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Preface

A comprehensive understanding of diseases of the peripheral retina is essential to
the general ophthalmologist as well as to the vitreoretinal surgeon. Expertise in in-
direct ophthalmoscopy, scleral depression, and contact lens biomicroscopy serves
as a basis for observing the peripheral retina. These observations are then re-
corded on fundus drawing paper and the Tolentino vitreo-retinal chart. This or-
derly sequence of skills allows the ophthalmic surgeon to objectively diagnose
and evaluate specific peripheral retinal disorders and plan for their therapeutic
management.

The Clinical Atlas of Peripheral Retinal Disorders is a compilation of fundus paint-
ings by David A. Tilden based on our observations of a large number of patients
over the past 15 years. The atlas is organized along functional and anatomical
lines. After a brief introduction to the clinical anatomy of the peripheral retina, the
appearance of the fundus as a function of skin color and aging is presented. Many
of the diseases of the peripheral retina can be divided into trophic (nutritional),
tractional, and a combination of trophic plus tractional etiologies. This classifica-
tion system, although somewhat simplistic, appears adequate for our present
level of understanding of the pathogenetic mechanisms of these disorders. Un-
doubtedly, once the molecular biology of these conditions is elucidated through
future research, the classification will be revised. In addition, there are other con-
ditions that affect the peripheral retina that do not fit the proposed classification
system and are covered under separate headings, i.e., congenital defects, neo-
plasms, metabolic disorders, etc.

The Clinical Atlas of Peripheral Retinal Disorders is not meant to be an encyclopedic
treatise on the subject, but rather a compendium of the more significant
peripheral retinal diseases that befall the human condition. The Bibliography is
more of a suggested reading list for those interested in gaining more detailed
knowledge of specific retinal disorders.

The fundus color code appears in Chapter 14. Alongside each code item is the
way it would be drawn by the ophthalmologist and the way it would appear in the
actual fundus painting.

The Clinical Atlas of Peripheral Retinal Disorders is meant for residents, fellows,
and ophthalmologists in general practice as well as for vitreoretinal surgeons. The
goal of this atlas is to impart an understanding of disease patterns affecting the
peripheral retina which will aid in arriving at the correct diagnosis and successful
management of these disorders.

I am indebted to my teacher, Dr. Charles L. Schepens of the Harvard Medical
School and The Retina Foundation in Boston, for his tireless efforts to instill in me
the skills of indirect ophthalmoscopy with accurate observation of ocular pathol-
ogy which is the basis for this Atlas. Many of the observations in this book are a
direct result of Dr. Schepen’s brilliant work as a surgeon and innovator over the
past four decades. I am also indebted to the following superb individuals who
were my teachers at The Retina Service of the Massachusetts Eye and Ear Infir-
mary and The Retina Foundation: Drs. R.J. Brochurst, H. McKenzie Freeman,
T. Hirose, W. McMeel, I. Okamura, R. Pruett, and C. Regan.

I would like to thank David A. Tilden, medical illustrator extraordinaire, for his
tireless efforts in portraying the fundus paintings which are at the heart of this



XX  Preface

Atlas. Mr. Tilden has pioneered many illustration techniques in the area of fundus
paintings over the past 20 to 25 years that are reflected in the artwork in the book.

Grateful acknowledgement goes to Barbara Goldman, Editor at Springer-Ver-
lag, for her organizational spirit and drive which was essential in publishing this
Atlas. In addition, I'd like to thank the publishers, Springer-Verlag, for their kind
help and advice in publishing the Atlas.

Keith M. Zinn, M.D., EA.C.S.
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The Vitreous

The vitreous is a unique tissue in that it is transparent, allow-
ing for the transmission of light entering the eye and eventu-
ally reaching the neurosensory retina. The vitreous has
other unique properties in that it is avascular at birth and
has viscoelastic properties that allow it to act as a shock ab-
sorber, dampening mechanical vibrations that might affect
the retina. Yet the vitreous is 99 % water and the remaining
1% is made up of special collagen fibers and hyaluronicacid
molecules. The normal vitreous has certain immunologic
properties as well as the ability to inhibit neovasculariza-
tion. In short, the physical and chemical properties of the
vitreous are most unique and unlike that of any other collec-
tion of extracellular material in the body.

In the adult, the volume of the vitreous ranges between
3.5 and 3.9 ml and comprises 66 to 75% of the total volume
of the globe. The vitreous body has a spherical shape post-
eriorly with a saucer-shaped indentation anteriorly where it
is in contact with the posterior surface of the lens. The outer-
most layer of the vitreous is termed the cortex and is divided
into an anterior cortex region and a posterior cortex region
by the vitreous base. The vitreous base is a zone of cortical
adhesion varying between 2 and 3 mm in width, straddling
the ora serrata region of the peripheral retina and running
for 360°.
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Regional Anatomy of the Vitreous Plate1
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Vitreous Attachments to Intraocular Structures

Anterior Vitreous Cortex

The anterior vitreous cortex is in intimate contact with the
ciliary body and the posterior surface of the lens. The circu-
lar line of adhesion of the anterior vitreous cortex to the post-
erior surface of the lens is termed Wieger’s ligament and has a
diameter of about 8 mm. Although the term Wieger’s liga-
ment is widely used for this adhesion, it is not a true liga-
ment.

In young individuals, under the age of 40 years, Wieger’s
ligament has a fairly strong connection to the posterior lens
capsule, but as an individual approaches 40 years, this
ligamentous adhesion dissipates and is almost inconse-
quential. Because of the strong Wieger’s ligament attach-
ment forces in young people, intracapsular cataract surgery
is usually not possible without loss of vitreous and therefore
extracapsular cataract surgery is carried out. In older pa-
tients, intracapsular cataract surgery can be carried out with
relative ease once Wieger’s ligamentous attachments to the
posterior lens capsule have become minimal. Alpha-
chymotrypsin has no dissolving effect on Wieger’s ligament.

Modern cataract surgery with posterior chamber intraocu-
lar lens implants is almost always performed using the ex-
tracapsular extraction technique. This provides an intact
posterior lens capsule which serves as a physical barrier pre-
venting the anterior vitreous from prolapsing into the an-
terior chamber. This has resulted in a dramatic reduction in
the incidence of retinal detachments postoperatively.

Vitreous Base

The region with the strongest attachment of the vitreous to
the inner wall of the globe is the vitreous base, which is a
zone of attachment that is 2 to 3 mm wide and straddles the
ora serrata region, running parallel to the equator for 360°.
The vitreous base extends 1.0 to 1.5 mm anterior to as well
as posterior to the ora serrata (see Plate 8, p. 14). When
vitreoretinal tractional forces are created in the vitreous base
region, these forces can often lead to retinal tears, retinal dia-
lyses, and even disinsertion of the vitreous base. The ante-
rior and posterior borders of the vitreous base can be seen in
most patients using peripheral indirect ophthalmoscopy
with scleral depression.

Posterior Vitreous Cortex

In general, the posterior cortex of the vitreous normally is
adherent to the inner surface of the retina. The posterior vit-
reous cortex has several important connections to the inner
surface of the retina in the peripapillary and macular reg-
ions. The posterior vitreous cortex is not attached to the sur-
face of the optic nerve head, but only at its edges, and these
attachments are termed the peripapillary connections. In
addition, there are attachments along major retinal vessels
called paravascular connections. There is a mild but variable
adhesion of the posterior vitreous cortex to the macula with
stronger attachments to the inner surface of the retina in the
equatorial region. When there is a complete posterior corti-
cal vitreous detachment, the peripapillary vitreous attach-
ments also detach. Since they are usually translucent, they
cast a shadow when there is light falling on the retina and
are perceived by the individual as “floaters.” Occasionally, a
small peripapillary hemorrhage or a vitreous hemorrhage
may take place as a result of a posterior cortical vitreous de-
tachment. In certain cases, where an abnormal vitreoretinal
adhesion exists, a posterior cortical vitreous detachment can
lead to a retinal tear and possibly to a rhegmatogenous reti-
nal detachment.
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Plate 3 Anterior Cortical Vitreous Canals and Spaces
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Petit’s canal is a potential space in the retrolenticular region
peripheral to Wieger’s ligament and is actually an interface
between the anterior vitreous cortex and the inner surface of
the zonules and posterior lens capsule. Berger’s space is a re-
trolenticular space within the circular line of Egger and is
bounded anteriorly by the anterior vitreous cortex and post-
eriorly by plicated vitreous membranes in the anterior ex-
pansion of Cloquet’s canal. The space of Erggelet is a retrolen-
ticular space that is part of the anterior expansion of
Cloquet’s canal and found just below the visual axis. Ber-
ger’s space is only one portion of the much longer space of
Erggelet. Patients with uveitis, vitreous hemorrhage, and
retinal detachment may have cells in Berger’s space that can
be detected with slit-lamp biomicroscopy.



In phakic patients, without a history of ocular inflamma-
tion or surgery, one may see pigment cells or “tobacco dust”
in the anterior vitreous cortex region, which is termed
Shafer’s sign. The pigment granules in this case may repre-
sent dislodged retinal pigment epithelium that entered the
vitreous cavity through a retinal tear site. Therefore, Shafer’s
sign, when noted on biomicroscopy, should alert the
examiner to the possibility of a retinal tear or a possible reti-
nal detachment in the eye.

The central hyaloideocapsular space is a potential space that
is actually an interface between the anterior vitreous cortex
and posterior lens capsule. This interface opens when the
anterior hyaloid and the posterior lens capsule are separated
mechanically. It has been noted to be open in eyes with an
anterior vitreous detachment associated with Marfan’s syn-
drome and in cases of ocular trauma.

Cloquet’s canal is an undulating tubular structure that
courses through the vitreous body from the optic disc to the
patellar fossa. The anterior and posterior ends of Cloquet’s
canal are expanded to form the space of Erggelet and the area
of Martegiani, respectively. The lumen of Cloquet’s canal is
quite variable, but is narrowest in the midvitreous. During
embryologic development, Cloquet’s canal contains the
hyaloid vascular system.

1. Anatomic Considerations 7
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Anatomic Nomenclature of the Fundus

When clinicians view the fundus with various instruments,
the peripheral fundus is divided into hemispheres and
further subdivided into quadrants, as depicted in Plate 5. In
addition, a clock with its hour markings is superimposed
upon the fundus of each eye and is used as a frame of refer-
ence for specific lesion sites. For example, a retinal tear is
located at the 2:30 o’clock meridian near the equator, or a
retinal detachment involves the inferonasal quadrant.

Localization of lesions is thus recorded using this coordi-
nate system of clock hours, and frontal plane landmarks
such as the equator, vortex vein ampullae, and the ora ser-
rata region.
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The Neurosensory Retina

The neurosensory retina extends from the edges of the optic
nervehead to the ora serrata, after which there is a single
layer of nonpigmented epithelium covering the pars plana.
The neurosensory retina is strongly anchored at the edges of
the optic nervehead and at the ora serrata region. This reti-
nal attachment is strongest temporally where the pigment
band at the ora serrata is widest (1.5 to 2.0 mm). Nasally, the
pigment band is narrowest and is therefore weakest. The
nasal ora serrata tends to be scalloped with fine toothlike
projections of retina onto the pars plana termed dentate pro-
cesses. Regions between neighboring dentate processes are
called ora bays. In addition, there is a weaker adhesion of the
neurosensory retina to the subjacent retinal pigment
epithelium. When a retinal detachment occurs, the
neurosensory retina detaches from the retinal pigment
epithelium and loses some of its normal transparency.

The retinal vessels are located in the innermost surface of
the retina (closest to the vitreous) and diminish in their
cross-sectional diameter as they branch out from the optic
disc toward the retinal periphery. Normally, the last 1 to 2
mm of peripheral retina at the ora serrata region tends to be
avascular. The retinal arterioles are brighter red and of smal-
ler caliber compared to retinal veins at a given distance from
the optic nervehead.

The macular region, 0.22 mm thick, is the thickest portion
of the neurosensory retina, except for the foveal pit, which
is about 0.10 mm thick. The peripheral retina is about 0.12
mm thick. The macula is darker in color than the surround-
ing retina because of the carotenoid pigment xanthophyll
glycol located in the outer plexiform layer of Henle and be-
cause of the increased number of pigment granules in the
taller retinal pigment epithelium cells within the macular re-
gion. In contrast, the extramacular regions do not have any
appreciable carotenoid pigment and have flatter retinal pig-
ment epithelium containing less pigment (melanin)
granules.

The Choroid

The retinal pigment epithelium and the choroid provide nut-
rition to the outer one third of the neurosensory retina and
also provide a pump that is responsible for the basic adhe-
sive force of the neurosensory retina to the retinal pigment
epithelium. The choroid extends from the optic nerve head
peripherally to the ora serrata region and is strongly an-
chored to the optic nerve head and to the scleral tissue at vor-
tex vein exit sites. Anteriorly, the choroid is continuous with
the pars plana of the ciliary body. Elsewhere, the choroid is
clearly adherent to the sclera by means of a loose matrix of
suprachoroidal tissue.

Ophthalmoscopically, there are three basic morphologic

patterns of the choroid that should be appreciated: (1) the
choroidal pigment pattern, (2) vortex vein systems, and (3)
choroidal landmarks.

Choroidal Pigmentary Pattern

The pigmentary color pattern one sees in a patient will de-
pend upon a variety of factors, such as the amount of pig-
ment in the retinal pigment epithelium cells and in the
branched melanocytes within the choroidal stroma as well
as the density and thickness of the choroidal stroma and vas-
cular system. The choroidal pigment is densest in the su-
prachoroidal space and poorest where large choroidal ves-
sels are present, especially in the vertical meridians.

As arule, the choroid is thickest in the posterior polar reg-
ion where the choroidal pigmentary pattern is less distinct.
The choroidal pigment does not always correlate with the
pigment of the hair, skin, and irides. However, an albinotic
fundus would be lighter than a fundus in a blond person,
which in turn would be expected to be lighter than in a
brunette or a Negro. One could arrange ocular fundi in an
order from light to dark color as follows: albinotic, blond,
brunette, Asian, Mediterranean, and Negro. It is important
to note that there are variations of fundus color among each
of the different races. The fundus color will also vary with
the age of the individual.

Choroidal sclerosis of the blood vessels makes the vessels
stand out, but aging changes in the retinal pigment
epithelium, for example, in senile macular degeneration,
may obscure the underlying choroidal pattern.

Vortex Venous System

The choroidal veins drain the choroidal tissue as well as the
anterior segment and form whirl-shaped tributaries that ul-
timately flow into a larger vein known as the vortex vein,
which exits from the eye through a scleral canal. Approxi-
mately 50% of the vortex veins in normal eyes have an
aneurysmal dilation termed the ampulla, into which the
tributary veins empty, and then the blood leaves the eye via
the vortex vein. Most vortex veins are near the equator.
There is usually one vortex vein per quadrant, which tends
to be located at or near the 2, 4, 8, and 10 o’clock meridians.
The vortex veins in the superior quadrants drain into the
cavernous sinus, whereas the vortex veins in the inferior
quadrants drain into the cavernous sinus or enter the exter-
nal jugular vein via the pterygoid plexus that passes
through the inferior orbital fissure.

Vortex vein ampullae have a wide variety of anatomic con-
figurations and on occasion can be seen to pulsate spontane-
ously, or when pressure is applied to the globe, or when the
eye is rotated in such a position that the superior oblique
muscle can open the intrascleral canals. This allows rapid
emptying of blood from the ampulla into the vortex vein and
out of the orbit.
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Obstruction of a vortex vein leads to a choroidal hemor-
rhage. If several vortex veins are obstructed simultaneously,
a variety of sequelae may take place as follows: choroidal
hemorrhage, subretinal, retinal, and vitreous hemorrhage,
glaucoma, anterior segment ischemia (corneal edema,
corneal vascularization, corneal ulcers, anterior uveitis,
peripheral anterior and posterior iris synechiae, iris atrophy,
iris neovascularization, neovascular glaucoma, ocular
hypotony, cataract, and phthisis bulbi). Therefore damage
to vortex veins is to be avoided whenever possible in retinal
detachment and orbital surgery.

Choroidal Landmarks

The fundus can be divided into quadrants, using choroidal
landmarks. The long posterior ciliary arteries and nerves
found at the 3 and 9 o’clock meridians serve as the horizon-
tal meridional landmarks. The short ciliary nerves and arte-
ries located near the 6 and 12 o’clock meridians serve more
or less as the vertical meridional boundaries.

The long posterior ciliary artery is a bright, thin, red line in
the horizontal meridian with some pigment in its adventitial
wall that is seen ophthalmoscopically beginning in the
posterior segment, extending peripherally to the ora serrata
and pars plana region. The long posterior ciliary artery usu-
ally runs a straight course in the fundus and rarely branches.
The long posterior ciliary artery will anastomose with the
short ciliary arteries to form the vasculosis iridis major located
in the ciliary body. The long posterior ciliary arteries and the
short ciliary arteries form the blood supply to the anterior
segment of the globe.

The long posterior ciliary nerve usually runs with the long
posterior ciliary artery in the fundus at the horizontal meri-
dian; it has a flat appearance, rather like a linguine noodle.
The nerve has a pigmented epineurium, which helps to de-
fine its edges and make it more easily visible on ophthalmos-
copy. The long posterior ciliary nerve is first seen in the hori-
zontal meridians near the posterior segment, then extends
peripherally to the ora serrata and pars plana regions and
does not usually branch along this route. The long posterior
ciliary nerve conducts pain and temperature information
from the anterior segment back to the gasserian (trigeminal)
ganglion of the V™ cranial nerve.

The long posterior ciliary artery and nerve run side by
side in the fundus at the choroidal level. Nasally, the long
posterior ciliary artery is superior to the long ciliary nerve,
and temporally the long ciliary nerve is superior to the long
posterior ciliary artery.

Damage to the long posterior ciliary artery and nerve, for
example, as in scleral buckling surgery, may lead to anterior
segment ischemia and obviously is to be avoided. Transil-
lumination of the globe during retinal detachment surgery
leads to easy identification of the long posterior ciliary artery
and nerve so they can be avoided when diathermizing a
scleral bed.

In many fundi, the long posterior ciliary artery and nerve
are easily noted on ophthalmoscopy, but in a number of
fundi one or more of the structures cannot be seen because
of pigmentary choroidal patterns. However, it has been esti-
mated that, in 95% of fundi, one or more long posterior
ciliary arteries or nerves will be visible in the fundus
periphery near the horizontal meridians.

The short ciliary arteries tend to be located near the vertical
meridians and are twice as numerous near the 6 o’clock meri-
dian than near the 12 o’clock meridian. Also, the choroid is
poorly vascularized near the vertical as well as the horizon-
tal meridians.

