerebellum plays an important role in eye movements.
Together with several brainstem structures, including the nucleus
prepositus and the medial vestibular nucleus, it appears to convert
velocity signals to position signals for all conjugate eye move-
ments through mathematical integration. Because of this, all the
structures involved in this process are often referred to as the
neural integrator. The role of the neural integrator in horizontal
saccades was mentioned earlier.
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To test the neural integrator clinically, observe fixation, fix-
ation in eccentric gaze, saccades, pursuit, and OKN and also test
for rebound nystagmus and VOR cancellation. To examine for
rebound nystagmus, first ask the patient to fixate on a target
from the primary position, then to refixate on an eccentric target
for 30 s, and finally to return to the original primary position
target. A patient with rebound nystagmus will show transient
nystagmus with the slow phases toward the previous gaze posi-
tion. To evaluate a child’s VOR cancellation, it is easiest to place
your hand on top of the patient’s head to control both the head
and a fixation target that will extend in front of the child’s visual
axis. You may use a Prince rule with a picture attached. Ask the
child to fixate on the target as you passively rotate both the head
and the target side to side. If the child is unable to cancel the
VOR, you will observe nystagmus instead of the steady fixation
expected in normal subjects.

Patients with faulty neural integration may show gaze-
evoked nystagmus, impaired smooth pursuit, inability to cancel
the vestibulo-ocular reflex during fixation, saccadic dysmetria,
defective OKN response, or rebound nystagmus. Most fre-
quently, gaze-evoked nystagmus is seen in conjunction with use
of anticonvulsants or sedatives. However, because 60% to 70%
of brain tumors in children are subtentorial, acquired eye move-
ment abnormalities suggesting defective neural integration,
whether isolated or associated with other neurological deficits,
alert the examiner to investigate for a serious central nervous
system abnormality.®!'%132 Structural anomalies affecting the
brainstem and cerebellum, for example, the Arnold—Chiari mal-
formation, as well as metabolic, vascular, and neurodegenerative
disorders, may also produce abnormalities of the neural
integrator.

Reflex eye movements such as the vestibulo-ocular reflex
and Bell’s phenomenon are easy to elicit clinically and are very
useful for gross localization of neural lesions. When both sac-
cades and smooth pursuit in a certain direction are limited, the
examiner tries to stimulate eye movements in that same direc-
tion with a doll’s head (oculocephalic) maneuver, spin test, or
forced lid closure. If any of the reflex eye movements are intact,
the appropriate cranial nerve(s) and extraocular muscles(s) are
clearly functioning, and the defect is necessarily supranuclear.
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DISORDERS OF SUPRANUCLEAR EYE MOVEMENTS

We focus here on a few disorders in which the normal physiol-
ogy of supranuclear eye movements, such as saccade, smooth
pursuit, vergence, and gaze holding, is disturbed.

SACCADE INITIATION FAILURE/OCULAR

MOTOR APRAXIA
The term saccade initiation failure or ocular motor apraxia is
used to specify impaired voluntary saccades and variable deficit
of fast-phase saccades during vestibular or optokinetic nystag-
mus.®* Congenital ocular motor apraxia, first described by
Cogan,” is a congenital disorder that is characterized by defec-
tive horizontal saccades, but it does not represent a true apraxia
because reflex saccades may also be impaired. The incidence of
this condition is dependent upon the underlying etiology.

Etiology Patients with congenital saccade initiation failure
show abnormal initiation and decreased amplitude of voluntary
saccades; saccadic velocities in these patients are normal, and
fast phases of nystagmus of large amplitude can occasionally be
generated, suggesting that the brainstem burst neurons that gen-
erate saccades are intact.”® Acquired saccade initiation failure
may be caused by any number of conditions, as listed in
Table 5-2. Some of these patients with the acquired type, such as
those with Gaucher’s disease (type 1 and some type 3 patients),
do have abnormal saccadic velocities.*>*** Although the exact
cause or localization of the defect in congenital saccade initiation
failure has not been determined, there is strong evidence sug-
gesting that most disorders that cause saccade initiation failure

can be localized subtentorially, particularly to the cerebellar
vermis, 83/137,196,235,429,450

Clinical Features The clinical presentation varies with the
age and motor development of the child. Infants and children
with poor head control who are affected are commonly thought
to be cortically blind because the expected visually driven eye
movements are not observed.'***'” In such an infant, demon-
stration of vertical saccades, vertical pursuit, OKN response in
any direction, or normal acuity on visual evoked response
testing suggests the diagnosis of saccade initiation failure.
However, lack of appropriate response to such testing does not
exclude this diagnosis. Another suggestive clinical sign in young
infants is an intermittent tonic deviation of the eyes in the direc-
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TABLE 5-2. Congenital and Acquired Saccade Initiation Failure (SIF)
(Ocular Motor Apraxia).

Classification by cause Specific etiologies

195

Idiopathic
Perinatal problems Cerebral palsy™®; hypoxia
seizures'”®

195 195

; hydrocephalus

Congenital Agenesis of corpus callosum®?; fourth ventricle dilation
malformations and vermis hypoplasia®’; Joubert’s syndrome***?;

macrocerebellum®; dysgenesis of cerebellar vermis
and midbrain®®; Dandy-Walker malformation'®;
immature development of putamen*?; heterotropia of
gray matter'’; porencephalic cyst'*>®'®; hamartoma
near foramen of Munro®'%; macrocephaly193
microcephaly'”'%; posterior fossa cysts*’”
chondrodystrophlc dwarfism and hydrocephalus”,—
encephalocele®”; occipital meningocele!’; COACH
syndrome'® (cerebellar vermis hypoplasia,
oligophrenia, congenital ataxia, coloboma, hepatic
fibrocirrhosis)

Neurodegenerative Infantile Gaucher’s disease (type 2, 3)*19°7; Gaucher’s
conditions with disease type 2°%*7; Pelizacus-Merbacher d.lsease‘95
infantile onset of SIF Krabbe’s leukodystrophy'®’; proprionic academia'®,

GM, gangliosidosis'”’; infantile Refsum’s disease‘%,» 4-
hydroxybutyric aciduria'¥*”

Neurodegenerative Ataxia telangectasia?’®*32; spinocerebellar

conditions with degenerations’?!30228270369512, juyenile Gaucher’s

later onset of SIF disease (type 3)"*%; Huntington’s disease®"*"!;

Hallervorden-Spatz disease!’; Wilson’s disease?*®
i

Acquired disease Postimmunization encephalopathy'*>%;

encephalitis'®’; posterior fossa tumors

; herpes
195 298,477,536,540
284, carotid
147

Other associations Alagille’s syndrome'?; Bardet-Biedl syndrome’
fibromuscular hypoplasia'®; Cockayne’s syndrome
Cornelia de Lange syndrome'; juvenile
nephronophthisis'?’; Lowe’s syndrome'®!;
neurofibromatosis type 1'°%; orofacial digital
syndrome®®”; X-linked muscle atrophy with
congenital contractures®?*

Source: Adapted from Cassidy L, Taylor D, Harris C. Abnormal supranuclear eye movements in the
child: a practical guide to examination and interpretation. Surv Ophthalmol 2000;44:479-506, with
permission.®

tion of slow-phase vestibular or optokinetic nystagmus; in these
infants, fast-phase saccades may be impaired, again confounding
our definition of oculomotor apraxia.?*

Natural History With time, often by 4 to 8 months of age,
the child develops a striking stereotypical “head-thrusting”
behavior to refixate. First, the eyelids blink (“synkinetic blink”)
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and the head begins to rotate toward the object of interest. Next,
the head continues to rotate past the intended target, allowing
the tonically deviated eyes, which are now in an extreme con-
traversive position, to come into alignment with the target.
Finally, as the eyes maintain fixation, the head rotates slowly
back so that the eyes are in primary position. This apparent use
of the VOR to refixate continues for several years, but with
increasing age, patients demonstrate less prominent head thrust-
ing and may even be able to generate some saccades although
these are abnormal ”’**

In some infants, generalized hypotonia may be associated.
This hypotonia seems to be more pronounced in boys and
improves with increasing age. These babies later demonstrate
the motor delay, incoordination, and clumsiness that have been
noted in the literature.'®3

Clinical Assessment The parents of children are asked
about any associated developmental abnormality. A complete
ophthalmic examination is performed to rule out any strabis-
mus or amblyopia, as strabismus has been reported in 22% of
these patients in one series.'”® Vision, electroretinogram (ERG),
and visual evoked potential (VEP) are normal in the congenital
saccade initiation failure patients.'***! Any coexistent abnormal
vision, nystagmus, or abnormal ERG or VEP suggests associated
disease.*! Neurological abnormalities or dysmorphic features
are further investigated by the appropriate subspecialists. A
brain MRI is necessary for any suspected neurological disorder,
to look for any midline malformation, particularly around the
fourth ventricle and cerebellar vermis.*

Systemic Associations Significant structural abnormali-
ties of the central nervous system (CNS) may be associated, such
as lipoma®”” or brainstem tumor.**® Joubert’s syndrome is asso-
ciated with cerebellar hypoplasia and agenesis of the corpus
callosum.” A neuroradiologic correlation has been made in
children with saccade initiation failure, in which 61% of 62
children had abnormal scans, primarily the brainstem and cere-
bellar vermis; however, significant abnormalities in the cerebral
cortex and basal ganglia were also found.*°

Gaucher’s disease,'®!"7 ataxia telangiectasia”*’® and its vari-
ants, and Niemann-Pick variants'® may also present with the
inability to generate saccades as well as blinking and head
thrusting before refixation. Unlike congenital saccade initiation

7,473
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failure, these disorders generally involve vertical as well as hor-
izontal saccades and, of course, eventually manifest systemic
signs.

Early-onset vertical saccade initiation failure has been
observed in children with lesions at the mesencephalic—
diencephalic junction, presumably infarcts resulting from peri-
natal hypoxia.'3*?"?

Inheritance Occasional familial occurrence,!¥%34387398,501

increased frequency in males, and occurrence in monozygotic
twins® suggest a genetic process in some cases. Association with
nephronophthisis has been described in two patients, each of
whom exhibited deletions on chromosome 2q13.%°

Treatment No treatment is available for congenital
saccade initiation failure, but associated strabismus is treated
accordingly.

Prognosis The visual and clinical prognosis of those
patients with the congenital type is good. Many can adapt over
time to allow gaze shifts with less head thrusting and can even
generate some saccades, albeit still abnormal.””*

INDUCED CONVERGENCE RETRACTION/PARINAUD OR

DORSAL MIDBRAIN SYNDROME
Lesions of the posterior commissure in the dorsal rostral mid-
brain (see Fig. 5-2) may result from many disease processes and
can affect a variety of supranuclear mechanisms, including
those that control vertical gaze, eyelids, vergence, fixation, and
pupils. Other terms such as pretectal syndrome, Koerber—-Salus—
Elschnig syndrome, Sylvian aqueduct syndrome, posterior com-
missural syndrome, and collicular plate syndrome all refer to
this condition.

Incidence A report of 206 patients with pretectal syn-
drome in one neurologist’s practice at a general hospital in
southern California indicated the incidence to be 2.3% of all
patients examined by this neurologist in an 18-year period.>*® Of
these 206 patients, 71 exhibited induced convergence retraction.

Etiology and Systemic Associations The pretectum was
confirmed as the critical structure that is affected in this disor-
der, investigated clinicopathologically in humans® and experi-
mentally in monkeys.?”'*”> Also, isolated interruption of the
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TABLE 5-3. Causes of Childhood Dorsal Midbrain Syndrome.

Classification by cause Specific etiologies

Tumor Pineal germinoma, teratoma and glioma;
pineoblastoma; others**

Hydrocephalus Agqueductal stenosis with secondary dilation of third
ventricle and aqueduct, or with secondary
suprapineal recess compressing posterior
commissure,*** commonly caused by
cysticercosis in endemic areas

Metabolic disease Gaucher'®#?; Tay-Sach; Niemann-Pick'*;
265

kernicterus®; Wilson’s disease’®; others
Midbrain/thalamic damage Hemorrhage; infarction
Drugs Barbiturates'**; carbamazepine; neuroleptics

Miscellaneous Benign transient vertical eye disturbance in infancy;
trauma; neurosurgery**’; hypoxia; encephalitis;
tuberculoma; aneurysm'%; multiple sclerosis

posterior commissure in humans produces the entire syndrome
of upward gaze palsy, pupillary light-near dissociation, lid
retraction, induced convergence retraction, skew deviation, and
upbeat nystagmus.”! Among the many underlying causes of this
condition are hydrocephalus, stroke, and pinealomas. Table 5-3
lists other reported etiologies and systemic associations.

Clinical Features and Assessment The constellation of
deficits are (1) vertical gaze palsy, (2) light-near dissociation of
the pupils, (3) eyelid retraction (Collier’s sign), (4) disturbance
of vergence, (5) fixation instability, and (6) skew deviation.

Limitation of upward saccades is the most reliable sign of
the convergence retraction. Upward pursuit, Bell’s phenomenon,
and the fast phases of vestibular and optokinetic nystagmus may
also be affected either at presentation or with progression of the
underlying process. It is rare for upgaze to be unaffected. Patho-
logical lid retraction and lid lag are also common (Collier’s sign).

When the patient attempts upward saccades, a striking phe-
nomenon, convergence and globe retraction, frequently occurs;
this is not true nystagmus, despite the common description of
this clinical finding as convergence-retraction nystagmus,
because there is no true slow phase. This action is best elicited
with down-moving OKN targets because each fast phase is
replaced by a convergence-retraction movement. Cocontraction
of the extraocular muscles has been documented during this
convergence-retraction jerk.'!
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Unlike the pathways from upward saccades, the pathways
for downward saccades do not appear to pass through the pos-
terior commissure (Figs. 5-3, 5-6). Perhaps because of this, dis-
turbances of downgaze are not as predictable or uniform. Usually
down-going saccades and pursuit are present, but they may be
slow. Sometimes, especially in infants and children, there is a
tonic downward deviation of the eyes that has been designated
the “setting sun” sign, and down-beating nystagmus may also be
observed. The “setting sun” sign may also be seen in children
with hydrocephalus.

Convergence spasm may occur during horizontal saccades
and produce a “pseudoabducens palsy” because the abducting
eye moves more slowly than the adducting eye.'”® This phe-
nomenon can cause reading difficulties early in the course of
dorsal midbrain syndrome because it provides an obstacle to
refixation toward the beginning of a new line of text. Indeed,
older children may present with numerous pairs of corrective

Posterior Commissure Posterior Commissure

ward (A) and upward (B) saccades. (A) Downward saccades. The PPRF
activates neurons in the riMLF that send fibers caudally to synapse upon
the inferior rectus subnucleus of the ipsilateral third nerve and the con-
tralateral superior oblique nucleus. Not shown in this diagram, fibers
from the contralateral PPRF carry corresponding signals simultaneously.
(B) Upward saccades. The PPRF activates neurons in the riMLF that send
fibers through the posterior commisure to the superior rectus subnucleus
of the contralateral third nerve and fibers to the inferior oblique subnu-
cleus of the ipsilateral third nerve. Not shown in this diagram, fibers from
the contralateral PPRF carry corresponding signals simultaneously.
riMLF, rostral interstitial nucleus of the medial longitudinal fasciculus;
INC, interstitial nucleus of Cajal; III, third cranial nerve nucleus; IV,
fourth cranial nerve nucleus; PPRF, paramedian pontine reticular
formation.
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spectacles that have been prescribed due to their “vague” com-
plaints about reading and other near work. In other patients
complaining of difficulties with near vision, convergence may
be paralyzed. “Tectal” pupils are usually large and react more
poorly to light than to near, and anisocoria is not uncommon.

All children with convergence retraction deserve thorough,
prompt neurological and neuroradiologic evaluation because
timely intervention may be decisive. The natural history of this
disorder is dependent on the underlying etiology.

Treatment The underlying medical cause requires investi-
gation and primary treatment. Once the condition is stable for
a period of time, from 3 to 12 months, surgery has been per-
formed with some success. In addition to treating the coexistent
diplopia from skew deviation or horizontal strabismus, which
may be surgically corrected, the anomalous head posture from
defective vertical gaze may also be treated by inferior rectus
recession or vertical transposition of horizontal recti during
simultaneous horizontal strabismus correction.”* Faden opera-
tion (posterior fixation suture, or retroequatorial myopexy) on
both medial recti to control convergence spasms and bilateral
superior rectus resection to alleviate the anomalous head
posture have also been reported.*®

Prognosis The medical prognosis is dependent upon the
underlying etiology. In the aforementioned review of 206
patients, only 20 patients died: 11 of tumors, 7 after strokes, and
1 with transtentorial hernation with tuberculous abscess. The
good prognosis in this series may have been skewed by the pre-
ponderance of patients with cysticercal hydrocephalus.*®

The prognosis of strabismus surgery in all eviating anom-
alous head posture and diplopia was good in all three patients in
one study after a minimum of 6 months follow-up.”* In another
report, head posture and ocular motility improved beyond expec-
tation and remained satisfactory after a minimum of 1 year
follow-up.*¢®

TRANSIENT VERTICAL GAZE DISTURBANCES IN INFANCY
Vertical gaze abnormalities may be benign and transient in
infants. Four babies with episodic conjugate upgaze that became
less frequent over time have been described.®!'®* During these
episodes, normal horizontal and vertical vestibulo-ocular
responses could be observed.
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Tonic downgaze has been observed in 5 of 242 consecutively
examined healthy newborn infants®® as well as in other
infants.!'3?% Again, the eyes can easily be driven above the
primary position with the vestibulo-ocular reflex. Also, the eyes
show normal upward movements during sleep. In contrast,
infants with hydrocephalus who manifest the “setting sun” sign
do not elevate the eyes during sleep or with an oculocephalic
maneuver.

Premature infants with intraventricular hemorrhage may
also develop tonic downgaze, usually in association with a large-
angle esotropia.*®® These infants do not elevate the eyes with
vestibular stimulation. Upgaze often returns during the first 2
years of life, but the esotropia does not resolve when upgaze
returns.

DOUBLE ELEVATOR PALSY/MONOCULAR

ELEVATION DEFICIENCY
Monocular deficiency of elevation, that is, an apparent weakness
of both the superior rectus and inferior oblique muscles, has
been termed double elevator palsy or monocular elevation defi-
ciency. This deficit may be caused by mechanical restriction of
the globe or neural dysfunction at the supranuclear, nuclear, or
infranuclear level. Congenital double elevator palsy of supra-
nuclear origin is confirmed on clinical examination if the
affected eye elevates during Bell’s phenomenon or doll’s head
maneuver.*

SPASM OF THE NEAR REFLEX
Spasm of the near reflex, also referred to as convergence spasm,
is characterized by intermittent spasm of convergence, of
miosis, and of accommodation.” Symptoms include headache,
photophobia, eyestrain, blurred vision, and diplopia. Patients
may appear to have bilateral sixth nerve palsies, but careful
observation will reveal miosis and high myopia (8-10 D) on
dry retinoscopy, accompanying the failure of abduction.!”” This
key clinical clue prevents misdiagnosis and misdirected
testing.172,182,252,430

Most commonly, spasm of the near reflex is psychogenic,
and treatment may include simple reassurance, psychiatric
counseling, or cycloplegia with bifocals. However, a number of
cases of spasm of the near reflex associated with organic disease
have been reported.*” In a series of seven patients, two had
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posterior fossa abnormalities (cerebellar tumor, Arnold-Chiari
malformation), two had pituitary tumors, one had a vestibulo-
pathy, and two had antecedent trauma.''> None of these patients
appeared to have a personality disorder, and none complained of
significant disability. Nevertheless, no clear causal relationship
or unified neuroanatomic localization has been established. It is
prudent to keep in mind that just as any patient with organic
disease may also have a functional disorder, disturbances that
are clearly functional do not exclude coexisting organic disease.

Internuclear Opththalmoplegia

In the absence of peripheral lesions such as myasthenia gravis,
failure of adduction combined with nystagmus of the con-
tralateral abducting eye is termed internuclear ophthalmople-
gia (INO) and localizes the lesion to the medial longitudinal
fasciculus (MLF) unequivocally.

ETIOLOGY

The abducens nucleus consists of two populations of neurons
that coordinate horizontal eye movements (see Fig. 5-5). Fibers
from one group form the sixth nerve itself and innervate the ipsi-
lateral lateral rectus muscle; fibers from the second group join
the contralateral MLF and project to the subnucleus of the third
nerve, which supplies the contralateral medial rectus muscle. In
this way, the neurons of the sixth nerve nucleus yoke the lateral
rectus with the contralateral medial rectus.

CLINICAL FEATURES

Clearly, lesions of the abducens nucleus will cause an ipsilateral
conjugate gaze palsy. Lesions of the MLF between the midpons
and oculomotor nucleus, in turn, disconnect the ipsilateral
medial rectus subnucleus from the contralateral sixth nerve
nucleus and cause diminished adduction of the ipsilateral eye
on attempted versions (see Fig. 5-3). The signs of INO may be
accompanied by an ipsilateral hypertropia or skew deviation.

CLINICAL ASSESSMENT

A subtle adduction deficit is best appreciated when repetitive
saccades are attempted; the adducting eye will demonstrate a
slow, gliding, hypometric movement in conjunction with over-
shoot of the abducting eye. Usually, the ipsilateral eye can be
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adducted with convergence, but convergence will also be
impaired if the MLF lesion is rostral enough to involve the
medial rectus subnucleus.

SYSTEMIC ASSOCIATIONS

Similar to dorsal midbrain syndrome, INO is an anatomic rather
than etiological diagnosis. A host of structural, metabolic,
immunological, inflammatory, degenerative, and other pro-
cesses can interfere with the function of the MLF and nearby
structures. In young adults, multiple sclerosis is by far the most
common cause of INO.**> Multiple sclerosis also underlies most
cases of bilateral INO. Although patients with bilateral INO gen-
erally remain orthotropic in primary position, they sometimes
exhibit an exotropia in the wall-eyed bilateral internuclear oph-
thalmoplegia (WEBINO) syndrome.*'! Additional causes of INO
include Arnold-Chiari malformation,*®!#%% hydrocephalus,®**
meningoencephalitis,®*?? brainstem or fourth ventricular
tumors, #4246 head trauma,*®*** metabolic disorders, drug
intoxications, paraneoplastic effect, carcinomatous meningitis,
and others. Peripheral processes, particularly myasthenia gravis
and Miller Fisher syndrome, may closely mimic INO and should
be considered in any patient with INO-like eye movements.

TREATMENT AND PROGNOSIS

The first goal is to treat the underlying etiology. For example,
steroid therapy is necessary in multiple sclerosis, and blood pres-
sure management is required for a hypertensive stroke. After
this initial consideration, if the disorder persists and remains
stable for at least 6 months, the accompanying exotropia may
be corrected by surgery. In a series of three patients treated sur-
gically for diplopia caused by bilateral INO (from brainstem vas-
cular disease) with exotropia of 55 to 70 prism diopters, favorable
results were achieved by bilateral medial rectus resections and
bilateral lateral rectus recessions (with one lateral rectus on an
adjustable suture in each of the three).”* After a minimum of 6
months postoperative follow-up, all three patients achieved
excellent cosmesis. In one of the three patients, binocularity was
restored in the primary position, in the second diplopia was
eliminated in primary and downgaze, and in the third diplopia
was completely eliminated.
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Ocular Motor Cranial Nerve Palsies

The processes that produce ocular motor nerve palsies in infants
and children, as many neurological diseases in this age group,
are commonly diffuse.

GENERAL CLINICAL CONSIDERATIONS

Muscle paralysis is diagnosed by the inability of the eye to move
in the direction of action of the particular muscle voluntarily
and reflexively, tested by the doll’s head maneuver, spin test
(looking for vestibular nystagmus), or forced lid closure (looking
for Bell’s phenomenon). Paresis of a muscle may be detected on
testing of versions, at which time version in a particular direc-
tion may be limited but ductions may appear full. If the muscle
is totally paralyzed, the ductions will be limited as well; in this
case, if it is possible to perform a forced duction test, the test
would reveal no restriction in the direction of action of a paretic
muscle. However, after long-standing muscle paresis, the
muscle may become tightened, and forced duction testing in the
direction opposite to that of the muscle action would reveal
restriction.

A subtle paresis is best appreciated when repetitive saccades
are attempted; the eye will demonstrate a slow, gliding, hypo-
metric movement in the direction of action of the particular
muscle(s), in conjunction with overshoot of the other eye in that
direction. The primary deviation, or the measured strabismus
when fixing with the normal eye, is smaller than the secondary
deviation, which is the strabismus measured when fixing with
the restricted or paretic eye.

Significant factors in evaluating a child with ocular motor
cranial palsies include (1) age of the child, (2) history of previ-
ous cranial nerve palsies or relevant systemic disease, (3) recent
history of febrile illness, immunization, trauma, or exposure to
toxins, (4) accompanying neurological symptoms or signs, and
(5) the course under careful, regular observation.

Any child exhibiting an ocular motor nerve palsy accompa-
nied by other neurological signs deserves a consultation with a
neurologist and a thorough, timely workup. It is incumbent
upon the ophthalmologist to detect and treat any amblyopia that
may occur. Also, prevention of amblyopia, by alternate patch-
ing, for example, can be considered in severely amblyogenic con-
ditions such as third nerve palsies.
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The following discussion sets out an approach to the recog-
nition and initial management of isolated third, fourth, and
sixth nerve palsies and reviews some common childhood causes
of combined ocular motor nerve palsies.

SIXTH NERVE PALSIES

ETIOLOGY AND SYSTEMIC ASSOCIATIONS

Acquired sixth nerve palsies, whether isolated or not, are usually
caused by tumors (especially glioma and medulloblastoma) and
trauma (47 %—62 % )3**19129287405 A sienificant number of cases are
also due to inflammatory causes such as meningitis (including
from Lyme disease), Gradenigo’s syndrome,'"’ cerebellitis, and
postviral sixth nerve palsy. The clinician is also faced with numer-
ous other possible etiologies (Table 5-4).

CLINICAL FEATURES AND ASSESSMENT
As previously mentioned, a lesion affecting the sixth nerve
nucleus produces an ipsilateral horizontal gaze palsy. Injury to
the nerve at any other location along its course results in absent
or poor abduction of the ipsilateral eye (Fig. 5-7).

Of course, poor abduction is not specific to sixth nerve
palsies and may also be caused by disorders of the neuromus-
cular junction (e.g., myasthenia gravis), restrictions (e.g., medial
orbital wall fractures with tissue entrapment), and inflammation
(e.g., orbital myositis). The examiner considers and excludes
these possibilities before establishing the diagnosis of sixth
nerve palsy. If a congenital anomaly of innervation, such as
Duane’s syndrome, is clearly identified as the cause of abduc-
tion deficit, no further investigation of the eye movement abnor-
mality is necessary.

Acute comitant esotropia can also follow head trauma
(usually minor), febrile illness, migraine, or occlusion of an eye
or may not be related to any obvious inciting cause.’>!70385460
This condition is distinguishable on examination from a bilat-
eral sixth nerve palsy. However, although an acute comitant
esodeviation without accompanying signs is usually benign, it
may in some cases be the harbinger of an intracranial tumor
such as cerebellar astrocytoma or pontine glioma*** or other
pathology such as a Chiari 1 malformation.®’” Absence of symp-
toms or signs such as headaches, papilledema, or nystagmus may
not rule out the possibility of an intracranial pathology. There-
fore, a thorough ophthalmic examination is performed. MRI is
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TABLE 5-4. Etiology of Infranuclear Sixth Nerve Palsy.

Location/signs

Etiologies

Fascicle
Ipsilateral VIIth nerve palsy, facial
analgesia, loss of taste from anterior
two thirds of tongue; peripheral
deafness; Horner’s syndrome,
contralateral hemiparesis

Subarachnoid space
Papilledema; other cranial nerve
palsies

Petrous apex
Ipsilateral seventh nerve palsy;
pain in eye or face; otitis media,
leakage of blood or cerebrospinal
fluid from ear; mastoid
ecchymosis; papilledema
Cavernous sinus/superior orbital fissure
Ipsilateral Horner’s syndrome;
ipsilateral Illrd, IVth, Vth cranial
nerve involvement; proptosis;
disc edema; orbital pain;
conjunctival injection
Orbit
Ipsilateral Illrd, IVth, Vth cranial
nerve involvement; proptosis; disc
edema; orbital pain; conjunctival
injection

Uncertain

Tumor; demyelination; hemorrhage;
infarction

Meningitis; meningeal carcinomatosis;
trauma; increased intracranial
pressure causing downward pressure
on brainstem; after lumbar puncture,
shunt for hydrocephalus, spinal
anesthesia, or halopelvic cervical
traction; clivus tumor;
cerebellopontine angle tumor; berry
aneurysm; abducens neurinoma

Mastoiditis; thrombosis of inferior
petrosal sinus; trauma with
transverse fracture of temporal bone;
persistent trigeminal artery,
aneurysm, or arteriovenous
malformation

Cavernous sinus thrombosis;
carotid-cavernous fistula; tumor;
internal carotid aneurysm

Tumor; pseudotumor

Transient abducens palsy of newborn;
after febrile illness or immunization;
migraine; toxic; idiopathic

indicated if the esotropia is unresponsive to correction of refrac-
tive error, there is no history of flu-like illness, or no improve-
ment is seen over the course of 1 to 4 weeks.

NATURAL HISTORY AND CLINICAL WORKUP
Newborns may demonstrate a transient sixth nerve palsy that
is frequently unilateral and occasionally accompanied by a tem-
porary ipsilateral seventh nerve palsy.**?¢7>14% Simple observa-
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FIGURE 5-7. Right sixth cranial nerve palsy. These photos show the
limitation of abduction on attempted right gaze typical of a sixth cranial
nerve palsy. Forced duction testing of this patient’s right eye showed no
restriction to abduction.

tion is generally sufficient because resolution typically occurs
within 4 to 10 weeks.

Older infants and children may develop transient isolated
sixth nerve palsies 1 to 3 weeks after nonspecific febrile or res-
piratory illnesses,*”*® after a specific viral illness such as
varicella,® after immunization,®” before mononucleosis,*” or
without any obvious precipitating factor.**> Some of these palsies
may recur, and the recurrences have no serious implica-
tions 206539474476 Again aggressive investigation is not warranted,
but two simple studies are advised: (1) a complete blood count
with differential, which may show lymphocytosis as evidence of
a recent viral infection, and (2) examination of the ears for otitis
media. The parents are warned to observe for any new signs or
symptoms. Careful reexamination at regular intervals is essential;
deterioration or improvement in lateral rectus function provide
important evidence for or against a progressive mass lesion. Most
children in this group recover abducens function within 10 weeks,
although a prolonged (9 months) palsy may rarely occur.>’

Persistence, without improvement, or deterioration of an iso-
lated sixth nerve palsy in a child beyond about 3 months requires
an intensive neurological, neuroradiologic, and otolaryngologic
evaluation. In adults, a substantial number of isolated sixth nerve
palsies that last beyond 6 months are caused by potentially treat-
able, often slow-growing, tumors.''"!*>26 In a Mayo Clinic series
of 133 children with acquired sixth nerve paresis, 15 presented
with an isolated sixth nerve palsy due to tumor.*® Of these, 12
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developed additional neurological signs within a few weeks,
whereas 3 patients took 2 to 3 months to develop additional
signs. An additional problem is that a physician may not always
be able to confirm that the sixth nerve palsy in a child is iso-
lated. Therefore, if close follow-up to resolution of the palsy or
paresis is not possible, neuroimaging is recommended.*

TREATMENT
Amblyopia prevention is always key in children younger than 7
to 9 years of age. Providing full hyperopic correction also relieves
the demand for accommodation and thus decreases the chance
of worsening esotropia.

Treatment options include botulinus toxin injection and
surgery. One approach is to inject botulinus toxin into the antag-
onist medial rectus muscle to prevent tightening of the unop-
posed medial rectus,**** sometimes allowing binocular vision
in primary position, while the palsy is resolving.*'® Reducing
medial rectus contracture with botulinus toxin injection may
also improve a surgical result.’”

PROGNOSIS
Spontaneous recovery of abduction in childhood sixth nerve
palsy or paresis is much less common than in adults. The rate
of residual strabismus was found to be 66% in one study of
any sixth nerve palsy or paresis in patients 7 years of age and
younger, likely a result of permanent structural deficits without
complete recovery in the setting of tumor and hydrocephalus-
shunt malfunction as the most frequent etiologies. The rate of
amblyopia in this study was 20%, thus highlighting the need for
parent education and close follow-up.

The highest rates of spontaneous recovery have been reported
in idiopathic (67%?*), infectious (50%>*), inflammatory (90%'""),
and traumatic (33%-50%>"""!) cases.

FOURTH NERVE PALSY

ETIOLOGY AND SYSTEMIC ASSOCIATIONS
Of the many causes of trochlear palsy in childhood (Table 5-5),
“congenital” and traumatic are by far the most common.'*?%
The cause of most congenital trochlear palsies remains
unknown, but aplasia of the trochlear nucleus has been reported
to accompany the absence of other cranial nerve nuclei.!%374¢+
The superior oblique tendon or muscle is often the primary
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TABLE 5-5. Etiology of Fourth Nerve Palsy.

Location/signs

Etiologies

Nucleus and fascicle
Contralateral Horner’s syndrome

Subarachnoid space
Papilledema; other cranial nerve
palsies

Cavernous sinus/superior orbital fissure
Ipsilateral Horner’s syndrome,

Trauma; tumor; demyelination; after
neurosurgery; nuclear aplasia;
arteriovenous malformation;
hemorrhage; infarction

Trauma; tumor; increased intracranial
pressure; after lumbar puncture or
shunt for hydrocephalus; spinal
anesthesia; meningitis; mastoiditis

Tumor; internal carotid aneurysm;
Tolosa-Hunt syndrome

ipsilateral IIrd, Vth, VIth nerve
involvement; proptosis; disc
edema; orbital pain

Orbit
Ipsilateral Ilrd, VIth nerve
involvement; proptosis;
enophthalmos; disc edema; orbital
pain; conjunctival/episcleral
injection

Tumor; trauma; inflammation

Uncertain location Congenital; idiopathic

problem. Laxity of this tendon has been described on forced
duction testing®! and correlates well with the presence of atten-
uated superior oblique muscles on orbital MRI.** Therefore,
congenital cases may be more correctly termed congenital supe-
rior oblique palsy/underaction instead of fourth nerve palsy.
Absence of the superior oblique muscle altogether is also in the
differential of an apparent congenital superior oblique palsy.®’
The trochlear nerves are particularly vulnerable to closed
head trauma when there may be contrecoup of the tectum of
the midbrain against the edge of the tentorium.”* In this way,
the nucleus or fascicle may be injured within the substance of the
midbrain, or the nerve itself may be contused as it exits the brain-
stem dorsally and passes laterally around the midbrain (see Fig. 5-
3). The proximity of the two trochlear nerves to each other at the
site of their crossing in the anterior medullary velum (roof of the
Sylvian aqueduct; see Fig. 5-4) explains the high incidence of bilat-
eral involvement after coup-contrecoup, closed head trauma.?*

CLINICAL FEATURES AND ASSESSMENT
Vertical deviations may also result from other processes, such
as abnormal neuromuscular transmission, restriction, inflam-
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mation, skew deviation, dissociated vertical divergence, small
nonparalytic vertical deviations associated with horizontal stra-
bismus, and paresis of other cyclovertical muscles. The clinical
assessment of a vertical deviation is carefully executed to
exclude these various possibilities.

It is important to ask about previous extraocular muscle
surgery or orbital trauma and to obtain any history that suggests
myasthenia gravis or skew deviation. The examiner notes any
anomalous head position (Figs. 5-8, 5-9), versions, ductions,
cover test measurements in cardinal fields of gaze, any second-
ary deviation, forced (Bielschowsky) head tilt test measure-
ments, presence or absence of both subjective and objective
torsion, and presence or absence of dissociated vertical devia-
tion. Forced ductions, Tensilon testing, and other supplemental
tests are performed as appropriate.

FAEF AFE A

FIGURE 5-8. (A) Unilateral congenital cranial nerve palsy, right eye. The
photograpph demonstrates a right hypertropia that increases in left gaze.
There is slight underaction of the right superior oblique nad significant
overaction of the right inferior oblique muscle. (B) The photograph of
head tilt test, with right hypertropia increasing on tilt right and dimin-
ishing on tilt left. Positive head tilt with the right hyper increasing in
left gaze indicates a right superior oblique palsy.
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FIGURE 5-9. Bilateral asymmetric congenital fourth nerve palsy and
esotropia. Note that the right superior oblique palsy is more severe than
the left, and there is a right hypertropia in primary position. There is sig-
nificant superior oblique underaction, right side more than left side. A
significant V-pattern is present. There is a right hypertropia in right gaze
and a left hypertropia in left gaze.

Several other comments regarding the clinical evaluation are
crucial.

1. The familiar “Parks-Bielschowsky three-step” test helps
to combine information from cover test measurements and the
Bielschowsky head tilt phenomenon.*?”° This test is only useful
when there is a palsy of a single cyclovertical muscle and can
therefore only be applied after the careful assessment just
described.”! A fourth nerve palsy would reveal hypertropia,
worsening on horizontal gaze in the direction contralateral to
the hypertropic eye, and worsening on head tilt ipsilateral to the
hypertropic eye. Infants with congenital superior oblique palsies
present with a head tilt, whereas older children and adults with
decompensated congenital palsies complain of vertical and/or
torsional diplopia.®?

To diagnose a congenital superior oblique palsy, old photo-
graphs are helpful, often revealing a long-standing head tilt. Also,
vertical fusional amplitudes frequently exceed the normal range
of 3 to 4 prism diopters. The presence of a suppression scotoma
when assessing diplopia or the presence of fusion also aids in
establishing the chronicity of the condition as suppression is
usually a childhood adaptation mechanism. Moreover, the pres-
ence of facial asymmetry may be associated with a long-
standing head tilt from early childhood.!76?2%3%%28 The presence
of facial asymmetry may not be a specific sign for congenital
superior oblique palsy, however, because patients with acquired
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superior oblique palsy and heterotopic rectus muscles exhibited
similar features of facial asymmetry.*” The causal relationship
of the head tilt due to an abnormal superior oblique is not estab-
lished.*”® Hemifacial changes are often associated with plagio-
cephaly as a craniofacial anomaly, and craniofacial anomalies are
commonly associated with anomalous extraocular muscles.'**

2. The examiner also checks for bilateral and asymmetrical
superior oblique palsies, because the larger paresis may “mask”
the smaller until unilateral surgery is performed.>”*>** Bilateral
involvement should particularly be suspected after closed head
injury. Findings that suggest bilaterality include alternation of
hypertropia with fixation, gaze, or head tilt: excyclotorsion of
10° or more: and V-pattern esotropia.**

3. Excyclodeviations usually occur with trochlear palsies,
may accompany restrictions and myasthenia gravis, and are less
commonly seen with skew deviations.** The triad of skew devi-
ation, head tilt, and incyclotorsion of the hypertropic eye is
termed the ocular tilt reaction, an entity that can mimic fourth
nerve palsy on the traditional three-step test.'® Therefore, exam-
ination for torsion, by double-maddox rod or simple fundoscopy,
is essential in distinguishing a fourth nerve palsy from ocular
tilt reaction.

INHERITANCE
Rarely, congenital superior oblique palsy may be familia
The mode of inheritance in the described families has not been
determined.

1.28198

NATURAL HISTORY

Long-standing congenital superior oblique palsy may decom-
pensate in adulthood for a variety of reasons, including trauma,
with the presenting symptom of vertical diplopia. As for trau-
matic cases, most cases of unilateral injury do resolve (see fol-
lowing). Also, after long-standing fourth nerve palsy, a “spread
of concomitance” may be observed where the deviation in
rightgaze and leftgaze are nearly equal, although the differential
deviation in right versus left head tilt persists. This spread of
concomitance has been attributed to a “contraction” of the ipsi-
lateral superior rectus muscle.”

TREATMENT
Most surgeons wait 6 to 12 months before deciding on strabis-
mus surgery for traumatic cases, to await spontaneous resolu-
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tion of the deviation or stability in measurements. For con-
genital cases presenting with head tilt in infancy, surgery may
be performed as soon as possible to correct the head posture and
thus to aid in normal development of the neck muscles and the
alignment of cervical vertebrae. It is unknown, however,
whether early strabismus surgery can prevent or reverse facial
asymmetry. For the large head tilts in infancy, a superior oblique
tuck may treat the head tilt quickly; the benefit of normalizing
head posture with this procedure may outweigh the resultant
iatrogenic Brown’s syndrome.

For long-standing fourth nerve or superior oblique palsy, a
variety of options exist. One approach is to operate on one
muscle for vertical deviations of up to 15 prism diopters and to
consider two-muscle surgery in deviations above 15 prism
diopters. The first choice of procedure is often ipsilateral infe-
rior oblique muscle weakening. The second procedure often per-
formed when the deviation is greater than 15 prism diopters is
either ipsilateral superior rectus recession,”® when the vertical
deviation is worse in upgaze, or contralateral inferior rectus
recession, when the deviation is worse in downgaze.*”

A fast and easy approach to deciding which muscle to
weaken first is to perform a “modified Parks three-step test”>%
to determine which muscle is overacting and then to weaken
that muscle first. This modified three-step test is performed in
the same manner as the traditional one, except for the first step,
in which the overacting vertical muscles are circled in each eye
(instead of the traditional method of circling the presumed weak
vertical muscles).

In the case of bilateral palsy, bilateral inferior rectus reces-
sion and Harada-Ito procedures are recommended, both able to
treat excyclotorsional diplopia.

PROGNOSIS
When a child presents with a postinfectious, isolated trochlear
palsy that cannot be explained as congenital, traumatic, restric-
tive, myasthenic, or neoplastic, the prognosis is good and obser-
vation alone is sufficient.

Overall prognosis for recovery of isolated fourth nerve palsies
in adults and children was reported to be 53.5% combined (1000
total patients from 2 months to 91 years of age, 90% of whom
were over 19 years and 75% of whom were over 35 years of
age).** Unilateral traumatic fourth nerve palsies in a series of 24
pediatric and adult patients (ages 7-78 years; mean, 35.4 years),
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46% of whom sustained minor head trauma, resulted in 75% res-
olution.*®® Another series reported 65% resolution in unilateral
but 25% in bilateral cases of traumatic fourth nerve palsy.*””

THIRD NERVE PALSY

ETIOLOGY AND SYSTEMIC ASSOCIATIONS
In childhood, a third nerve palsy typically keeps company with
other neurological findings, which aid in localization and diag-
nosis (Table 5-6), but isolated palsies do occur and are generally
congenital, traumatic, infectious, or migrainous,'"/?2%2%7,326,339,440
An acquired, isolated oculomotor nerve palsy in a child may also
result from tumor, preceding viral illness, bacterial meningitis
(most commonly pneumococcal, Haemophilus influenzae type
b, or Neisseria meningitidis), or immunization.’®77/86191:225257:309,
326339,347,430,440446 Rarely, children may demonstrate gradually
progressive paresis because of a slowly growing tumor' or a
truly cryptogenic oculomotor palsy. Posterior communicating
aneurysms, although extremely rare in children, should be con-
sidered as well.*"* Microvascular infarction due to atherosclero-

TABLE 5-6. Etiology of Infranuclear Third Nerve Palsy.