The anterior short ciliary arteries are derived from the ves-
sels on the rectus muscles, which pierce the globe at the in-
sertion points of the rectus muscles. The anterior short
ciliary arteries join the long posterior ciliary arteries in the
ciliary body to form the vasculosis iridis major (circulus ar-
teriosus major).

The short ciliary nerves are smaller than, but similar in ap-
pearance to, the long posterior ciliary nerves. The short
ciliary nerves are more often visible inferiorly at or near the
6 o’clock meridian. They enter the globe posteriorly after
leaving the ciliary ganglion. They run anteriorly with the
ciliary arteries, innervate the ciliary body, iris, and cornea,
and send pain and temperature information from the an-
terior segment back to the central nervous system. The short
ciliary nerves also carry efferent sympathetic fibers to the iris
dilator muscles and efferent inhibitory sympathetic fibers to
the iris sphincter and ciliary body musculature.



Equator

The equator of the globe has been defined as that region of
the eye where a frontal plane intersecting the globe gives the
greatest cross-sectional diameter. The equator of the globe
has no specific landmarks and is variable, depending upon
the size and shape of the eye. The equator is usually located
2 disc diameters anterior to the circle intersecting the scleral
entrances of the vortex veins’ ampullae. The vortex veins are
located in the equatorial region. The scleral exit sites of the
vortex veins are located more posterior to the limbus in the
superior quadrants (20-21 mm), as compared to the inferior
quadrants (17-18 mm).

The peripheral retina is further divided up equally be-
tween the equator and the ora serrata into an anterior zone
(anterior half) and a posterior zone (posterior half) by an im-
aginary line that is parallel to the plane of the equator. This
imaginary line is equidistant between the ora serrata and the
equator.

1. Anatomic Considerations 13

Cross Section of Globe: Side View of Fundus with
Line Demarcating the Equator
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Plate 8

Three-Dimensional Cutaway View of the Ciliary
Body and Ora Serrata Region

Pars
Plicata

Z.

Ora Serrata

Pars Plana

The ciliary body is divided into an anterior portion termed
the pars plicata and a posterior portion termed the pars plana.
The pars plana is 4 mm in its radial length, extending from
the ora serrata anteriorly to the posterior edge of the pars
plicata. The pars plana is relatively avascular and therefore is
the preferred site for pars plana vitrectomy incisions and for
intraocular injections; it is also the choice site for removal of
small intravitreal foreign bodies. The majority of lens
zonules insert in the valleys between pars plicata processes,
but on occasion the lens zonules can anchor in the pars
plana region and can even connect with the fibers of the vit-
reous base. Occasionally, tears in the nonpigmented
epithelium of the pars plana may lead to retinal detach-
ments. Cysts of the pars plana usually involve the nonpig-
mented epithelial layer and are benign. In multiple
myeloma, the cysts contain myeloma protein.

Pars Plicata

The pars plicata is the anterior portion of the ciliary body
and there is an average of 70 pars plicata processes per eye.
Each process is approximately 2 mm in length and is the
source of aqueous humor. The zonular fibers of the lens are
inserted in the equatorial region of the lens capsule and are
anchored in the valleys between pars plicata processes. In
some eyes, the zonules continue posteriorly and insert into
the anterior portion of the vitreous base meshwork. Because
of this relationship, it is possible during cataract surgery to
generate retinal breaks at the posterior border of the vitre-
ous base. Excessive tractional forces on the lens capsule dur-
ing surgery appears to be the responsible mechanism.



Ora Serrata

The anterior or peripheral edge of the neurosensory retina is
termed the ora serrata. Typically, the temporal portion of the
ora serrata tends to be smooth. In the nasal half of the ora
serrata there are frequent projections of neurosensory retina
onto the pars plana. These retinal projections have been
likened to teeth, hence the term dentate processes. Areas be-
tween adjacent dentate processes are known as ora bays. On
occasion, one can find smooth regions of the ora serrata
nasally and the dentate processes temporally. In some eyes,
adjacent dentate processes meet and are fused, forming an
enclosed ora bay, which can be mistaken for a peripheral reti-
nal hole. Also, there is more pigment along the ora serrata
nasally than temporally, with greater adhesion of the nasal
retina to the underlying choroid.

Pars Plicata

1. Anatomic Considerations 15

Inner Aspect of the Anterior Portion of the
Globe as Viewed from the Vitreous Cavity

Temporal

Plate9
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Variations of Fundus Appearance

Fundus Appearance as a Function of Aging

In the infant fundus, there is a wet silk appearance to the
inner surface of the retina. The retinal periphery is almost
devoid of dentate processes, in contrast to the adult. There-
fore, ora bays are not seen, except in some cases where there
are bifid dentate processes. Also, there is no cystoid degen-
eration, and the pars plana is almost nonexistent. More
specifically, the ora serrata almost abuts the posterior aspect
of the pars plicata processes.

As the individual ages and the eye grows in size, dentate
processes, ora bays, and a distinct pars plana are estab-
lished. After the age of 20 years, typical peripheral cystoid
degeneration is almost a universal finding. With aging,
there are cystic changes in the retinal periphery, as well as
chorioretinal degeneration and atrophy, as outlined in Table
1.1. Many of these changes reflect alterations in the retinal
and choroidal circulations and the mechanical wear and tear
caused by motion of the vitreous base in response to eye
movements and body movements.

Each of these aging features is discussed in detail in sepa-
rate sections of the atlas, classified along specific anatomic
lines.
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Variations of Fundus with Aging Plate 10
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Plate 11

Pars Plana Cysts

Pars Plana Cysts

Another cystic aging change occurs in the pars plana and is
known as the pars plana cyst. Pars plana cysts are round or
oval transparent elevations of the nonpigmented epithe-
lium of the pars plana and contain hyaluronic acid. They rep-
resent cystoid spaces between the nonpigmented and pig-
mented epithelium of the pars plana. In some patients with
macroglobulinemias and dysproteinemia, for example, mul-
tiple myeloma, the cysts have a slightly turbid appearance
because they contain abnormal proteins. Although there
does not appear to be a specific relationship of pars plana
cysts with other ocular pathology, they are believed to be
more frequent in patients with retinal detachments.

In general, pars plana cysts range in size from 0.25 to 2.5
disc diameters and have the appearance of a translucent
grape. They are often found in the temporal quadrants of
adult eyes. Pars plana cysts are more readily apparent on in-
direct ophthalmoscopy and scleral depression and appear
to be located in the posterior half of the pars plana. There is
no particular sexual predilection. In persons over 40 years
old, 24 % have at least one pars plana cyst, and in 33% of
these cases the cysts are bilateral.

Fundus Appearance as a Function of Body Pigmentation
There is a wide variation found in the pigmentation patterns
of the normal fundus, which appears to be correlated, in
most cases, with the skin pigmentation of the individual. It
is also important to recognize that within a given skin pig-
mentation category, there will be a wide spectrum of fundus
color.

Albino

There is little pigment within the choroidal melanocytes,
which is responsible for the light-colored appearance of the
fundus and for the prominence of the choroidal vascular pat-
tern.

Blond
The blond fundus has more pigment in the choroidal tissues
than an albinotic fundus, but less than that of a brunette.

Brunette
Moderate amounts of pigment in the choroid give the
brunette fundus an appearance that is darker than that of
the blond fundus. The greater concentration of choroidal
pigment tends to obscure some of the choroidal vascular
pattern.

Asian

A heavy concentration of pigment in the choroidal tissues of
Asians often masks the choroidal vessels, hindering visuali-
zation on ophthalmoscopy. Geographic white-without-
pressure may be seen in the retinal periphery and also post-
erior to the equator.

Negro

In the Negro there is perhaps the greatest concentration of
pigment in the choroid among all skin colors, which also
makes visualization of the choroidal vessels somewhat dif-
ficult. There are often areas of geographic white-without-
pressure anterior to, as well as posterior to, the equator.
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Variations of Fundus Appearance as Plate 12
Function of Body Pigmentation

Albino Albino (Posterior Pole Region)

Blond Blond (Posterior Pole Region)
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Plate 12 Variations of Fundus Appearance as
Function of Body Pigmentation

Brunette Brunette (Posterior Pole Region)

Asian Asian (Posterior Pole Region)
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Variations of Fundus Appearance as Plate 12
Function of Body Pigmentation

Negro Negro (Posterior Pole Region)
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Fundus Appearance as a Function of Refractive Error
Hyperopic and emmetropic fundi do not have specific peri-
pheral retinal changes as related to the refractive error of the
eye. However, the myopic eye tends to have a number of
fundus changes, depending upon a number of factors in-
cluding the magnitude of the myopia. These myopic fundus
changes are summarized in Table 1.2.
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Variations of Fundus Appearance as Plate 13
Function of Refractive Error

Hyperopia

Myopia (Full Fundus View) ’ Myopia (Posterior Pole View)
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Developmental variations refer to anatomic variances in the
peripheral retina that are most likely embryologic in origin.
Peripheral retinal degenerations represent alterations in previ-
ously normal retinal structures as a result of either a trophic
(nutritional and/or vascular) or a tractional disturbance. In
some degenerations, there are trophic as well as tractional
factors responsible for the pathogenesis of the lesion, for
example, lattice retinal degeneration.

It is interesting to note that retinal breaks can have a
trophic and/or a tractional origin. When a retinal break is
due to tractional forces then it is termed a retinal tear. Other-
wise the term retinal hole is used to describe a break of tro-
phic (nontractional) origin. In some cases, trophic and trac-
tional elements combine to produce a retinal break. Because
of the presence of tractional forces, it is termed retinal tear.

Since the pathogenesis of most of the peripheral retinal
disorders is not known, a relatively simple classification has
been devised by a number of authorities based on presumed
etiologic factors and is outlined in Table 2.1. As our know-
ledge of these diseases improves, undoubtedly this classifi-
cation system will be replaced.




Developmental Variations
of the Peripheral Fundus

Variations of Ora Serrata Bays and Teeth
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Generally, at least one developmental variation of the
peripheral retina is present in 20 to 47 % of all eyes. Develop-
mental variations have the following features: they are pre-
sent at birth, persist throughout life, have mirror symmetry
between the two eyes, and often have an associated dentate-
ciliary process alignment abnormality in the same quadrant
as the developmental variation. The developmental varia-
tions are listed in Table 3.1.

Variations of Ora Serrata Bays and Teeth

Over 30 % of normal eyes will show atleast one of the follow-
ing developmental variations: giant ora bays, giant dentate
processes, bridging teeth, bifid teeth, or ring teeth. These
variations tend to be located in the horizontal meridians
over or near the long posterior ciliary artery and nerve.

Ora Bays

Deep ora bays are at least sixfold more common than any
other ora serrata developmental variation and tend to be
bilateral. A deep bay is from two to four times wider and
deeper than neighboring ora bays. As a rule, the dentate
processes bordering a deep ora bay are longer than nearby
tooth processes.

Giant Teeth

Giant ora teeth are wider and longer than the average den-
tate process and extend into the anterior portion of the pars
plana, and in some cases are contiguous with the posterior
aspect of a pars plicata process. Giant teeth are found in as-
sociation with deep ora bays and are the most frequent de-
velopmental variation of teeth found, yet they are not as
common as deep ora bays.

Bridging Teeth

A bridging oral tooth is a cordlike extension of peripheral re-
tina that arches over the ora serrata and pars plana and in-
serts in the anterior portion of the pars plana and is not as-
sociated with the lens zonules as is a zonular traction tuft.

Ring Teeth

Two adjacent dentate processes can fuse anteriorly in the
pars plana creating an enclosed ora bay, which may be mista-
ken for a retinal break. There are different stages of ring
teeth, for example, open, partially closed, and completely
closed.

Bifid Teeth

Bifid teeth have a fork-shaped appearance and are slightly
larger than the usual dentate process and are common in in-
fant eyes.

Meridional Folds

Meridional folds are radial pleats of peripheral neurosen-
sory retina underlying the vitreous base, measuring 0.5 to
1.5 disc diameters in length and 0.3 disc diameters in eleva-
tion. The meridional folds tend to be translucent and often
show cystoid degeneration. The overlying vitreous and sub-
jacent retinal pigment epithelium appear to be grossly nor-
mal, yet, on histologic examination, loss of outer and inner
segments of photoreceptor cells is evident.

Meridional folds are associated with dentate processes
70 % of the time and are termed tooth folds or dentate folds. The
remaining 30 % of meridional folds are associated with ora
bays and are termed bay folds. A meridional fold aligned with
a dentate fold, contiguous with an enlarged ciliary process,
is termed a meridional complex. About 61 % of all dentate folds
are part of a meridional complex, and 27 % of these have an
associated thinning of the retina at the posterior border of
the meridional fold. In some cases, this progresses to a reti-
nal tear or hole, which may eventually form a retinal detach-
ment.

The incidence of meridional folds is 26 % of all eyes after
the age of one year and is bilateral in 48 % of cases. Single
meridional folds in an eye occur 68 % of the time, whereas
32% of cases have from two to six meridional folds per eye.
There is a predilection (86 %) of meridional folds for the hori-
zontal meridians, especially on the nasal side.
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Variations of Ora Serrata Bays, Teeth, and Meridional Folds Plate 14
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Granular Tissue (Tufts)

Granular tissue consists of fine elevations, tufts, or projec-
tions of neurosensory retina arising from its inner (vitreal)
surface. Granular tissue is usually found in the retinal
periphery, mostly on the nasal side. Histologically, it con-
tains elements of proliferated and degenerated neurosen-
sory retina along with normal retinal tissue. Granular tissue
(noncystic, cystic, zonular) comes in a variety of shapes and
configurations, which will be discussed below. In general,
granular tissue does not change in size, number, or distribu-
tion within an eye during the life of the individual and is not
usually associated with retinal tears or detachments.

Noncystic Retinal Tuft (Granular Tag)

A noncystic retinal tuft or granular tag is a thin, short, inter-
nal projection of retinal tissue, usually located within the
posterior portion of the vitreous base with a vitreous attach-
ment at its apex. The tuft is composed of altered retinal cells
and proliferated glial tissue. The base of the tuft is usually
less than 0.1 mm in diameter, and the underlying retinal pig-
ment epithelium is normal. The incidence of noncystic reti-
nal tufts is 72 %, and is bilateral in 50 % of cases. One tuft oc-
curs in 36 % of eyes, and 64 % of the remaining eyes have
from two to six tufts per eye. Noncystic retinal tufts tend to
be found in the inferonasal quadrant and are not, as a rule,
associated with retinal breaks.

Cystic Retinal Tuft (Granular Globule, Patch)
A cystic retinal tuft consists of a plaque, globule, or nodule
of peripheral retinal tissue that projects into the vitreous
body. It is composed of degenerated cystic retinal tissue and
proliferated glial elements. Its shape is variable, but it does
have a base that is greater than 0.1 mm in diameter and is
larger than a noncystic retinal tuft. Cystic retinal tufts are
usually located within the vitreous base region and post-
erior to a meridional fold.

Cystoid degeneration is found in this type of cystic retinal
tuft, and condensed vitreous bands are often visible at the

apex of the tuft. Occasionally, dispersed pigment granules
are present in the underlying retinal pigment epithelium.

Cystic retinal tufts are found in 59 % of eyes, and of those
cases 39 % are bilateral. In the affected eyes, 35% have one
cystic retinal tuft, and in the remaining 65 %, 2 to 7 tufts per
eye can be found. There is a predilection for the superonasal
quadrants, and 96 % of cystic retinal tufts are located under-
neath the vitreous base. Cystic retinal tufts are rarely as-
sociated with retinal breaks.

Zonular Traction Tufts

Zonular traction tufts are peripheral retinal projections ex-
tending anteriorly over the pars plana, whose apex is at-
tached to one or more thickened zonular fibers. The tufts
originate immediately posterior to the ora serrata and con-
tain variable amounts of cystic degeneration, pigmentation,
retinal thinning, and gliosis. Zonular traction tufts are larger
and longer than the cystic and noncystic retinal tufts, and,
in contrast to these other tufts, retinal breaks may occur at
the base of the tuft.

The incidence of zonular traction tufts is 16 %, and is bilat-
eral in 11% of cases. About 66 % of affected eyes have one
zonular traction tuft per eye, and the remaining 34 % of
cases have multiple tufts per eye. Zonular traction tufts have
a predilection for the inferonasal quadrant.

Ora Serrata Pearls

Ora serrata pearls are pinpoint-sized, round, glistening, yel-
low-white, sometimes calcified structures located on den-
tate processes, the pars plana, or on peripheral retina near
the ora serrata region. Most ora pearls are located on a den-
tate process and a few are located on an ora bay. Ora pearls
have a predilection for the superotemporal quadrant and the
horizontal meridians. Histologically, the pearls are similar
in appearance to drusen and have acid carbohydrate staining
properties. The pathologic significance, if any, of ora serrata
pearls is not known. They are believed to be of developmen-
tal origin and are found in 20 % of adult eyes.
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Trophic retinal degenerations are characterized by some vas-
cular, metabolic, or nutritional disturbance as the main
pathogenic mechanism.

It is useful to divide the peripheral neurosensory retina
(nonpigmented) into three separate layers, each about one-
third of the thickness of the retina. Thus, there would be an
inner (nearest to the vitreous), a middle, and an outer (near-
est to the retinal pigment epithelium) neurosensory layer.
This artificial separation of the neurosensory retina into
layers is a helpful device in classifying and understanding
trophic and tractional retinal degenerations. The trophic dis-
turbances are classified along regional anatomic lines in
Table 4.1.

Inner Neurosensory Layer

Vitreous Base Excavations
A vitreous base excavation is an ovoid depression involving
the inner (vitreal) one-third of neurosensory retina and is lo-
cated within the anterior half of the peripheral retina (see
page 13). Vitreous base excavations have sharp margins
without vitreoretinal attachments. The major axis of the oval
is usually oriented in a meridional plane. Often there is
some pigment dispersion of the retinal pigment epithelium
noted at its base and the neurosensory retinal vascular pat-
tern has been reported as normal. There is loss of retinal tis-
sue on its inner (vitreal) surface, yet necrosis, microcystoid
degeneration, and glial proliferative elements are absent.
Vitreous base excavations are found in 10 % of adults and
are bilateral in 43 % of cases. In 50 % of affected eyes, there is

one lesion per eye, and the remaining 50 % of affected eyes -

have from 2 to 7 lesions per eye. Vitreous base excavations
have a predilection for the superonasal (horizontal meri-
dian) quadrant. In 18 % of meridional folds there is an as-
sociated vitreous base excavation, and 20% of meridional
complexes have an associated vitreous base excavation.
More importantly, vitreous base excavations are rarely as-
sociated with retinal holes and retinal detachments.