Location/signs

Etiologies

Fascicle
Ipsilateral cerebellar ataxia;
contralateral rubral tremor;
contralateral hemiparesis; vertical
gaze palsy

Demyelination; hemorrhage; infarction
(rare in childhood)

Subarachnoid space
Papilledema; other cranial nerve
palsies

Cavernous sinus/superior orbital fissure
Ipsilateral Horner’s syndrome;
ipsilateral IVth, Vth, VIth nerve
involvement; proptosis; disc edema;
orbital pain; conjunctival/episcleral
injection
Orbit
Ipsilateral IVth, Vth, VIth nerve
involvement; proptosis;
enophthalmos; disc edema; orbital
pain; conjunctival/episcleral
injection

Uncertain location

Meningitis; trauma or surgery; tumor;
increased intracranial pressure;
uncal herniation

Cavernous sinus thrombosis; tumor;
internal carotid artery aneurysm;
carotid—cavernous fistula; Tolosa—
Hunt syndrome; pituitary apoplexy;
sphenoid sinusitis, mucocele;
mucormycosis

Trauma; tumor; inflammation

After febrile illness or immunization;
migraine; idiopathic
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sis, hypertension, or diabetes mellitus, a common cause of iso-
lated third nerve palsy in adults, is extremely rare in children.

CLINICAL-ANATOMIC CORRELATION
The anatomic organization of the third nerve nucleus, like that
of the sixth nerve nucleus, provides constraints that help differ-
entiate the rare nuclear third nerve palsy from an infranuclear
third nerve palsy. Because the superior rectus subnucleus sup-
plies the contralateral superior rectus muscle, and the central
caudal nucleus innervates both levator muscles, damage to a
single oculomotor nerve nucleus gives rise to contralateral supe-
rior rectus weakness and bilateral ptosis. Also, because of the
arrangement of the three medial rectus subnuclei and the vis-
ceral nuclei within the oculomotor nucleus, a nuclear third
nerve palsy is not likely to produce isolated medial rectus
involvement or unilateral pupillary involvement. In addition,
other midbrain signs such as vertical gaze abnormalities are
often associated with lesions of the oculomotor nucleus (see
Fig. 5-6).

Because the oculomotor nerve innervates the levator palpe-
brae superioris, the sphincter of the pupil and ciliary body, as
well as four extraocular muscles (the medial rectus, superior
rectus, inferior rectus, and inferior oblique), it is easy to identify
a complete infranuclear third nerve palsy by the presence of
ptosis; a fixed, dilated pupil; and a “down-and-out” eye position
resulting from the unopposed lateral rectus and superior oblique
muscles (Fig. 5-10). However, third nerve palsies can be
“partial”; any individual sign or combination of signs may be
present and, if present, may be complete or incomplete. Numer-
ous patterns can therefore arise.

CLINICAL FEATURES AND ASSESSMENT/NATURAL

HISTORY
Oculomotor nerve palsies, like abducens and trochlear nerve
palsies, should be distinguished from myasthenia and mechani-
cal restrictions. Clinically observable involvement of the pupil
or signs of oculomotor synkinesis (aberrant regeneration) estab-
lish involvement of the third nerve, assuming pharmacological
and traumatic mydriasis can be excluded.

The manner through which neural impulses become misdi-
rected is not always clear.*® Misrouting of regenerating motor
axons is firmly documented'*>**** and corroborates the frequent
clinical observation of the appearance of synkinesis at about 8 to
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FIGURE 5-10. Patient with traumatic left third nerve palsy. The top pho-
tograph shows the classic appearance of a left third nerve palsy with ptosis
and the eye in a down and out position. The left photograph shows full
abduction, left eye. The bottom right photograph shows left eye with
limited adduction. Note, there is lid retraction and miosis, left eye, on
attempted adduction indicating aberrant innervation of the levator
muscle and pupillary sphincter with part of the medial rectus nerve.

12 weeks after an acute palsy.””” However, aberrant regeneration
cannot comfortably account for transient oculomotor synkine-
s5ig®?9%4  or spontaneous “primary” oculomotor synkine-
5is, 0610528943649 Ephaptic transmission, conduction of a nerve
impulse across a point of lateral contact, and synaptic reorganiza-
tion of the oculomotor nucleus are two proposed theories of synk-
inesis.?®*** The presence of oculomotor synkinesis has not been
reported with demyelination, but it does not otherwise narrow the
differential diagnosis of third nerve palsy in the pediatric age group.

Congenital third nerve palsy is usually incomplete and uni-
lateral and is frequently associated with oculomotor synkinesis
and “miosis” of the pupil in the affected eye.'”"*265* Although
many children with congenital oculomotor nerve palsies have
no associated neurological findings, some do,*” and a thorough
neurological evaluation of these infants is suggested. If there are
additional neurological signs or bilateral third nerve palsies, MRI
may also provide useful information.'”®
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Rarely, paresis and spasm of the extraocular and intraocular
muscles innervated by the third nerve may alternate, typically
every few minutes, to produce oculomotor palsy with cyclic
spasms.”® With few exceptions, these cycles accompany congen-
ital, rather than acquired, oculomotor palsies and continue
throughout life. In some instances, several months to several
years may elapse between the discovery of the paresis and the
onset of the cyclic spasms. Investigation is not necessary unless
the third nerve palsy is acquired or there is progressive neurolog-
ical dysfunction. The pathogenesis of this phenomenon remains
obscure.””

Ophthalmoplegic migraine generally begins in childhood*
but may even be seen in infancy.'*** It is an uncommon disor-
der despite the fact that 2.5% of children experience a migraine
attack by age 7 and 5% by age 15." Symptoms of migraine in
children include nausea, vomiting, abdominal pain, and relief
after sleep in 90%.*" The headaches, which may be accompa-
nied by an aura, are often unilateral and throbbing in quality.
Family history is positive in 70% to 90%. With ophthalmoplegic
migraine, the patient characteristically experiences pain in and
about the involved eye, nausea, and vomiting; often the third
nerve palsy ensues as the pain resolves. Full recovery of third
nerve function within 1 to 2 months is typical, but resolution
may be incomplete and oculomotor sykinesis has been
reported.*® Multiple attacks may occur, and years may pass
between episodes.”® Most patients with ophthalmoplegic
migraine have normal angiograms, but one 31-year-old with
recurrent episodes of ophthalmoplegic migraine, which had
begun at age 5, and partial third nerve palsy since age 7, demon-
strated a small perimensencephalic vascular anomaly.?**

Aneurysms have been reported to cause isolated third
nerve palsies during the first and the second decades of
life7!135157.158313,383 and carry a high risk of mortality or signifi-
cant morbidity if left undetected and untreated. On the other
hand, aneurysms appear to be rare in children.'**** Angiography
with general anesthesia can be risky in the childhood age group,
and the gap between the sensitivity of angiography and MRI for
detecting aneurysms continues to narrow. The clinician assesses
all these variables along with the history and physical exami-
nation to decide on the appropriate workup for each patient. For
example, in the child under age 10 with a family history of
migraine who presents with nausea, vomiting, and headache,
followed by third nerve palsy as these symptoms resolve, that
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is, with typical ophthalmoplegic migraine, angiography may
not be necessary.'® However, when a third nerve palsy acquired
in childhood cannot be explained on the basis of the clinical
examination or noninvasive neuroimaging, the cerebrospinal
fluid should be evaluated and angiography considered.

TREATMENT

After diagnosis and treatment of the underlying disorder, obser-
vation of any recovery of oculomotor nerve function is neces-
sary before surgical intervention. When partial or full recovery
occurs, it often does so within 3 to 6 months but it may take 1
year or more. Surgical treatment includes strabismus surgery
and ptosis correction. The latter is approached with caution in
an eye that lacks a functional Bell’s phenomenon because of the
risk of exposure keratopathy.

PROGNOSIS

Two recent series have found fair to poor visual and sensori-
motor outcome in oculomotor nerve palsy/paralysis of children
with comparable mix of congenital, traumatic, and neoplastic
cases.**** The best ophthalmologic outcome with measurable
stereopsis was in the resolved cases (3 of 20; 15%) in the first
study, and in 4 of 31 patients with partial third nerve palsy in the
second study, 2 of whom had spontaneous resolution. In the first
series, amblyopia therapy was most effective with congenital
causes, but treatment results were poor with other causes; young
children with posttraumatic and postneoplastic oculomotor nerve
injuries demonstrated the worst ophthalmologic outcomes.

COMBINED OCULAR MOTOR NERVE PALSIES

As the oculomotor, trochlear, and abducens nerves are in rela-
tively close physical proximity from brainstem to orbit, it is not
surprising that many diseases occurring at numerous locations
can affect these nerves simultaneously.

CLINICAL ASSESSMENT
The evaluation begins by establishing that the eye movement
abnormality is due to cranial nerve disease rather than supranu-
clear lesions, disorders of the neuromuscular junction, restric-
tive or inflammatory myopathies, or chronic progressive
“neuromyopathies,” for example, Kearns-Sayre syndrome. In
the presence of a third nerve palsy, the fourth nerve function is
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tested by observing for intorsion of the affected eye in downgaze.
If multiple ocular motor nerve palsies are indeed present, a
thorough history and examination, neuroimaging of the rostral
brainstem, cavernous sinuses, and orbits, and examination of
the cerebrospinal fluid (CSF) are typically necessary to distin-
guish between the myriad possible localizations and etiologies.
Prompt diagnosis is particularly important for children with
infections or pituitary apoplexy; the latter is often accompanied
by severe headache, ophthalmoplegia caused by rapid expansion
into the cavernous sinus, and rapid mental status deterioration.

ETIOLOGIES
Processes in the brainstem (tumor, encephalitis), subarachnoid
space (meningitis, trauma, tumor), and of uncertain localization
(postinfectious polyneuropathy) tend to produce bilateral com-
bined ocular motor nerve palsies whereas processes in the cav-
ernous sinus/superior orbital fissure (tumor, pituitary apoplexy,
cavernous sinus thrombosis, carotid-cavernous fistula) and orbit
(trauma, tumor, mucormycosis) usually cause unilateral com-
bined ocular motor nerve palsies.

The ophthalmologist needs to be familiar with certain gen-
eralized neuropathies that may initially present with acute oph-
thalmoplegia. In a series of 60 patients with acute bilateral
ophthalmoplegia, Guillain-Barre and Miller Fisher syndromes
accounted for the diagnosis in 15 of 28 patients under age 45.2%
The bulbar variant of Guillain-Barre syndrome (acute postin-
fectious polyneuritis) frequently presents as a rapidly progres-
sive, painless ophthalmoplegia. Early in the course, involvement
of eye movements may be incomplete and mimic either unilat-
eral or bilateral oculomotor nerve palsies, but complete oph-
thalmoplegia with or without involvement of the pupils and
accommodation typically evolves within several days. Partial
ptosis usually accompanies severe limitation of eye move-
ments,*® but levator function may be entirely normal or com-
pletely absent. Some degree of cranial nerve involvement occurs
in about 50% of children with Guillain-Barre syndrome,*”® and
in the setting of rapidly progressing bilateral ophthalmoplegia,
dysfunction of other cranial nerves, particularly bilateral facial
nerve involvement, strongly supports the diagnosis of acute
postinfectious polyneuritis.

A variety of infections have been reported to precede Guil-
lain-Barre syndrome in 50% to 70% of children; these include
gastroenteritis, tonsillitis, measles, mumps, varicella, pertussis,



142 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

hepatitis, Epstein-Barr virus, Campylobacter jejuni, coxsackie
virus, and nonspecific upper respiratory infections. Two of these,
varicella'®**! and acute Epstein—Barr virus infection,'® precede or
accompany the onset of Guillain-Barre syndrome with notewor-
thy frequency in children and young adults. Paresthesias, often
painful, commonly appear early in the course, and signs of
meningeal irritation may also appear early in children. Although
a rise in CSF protein levels without pleocytosis is the rule, it gen-
erally does not occur for several days to weeks after the onset of
symptoms and, in a small percentage of patients, is not observed
at all. The patient should be referred to a neurologist for man-
agement in a hospital setting with materials for tracheostomy and
mechanical ventilation readily available.

Ophthalmoplegia (external and sometimes internal), ataxia,
and areflexia constitute Miller Fisher syndrome,'® and diplopia
is usually the first symptom. At least 20 children (under age 18
years) with Miller Fisher syndrome have been reported.*® A pre-
ceding febrile or “viral” illness may be reported with many of
the same infectious agents previously listed.

Although the eye movements often suggest unilateral or
asymmetrical bilateral abducens pareses, many patterns have
been reported including horizontal gaze palsy, upgaze palsy,*”
pupil-sparing oculomotor nerve palsy, and pseudointernuclear
ophthalmoplegia. 3125478520 Al these eye movement patterns gen-
erally progress to severe bilateral ophthalmoplegia within 2 or 3
days. Ptosis and pupillary involvement may occur but are often
absent.”® Limb and gait ataxia typically appear 3 or 4 days after
the ophthalmoparesis but are, at times, concurrent with it. Are-
flexia is almost invariably present by the end of a week.'*! An
association with demyelinating optic neuropathy has also been
reported.3#488

Miller Fisher syndrome is considered to be a variant of
Guillain-Barre syndrome. However, there is some controversy
as to the site of the lesion in Miller Fisher syndrome, 3315414415488
whereas Guillain-Barre is clearly a peripheral neuropathy. Clin-
ical observations suggesting the possibility of CNS involvement
in Miller Fisher syndrome have included apparently supranu-
clear eye movement abnormalities***’ and clouding of con-
sciousness.>® In some cases, evoked potentials® and MRI*®
have been normal; in others, CT images'?"**' and MRI***!'®® have
displayed clear abnormalities in the brainstem as well as in the
cerebral white matter and cerebellum. In yet another group,
absent F waves and H reflexes on peripheral nerve testing and



CHAPTER 5. OCULAR MOTILITY DISORDERS 143

markedly abnormal electroencephalograms suggested both
peripheral and central involvement.*® Two neuropathological
studies demonstrated normal CNS in both,'"”?’® and another
showed inflammatory infiltration of peripheral and cranial nerve
roots®; however, central chromatolysis in the nuclei of the third,
fourth, fifth, and twelfth nerves and of the anterior horn cells
has also been reported.'®® Additionally, anticerebellar antibody
has been found to be reactive to a significantly greater number
of bands on Western blotting of serum from Miller Fisher
patients (6 of 7) compared to that of Guillain-Barre (3 of 6) or
healthy controls (4 of 10).2%

As with acute postinfectious polyneuritis, if the CSF is
examined late enough in the course, the protein concentration
is elevated in most cases.'*! A useful diagnostic tool is the pres-
ence of antiganglioside antibodies in serum of patients with
Guillain-Barre and Miller Fisher syndromes. Patients with
Guillain-Barre syndrome subsequent to Campylobacter jejuni
enteritis frequently have IgG antibody to GM, ganglioside.
Miller Fisher syndrome is associated with IgG antibody to GQ1b
and GT1a ganglioside in 90% of cases.”"** Moreover, acute oph-
thalmoparesis without ataxia has also been found to be associ-
ated with anti-GQI1b antibody, suggesting that this is a milder
variant of Miller Fisher syndrome.>* These antibody findings are
evidence for the molecular mimicry theory of postinfectious
autoimmune pathology.

Despite its dramatic and alarming presentation, Miller
Fisher syndrome generally has a benign prognosis. Careful obser-
vation is, however, recommended because ophthalmoplegia
occurred early in one case of childhood Guillain-Barre syndrome
that progressed to respiratory failure.'’”” Occasionally, “relapsing
Miller Fisher syndrome” appears to occur,***** which should not
be confused with recurrent ocular motor palsies that may
accompany a rare familial syndrome of recurrent Bell’s palsy.’
Treatment of Guillain-Barre and Miller Fisher syndromes may,
in severe cases, require plasmapheresis or intravenously admin-
istered immunoglobulin >3

Acute hemorrhagic conjunctivitis caused by enterovirus 70
can be accompanied by dysfunction of any of the cranial or
spinal motor nerves,??%*¢°3 resulting in a polio-like paralysis
(radiculomyelitis) in approximately 1 in 10,000 patients infected
with this virus.**® Cranial nerve involvement occurred in 50% of
the patients in one series.?*® Solitary seventh or fifth nerve palsies
were most common, followed in frequency by combined fifth and
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seventh nerve palsies. Prognosis correlates with severity and
pattern of cranial nerve involvement; patients with mild weak-
ness and involvement of cranial nerves VII, IX, and X tend to
resolve fully, whereas those with severe weakness and involve-
ment of cranial nerves III, IV, V, and VI often do not significantly
improve. Optic atrophy may also occur. Treatment is only
symptomatic.

Anomalies of Innervation

Some ocular motility disturbances, both congenital and
acquired, arise when an inappropriate nerve or nerve branch
innervates an extraocular muscle. Such “miswiring” immedi-
ately suspends the laws of extraocular motor physiology (e.g.,
Hering’s and Sherrington’s laws) and produces bizarre, intrigu-
ing eye movements. In certain cases, electromyographic (EMG)
and pathological studies have confirmed the defective anatomy
and physiology underlying the clinical presentation. Although
miswiring can generate many types of abnormal eye move-
ments, only the more common anomalous motility patterns are
detailed here.

S1XTH NERVE

DUANE’S SYNDROME
Duane’s syndrome is characterized by retraction of the globe and
narrowing of the lid fissure on attempted adduction as well as
limited eye movements. Three forms of abnormal motility have
been classified”'’:

Type I limited abduction with intact adduction (Fig. 5-11)
Type II: limited adduction with intact abduction
Type III: limited abduction and limited adduction

Incidence Duane’s syndrome has been reported to account
for 1% to 4% of all strabismus cases.'**

Etiology Electromyographic data indicate that the medial
and lateral recti contract simultaneously, that is, they “co-
contract,” and may thereby produce both the retraction of the
globe into the orbit and the limitation of eye movement.>!62173%
One can speculate as to how different distributions of inappro-
priate neural input from the oculomotor and abducens nerves to
the lateral and medial recti could produce each of the three pat-
terns of limited ocular motility seen in Duane’s syndrome. This
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“

FIGURE 5-11. Duane’s syndrome, left eye. This montage demonstrates
the limitation of abduction (middle, right photo), palpebral lid fissure nar-
rowing on adduction (middle, left photo), upshoot in adduction (top, left
photo), and “Y” pattern (middle, top photo) seen with Duane’s syndrome.

aberrant innervation is thought to be a result of congenitally
deficient innervation of the VIth nucleus, leading to a fibrotic
lateral rectus muscle (Fig. 5-12).

Neuropathological investigations of three patients with
Duane’s syndrome have all revealed aplasia or hypoplasia of the
abducens nucleus and nerve, and in two of these cases, branches
of the third nerve “substituted” for the defective sixth nerve by
supplying some of its fibers to the lateral rectus. The first case
was unilateral and demonstrated a hypoplastic lateral rectus
muscle in addition to hypoplasia of the abducens nucleus and
nerve.’'® In a second patient with bilateral type III Duane’s syn-
drome, both abducens nuclei and nerves were absent; also, both
lateral recti were found to be partially innervated by the inferior
division of the oculomotor nerves and were histologically
normal in innervated areas but fibrotic in areas not inner-
vated.”"® The third patient had unilateral, left type I Duane’s syn-
drome and showed, as did the previous case, absence of the sixth
nerve, partial innervation of the lateral rectus by the inferior
division of the oculomotor nerve, and fibrosis of the lateral
rectus muscle in areas not innervated. However, although the
left abducens nucleus was hypoplastic, containing less than half
the number of neurons seen in the right nucleus, both medial
longitudinal fasciculi were normal and the remaining cell bodies
in the nucleus were interpreted to be internuclear neurons. This
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"Normal" LR

"Early" onset embryonic aberrant CN Il innervation

Mildly fibrotic LR

"Later" onset embryonic aberrant CN Il innervation

Severely Fibrotic LR

"Late” onset embryonic aberrant CN Il innervation
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finding corroborates the clinical observation that, in unilateral
type I Duane’s syndrome, adducting saccades in the unaffected
eye are usually normal.'”**>3% This finding also indicates an
exquisitely specific neural deficit. Electrophysiological tech-
niques such as auditory evoked potentials®®” and eye movement
recordings®"*%” have suggested that there may be other associ-
ated brainstem dysfunction, but these studies have not produced
conclusive evidence or have not been reproducible.***!
“Upshoots” and/or “downshoots” on attempted adduction
are common motility findings. Theoretically, the cause of the
upshoots and downshoots may be mechanical, innervational, or
a combination of the two. In most cases, the mechanics of the
lateral rectus seem to be largely responsible because weakening
or eradicating the action of a tight lateral rectus results in sig-
nificant reduction or elimination of upshoots and downshoots.
The “bridle-effect theory” postulates that vertical sideslip of a
tight lateral rectus across the adducting globe produces these
movements®**1%, however, neuroimaging has not confirmed
vertical displacement of the lateral rectus during upshoots
and downshoots.®*!! In certain individuals, an innervational
anomaly may account for upshoots and downshoots. For
example, one of the authors (B.N.B.) has observed that con-
tinued severe upshoot on adduction in a patient whose lateral
rectus was detached from the globe and allowed to retract far

<
-

FIGURE 5-12. Proposed embryonal etiopathogenesis of Duane’s syn-
drome as a congenitally deficient innervation syndrome. The developing
cranial nerves have a “trophic” function on the developing mesenchyme
of the future extraocular muscles. If there is late or no innervation to the
developing mesenchyme, the muscle becomes dysplastic, fibrotic, and
inelastic. If there is early aberrant innervation of the developing mes-
enchyme by cranial nerve III, the lateral rectus has a “normal” architec-
ture but abnormal innervation, leading to limited abduction only (type I).
The later during embryogenesis the innervation, the more dysplastic the
lateral rectus, leading to limited adduction as well (type III). The balance
between the quantitative amount of aberrant innervation and the degree
of lateral rectus fibrosis creates relatively different patterns of abduction
and adduction, leading to the different “types” of Duane’s syndrome. Type
1T Duane’s syndrome (not depicted) may be caused by more innervation
from the third cranial nerve to the lateral rectus compared to the medial
rectus. Dotted lines represent absent or hypoplastic innervation; dashed
lines represent later onset of innervation; thickness of lines represents
quantitative amounts of innervation. LR, lateral rectus; MR, medial
rectus; III, oculomotor nucleus; VI, abducens nucleus.
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into the orbit before suture adjustment. In addition, there is
EMG evidence for cocontraction of appropriate cyclovertical
muscles and the lateral rectus during upshoots and down-
shoots?' 73?243, such co-contraction could play a substantial role

in some cases.

Clinical Features and Natural History Most large series
indicate that females represent about two-thirds of cases and
that the left eye is affected in about two-thirds of unilateral
cases. Approximately 75% are type [; type III accounts for most
of the rest, and type I is quite rare. Types I and II may occa-
sionally coexist in the 10% to 20% of cases that are bilateral.
Many Duane’s syndrome patients are orthotropic in primary
position or with a small head turn and have excellent binocular
function.?*??14% Although amblyopia can occur in the involved
eye, the reported incidence of amblyopia as well as ani-
sometropia varies widely.***! Most Duane’s syndrome patients
ignore or are unaware of sensory disturbances,*® but occasion-
ally an older child presents with “acute” awareness of diplopia
in the appropriate fields of gaze.

As mentioned, upshoots and downshoots on attempted
adduction may occur and may be accompanied by A, V, or X pat-
terns, giving the appearance of oblique muscle dysfunction.

Clinical Assessment Other diseases should be considered
in the differential diagnosis. Rarely, acquired orbital disease
may produce limitations of abduction and retraction, thereby
mimicking Duane’s syndrome. This effect has been observed
with medial orbital wall fractures, fixation of muscle by
orbital metastases, orbital myositis, and a variety of other
COnditiOnS. 165,266,367,469

Systemic Associations Although Duane’s syndrome is
usually an isolated finding, it may accompany any of a multi-

tude of other congenital anomalies in 5% to 57 % of cases (Table
5_7).307,363,377

Inheritance Familial cases are not uncommon, and an
autosomal dominant mode of inheritance best fits most, but not
all, of the reported pedigrees.'*® Duane’s syndrome, sensorineural
deafness, upper limb defects, facio-auriculo-vertebral anomalies,
and genitourinary and cardiac malformations appear as isolated
findings or in combination throughout certain families and
may all, perhaps, be ascribed to a highly pleiotropic autosomal
dominant gene that is frequently nonpenetrant.'*®*3¢! Studies of
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TABLE 5-7. Congenital Anomalies Associated with Duane’s
Syndrome.

Structure Associated anomalies

Ocular/external Microphthalmos; coloboma; heterochromia iridis; flocculi
iridis; congenital cataract®*3436
Ptosis; nevus of Ota; hypertelorism; prominent
epicanthus®#210377,448
Epibulbar dermoid3?7263477:37

Neural Optic nerve anomalies*120248:261307377. DeMorsier syndrome®
Sensorineural deafness?®!-20+307448
Seventh nerve palsy!063072377:428
Marcus Gunn jaw winking
Gusto-lacrimal reflex®373%
Fourth nerve palsy*”’

Mobius syndrome®”’

230,307

Musculoskeletal Craniofacial anomalies; skeletal anomalies; Klippel-Feil
syndrome; Goldenhar’s syndrome; Marfanoid
hypermotility syndrome; cleft lip/palate; muscular
dystrophy‘%,sfa,l06,112,2617264,307,361,363,377,379,393,A2],MR

Miscellaneous Cardiac anomalies®37377

Genitourinary anomalies
Noonan syndrome

Fetal alcohol syndrome"!
Congenital panhypopituitarism
Oculocutaneous albinism®*

106,377

107

monozygotic twins have revealed both concordance and discor-
dance in more than one family.>*

Two recent reports of large families with autosomal domi-
nant Duane’s syndrome, one in the UK. and the other in
Mexico, have both found linkage to chromosome 2q31.2%'%
Other reports have found deletions in chromosome 8q in
patients with Duane’s syndrome associated with other abnor-
malities such as mental retardation and hydrocephalus.”*%

Treatment A patient with unacceptable primary position
deviation, head position, globe retraction, upshoot, or down-
shoot may require surgery. All these factors as well as the
relative contributions of mechanical and innervational factors
are considered during surgical planning. As a general recom-
mendation, resections of the horizontal recti of an affected eye
is usually avoided because this may increase globe retraction.
Otherwise, the surgical approach is individualized.?”® Depend-
ing on the situation, a wide variety of techniques may prove
helpful, including transposition of the vertical recti with or
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without medial rectus recession,'®**! Y-splitting of the lateral
rectus,*® adjustable sutures,®® and posterior fixation
sutures.?*510

Prognosis Recession of horizontal rectus muscle elimi-
nates the face turn in 79% of cases and significantly reduces the
face turn in most of the remaining patients.”’**%® Undercorrec-
tion of primary position esotropia may occur postoperatively as
the amount of recession needs to be larger than indicated in the
tradition tables for concomitant strabismus; rerecession is rec-
ommended for these cases if the initial recession was less than
8 mm or if forced duction testing still indicates restriction. The
occasional overcorrections may be reversed by advancing the
recessed muscle or recessing the antagonist horizontal rectus
muscle if tight,!7134835

SYNERGISTIC DIVERGENCE
Synergistic divergence is a striking motility pattern consisting
of an adduction deficit with simultaneous bilateral abduction
on attempted gaze into the field of action of the involved medial
rectus.'®14%25 As with Duane’s syndrome, cocontraction of the
lateral and medial recti has been demonstrated on EMG,*** and
it has therefore been suggested that synergistic divergence may
be placed along the Duane’s “spectrum” of congenital anom-
alous innervation. In this conceptual scheme, synergistic diver-
gence is similar to type II Duane’s syndrome, except that the
larger part of the branch of the third nerve “intended” for the
medial rectus is misdirected to the lateral rectus. The globe
retraction characteristic of Duane’s syndrome does not accom-
pany synergistic divergence, presumably because there is so
little innervation to the medial rectus. However, this hypothe-
sis has not been verified by clinicopathological study, and sac-
cadic velocity studies in two patients indicate that the abducens
nerve may not necessarily be absent or severely hypoplastic.'®

Synergistic divergence has been observed as early as 5
months of age,'® may be bilateral,'*”1%84% and has been associ-
ated with other abnormalities including Marcus Gunn jaw-
winking,*7*%" ipsilateral congenital Horner’s syndrome,*®
arthrogryposis multiplex congenita,'” congenital fibrosis syn-
drome, and oculocutaneous albinism.’*’

Surgical crippling of the ipsilateral lateral rectus has been
combined with a variety of other procedures such as medial
rectus resection and superior oblique tenotomy and inferior
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oblique myectomy*” to eliminate the simultaneous abduction
as well as to correct the exotropia in primary position.'s®

Other types of anomalous innervation that may involve
the sixth nerve include congenital or acquired synkinesis of
the levator and lateral rectus during abduction,??3* acquired
trigemino-abducens synkinesis with abduction accompanying
jaw movements,****43  congenital twitch abduction on
attempted upgaze,*’’ or lateral gaze synkinesis on downward
saccades.’®

1

THIRD NERVE

OCULOMOTOR SYNKINESIS

Oculomotor synkinesis (aberrant regeneration of the third nerve)
commonly accompanies third nerve palsies, usually those of
congenital or traumatic origin, but also those caused by
aneurysm, migraine, or tumor. This condition is discussed in
detail in the section on third nerve palsies. Although oculomo-
tor synkinesis is, perhaps, the most familiar form of anomalous
innervation involving the oculomotor nerve, other patterns do
occur.

VERTICAL RETRACTION SYNDROME
Vertical retraction syndrome is exceedingly rare with only several
case reports in the literature 376343518 Tymically, elevation or
depression of the globe is limited, and when attempted, it is
associated with narrowing of the lid fissure and retraction. There
may be an associated horizontal deviation that is greater with
gaze in the direction of the limited vertical eye movements.
Forced ductions are positive, although this does not preclude a
central mechanism.

EMG study of one patient revealed lateral rectus muscle
contraction on upgaze and downgaze. Eye movement recordings
of this and two other patients in the same study showed a twitch
abduction of the occluded eye on upward saccades, followed
by a postsaccadic drift back and a slower abduction in down-
gaze; this phenomenon was seen in each nonfixing of all
three patients, suggesting a synergistic innervation between the
abducens nerve and the upper and lower divisions of the oculo-
motor nerve.

EMG in one atypical case of vertical retraction syndrome
showed cocontraction of the vertical recti in upgaze, downgaze,
and adduction, and electro-oculography was also consistent with
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an anomalous innervational pattern.*® The clinical findings
included exotropia; poor elevation and adduction; retraction of
the globe on upgaze, downgaze, and adduction; and downshoot
on adduction.

MARCUS GUNN JAW-WINKING

Marcus Gunn jaw-winking is not usually accompanied by abnor-
mal eye movements but is included here as another instance of
anomalous innervation. This congenital trigemino-oculomotor
synkinesis links innervation of jaw and eyelid levator muscles
and is characterized by congenital ptosis, usually unilateral,
with elevation of the ptotic lid when the jaw is moved. This ipsi-
lateral associated ptosis accounts for 5% to 10% of all congeni-
tal ptosis.*’!%

Etiology Because normal subjects demonstrate EMG
cocontraction of the muscles supplied by the oculomotor nerve
and certain muscles of mastication supplied by the trigeminal
nerve,*”” Marcus Gunn jaw-winking may represent an exaggera-
tion of a physiological synkinesis that is normally present but
clinically undetectable. The precise mechanism for failure of
higher inhibition remains unclear. EMG evidence and histolog-
ical study of the levator muscles suggest an underlying brain-
stem process because the levator muscles are involved
bilaterally.?04>%:47

Clinical Features There are two major categories of
trigemino-oculomotor synkinesis. The first, and most common,
consists of external pterygoid-levator synkinesis and is charac-
terized by lid elevation when the jaw is projected forward, thrust
to the opposite side, or opened widely. In the second form, inter-
nal pterygoid-levator synkinesis, lid elevation is triggered by
clenching of the teeth. Rarely, a number of stimuli other than
pterygoid contraction can cause eyelid elevation, and these
include smiling, inspiration, sternocleidomastoid contraction,
tongue protrusion, and voluntary nystagmus. Conversely, in an
unusual case of trigemino-oculomotor sykinesis, pterygoid con-
traction was associated with contraction of the inferior rectus
rather than the levator, thereby producing monocular bobbing
eye movements rather than eyelid elevation.®®

Marcus Gunn jaw-winking typically presents shortly after
birth with rhythmic elevation of the affected upper lid during
feeding. The ipsilateral associated ptosis may be of any degree
of severity. A significant number of patients have amblyopia,
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anisometropia, strabismus, superior rectus palsy, or double
elevator palsy.”’'%

Natural History It is interesting to note that, in many
cases, parents remark that the synkinesis seems less apparent as
the child becomes older. As this observation is not supported by
objective examination, it may occur because the child learns to
control both lid position and excursion.

Systemic Associations Marcus Gunn jaw-winking can be
bilateral; has been reported in association with other forms of
anomalous innervation such as synergistic divergence, Duane’s
syndrome, and trigemino-abducens synkinesis; and is rarely
familial or associated with heritable diseases such as Waarden-
burg syndrome, Rubinstein-Taybi syndrome (author’s observa-
tion; M.M.), Hirschsprung megacolon, neuroblastoma, and
neurofibromatosis type 1.74268316

Treatment Strabismus, amblyopia, and anisometropia are
treated when necessary. Surgical management of the ptosis may
be achieved by conventional levator resection in mild cases of
jaw-winking. In moderate to severe cases, bilateral levator exci-
sion and bilateral frontalis suspension have been shown to
provide satisfactory correction of both jaw-winking and ptosis.
The frontalis suspensions may be achieved by using fascia lata,
either autologous or homologous, or strips of the levator muscle
after transsecting the muscle, but still attached distally via the
aponeurosis to the tarsus.*>?

SEVENTH NERVE

The seventh nerve may also be involved in several anomalous
innervational patterns that do not affect eye movements but
may present to the ophthalmologist.

INTRAFACIAL SYNKINESIS

Intrafacial synkinesis commonly appears after peripheral facial
nerve palsies; branches of the regenerating seventh nerve are
misrouted to inappropriate muscles. Frequently, for example,
the orbicularis oculi contracts simultaneously with lower facial
muscles, and there may be significant narrowing of the palpe-
bral fissure with smiling. Other patterns can occur and, on occa-
sion, are bothersome enough for a patient to require botulinus
toxin injection or surgery.?>*%41!
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MARIN-AMAT SYNDROME

This syndrome, also known as inverse Marcus Gunn phenome-
non, is a rare disorder in which the upper eyelid falls when the
mouth opens. This syndrome is observed after peripheral facial
nerve palsies and has been suggested to be a result of aberrant
reinnervation. However, EMG shows inhibition, rather than
excitation, of the affected levator muscle during external ptery-
goid contraction,”° and absence of orbicularis oculi activity may
differentiate this condition from the typical forms of intrafacial
synkinesis. Wide jaw opening causes synkinetic contraction of
the orbicularis oculi and lid closure, possibly triggered by
stretching of the facial muscles.?**

DISORDERS AT THE NEUROMUSCULAR
JUNCTION

Myasthenia Gravis in Infancy

Myasthenia gravis in the infant takes one of three clinical forms.

TRANSIENT NEONATAL MYASTHENIA

Transient neonatal myasthenia is seen in approximately one of
seven infants born to mothers with myasthenia gravis. All these
babies develop a weak cry and difficulty sucking in the first
several days of life, and about half become generally hypotonic.
This condition, caused by antiacetylcholine receptor antibody
(anti-AChR antibody) received by the baby from the mother’s cir-
culation,”* responds promptly to anticholinesterase agents but
will resolve in 1 to 12 weeks if untreated.>**** There is no relapse
or long-term sequela.

FAMILIAL INFANTILE MYASTHENIA GRAVIS

Familial infantile myasthenia is rare, appears in children of
mothers without myasthenia gravis, and presents in early
infancy with ptosis, poor suck and cry, and secondary respira-
tory infections. Episodic crises of severe respiratory depression
and apnea are precipitated by fever, excitement, or vomit-
ing. 51180406 Qther features include hypotonia, proximal muscle
weakness, and easy fatigability, but the extraocular muscles
are usually not involved. Inheritance of familial infantile
myasthenia gravis has been reported to be autosomal recessive
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with localization to the telomeric region of chromosome 17,
on 17p13.”° A candidate gene under study for this disease in the
17p region is synaptobrevin-2, a synaptic vesicle protein; this
protein probably participates in neurotransmitter release at a
step between docking and fusion.?”! This disorder responds to
anticholinesterase medications and tends to ameliorate with
age.

CONGENITAL MYASTHENIC SYNDROMES

A third type of myasthenia seen in infants is the group of con-
genital myasthenic syndromes, a heterogeneous group of disor-
ders that may affect presynaptic or postsynaptic mechanisms.
Various acetylcholine receptor subunit defects as well as genetic
defects in endplate acetylcholinesterase have been related to dif-
ferent congenital myasthenic syndromes.'*

The frequency of congenital myasthenic syndromes varies
from 8% to 21% in reported series of childhood myasthenia
gravis, reportedly higher where consanguineous marriages are
frequent.'®3* In the fetal period, decreased fetal movements have
been reported, resulting in arthrogryposis multiplex congenital,
congenital flexures, and contractures of multiple joints.*®
Affected patients are born to mothers without myasthenia and
may demonstrate ptosis and ophthalmoparesis during infancy.
Severe generalized weakness may also present in the postnatal
period with frequent apneic episodes, recurrent aspiration,
failure to thrive, and poor sucking. Other patients may present
during the first or second year of life with ocular signs and only
mild systemic signs. Although ptosis was reported to be present
in all of seven patients in one series,* it was generally mild and
not incapacitating.

These disorders persist throughout life and can be distin-
guished from acquired myasthenia gravis and from each other
by combining clinical, electrophysiological, ultrastructural, and
cytochemical investigations.'* !4 Tensilon testing can be posi-
tive, and a patient may respond to a trial of pyridostigmine. Pres-
ence of anti-AChR antibody excludes this disease.**® Inheritance
in one type termed slow-channel congenital myasthenia gravis
has been attributed to mutations in the AChR subunit genes,
and depending on which subunit is mutated, the disease is trans-
mitted in an autosomal dominant or autosomal recessive
fashion. Treatment in congenital myasthenic syndrome patients
is generally supportive, and the use of acetylcholinesterase
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inhibitors is disease specific. Surgery for stable strabimsus in a
child can yield a stable long-term result.’*

Autoimmune Myasthenia Gravis

INCIDENCE

Acquired myasthenia gravis affects overall about 1 in 20,000 per
year to 0.4 in 1,000,000 per year.’" Girls are affected two to six
times as frequently as boys, and the incidence of the condition
increases progressively through childhood until the end of the
second decade of life. Afer the age of 50 years, males predominate;
the mean age of onset in women is 28 years and in men 42 years.*"’
Among the various childhood forms of myasthenia gravis, a
recent series identified 25 (71%) of 35 children as having the
autoimmune disease.>*

ETIOLOGY

Acquired myasthenia gravis is an autoimmune disorder. The
myasthenic patient has fewer available skeletal muscle acetyl-
choline receptors because of antibodies produced against these
receptors'® and also because of complement activation.'® Neu-
romuscular transmission is thereby poised to fail. Normally,
with repetitive stimulation of a motor nerve, the amount of
acetylcholine released from that nerve diminishes. In the deli-
cately balanced myasthenic, this decrease in neurotransmitter
may well lead to a failure of muscular response. In this context,
it is easy to understand why muscle fatigue is the clinical hall-
mark of myasthenia gravis and why the constant activity of the
extraocular muscles, among other activities,>***** particularly pre-
disposes them to demonstrate fatigue. The exact reasons for
predilection for the extraocular muscles are under study, one
explanation potentially lying in the differential expression of
acetylcholine receptor subunits in extraocular versus skeletal
muSCle.47’2M’3m

A number of medications are known to produce myasthe-
nia gravis in normal individuals or to exacerbate already exist-
ing disease. The list includes D-penicillamine, antibiotics,
anticonvulsants, intravenous contrast dye, anticholinesterase
agents, neuromuscular blocking agents, antiarrhythmic drugs,
phenothiazines, beta-blockers, and quinine. For example, myas-
thenia produced by D-penicillamine is indistinguishable from
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primary acquired myasthenia clinically, immunologically, and
electrophysiologically.”"

CLINICAL FEATURES

Several general clinical observations may be made concerning
myasthenia gravis. Muscle weakness is not accompanied by
other neurological signs; muscle function, which may fluctuate
even within the course of an office visit, is improved by cholin-
ergic medications; and extraocular, facial, and oropharyngeal
muscles are most commonly involved. Beyond this, there are
numerous variations of presentation, and no single sign is solely
reliable.

NATURAL HISTORY

Of patients who present initially with purely ocular symptoms
and signs, 50% to 80% subsequently develop generalized myas-
thenia within about 2 years.®"” In a large study of 1487 patients
with myasthenia, 53 % presented with ocular symptoms.'$351 Of
the entire group of myasthenic patients in this study, 15% con-
tinued to demonstrate purely ocular manifestations (with
follow-up to 45 years; mean, 17 years). Of the 40% of patients
in this study with strictly ocular involvement during the first
month after onset of symptoms, 66% developed generalized
disease. Of these who subsequently developed generalized
disease, 78% did so within 1 year, and 94% within 3 years after
onset of symptoms and signs.

In a series of 24 children in Toronto with acquired autoim-
mune myasthenia (age, 11 months to 16 years; median age, 4.7
years), 14 (58%) patients initially had ocular involvement only
(median follow-up time, 2.6 years). Of these 14, 5 (36%) pro-
gressed to generalized myasthenia gravis in a mean time of 7.8
months (range, 1-23 months). Patients with ocular myasthenia
presented at an average of 6.8 years; those with systemic disease
presented on average at 7.1 years.?*

CLINICAL ASSESSMENT

Variable diplopia or ptosis most often prompt an ophthalmologic
evaluation. Patients with these symptoms are evaluated for
signs and symptoms of generalized myasthenia such as facial
weakness, dysphonia, arm or leg weakness, chewing weakness,
and respiratory difficulties. In “ocular myasthenia,” however,
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the findings are restricted to the levator and extraocular
muscles. Because there is no stereotypical myasthenic eye
movement, this diagnosis should be considered in any child with
an unexplained, acquired ocular motility disturbance and clini-
cally normal pupils, particularly when the deviation is variable,
whether or not ptosis is present. Any pattern of abnormal motil-
ity is suspect, including an apparent gaze palsy, internuclear
ophthalmoplegia,'*” isolated cranial nerve palsy,**® one and one-
half syndrome,''%**® incomitant strabismus, accommodative and
vergence insufficiency,'”! and gaze-evoked nystagmus.*****® Pro-
longed OKN may demonstrate slowing of the quick phases; large
saccades may be hypometric; small saccades may be hypermet-
ric; and characteristic “quiver movements,” which consist of an
initial small saccadic movement followed by a rapid drift back-
ward, may be seen.*¢?%

In addition to the eye movements, lid function is assessed.
Ptosis can be elicited or accentuated by fatiguing the levator
palpebrae superioris with prolonged upgaze or repeated lid
closure. Because Hering’s law of equal innervation applies to the
levator muscles as it does to the extraocular muscles, the con-
tralateral lid may be retracted but falls to a normal position
when the ptotic lid is lifted with a finger. Through the same
mechanism, in bilateral ptosis, manual elevation of one lid
increases the amount of ptosis on the other side by diminishing
the amount of innervation necessary to fixate. Cogan’s lid
twitch sign can be elicited in some myasthenic patients by
having the patient look down for 20s and then making an
upward saccade to the primary position; the lid twitches upward
one or more times and then slowly drops to its ptotic position.
Finally, the orbicularis oculi muscles are often weak, and the
patient may not be able to sustain lid closure.