Retinal Holes

Retinal discontinuities that have no tractional element in
their pathogenesis are termed retinal holes. These trophic le-
sions are usually round with smooth edges and do not have
an associated retinal flap or vitreous operculum. More spec-
ifically, abnormal vitreoretinal attachments are absent.
There is minimal reactive gliosis, with a localized degenera-
tion of all retinal elements. There is no overt disturbance in
the overlying vitreous, with only minimally reactive retinal
pigment epithelium changes subjacent to the retinal hole
site.

The incidence of retinal holes is 0.2 to 0.4 % of adult eyes,
yet some autopsy data suggest a higher incidence. Retinal
holes tend to be unilateral, and there is no specific quadrant
predilection. About 70 % of retinal holes are located within
the anterior zone of the peripheral retina (see page 13). An-
terior zone retinal holes are rarely associated with retinal de-
tachments, whereas posterior zone retinal holes are more
commonly associated with retinal detachments.
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Trophic Retinal Degenerations Plate 16
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Middle Neurosensory Layer

Typical Cystoid Degeneration
Typical cystoid degeneration is the most common
peripheral degeneration of the retina characterized by the
development of Blessig-Iwanoff cystic spaces in the middle
layers (outer plexiform and inner nuclear) of the neurosen-
sory retina. The cystic spaces coalesce to form a labyrinth of
tunnels separated by pillars of Miiller (glial) cells. On occa-
sion, the inner walls may rupture, giving way to retinal exca-
vations that are unrelated to vitreous base excavations. This
cystoid excavation can be mistaken for a retinal hole, but it is
usually not a complete hole because there is still some intact
retinal tissue at its base. Retinal detachments rarely occur
around these pseudoretinal holes. The remaining Miiller
cells are responsible for the stippled appearance of the inner
retinal surface in typical cystoid degeneration.

Typical cystoid degeneration usually begins at the base of
a dentate process, at the ora serrata, and advances post-
eriorly and then circumferentially. The average size of a cys-
toid lesion is 0.15 mm in diameter. Anterior patches of cys-
toid degeneration tend to have a larger lesion unit size than
posterior patches. The overall shape of a zone of typical cys-
toid degeneration is parabaloid in the temporal quadrants,
whereas in the nasal quadrants it can be parabaloid, club-
shaped, or fan-shaped. In exceptional cases, typical cystoid
degeneration can extend as far as 13 mm posterior to the ora
serrata. Cystoid degeneration can progress posteriorly
around paving-stone degeneration, but the following le-
sions act as barriers to advancing typical cystoid degenera-
tion:

Lattice retinal degeneration
Retinal holes

Chorioretinal scars

Large retinal vessels

The incidence of typical cystoid degeneration is 100 % of
eyes in individuals twenty years and older. It increases in
severity with age, leveling off at the seventh decade. There
is no specific sexual predilection up to the age of forty years.
After forty years, females show more advanced stages of
cystoid degeneration than males. There is bilateral mirror
symmetry between eyes and there is a predilection for the
superior and temporal quadrants.

Typical cystoid degeneration is related to acquired typical
degenerative retinoschisis, but it is not related to the follow-
ing conditions:

Globe size
Axial (anteroposterior) length
Cross-sectional (equatorial) diameter
Gross features of the vitreous body
Chorioretinal lesions
Lattice retinal degeneration
Paving-stone degeneration
Pars plana cysts

The relationship of typical cystoid degeneration to retinal
tear formation and development of retinal detachments is
not known. However, in one study of retinal tears reported
in the literature, 61 % had an operculum, and 9% of those
cases had cystoid degeneration. The remaining retinal tears
(39 %) did not have an operculum, and of those 14 % had cys-
toid degeneration in and around the tear site. Very few reti-
nal breaks result from ruptured cystoid spaces in cystoid de-
generation, and still fewer develop retinal detachments.
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Plate 18
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Reticular Cystoid Degeneration

Reticular cystoid degeneration is a second type of cystoid
degeneration in the peripheral retina characterized by cystic
spaces bounded by the inner plexiform layer and the inter-
nal limiting membrane. Reticular cystoid degeneration hasa
finely stippled appearance (delicate retinal pillars) and is
best detected with contact lens biomicroscopy. Typically itis
located posterior to and continuous with an existing patch
of typical cystoid degeneration. Reticular cystoid degenera-
tion is often delimited posteriorly by large retinal vessels,
which give patches of it its overall linear, rectangular, or
trapezoidal shape.

Reticular cystoid degeneration is present in 18.1% of
adults or 12.9% of adult eyes with a peak incidence in the
fourth through the seventh decades. There is no particular
sexual preference, and it is bilateral in 41.4% of patients.
There is a predilection for the inferotemporal quadrant. In
some individuals, reticular cystoid degeneration may be the
precursor lesion of reticular degenerative retinoschisis.

Acquired Typical Degenerative Retinoschisis
Typical degenerative retinoschisis consists of a split in the
neurosensory retina, usually at the outer plexiform layer,
that is greater than one disc diameter in area. Characteristi-
cally, there is tissue loss in the middle layers of the neurosen-
sory retina with disruption of Miiller cells (radial pillars), re-
sulting in a round or oval lesion in which the inner portion
of the retina is elevated and has a smooth dome-shaped ap-
pearance. The retinoschisis cavity is usually optically empty
and filled with a clear fluid containing hyaluronic acid. The
retinoschisis cavity is surrounded by typical cystoid degen-
eration. The retinal vessels are located on the retinal dome
and are often sheathed. Snowflake lesions are also present
on the dome’s ceiling surface (facing the retinoschisis cavity)
and represent the ends of broken Miiller fibers. The dome it-
self is fairly rigid, and it does not move or undulate with
movements of the globe, as do retina bullae in the typical
rhegmatogenous retinal detachment. Also, the appearance
of the retinoschisis dome does not change relative to gravity,
as do the retinal bullae (shifting fluid) of an exudative retinal
detachment. The outer layer of the retinoschisis lesion often
is of irregular thickness, but usually is attached to the retinal
pigment epithelium. Retinoschisis lesions cut the vertical
transmission lines of the photoreceptor cells to the ganglion
cells, resulting in absolute visual field cuts. Most patients
are totally unaware of their visual deficits because of the
gradual onset of the lesions.

Typical degenerative retinoschisis is found in 3.5% of
adults and is bilateral in 33% to 82 % of these individuals,
with a predilection for the inferotemporal quadrant (72 %).



Twenty-eight percent of retinoschisis lesions are found in
the superotemporal quadrant. The peak incidence is in the
fifth decade. Retinal holes are extremely infrequent in either
the inner and/or outer layers, asis the incidence of retinal de-
tachments. Treatment of retinal breaks in typical degenera-
tive retinoschisis is rarely indicated. Also, posterior exten-
sion of the retinoschisis process to the macular region does
not as a rule occur in typical degenerative retinoschisis.
Hyperopia is the most common refractive error associated
with retinoschisis.

Reticular Degenerative Retinoschisis

A second form of retinoschisis is reticular degenerative re-
tinoschisis, which is characterized by more tissue destruc-
tion than is found in typical degenerative retinoschisis. Re-
ticular degenerative retinoschisis consists of a round or
ovoid bullous elevation of extremely thin neurosensory re-
tina (inner layer) containing retinal blood vessels and is lo-
cated in the retinal periphery. The posterior border of the re-
tinoschisis cavity often extends to the equator. Reticular cys-
toid degeneration is usually found at the edges of the re-
tinoschisis cavity, and typical cystoid degeneration (100 %)
is usually found anterior to the schisis cavity at the ora ser-
rata region.

Sclerosis or sheathing of retinal vessels is often present on
the dome of the retinoschisis lesion, and there is an optically
empty cavity presumably containing hyaluronic acid mate-
rial. The outer wall of the retina often has a honeycomb ap-
pearance due to irregular excavations and atrophy of the re-
tinal tissue. Snowflakes representing broken ends of Miiller
fibers are also present on the ceiling surface (facing the
schisis cavity) of the dome. The major tissue loss is seen in
the inner layers of the retina, especially at the nerve fiber
layer, in contrast to typical degenerative retinoschisis,
where the splitting and major tissue loss is at the outer
plexiform layer.

Reticular degenerative retinoschisis is found in 1.6 % of
adults and is bilateral in 15 % of these individuals. There is a
peak incidence in the fourth through seventh decades, and
there is no particular sexual predilection in that males and
females appear to be equally affected. There is a predilection
for the inferotemporal quadrant, and 7 % of cases have an as-
sociated macular degeneration.

In reticular degenerative retinoschisis, the incidence of
outer layer breaks is 25%, and the incidence of inner layer
breaks is 16 %. The incidence of retinal detachments is 22 %.
Of those reticular degenerative retinoschisis patients who
present with a retinal detachment, 77 % had retinal breaks in
both inner and outer layers and 16 % had outer layer breaks
alone.
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Outer Neurosensory Layer — Retinal
Pigment Epithelium

Paving-Stone (Cobblestone) Degeneration
Characteristically, paving-stone or cobblestone degenera-
tion consists of discrete yellow-white chorioretinal lesions
(0.1 to 1.5 mm in diameter) between the equator and the ora
serrata. There is a loss of pigment in the retinal pigment
epithelium often allowing visibility of subjacent choroidal
vessels. Also, there is atrophy of the outer portion of the
overlying neurosensory retina, including photoreceptor
cells and the external limiting membrane. Presumably, pav-
ing-stone degeneration is due to shutdown of a zone of
choriocapillaris vessels and the overlying neurosensory re-
tina is adherent to remnants of the retinal pigment
epithelium and Bruch’s membrane. Paving-stone degenera-
tion lesions may be single round lesions, or they may
coalesce, forming scalloped borders, often with hyperpig-
mented edges due to pigment migration from the centers of
the lesions.

Paving-stone degeneration lesions do not have abnormal
vitreoretinal adhesions and are present in 22 to 27 % of
adults over 20 years of age with a peak incidence in the fifth
through the seventh decades. The incidence of paving-stone
degeneration does increase with age and is bilateral in 38 %
of affected individuals. Of the bilateral cases, 75 % have sym-
metrical (mirror image) lesions. There is no particular sexual
predilection: males and females are equally affected. Pav-
ing-stone degeneration lesions have a predilection for the in-

ferotemporal quadrant, usually sparing the horizontal meri-
dians.

Paving-stone degeneration rarely leads to retinal breaks
and retinal detachments, therefore its presence does not
warrant prophylactic treatment. However, cases have been
observed where retinal detachment traction forces have sec-
ondarily created a retinal break at a paving-stone degenera-
tion lesion site and under these circumstances the breaks
should be treated.

Peripheral Tapetochoroidal (Honeycomb) Degeneration
Peripheral tapetochoroidal or honeycomb degeneration is a
pigmentary disturbance of the retinal pigment epithelium
appearing as a circumferential band at the equator in elderly
individuals. There is irregularity in the pigment, consisting
of increased granularity in the form of irregular hyperpig-
mented lines in a honeycomb or reticular arrangement. In
addition, there is also diffuse depigmentation of the retinal
pigment epithelium between the equator and ora serrata.
Underneath the vitreous base there is less pigment loss in
the retinal pigment epithelium than at the equator.

Histologically, there is diminution of the choriocapillaris,
diffuse thickening of Bruch’s membrane, loss of melanin
granules from the retinal pigment epithelium, and loss of
some of the photoreceptor cells.

The incidence of peripheral tapetochoroidal (honeycomb)
degeneration is approximately 20 % of adults over the age of
40 years and is invariably bilateral in 100 % of affected cases.
There may be an associated visual field constriction in this



age-related condition. Peripheral tapetochoroidal degenera-
tion does not lead to retinal breaks or retinal detachments
and does not require specific treatment.

Equatorial Drusen

Equatorial drusen consist of yellow-white colloid bodies of
the retinal pigment epithelium and are more common than
drusen of the macula. Equatorial drusen are more common
in the aged and are often found nasally, in association with
senile tapetochoroidal (honeycomb) pigmentary degenera-
tion. The drusen can occur singly, in clusters, or in a geog-
raphic pattern, and they do not appear to be related specifi-
cally to macular drusen and senile macular degeneration.
Equatorial drusen may be limited to one quadrant or, more
frequently, distributed among serveral quadrants. On rare
occasions, subretinal neovascularization, hemorrhage, and
subretinal fluid can develop from equatorial drusen.

From a physiologic point of view, patients with equatorial
drusen usually have normal visual fields and electroretinog-
rams. However, the electrooculogram and dark adaptation
tests may be either normal or slightly reduced.

The origin of drusen is still debated, but most likely it rep-
resents incompletely digested remnants of outer segments
of photoreceptor cells in aging retinal pigment epithelial
cells that have not been cleared away by the choriocapillaris
system. In some cases, drusen have an autosomal dominant
hereditary transmission.
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Tractional Retinal Degenerations

Anatomic Classification of Retinal Tears
Partial-Thickness Peripheral Retinal Tears

Intrabasal Partial-Thickness Tears
Juxtabasal Partial-Thickness Tears
Extrabasal Partial-Thickness Tears

Full-Thickness Peripheral Retinal Tears

Oral Full-Thickness Tears

Retinal Dialyses (Juvenile)

Avulsion of the Vitreous Base

Giant Retinal Tears

Intrabasal Full-Thickness Retinal Tears
Juxtabasal Full-Thickness Retinal Tears
Extrabasal Full-Thickness Retinal Tears
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Anatomic Classification of Retinal Tears

Oral tears occur at the ora serrata, whereas intrabasal tears are
located within the vitreous base. Juxtabasal tears are located
at the posterior border of the vitreous base. Extrabasal tears
are located within the region bounded by the equator and
posterior border of the vitreous base. Retinal tears can be
partial thickness involving the inner (vitreal) portion of the
neurosensory retina or they can be through and through, in
which case they are termed full-thickness retinal tears (see
Table 5.1).

Partial-Thickness Peripheral Retinal Tears

Intrabasal Partial-Thickness Tears

Partial-thickness retinal tears may be operculated or have a
U- or V-shaped retinal flap. This type of tear may be related
to a zonular traction tuft or perhaps a noncystic retinal tuft.

Juxtabasal Partial-Thickness Tears

Juxtabasal partial-thickness retinal tears are found in 12 % of
adults, and 5% of affected cases are bilateral. These partial-
thickness tears usually develop as a result of a posterior vit-
reous detachment. There is no particular quadrant predilec-
tion.

Extrabasal Partial-Thickness Tears

Extrabasal partial-thickness tears occur posterior to the vitre-
ous base and often are related to avulsion of a paravascular
vitreoretinal attachment during an active posterior cortical
vitreous detachment. In other instances, partial-thickness
extrabasal tears are due to an avulsion of a cystic retinal tuft
with or without an associated posterior vitreous detach-
ment.

Paravascular partial-thickness extrabasal tears occur in
17 % of adults and are bilateral in 27 % of cases with a pre-
dilection for the superior peripheral quadrants. These tears
usually do not, in and of themselves, cause a retinal detach-
ment, but may lead to retinal and vitreous hemorrhages.
However, it is important to note that there is an association
of full-thickness tears with the presence of partial-thickness
peripheral retinal tears!

Full-Thickness Peripheral Retinal Tears

Full-thickness retinal tears consist of a complete through
and through break or discontinuity in the neurosensory re-
tina and have an associated retinal flap or overlying vitreous
operculum. With aging, there is shrinkage of the operculum
or retinal flap and mottling of the subjacent retinal pigment
epithelium is seen. In general, full-thickness retinal tears
have abnormal vitreoretinal tractional forces that participate
in the formation of the tear. The overall incidence of all full-
thickness retinal tears is 4.4% of adults and is bilateral in
11 % of affected cases, with a predilection for the inferior and
temporal quadrants. Of all full-thickness peripheral retinal
tears, the incidence of retinal flaps is 39 % and the incidence
of opercula is 61 %.

Histologic observations of the retinal tear flap show tissue
shrinkage, glial proliferation, retinal degeneration, cystoid
degeneration, and abnormal vitreoretinal attachments. The
margins of retinal tears reveal significant amounts of retinal
arteriosclerosis. In the region of the retinal tear, choroidal
sclerosis as well as degeneration and, on occasion,
hyperplasia of the retinal pigment epithelium are found.
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Oral Full-Thickness Tears

Oral full-thickness tears result from posterior movement of
the vitreous base and are located at the ora serrata. Most
other peripheral retinal tears occur as a result of anterior
movement of the vitreous base. In full-thickness oral tears,
tractional forces are vectored posteriorly, and in some cases
there is a complete avulsion of a portion of the vitreous base.
This can occur in cases of developmental anomalies or from
trauma. Avulsion of the vitreous base in the inferotemporal
or superonasal quadrant is believed to be pathognomonic of
antecedent trauma to the eye. However, a number of
superonasal and inferotemporal oral tears are unrelated to
trauma.

A large full-thickness oral tear is termed a retinal dialysis
and may eventually form a retinal detachment. If the tear is
greater than 3 clock hours or 90° in circumference, it is
termed a giant retinal tear.

Because oral tears are often associated with antecedent
ocular trauma, they tend to occur in younger individuals
and more commonly in males than females. The peak age of
incidence is 20 years, and this condition is rarely seen after
the fifth decade.

Retinal Dialyses (Juvenile)

Retinal dialyses are oral tears at the posterior edge of the ora
serrata with almost no tendency of the tear flap to form post-
erior rolled edges. Often there are subretinal demarcation
lines that are white or black-brown, concentric with the reti-
nal tear.

Some cases of retinal dialyses are due to trauma, others
are spontaneous and may be genetic in origin. Spontaneous
retinal dialyses are often asymptomatic and bilateral, occur-
ring preferentially in the inferotemporal quadrant in young
individuals. There is no sexual predilection: males and
females are equally affected. The progression of the retinal
detachment is insidious, and patients usually do not comp-
lain of visual loss until the macular region detaches.

Avulsion of the Vitreous Base

The vitreous base is firmly attached to the peripheral
neurosensory retina as well as to the nonpigmented
epithelium of the pars plana. In cases of substantial blunt
trauma to the globe, avulsion of the vitreous base can take
place most commonly in the superonasal quadrant.
Ophthalmoscopically, one sees a strip of nonpigmented
epithelium dangling like a rope in the vitreous cavity overly-
ing the peripheral retina, which is usually torn as well.
There may be an associated retinal detachment. A disin-
serted or dangling vitreous base is usually prima facie evi-
dence of previous ocular trauma to the eye.
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Giant Retinal Tears

Giant retinal tears are tears greater than 90° in circumferen-
tial length and may be spontaneous or due to trauma (20 %).
Thirty percent of cases occur in aphakic eyes. High myopes
with lattice degeneration are especially at risk. Spontaneous
cases, usually in males, occur without any warning. Twenty
percent of cases have a familial history of retinal detach-
ment. On occasion, giant retinal tears have been seen with
colobomas of the lens-zonule system.