Examination of the patient before and after the administra-
tion of anticholinesterase agents is, arguably, of more limited
use in children than in adults. This method may be most helpful
in children whose history and physical examination do not
permit a clear diagnosis yet who have such significant deficits
in lid elevation or ocular motility that a response is easily
observed. A positive test consists of the direct observation of a
weak muscle becoming stronger after the administration of
intravenous edrophonium hydrochloride (Tensilon) or intra-
muscular neostigmine methylsulfate (Prostigmin). The initial
dose is 2mg, given up to 10mg total. The onset of action for
Tensilon is 305, lasting up to 5min. This drug is contraindicated
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in patients who are elderly or have heart disease, and other
workup should be performed before considering the Tensilon
test. Intramuscular Prostigmin is longer acting than Tensilon
and allows more time for measurement of changes, but its
absorption rate and hence onset of action are quite variable; its
onset of action is generally between 15 to 20min and the peak
response occurs about 30 to 40 min after administration. In chil-
dren the dose is 0.02mg/kg, always with a total of less than
1.5mg; and in adults the dose is 1.5mg, with atropine 0.6myg,
coadministered.””” Choice of drug can be individualized accord-
ing to the endpoints that are being assessed and to the ability of
the child to cooperate.

To make a decisive observation, it is important, both before
and after giving these drugs, to quantitate as accurately as pos-
sible the function of the affected muscle(s) through measure-
ment of pertinent indicators such as lid height in primary
position, levator function, saccadic velocities, ocular movement,
ocular alignment, and orbicularis strength. After administering
Tensilon, the examiner observes for tearing and lid fascicula-
tions as evidence of cholinergic effect, and draws no conclusion
if a paradoxic decrease in muscle function occurs, because this
may happen in the presence or absence of myasthenia. Positive
responses after either drug are fairly reliable evidence for myas-
thenia but can, on rare occasions, occur in nonmyasthenic
patients. False-negative responses, however, are common and
therefore do not exclude myasthenia gravis.

Alternatively, a rest test may be used by allowing the patient
to rest with eyes closed for a period of 10 to 15min.*” An “ice
test” has also been reported to improve ptosis'’**%4** and motil-
ity'® after applying an ice pack to the eyes for 2 to 5min.
However, subsequent report of four patients®” revealed no dif-
ference among an ice test, a heat test, or a rest test, so long as
the rest period was at least 10 to 15 min.

Further diagnostic testing may include anti-AChR antibody
titer and electromyography. EMG is particularly useful in gen-
eralized myasthenia but is difficult to perform in a frightened,
uncooperative child. The electromyographer looks for a char-
acteristic decrement in the muscle action potentials with
repetitive supramaximal nerve stimulation and for the “jitter
phenomenon” on single muscle fiber studies, difficult responses
to elicit and observe even in a cooperative patient. Anti-AChR
antibody is most helpful in generalized myasthenia as it is
reportedly present in 80% to 90% of those patients but only 50%
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or fewer of ocular myasthenics.'**%" According to other
reports, specifically on juvenile myasthenia gravis patients, the
frequency of postive AChR antibody was between 56% and
63%.4,15,19

SYSTEMIC ASSOCIATIONS

Associated immune disorders to be considered in children
include rheumatoid arthritis, juvenile-onset diabetes mellitus,
asthma, and thyroid disease; neoplasia (breast cancer, uterine
cancer, carcinoma of the colon, pinealoma) is also seen.*®
Thymoma rarely occurs in children although it is recognized to
accompany 10% of myasthenia gravis.

INHERITANCE

Inheritance is usually sporadic. Approximately 1% to 4% of
cases are familial without a clear Mendelian pattern. This famil-
ial predisposition may be due to predilection for autoimmunity
in general.

TREATMENT

Once the ophthalmologist diagnoses or strongly suspects myas-
thenia, a neurologist generally directs further testing and treat-
ment. The ophthalmologist’s role remains important, however. In
addition to monitoring the motility and lid dysfunction and pro-
viding symptomatic relief for these disorders, the ophthalmolo-
gist should be alert to the possibility of amblyopia. If not promptly
detected and attended to, amblyopia can be extremely difficult to
treat, particularly when there is sufficient ptosis to necessitate
taping or a ptosis crutch for the lid during occlusion of the sound
eye.

Current therapy aims to increase the amount of acetyl-
choline available through the use of anticholinesterase agents
or to diminish the autoimmune reaction with corticosteroids,
other immunosuppressive agents, such as azathioprine,
cyclosporin A, and mycophenolate mofetil,**'** plasmapheresis,
or thymectomy. Supervision of these treatments is clearly in the
bailiwick of the neurologist. It is worth noting that anti-
cholinesterase agents are not as effective in ameliorating ocular
motility as they are for other manifestations of myasthenia'¥’
nor are they as effective as steroids*® or other treatments
directed against the autoimmune response.**' However, because
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of the risks and complications, the use of steroids, immuno-
suppressives, plasmapheresis, and thymectomy in pure ocular
myasthenia gravis remains controversial.®**%*! In a recent pilot
study, cyclosporin A was found to be effective in a series of
eight patients, resulting in complete remission in seven of the
eight, with a mean follow-up of 14 months; the eighth patient
was noncompliant.®

Strabismus surgery has been performed on patients with
stable deviations of at least 5 months, using conventional
strabismus surgical techniques.'”®*® The presence of systemic
disease is an important consideration in deciding on the method
of anesthesia, although general anesthesia is not an absolute
contraindication when the disease is clinically controlled.

PROGNOSIS

The prognosis for survival, improvement, and remission in a
child with myasthenia gravis is better than that in an adult,
according to most studies.??”#%4 Rodriquez and coworkers*®
studied 149 children who were less than 17 years old at the onset
of autoimmune myasthenia gravis and had a median follow-up
of 17 years with minimum follow-up of 4 years. An estimated
80% of these patients were alive at age 40, about 90% of the
survival expected in the general population. Improvement or
remission was seen in 79% of the 85 patients who underwent
thymectomy and 62% of the remaining 64 patients. In the
smaller Toronto series, children required an average of 2 years
on medication before entering remission.**® Complete remission
in adults has been reported as 40% to 70%, generally achieved
after 1 to 3 years of treatment.’"’

In 9% of children in the Rodriquez series, the disease
remained strictly ocular; this is comparable to the 14% found
in a large adult series observed over a similar interval.'®® In
the Toronto series, 38% of the 24 children remained strictly
ocular, although the mean follow-up period was 3.5 years.**
Children with ocular myasthenia gravis may also show
prolonged remissions and respond well to steroid therapy on
relapse. 12437

The result of strabismus surgery for myasthenia gravis has
reportedly been favorable in two studies, after a follow-up of
4 months to 14 years (median, 12 months).'"**® In these two
studies combined, 2 of 10 patients required reoperations, and 1
of the 10 required prisms postoperatively.
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Botulism

Numerous pharmacological agents and toxins may interfere
with transmission at the neuromuscular junction. The neuro-
toxin produced by the bacterium Clostridium botulinum irre-
versibly impedes the intracellular mechanisms responsible
for the release of acetylcholine from the presynaptic nerve
terminals.**®

ETIOLOGY

The different neurotoxins produced in botulism exhibit differ-
ent clinical characteristics. Type E botulism is usually associ-
ated with eating seafood; pupillary abnormalities and ptosis may
be seen as early signs. Gastrointestinal symptoms are more
prevalent in type E and type B. The most severe form is type A,
which carries the highest risk for ventilatory support and the
highest mortality.

CLINICAL FEATURES

Children may develop botulism from ingestion of contaminated
food, wound infection, or intestinal infection in infants. In-
fants usually come to attention because of lethargy, weakness,
feeding difficulty, a feeble cry, and constipation.”*® Older chil-
dren report nausea, vomiting, blurred vision, dysphagia, and
pooling of secretions in the mouth, followed by generalized
weakness and diplopia. In both groups, ophthalmologic findings
are common and may include any type or degree of external
ophthalmoplegia, dilated pupils that react poorly to light, and
ptosis.*®

In one outbreak of 27 patients in the U.K., the complaints
were of blurred vision in 78 %, drooping lids in 56%, and double
vision in 30%. In this report, 11 of 14 (79%) of reviewed records
revealed sixth nerve palsy and 13 of 14 (93%) revealed accom-
modative paresis, both of which were early ophthalmic signs.
The severity of ophthalmoparesis was a good indicator of the
overall severity and progression of disease. When there was ven-
tilatory failure, it occurred 12 h after third cranial nerve palsy.*’

In another report, it was noted that sixth cranial nerve palsy
may be the initial neurological manifestation of type B botu-
lism.*® In 8 of 11 (73%] of their patients diagnosed with third
nerve palsy, respiratory insufficiency eventually ensued.
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Quivering eye movements on attempted saccades have also
been observed and analyzed on eye movement recordings, con-
sisting of hypometric saccades with subnormal and stuttering
velocities.?®

CLINICAL ASSESSMENT

Because botulism may be difficult to distinguish clinically from
Guillain-Barre syndrome,*! pupillary findings, which are rare
in Guillain-Barre, become particularly important. Botulism
may also be mistaken for myasthenia gravis (again, the pupils
are helpful; a Tensilon test may be falsely positive in mild forms
of botulism*’), sudden infant death syndrome, and hypothy-
roidism in infants. In infants, EMG is the primary means of
diagnosis.?*!

TREATMENT

Treatment is essentially supportive. Antitoxin has been shown
only to shorten the duration of illness in type E botulism, but
is considered in patients with botulism as soon as the diagnosis
is suspected as it can only act before the toxin is irreversibly
bound to its receptor. Adverse reactions to the antitoxin have
been reported in up to 20% of patients. Guanidine, a drug that
enhances release of acetylcholine from the presynaptic nerve ter-
minal, has only a slight effect on limb and ocular muscles and
no effect on respiratory muscles.*’

PROGNOSIS

Recovery does not occur until new neuromuscular junctions
are established, a process that may take weeks to months.
The mortality from this condition in the United States has
been reported as 7.5%; this figure is higher in developing
countries.*’

DISORDERS OF THE EXTRAOCULAR
MUSCLES

Abnormal extraocular muscles may limit eye movements
through decreased function or through restriction. The pattern
of limitation may simulate neural and neuromuscular disorders
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FIGURE 5-13. Fibrosis of the extraocular muscles. Severe ptosis (right
photo) and eyes fixed in depression with minimal to no movement typical
of severe fibrosis of the extraocular muscles.

so closely that force ductions, special imaging (echography, CT,
MRI), or even surgical exploration may be necessary for
differentiation.

These disorders may be either congenital or acquired. Con-
genital anomalies of the extraocular muscles include agenesis,
duplication, abnormal origins and insertions, fascial anomalies,
and fibrous bands 750059850952 Congenital absence of one or
more extraocular muscles limits movement of the globe in the
direction of action of the missing muscle(s) and may mimic a
nerve palsy. Indeed, in one series of presumed congenital supe-
rior oblique palsies for which a superior oblique tuck was
deemed necessary and attempted, 18% of the patients were
found to have congenital absence of the superior oblique.*”" Age-
nesis and other forms of maldevelopment of the extraocular
muscles have long been recognized and associated with cranio-
facial anomalies.'>**%

At times, certain extraocular muscles mechanically restrict
eye movements from birth, for example, in the congenital fibro-
sis syndrome (Fig. 5-13) or congenital Brown’s syndrome.
Acquired disorders such as trauma, dysthyroid myopathy,
acquired Brown’s syndrome, and orbital myositis may all cause
weakness or restriction of extraocular muscles. Although inves-
tigation of these disorders requires careful attention to the
history and systemic health of the child as well as local ocular
and orbital signs, such advertence is frequently rewarded.
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DISORDERS OF NERVE AND MUSCLE

Kearns-Sayre Syndrome
(Chronic Progressive Ophthalmoplagia)

CLINICAL FEATURES AND NATURAL HISTORY

Ptosis and chronic progressive limitation of eye movements,
usually without diplopia, are features of a variety of disorders.
Among these, Kearns-Sayre syndrome (KSS) is singularly apt to
come to attention in childhood, most often because of ocular
signs. The triad of external ophthalmoplegia, heart block, and
retinal pigmentary degeneration identified in the original
description of KSS*® remains the cornerstone of diagnosis,
although a multitude of associated signs have since been recog-
nized (Table 5-8).

The eye movements in KSS show gradually progressive lim-
itation, which is usually symmetrical and affects all directions
of gaze. Bell’s phenomenon and eye movement responses to
caloric stimulation or head rotation are also slowly lost. Anti-
cholinesterase agents do not improve the range of eye move-
ments. Pupils remain normal. The lids are typically ptotic and
often close weakly because of involvement of the orbicularis

TABLE 5-8. Manifestations of Kearns-Sayre Syndrome.

System Findings

Cardinal features  Chronic progressive external ophthalmoplegia; degenerative
pigmentary retinopathy; cardiac conduction defects/sudden
death; no family history

Musculoskeletal Short stature; “ragged-red” fibers by light microscopy of
muscle tissue; skeletal and dental anomalies

Neurological Elevated CSF protein; deafness; vestibular dysfunction;
cerebellar ataxia; “descending” myopathy of face and
limbs; mild corticospinal tract signs; subnormal
intelligence; demyelinating polyradiculopathy; slowed
electroencephalogram; decreased ventilatory drive/sudden
death; spongiform degeneration of cerebrum and brainstem

Endocrine Diabetes mellitus; hypogonadism; hypoparathyroidism;
growth hormone deficiency; adrenal dysfunction;
hyperglycemic acidotic coma/death; elevated serum lactate
and pyruvate

Other Corneal edema; nephropathy

Source: Modified from Glaser JS, Bachynski BN. Infranuclear disorders of eye movement. In: Glaser ]S
(ed) Neuro-ophthalmology, 2nd edn. Philadelphia: Lippincott, 1990:402, with permission.'®
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oculi. Indeed, generalized facial weakness is frequent and con-
tributes to a typical facial appearance.

Affected fundi demonstrate a diffuse pigmentary retinopa-
thy that characteristically involves the posterior pole as well
as the periphery and generally consists of a “salt-and-pepper”
pattern of pigment clumping. Commonly both rod and cone
function are reduced on electroretinography,®! and although it
has been noted that only 40% of patients have decreased visual
acuity or night blindness,** photoreceptor function can dimin-
ish insidiously with time.

SYSTEMIC ASSOCIATIONS

Cardiac conduction defects, a cardinal feature of KSS, can be her-
alded by an interval of enhanced conduction at the A-V node and
may lead to death at any time.***** Other systemic associations
include small stature, ataxia, deafness, raised cerebrospinal fluid
protein, diabetes, and hypoparathyroidism (see Table 5-8).

CLINICAL ASSESSMENT

On any patient suspected of KSS, an electrocardiogram is per-
formed. Abnormal blood lactate and pyruvate levels may be
found. On skeletal muscle biopsy, “ragged-red fibers” and abnor-
mal mitochondria are expected. In diagnosing patients suspected
of KSS but with an incomplete constellation of findings, analy-
sis of muscle mtDNA to look for mitochondrial deletions may
be more critical than mitochondrial morphological examination
(see following).'”® The brain MRI of patients with KSS may show
normal or atrophied brain, but the characteristic finding is a
combination of high-signal foci in subcortical cerebral white
matter, brainstem, globus pallidus, or thalamus.**

ETIOLOGY

A protracted and shifting debate over the etiology and nosology
of KSS has continued for decades. Early on, chronic progressive
external ophthalmoplegia (CPEO) was considered to be an iso-
lated myopathy of the extraocular muscles, with occasional
weakness of the extremities.”®® However, many subsequent
reports described CPEO in conjunction with multisystem
disease, with KSS itself serving as a good example. When spongi-
form degeneration of the brainstem and cerebrum, which is
observed on neuropathological examination of patients with
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KSS, was highlighted,'"* the neural structures governing eye
movements became suspect. Next, myopathological findings
pointed investigators in yet a different direction. In CPEO, light
microscopy of muscle preparations processed with the modified
Gomori trichrome stain frequently demonstrates “ragged-red”
muscle fibers among normal extraocular muscle fibers, orbicu-
laris oculi fibers, and, at times, other skeletal muscle fibers.
With electron microscopy, these ragged-red fibers as well as
other muscle fibers demonstrate markedly abnormal mitochon-
dria. In KSS, such abnormal mitochondria were detected in a
variety of other tissues as well, including sweat glands,** liver
cells,'* and cerebellar neurons.”*® Experimental infusion of a
chemical that uncouples oxidative phosphorylation produced
reversible ragged-red fibers.*'® This morphological evidence com-
bined with biochemical abnormalities indicating mitochondrial
dysfunction led to speculation about the role of mitochondrial
DNA (mtDNA) in the pathogenesis of these disorders.

INHERITANCE

The majority of KSS and CPEO cases are sporadic. In one
review, only a single family demonstrated more than one
person manifesting the entire KSS.** When small pedigrees
with multiple individuals exhibiting CPEO have been
reported, transmission has generally been maternal and com-
patible with mitochondrial inheritance,'******3¢ but paternal
transmission of CPEO has also been observed, suggesting a
defective autosomal nuclear gene in some cases,'3140467

New techniques in molecular biology have triggered an
explosion of studies of mtDNA in patients with KSS and
CPEO."7#%4 A significant proportion of these patients show
large-scale heteroplasmic deletions in mtDNA, and these dele-
tions play a pivotal role in the pathogenesis of these disorders.
Heteroplasmy denotes the presence of several different mtDNA
in a cell, some of which may be pathogenic. KSS and CPEO
patients have heteroplasmy in different proportions depending
on the tissue studied®; large-scale deletions of mtDNA have
been observed in muscle of 80% of KSS patients and 70% of
those with CPEO.!”® Based on these observations, it has been
suggested that CPEO and KSS are different severities along the
same clinical spectrum.'®"!78

Another finding that may explain the overlap between the
clinical presentations of KSS and CPEO is that patients with



168 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

these two diseases have identical mtDNA deletions, but in KSS
they are localized to the muscle and neural tissues, whereas in
CPEO they are localized to muscle. Another disease called
Pearson syndrome also has the identical deletions as in KSS and
CPEO but is localized to the blood. In fact, patients with Pearson
syndrome may develop KSS later in life.

On the other hand, mtDNA duplications have been
observed in KSS but not in CPEO patients,'’® a difference that
lends support to the idea that these are two distinct clinical enti-
ties, as suggested earlier.>*

The severity of disease in patients with mitochondrial dele-
tions apparently depends on a variety of factors: (1) the degree
of heteroplasmy, or the distribution of normal and mutant
mitochondria; (2) the nature of the mitochondrial mutation; (3)
reduction in absolute amounts of normal mtDNA; and (4) a
homoplasmic mutation that leads to a large deletion.'”®

TREATMENT AND PROGNOSIS

The prognosis for patients with KSS is fair, and treatment is
largely symptomatic. Patients can frequently be managed with
a cardiac pacemaker*®> to obviate conducting fibers that, on
pathological study, are fibrotic and infiltrated by fat.'*®!%
Despite cardiac pacing, patients may die suddenly of inadequate
brainstem ventilatory response to hypoxia.®>'%*

Abrupt and fatal endocrine dysfunction may also be trig-
gered by steroids,® and there can be hypersensitivity to agents
used during induction of general anesthesia.”®® For many pedi-
atric patients, however, it is the relentless progression of neu-
rological deficits, especially weakness and ataxia, rather than the
possibility of sudden demise, that proves to be particularly
trying.

Preliminary reports suggest that administration of coen-
zyme QI0, a quinone found in the mitochondrial oxidative
system (with reported doses of 60-120mg daily for 3 months in
one patient,*” 50mg 3 times a day for 3 months in two others®”®),
may improve A-V block as well as normalize serum pyruvate
and lactate levels*®; improve neurological function without an
effect on the ophthalmoplegia or the electrocardiogram’®; and
increase respiratory vital capacity when used with succinate.**>

Surgery is generally not recommended for either ptosis or
strabismus in these patients as it is a progressive disease. Surgi-
cal correction of ptosis would involve a high risk of exposure
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keratopathy, especially because the eye will lose its Bell’s phe-
nomenon during the course of the disease and corneal wetting
would not occur. Diplopia from strabismus may be treated with
prisms and, as a last resort, monocular occlusion.

Myotonic Dystrophy

Myotonic dystrophy, also known as dystrophia myotonica or
Steinert’s disease, is an autosomal dominant multisystem dis-
order with variable phenotype. Early investigators focused on
muscle as the primary site of involvement; subsequent studies
revealed that the nervous system®! as well as a variety of other
tissues are affected in addition to the muscles. At least two main
types of myotonic dystrophy exist, termed DM1 and DM2. Two
other described forms, called proximal myotonic myopathy
(PROMM) and proximal myotonic dystrophy (PDM), are closely
linked to the DM2 locus and may be caused by the same genetic
defect with different phenotypic expression.

INCIDENCE

Myotonic dystrophy is considered as one of the most frequent
“dystrophies” in adulthood, with a prevalence of approximately
5 in 100,000 in white European populations.*’!

ETIOLOGY

The fascinating pathogenesis of DM1 has been described as a
result of various mechanisms.*"” The most important factor is
the expanded trinucleotide cytosine-thymidine-guanine (CTG)
repeats in the 3’-untranslated region of the disease gene, dys-
trophia myotonica protein kinase (DMPK) gene, which leads to
decreased DMPK messenger RNA (mRNA) expression and
protein levels. However, DMPK knockout mice showed only
mild muscle weakness and abnormal cardiac conduction. On
further investigation, it was found that the expanded trinu-
cleotide repeat in the mRINA is toxic to the muscle, because
when transgenic mice were developed that express human skele-
tal actin—unrelated to the DMPK gene—with expanded CTG
repeats in the 3'-untranslated region, the mice developed
myotonia and myopathy.**

A significant correlation exists between age of onset and
number of CTG repeats and a general correlation between the
degree of CTG expansion and the severity of disease manifesta-
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tions. Mildly affected patients have 50 to 150 repeats, classic
DMI patients have 100 to 1000, and congenital cases may have
more than 2000.3"

The exact pathological mechanism remains unclear, but a
theory unifying the protean manifestations of the disease has
been proposed, namely that the fundamental defect is a gener-
alized abnormality of cell membranes.*'® Recent evidence sup-
ports the hypothesis that DMPK deficiency is associated with
sodium channel abnormality in DM.**¢

CLINICAL FEATURES AND NATURAL HISTORY

Unlike KSS, ocular motility abnormalities in myotonic dystro-
phy are commonly subclinical and have been observed for the
most part in adults. A number of authors have described pro-
gressive limitation of voluntary eye movements as well as
markedly decreased maximum saccadic velocity and reduced
smooth pursuit gain, but it is not clear whether these eye move-
ment disorders result from a neurological or myopathic defect
or both 14123143290,364449,484503 Clinjcal myotonia, that is, delayed
muscular relaxation, most strikingly affects the limb muscles
(e.g., persistent grip), but may on occasion involve the extraoc-
ular muscles'*; immediately after sustaining gaze in a certain
direction, the patient cannot promptly move the eyes in the
opposite direction. Bell’s phenomenon is particularly useful to
elicit sustained upgaze in an infant or uncooperative child.

Although the manifestations of myotonic dystrophy usually
become apparent in adolescents or young adults, detailed ques-
tioning often documents symptoms during the first decade of
life, and the disease can, at times, affect infants and young chil-
dren distinctly."” For the ophthalmologist, a characteristic facial
appearance (facial diplegia, triangular-shaped mouth, and slack
jaw) and weak orbicularis function typically without ptosis sug-
gests the possibility of myotonic dystrophy in a young child.
Bilateral facial weakness is the most characteristic feature of
early-onset myotonic dystrophy and is frequently misdiagnosed
as Mobius syndrome (see following section). With increasing
age, the more familiar facial appearance of myotonic dystrophy
(narrow, expressionless, “hatchet” face with hollowing of cheeks
and temples) evolves because wasting of the facial muscles
occurs, and ptosis becomes far more common.

PROMM, PDM, and DM2 are also autosomal dominant
myotonic dystrophy without the CTG repeat expansion at the
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DM1 locus. PROMM and PDM predominantly involve proximal
muscles, and DM2 involves distal muscles. All three have been
linked to chromosome 3q21.3 and may be various phenotypes
of the same disease. These patients also develop posterior sub-
capsular cataracts with onset before 50 years of age. They do not
exhibit ophthalmoplegia, however.?*

CLINICAL ASSESSMENT

Bilateral iridescent and posterior cortical lens opacities are
useful for establishing a clinical diagnosis?’; they may be iden-
tified in young children but are often not seen until the teenage
years. Clear electroretinographic abnormalities with normal-
appearing fundi may be observed early on,*” and a subgroup of
patients demonstrate visual loss and observable pigmentary
retinopathy later in the course of the disease. Additional oph-
thalmic signs are listed in Table 5-9.%” A negative family history
does not exclude the diagnosis because a parent with myotonic
dystrophy may be affected so mildly as to be unaware of it.’*
Careful evaluation of the parents can therefore prove helpful.
Beside the slit lamp examination for cataracts, other primary
diagnostic tests include DNA testing for an enlarged CTG
repeat, examination for muscle and nonmuscle manifestations,
and EMG for subclinical myotonia. Secondary tests include
serum creatinine kinase, which is often mildly elevated in

TABLE 5-9. Ophthalmic Manifestations of Myotonic Dystrophy.

Structure Findings

Eyelids Ptosis; myotonic lag (due to delayed relaxation of levator);
orbicularis weakness; myotonic closure (due to delayed
relaxation of orbicularis)

Motility Slow saccades with full ductions and versions; myotonia induced
by Bell’s reflex, convergence, or eccentric gaze; partial to
complete ophthalmoplegia (usually symmetrical)

Globe Cataracts (subcapsular polychromatophilic opacities; posterior
cortical spokes; posterior subcapsular plaques; mature
cataracts); short depigmented ciliary processes; hypotony; iris
neovascular tufts (resulting in spontaneous hyphema); keratitis
sicca; macular and peripheral retinal pigmentary degeneration;
miotic, sluggishly reacting pupils

Miscellaneous Decreased ERG responses; elevated dark-adaptation thresholds;
generalized constriction of visual fields

Source: From Ref. 37, with permission.
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diseased individuals, and muscle biopsy, which frequently shows
an increase in central nuclei, fiber atrophy, and ringed fibers.

INHERITANCE

The interesting feature of this disease is that when it is passed
on from one generation to the next in autosomal dominant
fashion, the severity of disease increases. The phenomenon of
progressive earlier onset and greater severity of disease is termed
anticipation; this is particularly true for cases of female trans-
mission, which can lead to the congenital cases of the disease.
Increased severity in the subsequent generations is associated
with increased expansion of the CTG repeats.’®

DM1 gene has been mapped to chromosome 19q13.3. DM2,
PROMM, and PDM have all been linked to chromosome 3q21.3,
but the gene defect(s) has not yet been identified.’*

SYSTEMIC ASSOCIATIONS

In addition to facial diplegia, infants frequently demonstrate
hypotonia, delayed motor and intellectual development, feeding
difficulties, neonatal respiratory distress, and talipes.'> In
adults, diabetes, pituitary dysfunction, widespread involvement
of the smooth muscle of the gastrointestinal tract, premature
balding, and gonadal atrophy may all be seen.

TREATMENT AND PROGNOSIS

Comprehensive medical care of patients with myotonic dystro-
phy is essential. Prompt intervention may become necessary at
any time because of associated, potentially life-threatening,
cardiac conduction defects. Periodic EKGs are obtained to detect
heart block, which may require a pacemaker. Drugs such as pro-
cainamide, quinine, and propranolol are avoided in patients with
cardiac involvement. Endocrinological management is neces-
sary for those patients who also have diabetes or pituitary
dysfunction.

Prostheses may be used for foot and hand weakness. Myoto-
nia may be moderately reduced with mexiletine and tocainide,
which have been found to be more effective than phenytoin and
dysopyramide.

Any strabismus surgery for myotonic dystrophy patients is
approached with caution because of the potential for friable and
atrophic extraocular muscles.’® Also any ptosis surgery risks
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corneal exposure due to lack of Bell’s phenomenon in the setting
of ophthalmoplegia.

Life expectancy is reduced particularly in the case of early
onset disease and proximal muscle involvement. The high mor-
tality rate is due to an increase in deaths from respiratory dis-
eases, cardiovascular diseases, and neoplasms, as well as sudden
deaths from cardiac arrhythmias.®*

Mobius Syndrome

Mobius®**? designated congenital, bilateral sixth and seventh
nerve palsies as central features of what has come to be known
as Mobius’ syndrome, but subsequent clinical and pathological
observations reveal greater complexity. It has become clear that
the eponym has been applied to a heterogeneous group of con-
genital neuromuscular disorders that produce facial weakness in
some combination with a variety of other findings (Table 5-10).
It has been suggested that the term sequence is more appropri-
ate because a sequence defines a cascade of secondary events
after an embryonic insult from heterogeneous causes.*”

Clinical Features and Systemic Associations

Typically, a short time after birth, an affected infant demon-
strates difficulty feeding because of poor sucking and little, if

TABLE 5-10. Manifestations of Mébius Syndrome.
System Findings

Cardinal features Partial or complete facial paralysis, usually bilateral (may be
unilateral %32

Ocular motor Straight eyes, esotropia, or exotropia with no horizontal
movements and preserved vertical movements®**?74!, total
ophthalmoplegia®****46%, cocontraction of horizontal recti®

Neurological Unilateral or bilateral palsy of cranial nerves V, VIII, IX, X, or
XHAZ,475; autismSZS

Orofacial Abnormal tongue; bifid uvula; cleft lip/palate; micrognathia,

microstomia; external ear defects®***

Musculoskeletal  Syndactyly; brachydactyly; absent or supranumerary digits;
arthrogryposis multiplex congenital; talipes; absence of
hands or feet??#32540%4¢1

Miscellaneous Mental retardation®; congenital heart defects; absent sternal
head of the pectoralis major (second major component of
the Poland anomaly)***3%; rib defects; Klippel-Feil anomaly;
neuroradiologic cerebellar hypoplasia®'*’; hypogonadotropic
hypogonadism with or without anosmia*****
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any, facial expression, as a result of the involvement of cranial
nerves IX and XII in addition to VII. Generally, horizontal eye
movements are clearly abnormal, and vertical eye movements
are preserved. If convergence is intact and used for cross-
fixation, the ocular motility pattern may resemble that pro-
duced by bilateral sixth nerve palsies. On occasion, vertical eye
movements may also be affected or total ophthalmoplegia
may occur. Crocodile tears, micrognathia, dental anomalies,
cleft palate, facial asymmetry, limb malformations, Poland’s
syndrome, epilepsy, mental retardation, and autism may be
present.??®

Etiology

Fifteen autopsied cases have been classified into four groups
based on neuropathological findings in the brainstem.*’ Group
I demonstrated absence or hypoplasia of relevant cranial nerve
nuclei; group II, in addition to neuronal loss, showed evidence
of neuronal degeneration suggesting peripheral nerve injury;
group III, in addition to neuronal loss and neuronal generation,
had frank necrosis of the tegmentum of the lower pons; group
IV revealed no abnormalities in the brainstem and may repre-
sent a purely myopathic disorder. Cases of facio-scapulo-
humeral muscular dystrophy and congenital centronuclear
(myotubular) myopathy that clinically mimic Mobius syn-
drome would also presumably belong to group IV.!#1%

A number of investigators have speculated that disruption
of the vascular system causes hypoxia of vulnerable tissues
between 4 and 7 weeks gestation.?***3¢ It has been proposed
that Mobius syndrome, the Poland anomaly, and the
Klippel-Feil defect all result from a transient interruption during
the sixth week of gestation in the development of the subcla-
vian artery and its branches, including the basilar, vertebral, and
internal thoracic arteries, which supply the brain, neck, pectoral
muscles, and upper limbs; in addition, in Mobius syndrome, the
primitive trigeminal artery that supplies the hindbrain during
fetal life may regress before the establishment of adequate per-
fusion from the vertebral or basilar artery and thereby disturb
development of the cranial nerve nuclei.”® Such a mechanism
would be consistent with the brainstem necrosis seen in group
III Mobius’ syndrome patients but would not account for the
findings in groups I and II.
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Inheritance

As might be expected, most reported cases have been sporadic,
and the sexes are affected with equal frequency. At least five
families with Mobius’ syndrome have been reported without
any one consistent chromosomal defect.?¢*%332%53! Chromoso-
mal translocations (1;13 and 1;11), chromosome 13q12.2 dele-
tion, and linkage to chromosome 3q21-22 have been reported by
previous authors. The recurrence risk to siblings of isolated
cases with these three manifestations appears to be less than
2%.%

Treatment and Prognosis

Depending on the severity and types of malformations, the treat-
ment will vary.* Initially, sucking problems often require mod-
ification in type of bottle used. If lid lag is present from seventh
nerve palsy, lubricants are necessary. Refractive errors, ambly-
opia, and strabismus often need attention.

Maximal medial rectus recessions with or without vertical
displacement have been shown to suffice in some cases,****!¢
whereas  others have advocated horizontal recess-
resections®!?4#0 or vertical muscle transposition.?’4°

Because of the lack of facial expression, parents and children
may have psychological difficulty with bonding and social
communication. Plastic surgeries do exist that can improve
facial movement.®'** Finally, helping families cope by contact-
ing others through a national organization, such as the Mébius
Syndrome Foundation, is also important and appreciated, as is
the case for other diseases or syndromes mentioned in this
chapter.
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Congenital Optic Nerve
Abnormalities
Paul H. Phillips and Michael C. Brodsky

he ophthalmologist is frequently called upon to evaluate

infants and children with decreased vision related to con-
genital abnormalities of the optic nerve. Such evaluation
necessitates a detailed understanding of the ophthalmoscopic
features, associated neuro-ophthalmic findings, current theories
of pathogenesis, and appropriate ancillary studies in each con-
dition. This chapter examines congenital optic nerve abnor-
malities, discusses current controversies surrounding their
pathogeneses, and reviews associated neuroradiologic findings
that may predicate the general medical management of affected
patients.

Certain general principles apply to the evaluation and man-
agement of the child with congenital optic nerve abnormalities.

1. Children who have bilateral optic disc anomalies gener-
ally present with poor vision and nystagmus in infancy; those
with unilateral disc anomalies typically present with sensory
strabismus.

2. Small optic discs are associated with a wide variety of
central nervous system (CNS) malformations involving the cere-
bral hemispheres, pituitary infundibulum, and midline intra-
cranial structures (septum pellucidum, corpus callosum). A
trans-sphenoidal basal encephalocele is common in patients
with large discs of the morning glory variety. The presence of a
basal encephalocele can often be predicted clinically by the
finding of midfacial anomalies (hypertelorism, flat nasal bridge,
cleft lip or palate).®> Large optic discs with a colobomatous con-
figuration may be associated with systemic anomalies in a
variety of coloboma syndromes. Magnetic resonance imaging
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(MRI) is advisable in all children with small optic discs, and in
children with large optic discs who either have facial character-
istics suggestive of basal encephalocele or neurodevelopmental
deficits.

3. Color vision is typically normal in an eye with a con-
genitally anomalous optic disc (i.e., limited only by the visual
acuity), in contradistinction to the severe dyschromatopsia that
characterizes most acquired optic abnormalities.

4. A structural ocular abnormality that reduces visual
acuity often leads to superimposed amblyopia. A trial of occlu-
sion therapy is therefore warranted in most patients with uni-
lateral optic disc anomalies and decreased vision. The findings
of an afferent pupillary defect should not discourage this effort.

5. The finding of a discrete V- or tongue-shaped zone of
infrapapillary retinochoroidal depigmentation in an eye with an
anomalous optic disc should prompt a search for a trans-
sphenoidal encephalocele.™*

OPTIC NERVE HYPOPLASIA

Incidence

Optic nerve hypoplasia, once considered a rare anomaly, is now
the most common congenital optic anomaly encountered in
pediatric ophthalmic practice. Part of the increased prevalence
may reflect a greater recognition of optic nerve hypoplasia on
the part of clinicians. To the uninitiated observer, the small size
of the hypoplastic disc is not readily apparent, and the disc may
be interpreted as atrophic or even normal.” Many cases of optic
nerve hypoplasia were undoubtedly misdiagnosed in the past.
On the other hand, some authors have suggested that drug and
alcohol abuse, both of which have become more widespread in
recent years, may account in part for the increased number of
cases.*®

Clinical Features

Ophthalmoscopically, the hypoplastic disc appears as an abnor-
mally small optic nerve head (Fig. 6-1). It may appear gray or
pale in color and is often surrounded by a yellowish, mottled
peripapillary halo, bordered by a dark pigment ring (double-ring
sign).3® Retinal vascular tortuosity is commonly seen. Histolog-
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FIGURE 6-1. Optic nerve hypoplasia with double-ring sign. Arrow
denotes true margin of the hypoplastic disc. (From Lambert SR, Hoyt CS,
Narahara MH. Optic nerve hypoplasia. Surv Ophthalmol 1987;32:1-9,
with permission.*

ically, optic nerve hypoplasia is characterized by a subnormal
number of optic nerve axons with normal mesodermal elements
and glial supporting tissue.*® Visual acuity ranges from 20/20 to
no light perception, and affected eyes invariably show localized
visual field defects, often combined with a general constriction
of the visual fields.”” Because visual acuity is determined pri-
marily by the integrity of the papillomacular nerve fiber bundle,
it does not necessarily correlate with the overall size of the
disc.

It is now appreciated that some forms of optic nerve
hypoplasia are segmental (Fig. 6-2). A pathognomonic superior
segmental hypoplasia with an inferior visual field defect occurs
in some children of insulin-dependent diabetic mothers.!>*
Conversely, colobomatous malformations of the optic disc
produce an inferior segmental hypoplasia.” Intrauterine insults
to the retina, optic nerve, optic tract, or occipital lobe are asso-
ciated with hypoplasia of the affected portions of each optic
nerve.”’
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Patients with periventricular leukomalacia (PVL) often have
a unique form of optic nerve hypoplasia characterized by an
abnormally large cup and a thin neuroretinal rim contained within
a normal-sized optic disc.*® This morphological appearance has
been attributed to bilateral injury to the optic radiations with
retrograde transsynaptic degeneration of retinogeniculate axons
after the scleral canals have established normal diameter. Optic
disc cupping in patients with PVL may cause diagnostic confusion
with glaucoma.® Therefore, a history of prematurity and neuro-
developmental delay should be sought in children who have
abnormally large optic cups and normal intraocular pressures.
Neuroimaging is necessary to confirm the diagnosis.

Associated Features

Optic nerve hypoplasia is often associated with other CNS mal-
formations. Septo-optic dysplasia (de Morsier’s syndrome) refers

FIGURE 6-2. Segmental optic nerve hypoplasia associated with macular
coloboma. Note focal absence of temporal optic disc with corresponding
temporal nerve fiber layer defect. (From Novakovic P, Taylor DSI, Hoyt
WE. Localizing patterns of optic nerve hypoplasia: retina to occipital lobe.
Br ] Ophthalmol 1988;72:176-182, with permission.”’)
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to the constellation of small anterior visual pathways, absence
of the septum pellucidum, and agenesis or thinning of the corpus
callosum.” The clinical association of septo-optic dysplasia and
pituitary dwarfism was documented by Hoyt et al. in 1970.%
MRI is the optimal noninvasive neuroimaging modality for
delineating congenital CNS malformations in patients with
septo-optic dysplasia.’® Because MRI provides high-contrast res-
olution and multiplanar imaging capability, the anterior visual
pathways can be visualized as distinct, well-defined structures.
Coronal and sagittal MRI consistently demonstrate a reduction
in the intracranial optic nerve diameter in optic nerve hypopla-
sia (Fig. 6-3). In bilateral optic nerve hypoplasia, coronal MRI
shows diffuse thinning of the optic chiasm (chiasmal hypopla-
sia). When MRI demonstrates a reduction in intracranial optic
nerve size accompanied by other midline CNS features of
septooptic dysplasia, the presumptive diagnosis of optic nerve
hypoplasia can be made neuroradiologically.'®

In addition to septo-optic dysplasia, MRI may demonstrate
cerebral hemispheric migration anomalies (schizencephaly,
cortical heterotopias) or intrauterine or perinatal hemispheric
injury (periventricular leukomalacia, encephalomalacia). These
abnormalities occur in approximately 45% of patients with
optic nerve hypoplasia and are highly predictive of neurodevel-
opmental deficits.!””> Absence of the septum pellucidum alone
does not portend neurodevelopmental deficits or pituitary
hormone deficiency.”” Thinning or agenesis of the corpus
callosum is predictive of neurodevelopmental problems only
by virtue of its frequent association with cerebral hemispheric
abnormalities.

Magnetic resonance imaging demonstrates neurohypophy-
seal abnormalities in approximately 15% of patients with optic
nerve hypoplasia.’* In normal subjects, high-resolution cranial
MRI delineates the pituitary infundibulum, anterior pituitary
gland, and the posterior pituitary gland, which appears as a
“bright spot” in the sella. The “posterior pituitary bright spot”
has been attributed to the posterior pituitary hormones as well
as the phospholipid content of the vesicles containing these hor-
mones. In patients with optic nerve hypoplasia, absence of the
infundibulum and posterior pituitary ectopia is associated with
endocrine dysfunction.'>¢"*® When the pituitary infundibulum
and its surrounding portal venous system are absent, the hypo-
thalamus is unable to stimulate the anterior pituitary gland,
resulting in anterior pituitary hormone deficiency. Posterior
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FIGURE 6-3A-D. Magnetic resonance imaging in optic nerve hypoplasia.
(A) Left optic nerve hypoplasia. T;-weighted coronal MR image shows
normal right optic nerve (arrow) and no visible signal corresponding to
the left optic nerve. (B) Septo-optic dysplasia. Clinically, this patient had
mild right optic nerve hypoplasia and severe left optic nerve hypoplasia.
T,-weighted coronal MR image shows thinning and signal attenuation of
the left optic nerve compared to the right (lower arrow, right optic nerve).
Also note absence of the septum pellucidum and squaring of the right
frontal horn contiguous to an area of schizencephaly (long thin arrows).
(C) Chiasmal hypoplasia in a patient with septo-optic dysplasia. T;-
weighted coronal MR image demonstrates absence of the septum pellu-
cidum and diffuse thinning of the optic chiasm. Arrow denotes thin
hypoplastic chiasm. (D) Posterior pituitary ectopia. T)-weighted sagittal
MRI shows abnormal hyperintense nodule (upper arrow) at median emi-
nence with absence of normal signal corresponding to the infundibulum
(lower arrow). (A-C: From Brodsky MC, Glasier CM, Pollock SC, et al.
Optic nerve hypoplasia: identification by magnetic resonance imaging.
Arch Ophthalmol 1990;108:1562-1567, with permission. D: From
Brodsky MC. Septo-optic dysplasia: a reappraisal. Semin Ophthalmol
1991;6:227-232, with permission.’)
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pituitary ectopia (see Fig 6-3) denotes the formation of an
ectopic bright spot where the proximal infundibulum is nor-
mally located. Injury to the infundibulum disrupts transport of
posterior pituitary hormones, which are synthesized in the
hypothalamus. The posterior pituitary hormones accumulate
proximal to the site or injury and form an ectopic nodule, visible
as a bright spot on T;-weighted MRI. Hormones secretion from
the ectopic gland is often sufficient to maintain adequate pos-
terior pituitary function. However, this ectopic bright spot is a
marker of infundibular dysgenesis, and is virtually pathogno-
monic of anterior pituitary hormone deficiency.'>* MRI there-
fore provides crucial prognostic information in infants with
optic nerve hypoplasia.

Growth hormone deficiency is the most common
endocrinological abnormality associated with septo-optic dys-
plasia.”*®  Hypothyroidism, hypocortisolism, panhypopitu-
itarism, hyperprolactinemia, and diabetes insipidus may also
occur.>*%52 Clinical signs of growth hormone deficiency
include decreased growth rate and neonatal hypoglycemia.
Reduced growth rate from growth hormone deficiency may not
be clinically apparent during the first 4 years of life because high
prolactin levels can stimulate normal growth during this
period.*! Clinical signs of hypothyroidism include prolonged
neonatal jaundice, decreased growth rate, and developmental
delay. Clinical signs of hypocortisolism include neonatal
hypoglycemia, hypotension, recurrent infections, seizures, and
developmental delay. Low corticotropin levels are particularly
dangerous because they place children at risk for sudden death
during physical stress such as febrile illnesses.!" This clinical
deterioration is caused by an impaired ability to increase corti-
cotropin secretion to maintain blood pressure and blood sugar
in response to the physical stress of infection. Corticotropin-
deficient children may also have poikilothermia (impaired tem-
perature regulation) and develop high fevers or have unusually
low body temperatures during healthy periods.

Children with optic nerve hypoplasia and anterior pituitary
hormone deficiency may have coexistent diabetes insipidus,
which further increases the risk of life-threatening clinical
deterioration in response to physical stress.!! The absence of the
pituitary infundibulum and the posterior pituitary bright signal
(normal or ectopic) on MRI portends posterior pituitary deficiency
with consequent diabetes insipidus.'"*"*® Clinical signs of dia-
betes insipidus include polydipsia, polyuria, and hypernatremia.
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TABLE 6-1. Systemic and Teratogenic Associations with Optic Nerve
Hypoplasia.

Systemic associations
Albinism
Aniridia
Duane’s syndrome
Median facial cleft syndrome
Klippel-Trenauney-Weber syndrome
Goldenhar’s syndrome
Linear sebaceous nevus syndrome
Meckel’s syndrome
Hemifacial atrophy
Blepharophimosis
Osteogenesis imperfecta
Chondrodysplasia punctata
Aicardi’s syndrome
Apert syndrome
Trisomy 18
Potter’s syndrome
Chromosome 13q—
Neonatal isoimmune thrombocytopenia
Fetal alcohol syndrome
Dandy-Walker syndrome
Delleman syndrome

Teratogenic agents
Dilantin
Quinine
PCP
LSD
Alcohol
Maternal diabetes

Source: Modified from Zeki SM, Dutton GV. Optic nerve hypoplasia in children. Br ] Ophthalmol
1990;74:300-304, with permission.

Children with diabetes insipidus often become dehydrated
during illness, which hastens the development of shock. These
children may have coexistent hypothalamic thermoregulatory
disturbances, characterized by episodes of hypothermia during
well periods and high fevers during illnesses, that may cause life-
threatening hyperthermia. Optic nerve hypoplasia is associated
with numerous systemic conditions and teratogenic agents
(Table 6-1).

Etiology

Early investigators attributed optic nerve hypoplasia to a primary
failure of retinal ganglion differentiation at the 13- to 15-mm
stage of embryonic life (4-6 weeks gestation).®® This hypothesis
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fails to account for the frequent coexistence of optic nerve
hypoplasia with other CNS malformations. More recently, it has
been suggested that an encephaloclastic process involving the
afferent visual pathways in utero could cause direct axonal injury,
leading to subsequent degeneration. The frequent association of
cerebral hemispheric anomalies with optic nerve hypoplasia sug-
gests that some cases of optic nerve hypoplasia may result from
a diffuse disruption of neuronal guidance mechanisms that regu-
late the migration of both cerebral hemispheric neurons and optic
nerve axons in utero. Toxic substances or structural abnormali-
ties may augment the usual process by which superfluous optic
nerve axons are eliminated between the 16th and 31st gestational
weeks and thereby result in optic nerve hypoplasia. In some cases,
optic nerve hypoplasia may occur secondary to retrograde
transsynaptic degeneration of retinogeniculate axons secondary
to a prenatal injury to the optic radiations.***” This mechanism
may be responsible for the optic nerve cupping that occurs in
children with periventricular leukomalacia.®

Clinical Assessment

The detection of hypopituitarism is an essential component of
the evaluation of children with optic nerve hypoplasia because
children with endocrinological deficiency are at risk for im-
paired growth, hypoglycemia, developmental delay, seizures, and
death.! Early pituitary hormone replacement may prevent or
ameliorate these complications. Parents should be asked about
protracted neonatal jaundice (which suggests hypothyroidism)
and previous episodes of hypoglycemia in the neonatal period or
during periods of illness (which suggest hypocortisolism).
Magnetic resonance imaging is an integral part of the
diagnostic evaluation of children with optic nerve hypoplasia.
Cerebral hemispheric anomalies are predictive of neuro-
developmental deficits, and neurohypophyseal abnormalities
are predictive of endocrinological deficiency.'! Children with
neurohypophyseal abnormalities or clinical signs of hypopitu-
itarism require diagnostic endocrinological evaluation.®’ Con-
versely, children with a normal neurohypophysis are at low
risk for hypopituitarism. Parents, pediatricians, and neurolo-
gists can be informed of this potential risk, and these children
can be followed for clinical signs of hypopituitarism including
monitoring of their growth rate. If these children do not man-
ifest clinical signs or symptoms of hypopituitarism, further
endocrinological investigation is not warranted.®
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Inheritance

Usually sporadic.

Natural History

Infants with optic nerve hypoplasia may have superimposed
delayed visual maturation. Therefore, infants who initially
appear to be blind may have improvement of their vision during
the first several months of life. In children with unilateral or
asymmetric optic nerve hypoplasia, superimposed amblyopia
may further reduce vision. Children with hypopituitarism are at
risk for growth retardation, developmental delay, hypoglycemia,
seizures, and death.!!

Treatment

Superimposed amblyopia should be treated with a trial of occlu-
sion therapy. Children with hypopituitarism are treated with
pituitary hormone replacement.

Prognosis

Occlusion therapy may improve vision in children with super-
imposed amblyopia. Treatment of children with endocrinologi-
cal deficiency with pituitary hormone replacement should
prevent or ameliorate complications of hypopituitarism noted
previously.

EXCAVATED OPTIC DISC ANOMALIES

Optic disc coloboma, morning glory disc anomaly, and peripap-
illary staphyloma fall within the category of excavated anom-
alies involving the optic disc. In the latter two conditions, an
excavation of the posterior globe surrounds and incorporates the
optic disc. Pollock has elegantly detailed the clinical features
that distinguish the excavated optic disc anomalies.®® He points
out that the terms morning glory disc, optic disc coloboma, and
peripapillary staphyloma are often transposed in clinical reports
and review articles, which has propagated confusion about their
diagnostic clinical features, associated findings, and pathogene-
sis. From his analysis, it is clear that optic disc colobomas,
morning glory optic discs, and peripapillary staphylomas con-
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stitute distinct clinical entities, each with a specific embry-
ologic origin, and not simple clinical variants along a broad phe-
notypic spectrum.

MORNING GLORY DISC ANOMALY

Incidence

Unknown.

Clinical Features

The morning glory anomaly is a congenital, funnel-shaped exca-
vation of the posterior fundus that incorporates the optic disc.®
It was so named by Kindler in 1970* because of its resemblance
to the morning glory flower (Fig. 6-4). The disc is markedly

FIGURE 6-4. Morning glory flower.
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FIGURE 6-5. Morning glory optic disc. The disc is large with a sur-
rounding zone of pigmentary disturbance. The retinal vessels appear
increased in number as they emerge from the disc and have an abnor-
mally straight, radial configuration. A central glial bouquet overlies the
disc. (From Pollock S. The morning glory disc anomaly: contractile move-
ment, classification, and embryogenesis. Doc Ophthalmol 1987;65:439—
460, with permission.®)

enlarged, orange or pink in color, and typically situated within
a funnel-shaped excavation (Fig. 6-5). Surrounding the excava-
tion is a variably elevated annular zone of altered retinal pig-
mentation. A white tuft of glial tissue overlies the recessed
central portion of the lesion. The blood vessels appear increased
in number and arise from the periphery of the disc. They run an
abnormally straight course over the peripapillary retina and tend
to branch at acute angles. It is often difficult to distinguish arte-
rioles from venules. The macula may be incorporated into the
excavation (macular capture) (Fig. 6-6). Computed tomography
(CT) scanning shows a funnel-shaped enlargement of the distal
optic nerve at its junction with the globe®*® (Fig. 6-7).
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FIGURE 6-6. Morning glory optic disc. Arrow denotes focal yellowish
discoloration that corresponds to macula lutea pigment (macular capture).
(From Goldhammer Y, Smith JL. Optic nerve anomalies in basal
encephalocele. Arch Ophthalmol 1975;93:115-118, with permission®)

Visual acuity generally ranges between 20/200 and finger
counting, but cases with 20/20 vision and others with no light
perception have been reported. Although most cases are uni-
lateral, several bilateral cases with 20/20 to 20/70 vision have
been reported, suggesting that functional amblyopia may be an
important mechanism of visual loss in unilateral cases.®
Morning glory discs are more common in females and rare in

blacks.*

Natural History

Serous retinal detachments are reported to occur in 26% to 38%
of eyes with morning glory discs and usually involve the
peripapillary retina.®® In addition, careful fundus examination
reveals nonattachment and radial folding of the retina within
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the excavated zone in a substantial percentage of the remaining
cases. The source of subretinal fluid is unknown. Pathological
findings in one case showed that the vitreous, subarachnoid
space, and subretinal space were interconnected.’” Rarely, con-
tractile movements of the optic disc have been observed and
have been attributed to fluctuations in subretinal fluid volume
and the degree of retinal separation within the confines of the
excavation.®

Associated Features

The association of the morning glory disc anomaly with basal
encephalocele in patients with midfacial anomalies (hyper-
telorism, cleft lip, cleft palate, depressed nasal bridge, midline
upper lid notch) is well established.®

FIGURE 6-7. CT scan of morning glory disc anomaly. Note calcified,
funnel-shaped enlargement of the distal optic nerve at its junction with
the globe.
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Clinical Assessment

Magnetic resonance imaging is indicated for patients with mid-
facial anomalies and neurological deficits because these patients
are at high risk for an associated basal encephalocele.

Inheritance

Generally sporadic, rarely familial.

Etiology

The embryologic defect leading to the morning glory disc
anomaly is unknown.”" Histopathological reports have unfortu-
nately lacked clinical confirmation. Some authors have proposed
that the morning glory disc anomaly is but one phenotypic form
of a colobomatous (i.e., embryonic fissure-related) defect.”® Others
have interpreted the central glial tuft, vascular anomalies, and
scleral defect to signify a primary mesodermal abnormality.
Dempster et al. have attempted to reconcile these views by pro-
posing that the basic defect is mesodermal but that some clinical
features of the defect may result from a dynamic imbalance
between the relative growth of mesoderm and ectoderm.”

Pollock has proposed that the initial embryologic defect
leading to the development of the morning glory disc anomaly
is an abnormal funnel-shaped enlargement of the distal optic
stalk at its junction with the primitive optic vesicle.”® When this
occurs, invagination of the optic vesicle leads to formation of
the embryonic fissure that extends from the newly formed optic
cup into the expanded distal optic stalk. Closure of the embry-
onic fissure occurs normally, but because of the increased
dimensions of the distal optic stalk, this process of closure fails
to obliterate the space within the distal stalk, resulting in a per-
sistent excavated defect at the site of entry of the optic nerve
into the eye. According to this hypothesis, glial and vascular
abnormalities develop later in embryogenesis and reflect
abnormal development of mesodermal elements in a setting
of primary neuroectodermal dysgenesis.®

Treatment

Superimposed amblyopia should be treated with a trial of occlu-
sion therapy. Patients with a basal encephalocele should be
evaluated for surgical repair.
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Prognosis

Most patients have vision less than 20/200, although cases with
20/20 vision and others with no light perception have been reported.

OPTIC DISC COLOBOMA

Incidence

Unknown.

Clinical Features

In optic disc coloboma, a sharply delimited, glistening white,
bowl-shaped excavation occupies an enlarged optic disc (Fig. 6-8).

FIGURE 6-8. Optic disc coloboma. The disc is enlarged, and a white exca-
vation is contained within the inferior aspect of the disc. The retinal
vessels line the margins of the excavation as they emerge, but are other-
wise normal in configuration. A small, discrete retinochoroidal coloboma
is seen below the disc. Note absence of peripapillary pigment disturbance.
(Courtesy of Dr. S.C. Pollock])
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FIGURE 6-9. Optic disc coloboma. The superior disc substance is spared.
The inferior aspect of the disc appears as a white excavation that merges
into a retinochoroidal coloboma. (Courtesy of Dr. K. Packo)

The excavation is decentered inferiorly, so that the superior neu-
roretinal rim is often spared, reflecting the position of the embry-
onic fissure relative to the primitive epithelial papilla.®® In some
instances, the entire disc is excavated, but the colobomatous
nature of the defect can still be appreciated ophthalmoscopically
because the excavation is deeper inferiorly. The defect may extend
further inferiorly to involve the adjacent choroid and retina (Fig.
6-9), in which case microphthalmia is frequently present.”® Iris
and ciliary colobomas often coexist. Histopathological examina-
tion in optic disc coloboma has demonstrated the presence of
smooth muscle strands oriented concentrically around the distal
optic nerve.” This pathological finding accounts for the contrac-
tility observed clinically in rare cases of optic disc coloboma.
Visual acuity may be mildly or severely decreased and is difficult
to predict from the optic disc appearance. Unilateral and bilateral
optic disc colobomas occur with approximately equal frequency.
Magnetic resonance imaging shows hypoplasia of the ipsilateral
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intracranial optic nerve, corresponding to the inferior segmental
hypoplasia observed ophthalmoscopically.”

Natural History

Isolated optic disc colobomas are prone to develop serous
macular detachments (in contrast to the thegmatogenous retinal
detachments that complicate retinochoroidal colobomas).*’

Associated Features

Ocular colobomas may also be accompanied by multiple sys-
temic abnormalities in a number of conditions such as the
CHARGE association, Walker—-Warburg syndrome, Goltz focal
dermal hypoplasia, Goldenhar’s sequence, basal encephalocele,
and linear sebaceous nevus syndrome.®

Clinical Assessment

Patients with ocular colobomas should be evaluated for associ-
ated genetic syndromes. Family members should be examined
to identify subclinical cases of ocular colobomas and establish
autosomal dominant inheritance.

Inheritance

As with all ocular colobomas, optic disc colobomas may arise
sporadically or be inherited in an autosomal dominant fashion.**

Etiology

Optic disc coloboma results from incomplete or abnormal
coaptation of the proximal end of the embryonic fissure (also
see Chapter 1).

Treatment
Superimposed amblyopia should be treated with a trial of
occlusion therapy.

Prognosis

Visual acuity may be mildly or severely decreased and is diffi-
cult to predict from the optic disc appearance.
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PERIPAPILLARY STAPHYLOMA

Incidence

Extremely rare.

Clinical Features

Peripapillary staphyloma is an extremely rare, usually unilat-
eral, anomaly in which a deep fundus excavation surrounds
the optic disc. The disc is seen at the bottom of the excavated
defect and appears normal or nearly so (Fig. 6-10). The walls and
margin of the defect may show atrophic pigmentary changes
in the retinal pigment epithelium (RPE) and choroid. Unlike the
morning glory optic disc, however, there is no central glial tuft

FIGURE 6-10. Peripapillary staphyloma. A relatively normal disc is seen
within the recess of a deep peripapillary excavation. The normal optic
disc appearance, absence of vascular anomalies, absence of a central glial
tuft, and depth of the lesion distinguish this condition from the morning
glory optic disc. (From Apple DJ, Rabb ME, Walsh PM. Congenital anom-
alies of the optic disc. Surv Ophthalmol 1982,27:3-41, with permission.!)
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TABLE 6-2. Ophthalmoscopic Findings That Distinguish Isolated
Optic Disc Coloboma from Morning Glory Disc Anomaly.

Isolated optic disc coloboma Morning glory disc anomaly

Excavation inferiorly decentered and Disc contained centrally within
contained within the disc the excavation; radial retinal folds

No central glial tuft Central glial bouquet

Minimal if any peripapillary pigment Marked peripapillary pigment
disturbance disturbance

Normal retinal vasculature outside of Anomalous retinal vasculature

colobomas; other ocular colobomas

overlying the disc, and the retinal vascular pattern is normal,
apart from reflecting the essential contour of the lesion. In
peripapillary staphyloma, the excavation surrounding the
disc is much deeper than in the morning glory disc anomaly.
Several cases of contractile peripapillary staphyloma have been
reported.*®

Visual acuity may be mildly or severely decreased. Affected
eyes are usually slightly myopic, although high myopia has
been reported in isolated cases.”® Eyes with decreased vision
frequently have centrocecal scotomas. Although peripapillary
staphyloma, morning glory disc anomaly, and optic disc
coloboma are clinically and embryologically distinct, these con-
ditions have often been confused in the literature. Tables 6-2,
6-3, and 6-4 contrast ophthalmoscopic features and associated
findings that distinguish these three entities.

Associated Features

Rarely associated with basal encephalocele in patients with
midfacial anomalies.®

TABLE 6-3. Associated Findings That Distinguish Isolated Optic
Disc Coloboma from Morning Glory Disc Anomaly.

Isolated optic disc coloboma Morning glory disc anomaly
Associated colobomas No associated colobomas
Bilaterality common Bilaterality rare

May be familial Rarely familial

Associated with coloboma syndromes No association with coloboma
Associated with basal encephalocele: rare syndromes

Associated with basal encephalocele
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TABLE 6-4. Ophthalmoscopic Findings That Distinguish
Peripapillary Staphyloma from Morning Glory Disc Anomaly.

Peripapillary staphyloma Morning glory disc anomaly
Deep cup-shaped excavation Relatively shallow funnel-shaped excavation
Relatively normal, well-defined Anomalous poorly defined optic disc

optic disc Central glial bouquet; anomalous vascular
Absence of glial and vascular pattern; retinal folds

alterations

Natural History

Several cases of contractile peripapillary staphyloma have been
reported.*

Clinical Assessment

Magnetic resonance imaging is indicated for patients with
midfacial anomalies because these patients are at risk for an
associated basal encephalocele.®

Inheritance

Usually sporadic.

Etiology

The relatively normal appearance of the optic disc and retinal
vessels in peripapillary staphyloma suggests that the develop-
ment of these structures is complete before the onset of the
staphylomatous process.®® The clinical features of peripapillary
staphyloma are consistent with diminished peripapillary struc-
tural support, perhaps resulting from incomplete differentiation
of sclera from posterior neural crest cells in the fifth month of
gestation. Staphyloma formation presumably occurs when
establishment of normal intraocular pressure leads to herniation
of unsupported ocular tissues through the defect. Thus, peri-
papillary staphyloma and the morning glory disc anomaly appear
to be pathogenetically distinct both in timing of the insult
(5 months gestation versus 6 to 8 weeks gestation), as well as
the embryologic site of structural dysgenesis (posterior sclera
versus distal optic stalk).
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Treatment

Superimposed amblyopia should be treated with a trial of occlu-
sion therapy. Patients with a basal encephalocele should be
evaluated for surgical repair.

Prognosis

Visual acuity may be mildly or severely decreased.

MEGALOPAPILLA

Incidence

Unknown. A high prevalence of megalopapilla has been
observed in natives of the Marshall Islands.”!

Clinical Features

Megalopapilla is a condition in which the optic disc diameter is
abnormally large (greater than 2.1mm).!***® This finding is
often associated with an increased cup-to-disc ratio (Fig. 6-11),
and affected patients often are evaluated for normal-tension

A B

FIGURE 6-11A,B. Megalopapilla. (A) The right optic disc is enlarged with
a large cup. Unlike glaucoma, the cup is horizontally oval with an intact
neuroretinal rim, and there is no nasalization of vessels as they emerge
from the disc. (B) Left optic disc from the same patient under higher mag-
nification shows similar appearance.
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glaucoma. In megalopapilla, however, the optic cup is round or
horizontally oval, and there is no vertical notching or encroach-
ment. Thus, despite the increased cup-to-disc ratio, the quotient
of horizontal to vertical cup to disc ratio is normal, in con-
tradistinction to the decreased quotient that characterizes
glaucomatous optic atrophy.*! Cilioretinal arteries are seen
more commonly in large optic discs.*! Unilateral cases of mega-
lopapilla appear to be more common than bilateral cases.**

Visual acuity is often normal, but it may be slightly
decreased in some cases. Visual fields are usually normal except
for blind spot enlargement, allowing the examiner to effectively
rule out low-tension glaucoma or compressive optic atrophy.
Aside from glaucoma, the differential diagnosis of megalopapilla
includes orbital optic glioma, which can rarely cause an acquired
progressive optic disc enlargement.”

Associated Features

Generally none. There is one report of a basal encephalocele in
a child with megalopapilla.

Clinical Assessment

Although there is one report of basal encephalocele in a child
with megalopapilla,”® neuroimaging is unwarranted unless
midline facial anomalies (hypertelorism, cleft palate, cleft lip,
depressed nasal bridge) coexist.

Inheritance

Usually sporadic.

Etiology

Pathogenetically, some cases of megalopapilla may simply rep-
resent a statistical variant of normal while other cases may
result from altered axonal migration, as evidenced by a report of
megalopapilla in a child with basal encephalocele.”

Treatment

Superimposed amblyopia should be treated with a trial of
occlusion therapy.



CHAPTER 6. CONGENITAL OPTIC NERVE ABNORMALITIES 227

Prognosis

Visual acuity is often normal, but it may be mildly decreased in
some cases.

OPTIC PIT

Incidence

Unknown.

Clinical Features

An optic pit is a round or oval, gray, white, or yellowish depres-
sion in the optic disc (Fig. 6-12). Optic pits commonly involve

FIGURE 6-12. Optic pit with associated retinoschisis cavity (large thick
arrows), outer layer detachment (small thick arrows), and macular hole
(small thin arrow). From Lincoff H, Lopez R, Kressig I, et al. Retinoschi-
sis associated with optic nerve pits. Arch Ophthalmol 1988;106:61-67,
with permission.*
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the temporal optic disc but may be situated in any sector.'® Tem-
porally located optic pits are often accompanied by adjacent
peripapillary pigment epithelial changes. A cilioretinal artery is
found in 59% of eyes with optic pits. Although optic pits are
typically unilateral, bilateral pits are identified in 15% of cases.'®
In unilateral cases, the involved disc is slightly larger than the
normal disc. Acquired optic pits have been documented in low-
tension glaucoma.®

Natural History

Approximately 45% of eyes with congenital optic pits develop
serous macular elevations. Until recently, these elevations
were thought to represent serous retinal detachments. Lincoff
et al. have proposed that careful serial stereoscopic examination
of the macula demonstrates the following progression of
events*:

1. An inner layer retinoschisis cavity initially forms in
direct communication with the optic pit.

2. An outer layer macular hole develops beneath the bound-
aries of the retinoschisis cavity.

3. An outer layer retinal detachment develops around the
macular hole (presumably from influx of fluid from the
retinoschisis cavity). This outer layer detachment ophthalmo-
scopically can be mistaken for a pigment epithelial detachment,
but it does not hyperfluoresce on fluorescein angiography.

4. The outer layer detachment eventually enlarges and
obliterates the retinoschisis cavity. At this stage, it becomes
clinically indistinguishable from a primary serous macular
detachment.

Figures 6-12 and 6-13 depict the retinal changes that take place
in the evolution of optic pit-associated macular detachment.

Optic pit-associated macular retinoschisis/detachments
generally occur in the third and fourth decade of life. The risk
of an eye developing a retinoschisis/detachment is greater with
large pits and with temporally located pits."” Laser photocoagu-
lation to block the flow of fluid from the optic pit to the macula
has been largely unsuccessful, perhaps owing to the inability of
laser photocoagulation to seal a retinoschisis cavity. The com-
bination of internal gas tamponade, vitrectomy, and laser pho-
tocoagulation has been shown to improve acuity by displacing
subretinal fluid away from the macula.**
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FIGURE 6-13. Optic pit with retinoschisis cavity (large arrowheads),
macular hole (open arrowhead), and outer layer sensory detachment
(small arrowheads). (Courtesy of Dr. H. Lincoff)

The source of intraretinal fluid is controversial. Possible
sources include (1) vitreous cavity via the pit, (2) the subarach-
noid space, (3) blood vessels at the base of the pit, and (4)
choroidal blood vessels.'® Optic pits do not generally leak fluo-
rescein, and there is no extension of fluorescein into the sub-
retinal space toward the macula.! In collie dogs, active flow of
fluid from the vitreous cavity through the pit to the subretinal
space has been demonstrated.'® This mechanism has never been
conclusively demonstrated in humans.

Visual acuity is typically normal in the absence of subreti-
nal fluid. Visual field defects are variable and frequently do not
correlate predictably with the location of the pit.! Histologically,
the lamina cribrosa is defective in the area of the pit. Retinal
fibers descend into the pit then reemerge before entering
the optic nerve. Some optic pits extend into the subarachnoid
space.
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Clinical Evaluation

Ophthalmologic examination to detect associated retinoschi-
sis/detachment.

Inheritance

Generally sporadic. Rarely familial, with autosomal dominant
inheritance.

Etiology

The pathogenesis of optic pits is unclear. Some authors believe
that they represent the mildest variant in the spectrum of optic
disc colobomas'; they substantiate this by pointing out that
optic pits and colobomas have occurred together in rare patients
(Fig. 6-14). Problems with this putative mechanism include the
following:

FIGURE 6-14. Optic disc coloboma with two optic pits. (Courtesy of Dr.
S.C. Pollock)
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1. Optic pits often occur in locations unrelated to the
embryonic fissure.

2. Optic pits are usually unilateral, sporadic, and unassociated
with systemic anomalies. Colobomas are bilateral as often
as unilateral, commonly autosomal dominant, and may be
associated with a variety of multisystem disorders.

3. Optic pits do not accompany iris or retinal colobomas.

While it is true that colobomas may contain focal crater-like
deformations that resemble optic pits, and that the distinction
between an inferiorly located pit and a small optic disc coloboma
can at times be difficult, there appears to be sufficient evidence
to conclude that most optic pits are fundamentally distinct from
colobomas in their pathogenesis. The presence of one or more
cilioretinal arteries emerging from the majority of optic pits sug-
gests that these two findings must somehow be pathogenetically
related.

Treatment

Associated macular retinoschisis/detachments may be treated as
noted previously.

Prognosis

Visual acuity is typically normal in the absence of subretinal
fluid. Approximately 45% of eyes with optic pits develop serous
macular elevations.

CONGENITAL TILTED DISC SYNDROME

Incidence

Unknown.

Clinical Features

In the tilted disc syndrome, the superotemporal optic disc is ele-
vated and the inferonasal disc is posteriorly displaced, resulting
in an oval-appearing optic disc, with its long axis obliquely
oriented (Fig. 6-15). This configuration is accompanied by situs
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FIGURE 6-15. Congenitally tilted right optic disc. The disc substance
appears obliquely oval. There is elevation of the superonasal disc and pos-
terior displacement of the inferonasal disc. Note inferonasal peripapillary
crescent, albinotic appearance confined to the inferonasal retina, and
situs inversus of the vessels as they emerge from the disc. (Courtesy of
Dr. W.E. Hoyt)

inversus of the retinal vessels, congenital inferonasal conus,
thinning of the inferonasal RPE and choroid, and bitemporal
hemianopia.”* The anomalous optic disc appearance is second-
ary to a posterior ectasia of the inferonasal fundus and optic disc.
Because of the regional fundus ectasia, affected patients have
myopic astigmatism, with the plus axis oriented parallel to the
ectasia.

Familiarity with the tilted disc syndrome is crucial because
affected patients may present with bitemporal hemianopia and
optic disc elevation.! The bitemporal hemianopia, which is
typically incomplete and involves the superior quadrants,
represents a refractive scotoma, secondary to regional myopia
localized to the inferonasal retina (Figs. 6-15, 6-16). Unlike the
visual field loss accompanying chiasmal lesions, the field defects
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seen in the tilted disc syndrome do not respect the vertical
meridian on careful Goldmann kinetic perimetry. Furthermore,
large and small isopters are fairly normal, whereas medium-
sized isopters are selectively constricted, owing to the marked
ectasia of the midperipheral fundus (Fig. 6-17). Repeating the
Goldmann visual field after placement of a —1.50 to —3.00 lens
over the patient’s glasses will often eliminate the visual field
abnormality, confirming the refractive nature of the defect. In
some cases retinal sensitivity may be decreased in the area of
the ectasia, so that the defect persists to some degree despite
appropriate refractive correction.”* It should be emphasized,
however, that if a patient with the tilted disc syndrome has a
bitemporal hemianopia that respects the vertical meridian,
intracranial MRI is mandatory because congenitally tilted discs
have rarely been reported in patients with both congenital and
acquired suprasellar tumors.*>**%

FIGURE 6-16. Axial CT scan through lower aspect of globes. The nasal
aspect of both globes protrudes posteriorly.
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FIGURE 6-17. Goldmann visual field (right eye) in a patient with con-
genitally tilted discs. A superotemporal visual field defect is confined to
the midperipheral isopter and does not respect the vertical meridian.

Associated Conditions

Congenitally tilted discs have rarely been reported in patients
with both congenital and acquired suprasellar tumors.*>*® In
patients with nystagmus, the finding of tilted discs should
suggest the possibility of X-linked congenital stationary night
blindness.®

Clinical Assessment

Patients with tilted optic discs and visual field deficits that do
not respect the vertical meridian do not require neuroimaging.
However, patients with a bitemporal hemianopia that respects
the vertical meridian require cranial MRI to detect suprasellar
tumors, which are rarely associated with congenitally tilted
discs as noted previously.***® Patients with nystagmus should
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be evaluated with an electroretinogram to detect congenital
stationary night blindness.*

Inheritance

Usually sporadic.

Etiology

The cause of the condition is unknown, but the inferonasal or
inferior location of the excavation is at least vaguely suggestive
of a pathogenic relationship to retinochoroidal coloboma.!

Prognosis

Visual acuity is typically normal.

CONGENITAL OPTIC DISC PIGMENTATION

Incidence

Unknown.

Clinical Features

Congenital optic disc pigmentation is a condition in which
melanin deposition anterior to or within the lamina cribrosa
imparts a gray appearance to the optic disc (Fig. 6-18). True con-
genital optic disc pigmentation is extremely rare, but it has been
described in a child with an interstitial deletion of chromosome
17'° and in Aicardi’s syndrome.”® Congenital optic disc pigmen-
tation is compatible with good visual acuity but may be associ-
ated with coexistent optic disc anomalies that decrease vision.

Most cases of gray optic discs are not caused by congenital
optic disc pigmentation. For reasons that are poorly understood,
optic discs of infants with delayed visual maturation and
albinism may have a diffuse gray tint when viewed ophthalmo-
scopically (Fig. 6-19). In these conditions, the gray tint dis-
appears within the first year of life without visible pigment
migration. Beauvieux observed gray optic discs in premature
infants and albinotic infants who were apparently blind but
who later developed good vision as the gray color disappeared.*®
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FIGURE 6-18A,B. Congenital optic disc pigmentation. (A) Right optic
disc. A circular area of patchy pigment surrounds a severely hypoplastic,
elevated, central tuft of optic nerve substance, producing a gray optic disc.
Arteries and veins overlying the disc are anomalous. (B) Left optic disc.
There is a uniform, gray discoloration of the optic disc. The peripheral
disc appears elevated. An anomalous venous trunk extends along the tem-
poral disc at 2 o’clock. (From Brodsky MC, Buckley EG, McConkie-Rosell
A. The case of the gray optic disc. Surv Ophthalmol 1989;33:367-372,
with permission.!’)

FIGURE 6-19. Diffuse gray cast to the optic disc in an infant with
albinism.

236
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Beauvieux attributed the gray appearance of these neonatal
discs to delayed optic nerve myelination with preservation of
the “embryonic tint.” However, gray optic discs may also be
seen in normal neonates and are therefore a nonspecific finding
of little diagnostic value, except when accompanied by other
clinical signs of delayed visual maturation or albinism.

Patients with “optically gray optic discs” have unfortu-
nately been lumped together, in many reference books, with
patients who have congenital optic disc pigmentation. These
two conditions can usually be distinguished ophthalmoscopi-
cally, because melanin deposition in true congenital optic disc
pigmentation is often discrete, irregular, and granular in
appearance.

Associated Features

Congenital optic disc pigmentation has been described in a child
with an interstitial deletion of chromosome 17'° and in Aicardi’s
syndrome.”

AICARDI'S SYNDROME

Incidence

Unknown.

Clinical Features

Aicardi’s syndrome is a cerebroretinal disorder of unknown
etiology. The salient clinical features of Aicardi’s syndrome are
infantile spasms, agenesis of the corpus callosum, and a pathog-
nomonic optic disc appearance consisting of multiple depig-
mented “chorioretinal lacunae” clustered around the disc'’?**
(Fig. 6-20). Histologically, chorioretinal lacunae consist of well-
circumscribed, full-thickness defects limited to the RPE and
choroid. The overlying retina remains intact but is often histo-
logically abnormal."”

Congenital optic disc anomalies including optic disc
coloboma, optic nerve hypoplasia, and congenital optic disc
pigmentation may accompany chorioretinal lacunae. Other
ocular abnormalities include microphthalmos, retrobulbar cyst,
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FIGURE 6-20. Aicardi’s syndrome. A cluster of peripapillary lacunae
surround an enlarged, anomalous right optic disc. (Courtesy of Dr. J.R.
Buncic)

pseudoglioma, retinal detachment, macular scars, cataract,
pupillary membranes, iris synechiae, and iris colobomas.

Associated Features

The most common systemic findings associated with Aicardi’s
syndrome are vertebral malformations (fused vertebrae, scolio-
sis, spina bifida) and costal malformations (absent ribs, fused or
bifurcated ribs). Other systemic associations include muscular
hypotonia, microencephaly, dysmorphic facies, and auricular
anomalies. The intriguing association between choroid plexus
papilloma and Aicardi’s syndrome has been documented in five
patients. Severe mental retardation is almost invariable."”
Magnetic resonance abnormalities in Aicardi’s syndrome
include agenesis of the corpus callosum, cortical migration
anomalies (pachygyria, polymicrogyria, cortical heterotopias),
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and multiple structural CNS malformations (cerebral hemi-
spheric asymmetry, Dandy-Walker variant, colpocephaly,
midline arachnoid cysts).>*! An overlap between Aicardi’s syn-
drome and septo-optic dysplasia has been recognized in several
patients."’

Clinical Assessment

Magnetic resonance imaging is indicated to detect associated
CNS abnormalities. Neurological assessment and electroen-
cephalogram are indicated to evaluate patients for characteristic
seizure activity.

Inheritance

Aicardi’s syndrome is thought to result from an X-linked muta-
tional event that is lethal in males.?**® Chevrie and Aicardi have
suggested that all cases of Aicardi’s syndrome represent fresh
gene mutations because no cases of affected siblings have been
reported.”® However, a recent report of Aicardi’s syndrome in
two sisters challenges the notion that Aicardi’s syndrome always
results from a de novo mutation in the affected infant and
indicates that germline mosaicism for the mutation may be an
additional mechanism of inheritance.*

Etiology

Although early infectious CNS insults can lead to severe CNS
anomalies, tests for infective agents have been consistently neg-
ative. No teratogenic drug or other toxin has yet been associated
with Aicardi’s syndrome. Based on the pattern of cerebroretinal
malformations on Aicardi’s syndrome, it is speculated that an
insult to the CNS must take place between the fourth and eighth
weeks of gestation.”

Treatment

Medications for associated seizures are used.

Prognosis

Vision is variable. Systemic prognosis is dependent on associ-
ated malformations and seizure activity.
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V- OR TONGUE-SHAPED INFRAPAPILLARY
DEPIGMENTATION

Incidence

Five cases reported.

Clinical Features

A discrete infrapapillary zone of V- or tongue-shaped
retinochoroidal depigmentation has been described in five
patients with dysplastic optic discs and transsphenoidal
encephalocele.' These juxtapapillary defects differ from typical
retinochoroidal colobomas, which widen inferiorly and are
not associated with basal encephalocele. Unlike the typical
retinochoroidal coloboma, this distinct juxtapapillary defect is
associated with minimal scleral excavation and no visible dis-
ruption in the integrity of the overlying retina.

Associated Features

Transsphenoidal encephalocele as previously noted.

Inheritance

Usually sporadic.

Clinical Assessment

In patients with anomalous optic discs, the finding of this
V- or tongue-shaped infrapapillary retinochoroidal anomaly
should prompt neuroimaging to look for transsphenoidal
encephalocele.'*

Etiology

Unknown.
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PAPILLORENAL SYNDROME

Incidence

Unknown. Twenty-two families are reported in the literature.®
This syndrome may be underrecognized as patients are often mis-
diagnosed as having glaucoma, colobomas, or atypical morning
glory anomalies.

Clinical Features

Ophthalmoscopically, the disc appears excavated with multiple
peripheral cilioretinal arteries.®® The central retinal vasculature
is often absent or rudimentary. When central retinal vessels are
observed ophthalmoscopically, Doppler ultrasonography often
reveals entry of these central vessels into the nerve near the
globe, indicating their origin as aberrant cilioretinal vessels.
Patients often have superonasal visual field defects that cor-
respond with inferotemporal areas of hypoplastic retina with
anomalous retinal and choroidal perfusion.”® Peripapillary
serous retinal detachments may occur.

Associated Features

Associated renal anomalies include renal hypoplasia, renal
hypertension, renal failure, and recurrent pyelonephritis.® Renal
disease may be subclinical.

Etiology

Unknown. Parsa et al.® hypothesized that a primary deficiency
in vascular development compromises growth of the ocular and
renal circulations.

Inheritance

Autosomal dominant. Some pedigrees harbor the PAX2
mutation.®

Clinical Assessment

Renal function studies followed by Doppler spectral studies of
renal blood flow if conventional studies are normal.’ Renal
angiography may also be indicated.®
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Treatment

Prophylactic reduction of systemic blood pressure should be
considered if resistance to renal blood flow is abnormally high.®

Prognosis

Unknown.
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Cortical Visual Impairment
Susan M. Carden and William V. Good

Cortical visual impairment (CVI) is the most common cause
of bilateral visual impairment in children in the developed
world.! In less-affluent countries, the incidence is increasing
because the survival rate of premature babies is improving. As
a consequence, the mortality of children with complex medical
problems has begun to decline.'® Retinopathy of prematurity
(ROP) is also a major cause of visual handicap: its rate is increas-
ing, and it may become the commonest cause of visual impair-
ment in children. A risk factor for CVI is prematurity, which
is also a risk for ROP. Thus, these two disease processes often
coexist.

CVI is defined as visual impairment caused by damage to
the central nervous system. Visual acuity is reduced as a result
of a disease process that does not involve the ocular structures.’

HISTORICAL PERSPECTIVE

CVI has come into prominence recently partly because of its
increasing incidence and also the greater understanding that
is being developed of the pathophysiology. Whiting, Jan, and
Wong first coined the term cortical visual impairment in
1985"; before then, the problem was referred to as cortical
blindness. Cortical blindness is a term more relevant to adults
who experience a devastating injury to their occipital cortices.
Infants and children who experience such insults tend not to
be blind but rather impaired. Their brains are still growing, and
as a consequence some aspects of their vision improve over
time.
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INCIDENCE

Cortical visual impairment is now recognized as the most fre-
quent cause of bilateral visual impairment in the Western world.
The Blind Babies Foundation of Northern California has found
that, in children under 5 years of age with visual impairment,
CVI is the most prominent causative factor.'”” The Oxford Reg-
istry of Early Childhood Impairments found that nearly 30% of
children with bilaterally poor vision had CVL!'® In Liverpool
(U.K.), it was found that in children with neurological disorders
and visual impairment, CVI was the most common cause of poor
vision."” A study in 1996 in the Nordic countries found that
brain damage is causing an increasing number of children to
have visual impairment.'®

ETIOLOGY: PATHOPHYSIOLOGY,
HISTOPATHOLOGY

The cause of CVI can be diverse: hypoxia-ischemia; congeni-
tal brain malformation (schizencephaly, holoprosencephaly,
lissencephaly)’; central nervous system infection (meningitis,
encephalitis); blockage of a ventriculo-peritoneal shunt; head
injury, particularly that resulting from child abuse'’; or meta-
bolic derangements.'*

Hypoxia-Ischemia

The most common cause of CVI is an hypoxic-ischemic event.
The consequence of an hypoxic-ischemic event can best be
assessed by the age at which the insult occurred. At each age
level, a different area of the brain is more susceptible to damage
in an hypoxic-ischemic event.

In premature babies, the germinal matrix is most at risk of
being damaged.® The germinal matrix is a watershed area of the
brain, but only in preterm babies. It is situated in the walls
of the lateral ventricles. The optic radiations are supplied with
blood from the germinal matrix, as are the long motor tracts.
Thus, the preterm baby who suffers CVI is very likely to also
have cerebral palsy.! Periventricular leukomalacia ensues after
an hypoxic-ischemic event in preterm babies (Fig. 7-1).

In the term infant, an hypoxic-ischemic insult is more likely
to affect the watershed area of the brain, which is now an area
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FIGURE 7-1. Preterm infant brain with periventricular leukomalacia.

including the striate cortex (see Fig. 7-2). In term children, an
hypoxic-ischemic insult causing permanent CVI is much less
common.

Shunt Blockage

Ventriculoperitoneal shunt blockage has been described as a
cause of CVL* The occipital lobes become infarcted because the
posterior cerebral arteries are compressed against the edge of the
tentorium.'®

Twin Pregnancy

A risk factor for CVI is twin pregnancy.® Twin pregnancy
increases the risk of premature birth, which is a risk factor for
CVI in itself. There is an even higher chance of prematurity if
the twins are monozygotic.> Twin-twin transfusion syndrome
can occur if the twins are monozygous and also share one pla-
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FIGURE 7-2. Term infant with multicystic encephalomalacia.

centa (monochorionic).’ If one twin dies, then there may be an
acute twin-twin transfusion of blood to the dead fetus. The sur-
viving fetus may become hypovolemic and develop neurological
abnormalities as a consequence. Emboli and thromboplastin
from the dead fetus may enter the survivor’s circulation and
induce disseminated intravascular coagulation.'* The developing
brain is then exposed to hypoxia-ischemia.