Giant retinal tears occur near the ora serrata, and usually
there is a thin zone of elevated retina remaining attached at
the ora serrata. There is a tendency for the giant tear flap to
roll posteriorly and scroll up, in contrast to a retinal dialysis
flap, which does not tend to fold posteriorly. The surgical
and visual prognosis is extremely poor in giant retinal tears,
whereas it is quite good in retinal dialyses. There is a high
percentage of bilaterality in giant retinal tears.

Intrabasal Full-Thickness Retinal Tears

Intrabasal full-thickness retinal tears are located within the
vitreous base and usually result from either a subtotal or
complete avulsion of a preexisting retinal zonular traction
tuft. There is no relationship of these tears to tractional
forces acting along the posterior border of the vitreous base
or to those forces created by a posterior cortical vitreous de-
tachment. In addition, these tears do not appear to be re-
lated to advancing age, lattice degeneration, or trauma. In-
trabasal full-thickness tears are rare and infrequently lead to
retinal detachment.

Juxtabasal Full-Thickness Retinal Tears

Juxtabasal full-thickness retinal tears are invariably due to
asymmetric tractional forces distributed along the posterior
border of the vitreous base during an active posterior corti-
cal vitreous detachment. These tears are almost always as-
sociated with a retinal flap and are the most common of the
full-thickness retinal tears and carry the highest risk of de-
veloping a retinal detachment. Developmental variations
and lattice retinal degeneration lesions create irregularities
at the posterior border of the vitreous base and are therefore
predisposing lesions for the development of juxtabasal full-
thickness tears during a posterior cortical vitreous detach-
ment. These lesions allow unequal distribution of tractional
forces during the vitreous detachment process.

Extrabasal Full-Thickness Retinal Tears

Avulsions of cystic retinal tufts are often associated with a
free vitreous operculum and represent the classic extrabasal
full-thickness retinal tear which usually occurs in association
with a posterior cortical vitreous detachment. These tears
are not as common as the juxtabasal full-thickness retinal
tears. On occasion, equatorial lattice retinal degeneration le-
sions may, in the presence of a posterior vitreous detach-
ment, lead to the formation of an extrabasal full-thickness
retinal tear. Pure extrabasal full-thickness operculated reti-
nal tears do not, as a rule, produce total retinal detach-
ments, but can lead to alocalized retinal detachment usually
one to two disc diameters in size.
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Trophic and Tractional
Retinal Degenerations

White-with- or ~-without-Pressure

White-without-Pressure
White-with-Pressure

Snail-Track Retinal Degeneration
Lattice Retinal Degeneration
Hereditary Vitreoretinal Degenerations
Wagner’s Hereditary Vitreoretinal Degeneration
Stickler’s Syndrome
Congenital Hereditary Retinoschisis (Juvenile Retinoschisis)
Goldmann-Favre Disease
Familial Exudative Vitreoretinopathy
Snowflake Vitreoretinal Degeneration

Systemic Conditions Associated with Vitreoretinal Degenerations

Marfan’s Syndrome
Homocystinuria
Ehlers-Danlos Syndrome
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The disorders in this section have trophic (nutritional and/or
vascular) and tractional components that play a major role in
their pathogenesis (see Table 6.1).

White-with- or ~-without-Pressure

White-without-Pressure

Normally the peripheral fundus is transparent when view-
ed with an indirect ophthalmoscope. When scleral depres-
sion is applied, there is no change in the transparency of the
retina in the region of the scleral depression. However, in
some individuals the retina appears translucent as a result
of the scleral depression, and this has been termed white-
with-pressure.

White-without-pressure refers to areas of peripheral re-
tina that have a whitish translucent watered-silk appearance
without scleral depression. The etiology of this condition re-
mains obscure but may be related to vitreous traction.
White-without-pressure is found more frequently in
myopes and in dark-skinned people, for example, Negroes
and people from the Mediterranean region. Often there are
sharply demarcated edges to these geographic-shaped le-
sions. The lesions are usually located between the ora ser-
rata and the equator. Often white-without-pressure lesions
can be found posterior to the equator.

Histopathology findings in regions of white-without-
pressure include localized vitreoretinal adhesions, retinal at-
rophy of nuclear layers, cystoid degeneration, hyalinization
of retinal arterioles, vitreous syneresis cavities, and post-
erior vitreous detachments. There does not appear to be any
association of white-without-pressure lesions with retinal
holes, tears, or retinal detachments.

White-with-Pressure
White-with-pressure is a whitish translucent bandlike le-
sion of the peripheral retinal usually located between the ora

Geographic, White-without-Pressure

Deeply Pigmented Fundus,
White-without-Pressure, Pseudohole

serrata and the equator. When the scleral depressor is
applied to the outer surface of the globe, there is an indenta-
tion of the wall of the eye, and the retina goes from a trans-
parent state to an opalescent state with some obscuration of
the subjacent retinal pigment epithelium and choroidal vas-
culature. The borders of white-with-pressure have complex
contours (geographic) and on occasion may even partially or
completely surround a small region of normal retina which
may be mistaken for a retinal hole, but it is really a
pseudoretinal hole.

White-with-pressure should be differentiated from a flat



Normal Peripheral Fundus (no Scleral Depression)

RS RN R, .-
White-without-Pressure (no Scleral Depression)

or shallow retinal detachment, extensive cystoid degenera-
tion, and flat degenerative retinoschisis lesions. White-
with-pressure is also often seen at the edges of lattice retinal
degeneration and cystoid degeneration.

The origin of white-with-pressure is still not well estab-
lished, but may represent a weakness in the extracellular
substance located in the subretinal space between the reti-
nal pigment epithelium and the outer segments of the
photoreceptor cells.

The incidence of white-with-pressure is over 30 % of adult
eyes and most cases are bilateral. Only 5% of people under

Normal Fundus with Scleral Depression

6. Trophic and Tractional Retinal Degenerations

White-with- or without-Pressure

White-with-Pressure with Scleral Depression

20 years of age have white-with-pressure, whereas 66 % of
those over 70 years of age have white-with-pressure. There
is increased incidence of white-with-pressure with in-
creased myopia, and the incidence approaches 100 % in eyes
with an anteroposterior or axial length of 33 mm or greater.
It is more common in darkly pigmented fundi. Males are
equally affected with this condition as are females. There is
a predilection for the peripheral retina in the temporal quad-
rants and white-with-pressure lesions do not appear to be
associated with retinal breaks.

White-with-Pressure with Scleral Depression
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Snail-Track Retinal Degeneration

Snail-track degeneration has been described as a variation
or early stage of lattice retinal degeneration by some au-
thors, while others have felt that it is a closely related, yet
separate entity. Snail-track degeneration, or “Schneckenspu-
ren” as Gonin termed it, consists of sharply demarcated
bands of thin neurosensory retinal tissue, which have a
crinkled or frosted appearance on their inner surface.

Characteristically, white vessel or lattice changes as well
as retinal pigment abnormalities (deposits) are absent in
snail-track degeneration, in contrast to lattice retinal degen-
eration. Retinal holes without opercula are found in snail-
track degeneration in the following quadrantic distribution:
inferotemporal quadrant 54 %, superotemporal quadrant
18 %, superonasal quadrant 16 % and the inferonasal quad-
rant 12%. There is syneresis of the vitreous gel in affected
eyes in 100% of cases and the incidence of retinal detach-
ments in these eyes has been reported as high as 48 %.

In these cases, 80 % of the snail-track lesions are located
within the anterior half of the peripheral retina; 90 % are in
myopic eyes, with 33% in highly myopic eyes. Snail-track
degeneration lesions have a predilection for the superonasal
and superotemporal quadrants. There is an autosomal re-
cessive transmission tendency, and males and females are
equally affected.
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Snail-Track Retinal Degeneration Plate 25

Snail-Track Degeneration — Fundus

Snail-Track Degeneration — Cross Section:
Liquefaction of Vitreous over Snail-Track
Lesion
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Lattice Retinal Degeneration

Gonin was the first to describe Schneckenspuren in 1904,
which was later renamed lattice retinal degeneration in the
1950s. Lattice retinal degeneration consists of a sharply demar-
cated circumferentially oriented lesion characterized by
thinning of the inner portion (vitreal) of the neurosensory
retina, white lines, and a pigmentary disturbance. There is
an arborizing network of “sheathed” retinal vessels due to
an obliterative fibrosis reaction, which is seen ophthalmos-
copically as a series of white lines crisscrossing one another.
Schepens coined the term “lattice” to describe this network
of white blood vessels within the lesion site. Lattice retinal
vessels are present in about 46 % of cases. In 92% of the
cases a pigmentary disturbance is found in the subjacent re-
tinal pigment epithelium, consisting of depigmentation
zones and clumps of hyperpigmentation as well as perivas-
cular pigmentation of neurosensory retina within the lattice
degeneration lesion.

There is a focal thinning of the inner portion of the retina
with loss of retinal neurons and thinning of the internal
limiting membrane. Sometimes there are areas where the in-
ternal limiting membrane is absent, and glial cells manufac-
ture additional internal limiting (basement) membrane,
which is seen ophthalmoscopically as greyish-white parti-
cles on the inner surface of the lattice lesions. Invariably,
there is liquefaction of the vitreous over the lattice lesions
with abnormal vitreoretinal attachments at the margins of
the lattice lesions. Retinal tear sites, when they develop,
tend to do so along the margins of the lattice degeneration
lesion.

Most lattice lesions are found anterior to the equator and
two thirds of them are in the vertical meridians between the

11 o’clock and 1 o’clock meridians superiorly and between
the 5 o’clock and 7 o’clock meridians inferiorly. The major
axis of the lattice lesion is oriented parallel to the equator
and is termed equatorial lattice degeneration (68%). Radial
(7%) or paravascular lattice degeneration (parallels retinal
vessels) is less common than the equatorial type and is lo-
cated more posteriorly. There is focal thinning (19.2 %) of the
inner portion of the neurosensory retina and round or oval
retinal holes are noted in 18.2 to 31.0 % of cases. Retinal tears
are found in 1.4 % of eyes with lattice degeneration, and for
the most part these are situated at the lateral or posterior
edges of the lattice lesion.

Of all retinal detachments, lattice degeneration lesions
are present in 41 % of cases, and it is thought that lattice de-
generation is the major cause of the detachment process in
21 % of cases. In 55 to 70 % of these cases, a tear developing
at the posterior or lateral border of the lattice lesion is re-
sponsible for the detachment, whereas in 30 to 45 % of cases
atrophic holes within the lattice lesion are responsible for
the development of the retinal detachment. Most of the pa-
tients who develop retinal detachments due to lattice degen-
eration are over 50 years of age, and 43 % of these eyes are
myopic.

The overall incidence of lattice degeneration is from 6 to
79% of the adult population, with males and females
equally affected. The onset is usually in the second decade
of life and tends to be bilateral in 33 to 50 % of cases. Lattice
degeneration is more common in myopic eyes than in
hyperopic eyes. The incidence of lattice retinal degeneration
increases with increasing axial length of the globe. There is
usually no hereditary pattern in lattice retinal degeneration;
however, in some families an autosomal dominant transmis-
sion has been mapped out.
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Lattice Retinal Degeneration Plate 26

Lattice Retinal Degeneration — Cross Section:
Liquified Vitreous over Lattice Lesions

Lattice Retinal Degeneration with Atrophic Holes
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Plate 27 Wagner’s Hereditary Vitreoretinal Degeneration Hereditary Vitreoretinal Degenerations

Hereditary vitreoretinal degenerations consist of a group of
disorders primarily affecting the vitreous and retina with a
distinct hereditary pattern and are listed in Table 6.1. Sys-
temic disorders associated with some of the vitreoretinal de-
generations are enumerated in Table 6.2.

Wagner’s Hereditary Vitreoretinal
Degeneration (Fundus)

Wagner’s Hereditary Vitreoretinal Degeneration

Wagner first described this hereditary vitreoretinal degener-
ation in 1938. Characteristically, there is a large syneresis
cavity behind the lens with membranous condensations of
the vitreous body (bands and veils). There is a high inci-
dence of cataracts and retinal detachment in this autosomal
dominant disease, which is usually bilateral. Retinal vessels
are narrowed and sheathed with paravascular pigmenta-
tion, and there is retinal pigment epithelium atrophy,
choroidal atrophy, and, in some cases, optic atrophy. The
electroretinogram is understandably subnormal. There is
often radial and equatorial lattice degeneration, peripheral
degenerative retinoschisis, myopia, and glaucoma found in
the eyes of patients with Wagner’s hereditary vitreoretinal
degeneration (see Table 6.3).

>
/ Wagner’s Hereditary Vitreoretinal
’ Degeneration (Cross Section)



Stickler’s Syndrome

In 1965, Stickler described a hereditary progressive ar-
throophthalmopathy, with associated cleft palate, high
myopia (—16 diopters), an optically empty vitreous cavity
with fundus pigmentary abnormalities, preretinal mem-
branes, cataracts, and a malignant form of retinal detach-
ment that had an autosomal dominant inheritance pattern.
Other systemic findings that have been attributed to Stick-
ler’s syndrome include flattened facies, skeletal dysplasia,
and, on rare occasions, mental retardation.

The major ophthalmic and systemic abnormalities of
Wagner’s hereditary vitreoretinal degeneration and Stick-
ler’s syndrome are outlined in Table 6.3.

There is a high incidence of retinal detachments in pa-
tients with Wagner’s disease and/or Stickler’s syndrome,
and they are difficult to repair because of the vitreoretinal
membranes, cataracts, large (5% have giant retinal tears)
and multiple retinal tears, and an increased tendency to go
on to massive periretinal proliferation. Many cases need vit-
rectomy in addition to scleral buckling surgery to repair the
retinal detachment. The surgical success rate in these cases
has been reported to be 68 %.

6. Trophic and Tractional Retinal Degenerations
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Congenital Hereditary Retinoschisis

(Juvenile Retinoschisis)

Congenital hereditary retinoschisis involves a splitting of
the retina at the nerve fiber layer into an inner and outer
layer of retina, which results in absolute scotomas in the vis-
ual field corresponding to the zones of schisis. Congenital
retinoschisis is most frequently observed in the inferotem-
poral quadrant and can extend to the posterior pole, but
does not, as a rule, extend to the ora serrata region.

Vitreous findings in congenital retinoschisis include a
larger than usual Cloquet’s canal (early cases with infantile
canal proportions) and a prominent fibrous condensation of
the cortex. In advanced cases, vitreous bands are found
crisscrossing the vitreous gel, which shows widespread
nonconfluent liquefaction cavities. The vitreous cortex is
usually attached to the inner surface of the retinoschisis cav-
ity and is liquefied over the region of a retinal break in the
inner layer. Incomplete posterior vitreous detachment with
a collapse of the cortex is frequently observed in cases of re-
tinoschisis, showing giant inner layer holes with a history of
recurrent vitreous hemorrhage. Vitreous traction on the reti-
nal vessels may lead to a massive vitreous hemorrhage.

Congenital retinoschisis is usually discovered in children
and young adults, but has been detected at birth. Most of
the patients see floaters and have poor vision with strabis-
mus or nystagmus. Congenital retinoschisis is invariably
bilateral and is transmitted as a sex-linked recessive mode of
inheritance. In rare cases, it has been found in females as an
autosomal recessive disease.

During the first five years of life, there is usually progres-
sion (increased volume of retinoschisis, increased numbers
of inner and/or outer layer breaks) and then it levels off and
is fairly stable by the age of 20. There are periods of regres-
sion usually associated with release of vitreous cortical trac-
tion on the inner surface of the retina. The ophthalmoscopic
features of congenital retinoschisis are outlined as follows:*

Inner layer is extremely thin, elevated with a smooth dome
or balloon shape and is immobile. Retinal vessels are
often sheathed and are seen on its inner surface. Inner

* Modified from Tolentino FI, Schepens CL, Freeman HM: Vitreoretinal Dis-
orders/Diagnosis and Management. Philadelphia, W.B. Saunders Com-
pany, 1976, pp 251, 254.

layer breaks are often multiple, round or oval, and quite
variable in size. In some cases the holes are so large that
only the vessels and minimal amounts of atrophic re-
tina are left behind. Gliosis and neovascularization of
the inner layer have been observed.

Outer layer is often invisible when it is attached and be-
comes visible with detachment. The outer layer con-
tains strands of Miiller’s cells and is avascular. Outer
layer breaks are oval and have rolled edges.

Optic disc: pseudopapillitis, pseudopapilledema, “drag-
ging of the disc” and optic-disc pallor (atrophy) have
been noted in congenital retinoschisis.

Macula shows cystic retinal changes, giving the appear-
ance of a depigmented star on a background of mottled
pigment (beaten copper). This may represent an incom-
plete form of retinoschisis within the macula that re-
sults from a peripheral schisis extension into the
macula. Less often, there is independent schisis de-
veloping in the macula.

Histopathologic analysis reveals that the splitting takes
place at the nerve fiber layer of the retina in congenital re-
tinoschisis, as compared to acquired typical degenerative re-
tinoschisis where the split takes place in the outer plexiform
layer. The vitreous cortex is adherent to the inner retinal
layer of congenital retinoschisis, and the retinoschisis cavity
contains an amorphous proteinaceous material. The vitre-
ous cavity is smaller than normal, and the vitreous gel is lo-
cated anterior to the inner layer of retinoschisis. Fibrous
metaplasia of the macular retinal pigment epithelium is
often present.

There is no satisfactory form of treatment for congenital
retinoschisis that will restore vision lost from the damaged
neurosensory retina at the schisis lesion sites. However, if
outer layer breaks are present, photocoagulation or
cryosurgery may be of some value. If a retinal detachment
develops, then scleral buckling surgery and an encircling
band are appropriate. The goal of such surgery would be to
close all the outer layer breaks.

The differential diagnosis of congenital retinoschisis in-
cludes retinal detachment, acquired typical and reticular de-
generative retinoschisis, Eales’ disease, retinitis pigmen-
tosa, sickle cell retinopathy, retrolental fibroplasia (cicatricial
stage), and persistent hyperplastic primary vitreous.
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Congenital Hereditary Retinoschisis Plate 28
(Juvenile Retinoschisis)

Juvenile Retinoschisis
(Fundus)

Juvenile Retinoschisis
(Cross Section of Globe) =

Juvenile Retinoschisis
(Posterior Pole)
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Goldmann-Favre Disease

Goldmann-Favre disease is characterized by peripheral and
macular retinoschisis, retinitis pigmentosa-like retinal
changes, an optically empty vitreous cavity with vitreous
veils, radial lattice degeneration, night blindness, and
cataracts (see Table 6.4). Goldmann-Favre’s disease is inher-
ited as an autosomal recessive trait and therefore affects
males and females equally. The disease tends to be bilateral.