CLINICAL FEATURES

Neurobehavioral characteristics, or mannerisms, exhibited by
children with CVI are helpful in deciding the position of a lesion
in the visual pathways. These behaviors tend to be adaptations to
the anatomic defect.”

Differential Diagnosis

The differential diagnoses of CVI are varied, and include condi-
tions in which the child appears to have poor vision but either
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improves later (delayed visual maturation); has a poor motor
response (oculomotor apraxia); or has no apparent interest in
their surroundings, as may be exhibited in autism.’

CLINICAL ASSESSMENT: WORKUP,
EXAMINATION TECHNIQUE,
LABORATORY, PATHOLOGY

The child who presents with CVI can usually be diagnosed with
a clinical examination. In pure cases the ocular examination is
normal. It should be remembered that ocular and cortical abnor-
malities can coexist. Children with CVI have poor visual func-
tion and do not exhibit eye contact. They also do not regard a
face. Parents may comment that sometimes the child sees better
than other times; variability in visual performance is a charac-
teristic of CVL

SYSTEMIC ASSOCIATIONS

Any child who is diagnosed with CVI will have an associated
neurological abnormality.!! Most children with CVI have a co-
existent ocular problem.!” An example of this is the child who is
extremely premature and has a risk of developing retinopathy of
prematurity. In this child, the anterior (ROP) and posterior (CVI)
visual pathways are involved, causing the visual impairment.

INHERITANCE

CVI is usually the result of an insult to the developing brain,
often an episode of hypoxia-ischemia. Thus inheritance is not
considered to be a major factor in the causation. Nevertheless,
some clinical features suggest a partial genetic cause. Some chil-
dren have a remarkable recovery from a neurological insult, and
this invulnerability might be genetically determined.

NATURAL HISTORY

CVI improves with time, although full, normal vision is rarely
achieved.® It is more usual for gradual improvement to occur
over months and years. Visual behavior can change from hour
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to hour depending on fatigue or distractibility of the child, so it
is important for parents to realize that the best vision which
they observe is more indicative of the child’s potential.

Visual improvement after an hypoxic-ischemic event
seldom regresses. Parents need not be concerned that the vision
will decrease unless there is a progressive neurodegenerative
disorder, or unless some other neurological event occurs that
interferes with vision (e.g., intractable seizures).

TREATMENT: MEDICAL OR SURGICAL

Surgical: Indication, Technique, and
Complications

Surgical treatment is seldom helpful in CVI. Exceptions include
a shunt blockage that needs to be relieved or a tumor that
requires resection. Cerebral edema or hemorrhage secondary to
trauma may require relieving.

Medical: Specific Medication and Dose

Medical treatment for CVI is limited. In the preterm baby, the
amount of oxygen delivered needs to be carefully regulated as
it could affect other disease processes such as retinopathy of
prematurity (ROP). Some children with CVI have epilepsy as a
result of their structural brain abnormality. Caregivers some-
times believe that treating the epilepsy or treating the abnormal
EEG will help vision, but this is usually not the case. If epilep-
tic seizures are present, then they should be treated, but simply
treating the EEG will not improve vision.

PROGNOSIS: OUTCOME OF TREATMENT

The prognosis is dependent on the age at which the insult was
sustained and the extent of the insult. Associated neurological
abnormalities are also an important factor to be considered.
Rehabilitation improves outcome significantly, and it is impor-
tant that the approach is multidisciplinary as the child rarely
has purely an ocular disorder. The preterm infant who receives
an hypoxic-ischemic insult tends not to improve as much as the
term infant."!
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In general, there is visual improvement over time with CVL
However, in prognosticating whether there will be significant
improvement, it is important to note the cause of the CVI (some
causes have a worse prognosis for improvement than others) and
also the age of the child when the insult occurred. Involvement
of the optic radiations has a worse prognosis than involvement
of the striate cortex.'? If periventricular leukomalacia is found
on neuroimaging, the prognosis is thus poorer, as it suggests
optic radiation damage. Visual recovery from CVI caused by
bacterial meningitis is known to be poor.?

FUTURE RESEARCH

Research is focused on assessment of children with CVI as well
as treatment. It is difficult to assess what a child with CVI sees.
Electrophysiological tests (visual evoked potential) are helpful
in indicating different qualities of sight. The use of functional
magnetic resonance imaging (fMRI) in diagnosis of CVI is
being investigated, but there are major limitations in children
because the technique requires the subject to be alert, still, and
cooperative.®
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Ophthalmologic

Manifestations
Michael X. Repka

bnormalities of the brain often manifest with problems of

either the afferent or efferent visual systems. Many of the
disorders discussed in this chapter portend a guarded prognosis
and often require urgent or even emergent therapy. This chapter
discusses congenital abnormalities of brain development, hydro-
cephalus, infections, and tumor. The importance of the oph-
thalmologic examination in each of these clinical settings
cannot be overestimated. For example, one-half of intracranial
tumors present with ocular signs or symptoms.!” Thus, the
physician must maintain a high index of suspicion that an
abnormality that varies from the typical appearance of ambly-
opia or strabismus might be produced by intracranial
abnormalities.

The important ophthalmologic signs and symptoms include
nystagmus, ocular motor dysfunction, reduced visual acuity,
visual field deficits, dyschromatopsia, an afferent pupillary
defect, anisocoria, optic atrophy, or papilledema. Other more
subtle motor or sensory disturbances include agnosias, dysmet-
ric eye movements, or visual hallucinations. These latter signs
and symptoms are uncommonly mentioned by a child.

CONGENITAL ABNORMALITIES

The embryologic development of the brain may be divided into
three distinct phases. The period from 0 to 60 days of gestation
is the induction phase. During this period, precursor brain struc-
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tures are formed. The brain is exquisitely sensitive to insult
throughout this time. The timing of the insult during this period
rather than the nature of the agent leads to the particular defect
or family of defects observed. Thus, insults at 15 days gestation,
no matter the cause, are phenotypically the same. Most of the
congenital abnormalities of the brain discussed in this section
result from an insult during this stage of development.

The second phase of brain development occurs from 60 days
gestation through the immediate postnatal period. This is the
phase of cellular proliferation. There is a tremendous prolifera-
tion of cells throughout the brain. In addition, the proliferating
cells also migrate as they mature from the deeper layers to the
more superficial layers, which occurs in both the cerebrum and
the cerebellum.

The third phase of brain development occurs from 25 weeks
of gestation to 4 years of age; this is the period of synapse for-
mation and myelination.

Brief description follows of some of the common congenital
abnormalities affecting vision, ordered by the timing of insult.

Induction Disorders

1. The Chiari malformation consists of cerebellar elonga-
tion and protrusion through the foramen magnum into the cer-
vical spinal canal (Fig. 8-1). The clinical features of this group of
disorders have been divided into four types. Type II is the most
common form to present in childhood. In addition to the cere-
bellar protrusion, there is a malformation of the skull and/or the
cervical spine and cerebellar hypoplasia. The ophthalmological
features of the Chiari malformation include papilledema
because of increased intracranial pressure, Horner’s syndrome
(oculosympathetic paresis) produced from syringomyelia, and
downbeat nystagmus. The treatment of a symptomatic Chiari
malformation consists of decompressing the protruding cerebel-
lar tissue by removing cervical laminae and a portion of the
occipital bone. A secondary approach is utilized when there
appears to be traction on the cauda equina. In this instance, the
neurosurgeon severs the filum terminale, thus releasing the
tethering of the spinal cord from the sacrum.

2. Holoprosencephaly is a malformation caused by an insult
occurring just before 23 days gestation. The brain, rather than
dividing into two halves, develops a single large ventricular
cavity. Subsequently, there is poor cortical and thalamic devel-
opment, whereas the brainstem is usually normal (Fig. 8-2).
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FIGURE 8-1. Sagittal MRI of a type II Chiari malformation. The cere-
bellar tonsils (arrow) are below the foramen magnum (arrowheads) within
the spinal canal. Syringomyelia is also present.

There may be multiple associated midline facial defects. This
abnormality may be associated with trisomy 13, trisomy 18,
maternal diabetes mellitus, syphilis, cytomegalovirus (CMV),
and toxoplasmosis.® The visual prognosis is usually quite poor
because of substantial damage to the visual cortex.

3. Septo-optic dysplasia likely represents a mild form of
holoprosencephaly.’ The features include agenesis of the septum
pellucidum, hypoplasia of the optic nerves and chiasm, hypopla-
sia of the infundibulum, and diabetes insipidus (Fig. 8-3). Sug-
gested causes include maternal diabetes, anticonvulsants, and
CMV.* In most cases, no specific identifiable cause is present.
The features include widely variable reductions of visual acuity
and nystagmus. A paradoxical pupillary response may be seen
(dilation to light). Hypopituitarism is frequently present, mani-
fest most often by thyroid hormone and growth hormone
deficiencies. Patients with bilateral anomalies need endocrine
evaluation. If vision is poor, neuroimaging is recommended to
be certain there is not a superimposed abnormality of the visual
pathway from tumor.
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FIGURE 8-2. Coronal MRI of a 1-week-old patient with holoprosen-
cephaly. There is a single ventricular cavity with a very thin cortical rim.
This patient had a shunt placed with a dramatic increase in the cortical
tissue present.

Disorders of Cellular Migration and Proliferation

This period is dominated by increasing numbers of cortical cells
and migration of those cells peripherally in the brain. A number
of common developmental abnormalities of the brain are pro-
duced by insults during this period: these include the fetal alcohol
syndrome, the fetal hydantoin syndrome, and some of the phako-
matoses. These disorders are discussed in the disease-specific
sections of this text. An insult that leads to impaired cellular
proliferation and cellular migration produces several characteris-
tic brain morphologies.

Lissencephaly (agyria) is a malformation in which the
surface of the brain is smooth. There are no cortical surface sulci



CHAPTER 8. BRAIN LESIONS WITH OPHTHALMOLOGIC MANIFESTATIONS 259

present because there was no elaboration of cortical structure as
cells failed to proliferate and subsequently migrate. The diagnosis
is readily made with magnetic resonance imaging (MRI).

Macrogyria (pachygyria) is produced by abnormal migration
in which only a few broad gyria are seen. Patients with
lissencephaly and pachygyria have seizure disorders and severe
cortical visual loss.

Microcephaly is produced by a variety of insults from radi-
ation exposure, infections in utero, and chemical agents, partic-
ularly during the proliferation period. There are also frequent
genetic associations. Microcephaly may also occur on a familial
basis as an autosomal recessive. Patients with chromosomal
abnormalities may manifest microcephaly.”” Chromosomal
defects include trisomies, deletions, and translocations. Micro-
cephaly may also occur in several inherited syndromes with
ocular findings (Cornelia de Lange, Hallermann-Streiff). The
external skull has a receding forehead, flat occipit, pointed

FIGURE 8-3. Coronal MRI of the suprasellar region of a patient with
septo-optic dysplasia. The corpus callosum is poorly defined; the septum
pellucidum is absent.
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vortex, and head circumference more than 3 standard deviations
less than the age-adjusted norm.

Other Congenital Abnormalities of the Brainstem
and Cerebellum

Mobius syndrome is characterized by congenital paralysis of the
facial muscles and impairment of ocular movements, most often
abduction. This disorder often presents in the differential diag-
nosis of infantile esotropia. There is complete or partial absence
of facial nuclei as well as other brainstem nuclei. In addition
to ocular abduction weakness and poor lid closure, corneal
hypoesthesia is frequently present. The ophthalmologist should
monitor the integrity of the cornea.

Joubert syndrome is a rare autosomal recessive syndrome.
The disorder consists of cerebellar vermis hypoplasia, nystag-
mus, poor ocular saccades, reduced visual acuity,”® and breath-
ing irregularity (Fig. 8-4). The breathing abnormalities are

FIGURE 8-4. Axial MRI of Joubert syndrome demonstrates cerebellar
vermis hypoplasia. Radiologists often describe the resultant enlargement
of the fourth ventricle as a “butterfly” (arrowhead). This finding was asso-
ciated, in this 10-month-old patient, with nystagmus, poor vision, and a
reduced ERG.
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FIGURE 8-5. Sagittal MRI of a Dandy-Walker cyst. A lucent cyst (CSF
density) is seen dorsal to the brainstem, producing a mass effect in the
posterior fossa pushing the brain forward (arrow).

generally seen during infancy. The poor vision appears to be
due to an associated retinal dystrophy that shows progressive
deterioration.

Dandy-Walker cyst is a malformation in which the fourth
ventricle is dilated with the caudal herniation of a glial-covered
cyst, which separates the cerebellar hemispheres (Fig. 8-5). The
cerebellar vermis and choroid plexus in this area of the brain
are poorly developed. The foramina of the fourth ventricle are
usually open but atretic. Hydrocephalus may be caused by either
a mass effect in the posterior fossa, or less often from obstruc-
tion of cerebrospinal fluid (CSF) flow by the atretic foramina.
Hydrocephalus may be manifest with papilledema and ocular
motor neuropathies, most often abducens nerve pareses, though
trochlear palsies have been infrequently reported.®
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MACROCEPHALY

Macrocephaly is a head circumference 2 standard deviations
above the mean for age, race, and sex. Hydrocephalus is the
most important cause of macrocephaly. Hydrocephalus is most
simply defined as an enlargement of the head produced by
increased ventricular volume. The other major cause of macro-
cephaly is megalencephaly, which is an enlargement of the brain
caused by an abnormally large amount of brain constituents.
Such a situation may be produced by increased numbers of cells
or excessive storage of metabolites. The latter condition may be
manifested by seizures and mental retardation. Many patients
being evaluated for head size or seizure disorder without evi-
dence of hydrocephalus will be sent to the ophthalmologist for
evidence of associated ocular disorders, particularly optic
atrophy and nerve fiber layer loss. For example, some patients
may have optic atrophy secondary to a leukodystrophy (accu-
mulation of very long chain fatty acids) or neurofibromatosis
type I (increased number of brain cells). Strabismus is frequently
seen in these patients, most often on a sensory basis. Exotropia
is a frequent ophthalmologic sign of adrenoleukodystrophy.*!
Retinal changes might be seen in Tay-Sachs disease and corneal
changes in mucopolysaccharidosis. The ocular findings are dis-
cussed in the appropriate section of this volume. In my experi-
ence, however, only very rarely is a diagnosis made on the basis
of the ophthalmologic examination in this clinical setting. In all
circumstances, neuroimaging is necessary to eliminate hydro-
cephalus as a cause of macrocephalus.

Hydrocephalus with increased intraventricular volume may
be caused by excessive secretion, impaired flow, or impaired
resorption of CSF (Fig. 8-6). CSF is produced by the choroid
plexus, located in each of the ventricles. CSF passes from the
lateral ventricles through the foramen of Monro into the third
ventricle, then via the cerebral aqueduct into the ventricle. CSF
passes into the subarachnoid space through the two foramina of
Luschka into the pontine cisterns at the apex of the fourth ven-
tricle. CSF also exits the fourth ventricle from a single midline
foramen Magendie into the cisterna magna.

Production of CSF involves carbonic anhydrase in one of the
secretory steps. Thus, carbonic anhydrase inhibitors are used to
treat increased CSF production and hydrocephalus. Eighty percent
of CSF resorption occurs in the subarachnoid space by the arach-
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FIGURE 8-6. An axial unenhanced CT of a 5-day-old patient with
obstructive hydrocephalus. Note the large lateral ventricles.

noidal villi, which are associated with the large venous sinuses of
the skull. Twenty percent of CSF passes into the spinal canal from
where it is resorbed. Normal lumbar CSF pressure of a child is up
to 180 mm water.”®

Hydrocephalus is classically divided into communicating
and noncommunicating types. In noncommunicating hydro-
cephalus, the obstruction to CSF flow may be at any point
within the ventricular system. In the communicating form, CSF
flows freely to the subarachnoid space. At that point, flow is
obstructed by meningeal scarring or by a blockage of resorption.
Meningeal scarring is most often caused by subarachnoid
hemorrhage or bacterial meningitis. There is an additional form
of hydrocephalus, hydrocephalus ex vacuo, in which there is
increased ventricular volume, but this increase is caused solely
by atrophy of cortex.
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The only significant cause of excessive CSF secretion is a
papilloma of the choroid plexus. These tumors most commonly
present with signs of increased intracranial pressure, including
papilledema, abduction deficiencies, headache, and vomiting
(see later section on Tumors).

The causes of obstruction within the ventricular system
include occlusion of the foramina, space-occupying lesions,
aqueductal stenosis, Chiari malformation, and the Dandy-
Walker syndrome. The malformations of the fourth ventricle,
Chiari and Dandy-Walker, account for 40% of all causes of
hydrocephalus in childhood.** The Dandy-Walker syndrome
may present as a posterior fossa mass lesion in addition to a
presentation from CSF flow obstruction. Posterior fossa eye
signs as described here most likely accompany the signs of
increased intracranial pressure; these also include downbeat
nystagmus.

Aqueductal stenosis is responsible for 20% of cases of
obstructive hydrocephalus. It has an incidence of approximately
1 per 1000 births. Although congenital, it may present insidi-
ously at almost any age from birth to adulthood. The cerebral
aqueduct may also become compromised from scarring follow-
ing meningitis or intraventricular hemorrhage.

The two major causes of decreased absorption of CSF are
sequelae of meningitis and infection. Meningitis damages the
arachnoidal granulations, thus blocking resorption of CSF into
the dural sinuses. Carcinomas may also infiltrate the meninges,
blocking subarachnoid CSF flow. Lymphoma and leukemia, if
widely metastatic to the meninges, may produce a communi-
cating hydrocephalus by this mechanism.

The age of a patient’s presentation with hydrocephalus
allows some generalizations to be made. Hydrocephalus pre-
senting in infancy is usually associated with major CNS
anomalies (e.g., holoprosencephaly, Chiari, Dandy-Walker). A
minority of cases may be a result of intrauterine or postpartum
meningoencephalitis. The major eye findings include impaired
upgaze from damage to the posterior commissure, abduction
weakness, nystagmus, pupillary light-near dissociation, and
optic atrophy. Papilledema is uncommon, but increasing head
circumference is common. Other clinical findings are specific
to the malformation. Gaston has evaluated a large series of
children with hydrocephalus and spina bifida."® In addition to
the ocular motor signs just listed, 73% were believed to have
abnormal afferent visual systems.
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Childhood-onset hydrocephalus is usually caused by tumor
or infection. The typical findings include papilledema, abduc-
tion weakness and early morning headache. The treatment of
hydrocephalus depends on the particular cause of the hydro-
cephalus, which is best elucidated with MRI. Infection may
produce hydrocephalus by obstructing CSF flow, but it may also
produce a thrombosis in a dural sinus, thus secondarily block-
ing resorption. A classic example is otitic hydrocephalus, pro-
duced by a thrombosis of the transverse sinus from an adjacent
otitis media.

Patients with mass lesion or obstruction of CSF flow are
not treated with medication but are treated surgically with
ventriculoperitoneal shunts, ventriculovascular shunts, or
lumboperitoneal shunts. Hydrocephalus may also be treated
indirectly with resection of a mass lesion.

PERINATAL INJURIES

The developing brain may be injured in the perinatal period by
trauma during delivery, by asphyxia before, during, and after
delivery, or by hemorrhage.

Mechanical

Mechanical trauma to the brain itself usually induces subdural
hemorrhage by inducing lacerations of the tentorium or falx
cerebri. Such injuries appear to be of decreasing frequency.

Asphyxia

Asphyxia is a significant cause of brain injury, both before and
after delivery. About half of asphyxic insults occur before deliv-
ery, 40% during delivery, and 10% after delivery.®

There are several distinct patterns of postasphyxic injury.
The most devastating is that of cystic encephalomalacia, which
occurs in an infant who suffers acute total asphyxia. These
patients develop bilateral symmetrical lesions of the thalamus
and brainstem nuclei. There is extensive cystic degeneration of
the cortex with formation of cystic cavities in the white matter
of the brain (Fig. 8-7).

Partial asphyxia produces a syndrome known as periven-
tricular leukomalacia. Bilateral symmetrical areas of necrosis
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FIGURE 8-7. Sagittal MRI of an antenatal asphyxic insult of the left pos-
terior cerebral artery leading to cortical blindness. Two large cystic areas
are seen in the region of the occipital lobe.

develop in the periventricular area, probably the most common
brain abnormality seen in premature infants following pro-
longed asphyxia. It appears that the areas of involvement
represent the vascular watershed zones prone to hypoperfusion
producing thrombotic infarction. The clinical findings in a
patient will depend on the extent of necrosis. In the term infant,
the cortex is the site of most of the injury. Such damage occurs
most often in the posterior parietal and occipital regions. Thus,
one of the most frequent abnormalities associated with asphyxic
brain damage is visual dysfunction.

Asphyxia may also damage areas of the basal ganglia, the cere-
bellum, and brainstem. The particular visual abnormalities,
usually of the efferent system associated with such abnormali-
ties, depend on the precise sites involved. There is a high
incidence of strabismus, particularly esotropia. Neuroimaging
and clinical evaluation are necessary to document the extent of
disease.

The syndrome of delayed visual maturation may be more
common in infants following mild asphyxic injury. Delayed
visual maturation occurs without a distinct cortical injury.
There is delayed development of normal visual acuity in some
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infants.!" These infants may represent the mildest form of
injury.

Intracranial Hemorrhage

Intracranial hemorrhage may result from mechanical trauma,
which usually results in subdural or subarachnoid bleeding; this
may be accidental or as part of the shaken baby syndrome.
Periventricular and intraventricular hemorrhages are more
likely associated with prematurity, asphyxia, or other metabolic
disturbances leading to significant brain injury. The precise loca-
tion of the hemorrhage is usually dependent on the age of the
patient. A preterm infant will bleed from the germinal matrix,
an area of the developing cortex just outside the ependymal
lining of the ventricle. Such bleeding leads to periventricular
hemorrhage. A term infant, on the other hand, generally bleeds
from the choroid plexus, the vascular CSF-secreting tissue
within the ventricle. Hemorrhage from this location produces
an intraventricular hemorrhage.

Hemorrhage in the preterm and term infant generally occurs
24 to 48h after an asphyxic insult. Risk factors include prema-
turity, respiratory distress, and overall health. The brain injury
produced by the hemorrhage may result from the asphyxia itself,
the hemorrhage itself, or secondary vasospasm of the surround-
ing vascular supply. The brain injury will ultimately lead to
cystic degeneration in that area. Intraventricular and periven-
tricular hemorrhages have been occasionally associated with an
increased risk of retinopathy of prematurity. These patients with
hemorrhagic brain injury commonly develop ocular abnormali-
ties. Strabismus may develop in up to 50% of patients.

Cranial Neuropathies

Cranial nerves may be damaged by perinatal injury, usually
trauma. The most commonly involved cranial nerve is the facial
nerve. There is evidence of deficit in up to 6% of newborns. The
problem is most often self-limited, and therapy is maintenance
of corneal integrity until recovery of facial muscle function. The
abducens and ocular motor nerves may also be damaged. As with
facial nerve paresis, most do recover.

The cervical sympathetics may be damaged if the lower
portion of the brachial plexus is stretched during delivery. Such
damage will produce an oculosympathetic paresis with aniso-
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coria and heterochromia iridis. Congenital Horner’s syndrome,
however, may occur in the absence of obstetrical trauma, prob-
ably because of an unidentified insult earlier in pregnancy.

INFECTION

Congenital Infection

There are five organisms most frequently associated with
congenital neurologic infection: rubella, cytomegalovirus
(CMV), varicella, toxoplasma, and herpes simplex. The congen-
ital rubella syndrome is the one postinfectious syndrome that
often presents with ophthalmologic features. The infection rate
is highest early in pregnancy, declining as the duration of preg-
nancy increases. The major ocular findings include choriore-
tinitis, cataract, and glaucoma. Other signs include deafness,
congenital heart disease, congenital malformations of the brain
including microcephaly, hydrocephalus, spina bifida, and devel-
opmental delay. The chorioretinitis is described as a “salt-and-
pepper” depigmentation.'”> Affected patients may have a seizure
disorder, mental retardation, and spasticity.

The pediatric ophthalmologist is often asked to evaluate a
patient in the newborn nursery or following discharge for evi-
dence of current or previous CMV infection. A patient with con-
genital CMV has jaundice, hepatomegaly, thrombocytopenia,
and severe anemia. Typically, there is microcephaly, hydro-
cephalus, and microgyria. Multiple ocular abnormalities have
been reported in this condition including chorioretinitis, optic
disc anomalies, microphthalmia, and cataract. Radiologic sup-
port for the diagnosis of CMV (although not pathognomonic)
is the demonstration of periventricular calcifications.

Toxoplasma gondii affects approximately 1 in 1000 newborn
infants. The infection is acquired during the second and third
trimesters of pregnancy, usually from an asymptomatic mother.
The clinical picture includes chorioretinitis, which is usually
bilateral, as well as anemia, pleocytosis, and seizures. Most
patients affected have significant neurological disease. CNS
calcification may be present. In one study, 90% of the affected
children had mental retardation and 40% had severely impaired
visual acuity.® Neurological and retinal manifestations of this
disease may be absent at birth but may develop progressively as
the child grows.
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Infection with herpes simplex virus usually occurs at the
time of birth. The use of cesarean section has reduced the rate
of infection, but many cases continue to occur because many
mothers are asymptomatic. A wide range of neurological abnor-
malities may exist. The ophthalmologic abnormalities include
microphthalmia and retinal scarring.

Congenital infection with varicella rarely produces oph-
thalmologic findings. Acquired infection is responsible for many
cases of tonic pupil. Careful monitoring of amblyopia is neces-
sary in affected patients due to deficient accommodation.

Acquired Infection

Bacterial meningitis may be responsible for infection of the fetal
or child’s brain. Infection of the developing brain is responsible
for multiple defects, yet it usually incites far less inflammatory
response than the same infection would in a child’s brain. The
inflammatory response, responsible for much of the damage
following infection, is attenuated in the fetus. The infection of
the neonate is accompanied by few clinical signs. However, the
infection of the child is associated with fever, headache, nausea,
vomiting, nuchal rigidity, cranial nerve pareses, loss of vision,
and rarely papilledema. The most commonly involved cranial
nerves are III, IV, and VI, presumably from inflammation of
the perineurium. Optic atrophy and cranial nerve palsy are
ophthalmologic sequelae of meningitis.*> The most common
sequela is hearing loss.

Bacteria may also form a brain abscess (Fig. 8-8), which gen-
erally occurs 2 to 4 weeks after gaining access to the brain.’ The
initial stage is a cerebritis that often lacks symptoms. Ophthal-
mologic signs and symptoms are produced only when there is
sufficient brain necrosis or mass effect to produce visual loss or
papilledema. For example, Wohl and colleagues reported a
13-year-old girl with an occipital lobe abscess and a dense
hemianopsia 2 weeks following a dental cleaning.* Diagnosis
required MRI, followed by neurosurgical drainage.

Many viruses may infect a child’s central nervous system.
They gain entry through the blood, the peripheral nerves, or the
olfactory system. Enteroviruses may cause an acute paralytic
syndrome of ocular motor nerve or inflammation of the optic
nerve(s). Most cases of childhood optic neuritis are thought to
be viral related. Enterovirus type 70 produces a hemorrhagic
conjunctivitis followed by motor paralysis.*
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FIGURE 8-8. A 12-year-old patient with a brain abscess in the right
frontal lobe.

Polio virus and some strains of vaccine have produced
frequent involvement of ocular motor nerves. Adenoviruses,
responsible for many cases of conjunctivitis, only rarely have
produced a meningoencephalitis.

TUMORS

An ophthalmologist is only rarely confronted by a patient in
whom they establish the diagnosis of an intracranial neoplasm.
They are much more often asked to consult on the signs, symp-
toms, and ophthalmologic management of a previously diag-
nosed tumor patient. The specific signs and symptoms that a
patient may present vary depending on the particular tumor and
its location. The duration of signs and symptoms bears a direct
relationship to the type of tumor and often to the prognosis for
that tumor. Rapid onset is typical of aggressive tumors.
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Many patients will complain of headache, particularly if
there is increased intracranial pressure. This sign is of no local-
izing value. Ophthalmologic signs specific for a tumor are rare.
Acquired nystagmus, diplopia, ocular motor dysfunction, and
papilledema are suggestive of progressive intracranial neoplasm
and demand emergent evaluation. These symptoms may be of
nontumor etiology.

This survey is divided into tumors of glial origin, neural
origin, meningeal origin, and congenital origin.

Tumors of Glial Origin

Gliomas are tumors that arise from neuroglial cells. These cells
provide support for neural tissue. In childhood, gliomas com-
prise 75% or more of primary intracranial tumors.*® Gliomas
include astrocytomas, oligodendrogliomas, ependymomas,
choroid plexus papillomas, and colloid cysts.

Astrocytomas develop in several areas of the brain:
the brainstem, cerebrum, optic pathway, and cerebellum. The
tumors in each of these areas have specific biological behaviors.
In addition to topographic nomenclature based on the site of
origin, astrocytomas have also been divided on the basis of his-
tological differences. The most common type of tumor is a fib-
rillary astrocytoma. A grading system with the three levels is
commonly employed to describe the histological characteristics
of fibrillary astrocytomas. Grade 1 is a well-differentiated astro-
cytoma, grade 2 is an anaplastic, more cellular astrocytoma, and
grade 3 is glioblastoma multiforme, which is the most aggres-
sive form with the worst prognosis.’

Most fibrillary astrocytomas during childhood occur in the
cerebellum, brainstem, or hypothalamus. These tumors as a rule
infiltrate normal brain tissue, preserving functions until late in
the disease course. This tendency frequently leads to a delay in
diagnosis.

Some fibrillary astrocytomas assume an appearance of par-
allel tumor cell growth and orientation termed pilocytic. The
juvenile form of the pilocytic astrocytoma occurs in children
and has a very benign prognosis. This tumor type is particularly
common in the optic pathway.

Astrocytoma of the cerebellum is one of the most common
childhood brain tumors. These tumors arise from either the
vermis or the lateral lobes of the cerebellum. They are well cir-
cumscribed and often develop a large cyst. Often the tumor is
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just a small nodule in the midline (Fig. 8-9). The majority of these
tumors have a benign histological appearance with a pilocytic
growth pattern. Treatment of a cerebellar astrocytoma is com-
plete surgical excision when possible. Adjunct radiotherapy is
suggested for patients with incomplete resection. The prognosis
for the majority of these patients with benign histology is
remarkably good. A 25-year survival rate greater than 90% has
been reported.** Occasional recurrences have been reported, as
many as 40 years after initial diagnosis.

Astrocytomas of brainstem are usually bilateral in involve-
ment, originating in the pons. The tumor produces a diffuse
enlargement of the brainstem, occasionally with occlusion of the
fourth ventricle and noncommunicating hydrocephalus (Fig. 8-10).
About one in four will have papilledema."” These tumors appear
to initially have a slow growth pattern, infiltrating normal struc-
tures without destroying them. Treatment for this tumor is radi-
ation therapy because complete surgical resection in the brainstem
is impossible. Treatments that are more recent include enhanced

FIGURE 8-9. Cystic astrocytoma of the cerebellum in a 16-year-old pre-
senting with esotropia and horizontal diplopia. The cystic portion of the
tumor is identified by the arrow.
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FIGURE 8-10. Sagittal MRI of a 4-year-old boy who presented with a left
esotropia. Within 2 weeks, he began to have difficulty walking. Note the
diffuse enlargement of the pons from a fibrillary astrocytoma. The tumor
extends from the thalamus to the medulla.

radiation therapy of 8000cGy consisting of divided doses deliv-
ered twice daily. Chemotherapy has been disappointing. The
prognosis is usually quite poor, with a 5-year survival rate of
only 20%.* Typical ophthalmologic signs and symptoms are a
horizontal gaze paresis, horizontal nystagmus, trigeminal nerve
paresis, and double vision, occurring in approximately 50% of the
affected patients.

Astrocytoma of the cerebrum may arise in any portion of
any hemisphere. These tumors are often infiltrative so that com-
plete surgical resection is usually impossible. These patients are
usually treated with surgical excision, followed in some cases
by radiation therapy. Chemotherapy has generally been dis-
appointing. Survival may vary from excellent for patients with
benign pilocytic astrocytomas to poor for those patients with
glioblastoma. Cerebral astrocytomas, although common in
adults, are relatively rare in children. Ophthalmologic signs of
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these tumors may include visual field defects and increased
intracranial pressure (Fig. 8-11). The most common non-
ophthalmologic symptom is a seizure disorder.

Astrocytoma of the hypothalamus—in the region of the
third ventricle—are quite common in childhood. These children
present with hypothalamic dysfunction, visual loss, or both.
Clinically, one suspects a primary origin in the hypothalamus
when the visual loss is minimal compared to the level of hypo-
thalamic or pituitary axis dysfunction. These tumors are usually
of the juvenile pilocytic type. Treatment is usually radiation
therapy unless the third ventricle is compromised. A ventricu-
lar peritoneal shunting or a surgical debulking of the tumor is
needed. A biopsy has been desirable in the past, but modern
imaging has made this test no longer mandatory.

Astrocytoma of the optic nerve is one of the most frequent
tumors affecting children with ophthalmologic signs and symp-
toms. These tumors, whether they involve the optic nerve, the
optic chiasm, or optic tract, are termed optic gliomas. These
tumors are usually of very benign histological appearance (juve-
nile pilocytic astrocytoma).

Optic nerve gliomas may occur sporadically or be associated
with neurofibromatosis type 1 (NF1). In a survey of patients with
NF1I, the incidence of optic pathway gliomas was found to be as
high as 20%, with just less than half involving the optic nerve.”
The ophthalmologic findings are generally decreased visual
function, optic disc swelling or pallor, strabismus, and propto-
sis. Visual loss or optic nerve atrophy occurs in about one-third
of children with NF1.%'% Visual loss is more common in the
sporadic patients. Gayre and coworkers found visual loss in 63 %
of the children they have followed.'*

A tumor involving the optic nerve usually causes a fusiform
enlargement of the nerve. The tumor diffusely replaces the
normal neural architecture. In a patient with neurofibromatosis
type 1 and an optic nerve glioma, the nerve is enlarged, but
much of the tumor is in the subarachnoid space, surrounding
and compressing an apparently normal optic nerve. One of
the commonly associated findings of optic nerve gliomas is
meningeal vascular hyperplasia. The hyperplasia often extends
well beyond the limit of the optic nerve involvement. This
benign reaction makes it difficult on neuroimaging to accurately
determine the true extent of nerve involvement.

Astrocytomas of the chiasm are similar to those of the optic
nerve in appearance. Because they lack a meningeal covering,
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FIGURE 8-11A,B. A 16-year-old boy with no visual complaints presented
for ophthalmologic evaluation. (A) A coronal MRI demonstrates bilateral
astrocytomas infiltrating the lateral geniculate nuclei (arrows). The left
lesion has a substantial cystic component. (B) Visual acuity and pupils
were normal, but an automated visual field examination demonstrated a
dense right homonymous hemianopsia.
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FIGURE 8-12. Coronal MRI of optic chiasmatic glioma in a 6-year-old
boy. This patient was treated for 20/200 amblyopia for 1 year before his
diagnosis. At that time, a right afferent pupillary defect and optic atrophy
were noted. Note the compression of the midline third ventricle.

they may have a significant exophytic portion. That portion of
the tumor may fill the suprasellar cistern compressing the hypo-
thalamus and third ventricle (Fig. 8-12). These patients have
optic atrophy, strabismus, and decreased vision. Six percent of
patients with NF1 may harbor a chiasmatic glioma.”® These
patients may also develop endocrinopathies from upward exten-
sion into the hypothalamus or symptoms of increased intra-
cranial pressure from extension into the third ventricle with
compromise of CSF flow. Such extension portends a poorer
prognosis.

The diagnosis of optic gliomas involves neuroimaging, par-
ticularly magnetic resonance imaging, of the visual pathways.
In addition to the optic glioma, MRI may often demonstrate
“hamartomatous” lesions of the basal ganglia in patients with
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neurofibromatosis. These lesions have disappeared during long-
term follow-up.

The natural history of optic nerve and chiasmatic gliomas
is uncertain. In some cases, the tumor remains static, in other
cases there may be slow growth, while in rare cases there may
be rapid growth with invasion of contiguous structures. Wright
and colleagues followed 17 patients with optic nerve gliomas.*
Nine of their patients demonstrated no growth of the tumor,
while 8 showed enlargement. Patients with neurofibromatosis
may have had a slightly more benign prognosis. Hoyt and Bagh-
dassarian described 18 patients with chiasmatic gliomas.'* Only
eight eyes showed any deterioration of visual function, suggest-
ing that these lesions do not grow, and may be hamartomas.
Imes and Hoyt reported the long-term follow-up (median, 20
years) for 28 patients with chiasmatic glioma, including some
from the initial study.'® Five had died, but four deaths were from
tumor before 1969, suggesting a static course for most optic
gliomas. More troublesome in the Imes and Hoyt report was the
high incidence of secondary intracranial tumors, which were
responsible for death in a number of patients.'® Perhaps these
patients are more prone to tumor development, or did these
tumors develop because of the radiotherapy they had received?

The visual prognosis is varied; some patients are unchanged
whereas others show a slow loss of vision, even after an extended
period of stability.>!* More striking is a report that has shown
that these tumors may even regress spontaneously and the
vision improve. Parsa and colleagues presented 13 cases of
spontaneous regression with no treatment.** In many cases, the
regression was associated with improvement in visual function.

As the natural history of optic glioma is unknown, the treat-
ment remains controversial. It is impossible with the available
tests to predict which tumor will progress. For optic nerve
gliomas, appropriate management should be close serial exami-
nations of the patient for evidence of progressive visual loss
or tumor enlargement. Such examinations should include neu-
roimaging at least every 6 months, determination of visual
acuity and fields at 3-month intervals for the first year, then at
6-month intervals thereafter. If there is deterioration in visual
function or enlargement of the tumor, many authors advocate
removal of the optic nerve, usually using a combined orbito-
tomy-craniotomy approach. However, surgical resection should
be undertaken only when necessary, usually due to extreme
proptosis, in light of the reports of spontaneous regression.* If
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both optic nerves or the chiasm are involved, radiation therapy
is the most appropriate therapeutic approach.

For optic chiasm glioma, a biopsy is performed only when
there is an atypical presentation or a need to debulk an exophytic
portion of the tumor because of compression of normal struc-
tures (see Fig. 8-12). There does not seem to be a deleterious effect
on visual function from removal of such an exophytic portion.
These patients, like those with optic nerve tumors, are followed
very carefully for radiologic enlargement or visual deterioration.
If there is either radiologic expansion or visual deterioration,
treatment usually consists of chemotherapy for children less
than age 4 and radiotherapy for older children.”” Vincristine and
carboplatin are the agents typically used.

Ependymomas are the third most frequent childhood brain
tumor, with a peak incidence occurring early in life. Ependy-
momas arise from the ependymal cells of the lining epithelium
of the ventricles, cerebral aqueduct, and spinal canal. The most
common location for such a tumor in childhood is the fourth
ventricle. The tumor characteristically occludes the ventricle,
producing increased intracranial pressure. It may infiltrate
normal tissues or extend into the cerebellopontine angle. About
11% of patients have metastasis to other parts of the cran-
iospinal axis at the time of their presentation.*’ The treatment
is partial surgical resection, followed by radiation therapy to the
tumor bed with additional treatment to the whole brain and
spinal cord. The survival rate for this tumor is variable, depend-
ing on the histology and extent of surgical resection.

Colloid cysts of the third ventricle are also tumors of glial
origin. These tumors produce symptoms of increased intracra-
nial pressure including papilledema and abduction weakness.
These tumors are benign. They may be diagnosed by MRI. The
treatment is resection.

Choroid plexus tumors usually occur in the lateral ventri-
cles of children, less frequently in the third or fourth ventricles.
These tumors often secrete excess CSF, producing hydro-
cephalus and papilledema. Most tumors have a benign histolog-
ical appearance. The mainstay of treatment is complete surgical
resection. If the tumor is only partially resected, craniospinal
irradiation is necessary.

Oligodendrogliomas are usually located in the cerebral
hemispheres but may occur in any part of the brain. They are
usually of benign histological appearance and often calcified.
Due to their location in the hemispheres, the ophthalmologic
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signs are hemianopsia and papilledema. Seizures are a frequent
symptom. The treatment of these tumors is surgical resection
followed by adjuvant radiation therapy.

Tumors of Neural Origin

Only a small number of tumors affecting the child’s brain are of
neural origin: these are the medulloblastoma, by far the most
common, neuroblastoma, ganglioglioma, and retinoblastoma.
The last tumor is discussed elsewhere in this text.
Medulloblastoma is one of the most common tumors of
childhood, representing about 25% of all brain tumors in this
age group. It usually arises in the midline of the cerebellum, and
is frequently associated with necrosis but only rarely with cal-
cification (Fig. 8-13), unlike the cerebellar cystic astrocytoma,

FIGURE 8-13. Axial MRI of an 8-year-old boy with a medulloblastoma
enveloping the fourth ventricle, infiltrating the dorsal brainstem and
cerebellum.
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which is often calcified. A medulloblastoma may obliterate the
fourth ventricle and infiltrate the cerebellum, the brainstem,
and the meninges. It may also metastasize to any location
bathed by CSF. There is usually a brief history of headache and
vomiting from increased intracranial pressure. There may also
be ocular motor signs from infiltration of the brainstem and
disruption of ocular motor nuclei and their interconnections.
Such signs include internuclear ophthalmoplegia, gaze palsy,
and ocular motor neuropathy.

Medulloblastomas are highly malignant with a poor prog-
nosis. Treatment consists of an aggressive resection followed by
craniospinal irradiation. Chemotherapy is also employed, par-
ticularly in younger patients. The survival rate for 5 years is
approximately 50%."

Other tumors of neuronal origin include neuroblastomas,
which may arise in the central nervous system but are quite rare.
Most CNS neuroblastomas occur during childhood. They have
a poor prognosis. Only approximately 30% of patients are alive
at 5 years.*

Gangliogliomas are benign tumors, usually occurring in
the third ventricle, which often present with hypothalamic
dysfunction or noncommunicating hydrocephalus. Because of
their location, they might be confused with optic glioma. The
ophthalmologist may help in the diagnosis, because usually the
visual function is better than with optic gliomas and there is
little optic atrophy.

Tumors of Meningeal Origin

Tumors of the meninges are very rare in childhood and repre-
sent only a small percentage of tumors during childhood and
the teenage years.*> There is no sex predilection observed for
the tumors presenting in childhood, in contrast to the female
predilection in adulthood. Meningiomas may have a more
aggressive behavior in childhood than they have in adulthood.
The tumors arise from the arachnoid layer of the meninges and
may have an intracranial, intraspinal, or intraventricular loca-
tion. There is a striking association with NF1. A patient with
neurofibromatosis often has multiple foci of meningioma as
well as other intracranial tumors such as acoustic neuromas,
neurofibromas, and gliomas.

Intracranial meningiomas may produce symptoms because
of mass effect, direct compression of the tumor on brain tissue
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or cranial nerves, and obstruction of the venous sinuses. The
precise symptoms developed by a patient depend on the location
of the tumor. For example, a meningioma in the cerebellopon-
tine angle produces nystagmus and ocular motor dysmetria as
well as increased intracranial pressure.

The treatment of intracranial meningioma is complete
surgical resection wherever possible. Radiation therapy has
been attempted for tumors located in inoperable locations with
varying degrees of success.

Meningiomas may also occur, primarily associated with the
sheath of the optic nerve; they occur in this location about as
often in children as in adults.”® A patient with a primary orbital
meningioma usually presents with unilateral visual loss. In
childhood, the visual loss is usually quite advanced at the time
of presentation. The optic disc may be swollen or atrophic,
although it is most often atrophic. Optociliary shunt vessels
may be present on the surface of the disc. The tumor is readily
diagnosed with neuroimaging. Radiologic features include
tubular enlargement of the optic nerve associated with calcifi-
cation. The appearance is often described as a “train track,” with
enhancing parallel lines surrounding a lucent space in axial CT
sections of the optic nerve.

The appropriate treatment for primary orbital meningiomas
is controversial. Alper has said that many of these tumors
behave malignantly in children and should be resected com-
pletely and immediately.! In general, resection of the affected
optic nerve should be performed before the tumor spreads
intracranially. Radiotherapy remains an alternative treatment.
There are case reports of improvement after radiotherapy.®”

In our center, we prefer to follow these tumors at 3-month
intervals in a fashion analogous to that for optic nerve gliomas.
Visual acuity is monitored as well as tumor volume and extent
by neuroimaging. A patient who demonstrates increasing
encroachment of the meningioma toward the intracranial space,
tumor enlargement, or complete loss of vision should be con-
sidered for a combined craniotomy/orbitotomy resection.!

Tumors of Congenital Origin

Three distinct tumors of congenital origin present during child-

hood: germinoma, craniopharyngioma, and arachnoid cyst.
Germinomas are relatively rare tumors that arise from germ

cells. They most often arise in the region of the pineal gland
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FIGURE 8-14. Midsagittal MRI of a 12-year-old boy with a germinoma.
His symptoms were difficulty seeing the blackboard. He had bilateral
pupillary light-near dissociation, anisocoria, and convergence-retraction
nystagmus. The tumor (arrow) is seen compressing the tectal plate.

but contain no cells typical of the pineal gland. They may also
appear in the hypothalamic or thalamic region. As in all brain
tumors, the presenting signs of germinoma depend on their loca-
tion. If the tumor arises in the region of the pineal gland, the
patient will have signs of increased intracranial pressure from
compression of the dorsal midbrain and of the cerebral aqueduct
(Fig. 8-14). The ophthalmologic signs of the dorsal midbrain syn-
drome (Parinaud) are a skew deviation, fourth and sixth cranial
nerve pareses, convergence-retraction nystagmus, impaired
upgaze, anisocoria, and corectopia. The differential diagnosis of
germinoma in the region of the pineal includes pinealoma and
teratoma.

If the tumor is in the hypothalamic region, downward
extension may cause visual loss and upward extension may
cause papilledema from obstruction of the third ventricle. Ger-
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minomas in the region of the thalamus also cause visual loss
from infiltration of the lateral geniculate body, optic tracts, or
portions of the geniculocalcrine radiations. The diagnosis in
each of these locations is made by biopsy. Treatment is radia-
tion therapy. These tumors are extraordinarily sensitive to
radiation therapy, with a 10-year survival rate of approximately
72%.%0

Craniopharyngioma is the third most common brain
tumor of children in some studies, representing about 10% of
tumors.” It often presents to the ophthalmologist as visual
loss of unknown etiology or as a sensory strabismus. The
physician should be very wary of this tumor when diagnosing
amblyopia or functional visual loss. For instance, we saw a 6-
year-old with exotropia and 20/200 vision in one eye. Mild
optic atrophy was present. An MRI demonstrated a large cran-
iopharyngioma. In childhood, this tumor usually presents after
visual symptoms are present because of the delay in diagnosis
with children.

Craniopharyngiomas arise from embryonic rests of Rathke’s
pouch. The tumor is composed of a capsule, a cystic portion con-
taining the classic “machine oil,” and a solid mass. The tumor
may compress the optic pathways, the hypothalamus, the third
ventricle, and the pituitary gland (Fig. 8-15). The optic pathway
may be compressed from above, below, or from the side, thus
causing nearly any visual field defect. We previously reported on
the clinical course of 12 children with craniopharyngiomas.
Nearly all these children suffered severe visual loss and most
presented with profound optic atrophy.*® There was no recovery
of function following treatment in children, unlike the improve-
ment seen in adults.

The treatment of craniopharyngioma involves an attempt at
total resection when accompanied by an acceptable minimal
morbidity. If complete resection is impossible, as is often the
case, a partial resection is performed. For older children,
teenagers, and adults, postoperative radiotherapy is employed.
For young children, radiotherapy is delayed, relying on clinical
examination and repeat neuroimaging at 3-month intervals for
the first year and at 6-month intervals thereafter to detect recur-
rences. These studies evaluate the suprasellar space for regrowth
and consequent compromise of the visual system. If there is
regrowth, repeat resection and/or drainage of the reaccumulated
cystic material followed by radiotherapy is performed. In our
experience, children with visual loss and especially those with
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FIGURE 8-15. Coronal MRI of a craniopharyngioma in a 1-year-old
patient that is obliterating the suprasellar cistern.

optic atrophy at the time of their presentation will not have
significant visual improvement after decompression. However,
they do not seem to suffer further visual loss.

The differential diagnosis of craniopharyngioma includes
suprasellar epidermoid and dermoid cysts, Rathke pouch cysts,
arachnoid cysts, and pituitary adenoma. Pituitary adenomas are
uncommon in children but may present similarly to cranio-
pharyngioma with endocrine dysfunction, hypopituitarism,
and/or visual loss.

Arachnoid cysts are collections of CSF contained within a
membrane of meningeal tissue. They may arise anywhere there
are meninges. In some circumstances, arachnoid cysts may
enlarge because of the active production of fluid. Enlargement
may cause symptoms of mass effect, increased intracranial
pressure, or, if there is a suprasellar cyst, an optic neuropathy.
Suprasellar arachnoid cysts most often present in young patients
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FIGURE 8-16. Sagittal MRI of a suprasellar arachnoid cyst in a 4-year-old
patient. No ophthalmologic defect could be detected.

(Fig. 8-16)." Pituitary and hypothalamic signs as well as third
ventricle compression may occur from expansion of a suprasel-
lar or arachnoid cyst in addition to visual loss. Diagnosis of a
cyst is usually incidental but is easily made by MRI. Treatment
of symptomatic lesions is drainage with capsule removal. There
is only a very low chance of recurrence, even when removal of
the capsule is incomplete.
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Nystagmus and Ocular
Oscillations in Infancy

and Childhood

Richard W. Hertle

Eye care practitioners may be among the first to evaluate
infants and children with involuntary ocular movements.
Pediatric ophthalmologists may, in fact, see more patients with
nystagmus than any other specialist because of the frequent
association of nystagmus with strabismus.”!¢204>546175 Nystag-
mus may be covered less frequently in literature and research
because there is less we understand or can do about it, compared
to strabismus or other childhood eye diseases.

HISTORICAL PERSPECTIVE

Nystagmus is a rhythmic, involuntary oscillation of one or both
eyes. The term comes from the Greek word “nystagmos,” to
nod, drowsiness and from “nystazein,” to doze; probably akin
to Lithuanian “snusti,” also to doze. Using the information
obtained from a complete history, physical examination, and
radiographic and oculographic evaluations, more than 40 types
of nystagmus can be distinguished (Table 9-1). Some forms of
nystagmus are physiological whereas others are pathological.
Although the nystagmus is typically described by its more easily
observable fast (jerk) phase, the salient clinical and pathological
feature is the presence of a slow phase in one or both directions.
Clinical descriptions of nystagmus are usually based on the direc-
tion of the fast phase and are termed horizontal, vertical, or
rotary, or any combination of these (Fig. 9-1). The nystagmus may
be conjugate or dysconjugate, indicating whether the eyes move

289
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TABLE 9-1. Nystagmus Types as Identified by History, Physical
Examination, and Ocular Motility Recordings.

Acquired
Arthrokinetic
Associated
Audiokinetic
Bartel’s
Bruns’
Centripetal
Cervical
9. Circular/elliptic/oblique
10. Congenital/infantile syndrome
11. Convergence
12. Dissociated
13.  Downbeat
14. Drug-induced
15. Epileptic
16.  Flash-induced
17. Gaze-evoked
18. Horizontal
19. Induced (provoked)
20. Intermittent vertical
21.  Jerk
22. Latent/manifest latent
23. Lateral medullary
24. Lid
25. Miner’s (occupational)
26. “Muscle-paretic”
27.  Optokinetic
28. Optokinetic after (induced)
29. Pendular
30. Periodic/aperiodic alternating
31. Physiological (endpoint, fatigue)
32. Pursuit (after induced)
33. Rebound
34. Reflex (Baer’s)
35.  See-saw
36. Somatosensory induced
37. Spasmus nutans
38. Spontaneous (“voluntary”)
39. Torsional
40. Uniocular
41. Upbeat
42. Vertical
43. Vestibular (central, peripheral, geotropic, ageotropic, galvanic, head shaking,
positional, caloric, rotational)
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FIGURE 9-1. Diagram of nystagmus in nine positions of gaze. Arrow-
heads indicate direction of jerk: fast phase if on one end, pendular nys-
tagmus if on both ends, and increasing frequency with more arrowheads.
Additional lines indicate increased nystagmus amplitude. The curved
lines indicate torsional nystagmus.

in synchrony. The nystagmus may be predominantly pendular
or jerky, the former referring to equal velocity of the to-and-fro
movement of the eyes, and the latter referring to the eyes moving
faster in one direction and slower in the other. Involuntary ocular
oscillations containing only fast phases are referred to as “sac-
cadic oscillations and intrusions” and not nystagmus (Table 9-
2). Tt is well documented that differentiating true nystagmus
from saccadic oscillations and intrusions is sometimes

TABLE 9-2. Saccadic Intrusions and Oscillations Identified by
History, Physical Examination, and Ocular Motility Recordings.

1. Bobbing/dipping
2. Double saccadic pulses
3. Dynamic overshoot
4.  Dysmetria
5. Flutter

6.  Flutter dysmetria

7. Macrosaccadic oscillations

8. Myoclonus

9. Opsoclonus

10. Psychogenic flutter (voluntary nystagmus)
11.  Saccadic lateropulsion
12.  Saccadic pulses/pulse trains (“abduction,” ataxic, intrusions
13. Square wave jerks/oscillations
14.  Superior oblique myokymia
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impossible clinically. Recent advances in eye movement record-
ing technology have increased its application in infants and chil-
dren who have disturbances of the ocular motor system.!*

INCIDENCE

In 1991, Stang retrospectively reviewed the records of Group
Health Inc. (White Bear Lake, Minnesota, U.S.A.) and in their
pediatric population of 70,000 found a prevalence of clinical
“nystagmus” of 1 in 2850.% Other estimates of its incidence
range from 1 in 350 to 1 in 6550.""*3%4% Up to 50% of the
infantile strabismic population have some associated nystag-
mus, 2034244455460 Tf these cases are included in the prevalence
estimates, then up to 0.5% of the population would be consid-
ered to have some form of nystagmus.

ETIOLOGY

The theoretical neuronal mechanisms of nystagmus continue
to evolve and a single unifying explanation is still lacking.
However, three major supranuclear inputs to the oculomotor
system are clearly important in stabilizing eye movements; their
dysfunction may lead to nystagmus. These inputs are the pursuit
system, the vestibular system, and the neural integrator.

The pursuit system, previously thought to have only a
dynamic function, provides a major input for fixation stability
(e.g., pursuit at “0 velocity” is stable fixation).*”*” The outputs
of the right and left vestibular apparati are neural discharges,
each of which tends to drive the eyes contralaterally. Normally
the right and the left outputs are equal and cancel each other.
Head rotation and unilateral vestibular damage alter this
balance. For example, right vestibular damage causes the eyes to
drift to the right side. A corrective saccade is then made toward
the left. A distinguishing feature of vestibular nystagmus is that
the slow phase of the nystagmus toward the affected side is of
constant velocity as recorded by electronystagmography. It is
important to realize that most forms of acquired nystagmus are
caused by disease of the vestibular system (centrally or periph-
erally). Eye movement recordings show various combinations of
slow phases including uniplanar or multiplanar, simple pendu-
lar, linear, and decelerating.*>
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The neutral integrator is a theoretical neuronal system that
changes the resting firing rate to the extraocular muscles to (1)
overcome the viscoelastic forces of the orbit and (2) maintain a
position of eccentric gaze. The exact location of the neural inte-
grator is unknown, but much of its function resides in the nucleus
prepositus hypoglossi (NPH), located just caudal to the abducens
nucleus.®**” Two types of dysfunction of the neural integrator are
postulated: integrator leak and high-gain instability. With inte-
grator leak, the firing rate of the extraocular muscles is inadequate
to overcome the viscoelastic forces of the orbit and maintain the
desired eccentric position of gaze; this results in a slow drift of
the eyes toward the primary position of gaze and a corrective
saccade back toward the desired eccentric position. The slow
phase of the nystagmus as recorded by ocular motility recordings
is linear (i.e., of constant velocity) or decelerating. Clinically, one
observes gaze-evoked or gaze-paretic nystagmus.

High-gain instability is a term borrowed from engineering to
try to explain the pathophysiology of infantile (congenital) nys-
tagmus. In infantile nystagmus, the slow-phase velocity increases
as the eyes move from the desired position of gaze; this is referred
to as an accelerating slow phase. The ocular motor system (the
“output”)isimproperly calibrated with the afferent visual system
(the “input”). Gain is the ratio of output to input, and in the devel-
oping visual system, gain is properly calibrated in the first few
weeks to months of life.***¢” Faulty calibration of the gain may
be a contributing factor in the etiology of infantile nystagmus.
The pathophysiology of latent nystagmus and manifest/latent
nystagmus (LN/MLN) (referred to by some as fusion maldevel-
opment nystagmus syndrome) is different from and less well
understood than infantile nystagmus. Because it commonly is
associated with the infantile strabismus syndrome, its cause may
be related to the documented persistence of nasotemporal motion
processing asymmetry that is also characteristic of the syndrome.

CLINICAL FEATURES OF NYSTAGMUS IN
INFANCY AND CHILDHOOD

Neonatal and Early Infantile Nystagmus

Distinguishing acquired from the benign neonatal/infantile forms
of nystagmus is important because of the implication for under-
lying neurological disease in acquired nystagmus (Table 9-3). A
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solid history of the onset of nystagmus in the first month of life
is reassuring because such cases are usually neurologically benign.
Efforts are being made to add precision and uniformity to nys-
tagmus terminology. The terms congenital nystagmus (CN) infan-
tile nystagmus, and idiopathic motor nystagmus have become
synonymous with the most common form of neonatal nystag-
mus.*?04456!1 The term infantile nystagmus syndrome (INS) is a
broader and more inclusive term that we prefer when referring to
the broad range of neonatal nystagmus types, including those
with identifiable causes. The distinguishing characteristic of INS
is the presence of an accelerating slow phase. The major types of
nystagmus waveforms are shown in Figure 9-2.

In general, a clearly documented history of onset of any form
of nystagmus in the first months of life should put the exam-
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FIGURE 9-2A-D. Representation of major types of nystagmus wave-
forms. Continuous periods of time are depicted in each tracing. Right-
ward eye movements are up, and leftward eye movements are down. (A)
Pure jerk left nystagmus. (B) Pendular nystagmus. (C) Jerk left with
increasing velocity slow phases. (D) Jerk left with decreasing velocity
slow phases.
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iner at ease. Unfortunately, such history is not usually available
because neonatal-onset nystagmus is frequently not noticed until
later in life. However, the characteristics of INS and LN/MLN
are so typical that when encountered in older patients the nys-
tagmus can be assumed to have begun in the neonatal period.
All other forms of nystagmus should be assumed to have been
acquired, unless there is clear documentation of their neonatal
onset.

Infantile Nystagmus Syndrome (Previously
Congenital Motor Nystagmus, CN)

Familiarity with the clinical features of infantile nystagmus syn-
drome (INS) permits the examiner to avoid unnecessary testing.
INS is an ocular motor disorder that presents at birth or early
infancy and is clinically characterized by involuntary oscilla-
tions of the eyes. Estimations of the incidence of INS vary enor-
mously, from 1 in 350 to 1 in 20,000, although the generally
quoted estimated incidence is 1 in 6550 or 0.015%.**" These
movements most commonly have a slow and fast phase,
although they may be purely pendular; they are usually hori-
zontal with a small torsional component and may (rarely) have
a vertical component. Other clinical characteristics, not always
present, include increased intensity with fixation and decreased
intensity with sleep or inattention; variable intensity in differ-
ent positions of gaze (usually about a null position); changing
direction in different positions of gaze (about a neutral position);
decreased intensity (damping) with convergence; anomalous
head posturing; strabismus; and an increased incidence of sig-
nificant refractive errors. INS can occur in association with con-
genital or acquired defects in the visual sensory system |(e.g.,
albinism, achromatopsia, and congenital cataracts). The cause or
causes and pathophysiological mechanisms of INS have not been
elucidated. Children with this condition frequently present with
a head turn, which is used to maintain the eyes in the position
of gaze of the null point (point of minimum nystagmus). This
maneuver is particularly prominent when the child is concen-
trating on a distant object, as this form of nystagmus tends to
worsen with attempted fixation. The head turn is an attempt to
stabilize the image under these conditions. Head oscillations are
common in INS and probably reflect underlying instability of
cervical motor control. Hence, the head movements are patho-
logical and not adaptive.
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Oscillopsia, an illusory movement of the stationary world,
is almost never present in INS. The reason for this is unclear,
but may be explained by efference copy mechanisms, in which
a copy of the motor output signal to the extraocular muscles
(EOMs) is also sent to other sensory and motor areas in the
brain.>® Presumably this corollary discharge then permits sup-
pression of oscillopsia. In those rare patients with intermittent
oscillopsia, it tends to occur at gaze angles in which the
nystagmus is maximal or if a new sensory system defect dev-
elops (e.g., retinal disease). Absence of oscillopsia is usually not
helpful in distinguishing congenital from acquired nystagmus in
children because, even with acquired nystagmus, small children
rarely have this complaint.

Numerous studies of INS in infants and children confirm an
age-dependent evolution of waveforms during infancy from pen-
dular to jerk.***#¢! This concept is consistent with the theory
that jerk waveforms reflect modification of the nystagmus by
growth and development of the visual sensory system. Many
forms of visual sensory system abnormalities are associated
with the motor defects present in INS. Therefore, classification
of INS as either “sensory” or “motor” is confusing and often
inaccurate. Nevertheless, the practical task for the physician is
to determine if an identifiable etiology or cause of the nystag-
mus is present. Accurate, uniform, and repeatable classification
and diagnosis of nystagmus in infancy as INS is best accom-
plished by a combination of clinical and motility findings; in
some cases, motility findings are indispensable for diagnosis
(Fig. 9-3).

If an infant is diagnosed with INS, ocular motility analysis
can also be helpful in determining visual status. Analysis of
binocular or monocular differences in waveforms and foveation
periods reflect development of the afferent visual system. Pure
pendular or jerk waveforms without foveation periods are
associated with poorer vision whereas waveforms of either type
with extended periods of foveation are indicators of good vision.
Significant interocular differences in a patient reflect similar
differences in vision between the two eyes. Ocular motility
analysis in infants also accurately determines nystagmus
changes with gaze (null and neutral zones).

Although numerous studies have described INS pathophys-
iology and its effect on the visual system, its etiology remains
elusive. Defects have been proposed involving the saccadic,
optokinetic, smooth pursuit, and fixation systems as well as the
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FIGURE 9-3A-C. (A) OU open-OD recording, jerk left INS. (B) OD
viewing (OS cover), OD recording, jerk right LN/FDN. (C) OS viewing
(OD cover), OS recording, jerk left LN/FDN. INS, infantile nystagmus
syndrome; FDN, fusion maldevelopment nystagmus syndrome.

neural integrator for conjugate horizontal gaze. As mentioned
previously, biomedical control system models have reproduced
this oscillation, and it has been attributed to a “high-gain insta-
bility” in the ocular motor system. This term loosely translates
as an error in “calibration” of the eye movement system during
attempted fixation. Including genetic predisposition, many
clinical conditions are associated with the INS oscillation. The
immature ocular motor system is a required condition for the
development of this ocular oscillation. The etiology may be
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multifactorial, with the final common pathway being interfer-
ence with ocular motor calibration during a period of sensitivity,
at which time an insult results in irreversible changes. Sensitive
periods during development of other aspects of visual function
are well recognized, including visual acuity and binocularity.

A model for the development of a stable ocular motor
system is depicted in Figure 9-4. Motor system calibration is an
active process that may start in utero and continues at least
through early infancy. Sensory system development is a parallel
visual process that has been more thoroughly studied and also
continues to develop through the first decade of life. Previous
studies have documented connections between parallel visual
processes (cross-talk) that modify, instruct, and coordinate these
systems, resulting in smooth and coordinated function. INS may
result from a primary defect (e.g., familial X-linked) of ocular
motor calibration. INS may also result from abnormal cross-talk
from a defective sensory system to the developing motor system
at any time during the motor system’s sensitive period; this can
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FIGURE 9-4. Diagram of model of interaction among parallel, develop-
mental, visual processes, the interruption of which may result in infan-
tile nystagmus syndrome (formerly termed CN).
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occur from conception due to a primary defect (e.g., retinal dys-
trophy), during embryogenesis due to a developmental abnor-
mality (e.g., optic nerve hypoplasia), or after birth during infancy
(e.g., congenital cataracts). This theory of the genesis of INS
incorporates a pathophysiological role for the sensory system in
its genesis and modification. Although the set of physiological
circumstances may differ, the final common pathway is abnor-
mal calibration of the ocular motor system during its sensitive
period. The primary ocular motor instability underlying INS is
the same, but its clinical and oculographic expression is modi-
fied by both initial and final developmental integrity of all
parallel afferent visual system processes. As the bidirectional
arrows suggest (see Fig. 9-4), abnormal motor development
would be expected to affect sensory development. As mentioned
previously, this new knowledge forces us to abandon the classic
“motor” and “sensory” classification introduced by Cogan more
than 30 years ago.

Latent Nystagmus/Manifest Latent Nystagmus

Latent nystagmus/manifest latent nystagmus (LN/MLN) is a
benign, jerk nystagmus that begins in early infancy and is easily
observed under monocular viewing conditions. If the nystagmus
is present under binocular viewing, then manifest latent nys-
tagmus is said to be present. If monocular occlusion is needed
to bring out the nystagmus, then latent nystagmus is present.
LN/MLN is bilateral and conjugate with the slow phase toward
the covered eye and the fast phase toward the viewing or
suppressed eye. Strabismus, usually in the form of esotropia,
is almost always present. It may be difficult to distinguish
LN/MLN from INS with associated estropia without the aid of
eye movement recordings. Latent nystagmus and manifest
latent nystagmus have slow phases that are predominantly
decreasing in velocity and linear (see Fig. 9-3).202357

The term fusion maldevelopment nystagmus syndrome is
preferred by some because all patients with this form of nys-
tagmus have poor or absent fusion. Furthermore LN/MLN is an
awkward and cumbersome term. However, it remains the most
widely used term, and we continue to employ it in this text.

Patients with frank esotropia may demonstrate LN/MLN.
Because these patients usually suppress one eye at a time, the
nystagmus is often present even without covering an eye. The
direction of the nystagmus depends on which eye is fixating.
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LN/MLN can appear to be converted to “pure” latent nystag-
mus if the strabismus is repaired.

With electronystagmography, mild LN/MLN can usually be
detected in those patients who appear to have only latent nys-
tagmus clinically. The nystagmus simply becomes more pro-
minent when one eye is occluded. True latent nystagmus
is uncommon. LN/MLN tends to dampen on adduction, so
patients with this condition may present with a head turn
toward the side of the fixating eye. These patients have an
adduction null with the fixing eye and not a true “gaze” null
position. In addition to causing the anomalous head position,
LN/MLN can cause the patient to have much worse monocular
than binocular visual acuity.

Infantile N}/stagmus Syndrome and Vision Loss
(INS and Atferent System Defects)

Vision loss before 2 years of age is usually associated with a less
well developed form of INS (previously Cogan’s “sensory” nys-
tagmus).'32628304849 Vigyal loss should be highly suspected in any
infant or toddler with onset of nystagmus after early infancy
because mild to moderate visual loss may not be readily appar-
ent in the preverbal years. It is never caused by pure cortical
visual loss; consequently, careful evaluation of the eye is of
utmost importance. The examiner should look for media
opacities, high refractive errors, foveal hypoplasia, optic nerve
hypoplasia, optic atrophy, and pigmentary retinopathy. Exami-
nation of the fundus with adequate magnification to assess the
size and color of the optic disc is important. Foveal hypoplasia
may be an isolated anomaly, or it may suggest albinism, aniridia,
or rod monochromatism. A careful slit lamp examination for iris
anomalies or transillumination defects and an electroretinogram
(ERG) are necessary in such cases. Optic atrophy may be caused
by tumors, hydrocephalus, and neurodegenerative disease. These
possibilities need to be evaluated with good radiographic images
of the brain and orbit, serum lactate and pyruvate levels, and
leukocyte galactocerebrosidase levels.

A complete endocrinological evaluation is necessary in all
cases of optic nerve hypoplasia because hypothalamic dysfunc-
tion is a commonly associated finding. Growth hormone defi-
ciency in particular may be missed in the first few years of life.
Lack of vigilance for this condition may result in unacceptable
delays in treatment. We obtain brain MRI scans on young
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patients with optic nerve hypoplasia primarily to evaluate the
structure of the infundiblum and pituitary gland. Finally, if a
child with nystagmus has suspected visual loss but a normal
ocular examination, an ERG is necessary because retinal dys-
function may be present even in the absence of pigmentary
degeneration'’; this may be caused by a primary photoreceptor
dysgenesis such as Leber’s congenital amaurosis or rod mono-
chromatism. Alternatively, it may result from retinal degen-
eration associated with neuronal ceroid lipofuscinosis,
or peroxisomal disease such as Refsum’s disease, infantile
adrenoleukodystrophy, or Zellweger’s syndrome. Such cases
should be evaluated with conjunctival biopsy to look for typical
cytoplasmic inclusions by electron microscopy and with analy-
sis of levels of serum very long chain fatty acid levels.

Spasmus Nutans

Spasmus nutans (SN) is the third most common oscillation
beginning in infancy. The classic triad of findings includes high-
frequency, small-amplitude, dys-conjugate oscillations; a head
nodding oscillation; and a head tilt (Fig. 9-5). These findings
usually become less noticeable as the infant becomes a toddler.
Unlike ISN, the head nodding may result in improvement of
vision and decrease in the nystagmus; the reason for this is
unclear. The characteristic feature of spasmus nutans is the very
fine, rapid pendular nature of the nystagmus. The eyes appear
to have a shimmering appearance with horizontal, vertical, or
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FIGURE 9-5. OU open. High-frequency (12-14 Hz), asymmetrical,
dysconjugate, multiplanar, (torsional) pendular nystagmus typical of
spasmus nutans.
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TABLE 9-4. Extended Nystagmus Workup Is Not Necessary.

History
Onset of nystagmus in the first few 4-6 months of life
Family history of INS
No developmental or genetic diseases
Normal pregnancy, labor, delivery, growth, and developmental milestones
No exposure to toxins or drugs
Ophthalmic examination
Normal visual behavior in both eyes (e.g., F & F, C, US, M,
normal Teller acuity card vision for age)
Normal structural examination of the eyes
Nystagmus pattern characteristic of INS or FDN
General pediatric examination
Normal growth and/or development.

INS, infantile nystagmus syndrome; LN/MLN, latent nystagmus/manifest latent nystagmus.

torsional movements. SN is usually asymmetrical to the point
that it may appear unilateral. Pure unilateral forms are not
uncommon. It may appear to switch eyes with changes in direc-
tion of gaze and frequently appears worse in the abducting eye.
Large degrees of asymmetry are associated with amblyopia of the
more involved eye.>3!-3356071

Spasmus nutans may be a completely benign condition with
onset in infancy and resolution within 2 years. However, tumors
of the anterior visual pathway and diencephalon can cause a con-
dition indistinguishable from spasmus nutans. Consequently,
neuroimaging or careful monitoring for visual, neurological, or
endocrinological decline is essential. An intracranial tumor
should be strongly suspected in any child who develops spasmus
nutans after 3 years of age. Characteristics of infantile nystag-
mus syndrome, fusion maldevelopment nystagmus syndrome,
and spasmus nutans are listed in Table 9-3.

Acquired Nystagmus

Toxins, drugs, and intracranial disease commonly cause
acquired nystagmus. Consequently, further evaluation of
acquired nystagmus is typically required (Tables 9-4, 9-5,
9_6)718,25,40,51,52,62,63,70

In general, the workup of nystagmus is directed toward iden-
tifying features that are not consistent with typical INS or
LN/MLN. If these features are found and the etiology is not
readily apparent by history or physical examination, neu-
roimaging studies are usually warranted. Atypical features
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TABLE 9-5. Extended Nystagmus Workup Is Necessary.

History
Onset of nystagmus after 6-9 months of age
History of severe prematurity or developmental or genetic diseases
Abnormal pregnancy, labor, or delivery
Abnormal and/or delayed growth
Exposure to toxins or drugs
Ophthalmic examination
Abnormal vision of the eye(s) (e.g., photophobia, delayed visual behavior)
Abnormal structural examination of the eye(s) (e.g., foveal or optic nerve
dysplasia)
Nystagmus pattern vertical, asymmetrical, dysconjugate, or associated with
other ocular motor disorders, e.g., decreased
pursuit, abnormal saccades, and paretic gaze
General pediatric examination
Pediatrician is concerned with growth and development, or patient has
manifest “hard” or “soft” focal or diffuse neurological signs

include vertical, circular, or elliptical components, dissociation
of the nystagmus between the two eyes, the presence of
oscillopsia, hearing loss, loss or reversal of developmental
milestones, ataxia, and weakness. The rationale for specific
neuroimaging studies can be derived from the following sections
on various forms of acquired nystagmus.

TABLE 9-6. Components of Extended Nystagmus Workup.

Ophthalmologic
Electroretinogram
Visual evoked response
Ocular motility recordings
Neurological
Pediatric neurological examination
Neuroimaging (e.g., CAT Scan or MRI)
+Brainstem auditory evoked potential
+Electroencephalography
Developmental/genetic
Genetic specialist evaluation (e.g., pedigree, specialized physical exam,
chromosome analysis)
Pediatric developmental specialist evaluation (e.g., psychometric, fine and gross
motor and cognitive evaluations)
Serum and/or urine for metabolic diseases
Storage diseases (Neimann-Pick C, Gaucher, sialidosis types I and I,
Pelizaeus—-Merzbacher disease, GM, type III
Amino acidurias
Leukodystrophies and other degenerative neurological conditions
Lipid metabolism disorders
Amyloidosis
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Periodic Alternating Nystagmus

Periodic alternating nystagmus (PAN) resembles INS except that
the null point shifts position in a cyclic pattern, resulting in
changes in the amplitude and direction of the nystagmus every
few minutes. Adequate observation of the patient for several
minutes should exclude this diagnosis. However, PAN should
be considered any time a patient’s head turn is different from
one examination to the next. PAN is fairly common in patients
with oculocutaneous albinism.

Periodic alternating nystagmus is usually congenital and
benign. Acquired forms may be associated with vestibulocere-
bellar lesions, neurodegenerative conditions such as Friedreich’s
ataxia, visual loss, and hindbrain abnormalities such as Chiari
type I malformation. Neuroimaging is warranted in all cases
unless the nystagmus has been stable for a prolonged period of
time. Acquired PAN responds to treatment with low-dose
baclofen.

Gaze-Evoked Nystagmus

Gaze-evoked nystagmus is a jerk nystagmus that occurs in
the direction of eccentric gaze. In contradistinction to INS,
most forms of gaze-evoked nystagmus can be stabilized by, or
improved with, visual fixation and are accentuated by darkness
or image blur. Gaze-evoked nystagmus is called gaze-paretic
nystagmus if it occurs in the direction of limited eye movement,
as may be associated with a cranial nerve palsy or myasthenia
gravis. Gaze-paretic nystagmus may appear dissociated if the
limitation of eye movement is asymmetric between the two
eyes.

One form of gaze-evoked nystagmus that is completely
benign is endpoint nystagmus; this occurs in extreme positions
of lateral or upward gaze. It can be distinguished from patho-
logical forms of gaze-evoked nystagmus by its low amplitude,
symmetry on right and left gaze, poor sustainability, and absence
of associated neurological abnormalities.

Drugs, particularly anticonvulsants and sedatives, as well as
posterior fossa disease are the most common causes of patho-
logic gaze-evoked nystagmus. Such etiologies can usually be
elicited by a careful medical history and review of systems.
Disease of the cerebellum or vestibular system usually results
in asymmetry of gaze-evoked nystagmus. For example, tumors
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of the cerebellopontine angle may result in a special type of nys-
tagmus called Bruns’ nystagmus. In gaze toward the side of the
lesion, there is a low-frequency, large-amplitude oscillation due
to defective gaze-holding (gaze-evoked nystagmus). In gaze away
from the side of the lesion, a high-frequency, small-amplitude
oscillation caused by vestibular imbalance is seen. In patients
with pathological gaze-evoked nystagmus, associated neurologic
abnormalities such as ataxia, hearing loss, tremor, or hemipare-
sis should always be sought. Certain characteristics of vestibu-
lar nystagmus can localize the etiology to the peripheral or
central neuronal pathways of the vestibular systems. Central
vestibular nystagmus is frequently uniplanar in contrast to
peripheral vestibular nystagmus, which is usually torsional or
multiplanar. Visual fixation easily inhibits peripheral vestibular
nystagmus but not central vestibular nystagmus. Vertigo and
tinnitus are common in peripheral vestibular nystagmus and
uncommon in central vestibular nystagmus.

Acquired Pendular Nystagmus

Acquired pendular nystagmus may be caused by tumors, infarc-
tion, inflammation, or degeneration of the brainstem or cere-
bellum. The nystagmus may be horizontal, vertical, or both. A
single lesion in the brain results in horizontal and vertical com-
ponents that oscillate at the same frequency of 2 to 7 cycles per
second. If the horizontal and vertical components are in phase,
the nystagmus will appear oblique; if they are out of phase, it
will appear circular or elliptical. Circular or elliptical nystagmus
that is constantly changing character is caused by horizontal and
vertical components that are oscillating on different frequencies
and implies more than one lesion in the brain.

Localizing Forms of Acquired Nystagmus

Certain forms of acquired nystagmus have features so distinct
that neuroanatomic localization of the lesion can be determined
by clinical examination alone (Fig. 9-6). See-saw nystagmus con-
sists of an upward and incyclotorsional movement of one eye
with a simultaneous downward and excyclotorsional movement
of the other eye. Lesions of the diencephalon are the usual cause.
Congenital see-saw nystagmus is a rare form of neonatal nys-
tagmus with upelevation and excyclotorsion of one eye and con-
comitant depression and incyclotorsion of the other eye.
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Downbeat == \ ,k

FIGURE 9-6. Sites within the brain responsible for the “locahzmg forms
of acquired nystagmus.

Isolated downbeat nystagmus is usually caused by drugs
(particularly lithium or sedatives) or lesions at the cervi-
comedullary junction. In children, it is usually due to
Arnold-Chiari malformation or syringo-myelia. Without a drug
history, downbeat nystagmus should be evaluated in all patients
with a sagittal MRI scan of the brainstem and cervical spinal
cord.!?

Convergence-retraction nystagmus is usually caused by
lesions of the dorsal midbrain, especially those affecting the pos-
terior commissure. It is not true nystagmus because there is no
slow phase. A pinealoma is the most common etiology. Involve-
ment of the pupillary light reflex pathway in the posterior
commissure results in light-near dissociation of the pupils. The
patients have a deficiency of upgaze, because supranuclear
upgaze pathways also travel through the posterior commissure.
The convergence-retraction nystagmus generally occurs when
upgaze is attempted, and it is associated with lid retraction
(Collier’s sign). Unlike most forms of nystagmus, the patholog-
ical movement is the converging fast phase, which is associated
with retraction of the globes into their orbits.'®*® Convergence-
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retraction nystagmus is most easily elicited with a downward
rotating OKN drum. Convergence-retraction nystagmus may be
elicited with OKN stimulation long after other signs of dorsal
midbrain involvement have resolved.

Saccadic Oscillations and Other Eye Movements

Saccadic oscillations may be mistaken for nystagmus on cursory
examination. However, on closer inspection, or with eye move-
ment recordings, their nonthythmic nature and lack of slow
phases make them distinguishable. As in nystagmus, recogniz-
ing those forms of saccadic oscillations that indicate intracra-
nial or systemic disease is important (Fig. 9-7).57>

Ocular dysmetria is a consistent undershooting or over-
shooting of a saccade toward a target. Saccades falling short of
the target are hypometric; saccades that are too long are hyper-
metric. This event is usually followed by one or more correc-
tional saccades toward the target. Ocular dysmetria usually is a
sign of cerebellar disease, although it can occur with brainstem
lesions it tends to have a stereotypical pattern in any given indi-
vidual. Any patient with new-onset dysmetria requires neuro-
logical evaluation.

Ocular flutter consists of random conjugate, to-and-fro hor-
izontal saccades that disrupt fixation. An additional pathologi-
cal feature is the absence of the normal intersaccadic latency
period. Ocular flutter also indicates cerebellar disease and is
usually associated with ocular dysmetria.

Opsoclonus is multidirectional ocular flutter. It presents as
conjugate, chaotic saccades sometimes described as “saccado-
mania” or “lightening eye movements.” It is also a sign of cere-
bellar disease and frequently occurs as a manifestation of
postviral encephalitis. When it is associated with ataxia and
myoclonus, it is known as the dancing eyes, dancing feet syn-
drome. It may also occur as a paraneoplastic syndrome associ-
ated with neuroblastoma. Consequently, all children with
opsoclonus should have a complete medical evaluation, CT scan
of the abdomen and thorax, and urinary vanillylmandelic acid
levels. Opsoclonus may respond to treatment with steroids or
ACTH. It may convert to ocular flutter as it resolves. It can be
elicited by forced eyelid closure long after it has otherwise
resolved.

Square-wave jerks refer to small, conjugate, horizontal sac-
cades away from fixation followed by a saccadic return to fixa-



CHAPTER 9: NYSTAGMUS AND OCULAR OSCILLATIONS 309

ﬂ Dysmelria
—1 L

_l‘—']—lL_I i .
0 >
Fluttcr Dysmctria
/\ A AN T
A i
0 >

Flutler

T = Target
Macrn Baccadic Oscillstions
0 | |_1 > T
Sqquuare wave perk Sucvadic pulss Diouble saccadic palse
] l I L _A ~ T
-

FIGURE 9-7. Saccadic oscillations and intrusions. Ocular motility
recordings of major types of saccadic disorders. 0, the point of origin of
eye.

tion after a 200-ms interval. These jerks may occur in normal
individuals, particularly in the elderly. More than nine square-
wave jerks per minute is considered abnormal in children. Such
children should have a neurological evaluation and neuroimag-
ing for a possible cerebellar disease.

Voluntary nystagmus (present in 7%-15% of the popula-
tion) refers to a series of volitional, rapid alternating saccades
with little to no intersaccadic interval (more like flutter). It is
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not a true nystagmus. The movements are usually horizontal
but may be vertical or torsional and can only by sustained for a
few seconds. Voluntary nystagmus is a popular party trick and
is often seen in patients with functional visual complaints. It is
frequently associated with convergence of the eyes or facial
grimacing. Voluntary nystagmus warrants no laboratory or
radiographic investigation.

CLINICAL ASSESSMENT

Examination Techniques: General

The first goal of the history and physical examination is to deter-
mine whether the nystagmus has been present from birth (the
first few months of life) or acquired later. Information regarding
a family history of neonatal eye disease, the pregnancy, labor,
delivery, and growth and development since birth should be
sought. Neonatal forms are generally benign, whereas acquired
forms require further investigation. Patience is essential in the
examination of childhood nystagmus. Because anxiety can affect
nystagmus, the eye movements should be observed at a com-
fortable distance, in a nonthreatening manner, while talking to
the child or the parent. The most important features of nystag-
mus can usually be ascertained while playing with the child.
Head turns or tilts while the child is viewing distant or near
objects should be noted. An adequate fundus examination is a
necessary part of the evaluation of involuntary ocular oscilla-
tions in infants and children. Many of these patients have
prechiasmal visual disorders.

The second goal of the history and physical examination is to
assess the level of vision (see Techniques, following). This infor-
mation may, in fact, be easier to determine than establishing the
time of onset of the nystagmus. The types of nystagmus associ-
ated with decreased vision differ from nystagmus without visual
loss, and this information, combined with the age of onset of the
nystagmus, will aid in diagnosis. For example, in a child with
acquired nystagmus and good vision, the finding of a conjugate,
jerk, downbeat nystagmus points to a hindbrain abnormality and
an MRI is indicated. As another example, if there is vision loss
along with the nystagmus, the ocular examination is unremark-
able and the child is neurologically normal, then an ERG is indi-
cated to evaluate for possible retinal dystrophy. Figure 9-8 gives
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FIGURE 9-8A,B. (A) Algorithm for the evaluation of nystagmus without
visual loss. Principal goal is to identify features that are not typical of
idiopathic infantile nystagmus syndrome. (B) Algorithm for the evalua-
tion of nystagmus with suspected visual loss.

algorithms for the evaluation and laboratory testing of children
with nystagmus based upon the presence or absence of visual loss.

Examination Techniques: Vision

Vision testing procedures assume special importance and are
dependent on the patient’s ability to supply subjectively accurate
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data. Subjective accuracy depends on both the patient’s age and
neurological status. At this point it must be emphasized the
patient’s “binocular acuity” be tested first. If present, the patient
must be allowed to assume their anomalous head posture (AHP)
(which is often impossible if a phoropter is being used). During
the examination of visual acuity in nystagmus patients with an
AHP, it is imperative to observe the direction of the posture
during a 5- to 7-min period. Up to 17% of patients with INS (with
and without associated sensory system defects) have a periodic-
ity to the direction of their fast phase.”“ This periodicity mani-
fests clinically as a changing head posture in the direction of this
fast phase.

It is important not to forget that binocular acuity is the
“person’s” acuity and monocular acuity is the “eye’s” acuity.
These two are often very different in patients with nystagmus.
Legal documentation of a nystagmus patient’s best acuity must
take this into consideration. In a nonverbal child or adult,
various tests can be used to help determine both binocular and
monocular acuity; these include fixation behavior, the 10 prism
diopter base-down test, Teller acuity cards, and matching of
single, surrounded, HOTV optotypes, Lea symbols, or Wright
Figures. The best test of visual acuity in an older child and coop-
erative adult is the ETDRS chart. The ETDRS chart provides
LogMar evaluation of all acuities, especially those between
20/400 and 20/100. Simple testing of binocular function is
always attempted, as the results are important if convergence is
to be stimulated or fusion is to be aided by refractive therapy,
for example, Worth 4-dot and near stereopsis.