The peripheral (outer and inner layer holes) and macular
retinoschisis as well as the pigmentary macular (beaten
metal appearance) changes in Goldmann-Favre’s disease
closely resemble those described for congenital retinoschisis
and are responsible for constricted visual fields and poor
central vision (scotomas). The “bone-corpuscle” paravascu-
lar retinal pigmentation (equator and posterior pole regions)
resemble the pigmentary findings in retinitis pigmentosa. A
diminished or extinct electroretinogram is also present.

The vitreous shows considerable liquefaction with a large
optically empty syneresis cavity similar to that found in
Wagner’s vitreoretinal degeneration. Pleated vitreal mem-
branes and a thickened posterior cortical vitreous are pre-
sent, resembling a preretinal membrane. The posterior
cortex is usually adherent to the inner layer of retinoschisis
and to the areas of chorioretinal pigmentary proliferation.
Retinal detachments in Goldmann-Favre’s disease have a
poor prognosis, as noted in Wagner’s degeneration and in
Stickler’s syndrome.
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Goldmann-Favre Disease Plate 29
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Cross Section of Globe
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Familial Exudative Vitreoretinopathy
Familial exudative vitreoretinopathy is an autosomal domin-
ant disorder affecting young individuals who usually pre-
sent with late signs, including cataract, strabismus, and nys-
tagmus. Vitreous exudation is found throughout the vitre-
ous gel. Vitreous contraction is the prominent feature of this
disorder and there is vitreous condensation in the vitreous
base and cortical regions. White-with-pressure and
peripheral cystoid degeneration are often present.
Liquefaction of the vitreous gel is an infrequent finding.
Posterior cortical vitreous detachments may be present, but
are not found in the optic nerve head and macular regions.
Contraction of the vitreous body is a constant finding. A
dragged disc may also be seen. The vitreous gel has a haze,
and sometimes it has a snowflake appearance. Often there
is a low-grade iridocyclitis with cells in the aqueous humor
and in the anterior vitreous, which are most likely due to vit-

reous traction on the ciliary body. Intravitreal bands can lead
to retinal tears with rolled edges.

In the advanced stages of this disease, tractional retinal
detachment, massive periretinal proliferation, and vitreous
hemorrhage are often seen. In addition, peripheral retinal
neovascularization may be responsible for recurrent vitre-
ous hemorrhages. If a patient develops a rhegmatogenous
retinal detachment, scleral buckling surgery will be re-
quired. With a vitreous hemorrhage, a pars plana vitrec-
tomy may also be indicated, but usually the surgical results
and visual prognosis in these patients are poor.

The differential diagnosis of familial exudative vit-
reoretinopathy includes retrolental fibroplasia, Coat’s dis-
ease, Eales’ disease, peripheral uveitis, angiomatosis re-
tinae, and posterior persistent hyperplastic primary vitre-
ous.
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Familial Exudative Vitreoretinopathy Plate 30

Fundus

Cross Section of Globe
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Snowflake Vitreoretinal Degeneration

Snowflake hereditary vitreoretinal degeneration is a prog-
ressive disorder characterized by vitreous strands, syneresis
of the vitreous, low-grade myopia, cataracts, and yellow reti-
nal dots in areas of excessive white-with-pressure in the
peripheral fundus. Retinal detachments in this disease are
caused by multiple retinal breaks, usually at the equator in
the temporal quadrants. The visual prognosis in these pa-
tients is often poor. Visual field depressions and reductions
in the ERG scotopic b-wave amplitude as well as increased
rod thresholds in dark-adaptation testing can be found in
the later stages of snowflake vitreoretinal degeneration. The
disease itself has been divided into the four stages listed in
Table 6.5.
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Snowflake Vitreoretinal Degeneration Plate 31

Stages I-IV (Fundus View)

Stage IV Stage I11

Cross Section of Globe
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Systemic Conditions Associated With
Vitreoretinal Degenerations

Marfan’s Syndrome

Marfan’s syndrome is characterized by arachnodactyly, con-
nective tissue abnormalities such as aortic aneurysms,
hypermobility of joints, and ectopia lentis. There is an au-
tosomal dominant inheritance pattern, and males and
females are affected equally. Most cases of Marfan’s syn-
drome are caused by an inability of the tissues to incorporate
hydroxyproline into specific proteins in a normal manner. In
a small percentage (20 %) of Marfan cases, the metabolic de-
fect involves homocystine.

Patients with Marfan’s syndrome often have high myopia
and vitreous and lattice degeneration with associated retinal
breaks commonly located in the equatorial region, which
predispose the affected eyes to develop retinal detach-
ments. Removal of subluxated or dislocated lenses in Mar-
fan’s patients is frequently accompanied by vitreous loss,
which, in turn, further increases the chances of developing
a retinal detachment. Frequently their pupils fail to dilate
well, and, along with subluxation of their lenses, it is dif-
ficult to get a clear view of the retinal periphery using indi-
rect ophthalmoscopy. Marfan’s patients also have anterior
chamber angle abnormalities and are predisposed to open-
angle glaucoma.
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Marfan’s Syndrome Plate 32

Marfan’s Syndrome (Cross Section of Globe) Marfan’s Syndrome (Cross Section of Globe)
— Subluxated Lens — Subluxated Lens with Retinal Detachment

Marfan’s Syndrome (Fundus) Marfan’s Syndrome (Cross Section of Globe)
- Myopia with Posterior Staphyloma — Myopia with Posterior Staphyloma
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Plate 33 Homocystinuria Homocystinuria
In about 20% of patients with Marfan’s syndrome, the

— metabolic defect involves inadequate homocystine incorpo-
ration into tissues, resulting in homocystinuria (positive nitro-
prusside reaction in urine). Patients with homocystinuria
(autosomal recessive transmission) are often mentally defi-
cient, whereas patients with Marfan’s syndrome have nor-
mal intelligence. Also associated with homocystinuria is a
tendency for cutaneous flushing and osteoporosis.

Ocular findings in homocystinuria include ectopia lentis,
high myopia, lattice degeneration, and an increased ten-
dency to develop peripheral retinal tears and retinal detach-
ments. Removal of a subluxated lens is often accompanied
by vitreous loss, which may lead to retinal detachment.

_ Homocystinuria (Cross Section of Globe) - Dislocated Lens
e e with Retinal Detachment

omocystinuria (Fundus) — Dislocated Lens
ith Retinal Detachment




Ehlers-Danlos Syndrome

Ehlers-Danlos syndrome is an autosomal dominant inher-
ited biochemical defect involving abnormal formation of col-
lagen fibers. It is manifested clinically in all tissues in which
collagen fibers are a main structural component. Hyperelas-
tic and fragile skin, hyperextensibility of the joints espe-
cially in the fingers, poor wound healing, and scarring are
just some of the manifestations of this connective tissue dis-
order.

Associated ocular findings in Ehlers-Danlos syndrome in-
clude ptosis, hypotony of the extrinsic ocular muscles —
often leading to strabismus, Méténier’s sign (unusual ease
in everting the upper eyelid), epicanthus, myopia, blue
sclera, keratoconus, and ectopia lentis.

Vitreoretinal findings in Ehlers-Danlos syndrome include
angioid streaks, macular degeneration, equatorial pigmen-
tary degeneration, and retinal breaks (temporal quadrants)
with strong vitreoretinal traction forces present. Rolled
edges are very often present at the retinal tear sites, along
with areas of white-without-pressure. Premature vitreous
degeneration (including collapse of the vitreous gel), vitre-
ous hemorrhage, and retinal detachments are associated
with Ehlers-Danlos syndrome.

Cross Section of Globe with Retinal Detachment
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Degenerative Conditions
of the Vitreous Body

Asteroid Hyalosis

Synchysis Scintillans (Cholesterolosis Oculi)
Amyloidosis of the Vitreous
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Plate 35 Asteroid Hyalosis Asteroid Hyalosis

Asteroid hyalosis is characterized by the presence of white
spherical particles embedded in the vitreous body. About
27 % of patients with asteroid hyalosis are diabetic, yet only
5.4 % of diabetic patients have asteroid hyalosis. Therefore,
the findings of asteroid hyalosis should alert the examiner to
the possibility of diabetes in the patient. Asteroid hyalosis is
unilateral in 75 % of cases. There is no special sexual or racial
predilection. Asteroid hyalosis is usually asymptomatic
even in cases where the particles are so numerous that it is
difficult to see the retina with indirect ophthalmoscopy. Yet
many of the patients do not report decreased visual acuity!
The reasons for this discrepancy are not clear.

Biomicroscopically, the yellow-white bodies are charac-
teristically trapped in the anterior and central vitreous gel.
They are rarely located in liquefied vitreous, Cloquet’s canal,
or the retrovitreous space. The asteroid particles are often lo-
cated along fibrous strands of the vitreous accounting for
their “string-of-pearls” appearance. One important feature
of the particles in asteroid hyalosis is that, after eye move-
ment, they return to their original position in the vitreous
cavity. In contrast, the particles in synchysis scintillans do
not return to their original position after eye movements or
a change in body position or gravity.

Histopathology studies indicate that asteroid hyalosis
bodies are calcium soaps of degenerating vitreous fibers and
CRaaShaes are associated with a type of foreign body giant cell reaction.
of Globe —— The central cores of these particles are birefringent when

viewed with polarized light, whereas the capsule or outer
portion is not birefringent and appears to be made up of con-
densed vitreous fibrils. The asteroid particles stain posi-
tively with lipid stains (oil red O, Sudan black) and with acid
mucopolysaccharide stains (Alcian blue, colloidal iron).

Asteroid hyalosis seldom requires treatment, since it usu-
ally is asymptomatic. However, in rare cases it may be re-
sponsible for profound visual loss, especially if there is an
extremely dense concentration of the particles in the central
vitreous cavity. Pars plana vitrectomy can be used to remove
the central asteroid bodies and restore vision in these severe
cases.




Synchysis Scintillans (Cholesterolosis Oculi)

Synchysis scintillans is a degenerative condition where
cholesterol crystals are deposited in the vitreous, in the an-
terior chamber, and in the subretinal space. This is a rela-
tively rare condition, but it is usually secondary to ocular
trauma, chronic recurrent intraocular hemorrhage, or in-
flammation.

Patients usually do not complain of visual symptoms
from the vitreous opacities because the vision is extremely
poor in that eye, either from a retinal detachment or a
cataract. If iridocyclitis or glaucoma occurs as a result of
cholesterolosis of the anterior chamber (resembles a hypo-
pyon), then the patient may experience ocular pain.

Ophthalmoscopy reveals numerous multicolored glitter-
ing crystalline particles whose size and shape are quite vari-
able. With ocular movement they are dispersed and resem-
ble multicolored confetti and then settle by gravity when eye
movement stops. Biomicroscopy shows extensive liquefac-
tion of the vitreous in synchysis scintillans. The particles are
flat with angular edges and are multicolored.

Microscopic examination indicates that most of the crys-
tals are cholesterol, although tyrosine, leucine, and mar-
garine crystals have also been found. The origin of the crys-
talline particles in synchysis scintillans remains obscure.
One hypothesis suggests that a cholesterol-fatty acid-ester
combination in the blood is the source. Once inside the eye,
the molecule breaks down, releasing free cholesterol and
fatty acids. Since free cholesterol is highly insoluble, it crys-
tallizes out of solution. Another theory suggests that the
crystalline particles may originate from a lens that is rup-
tured secondary to trauma. As for treatment, patients with
synchysis scintillans usually do not require treatment unless
the particles clog the aqueous drainage system, resulting in
glaucoma. In such cases, the particles are irrigated from the
anterior chamber.
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Amyloidosis of the Vitreous

Primary amyloidosis involves the deposition of amyloid mate-
rial along collagen fibers and usually involves the heart,
pancreas, thyroid, eye, peripheral nerves, and muscles and
is not associated with debilitating diseases. Secondary
amyloidosis involves the deposition of amyloid material
along reticulin fibers and usually involves the liver, spleen,
adrenal glands, and kidney and is associated with chronic
debilitating diseases such as neoplasms, metabolic disor-
ders, infectious and noninfectious chronic inflammations,
and dysproteinemias.

Primary heredofamilial amyloidosis involves ocular tis-
sues and is transmitted as a simple Mendelian dominant
trait. Elevations of the ;- and a,-lipoprotein fractions seem
to suggest that an anomaly of lipoprotein metabolism may
be present in primary amyloidosis.

Systemic manifestations of primary amyloidosis include
weight loss, generalized weakness, and progressive
peripheral neuropathy, as well as cardiovascular, gastroin-
testinal, and endocrine disorders. Symptoms appear usu-
ally by the second decade.

Ocular involvement is found in 8 % of patients with prim-
ary amyloidosis and can be manifested by photophobia,
sudden loss of vision, diplopia, blepharospasm, external
ophthalmoplegia, and sluggish pupils, as well as “cotton-
wool” retinal exudates and vitreous opacities (see Table 7.1).

Early ophthalmoscopic changes seen in the fundus con-
sist of a whitish lesion in the wall of a retinal arteriole, which
develops cottonlike fringes in the vitreous cortex. Then the
paravascular “cotton-wool” spot spreads out and grows into
the vitreous cavity. As the opacities become denser, they
obscure the underlying retinal architecture. Amyloid de-
posits can cover the disc and macular region and be respon-
sible for a marked decrease in central vision. The affected vit-
reous gel has a “glass-wool” appearance to it. When a post-
erior vitreous detachment takes place, the amyloid deposits
may detach from the retinal surface and shift position.
Sometimes these amyloid deposits become displaced along
the visual axis, thereby reducing vision.

The differential diagnosis of these amyloid vitreous
opacities should include inflammatory vitreous exudates
from chorioretinitic foci or pars planitis. Usually there are
chorioretinal foci that identify the source of the vitreous exu-
date. Pars planitis has exudates in the pars plana as well as
in the vitreous, whereas amyloidosis does not have a pars
plana “exudate.” Other differential diagnostic possibilities
include an organized vitreous hemorrhage, which, if old,
has a membranous, dirty white-yellow appearance. Usu-
ally, there are some unresolved red blood clots, and with
time these tend to melt away or clear partially, whereas
amyloidosis is relentlessly progressive. Retained intraocular
metallic foreign bodies and parasitic foreign bodies have a
membranous quality to them, often with a hemorrhagic ele-
ment, which is not characteristic of amyloidosis.
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Diabetic Retinopathy

Diabetes mellitus is a genetically determined metabolic disor-
der characterized clinically by elevated fasting blood sugars,
arteriosclerotic and microangiopathic vasculopathies and
neuropathies. The exact pathogenic sequence of diabetic re-
tinopathy has yet to be worked out, but it appears that the
elevated blood sugars and decreased plasma insulin levels
influence the pituitary gland to manufacture and release in-
creased amounts of human growth hormone into the
plasma. The increased growth hormone potentiates hepatic
protein synthesis of ap-globulins and fibrinogen. These mac-
romolecules act as electrostatic bridges between neighbor-
ing red blood cells and platelets resulting in abnormal red
blood cells as well as platelet aggregates. These abnormal
aggregates clog up capillary channels leading to
downstream hypoxia and, in some cases, ischemia. Micro-
aneurysms (aborted attempts at neovascularization) and ac-
tual retinal and/or optic disc neovascularization may de-
velop in an effort to correct the hypoxia problems in the reti-
nal tissues.

The overall incidence of diabetes mellitus involves about
5% of the general population. Of all known diabetics, 8%
are less than 25 years of age when the diagnosis is made;
22 % are diagnosed between the ages of 25 and 44 years, and
50% are diagnosed between the ages of 45 and 64 years of
age; 20 % of diabetics are diagnosed after 65 years of age. Ap-
proximately 50 % of all diabetics will have some form of re-
tinopathy at the time that their diabetes is diagnosed, and it
is related to age of onset and duration of the diabetes mel-
litus. The overall incidence of proliferative diabetic re-
tinopathy is 4.4% of all diabetics. Surprisingly, there is a
higher incidence of proliferative diabetic retinopathy among
non-insulin-dependent diabetics than among insulin-de-
pendent diabetics.

Diabetic retinopathy can be divided into three separate
stages: (1) background (nonproliferative) retinopathy, (2)
preproliferative retinopathy, and (3) proliferative re-
tinopathy.

Background Diabetic Retinopathy

Background diabetic retinopathy is characterized by an ini-
tial dilation in the retinal veins, retinal microaneurysmes,
dot-blot or deep round retinal hemorrhages, and/or deep
hard waxy retinal exudates. Microaneurysms and retinal
vessels may leak, producing localized or diffuse retinal
edema, including macular edema with concomitant visual

loss. Background diabetic retinopathy predominantly af-
fects the posterior pole.

Preproliferative Diabetic Retinopathy

The preproliferative stage of diabetic retinopathy usually
consists of cotton-wool spots in addition to the background
diabetic retinopathy changes already described. The cotton-
wool spot represents hypoxia and/or ischemia in the inner
surface of the retina at the nerve fiber layer. Eventually,
there is resolution or clearing of the cotton-wool spot, but
often at the edge of the cotton-wool spot, neovasculariza-
tion of the retina may develop. For these reasons, the cotton-
wool spot stage (unrelated to systemic hypertension) in a
diabetic is referred to as the preproliferative stage. In addi-
tion, retinal venous beading and intraretinal microvascular
abnormalities (IRMA), which refer to dilated retinal capil-
lary shunt vessels around areas of capillary bed nonperfu-
sion (fluorescein angiographic finding) may also be present.

Proliferative Diabetic Retinopathy
In the proliferative stage, retinal and/or disc neovasculariza-
tion has taken place in addition to the preproliferative re-
tinopathy findings already present. The new blood vessels
grow and may progress to a point where there is connective
tissue or glial proliferation that accompanies the neovas-
cularization process. The new vessels may grow into and be-
come adherent to the vitreous body. In some cases, there is
spontaneous regression of the neovascularization network
with contracture of the connective tissue components, and
this may lead to secondary vitreous hemorrhage, vitreous
membranes, and a traction or a rhegmatogenous retinal de-
tachment. These reactions may still take place without any
regression of the neovascularization and connective tissue
networks. Repeated vitreous hemorrhages can lead to more
vitreoretinal membranes with further traction and vitreous
hemorrhage in a vicious cycle (retinitis proliferans) leading
to total retinal detachment, blindness and phthisis bulbi.
Leaking retinal microaneurysms in the macular region
have been treated with either focal or grid pattern argon
laser photocoagulation to control macular edema and
stabilize vision. Pan retinal argon laser photocoagulation
has been successful in controlling proliferative diabetic re-
tinopathy and reducing the chances of intraocular hemor-
rhage in early cases. Pars plana vitrectomy and scleral buckl-
ing surgery have helped restore vision in advanced cases of
proliferative diabetic retinopathy with nonresolving vitre-
ous hemorrhages and with tractional retinal detachments.
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Retinal Vein Occlusion

Retinal vein occlusions are usually due to arteriosclerosis
and systemic hypertension. Among branch retinal vein oc-
clusions, the superotemporal branch (63 %) is more com-
monly affected than the inferotemporal branch retinal vein
(38%). This increased incidence of the superotemporal
branch retinal vein occluding correlates with its larger
number of arteriovenous crossings (3) compared to the ar-
teriovenous crossings (2) in the other quadrants.

Characteristically, an acute branch retinal vein occlusion
has superficial splinter retinal hemorrhages, deep round ret-
inal hemorrhages, as well as widened and more tortuous re-
tinal veins in the sector of the obstruction. Retinal edema, in-
cluding macular edema (58 %) with concomitant reduction
in visual acuity, is often present. On occasion, cotton-wool
spots may also be noted as well as retinal microaneurysm:s.
Other adverse macular sequelae include macular hole for-
mation, surface wrinkling retinopathy, granularity and/or
hyperpigmentation of the retinal pigment epithelium,
macular exudates, detachments, and hemorrhage. In the
later stages, intraretinal neovascularization (73 %), prereti-
nal neovascularization (23%), and secondary vitreous
hemorrhage (20 %) may develop, which, in turn, could lead
to vitreoretinal membranes and a possible traction and/or
rhegmatogenous retinal detachment. Eyes with retinal vein
occlusions that have wide areas of capillary bed nonperfu-
sion are more likely to develop retinal and/or optic disc
neovascularization. Eyes with central retinal vein occlusions
are more likely to develop neovascularization than those
with branch retinal vein occlusions. Also, patients who de-
velop optic disc and/or retinal neovascularization may go
on to acquire rubeosis iridis with hemorrhagic glaucoma.
Aphakic eyes are more prone to this complication than
phakic eyes. Compensatory vascular reactions to the vein
occlusion involve the development of various collaterals, for
example, vein to vein.
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Sickle Cell Retinopathy

Hemoglobin S has the tendency to become insoluble and
turn to a gel when deoxygenated, leading to highly abnor-
mal viscous aggregates of sickled (crescent-shaped) red
blood cells, which, in turn, may cause vascular obstruction.
The abnormal hemoglobins in this family include SS, SC,
and AS.

Ophthalmoscopically, sickle cell retinopathy usually pre-
sents with dilated tortuous retinal veins, and discoid-
shaped retinal scars, which have been termed the “black
sunburst” sign. Patients with Hb-SC disease have charac-
teristic equatorial arteriovenous vascular shunts projecting
into the vitreous termed “sea fans.” Vitreous hemorrhages
often accompany patients with sea fans, and this can go on
to the formation of vitreoretinal membranes with traction
and/or rhegmatogenous retinal detachments. Sickle cell pa-
tients with hemoglobin SC retinopathy have been divided
by Goldberg (1971) into five separate clinical stages, which,
in some cases, are progressive (Table 8.1).




Proliferative Sickle Cell Retinopathy
- Stage IV (Fundus)
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Retrolental Fibroplasia

Retrolental fibroplasia (RLF) is usually seen when prema-
ture infants are treated with “too much oxygen” for respira-
tory distress. Rarely does RLF occur in full-term infants that
are given oxygen therapy. The reasons for this are that pre-
mature infants do not have a completely developed or ma-
ture retinal vasculature in the retinal periphery, especially in
the temporal quadrants compared to the nasal quadrants.
The immature retinal vasculature is susceptible to the effects
of high concentrations of oxygen, which provoke an initial
vasoconstriction followed by retinal neovascularization and
the development of RLE In full-term infants, the retinal vas-
culature is “mature” and does not undergo the proliferative
reactions in the presence of elevated concentrations of oxy-
gen.

The development of retinal vessels begins at the optic disc
at about the fourth month of gestation and reaches the ora
serrata by the eighth month of gestation. The distance from
the optic nerve head to the ora serrata in the temporal quad-
rants is greater than the distance from the optic disc to the
ora serrata in the nasal quadrants. There is greater immatur-
ity of the temporal retinal periphery than the nasal retinal
periphery during the gestational period, which may be the
reason that in premature infants treated with excessive oxy-
gen there is a predilection for RLF to be found in temporal
quadrants as opposed to nasal quadrants.

The precise mechanism by which oxygen leads to vaso-
obliteration of the immature retinal capillaries is not known.
However, it is believed that high oxygen concentrations are
toxic to actively growing capillary endothelial cells, which
leads, in some way, to obliteration of the developing capil-
lary bed. Once obliteration occurs, proliferative neovascular
tissues develop, leading to acute retrolental fibroplasia. In
some cases there is spontaneous regression, in others, a
cicatricial phase follows with varying amounts of tissue
damage, including vitreoretinal membranes, exudative,
traction, and/or rhegmatogenous retinal detachments. Re-
trolental fibroplasia eyes also have a characteristic high
myopia, congenital nystagmus, amblyopia, and strabismus.
The various stages of retrolental fibroplasia are listed in
Table 8.2.
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Plate 42 Sarcoidosis Sarcoidosis

Sarcoidosis is an inflammatory disorder of unknown origin
more common in blacks than in whites and is characterized
by fever, arthritis, lymphadenopathy, central nervous sys-
tem as well as ocular lesions. The basic lesion consists of a
focal noncaseating granuloma containing nodular collec-
tions of epithelioid cells.

Ocular manifestations of sarcoidosis include conjunctival
nodules, a granulomatous uveitis (anterior and/or post-
erior), and retinal as well as optic nerve involvement. A reti-
nal periphlebitis along with retinal hemorrhages, vitreous
veils, and intraretinal and subretinal pigment epithelium
granulomas may be present. There is a perivascular collec-
tion of lymphocytes along the retinal veins, which have
periphlebitis. Intense retinal periphlebitis, in sarcoidosis,
may produce the typical appearance of “candle-wax drip-
pings” which have a predilection for the retinal veins within
the posterior pole. Small superficial retinal hemorrhages
may also be noted. In some cases, there is diffuse choroidal
involvement leading to focal pigmentary atrophy and scar-
ring.

Sarcoidosis that involves the central nervous system may
also affect the optic nerve producing a picture of papillitis
and papilledema.




Harada’s Syndrome
(Vogt-Koyanagi-Harada Syndrome)

Harada’s syndrome is an inflammatory disorder of un-
known etiology that affects young adult blacks, orientals,
and darkly pigmented Caucasians. There is no particular
sexual predilection, with males and females equally af-
fected. Patients may present with headaches, nausea, tin-
nitus, and general malaise. Meningeal irritation can be re-
sponsible for cerebrospinal pleocytosis and a stiff neck. In
thelater stages of the disease, poliosis and alopecia are seen.

Ocular findings consist of a bilateral granulomatous
uveitis, ocular pain, redness, and photophobia, with a
number of inflammatory cells found in the aqueous and vit-
reous. There are often multiple dome-shaped exudative de-
tachments of the neurosensory retina. There is retinal
edema, and, on occasion, some retinal hemorrhages may be
present. The shifting subretinal fluid may be clear or turbid.
In some cases, the multiple retinal detachment sites coalesce
into a large retinal detachment due to the effects of gravity.
Typically, no retinal tears are present. The source of the sub-
retinal fluid is not well established, but histopathologic
analysis of eyes with Harada’s syndrome reveals a diffuse
granulomatous uveitis involving the choriocapillaris similar
to that of sympathetic uveitis.

Some patients with Harada’s syndrome respond to sys-
temic steroids. In others, a spontaneous resolution of the in-
flammatory process takes place with reattachment of the re-
tina, leaving focal areas of retinal pigmentary atrophy:.
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Plate 44 Pars Planitis

Without Retinal Detachment

With Retinal Detachment

Pars Planitis (Idiopathic Peripheral Uveoretinitis)

Pars planitis is a chronic inflammatory process of unknown
etiology affecting the peripheral fundus (retina and choroid)
and the ciliary body. It tends to occur at any age, but is most
severe in children and young adults. There is no particular
sexual predilection with males and females equally affected
by the disease. The disease is bilateral in 95% of cases and is
thought by some investigators to involve a special hypersen-
sitivity reaction to the small retinal vessels in the fundus
periphery.

Ocular findings in idiopathic peripheral uveoretinitis in
clude decreased visual acuity, normotensive or hypotensive
globes, and aqueous flare with several nongranulomatous
keratic precipitates, along with inflammatory cells in the an-
terior vitreous. White exudates (snow banks) are noted
mostly inferiorly in the region of the pars plana and the vitre-
ous base. The peripheral retinal veins appear dilated, and
on occasion have perivascular infiltrates. There is often cys-
toid macular edema in the more severe cases.

Pars planitis tends to be a chronic condition with remis-
sions and exacerbations. However, there is a smoldering in-
flammation, which leads to adverse sequelae, for example,
peripheral anterior synechiae, posterior subcapsular
cataracts, organization of the vitreous with vitreoretinal
membranes, and traction on peripheral retinal tissues, lead-
ing to traction and/or rhegmatogenous retinal detachments
and, in some cases, retinoschisis. In addition, glaucoma,
band keratopathy, and dense cataracts may lead to further
visual loss and blindness.



Choroidal Detachments (Ciliochoroidal Effusion)

Choroidal detachments represent an accumulation of fluid
within the suprachoroidal space (outermost layer of the
choroid) and the supraciliaris space (outermost layer of the
ciliary body). Although there is a detachment of the uveal
tract from the inner layer of the sclera, choroidal detach-
ments actually represent fluid accumulation within the
uveal tract.

Characteristically, choroidal detachments have a brown-
orange coloration, are solid-appearing elevations under in-
tact retinal pigment epithelium and choroidal tissue layers.
Choroidal detachments do not undulate with ocular move-
ments like rhegmatogenous retinal detachments, and they
do not shift under gravitational influences as do exudative
retinal detachments of the neurosensory retina.

Most choroidal detachments contain serous fluid, but
some are due to a choroidal hemorrhage. On occasion, a
solid choroidal detachment containing tumor tissue, for
example, melanoma, may be present, but ultrasonography
usually can clear up the nature (solid, serous, or hemor-
rhagic) of the choroidal detachment.

Choroidal detachments are often due to ocular surgery or
trauma to the globe where inflammation and/or hypotony
are created initially, and then choroidal detachments de-
velop secondarily. In the other cases, there is an initial rheg-
matogenous retinal detachment that creates ocular
hypotony, which in turn leads to the development of choroi-
dal detachments. Once the ciliary body detaches, aqueous
humor production is reduced, leading to more hypotony,
which in turn leads to increased choroidal detachments. Re-
tinal detachments that have choroidal detachments present
usually have a greater chance of developing proliferative vit-
reoretinopathy (massive periretinal proliferation), and, in
general, have a poorer visual prognosis than rhegmatogen-
ous retinal detachments that do not have associated choroi-
dal detachments.
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Plate 46

Choroidal Effusion Syndrome

Choroidal Effusion Syndrome

The choroidal effusion syndrome is characterized by non-
rhegmatogenous retinal detachment with shifting subreti-
nal fluid, choroidal detachments, and an associated
increased protein content in the cerebrospinal fluid. The
patients are usually in their fifth or sixth decades of life and
males and females are equally affected. The patients
respond to systemic steroids, but do very poorly with scleral
buckling surgery.

The differential diagnosis of the choroidal effusion syn-
drome detachments includes the following conditions:
rhegmatogenous retinal detachments, choroidal tumors,
metastatic tumors to the choroid, choroidal hemangiomas,
vitreous hemorrhage, and subretinal pigment epithelial
hemorrhage, and reactive lymphoid hyperplasia of the
uveal tract.
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Choroidal Nevi

Choroidal nevi are usually flat, well-circumscribed lesions
that vary in color from brown to grey to black and vary be-
tween 0.5 disc diameters to 8 disc diameters in size. Most
choroidal nevi are considered flat, but on occasion may be
up to 2 mm in thickness. The edges of choroidal nevi can be
sharply demarcated or feathery.

Although choroidal nevi are considered to be benign le-
sions, they may be responsible for a variety of changes in
overlying tissues, including degeneration of the retinal pig-
ment epithelium, and photoreceptor cells (including visual
field defects), drusen formation, cystoid retinal degenera-
tion, subretinal neovascularization with serous and hemor-
rhagic detachments of the neurosensory retina. On occa-
sion, subretinal exudates are noted in a circinate pattern.
Orange pigment, that is, lipofuscin seen in malignant
melanomas can also be noted in some choroidal nevi.

Choroidal nevi tend to grow most rapidly during adoles-
cence and obtain their deepest pigmentation in adulthood.
About 30% of adults have choroidal nevi with a 1 in 5000
chance that the nevus will transform into a malignant
melanoma. There is no particular sexual predilection for
choroidal nevi, but their incidence is higher in Caucasians
than in blacks.

Congenital Hypertrophy of the Retinal
Pigment Epithelium

Congenital hypertrophy of the retinal pigment epithelium
(CHRPE) is a discoid flat-shaped lesion at the level of the ret-
inal pigment epithelium. It may occur as a single lesion or it
may occur in a multifocal form termed congenital grouped pig-
mentation or “bear tracks,” discussed in the following sec-
tion. Histologically both conditions appear to be identical.

Solitary CHRPE lesions are usually asymptomatic and
dark black and may contain areas of depigmentation
(lacunae) within the lesion. The borders of the lesion are
sharply defined and often there is a thin halo of depigmenta-
tion at the edges of the lesion site. CHRPE lesions are usu-
ally 1 to 2 disc diameters in size at the posterior pole and
much larger when located in the retinal periphery.

Histologically, there is hyperpigmentation in the region of
the CHRPE lesion site and the retinal pigment epithelium
cells, although taller, are still only one layer in thickness
often containing more pigment granules, which are larger
and more globular in shape than the granules within normal
retinal pigment epithelium cells nearby. The halo at the edge
of the CHRPE lesion is depigmented due to the lack of
granules within the retinal pigment epithelium at that site.
The overlying neurosensory retina shows degenerative
changes, which are probably responsible for the visual field
deficits present, otherwise changes in overlying retinal tis-
sues are minimal. Drusen and lipofuscin deposits are rarely
seen, and the overlying retinal vessels are usually normal.
Visual field deficits can be noted with careful perimetry
testing.

Congenital hypertrophy of the retinal pigment
epithelium is a unilateral lesion, considered to be benign
and stationary with little tendency to grow. If and when
these lesions do grow, they do so very slowly. The most im-
portant point about CHRPE lesions is that they be recog-
nized for what they really are, and they must be differen-
tiated from choroidal nevi and choroidal melanomas.
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Plate 48

Congenital Grouped Pigmentation (“Bear Tracks”)

Congenital Grouped Pigmentation (“Bear Tracks”)

Congenital grouped pigmentation is a series of pigmented
plaquelike lesions that are oval in shape and are due to
hyperpigmentation of the retinal pigment epithelium (in-
creased numbers of intracellular pigment granules). The
overlying retina is normal. The lesions have sharply defined
borders and vary in color from brown to black. The lesions
occur in clusters, which appear wider as one goes toward
the periphery and are usually located in a sector or quadrant
of retina. The clustered arrangement of these multifocal le-
sions resemble paw prints of an animal and therefore have
been termed “bear tracks.”

The patient is usually asymptomatic, and the lesions are
considered benign and identical to the solitary lesions found
in congenital hypertrophy of the retinal pigment epithelium
(CHRPE). There is no particular sexual predilection. The dif-
ferential diagnosis of multifocal CHRPE includes retinal pig-
ment dispersion from inflammation or from trauma as well
as sector retinitis pigmentosa.



Metastatic Tumors to the Choroid

Tumors that metastasize to the globe usually do so via the
bloodstream and often involve some part of the uveal tract.
Metastasis directly to the retina are extremely rare. Metas-
tases to the peripheral choroid are less common than to the
posterior pole region. Although some studies indicate a
slight predilection of uveal metastasis for the left eye, there
is in fact no statistically significant left-right predilection de-
monstrable.

Metastatic tumors to the uveal tract are rare in children
and are therefore found, for the most part, in adults. Breast
carcinoma is the most frequent tumor to metastasize to the
eye, therefore uveal metastases occur more frequently in
women. Lung carcinoma is the second most common prim-
ary tumor to metastasize to the eye, followed by gastrointes-
tinal tract and kidney carcinomas. Sarcomas rarely metas-
tasize to the globe. On occasion, a skin melanoma may
metastasize to the uveal tract (approximately one in two
hundred cases).

Ophthalmoscopically, metastatic choroidal tumors can be
flat, irregular in shape or, less commonly, dome-shaped,
poorly pigmented, or amelanotic. Typically, the lesions are
multifocal, multinodular, and often bilateral, especially if
the primary tumor is breast carcinoma. In many metastatic
tumors, there is a typical geographic distribution of brown
pigmentation on the lesion’s inner surface. There is also a
serous detachment of the retina, which is often greater in
size relative to the tumor size than would be found in a
primary choroidal melanoma.

Fluorescein angiography, ultrasonography, P testing
and a comprehensive medical examination in addition to in-
direct ophthalmoscopy are important in establishing the
diagnosis and plan of treatment for the patient. The differen-
tial diagnosis of metastatic tumors of the choroid is similar to
that listed for choroidal melanomas in Table 10.1 (page 100).

Metastatic Tumor with Serous Retinal
Detachment and Early Stage of Tumor at 11 0’Clock

Metastatic Choroidal Tumors

Neoplasm Metastatic from Lung
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Choroidal Melanomas

Melanomas of the uveal tract are considered to be the most
common primary intraocular tumor that affects older adults
and is usually diagnosed between the fourth and seventh
decades. There is no particular sexual predilection. The
melanoma is usually unilateral, and there is no preference
for either the left or the right eye. Bilateral cases of
melanoma are very rare.

Peripheral choroidal melanomas are asymptomatic when
they are small and usually do not interfere with a patient’s vi-
sion. The lesions are elevated and vary in color from dark
brown to grey or even to a creamy yellow (amelanotic).
Choroidal melanomas tend to be larger (greater than 5 mm
in diameter) than choroidal nevi and are at least 2 mm in
height. A localized serous detachment of the retina in and
around the melanoma may be present and provide visual
symptoms.

Larger choroidal melanomas may break through Bruch’s
membrane in a mushroom configuration, leading to a ser-
ous or exudative retinal detachment. Also, subretinal and
intraretinal hemorrhages may occur. In some cases, there is
breakthrough bleeding, and a vitreous hemorrhage with
sudden visual loss may be the initial findings on examina-
tion. That is why ultrasonography should be carried out in
adult patients who present with a vitreous hemorrhage in
which the media are too cloudy to carry out thorough indi-
rect ophthalmoscopy.