Examination Techniques: Refraction

In older children a subjective refraction is the foundation for any
type of refractive therapy. All “refractionists” develop their own
method in this regard, and each of their idiosyncrasies assists
them with rapid and accurate subjective refraction. Try to ignore
the oscillation and start with the distance retinoscopy in a
phoropter in those patients without an AHP or trial frame (in
those patients who have a significant AHP). The next step is to
do “binocular” refraction. Although this goes against the classic
teaching for subjective refraction, it is the most important step
in these patients because many (>50%) have significant changes
in their nystagmus under complete monocular conditions (often
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decreasing their best possible acuity). The best way to do this is
to fog the fellow eye with only enough extra plus to decrease the
vision in that eye 1 to 3 lines. In many patients with co-
incidental strabismus (about 50% of the childhood nystagmus
population), voluntary control of fixation is adequate, so no
fogging is necessary.>** Now, your usual routine for subjective
refraction can be implemented.

In children a complete cycloplegic refraction (e.g., 40min
after 1% cyclogyl, 50 to 60min after 1% atropine) provides addi-
tional and important data for treatment decisions. In many older
children with nystagmus from infancy there are uncorrected
(and now “latent”) refractive errors. The error is usually mixed
astigmatism or hyperopia and is not discovered with subjective
refraction. In those patients in whom there is a different refrac-
tion under cycloplegia, record both subjective and objective
refraction for decision making regarding spectacle prescription.

Examination Techniques: Motility

Complete clinical evaluation of the ocular oscillation also
includes fast-phase direction, movement intensity, conjugacy,
gaze effects, convergence effects, and effect of monocular cover.
The amplitude, frequency, and direction of the nystagmus in all
directions of gaze can be documented with a simple diagram (see
Fig. 9-1). The clinician can also observe the nystagmus while
moving the patient’s head. Evaluation of associated motility
systems (e.g., strabismus, pursuit, saccades, and vestibulo-ocular
reflex) can be clinically evaluated and recorded separately from
observations of the oscillation; this is most commonly accom-
plished with prism cover and/or alternate cover measurements
in all gaze positions and near. In older children, fusional and
accommodative amplitudes can be measured using prisms and
a gradient technique, respectively. Changes in the character of
the nystagmus with convergence or monocular viewing should
be noted. If the nystagmus can be seen to increase beneath closed
eyelids, vestibular or brainstem pathology should be suspected
because visual fixation may suppress nystagmus from lesions in
these regions. Conjugacy of eye movements should be observed.
Nystagmus that is asymmetrical between the two eyes, espe-
cially in the primary position of gaze, frequently suggests ante-
rior visual pathway disease. Conjugacy of nystagmus can be
checked by holding a pair of stacked 40 diopter prisms placed
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obliquely in front of the nose. The prisms are stacked oriented
base out to bring the images of the eyes closer together so the
nystagmus can be compared.

Ocular Motility Recordings

Electrophysiological analysis using precise eye movement
recordings have provided a new basis for eye movement abnor-
mality classification, etiology, and treatment."”**%*"* These elec-
trophysiological investigations have impacted eye movement
systems research in much the same way as electrocardiography
did the study of cardiac rhythms.

Attempts at qualitative or quantitative analysis of eye
movements have a long and rich history. In the early nine-
teenth century, various mechanical devices attached to the
eyes were coupled to primitive pen/ink recordings. This
method has evolved today to include complicated and expen-
sive, noninvasive, high-speed photographic methods. The
most common methods used in clinical practice, in order of
increasing sensitivity and precision, include “contact” elec-
trooculography, infrared reflectance oculography, and scleral
contact lens/magnetic search coils. Bilateral temporal and
nasal electrode placement is useful for gross separation of fast
and slow phases but is limited by nonlinearity, drift, and noise.
Infrared reflectance solves these problems and can be used in
infants and children but is limited by difficulty in calibration.
The most sensitive technique is the use of the silicone scleral
search coil, but this is somewhat invasive, making its use in
children between 6 months and about 10 years unpredictable
(Figs. 9-9, 9-10).

Eye movement recording methodology is most commonly
used as a research tool by neurologists, neurophysiologists,
psychophysicists, psychologists/psychiatrists, ophthalmologists,
and optometrists. Practical applications of eye movement
recording technology in clinical medicine include diagnosis/
differentiation of eye movement disorders and utility as an
“outcome measure” in clinical research.’’***” Eye movement
recordings, by convention, display the data during continuous
periods of time. Position and velocity traces are clearly marked,
with up being rightward or upward eye movements and down
being leftward or downward eye movements. The basic types of
nystagmus patterns observed after eye movement recordings are
shown in Figure 9-2.
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FIGURE 9-9. Ocular motor laboratory showing flexible exam chair (upper
left), 42" stimulus “plasma” screen (upper right), infrared reflectance
goggles (lower left), and silicone contact lens (lower right).

FIGURE 9-10. Upper: infrared reflectance recording goggles in use on a
child. Lower: silicone contact lens scleral search coil in use on an adult.
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INHERITANCE

X-linked, autosomal dominant, and autosomal recessive modes
of inheritance all have been reported in cases of INS. However,
X-linked inheritance is probably the most common.>!##75867 A
survey of 40 individuals registered with the Canadian National
Institute for the Blind (CNIB) as blind from INS revealed that an
abnormal single gene was responsible for the disorder in 33
patients. Fifteen of these were caused by autosomal recessive
conditions whereas X-linked disorders accounted for another 15
patients. In 3 cases, the pedigrees were consistent with both
autosomal recessive and X-linked inheritance. A clearly defined
environmental origin was present in 1 case while specific
genetic or environmental factors were not detected in the
remaining 6 patients. The albinism, achromatopsia, and Leber’s
congenital amaurosis groups of disorders were those most fre-
quently detected.*'**"*%% Many systemic syndromes and genetic
disorders are associated with both “acquired” and infantile types
of nystagmus.'?967.68

TREATMENTS

There are a number of signs and symptoms due to nystagmus
that are amenable to treatment.*® The first and most obvious is
decreased vision (“central visual acuity,” “gaze-angle” acuity,
near acuity). Correction of significant refractive errors in chil-
dren with nystagmus is the single most powerful therapeutic
intervention for improving vision and visual function in these
patients. Refractive etiologies of decreased vision include either
one or a combination of conditions, for example, myopia, hyper-
opia, astigmatism, and anisometropia. These refractive condi-
tions can contribute significantly to already impaired vision in
patients with other organic etiologies of decreased vision, such
as amblyopia, optic nerve and/or retinal disease, oscillopsia, and
the oscillation itself. The second is anomalous head posturing
(AHP). Etiologies of AHP include a “gaze-null” due to INS or
acquired nystagmus (e.g., chin-down in downbeat nystagmus);
an “adduction null” due to LN/MLN (manifest strabismus with
the preferred eye fixing in adduction); convergence damping due
to INS (“nystagmus blockage”); and a periodically changing head
posture due to periodic alternating nystagmus. The third is oscil-
lopsia, which is usually caused by either acquired nystagmus or
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a change in the sensory/motor status of patient with INS (e.g.,
“decompensated” strabismus, a change in the gaze null angle or
decreasing acuity). Other less-common associated signs and
symptoms include hypoaccommodation (can be associated with
acquired nystagmus and/or INS) and photophobia (INS as-
sociated with the congenital cone dystrophies and albinism).
General treatment medical and surgical indications and guide-
lines are outlined in Tables 9-7 and 9-8.

In patients with INS, after subjective refraction is completed
two other optical maneuvers can be performed in some patients
to try and improve their vision. If the patient has INS and is
orthophoric, add 7 diopters of base-out prism in front of each eye
with an additional —1.00 sphere (for the coincidental accom-
modation) to test the effect of “convergence damping” on acuity
at distance. The improvements in acuity, nystagmus intensity,
and AHP obtained by this maneuver can be quite impressive in
this subset of INS patients without strabismus. The second
maneuver is addition of prisms to correct the strabismic devia-

TABLE 9-7. Indications and Surgical Treatments of Nystagmus.

Anomalous head/face posture
“Anderson-Kestenbaum” resection-recession OU (horizontal gaze null)
Vertical rectus resection-recession OU (vertical gaze null)
Bilateral oblique muscle recession/transposition (vertical gaze null)
Horizontal transposition of vertical recti (torsional gaze null)
Bilateral oblique muscle transposition (torsional gaze null)
Resection/recession of fixing adducted eye (adduction null in FDN)
Bimedial rectus recession (“nystagmus blockage syndrome”)

Strabismus
Recession/resection surgery as indicated (promotion of fusion)

Oscillopsia
Retroequatorial rectus recession®
Botulinus toxin injection”

INS and “convergence damping”
Bimedial rectus recession

Decreased vision®
Retroequatorial rectus recession®
Horizontal rectus tenotomy*

FDN, fusion defect nystagmus.

*4These procedures have been reported to decrease the intensity of the ocular oscillations associated
with INS, but their effect on vision is unpredictable.

b Botulinus injections slow the nystagmus and improve oscillopsia at the expense of a reduction or loss
of the vestibulo-ocular reflex, causing other disturbing visual symptoms.

¢Decreased vision due to the effect of the oscillation and not associated sensory system deficits, e.g.,
foveal hypoplasia.
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TABLE 9-8. Indications and Medical Treatments of Nystagmus.

Anomalous head/face posture
Prism spectacles (base-out adducting eye and base-in abducting eye)

Strabismus
Prism spectacles (promotion of fusion)

Oscillopsia
Optical retinal image stabilization
Neurontin®
Baclofen®
Clonazepam?

INS and “convergence damping”
Prism spectacles (base-out prism both eyes)

Decreased vision
Complete manifest/cycloplegic refraction
Contact lens correction
Optical retinal image stabilization
Low-vision telescopes (bioptics)

?These and similar medicines have been used in both childhood and “acquired” nystagmus with varied
effects on the nystagmus intensity, vision, and oscillopsia.

tion. If this approach assists with sensory fusion or any binocu-
lar cooperation, the patient’s nystagmus is often reduced, poten-
tially improving acuity and/or other visual functions. Binocular
visual acuity is tested before and after these maneuvers, demon-
strating whether they are effective; if so, they can be incorpo-
rated in a treatment approach.

PROGNOSIS

The prognosis of all these ocular oscillations depends on the type
of underlying ocular and systemic disease. In general, infantile
forms improve with time unless they are associated with a
degenerative ocular or systemic disease. Acquired forms are
more visually disturbing and follow the course of the underly-
ing neurological disease.

FUTURE RESEARCH

Nystagmus is a common finding in patients with disease affect-
ing the brainstem and cerebellum. Basic research into mecha-
nisms that normally control eye movements will lead to a better
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understanding of the pathogenesis of different types of acquired
nystagmus. Nystagmus is caused by disorders of the mecha-
nisms that normally function to hold gaze steady: the vestibu-
lar system, the gaze-holding mechanism, the visual stabilization
system, and the smooth pursuit system. Thus, evaluation of a
patient’s nystagmus requires a systematic examination of each
functional class of eye movements. Measurement of the nys-
tagmus waveform, using reliable methodology, is often helpful
in securing a diagnosis. Such measurements help differentiate
acquired nystagmus from congenital forms of nystagmus and
from saccadic disorders that lead to instability of gaze.> There
is evidence that both strabismus and LN/MLN are related to the
nasotemporal optokinetic imbalance, which persists because
of failure to develop binocular vision, and that LN/MLN and
INS arise from a genetic or acquired embryologic disorder with
various degrees and directions of expression.* The application
of molecular genetics and biology in the study of patients with
nystagmus will ultimately provide answers regarding etiology
and future treatments.
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Neurodegenerative
Conditions of Ophthalmic

Importance
Mark S. Borchert and Sarah Ying

he pediatric ophthalmologist is frequently asked to evaluate

children with multiple neurological impairments for oph-
thalmic manifestations of heritable neurological diseases. Occa-
sionally these are diseases with specific ocular findings such as
Kayser-Fleischer rings in Wilson’s disease or cherry-red spots in
Tay-Sachs disease. More typically, they are diseases with non-
specific findings such as optic atrophy or nystagmus. Such find-
ings can be used to help direct the neurological workup. Less
commonly, these children present to the ophthalmologist with
ocular complaints primarily. The ophthalmologist must recog-
nize those signs and symptoms that may be associated with neu-
rodegenerative conditions and institute an appropriate workup.
Although all these conditions are rare, a general ophthalmologist
is likely to encounter several of them in their career.

Most of the neurodegenerative conditions are metabolic and
represent dysfunction of specific enzymes or enzyme systems.
Many of these enzyme systems are associated with particular
cellular organelles, allowing for the classification of these dis-
eases according to the organelle that is disrupted. Examples of
these are the lysosomal storage diseases, the mitochondrial dis-
orders, and the peroxisomal diseases. Other neurodegenerative
diseases have characteristic clinical and pathological findings
without known enzyme defects. Clinically, these diseases each
have their own stereotypical time and mode of onset, which
allows for easy division of the neurodegenerative conditions into
groups that present in infancy, early childhood, or late childhood
(Tables 10-1 through 10-3).
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LYSOSOMAL STORAGE DISEASES
AND LEUKODYSTROPHIES

The lysosomal storage diseases are caused by dysfunction of
lysosomal enzymes involved in the catabolism of complex lipids
and sugars normally present in tissues, resulting in accumula-
tion of intracellular storage products. Substances that may
accumulate in nerve cell bodies and ultimately cause neuronal
degeneration include sphingolipids, mucopolysaccharides,
mucolipids, and oligosaccharides.®!

When the catabolic defect affects primarily myelin con-
stituents, it results in white matter fibrosis known as leukody-
strophy. The leukodystrophies typically have visual loss as a
primary manifestation of the disease. Those that are caused by
lysosomal enzyme defects include metachromatic leukody-
strophy and globoid cell leukodystrophy (Krabbe’s disease).
Adrenoleukodystrophy is now recognized to result from defects
of peroxisomal function. Spongiform leukodystrophy (Canavan
disease) and sudanophilic leukodystrophy (Pelizaeus-Merzbacher
disease) are disorders of myelin production. The metabolic defect
in other leukodystrophies remains obscure. Other lysosomal dis-
eases with ophthalmic manifestations, including secondary
visual loss, are covered elsewhere.

Krabbe’s Disease

Krabbe’s disease (globoid cell leukodystrophy, galactosylce-
ramide lipidosis) is an autosomal recessive condition character-
ized by the accumulation of periodic acid-Schiff- (PAS-) positive
material within microglial cells in the brain imparting a typical
“globoid cell” appearance histologically. It is caused by a defi-
ciency of the lysosomal enzyme galactocebroside B-galactosidase
(galactocerebrosidase), which is encoded on chromosome 14.
The accumulation of galactocerebroside results in central
nervous system and peripheral nervous system demyelination.

Typical infantile-onset Krabbe’s disease presents at age 4 to
5 months with irritability and muscular hypertonicity. Loss of
vision or failure to develop vision is noted soon thereafter, as are
recurrent low-grade fevers. Spasticity and opisthotonos rapidly
supervene. Death usually occurs by age 2 years.'*¢ The principal
ophthalmoscopic finding is primary optic atrophy. Rarely,
macular cherry red spots are seen.'”
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Late-onset forms of Krabbe’s disease exist with symptoms
beginning as late as 15 years of age; these usually present with
rapid visual loss due to a combination of optic atrophy and cor-
tical blindness. Ataxia, spasticity, polyneuropathy, and psychosis
usually follow visual loss. Late-onset forms are often associated
with prolonged survival and are believed to be manifestations of
allelic variants in the defective galactocerebrosidase gene.”>!%¢

Diagnosis of Krabbe’s disease is made by assay of galacto-
cerebrosidase activity in peripheral blood leukocytes or in cul-
tured skin fibroblasts. However, the clinical measurements of
residual activity do not necessarily correlate with clinical type
or severity. Intermediate levels of activity can also be detected
in the carrier state, but do not constitute a reliable screen in the
general population. Prenatal diagnosis can be made by assay of
galactocerebrosidase activity in cultured chorionic villus or
amniotic fluid cells.>**15

Laboratory studies reflect the central and peripheral
demyelination. Nerve conduction velocities may be slowed.
Visual evoked potentials (VEPs), brainstem auditory evoked
potentials (BAEPs), and somatosensory evoked potentials
(SSEPs) are all delayed or absent.®® Cerebrospinal fluid (CSF)
protein may be elevated, particularly in early-onset disease. T,-
or proton density-weighted magnetic resonance images of the
brain typically show high signal intensity white matter lesions
sparing the subcortical U fibers,* which are nonspecific findings
of any leukodystrophy.

As with any lysosomal storage disease, treatment with bone
marrow transplantation to replace the defective enzyme is the-
oretically possible; this has resulted in remarkable reversal of
neurological abnormalities and laboratory studies in several
examples of late-onset disease. Early-onset disease has been suc-
cessfully engrafted, with promising initial results in one patient
so far. Intrauterine engraftment has not yet been successfully
accomplished, but studies continue.* Other avenues of research
include the use of umbilical cord blood, neuronal stem cells, or
viral gene therapy.'s

Metachromatic Leukodystrophy

Metachromatic leukodystrophy (MLD), or sulfatide lipidosis,
is an autosomal recessive condition with a defect in either
the lysosomal enzyme arylsulfatase-A (chromosome 22q)* or
its sphingolipid activator protein (chromosome 10),°¢ which
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together comprise cerebroside sulfatase; it results in the accu-
mulation of cerebroside sulfate, a metachromatic material in the
urinary sediment and viscera. Cerebroside sulfate is a major lipid
component of myelin, and its accumulation in white matter
results in demyelination of the central and peripheral nervous
systems.

There are many forms of the disease, characterized by age
of onset and clinical course, but they can generally be divided
into three categories: late infantile, juvenile, and adult. The later
onset forms have slower progression, but all three forms are
lethal.*> More than 70 mutations have been identified,”! with a
direct genotype-phenotype correlation between the different
mutant alleles, residual enzyme activity, and severity of the
disease form.*’

The most common form of metachromatic leukodystrophy,
late infantile, begins in the second or third year of life, and is
preceded by normal development. Subsequently, there is devel-
opmental delay followed by progressive weakness, ataxia, spas-
ticity, dementia, and optic atrophy. Death usually occurs within
2 to 4 years. Optic atrophy is rarely appreciated before the onset
of other symptoms.

The juvenile-onset form arbitrarily begins between 4 and 16
years of age. It is intermediate in severity and duration between
the adult and the late infantile varieties. Some cases may be
compound heterozygotes of the adult and late infantile alleles.
Patients may present initially with either neurological or psy-
chological deterioration. Seizures occur in 80% of patients.

The adult form of MLD begins after 16 years of age and
accounts for 10% of cases. Personality changes and inattention
are usually the first signs. Patients with this condition are
frequently misdiagnosed as schizophrenic. Eventually, ataxia,
incontinence, and vision loss due to optic atrophy supervene.
Biliary tract dysfunction caused by metachromatic gallstones is
common. In contrast to the late infantile form, peripheral neu-
ropathy is not a prominent feature. Deterioration occurs over
years to decades.®

Diagnosis is based on finding decreased arylsulfatase-A
activity in peripheral leukocytes or fibroblasts. Other laboratory
studies reflect central and peripheral demyelination. As in
Krabbe’s disease, visual, auditory, brainstem, and somatosensory
evoked responses show abnormal prolongation, and nerve con-
duction velocities are slowed. CSF protein may be markedly
elevated.
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Brain MRI scanning shows diffuse high signal on T, or
proton density sequences. MLD is classically associated with
diffuse symmetrical anterior leukoencephalopathy that spares
the subcortical arcuate U fibers. However, it may have a focal
asymmetrical, leopard skin, or even a tigroid appearance (previ-
ously believed to be pathognomonic of Pelizacus-Merzbacher
disease). The disease eventually progresses to involve the sub-
cortical U fibers, cerebellum, and cortical gray matter.*'?

The MLD allele is present in approximately 1 in 100 normal
people. Given recent advances in treatment options, efforts are
currently underway to establish general population screening,
using sulfatide levels from urine-soaked filter paper. Assaying
arylsulfatase-A activities in chorionic villus homogenates
permits prenatal diagnosis.

Genetic counseling in affected families has been confounded
by the measurement of low arylsulfatase-A activities in other-
wise healthy individuals; this is known as arylsulfatase-A pseu-
dodeficiency. The frequency of the pseudodeficiency (PD) allele
in the general population is estimated to be as high as 15%.%
Presumably individuals with arylsulfatase-A pseudodeficiency
have sufficient arylsulfatase-A activity to avoid disease. It is par-
ticularly important to screen for the PD allele in families with
MLD, as compound heterozygotes with both the MLD and the
PD alleles would have abnormal arylsulfatase-A activity but a
clinically normal prognosis.*

The only available treatment for MLD is bone marrow trans-
plantation, which has been shown to slow or even arrest the
progress of the disease, although reversal of neurological damage
has not been demonstrated. Prognosis is best for later-onset
forms, before significant progression of the disease. In fact,
presymptomatic individuals treated with transplantation may
remain asymptomatic.** Thus, early diagnosis and treatment is
critical.

Neuronal Ceroid-Lipofuscinosis (Batten Disease)

Neuronal ceroid lipofuscinosis (NCL) refers to a group of four
clinically related diseases that are characterized by severe brain
atrophy and by accumulation of the autofluorescent lipopig-
ments, ceroid and lipofuscin, within neurons. It is the most
common neurodegenerative condition in children,'® with an esti-
mated annual incidence of 300 to 350 cases in the United States
and a collective incidence of 1 in 12,500 live births globally.'3¢18
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FE. Batten in 1906 provided the first pathological descrip-
tion of NCL, but the four diseases carry eponyms recognizing
those who first described them.!®® Traditionally, these diseases
have been classified by their age of onset, although recent
discoveries have enabled further classification on a molecular
genetic basis. The infantile variety (Santavouri-Haltia or
Hagberg-Santavouri disease) presents in the first 2 years of life,
the late variety infantile (Jansky—Bielschowsky disease) at age 2
to 4 years, and the juvenile variety (Spielmeyer—Vogt-Sjogren or
Batten-Mayou disease) at age 5 to 10 years. These disorders all
exhibit an autosomal recessive mode of inheritance. The adult
variety (Kufs’ disease), inherited in either a dominant or reces-
sive fashion, presents in the third decade of life, and follows a
more benign course. Kufs’ disease is not discussed further in this
text, as there are no ophthalmic manifestations.

The late infantile and juvenile varieties are the most
common, together accounting for 70% to 85% of cases. The
infantile variety accounts for an additional 10% to 20% of
cases.'*181%0 Al childhood varieties of NCL develop cognitive
impairment and loss of vision early in their course. In infantile
NCL, regression occurs after about 8 months of normal devel-
opment. Psychomotor deterioration is rapid, with hypotonia,
ataxia, choreoathetosis, and seizures. Microcephaly as a mani-
festation of cerebral atrophy is common. Blindness from optic
atrophy occurs by age 2 years. The electroretinogram becomes
isoelectric by age 3 years, and death occurs in the first decade.

Late infantile NCL generally presents with a major motor
seizure between 2.5 and 3 years of age.'® Falls due to ataxia and
hypotonia become commonplace, as do myoclonic jerks. Speech
output gradually declines. Eventually spasticity develops,
leading to flexion contractures. Retinal degeneration develops by
age 3 years. By age 5 years, these children are reduced to a blind,
cachectic, drooling state. They become prone to dehydration and
infection. Death mercifully supervenes by age 10 years.

Declining vision due to pigmentary retinopathy is usually
the first sign of juvenile NCL. Behavioral problems and cogni-
tive decline insidiously follow. A more rapid deterioration is her-
alded by the onset of seizures at around 8 to 10 years of age.
Myoclonic jerks become difficult to control, as does extrapyra-
midal rigidity. Dysarthria and echolalia characterize speech.
Further decline to spasticity and mutism does not usually occur
until the third decade of life. Death occurs by 40 years of age.

All three childhood forms of NCL may demonstrate a bull’s-
eye pigmentary maculopathy. There may also be a diffuse salt-
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and-pepper appearance to the ophthalmic fundus. Bone spicule
pigmentation is uncommon. By the time blindness develops, the
electroretinogram is flat.

NCL has long been classified as a lysosomal storage disease
because of the characteristic autofluorescent inclusion bodies
within lysosomes, but only recently have the mutant lysosomal
gene products been identified. At least eight NCL genetic loci
(CLN1-CLNS8) have been identified. So far, four have been found
to encode for soluble or membrane-bound lysosomal proteins.’
The protein product of CLN1, palmitoyl protein thioesterase 1
(PPT1), may be involved in intracellular regulation, whereas the
product of CLN2, pepinase, appears to be involved in degrada-
tion of the membrane-bound mitochondrial subunit ¢ of ATP
synthase.” It is possible that the absence of cell division makes
neurons particularly dependent on lysosomal protein degrada-
tion. The exact pathogenesis of the disease remains unclear,
although apoptosis has been established as the final common
pathway of neurodegeneration.®’

The intracellular inclusions seen by electron microscopy
have a characteristic appearance for each of the three childhood
varieties of NCL. In infantile NCL they appear as granular
osmiophilic deposits; they are curvilinear in late infantile NCL,
and they have a fingerprint pattern in juvenile NCL. The inclu-
sions can be identified within neurons, pericytes, macrophages,
smooth muscle cells, lymphocytes, and capillary endothelial
cells. The most popular tissue for biopsy is skin and rectum. We
have found biopsy of the conjunctiva to be very productive in
most cases. If the first biopsy is negative, biopsy of a different
tissue should be considered in clinically suspicious cases.'®*
Prenatal and carrier diagnosis is complicated by the extensive
allelic diversity, but electron microscopic analysis provides addi-
tional information.'*

Currently, genetic counseling, in conjunction with in vitro
fertilization of high-risk individuals, is the only means of pre-
venting the disease."** However, with advances in bone marrow
transplantation and gene therapy for other diseases, presympto-
matic treatment may become available for NCL as well.

Neuroaxonal Dystrophy

The neuroaxonal dystrophies are rare, heterogenous disorders
that share a common histopathological finding. Histologically,
there are accumulations of dense eosinophilic aggregates or
“spheroids” in the axon terminals throughout the central
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nervous system, the peripheral nervous system, and the auto-
nomic nervous system. These aggregates are free within the
cytoplasm of the axon terminals and are thought to represent a
manifestation of abnormal retrograde axonal transport.”® The
neuronal perikarya are normal, and there is no obvious loss of
neurons. The white matter, glial cells, endothelial cells, and
arachnoid cells are normal.

Seitelberger first described the classical clinical character-
istics of neuroaxonal dystrophies in 1952. It generally presents
in the second year of life with progressive weakness and diffi-
culty in walking. A peripheral neuropathy is manifested by
decreased sensitivity to pain and loss of tendon reflexes. Sub-
sequently, the corticospinal tracts are involved, causing hyper-
active reflexes and Babinski signs. At about the same time, loss
of vision may bring the child to an ophthalmologist. The loss
of vision can be due to optic atrophy, cortical damage, or both.
Nystagmus and esotropia, along with the loss of vision, are
common. Psychomotor deterioration soon gives way to demen-
tia. The children are reduced to a decorticate state within
the first decade of life. Seizures and extrapyramidal signs are
rare.sé,llé

There are several notable variants to the clinical course of
neuroaxonal dystrophy just described. A rare neonatal form has
a preponderance of hypothalamic and autonomic manifestations
including keratitis sicca, constipation, urinary retention,
hypothyroidism, diabetes insipidus, and dysfunctional tempera-
ture regulation.''* A more protracted course into late childhood
with a predominance of cerebellar symptoms has also been
described.!®

Schindler’s disease is one form of neuroaxonal dystrophy
that is associated with a defect in the activity of the lysosomal
enzyme alpha-N-acetylgalactosamin-idase. This loss results in
accumulation of glycopeptides in the urine, which contain
alpha-N-acetylgalactosaminyl residues.'” The clinical spectrum
ranges from the classical presentation of neuroaxonal dystrophy
to angiokeratomata with vacuolization but without neurologi-
cal manifestations.

Schindler’s disease is transmitted in an autosomal recessive
fashion and results from a single point mutation on chromosome
22q13-ter.”%181 Other subjects with neuroaxonal dystrophies
have not been found to have this enzyme defect.” The mecha-
nism by which this defect causes the observed spectrum of neu-
ropathology is unknown.
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Marked cerebellar atrophy and diffuse hyperintensity of the
cerebellar cortex on T,-weighted MRI distinguish neuroaxonal
dystrophy from other degenerative diseases with a similar age
of onset. There are reports of hypointensity of the globus
pallidus and substantia nigra (similar to those seen in
Hallervorden—Spatz disease), which may represent progression
of disease 3116164

Electromyography consistent with atrophy of motor
neurons may be one of the earliest objective findings. A later but
more suggestive finding includes fast rhythms on electroen-
cephalography. As predicted by pathological findings, visual
evoked responses are reduced or absent, whereas the elec-
troretinogram is relatively preserved. Conjunctival biopsy may
demonstrate spheroid inclusion in the unmyelinated axons.*
Otherwise, the diagnosis of neuraxonal dystrophy remains
largely dependent on clinical and eventual neuropathological
findings.

Treatment is supportive.

PEROXISOMAL DISEASES

Peroxisomes are small cytosolic vesicles that are found in all
cells except for mature erythrocytes. Peroxisomes are bounded
by a single membrane and are not part of the cellular endomem-
brane system. They contain enzymes responsible for metabo-
lism of very long chain fatty acids. This process consumes
molecular oxygen and generates hydrogen peroxide. Continued
beta-oxidation of the shortened fatty acid product is then carried
out in the mitochondria. Peroxisomes are also partially respon-
sible for the metabolism of steroids as well as synthesis of plas-
malogens and bile acids. Biochemical markers of peroxisomal
dysfunction include deficiency of plasmalogens or accumulation
of pipecolic acid, phytanic acid, or very long chain fatty acids
(VLCEA.

Some peroxisomal diseases are associated with normal per-
oxisomal structure; these are usually associated with defects in
a single peroxisomal enzyme. X-linked adrenoleukodystrophy
and Refsum’s disease have the most ophthalmic significance and
are detailed next. Other single enzyme defects of plasmalogen
synthesis or beta-oxidation are also associated with normal per-
oxisomal structure. However, as they clinically mimic the per-
oxisomal biogenesis disorders, they are not discussed separately.
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Peroxisomal biogenesis disorders (PBD) result from abnor-
malities of peroxins (PEX), which are required for import of pro-
teins into the peroxisome. In turn, the activities of multiple
peroxisomal enzymes are affected. The PBDs are currently cat-
egorized according to 12 complementation groups. For 11 of
these groups, the mutated PEX gene has already been identified.
Clinical severity is determined by functional differences of the
mutant alleles. This continuum of disease was previously
separated into four clinical presentations, here listed in de-
creasing order of severity: Zellweger’s syndrome, neonatal
adrenoleukodystrophy, infantile Refsum’s disease, and rhi-
zomelic chondrodysplasia punctata. We continue to describe
this group of diseases according to clinical presentation for
initial diagnostic categorization. Rhizomelic chondrodysplasia
punctata is predominantly characterized by skeletal abnormali-
ties and is not discussed here. Benign variants of other PBD syn-
dromes without ophthalmologic involvement have also been
reported.52’94'108'109

Adrenoleukodystrophy

Historically, adrenoleukodystrophy has referred to the X-linked
disease first described by Siemerling and Creutzfeldt in 1923.
It presents in 4- to 8-year-old boys with bronzing of the skin
secondary to adrenal insufficiency. Personality changes and
intellectual decline soon follow. Quadriparesis, dysarthria, dys-
phagia, and death supervene over a period of 2 to 4 years. The
adrenal insufficiency is usually not clinically recognized until
the neurological decline. Cortical visual loss presents at any
time during the disease and may be associated with the devel-
opment of exotropia. Eventually, optic atrophy is evident,
further contributing to vision loss. As with any leukodystrophy,
the neurological signs and symptoms correspond to massive
degeneration of white matter.

A phenotypic variant of X-linked adrenoleukodystrophy
known as adrenomyeloneuropathy occurs in men over 21 years
of age.'” This disorder presents mainly with a spinal neuropa-
thy and peripheral neuropathy. Isolated cases are frequently
mistaken for multiple sclerosis. Addisonian symptoms occur
in many of these patients, but cerebral involvement is not
common. These patients may have a normal lifespan. They
may present in pedigrees containing persons with classical child-
hood onset X-linked adrenoleukodystrophy. A similar condition
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occurs in 20% of female carriers of the gene in their fifth or sixth
decade of life.

In X-linked adrenoleukodystrophy (XALD), histologically
normal peroxisomes are present, although lignoceroyl-Co-A
ligase activation of very long chain fatty acids (VLCFA) for
metabolism is impaired. The defective gene, found on chromo-
some Xq28, actually encodes for ALD protein (ALDP), an ATP-
binding cassette (ABC) half-transporter that localizes to the
peroxisomal membrane. The exact mechanism is unclear, but in
vitro addition of ALDP to fibroblasts from XALD patients can
restore VLCFA metabolism. It has been postulated that ALDP is
required for the transfer of lignoceroyl-Co-A ligase into the
peroxisome, '

The downstream pathogenesis of neurodegeneration also
requires elucidation. It has been postulated that an increased
proportion of VLCFAs may help to trigger a cytokine-mediated
inflammatory cascade, particularly tumor necrosis factor (TNF).
Pathologically, there is evidence of perivascular infiltrates by
macrophages and lymphocytes. Absence of ALDP protein may
be confirmed by immunohistochemistry but does not correlate
with phenotype severity.!”

Diagnosis in males may be made on the basis of elevated
plasma levels of VLCFA. However, up to 15% to 20% of carrier
females may demonstrate normal levels.!'! Measurement of
VLCFA levels in chorionic villus or amniocyte samples is the
most commonly used procedure for prenatal diagnosis, but the
assay must be carefully regulated to avoid false-negative
results.'®

Although DNA analysis has been limited by the hetero-
geneity of mutations, recently an exon sequence-based identifi-
cation of XALD heterozygotes was developed that may be
applicable to any mutation. This analysis may be used for
genetic counseling, prenatal diagnosis, and disease preven-
tionlll,IOS

The characteristic radiographic finding is a symmetrical,
posterior to anterior progression of white matter hyperintensity
on T,-weighted MRI. The leading edge of the abnormality may
enhance with gadolinium-based contrast. As in most demyeli-
nating disorders, the subcortical U fibers are typically spared.
Involvement of the pontomedullary corticospinal tracts may
help to distinguish X-linked ALD from other demyelinating dis-
orders.* MR spectroscopy may show evidence of axonal injury
before the appearance of any MRI changes.
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Elevated very long chain fatty acid levels are now recognized
as a biochemical anomaly of many peroxisomal disorders. The
demonstration of lipid inclusions containing VLCFAs in adreno-
cortical cells and skin fibroblasts of patients with X-linked
adrenoleukodystrophy led to a plasma assay for VLCFAs con-
sidered to be specific for the disease.'®'®* Subsequently, eleva-
tion of plasma VLCFAs with a slightly different pattern was
noted in an autosomal recessive neurodegenerative condition
known as neonatal adrenoleukodystrophy.

Neonatal adrenoleukodystrophy is a disorder of peroxisomal
biogenesis that is clinically and pathologically distinct from X-
linked adrenoleukodystrophy. It occurs with equal frequency in
boys and girls. The patients are markedly hypotonic at birth;
they develop uncontrollable seizures early in infancy. Tanning
of the skin due to adrenal insufficiency occurs late in the disease.
Respiratory death usually occurs by age 3 years. Visual loss
occurs early as a result of retinal photoreceptor degeneration,
which can be confirmed by a flat electroretinogram. Pigmentary
clumping may occur in the retina late in the disease. Patholog-
ically, there is degeneration of the retinal photoreceptors and
ganglion cells. Macrophages with cytoplasmic inclusions can be
seen throughout the retina, histologically.?***'”> No normal per-
oxisomes are identifiable by electron microscopy.

A variant of adrenoleukodystrophy that looks clinically like
neonatal adrenoleukodystrophy, but biochemically like X-linked
adrenoleukodystrophy, has been reported.'*” These patients have
enlarged peroxisomes and an isolated deficiency of peroxisomal
fatty acyl-CoA oxidase.

Treatment for adrenoleukodystrophy requires careful con-
sideration. Bone marrow transplantation in several cases has
been associated with some reversal of neurological disability. It
is not recommended for patients with rapidly advancing or
severe neurological disease, as they cannot tolerate the transient
exacerbation associated with the procedure itself. Given the con-
siderable morbidity and mortality, it is also not recommended
for patients without neurological deficit because less than 50%
will progress to severe neurological disease.'!'!%

There are some noteworthy potential therapies currently
under investigation. In a mouse model of XALD, administration
of 4-phenylbutyrate increased expression of an ALD-related
protein and normalized levels of VLCFA in the brain.'® Anec-
dotal evidence suggests temporary improvement of neurological
symptoms with intravenous gammaglobulin therapy. Therapeu-
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tic trials of thalidomide, interferon, and lovastatin are currently
underway.'” The use of gene therapy or transplantation of
marrow-derived mesenchymal cells also warrant further inves-
tigation before entering human trials.'"

Other treatment options have been less encouraging. Steroid
replacement is quite effective for adrenal insufficiency but has
no effect on neurological impairment. Dietary restriction of
VLCFA with dietary administration of erucic acid (major com-
ponent of Lorenzo’s oil) does reduce plasma levels of VLCFA,
although it has failed to affect disease progression in the child-
hood X-linked variety once symptoms have started.'””’® Plasma
exchange, carnitine therapy, and clofibrate have exerted no
appreciable effect.'!

Refsum’s Disease

In 1946, Sigvald Refsum first described a unique hereditary
ataxic syndrome in two Norwegian families that he termed here-
dopathia atactica polyneuritiformis. Many additional cases of
this autosomal recessive condition have since been described,
which usually presents in the first or second decade with pro-
gressive night blindness associated with ataxia and distal muscle
weakness. Symptoms are generally progressive but infection,
pregnancy, or other stress may trigger exacerbation. Many cases
develop progressive neurosensory hearing loss and somato-
sensory loss associated with dorsal column degeneration and
peripheral neuropathy. Nearly all have elevated protein levels in
cerebrospinal fluid. Death from cardiac arrhythmia is common.

Ocular features of Refsum’s disease are myriad, but the out-
standing feature is a pigmentary retinopathy with progressive
field loss and a flat ERG. Other findings include nystagmus,
miosis, posterior subcapsular cataracts, and glaucoma.'”

An unusual branched chain 20-carbon fatty acid, phytanic
acid, was discovered in the tissues of patients with Refsum’s
disease. Phytanic acid is a breakdown product of phytol, a com-
ponent of plant chlorophyll, and comes exclusively from dietary
sources. Elevated plasma phytanic acid levels were once thought
to be diagnostic of Refsum’s disease but are now recognized in
other diseases with peroxisomal dysgenesis. Phytanoyl CoA
alphahydroxylase, the enzyme deficient in Refsum’s disease, has
been localized to chromosome 10.''

The pathophysiology is not clearly understood. Phytanic
acid may accumulate more than 100 fold when peroxisomal
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phytanoyl-CoA hydroxylase is absent. One hypothesis suggests
that incorporation of phytanic acid into tissue lipids may cause
dysfunction by molecular distortion of myelin or membrane
lipids. Another possible mechanism is via interference with
normal prenylation, thus preventing posttranslational targeting
of proteins to the membrane 3>!1%

In 1982, Scota et al. described a condition in young children
with dysmorphism, hepatomegaly, anosmia, deafness, and pig-
mentary retinopathy. The discovery of intracellular lamellar
structures resembling plant chloroplasts in the liver led the
authors to check plasma phytanic acid levels. These were
markedly elevated, which led to the title of infantile Refsum’s
disease. Subsequent studies of this disorder led to the discovery
of generalized peroxisomal dysfunction as well as absence of per-
oxisomes histologically.!?141%* The disorder is therefore, much
more analogous histologically and biochemically to neonatal
adrenoleukodystrophy and Zellweger syndrome than to “adult”
Refsum’s disease.

Prenatal diagnosis of infantile Refsum’s disease is possible
by checking for the absence of peroxisomes in chorionic villus
samples in the first or second trimester of gestation.'* These can
normally be detected with indirect immunofluorescence tech-
niques using anticatalase antiserum. As yet, prenatal diagnosis
of classical Refsum’s disease is not possible.

Treatment is directed toward management of phytanic acid
levels. Progression of Refsum'’s disease can be slowed with a diet
free of chlorophyll and phytol.** Phytanic acid itself is commonly
found in butter, cheese, lamb, beef, and certain fish. Failure of
dietary restriction to reduce plasma phytanic acid levels or wors-
ening of the clinical condition warrants treatment with plasma
exchange. Lipapheresis may be equally effective.” '8

Zellweger Syndrome
(Cerebrohepatorenal Syndrome)

Similar to infantile Refsum’s disease and neonatal
adrenoleukodystrophy, Zellweger syndrome is in the spectrum
of autosomal recessive disorders of peroxisome biogenesis. The
Zellweger phenotype is the most severe and has the most exten-
sive systemic involvement. Peroxisomal enzymes are synthe-
sized normally, but are rapidly degraded due to the deficiency of
formed peroxisomes.'* Some empty membranous structures
may remain, known as peroxisome ghosts.*>
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Patients with Zellweger syndrome are born with significant
dysmorphic features including prominent forehead, micro-
gnathia, hypertelorism with epicanthal folds, hypoplastic supra-
orbital ridge, and high arched palate. Neuronal migration defects
lead to seizures and severe retardation. Other neurological fea-
tures include deafness and contractures of the limbs and digits.
Organ dysgenesis problems include polycystic kidneys, intra-
hepatic biliary dysgenesis, and cardiac ventricular septal defects.
Death from multiple factors usually occurs in the first year of
life.

The ocular findings are also more severe than in other per-
oxisomal disorders; they include blindness from pigmentary
retinopathy and optic atrophy. Corneal clouding, cataract, and
glaucoma are common features, but need not be present to make
the diagnosis.*

Treatment for Zellweger syndrome remains symptomatic,
including antiepileptic medications or vitamin K for hemorrhage
from cirrhosis. With the identification of a genetic defect,
genetic counseling may soon become feasible. The development
of mouse models may help to elucidate the pathogenesis and
eventually provide a rational basis for definitive therapy.*

MITOCHONDRIAL DISEASES

Our understanding of mitochondrial diseases has been rapidly
changing. It has been well established that mitochondria are
organelles with a double membrane and are not part of the
cellular endomembrane system. Their major function is the
transfer of electrons from reduced nucleotides (e.g.,, NADH) to
oxygen. This energy transfer is coupled to the generation of ATP,
the chemical currency for all cellular anabolic processes. This
oxidative respiration utilizes up to 65 protein components aggre-
gated in five respiratory chain complexes.

It has been generally assumed that the clinical phenotype
results from direct disruption of bioenergetics. Cellular demand
for ATP frequently results in increased glycolysis and lactic aci-
dosis. Other clinical features depend on the specific needs of
different organ systems and the overall distribution of the defec-
tive mitochondria. The most common manifestations include
seizures, strokes, optic atrophy, neuropathy, myopathy, car-
diomyopathy, sensorineural hearing loss, or diabetes mellitus.
Defects in different components of the respiratory chain can
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result in varied clinical presentation as well as considerable
overlap among syndromes.