Peripheral choroidal melanomas have poorly defined bor-
ders and have several different types of growth patterns.
The smaller tumors may be oval, whereas the larger tumors
that penetrate Bruch’s membrane often have a mushroom
shape. The larger tumors often have an associated serous
retinal detachment. In some instances, the tumor may actu-
ally abut the posterior lens capsule and indent the posterior
surface of the lens. The retinal pigment epithelium overly-
ing the choroidal tumor often has pigmentary changes (dru-
sen) and may develop an orange pigment, which has been

identified as lipofuscin. Cystoid degeneration of the overly-
ing neurosensory retina is also a common finding.

The Callender classification has defined six categories of
melanoma as follows: (1) spindle A, (2) spindle B, (3) fascicu-
lar, (4) mixed, (5) necrotic, and (6) epithelioid. Fluorescein
angiography, ultrasonography, 2P testing, and a complete
medical examination are important modalities in establish-
ing the diagnosis and extent of tumor involvement in a
given individual. However, itis not possible, at this time, to
tell from these tests and from the ophthalmoscopic appear-
ance of the choroidal melanoma which tissue type one is
dealing with, thereby making patient management much
more difficult. The differential diagnostic entities to be consi-
dered in peripheral uveal melanomas are listed in Table 10.1.
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Retinitis pigmentosa is a progressive primary pigmentary
dystrophy of the retina characterized by a collection of bone
spicule-shaped pigment located in the midperiphery of the
retina, a marked narrowing of the retinal arterioles, night
blindness, altered dark adaptation, a diminished elec-
troretinogram, and constricted visual fields (ring scotomas).
The retinal veins appear normal in retinitis pigmentosa, as
do the optic nerve heads and the maculae initially. However,
as the disease progresses, optic pallor (waxy) usually will
develop and in some cases cystoid macular edema with
macular atrophy also will be present.

There are wide variations in the appearance of the fundus
in patients with retinitis pigmentosa. The disease is usually
bilateral and involves all four quadrants of the fundus.
Cases of unilateral and sector retinitis pigmentosa have
been reported. In some cases there is lack of abnormal fun-
dus pigmentation, which has been termed retinitis pigmen-
tosa sine pigments.

Retinitis pigmentosa has autosomal recessive, autosomal
dominant, and sex-linked recessive (the most disabling)
modes of inheritance and can also be sporadic. The disease
usually starts in the first decade of life with the appearance
of finely pigmented dots in the midperiphery of the fundus
and slowly progresses to the bone-spicule pigment ar-
chitecture with the development of a ring scotoma. Elec-
troretinogram changes usually precede ophthalmoscopic
changes in retinitis pigmentosa.

There is a higher incidence of myopia (75 %), posterior
subcapsular lens opacities (up to 60 %), and chronic open-
angle glaucoma (3 %) in retinitis pigmentosa patients. In ad-
dition to optic atrophy, drusen and hamartomas of the optic
nerve head have been noted. Strabismus, progressive exter-
nal ophthalmoplegia, keratoconus, and microphthalmos
have been found in related syndromes.

With increasing age, there is progressive opacification
and degeneration of the vitreous. Increased pigment de-
posits have been observed of the vitreous. Retinal tears and
detachments are infrequent in retinitis pigmentosa patients.

There are a number of disorders that comprise the diffe-
rential diagnosis of retinitis pigmentosa. These are listed in
Table 11.1.
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Retinitis Pigmentosa
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Plate 51
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Plate 51 Retinitis Pigmentosa

Progressive Vitreoretinal Degeneration — Stage I11 Progressive Vitreoretinal Degeneration — Stage IV



Developmental Disorders: 12
Colobomas of the Retina
and Choroid
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Plate 52

Coloboma of the Retina and Choroid

Colobomas of the retina and choroid (0.14 % incidence) rep-
resent a developmental abnormality usually involving the
closure of the fetal fissure during embryonic development.
Colobmas can involve the optic nervehead, retina, choroid,
ciliary body, lens, and iris tissue. The mechanism of col-
oboma formation is still not well understood, but has been
associated, in some cases, with chromosomal defects such
as trisomy 13 and trisomy 18, as well as with use of toxic
drugs such as thalidomide.

Ophthalmoscopically, the coloboma region apears to be
almost devoid of retinal and choroidal tissues, making the
subjacent sclera easily visible. There is a rudimentary mem-
brane containing retinal tissue and vessels that may cover
the inner surface of some colobomas. At the edges of a col-
oboma there is often a highly pigmented border.

Colobomas tend to be bilateral (50 % of cases) and typical
colobomas are usually in the inferonasal quadrant. Atypical
colobomas may be present in the superior quadrants. No
specific hereditary patterns have been established for col-
obomas in general, but there are reports of sporadic cases as
well as autosomal dominant and autosomal recessive trans-
mission.

Colobomas may give rise to retinal detachments in 40 % of
cases. The retinal break may lie within the colobomatous
(depigmented) area, making its visualization extremely dif-
ficult. Scleral buckling surgery is used to treat retinal detach-
ments in eyes with colobomas of the retina and choroid, but
the visual prognosis in these cases is poor compared to the
patient with routine rhegmatogenous retinal detachment.
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Long-standing retinal detachments often have a variety of
characteristic structural changes, for example, demarcation
lines, macrocysts, and subretinal bands, which are discus-
sed in this chapter.

Intraocular Fibrosis

Intraocular fibrosis may be found in acute as well as chronic
cases of retinal detachment and is due to abnormal cellular
proliferation in the vitreous gel and the neurosensory re-
tina. Abnormal membranes may also be found on the preret-
inal and subretinal surfaces of the neurosensory retina. In-
traocular fibrosis may also take place within the neurosen-
sory retina in such conditions as star folds and macular
pucker.

The cellular origins of abnormal vitreoretinal membranes
are listed in Table 13.1. In most cases, the membranes are de-
rived from either the Miiller (glial) cells or the retinal pig-
ment epithelium.

Abnormal cellular proliferation leads to membrane forma-
tion, which may, in turn, undergo a contraction process,
leading to folds in the retina, localized traction, and/or rheg-
matogenous retinal detachments. Extramacular retinal folds
are termed star folds; abnormal folds within the macula are
termed macular pucker.

In some cases, there is a relentless progression of these
membranes, leading to proliferative vitreoretinopathy (PVR) or
massive periretinal proliferation (MPP), wherein the entire re-
tina is thrown into a large funnel-shaped star fold whose
apex is at the optic nerve head. In these cases, there is exten-
sive liquefaction or syneresis of the vitreous gel posteriorly
with an increased condensation of the anterior vitreous gel
(at the base of the funnel). A simple classification of pro-
liferative vitreoretinopathy is outlined in Table 13.2.
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Proliferative Vitreoretinopathy (PVR) Plate 53

GradeD1 GradeD 2 GradeD 3
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Intraocular fibrosis can lead to a variety of intraocular
membranes in the posterior segment of the globe, and their
classification is outlined in Table 13.3.

In chronic retinal detachments, there are proliferative and
degenerative retinal pigment epithelium changes, includ-
ing increased pigmentary material in the subretinal fluid,
and, in some cases, nonpigmented subretinal strands of tis-
sue are present that act as a hammock supporting overlying
detached neurosensory retinal tissue. The ends of these sub-
retinal strands are attached to either the retinal pigment
epithelium or to the subretinal surface of the neurosensory
retina.

Chronically detached retina tends to be thinner and more
transparent than freshly detached retina. The subretinal
fluid may be more viscous, and, in cases of tiny retinal
breaks, one may see shifting subretinal fluid, which is not
seen in fresh rhegmatogenous retinal detachments. Fixed
retinal folds and a more rigid detached retina are commonly
noted in long-standing retinal detachments. Microcystoid
spaces, usually at the level of the outer plexiform and inner
nuclear layers, are found in chronically detached retinas.
These cystic changes are reversible if the retina is reattached
within a reasonable period of time.

In chronic retinal detachments, retinal tear flaps and oper-
cula have an opportunity to degenerate and shrink so that
their size is much smaller than the aperture size of the tear
site. In contrast, opercula and retinal tear flaps in fresh reti-
nal tears usually are the same size as the retinal tear aper-
ture.

Large intraretinal macrocysts can develop in a period of sev-
eral months to years in a long-standing retinal detachment.
These macrocysts are commonly found in inferior retinal de-
tachments due to such conditions as an inferior temporal
dialysis of the young. Intraretinal macrocysts are often ele-
vated and protrude into the subretinal space and are found
mostly near the equator and only rarely at the posterior
pole. The cysts collapse and regress rapidly after surgical
reattachment of the retina and do not require direct drainage
of the cystic cavity itself.




Demarcation Lines

Demarcation lines are found in slowly progressive or
chronic retinal detachments. In these cases, the amount of
subretinal fluid may stabilize for some time. The presence of
the subretinal fluid induces an irritation or friction as it
moves back and forth, leading to secondary proliferative
changes of the retinal pigment epithelium at the boundary
line between the attached and detached retina. Fibrous
metaplasia of the retinal pigment epithelium may also
occur.

Ultimately a hyperpigmented line or, in some cases, a
hypopigmented line develops that is termed the demarca-
tion (friction) line. The demarcation line often, but not al-
ways, serves as a barrier to the further progression of the re-
tinal detachment. In some eyes, several concentric demarca-
tion lines are present, similiar to high-water marks, indicat-
ing several waves of activity or progression of the retinal de-
tachment interspersed with periods of nonprogression or
stability. Often demarcation lines form a partial circle and
within that circle one usually finds the causative retinal
break.

The characteristics of long-standing retinal detachments
are outlined in Table 13.4.
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Long-Standing Retinal Detachment with Plate 54
Demarcation Line, Intraretinal
Macrocysts and Fixed Retinal Folds
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Many years ago, Dr. Charles Schepens devised a system of
sketching the fundus as a way of recording the findings on
indirect ophthalmoscopy with scleral depression. This
technique has served as an invaluable aid in improving our
comprehension and overall understanding of retinal dis-
eases as well as planning vitreoretinal surgery in specific pa-
tients.

As a by-product of the fundus sketching system a univer-
sal color code was developed to help standardize and inter-
pret fundus drawings. The fundus code is outlined in Table
14.1. In its simplest form, the fundus color code is organized
along the following lines:

Red: attached retina, retinal arterioles, fresh hemorrhage,
vortex veins, retinal tears and holes;

Blue: retinal veins, detached retina, outline of the ora serrata,
cystoid degeneration;

Green: any opacities in the eye, vitreous hemorrhage, cotton
wool patches, vitreous membranes, and intraocular foreign
bodies;

Brown: uveal tissue, pars plana cysts, pigment beneath
detached retina, choroidal tumors, and choroidal detach-
ments;

Yellow: retinal exudates, intraretinal edema, drusen, post-
photocoagulation burns (edema) of the retina;

Black: pigment in choroid, outline of the long and short
posterior ciliary vessels and nerves, pigmented demar-
cation lines at edge of long-standing retinal detachment,
pigmented laser photocoagulation scars.

A more comprehensive and detailed description of the
fundus color code is provided in Table 14.1. In the pages fol-
lowing the table, the entire fundus color code is illustrated.
For each feature listed in Table 14.1 the ophthalmologist’s
sketch representation is shown side-by-side with a fundus
painting of the condition as viewed through the ophthal-
moscope.
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Fundus Color and Fundus Colorand Fundus Color and
Code® Characteristics Code® Characteristics Code? Characteristics
[RI Red Solid [Bl Blue Solid [Br] Brown Solid
1 Retinal arterioles 15 Detachedretina 46 Uvealtissue
2 Neovascularization 16 Retinal veins 47 Parsplanacysts
3 Vascular abnormalities or 17  Outlines of retinal breaks (tears, 48 Ciliary processes (pars plicata)
anomalies holes) 49 Striaeciliaris
4 Vortexveins 18 Outline of ora serrata (dentate 50 Pigmentbeneath detached retina
5 Attached retina processes, ora bays) 51 Outline of chorioretinal atrophy
6 Hemorrhages (preretinal, 19,20, Meridional [19], radial [20], fixed beneath detached retina
intraretinal) 21,22 [21], and circumferential [22] folds 52 Subretinal, fibrous demarcation
7 Open interior of conventional 23 Vitreoretinal traction tufts lines
retinal breaks (tears, holes) 24 Retinal granular tags and tufts 53 Outline of posterior staphyloma
8 Open interior of outerlayer holes (cystic, noncystic) 54 Malignant choroidal melanomas
in retinoschisis 25 Outline of flat neovascularization 55 Edge of buckle beneath detached
9 Normalmacula — drawn as ared 26 Outline of lattice degeneration retina
dot 27  Outline of thin areas of retina 56 Choroidal detachment
Crosslined 28 Intrar.et.inal cysts (with overlying
curvilinear stripes to show
10,11 Open p(?rtion of giant tears [10] or configuration) [Y] Yellow Solid
large dialyses [11] Crosslined
12 Inner portion of chorioretinal rossiine 57 Intraretinal edema
atrophy 29 Innerlayer of retinoschisis 58 Intra- or subretinal hard yellow
13 Open portion of retinal holes in 30 White-with- or -without-pressure exudate
inner layer of retinoschisis (label) 59 Deposits in retinal pigmented
14 Inner portion of thin areas of 31 Detached pars plana epithelium epithelium
retina anterior to separation of ora 60 Detached maculae in some retinal
serrata separations
32 Rolled edges of retinal tears 61 Postphotocoagulation retinal edema
(curved lines) 62 Substance of long and short
Stippled or circled posterior c'illary nerves
33 Cystoid degeneration Stippled or dotted
63 Drusen
Interrupted lines
34 Outline of change in area or folds
of detached retina because of [BI] Black Solid
shifting fluid ] o .
64,65,66 Pigmentwithin detached retina
(lattice [64], flap of horseshoe tear
[G] Green Solid [65], paravascular pigment [66])
35 Opacities in the media (cornea, 67,68 Plgment :n‘;:h o?ﬁdllﬁ'i] or
ior chamber, lens, vitreous); pigmentec epitie 1a
?:l::{lsorecci ficall ’ ’ ’ hyperpigmentation in areas of
36 Vitreouls)hemorrl}l,a e detached retina [68]
37 Vitreous membranegs 69 Pigmented den}arcation lines at
38 Hvaloid rin attached margin of detached
Y & . retina or within detached retina
39 Intr-aocular foreign bodies 70 Nevi
ﬁ Iég:iﬁ;{:)vl:)ilicualn?clﬂes 71,72 Sheathed vessels outlined or solid
42 Pearls atthe ol:'a serrata black, depending upon extent
43  Outline of elevated (lattice [71], retinoschisis [72])
A 73 Edge of buckle beneath attached
neovascularization retina
Stippled or dotted 74 Outline of long posterior ciliary
44  Asteroid hyalosis ves§els and nerves (pigmented)
.\ . ] ) . 45 Frosting or snowflakes on cystoid, 75  Outline of short ciliary vessels
From Morse P: Vitreoretinal Disease. A Manual for Di- retinoschisis, or lattice and nerves
agnosis and Treatment. Chicago, Year Book Medical degeneratio n, 76 Outline of chorioretinal atrophy
Publishers Inc., 1979. Tables 2-1 through 2-6. pp. 41—44. 77 Hyperpigmentation as a result of

2The numbers given in these columns refer to the specific
figures illustrating that feature in the illustrated fundus
color code that follows this table.

previous treatment with
cryotherapy, photocoagulation, or
diathermy
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Fundus Color Code

Color

Red
Solid

Feature

Retinal arterioles

Neovascularization

Vascular abnormalities or
anomalies

Vortex veins

Attached retina

Hemorrhages (preretinal,
intraretinal)

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)



Fundus Color Code

Color

Red
Solid

Red
Crosslined

Feature

Openinterior of conventional
retinal breaks (tears, holes)

Open interior of outer layer
holes in retinoschisis

Normal macula-drawn as a
red dot

Open portion of giant tears

Open portion of
large dialyses

Inner portion of chorioretinal
atrophy

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding
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Color Code Number
(SeeTable 14.1)

7

10

11

12
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Fundus Color Code

Color

Red
Crosslined

Blue
Solid

Feature

Open portion of retinal holes
ininner layer of retinoschisis

Inner portion of thin areas
ofretina

Detached retina

Retinal veins

Outlines of retinal breaks
(tears, holes)

Outline of ora serrata
(dentate processes, ora bays)

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)

13

14

15

16

17

18



Fundus Color Code

Color

Blue
Solid

Feature

Meridional folds

Radial folds

Fixed folds

Circumferential folds

Vitreoretinal traction tufts

Retinal granular tags and tufts
(cystic, noncystic)

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding
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Color Code Number
(SeeTable14.1)

19

20

21

22

23

24
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Fundus Color Code
Color Feature
Blue Outline of flat
Solid neovascularization
Outline of lattice
degeneration
Outline of thin areas of retina
Intraretinal cysts (with
overlying curvilinear stripes
to show configuration)
Blue Inner layer of retinoschisis

Crosslined

White-with- or -without-
pressure (label)

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)

25

26

27

28

29

30



Fundus Color Code

Color

Blue
Crosslined

Blue
Stippled or circled

Blue
Interrupted lines

Green
Solid

Feature

Detached pars plana
epithelium anterior to
separation of ora serrata

Rolled edges of retinal tears
(curved lines)

Cystoid degeneration

Outline of change in area or
folds of detached retina
because of shifting fluid

Opacities in the media
(cornea, anterior chamber,
lens, vitreous); label
specifically

Vitreous hemorrhage

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

14.
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Color Code Number
(SeeTable14.1)

31

32

33

34

35

36
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Fundus Color Code

Color

Green
Solid

Feature

Vitreous membranes

Hyaloid ring

Intraocular foreign bodies

Retinal operculum

Cotton-wool patches

Pearls at the ora serrata

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)

37

38

39

40

41

42
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Fundus Color Code
Ophthalmologist’s Ophthalmoscopic Color Code Number
Color Feature Sketch Representation Finding (See Table 14.1)
Green Outline of elevated = =] 43
Solid neovascularization N < Oy, J
Green Asteroid hyalosis 44
Stippled or dotted
Frosting or snowflakes on 45
cystoid, retinoschisis,
or lattice degeneration
Brown Uveal tissue 46
Solid
Pars plana cysts 47
Ciliary processes 48

(pars plicata)
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Fundus Color Code

Color

Brown
Solid

Feature

Striae ciliaris

Pigment beneath detached
retina

Outline of chorioretinal
atrophy beneath detached
retina

Subretinal, fibrous
demarcation lines

Outline of posterior
staphyloma

Malignant choroidal
melanomas

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable14.1)

49

50

51

52

53

54



Fundus Color Code

Color Feature

Brown Edge of buckle beneath

Solid detached retina
Choroidal detachment

Yellow Intraretinal edema

Solid

Intra- or subretinal hard
yellow exudate

Deposits in retinal pigmented
epithelium

Detached maculaein some
retinal separations

Ophthalmologist’s

Sketch Representation

Ophthalmoscopic
Finding
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Color Code Number
(See Table 14.1)

55

56

57

58

59

60
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Fundus Color Code

Color

Yellow
Solid

Yellow
Stippled or dotted

Black
Solid

Feature

Postphotocoagulation retinal
edema

Substance of long and short
posterior ciliary nerves

Drusen

Pigment within detached
retina (lattice)

Pigment within detached retina
(flap of horseshoe tear)

Pigment within detached retina
(paravascular pigment)

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)

61

62

63

64

65

66
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Fundus Color Code
Ophthalmologist’s Ophthalmoscopic Color Code Number
Color Feature Sketch Representation Finding (See Table 14.1)
Black Pigment in choroid 67
Solid
Pigmented epithelial 68
hyperpigmentation in areas
of detached retina
Pigmented demarcation lines 69
atattached margin of
detached retina or within
detached retina
Nevi 70
Sheathed vessels outlined or 71
solid black, depending upon
extent (lattice)
Sheathed vessels outlined or 72

solid black, depending upon
extent (retinoschisis)
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Fundus Color Code

Color

Black
Solid

Feature

Edge of buckle beneath
attached retina

Outline of long posterior
ciliary vessels and nerves

(pigmented)

Outline of short
ciliary vessels and nerves

Outline of chorioretinal
atrophy

Hyperpigmentationasa
result of previous treatment
with cryotherapy,
photocoagulation or
diathermy

Ophthalmologist’s
Sketch Representation

Ophthalmoscopic
Finding

Color Code Number
(SeeTable 14.1)

73

74

75

76
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Page numbers in italics refer to figure plates.