Recently, other pathogenetic mechanisms have been
explored that implicate mitochondrially localized superoxide.
One study showed that several pathogenic mitochondrial muta-
tions confer cellular sensitivity to oxidant stress, which is in
turn modulated by calcium ion (Ca®") levels. Indeed, in MERRF
cytoplasmic Ca*" is abnormally high, while ATP levels are not
low. Oxidative stress and a rise in intracellular Ca** may induce
a mitochondrial permeability transition, which may initiate
apoptosis.”!

The mitochondrion is the only organelle with its own
genome and protein manufacturing system. Thirteen of the res-
piratory chain components are coded by mitochondrial DNA
and translated within the mitochondrion itself. The majority of
respiratory protein components are coded by nuclear DNA,
translated by cytosolic ribosomes, and transported into the mito-
chondria where they undergo modification and aggregation into
the respiratory chain complexes.

Most of the mitochondrial diseases show morphological dis-
ruption of the mitochondria on muscle biopsy. When stained with
modified Gomori trichrome stain, accumulations of abnormal
mitochondria within myofibers may cause an irregular appear-
ance described as ragged-red fibers. Ultrastructurally, the mito-
chondria may be of abnormal size or shape or contain crystalline
or globular inclusions. On the other hand, any of these diseases
may present without cellular morphological abnormalities.

Mitochondrial DNA is transmitted almost exclusively by
the mother via the ovum. Because many copies of mitochondr-
ial DNA may be transmitted to the offspring and mitochondrial
DNA replicates many times more frequently than nuclear DNA,
the relative proportion of mutant and wild-type mitochondrial
DNA may vary from cell to cell and from individual to individ-
ual (heteroplasmy). The varying mutational burden may result
in considerable phenotypic variability, both within and across
clinically distinct entities.

Nuclear DNA may have a far more complex interaction
with mitochondrial DNA than previously suspected. Not only
does nuclear DNA encode for mitochondrial proteins, but
susceptibility to identified mitochondrial mutations may be
inherited in Mendelian fashion, whether X-linked, autosomal
dominant, or autosomal recessive'®; this further complicates
our approach to genetic counseling for mitochondrially encoded



CHAPTER 10: NEURODEGENERATIVE CONDITIONS 345

mutations. OQocyte donation or preimplantation diagnosis with
in vitro fertilization are reliable, but difficult, means of pre-
venting the disease in susceptible families. Oocyte nuclear
transplantation is well described in other mammalian species
but has not been attempted in humans.'*’

Prenatal diagnosis can be made with chorionic villus sam-
pling or blood analysis of mitochondrial DNA mutations. These
tests are most reliable when the mutant mitochondrial DNA
load is closely correlated with disease severity, uniformly
distributed throughout all tissues, and stable over time.'®' As
already mentioned, these requirements are rarely met in mito-
chondrial diseases.

Five clinical syndromes transmitted via mitochondrial
DNA are of ophthalmic importance (Table 10-4); these are
chronic progressive external ophthalmoplegia (CPEO) or
Kearns-Sayre syndrome; myoclonic epilepsy with ragged-red
fibers (MERRF) or Fukuhara’s disease; mitochondrial encep-
halopathy, lactic acidosis, and strokelike episodes (MELAS);
neuropathy, ataxia, and retinitis pigmentosa (NARP); and
Leber’s hereditary optic neuropathy (LHON). This classification
of disease is complicated by the lack of explicit genotype-
phenotype correlation and by phenotypic overlap among
syndromes.'® The future may well see a reclassification of mito-
chondrial diseases according to genetic mutation, as in the case
of the disorders of peroxisomal biogenesis.

Among diseases of Mendelian inheritance, Leigh syndrome
is the most common pediatric disorder of mitochondrial func-
tion. Leigh syndrome itself is probably the common clinopatho-

TABLE 10-4. Features of the Mitochondrial Cytopathies.

Manifestation CPEO+ MERRF MELAS  Leber’s NARP
Ophthalmoplegia +

Retinal degeneration e +
Optic atrophy + +

Cortical blindness +

Ataxia IF aF IF
Seizures 4+ +

Cardiac dysrhythmia
Short stature

Lactic acidosis
Sensorineural deafness
Ragged-red fibers
Peripheral neuropathy +*

+ o+t
+ o+ o+ o+
+ o+ o+ o+
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logic manifestation of a number of different mutations and res-
piratory chain defects. Although Leigh syndrome is usually
transmitted in an autosomal dominant fashion, it has also been
associated with autosomal dominant, X-linked, or maternal
inheritance patterns.”

Leigh Syndrome (Subacute Necrotizing
Encephalopathy)

In 1951, Denis Leigh described a child with lactic acidosis of the
serum and cerebrospinal fluid and focal necrosis of gray matter
in the brainstem. To this day, Leigh syndrome remains a post-
mortem diagnosis made by characteristic histopathological find-
ings. These findings include spongiform lesions of the basal
ganglia, thalamus, cerebellum, and brainstem formed by vac-
uoles representing intramyelin splitting.”® There have been case
reports of spongiform lesions in the white matter as well.'®” Cap-
illary proliferation, demyelination, and gliosis are common.”
The putamen has a reddish hue in fresh tissue.

Clinical, laboratory, and radiologic findings can be used to
make a presumptive diagnosis. Patients with this disease usually
present in the first 2 years of life with feeding difficulties,
seizures, and ataxia. Severe psychomotor regression ensues with
hypotonia, involuntary movements, and respiratory dysfunc-
tion. Ocular signs include nystagmus, ophthalmoplegia and
optic atrophy. Lactate and pyruvate are almost always elevated
in the serum and CSF. Magnetic resonance imaging classically
demonstrates symmetrical spongiform basal ganglia lesions,
although lesions of the white matter or gray matter nuclei may
also be seen.®®!'>!¥ Death usually occurs within a couple of
years.

Deficiencies of various mitochondrial enzymes including
pyruvate dehydrogenase chain complex, pyruvate dehydroge-
nase activator, ATPase 6 subunit, and electron transport com-
plexes I, II, and IV, as well as tRNA mutations, have been
described in Leigh syndrome.?® Pyruvate carboxylase deficiency
in some patients suggests that the pathological changes may be
secondary to the lactic acidemia. Similar histopathological
findings in cases of hypoxia, carbon monoxide poisoning,
Wilson’s disease, and Wernicke’s disease raise further questions
about their specificity. Nonetheless, when linked to its distinc-
tive clinical characteristics, Leigh syndrome can be considered
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as a group of similar nosological entities with defective
mitochondria.

Treatment options are still anecdotal. Sodium dicholorac-
etate has been used to decrease lactic acidosis by disinhibition
of pyruvate dehydrogenase complex, with clinical and radiologic
improvement.”” Thiamine has also been reported to improve
lactic acidosis and neurological symptoms.”’

Leber’s Hereditary Optic Neuropathy

In 1871, Theodor Leber described a maternally inherited loss of
central vision afflicting otherwise healthy young individuals,
particularly young males. It is now known that the age of onset
ranges from 1 to 80 years. More than 80% of clinically affected
individuals are male. Patients typically experience acute or sub-
acute progressive central or cecocentral scotomas, with involve-
ment of the second eye within a couple months. Visual acuity
usually stabilizes at 20/200 or worse within a few months. A
minority of individuals has some recovery of vision. Color vision
is lost early, and Uhthoff’s phenomenon may be observed.
Patients may report pain with eye movements, leading to con-
fusion with optic neuritis."”**!! Ataxia, dystonia, spasticity,
peripheral neuropathy, or cardiac conduction abnormalities may
also be present. Symptoms may cluster in families.®**

Presymptomatically and during the acute phase of visual
loss, the pathognomonic fundoscopic finding is a circumpapil-
lary telangiectatic microangiopathy with swelling of the peri-
papillary retinal nerve fiber layer, without staining or leakage on
fluorescein angiography. Within 6 months, optic atrophy super-
venes, particularly affecting the temporal optic disc. Although
visual evoked potentials may be normal early in the course,
these too become undetectable.”

Three pathogenic mutations have been discovered so far,
all affecting components of complex I of the respiratory
chain. There is no apparent genotype-phenotype correlation.
There are several other “secondary mutations” that have been
found with increased frequency in affected individuals. It is
possible that these represent nonpathogenic polymorphisms or
haplotypic associations.”” The search continues for a possible
X-linked factor that renders males more susceptible to the
disease.®

No specific treatment is available at this time.



348 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

Other Mitochondrial Cytopathies

MELAS syndrome (mitochondrial myopathy, encephalopathy,
lactic acidosis, and strokelike episodes) is characterized by
seizures, vomiting, and lactic acidosis in the first few years of
life. Intermittent hemiparesis, hemianopsia, and cortical visual
loss are prominent features. These episodes are believed to be
caused by respiratory dysfunction of cortical neurons. A problem
with autoregulation of blood flow at the level of pial arterioles
has also been suggested.'”® Persons with this condition usually
recover from the strokelike episodes, but are subject to multi-
ple recurrences. Unlike other mitochondrial cytopathies,
muscle weakness is not a prominent feature of this syndrome.

Patients with MELAS syndrome have ragged-red fibers of
skeletal and cardiac muscle seen in many mitochondrial
cytopathies.!” The genetic defect in MELAS syndrome has been
identified as a point mutation in the gene for mitochondrial
tRNA,, in 85% of patients.’"'* A mutation in tRNAphe has also
been reported.”® NADH-Co Q reductase deficiency has been
reported in several patients with this condition.””!*1%

Fukuhara’s disease, otherwise known as myoclonic epilepsy
and ragged-red fiber disease (MERRF), usually presents with
myoclonus in the second decade of life; this progresses to gen-
eralized seizures followed by ataxia and weakness. Patients with
this disease become severely debilitated and blind from pro-
gressive optic atrophy. Pure maternal transmission and defects
of oxidative phosphorylation have been confirmed, and a mito-
chondrial DNA point mutation has been identified in the gene
for mitochondrial tRNAlys in most cases.'®

NARP (neuropathy, ataxia, and retinitis pigmentosa) gener-
ally presents in the first decade of life with neurogenic weak-
ness and pigmentary retinopathy. The retinopathy is typically
similar to retinitis pigmentosa, with poor dark adaptation
and progressive peripheral bone spicule formation on ophthal-
moscopic examination, although other patterns have been
reported.'” These effects are followed by the development of
progressive ataxia. NARP is caused by a T to G point mutation
at position 8993 in the mitochondrial DNA affecting an ATPase
subunit of complex V in the respiratory chain.®!

Treatment of MELAS syndrome, MERRF, and NARP remain
largely symptomatic.
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DISORDERS OF MYELIN PRODUCTION

Canavan’s Disease

Canavan’s disease, also known as spongiform leukoen-
cephalopathy, is an autosomal recessive, rapidly progressive
leukodystrophy that most commonly affects Ashkenazi Jews. It
usually presents in the first few months of life with diffuse hypo-
tonia and head lag. Profound visual loss due to optic atrophy is
an early feature. Soon thereafter, nystagmus and seizures
develop. The hypotonia is replaced by spasticity, but nuchal
hypotonia frequently persists. Death usually occurs by 5 years
of age.

Enlarged head size is a characteristic early feature of the
disease, a result of diffuse disruption of the white matter with
cystic spaces, which have a characteristic spongiform appear-
ance on histopathological section. The cystic spaces actually
represent coalescence of vacuoles within swollen astrocytes.
The mitochondria within the astrocytes have a pathognomonic
elongated appearance on electron microscopy with short cristae
and a dense matrix.! Other glial cells and neurons appear
normal. There is a paucity of myelin, but no evidence of
demyelination. Despite the abnormal appearance of the mito-
chondria in astrocytes, oxidative phosphorylation appears
normal >

The finding of excessive urinary excretion of N-acetylaspar-
tic acid (NAA) in patients with Canavan’s disease led to the dis-
covery of aspartoacylase deficiency as the primary enzyme
defect. The mechanism by which this defect leads to the char-
acteristic spongiform degeneration of the brain is unknown. It
has been suggested that NAA plays a unique role in myelino-
genesis as a transporter of acetyl groups for lipogenesis.*
Elevated levels of this amino acid could disrupt this process.
Alternatively, spongy degeneration may result from NAA accu-
mulation and secondary edema.””

The gene encoding for aspartoacylase has been localized to
the short arm of chromosome 17 (17p13-ter). Although muta-
tions have been identified on all six exons, there are two spe-
cific mutations that account for 98 % of mutations in Ashkenazi
Jews. 3297

Diagnosis is made on the basis of massive elevations in
urine NAA. Serum and CSF levels of NAA may also be elevated
but are not required for diagnosis. Lesser elevations of NAA



350 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

levels may be noted with other leukodystrophies. Aspartoacylase
deficiency may be documented in cultured skin fibroblasts. Brain
biopsy is no longer necessary.>>”’

On CT or MRI scan diffuse white matter degeneration is
evident, with small ventricles and an attenuated cortical mantle.
With time and progression, megalencephaly gives way to
atrophy. The cerebral hemispheres are involved more than the
cerebellum or brainstem. Unlike ALD and MLD, the subcorti-
cal U fibers are not spared. Otherwise, the neuroradiologic
changes are not appreciably different from other leukodystro-
phies.'** Magnetic resonance spectroscopy findings are more spe-
cific and may show an elevated level of NAA.”

Given the high carrier rate among the Ashkenazi Jewish
population (1:38) as well as the predominance of two mutations,
preconception carrier testing is routinely used. If the most
common mutations are not present, the use of polymorphic
markers may help identify carriers if there is a family history of
the disease. NAA levels in amniotic fluid may be used for pre-
natal diagnosis so long as quantitative stable isotope dilution
methods are used. Aspartoacylase activity in amniocyte or chori-
onic villus samples is too low to be a reliable predictor of
disease.”

Treatment is supportive.

Pelizaeus—Merzbacher Disease

Pelizaeus—Merzbacher disease (PMD, sudanophilic leukodystro-
phy or tigroid leukodystrophy) is a rare neurodegenerative con-
dition affecting only the central nervous system. Traditionally,
it has been divided into four types based on age of onset and pro-
gression.'®® The classical form is said to begin in the first year
of life with a slow progression to death over two or three
decades. The connatal form begins in early infancy with death
occurring in the first 5 or 6 years of life. The transitional form
is said to be intermediate in onset and progression between the
connatal and classical varieties. In reality, there is little to dis-
tinguish these three forms clinically other than lifespan, because
they usually present with clinical problems between 3 and 6
months of age.'*® The early-onset forms are generally X-linked
recessive, although autosomal recessive pedigrees of the conna-
tal variety have been described.® A very rare adult form begins
in late childhood or early adulthood and is consistent with
normal lifespan. This variety is autosomal dominant.
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Ophthalmologists are frequently the first consultants to
evaluate these patients as nystagmus in early infancy is usually
the first presenting feature of the disease. The nystagmus
may be simply horizontal and pendular, appearing similar to
congenital motor nystagmus, or it may be very bizarre with
multiple vertical and horizontal components.'”® Generally, optic
atrophy is noted on the first ophthalmoscopic examination,
begging the question whether the nystagmus is caused by
visual loss or an underlying disturbance of integration of eye
movements.

Neurologically, the infants are generally hypotonic, but soon
develop spasticity and hyperreflexia. The severe cases show very
little development and die early of respiratory complications.
Classical cases show very slow, but steady development with
motor skills generally more severely affected than cognitive
skills. There is generally mild to moderate dementia, and scan-
ning speech. Esotropia, probably due to visual loss, is common.
Visual acuity, when it can be measured, ranges from 20/60 to
20/200. Ataxia is almost always present; athetosis and chorea
are common.

Electrophysiological tests are consistent with disease con-
fined to the CNS white matter, with markedly abnormal visual
evoked potentials and brainstem auditory evoked potentials.
Nerve conduction velocities and electroretinograms are normal.
The CT scan may show nonspecific changes of cerebral or cere-
bellar atrophy. The MRI scan, on the other hand, shows profound
white matter abnormalities with reversal of signal intensity on
Ti- and T,-weighted images from an increase in myelin lipid con-
stituents with an associated decrease in tissue water content.
Because of the decreased level of myelin, apparent diffusion coef-
ficient is increased, and diffusion anisotropy and magnetization
transfers are decreased.? There may be small, scattered areas of
normal white matter signal consistent with the pathological
description of tigroid demyelination. Generally, the corpus cal-
losum is thin and the brainstem appears hypotrophic.*

PMD, like Canavan’s disease, is a problem of dysmyelina-
tion rather than demyelination. Pathologically, there are only
patchy areas of myelination of the CNS, giving a “tigroid”
appearance with myelin stains. The subcortical U fibers are typ-
ically involved. There may be white matter gliosis, but silver
stains show good preservation of the axons throughout the brain
and optic nerves. The cortex is spared and remains of normal
thickness. Frozen sections show sudanophilic lipid within
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macrophages, particularly in the perivascular region. Electron
microscopy demonstrates defective lamellation and compaction
of myelin. Although clinical characteristics may strongly
suggest this disorder, absolute diagnosis can only be made by
histologic evaluation of brain tissue.*>!*®

Patients with PMD have been found to have mutations in
the gene for proteolipid apoprotein, PLP (lipophilin).”” This
protein represents approximately half the protein content of
normal CNS white matter and is not present in peripheral
nervous system myelin. It is believed to be important in forming
the tight concentric apposition of oligodendrocyte membranes
that make up CNS myelin.'®®

The PLP gene has been localized to the Xq22 chromosome.
The nucleotide sequence is highly conserved among humans,
rats, cows, mice, and dogs, which would indicate little room for
error in the structure of the protein. Indeed, more than 60 dif-
ferent mutations in the PLP gene have been identified in differ-
ent patients with Pelizaeus-Merzbacher disease, and similar
point mutations have been found in animal models of the
disease.*>!%¢

Three different genetic mechanisms have been identified:
deletion, duplication, or point mutation; these are associated
with a range of overlapping phenotypes that do not specifically
correlate with the clinical presentations described earlier. Dele-
tions produce a loss of PLP function but result in a relatively
mild phenotype. Duplication of the PLP sequence is the most
common mechanism of mutation. It is postulated that variation
in the disruption or inclusion of the flanking genes may deter-
mine phenotype with duplication mutations. Point mutations
lead to amino acid substitutions and a gain of toxic function.
Normal PLP folding is disrupted, resulting in accumulation of
the abnormal protein in the endoplasmic reticulum and even-
tual oligodendrocyte apoptosis; this, too, results in a wide range
of phenotypes. Of note, PMD is also allelic with X-linked spastic
paraplegia type 2.4*'%*

A number of cases of PMD have had no identifiable muta-
tions within the coding region of the PLP gene. Whether there
are other genes that affect PLP translation or function is
unknown, which could explain the autosomal recessive inheri-
tance pattern in some cases.

The existence of numerous mutations and modes of inher-
itance makes genetic counseling very difficult in this condition.
Furthermore, it makes prenatal diagnosis impractical. Prenatal
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diagnosis may be possible in affected families by tracking DNA
polymorphisms linked to the PLP gene in chorionic villus
samples.!’

Currently, treatment is symptomatic only. Intraventricular
transplantation of glial cell progenitors into a rat model PMD
resulted in diffusely increased myelination, providing some hope
for therapy in the not so distant future.*

DISORDERS OF UNKNOWN ETIOLOGY

Subacute Sclerosing Pancencephalities

Subacute sclerosing pancencephalities (SSPE) is a term devel-
oped to link two diseases, subacute inclusion body encephalitis
and subacute sclerosing leukoencephalitis, with a common
nosologic entity, persistent measles virus infection of the CNS.**
This disease is a rare consequence of measles virus infection in
infancy or early childhood. The incidence of the disease in the
United States has dropped dramatically with the advent of effec-
tive vaccination programs.

Typically the victim of SSPE does well for 5 to 10 years fol-
lowing an otherwise uneventful measles infection. Thereafter,
insidiously progressive neurological problems supervene,
usually beginning with abnormal behavior and intellectual
decline. Eventually most patients develop myoclonic seizures,
spasticity, and extrapyramidal dyskinesia. This condition ulti-
mately evolves to decerebrate rigidity, coma, and death over a
period of months to years.

Up to 50% of patients with SSPE develop visual loss, typi-
cally due to a chorioretinitis in the macular region'®® that gen-
erally presents as subretinal pigmentary changes with overlying
retinal edema, folds, and occasionally hemorrhages. Vitreous
cells are rare. Occasionally, chorioretinitis is the presenting
manifestation of the disease.”® Other ocular findings include
papilledema, optic atrophy, and nystagmus. A characteristic
EEG abnormality termed a suppression burst occurs in about
80% of patients'” and may precede the onset of clinical
myoclonus. CSF IgG is usually elevated, although total CSF
protein levels may be normal. Antibodies against measles virus
are disproportionately elevated in the CSE.'”°

Pathologically, mutant measles virus can be demonstrated
nearly anywhere in the brain, although the cerebellum is
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d.%1% White matter lesions appear to be

130

characteristically spare
immunomediated rather than caused by direct viral infection.
These lesions are pathologically indistinguishable from those
of other viral infections such as subacute AIDS encephalomy-
elitis, progressive rubella encephalitis, and postinfectious
encephalomyelitis.

There is no definitely effective treatment of SSPE. Prelimi-
nary studies in the use of alpha interferon have been promising,
however.*10

Familial Dysautonomia

Familial dysautonomia (Riley—-Day syndrome) is a rare autoso-
mal recessive condition that mainly afflicts Ashkenazi Jews.
Most cases are associated with a tissue-specific splicing muta-
tion in the IKBKAP gene on chromosome 9q31.'%' It generally
presents in early childhood with vomiting, failure to thrive,
delayed motor development, and emotional lability. Autonomic
dysfunction manifests as orthostatic hypotension, failure to
produce tears, excessive sweating, and irregular temperature
control.

In addition to autonomic dysfunction patients with this con-
dition have sensory impairment manifested by hyporeflexia, and
absence of pain and temperature sensation. Sensation to pres-
sure and light touch is generally preserved. A characteristic
finding is absence of fungiform papillae on the tongue and defi-
ciencies in the sensation of taste.'**

Most of the ocular problems are a consequence of dry eyes
and corneal hypesthesia. Patients with this condition are prone
to corneal ulceration and band keratopathy. The pupils show
supersensitivity to methacholine, suggesting parasympathetic
denervation.” Others have questioned this interpretation.®>

Patients who escape corneal scarring tend to develop mild
to moderate vision loss due to optic atrophy in the second or
third decade of life.**'37

Hallervorden-Spatz Disease

Hallervorden—Spatz disease (neurodegeneration with brain iron
accumulation type 1, or NBIA1) is a rare autosomal recessive
condition with varied age of onset and rate of neurodegenera-
tion. It usually presents in the first or second decade with
progressive rigidity of the legs. Choreoathetosis is common.
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Extrapyramidal involvement of the bulbar muscles may mani-
fest as difficulty with speech and swallowing. Progressive
dementia eventually supervenes, and death occurs within 15
years of diagnosis.

Generally, the ophthalmic manifestations of Hallervor-
den-Spatz disease are nonspecific supranuclear gaze disorders
typical of extrapyramidal disease that include defective smooth
pursuit, downgaze paralysis, and apraxia of eyelid move-
ments.®”'® A pigmentary retinopathy with bull’s-eye maculopa-
thy and yellow-white flecks in the retinal periphery is estimated
to occur in one-fourth of cases.”*!'®

Pathologically, iron deposits within the globus pallidus, sub-
stantia nigra, and red nuclei give these structures a distinctive
brown pigmentation.” The ferromagnetic material causes a
characteristic hypointensity of these structures on T, and gradi-
ent echo magnetic resonance images that may prove to be diag-
nostic.'** Additionally, affected regions develop swollen axon
terminals suggestive of neuroaxonal dystrophy. However, other
features of the disease are so distinctive as to make grouping
of Hallervorden-Spatz disease with neuroaxonal dystrophy
untenable.

Recently, it has been shown that cortical and brainstem-
type Lewy bodies are immunoreactive for alpha, beta, and
gamma synuclein.“"""” No metabolic or genetic defect has ever
been found for Hallervorden-Spatz disease. Tests of serum iron
and iron metabolism have been normal thus far.

There is no treatment. Chelating agents and L-dopa have
been ineffective.

HEREDITARY ATAXTA SYNDROMES

The hereditary ataxia syndromes are a heterogeneous group of
disorders that are frequently associated with oculomotor abnor-
malities or retinal degeneration. The nosologic classification of
hereditary ataxias has undergone multiple metamorphoses over
the past century. Greenfield attempted to use an anatomic basis
for separation: predominantly spinal, spinocerebellar, and pre-
dominantly cerebellar. The more familiar Harding classification
of autosomal dominant cerebellar ataxias (ADCA) emphasized
clinical and pathogenic categories, further subdividing the auto-
somal dominant cerebellar ataxias into those with systemic fea-
tures, those including retinal degeneration, and purely cerebellar
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syndromes. Olivopontocerebellar atrophy (OPCA) is a patholog-
ical description that may be associated with many different clin-
ical presentations. However, recent advances have permitted a
new classification of the autosomal dominant spinocerebellar
ataxias on a genetic basis.'®’® The most notable ataxia syndrome
inherited in a recessive fashion is ataxia-telangiectasia.

Spinocerebellar Ataxias

The spinocerebellar ataxias (SCA) are now classified by a sequen-
tial numbering system according to their gene mutations. They
typically present later in life with progressive cerebellar degen-
eration, which may also variously involve visual, oculomotor,
pyramidal, extrapyramidal, cerebral cortical, or peripheral
nervous system features. They are important to recognize
because of genetic anticipation, the predisposition to more
severe disease with succeeding generations. All SCA demon-
strate an autosomal dominant pattern of inheritance, and all
mutations identified thus far are associated with microsatellite
expansions in different genes. Most expansions consist of CAG
triplet repeats, except for an ATTCT pentanucleotide expansion
that was recently discovered in SCA10. Like other triplet repeat
diseases such as Huntington’s disease or myo-tonic dystrophy,
most SCAs show evidence of anticipation, particularly with
paternal transmission. In general, infantile- or juvenile-onset
diseases are associated with larger microsatellite expansions as
well as more extensive neuropathology.” 146

Because a given mutation may have various clinical mani-
festations, the ADCA classification of Harding remains a useful
independent clinical guide to diagnosis. In all types of SCA,
patients typically present with slowly progressive gait ataxia,
followed by a cerebellar dysarthria.

In the “pure cerebellar ataxias” (ADCA III), most notably
SCAG6, oculomotor signs referable to the midline cerebellum
predominate, including gaze-evoked and downbeat nystagmus,
disruption of the visual pursuit system, and impaired
visual-vestibular interaction.

In the group of cerebellar ataxias with extracerebellar man-
ifestations (ADCA 1), patients exhibit a spectrum of symptoms.
In SCA2, prominent slowing of saccades and optic atrophy is
observed. Tremor and appendicular dysmetria and hyporeflexia
may also be evident. In SCA3 (Machado-Joseph disease), oculo-
motor findings resemble those of the pure cerebellar ataxias,
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with the addition of ophthalmoplegia. Patients frequently also
complain of diplopia due to asymmetrical ophthalmoplegia as
well as impaired divergence.*! Symptoms of SCA1 overlap with
those of both SCA2 and SCA3.

In SCA7, the only genetically defined cerebellar ataxia with
retinal degeneration (ADCA II), severity is strongly correlated to
the number of repeats, and there is a strong anticipation, espe-
cially through paternal transmission. In addition to cerebellar
ataxia and dysarthria, variable pyramidal tract signs, posterior
column dysfunction, and dysphagia may also be observed. Pro-
gressive bilateral symmetrical pigmentary maculopathy is seen,
with early blue-yellow dyschromatopsia. Oculomotor abnor-
malities include supranuclear palsy and slowing of saccades.'®®

The pathophysiological mechanisms involved in SCAs are
still unclear.

Treatment is supportive, although there is some anecdotal
use of antioxidant therapy.

Ataxia Telangiectasia

Ataxia telangiectasia is a rare autosomal recessive disease that
presents in early childhood with progressive ataxia associated
with disruption of the cytoarchitecture of Purkinje cells in the
cerebellum; this leads to gross motor delay and frequent misdi-
agnosis as “cerebral palsy.” Also in early childhood, telang-
iectatic vessels appear on the conjunctivae. Children with this
finding are often treated for “chronic conjunctivitis” before
accurate diagnosis is made. Cutaneous telangiectasias also
develop in most patients.

Neurological impairment is slowly progressive, with even-
tual involvement of basal ganglia, spinal cord, and peripheral
nerves. Most patients are confined to a wheelchair by their
second decade. Mental deterioration occurs in some patients,
but most have good cognitive function.

Eye movement abnormalities begin with delayed initiation
of saccades followed by dysmetria, impaired pursuit, and even-
tually nystagmus. An optic neuropathy leading to mild visual
impairment develops in older patients.'”® The amplitude of the
visual evoked potential is diminished out of proportion with the
visual loss."3*

Immunological impairment is characterized by diminished
circulating IgA.'"! However, the susceptibility to infection is
greater than expected from absence of IgA alone, and most
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patients succumb to recurrent pulmonary infections in early
adulthood. In addition, cancer susceptibility is high for patients
with ataxia telangiectasia. This increased susceptibility to
cancer also affects heterozygous carriers of the mutated ataxia-
telangiectasia allele,®'%” because of a hypersensitivity to ioniz-
ing radiation among affected individuals and carriers.

The defective protein (ATM) in ataxia telangiectasia is a
protein kinase that plays a role in the repair of double-strand
breaks in DNA caused by ionizing radiation. It is thought to be
important in activation of the tumor suppressor gene p53.'> The
genetic defect has been mapped to chromosome 11q22.!'”° Muta-
tions that cause truncation of ATM result in significantly
shorter survival than mutations that do not alter protein
length.”! However, others have questioned genotype-phenotype
correlation.”

It remains uncertain what role ATM protein may have in
affecting the function of nonmitotic cells, such as Purkinje cells,
that are not considered very susceptible to ionizing radiation. It
has been hypothesized that the ATM protein is also protective
of oxidative damage and that cerebellar Purkinje cells are par-
ticularly affected by oxidative damage.’
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Neurocranial Defects with
Neuro-Ophthalmic

Significance
Ronald M. Minzter and Edward G. Buckley

Patients with cranial/skeletal defects often exhibit neuro-
ophthalmic abnormalities, which may be caused by specific
anomalies within the spectrum of a given condition, or by an
associated malformation of the nervous system, or be secondary
to mechanical forces such as hydrocephalus. This chapter
reviews the ophthalmic abnormalities found in progressive
hemifacial atrophy, which are primarily due to structural
defects, as well as ophthalmic abnormalities in Arnold-Chiari
malformations, meningomyelocele, platybasia, and the
Klippel-Feil syndrome, which are related to both structural and
secondary neurological mechanisms.

PROGRESSIVE HEMIFACIAL ATROPHY
(PARRY-ROMBERG DISEASE)

Progressive hemifacial atrophy (PHA), described by Parry in
1825, and by Romberg in 1846 as “trophoneurosis facialis,” is a
progressive variable hemiatrophy of facial fat and subcutaneous
tissues.'®!!! Eulenburg® later named this condition “progressive
facial hemiatrophy.” The atrophy begins in childhood, pro-
gresses intermittently and rapidly over the next 2 to 10 years,
and usually decelerates by young adulthood.”®**** If onset is
early enough, bone and cartilage may be affected because the
facial structures have not yet fully matured'® (Fig. 11-1, top). In
addition to facial atrophy, there can be dental/oral changes,
migraine headaches, and neurological disturbances such as
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C
FIGURE 11-1A-D. Progressive nature of progressive hemifacial atrophy
(PHA) in a patient at 8 years old (A) and again at 15 years (B), showing
left-sided atrophy. Fundus photos of the normal contralateral side (C) and
the ipsilateral affected side with hypopigmentary disturbances (D), par-
ticularly along the inferior arcade.

trigeminal neuralgia and seizures.®*® Unilateral trunk, limb, and
even visceral changes have been associated in rare cases.”1%110

Genetic patterns are unclear but, in a review by Rogers,
females were affected more than males (3:2) and less than 5% of
cases had bilateral involvement.!!'® The acquired progressive
nature of hemifacial atrophy differentiates it from the congeni-
tal nonprogressive spectrum of Goldenhar’s hemifacial micro-
somia and the branchial arch syndromes.**#

The etiology of PHA remains unclear. Various hypotheses
have been proposed that can be largely grouped into four
general categories: neurotrophic, vascular, exogenous insult,
and autoimmune mediated. Neurotrophic theories implicate a
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trigeminal neuritis,**'”" a cerebral deregulation of the peripheral
and sympathetic nervous systems through a heredodegenerative
process,'”® or a sympathetic nerve loss or interruption.®** The
vascular theory, which itself relates to the trigeminal nerve,
stems from work with electron microscopic and cytoimmuno-
logical techniques showing the possible role of a “lymphocytic
neurovasculitis” deleteriously affecting endothelial regeneration
of vessels in close proximity with the trigeminal nerve. This
process, in turn, leads to facial atrophy.!® Case studies of PHA
with either uveitis and retinal vasculitis, or retinal vascular
malformation, suggest that a mechanism for PHA is related
to a disruption in the normal angiogenic process.*>! Possible
exogenous insults include a slow virus, which initiates atrophy,
as well as other infectious agents and/or trauma, which serve to
“trigger” the atrophic process.*®** Borrelia infection (or Lyme
disease) has also been implicated in a case of PHA, the atrophic
progression of which was halted with treatment using peni-
cillin." An autoimmune mechanism has also been proposed
because both linear alopecia (a focal variant of scleroderma) and
PHA share many features. However, unlike immune-related
scleroderma, PHA is not associated with an elevated antinuclear
antibody (ANA) titer, hyperglobulinemia, or circulating immune
complexes.”

Ocular Findings

Ocular findings are present in approximately 40% of cases of
PHA.* They may also be grouped into four general categories
(Table 11-1). The first, and most clinically evident, involves
structural abnormalities. Enophthalmos is the most prominent
ocular finding in PHA and is secondary to orbital, lid, and brow
atrophy. In rare cases, there is a “monostotic form fruste”
with pure maxillary bone atrophy and maxillary sinus implo-
sion.*”*"138 Lid atrophy with madarosis and pseudocolobomatous
changes, ptosis, ectropion, blepharophimosis, and extraocular
motility disturbances can occur. Ipsilateral upper lid retraction,
with subsequent corneal exposure, has also been reported as a
late finding.** A variety of nonspecific abnormalities, including
a case of ophthalmoplegia,® is thought to result from connec-
tive tissue atrophy and fibrotic-like changes in the orbit.!74!*

A second constellation of features is consistent with
involvement of sympathetic and trigeminal innervation. The
sympathetic features include pupillary disturbances (miosis and



374 HANDBOOK OF PEDIATRIC NEURO-OPHTHALMOLOGY

TABLE 11-1. Ocular Findings in Progressive Hemifacial Atrophy.

Structural
Lid atrophy
Madarosis
Ptosis
Ectropion
Blepharophimosis
Lid retraction (late)
Enophthalmos
Innervational
Pupil disturbance
Miosis (Horner’s syndrome)
Mydriasis (Adie’s syndrome)
Corneal anesthesia
Neuroparalytic keratopathy
Autoimmune
Scleroderma
Episcleritis
Iridocyclitis (Fuch’s syndrome)
Uveitic glaucoma
Optic nerve papillitis
Other
Hypopigmentary retinopathy
Lacrimal dysfunction
Progressive hyperopia
Ocular motor palsies

mydriasis), incomplete Horner’s syndrome, Adie’s pupil,
Argyll-Robertson pupil, and heterochromia.’® The trigeminal
nerve involvement occurs anywhere along the overall distribu-
tion of facial atrophy; specific ocular problems such as exposure
keratitis are attributed to neuroparalytic keratopathy.®

The third group of ocular signs are consistent with an
autoimmune phenomenon and are twofold: those consistent
with a form of scleroderma and those reflecting an inflamma-
tory process. Both focal or linear scleroderma and PHA may
manifest a classic sabre-like “en coupe de sabre” groove on the
forehead at the junction of normal and atrophic tissue.®*?12
Scleral melting, and even perforation, along this line has also
been reported as a late finding of PHA,* also possibly due to an
autoimmune process. Patients with PHA and linear scleroderma
may share the findings of enophthalmos, abnormal (often
restrictive) ocular motility, heterochromia irides, pupillary
changes, and cutaneous hyperpigmentary changes.***!'” An
autoimmune process may be the underlying cause for inflam-
matory conditions such as episcleritis, heterochromic cyclitis,
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and Fuch’s-like iridocyclitis, which are also seen in PHA.
However, a neurovascular defect suggested by electron
microscopy,'™ and a case study of PHA involving Fuch’s hete-
rochromic cyclitis and retinal vascular abnormalities (macro-
aneurysms), imply a “common sympathetic defect” linking
Fuch’s and PHA.® Postuveitic glaucoma, cataracts, and papilli-
tis followed by optic atrophy have also been reported.#>91,104124

Certain ocular findings associated with PHA are difficult to
place in the foregoing categories. Miller et al reported an
ipsilateral hypopigmentary disturbance in the fundi of a series
of PHA patients* (see Fig. 11-1, bottom). This finding was
thought to be analogous to uveitic, cutaneous, and iris pigment
changes seen in other autoimmune conditions® such as vitiligo,
Vogt-Koyanagi-Harada syndrome, and tuberosclerosis.>*>’¢ A
disturbance in neural crest cell development has been suggested
as another mechanism for this fundus pigmentary abnormality.*¢
A genetic defect of neural crest origin has also been proposed as
a mechanism for primary corneal endothelial failure seen in a
case of PHA.? Ipsilateral lacrimal dysfunction and refractive
changes (typically progressive hyperopia as a relatively early
finding®), and contralateral oculomotor cranial nerve palsies and
uveitis, 7408 have also been reported.

DISEASES OF CERVICO-OCCIPITAL
PROXIMITY OR “BULLNECK ANOMALIES”

This group of entities includes Arnold-Chiari malformation,
meningomyelocele, platybasia, basilar impression syndromes,
and the Klippel-Feil syndrome. These neurocranial conditions
may exist as a primary anomaly or as a result of a systemic bony
disease with secondary architectural defects; they often have
multiple overlapping and coincident features. Although ocular
findings may be a part of the anomaly or syndrome itself, they
also occur secondary to cervico-occipital structural defects and
altered cerebrospinal fluid (CSF) dynamics.

ARNOLD-CHIARI MALFORMATION

Cleland, Chiari, and later Arnold described an anatomic mal-
formation involving hydrocephalus with hindbrain herniation
through the foramen magnum.®'®? Later, Chiari refined his
description to include four types of malformations.”® The first
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three types of Arnold-Chiari malformations (ACM) describe a
gradient of anatomic distortion; the fourth type is structurally
different.

Type I ACM involves a partial caudal herniation of the cere-
bellar tonsils and medial lobes through the foramen magnum
with a normally positioned fourth ventricle. Although the
foramen magnum is usually normal, type I ACM may incorpo-
rate acquired defects of the foramen magnum as seen with
basilar impression syndromes, and with defects more commonly
associated with type II ACM, such as meningomyelocele.®

Type I ACM includes type I anomalies plus a descent of the
pons and fourth ventricle via an enlarged foramen magnum. Vir-
tually all ACM type II patients also have a meningomyelocele,
or dysraphism of the spine, as well as clinical findings associ-
ated with subsequent hydrocephalus. There is typically an
outflow obstruction of cerebrospinal fluid (CSF) at the foramina
of Luschka and Magendie, an increase in intracranial pressure,
and, in turn, a characteristic kinking (in approximately 70% of
patients) of the cervicomedullary region.”* The fourth ventricle
may become isolated secondary to aqueductal stenosis and
diminished CSF outflow; when this occurs, there is a high inci-
dence of associated syringohydromyelia.® Hindbrain molding
around the dens of the axis, rostral cervical nerve deviation, and
stretching of cranial nerves is also typical.®> In effect, the cere-
bellum becomes compressed between a small posterior fossa and
a low tentorial attachment (Fig. 11-2).

A Chiari type III defect is much rarer and more severe. The
cerebellum and lower brainstem herniates through the foramen
magnum and becomes squeezed over a widely cystic fourth
“ventriculocele.” This defect presents as a low occipital or
high cervical (C1-C2) encephalocele®” and secondary cerebellar
parenchymal damage is common. The fourth type of Chiari mal-
formation is distinctly different and actually resembles the
cystic ventricular Dandy-Walker anomaly. In type IV ACM, the
malformation is contained within the posterior fossa; under con-
ditions of raised intracranial pressure, the dilated fourth ventri-
cle becomes cystic in nature and the brainstem and cerebellum
become compressed and degenerated respectively.

Ocular Findings

The neurological and neuro-ophthalmic changes in ACM are pri-
marily due to structural anomalies (cerebellar and brainstem dis-
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FIGURE 11-2. Sagittal MRI of a patient with type II Arnold-Chiari mal-
formation shows cerebellar atrophy, a small posterior fossa, and inferior
vermian displacement to the level of C3 with an inferiorly displaced cer-
vicomedullary junction (bottom arrow). Other anomalies present include
massive cortical loss, agenesis of the corpus callosum, beaking of the
tectum (top arrow), and a large massa intermedia (middle arrow).

tortion) and the dynamics of CSF flow (hydrocephalus). Because
of the close association between hydrocephalus and ACM, many
ocular findings can be attributed to one or both entities. These
findings most typically include optic atrophy, Parinaud’s syn-
drome, horizontal and downbeating nystagmus, diplopia, and
strabismus.'”’

A classic finding of advanced hydrocephalus in the set-
ting of ACM is vertically downbeating nystagmus (DBN). DBN
is associated with craniocervical lesions, most often with
basilar impression/platybasia or ACM.*!¥” ACMs usually do not
directly effect rostral structures associated with vergence move-
ments (midbrain and pretectal areas), although cases have been
reported with abnormal convergence and retraction nystag-
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mus.””"*® The authors postulate that convergence nystagmus is
caused by mechanical brainstem and cerebellar distortion, com-
bined with abnormal transmission of cerebrospinal fluid to the
aqueductal region.

Duane’s retraction syndrome has also been found in associ-
ation with Arnold-Chiari malformation type 1.*¢ Authors pos-
tulate a common early embryogenic mechanism between
Duane’s and Arnold-Chiari malformation involving aberrant
brainstem innervation®*®® and incomplete neural tube closure,
causing suboptimal distension of the developing ventricular
system.””%3

Attempts have been made to correlate motility disorders
with the level of CNS distortion in patients with ACM and
meningomyelocele.”” In a clinical series by Lennerstrand, stra-
bismus and nystagmus generally correlated with hydrocephalus
and secondary higher cerebral changes more than with lower
brainstem structural deformities.”” Oblique muscle motility dis-
orders, horizontal and vertical gaze difficulty, and saccadic
control correlated with lower brainstem lesions (tectal plate and
medulla oblongata). Convergence defects related to upper brain-
stem deformities and the level of herniation.””

The strabismus most commonly seen with ACM is largely
comitant and seldom caused by cranial nerve paralysis.”” It is
frequently associated with “A” or “V” patterns, and a possible
supranuclear origin has been postulated (see section on
Meningomyelocele).”” Acquired esotropia, often with other moti-
lity anomalies, may present as an early sign of Arnold-
Chiari malformation I. Some authors suggest divergence palsy
as a mechanism for which neurosurgical suboccipital and upper
cervical decompression is utilized.”” Strabismus surgery
may 