Acquired typical degenerative retinoschisis,
38-39, 39; see also Retinoschisis; Retinal
degenerations, trophic

hyperopia and, 39
snowflake lesions and, 38, 39
visual deficits and, 38

Aging
influence on fundus, 16, 17, 18
pars plana cysts and, 18, 18

Albino fundus, 18, 19

Amyloidosis, 76
primary heredofamilial, definition of, 76
secondary, definition of, 76

Amyloidosis of vitreous, 76, 77
“cotton wool” exudates and, 76, 77
differential diagnosis of, 76
inheritance of, 76
ocular signs and symptoms of, 76
systemic manifestations of, 76

Anatomy, ocular, 1-23

Angioid streaks in Ehlers-Danlos syndrome,
71

Area Martegiani, 3, 7

Arteriosclerosis, retinal vein occlusion and,
82

Asian fundus, 18, 20

Asteroid hyalosis, 74, 74

bodies, 74, 74, 125

biomicroscopy of, 74

color code sketch of, 125

diabetes mellitus and, 74

indirect ophthalmoscopy and, 74
lipid strains of, 74

ophthalmoscopic appearance of, 125
“string of pearls” and, 74

treatment of, 74

Atrophic holes with lattice retinal degenera-
tion, 56, 57

Background diabetic retinopathy, see Diabetic
retinopathy, background
Bay folds, 28, 29
"“Bear tracks,” see Congenital grouped pig-
mentation
Berger’s space, 6, 6
significance of cells in, 6
slit-lamp biomicroscopy and, 6
Blessig-Iwanoff cystic spaces, 36
Blond fundus, 18, 19
Body pigmentation and fundal appearance,
18, 19-21
choroidal pigmentary pattern and, 10
Bruch’s membrane, 40
honeycomb degeneration and, 40
melanoma and, 100, 101
Brunette fundus, 18, 20

Callendar histologic classification of melano-
mas, 100
“Candle wax drippings,” sarcoidosis and, 90
Cataract surgery (extra- and intracapsular), 4
lens implants and, 4
retinal detachments and, 4
Wieger’s ligament and, 4
Cholesterolosis oculi, see Synchysis scintillans
Chorioretinal atrophy, 119, 126, 130
color code sketches of
inner portion, 119
outline, 130
retinal detachment beneath, 126

Choroid, 10; see also Choroidal landmarks;
Choroidal pigment pattern; Vortex
venous system

pigment in, 129
color code sketch of, 129
ophthalmoscopic appearance of, 129

Choroidal (peripapillary) atrophy and my-
opia, 22

Choroidal detachment(s) (ciliochoroidal effu-
sion), 93, 93

color code sketch of, 127
fundal appearance of, 93
hemorrhagic, 93
melanoma and, 100
ophthalmoscopic appearance of, 127
serous, 93
solid, 93
ultrasound and, 93

Choroidal effusion syndrome, 94, 94
differential diagnosis of, 94
fundal appearance of, 94
melanoma and, 100
non-rhegmatogenous retinal detachment

and, 94

treatment of, 94

Choroidal landmarks, 11, 12; see also Ciliary
nerves; Ciliary arteries

Choroidal melanoma(s), see Melanoma(s),
choroidal

Choroidal nevus(i), 96, 97; see also Nevus(i)

circinate pattern of, 96

drusen formation and, 96

edges of, 96, 97

incidence of, 96

lipofuscin in, 96, 97

malignant melanoma, risk of, 96

melanoma and, 100

and neovascularization, subretinal, 96

and retinal degeneration, cystoid, 96

retinal detachments and, 96

visual field defects and, 96

Choroidal pigmentary pattern, 10

age and, 10; see also Fundus, aging and
body pigmentation, 10; see also Fun-
dus, body pigmentation of

and choroidal vessels, large, 10

posterior pole and, 10

suprachoroidal space and, 10

and vertical meridians, anatomic, 10, 11

CHRPE, see Retinal pigment epithelium, con-
genital hypertrophy of

Cicatricial phase of retrolental fibroplasia,
86

Ciliary artery(ies), 11, 12

anterior, see Pars plana
blood supply of, 12
innervation of, 12
lens zonules and, 14
posterior, see Pars plicata
vasculosis iridis major and, 12
vitreous attachments to, 4
Ciliary nerve(s), 11, 12, 128, 130
ciliary ganglion and, 12
gasserian ganglion and, 12
long, 11, 12
ophthalmic appearance of, 11, 128, 130
outlines of, color code sketch, 130
short, 11, 12
substance of, color code sketch, 128
Ciliary vessels and nerves, 130
ophthalmoscopic appearance of, 130
outline, color code sketch of, 130
scleral buckling surgery and, 12

Index

Ciliochoroidal effusion, see Choroidal detach-
ment
Circumferential folds, see Folds, circumferen-
tial
Cloquet’s canal, 3, 6, 6, 7
Cobblestone degeneration, see Paving-stone
degeneration
Coloboma(s), 108, 108
chromosomal defects and, 108
fundal appearance of, 108
fetal fissure closure and, 108
inheritance of, 108
rhegmatogenous retinal detachments and,
108
thalidomide and, 108
Congenital grouped pigmentation (‘bear
tracks’’), 98, 98
CHRPE and, 96, 98
definition of, 98
differential diagnosis of, 98
fundal appearance of, 98
ocular trauma and, 98
Congenital hereditary retinoschisis (juvenile),
60, 61; see also Retinoschisis; Heredi-
tary vitreoretinal degeneration(s)
differential diagnosis of, 60
inheritance of, 60
ophthalmic features of, 60
treatment of, 60
““Cotton wool” patches
color code sketch of, 124
ophthalmoscopic appearance of, 124
““Cotton wool” spots, retinal vein obstruction
and, 82, 83
“/Cotton wool” stage, diabetic retinopathy
and, 80, 81
Cystic/cystoid degeneration, 36, 37, 38, 38
aging and, 16, 17
barriers to, 36
choroidal melanoma and, 96
choroidal nevus and, 100
color code sketch of, 123
incidence of, 36
in normal fundus, 11
ophthalmoscopic appearance of, 123
reticular, 38, 38
typical, 36, 37
Cystic retinal tuft (granular globule, patch),
30, 31; see also Tufts, granular
Cysts
intraretinal, 122
of pars plana, 14, 16, 18, 18
macrocysts, intraretinal, 110, 112, 113, 113

Demarcation lines, 110, 113, 113; see also Reti-
nal detachment(s), longstanding
pigmented
color code sketch of, 129
ophthalmic appearance of, 129
subretinal fibrous
color code sketch of, 126
ophthalmic appearance of, 126
Dentate processes (ora(l) teeth), 10, 11, 15,
28, 29; see also Ora serrata
color code sketch of, 120
developmental variations of, 28, 29
ophthalmoscopic appearance of, 120
Detached retina, see Retinal detachment
Developmental disorders (retinal, choroidal),
see Colobomas
Developmental variations of peripheral fun-
dus, 27-31
classification of, 26
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Diabetes mellitus, 80
asteroid hyalosis and, 74
Diabetic retinopathy, 80, 81
background, 80, 81
“‘cotton wool” stage, 80, 81
incidence of, 80
IRMA and, 80
neovascularization and, 80, 81
preproliferative, 80, 81
proliferative, 80, 81
stages of, 80, 81
treatment of, 80
Dialyses, large; see also Giant retinal tears;
Retinal dialyses (juvenile)
color code sketch of, 119
fundal appearance of, 119
Dislocated/subluxated lens, 68, 69, 70, 70; see
also Ectopia lentis; Lens, dislocated/
subluxated
homocystinuria and, 70, 70
Marfan’s syndrome and, 68, 69
Drugs, toxic
colobomas and, 108
retinitis pigmentosa and, 104
thalidomide and, 108
Drusen; see also Equatorial drusen; Lipofuscin
choroidal nevus(i) and, 96, 97
CHRPE and, 96
color code sketch of, 128
equatorial, 16, 17, 41, 41
incidence of, 41
inheritance of, 41
and melanoma, choroidal, 100, 101
ophthalmoscopic appearance of, 128

Ectopia lentis, 68, 70, 71; see also Dislocated/
subluxated lens
Edema, intraretinal, 127; see also Macular
edema
color code skektch of, 127
ophthalmoscopic appearance of, 127
Ehlers-Danlos syndrome, 71, 71
ectopia lentis and, 71
Metenier’s sign and, 71
inheritance of, 71
ocular findings in, 71
retinal detachments and, 71
white-with-or-without-pressure and, 71
Electroretinogram
Goldmann-Favre disease and, 62
retinitis pigmentosa and, 104
Wagner's hereditary vitreoretinal degenera-
tion and, 58
Emmetropia, fundal appearance of, 23; see
also Fundus, refractive error and
Equator, 13, 13
definition of, 13
vortex vein ampulla and, 13
Equatorial drusen, 41, 41; see also Drusen
honeycomb degeneration and, 41, 41
inheritance of, 41
Equatorial lattice degeneration, 56; see also
Lattice retinal degeneration
Erggelet’s space, 3, 6, 6
Exudate, yellow intra- or subretinal, hard
color code sketch of, 127
ophthalmoscopic appearance of, 127

Familial exudative vitreoretinopathy, 64, 65
differential diagnosis of, 64
inheritance of, 64
iridocyclitis and, 64
neovascularization and, 64

retinal detachment and, 64
vitreous contraction and, 64
white-with-pressure and, 64
Fibrous metaplasia, 113; see also Demarcation
lines; Retinal detachment(s), long-
standing
Fixed folds, see Folds, fixed
““Floaters,”” 4, 5
complete simple posterior vitreous detach-
ment and, 4, 5
Fluorescin angiography for metastatic tu-
mors, 99
Folds, 121; see also Membranes; Retinal de-
tachment(s), longstanding
bay, 28, 29
circumferential, 121
fixed, 110, 111, 112, 113, 113, 121
meridional, 28, 29, 121
radial, 121
star, 110, 111, 112, 113
tooth/dentate, 28, 29
Foreign bodies, intraocular
color code sketch of, 124
melanoma and, 100
ophthalmoscopic appearance of, 124
Fovea, 11
Fuchs’ spot, myopia and, 22
Full-thickness retinal tears, 4649, 49; see also
Retinal tears, full-thickness; Giant reti-
nal tears
extrabasal, 48, 49
intrabasal, 48, 49
juxtabasal, 48, 49
Fundus
aging and, 10, 16, 17, 18, 18
anatomic landmarks of normal, 11
anatomic nomenclature of, 8, 9
body pigmentation and, 10, 18, 19-21
clock superimposed on, 8, 9
developmental variations of peripheral, 27—
31
granular tissue tufts, 30, 31
meridional folds, 28, 29
ora serrata bays and teeth, variations of,
28, 29
ora serrata pearls, 30, 31
hemispheres, superior and inferior, 8, 9
quadrants (inferonasal, inferotemporal, su-
peronasal, superotemporal), 8, 9
refractive error and, 22, 23
scheme of color codes for, 116-130
discussion of, 116
tabulation of, 117
sketches of with comparative ophthal-
moscopic pictures, 118-130

Giant retinal tears, 48, 49; see also Retinal dia-
lyses (juvenile)
color code sketch of, 119
definition of, 46
ophthalmoscopic appearance of, 119
ora serrata and, 48
Glaucoma
hemorrhagic, retinal vein occlusion and, 82
open angle
Marfan’s syndrome and, 68
retinitis pigmentosa and, 104
pars planitis and, 92
synchisis scintillans and, 75
vortex vein(s) obstruction and, 12
Goldmann-Favre disease, 62, 63
electroretinogram and, 62
inheritance of, 62

ophthalmic findings in, 62
retinal detachments and, 62
retinitis pigmentosa and, 104
Granular tissue tags and tufts, 30, 31; see also
Tufts, granular
color code sketch of, 121
ophthalmoscopic appearance of, 121

Harada’s syndrome (Vogt-Koyanagi-Harada’s
syndrome), 91, 91
exudate of, 91
fundal appearance of, 91
ocular findings in, 91
retinal detachment(s) and, 91, 91
retinal edema and, 91, 91
retinal tears and, 91
sympathetic uveitis and, 91
treatment of, 91
Hemorrhages (preretinal, intraretinal), see also
Vitreous (peripapillary) hemorrhage
color code sketch of, 118
ophthalmoscopic appearance of, 118
Henle, plexiform layer of, 10
Hereditary vitreoretinal degeneration(s), 58—
67
congenital retinoschisis (juvenile), 60, 61
familial exudative, 64, 65
Goldmann-Favre disease, 62, 63
Snowflake, 66, 67
Stickler’s syndrome, 59
Wagner’s, 58-59, 58
Homocystinuria, 70, 70
Marfan’s syndrome and, 70
ocular findings in, 70
Honeycomb degeneration (peripheral tapeto-
choroidal degeneration), 4041, 41
Bruch’s membrane and, 40
equatorial drusen and, 41, 41
visual field constriction and, 40-41
Hyaloid artery remnant, 6
Hyaloid ring
color code sketch of, 124
ophthalmoscopic appearance of, 124
Hyaloideocapsular space/interface (anterior
hyaloid membrane), 6, 7
Marfan’s syndrome and, 7
ocular trauma and, 7
Hyperopia, fundal appearance of, 23
Hyperpigmentation as a result of previous
treatment
color code sketch of, 130
ophthalmoscopic appearance of, 130
Hypertension, retinal vein occlusion and, 82
Hypertensive retinopahty, see Retinal vein
occlusions

Indirect ophthalmoscopy with scleral depres-
sion
asteroid hyalosis and, 74, 74
geographic lesions seen with, 52, 52
Marfan’s syndrome and, 68
melanoma and, 100
normal transparency with, 52, 53
pseudo retinal holes and, 52, 53
scheme of fundal color codes for sketching
findings, 116, 117, 118-130
vitreous base borders and, 4
white-with-or-without-pressure and, 52-53,
52, 53
Inflammatory eye disorders, 90-94
choroidal detachments, 93, 93
choroidal effusion syndrome, 94, 94
Harada’s syndrome, 91, 91



Inflammatory eye disorders (continued)
pars planitis, 92, 92
sarcoidosis, 90, 90
Intraretinal microvascular abnormalities
(IRMA), 80; see also Diabetic retinopa-
thy
IRMA, see Intraretinal microvascular abnor-
malities

Juvenile retinal dialyses, 46, 47
Juvenile retinoschisis (congenital hereditary
retinoschisis); 60, 61

Lattice retinal degeneration, 56, 57
atrophic holes and, 57
color code sketch of, 122
equatorial, 56
horseshoe tears and, 57
incidence of, 56
inheritance of, 56
retinal tears and, 56, 57
Lens
attachments to vitreous, 3, 4, 14, 15
dislocated/subluxated, 68, 69, 70, 70; see
also Ectopia lentis
Lipofuscin; see also Drusen
choroidal nevus(i) and, 96, 97
CHRPE and, 96, 97
melanoma and, 100, 101

Macrocysts, intraretinal, 110, 112, 113,
113
Macula(e)
definition of, 10
detached
color code sketch of, 127
ophthalmoscopic appearance of, 127
normal
color code sketch of, 119
ophthalmoscopic appearance of, 119
vitreous attachments to, 4, 5
Macular edema
cystoid
pars planitis and, 92
retinitis pigmentosa and, 104
retinal vein obstruction and, 82
Macular pucker, 110, 112, 113; see also Retinal
detachment, longstanding
Marfan’s syndrome, 68, 69
dislocated/subluxated lens and, 68, 69
ectopia lentis and, 68
hyaloideocapsular space/interface and, 7
indirect ophthalmoscopy and, 68
inheritance of, 68
myopia and, 68, 69
open-angle glaucoma and, 68
posterior staphyloma and, 69
retinal breaks and, 68
retinal detachments and, 68
Martegiani area, 3, 4
Massive periretinal proliferation (MPP), 110,
111, 113; see also Retinal detachment,
longstanding; Proliferative vitreoretin-
opathy
Melanoma(s), choroidal, 100, 101
Bruch’s membrane and, 100, 101
Callendar’s histologic classification of, 100
choroidal detachment and, 93
choroidal effusion and, 100
color code sketch of, 126
differential diagnosis of peripheral uveal,
100
early tumors, asymptomatic, 100, 101

lipofuscin in, 100, 101
ophthalmoscopic appearance of, 126
and retinal detachment, serous, 100, 101
ultrasound and, 100
vitreal hemorrhage and, 100
Membrane(s)
abnormal, 110, 111
anterior hyaloid, 6, 7; see also Hyaloideo-
capsular interface
classification of, 112
color code sketch of, 124
intraretinal, 110, 111, 112, 113
ophthalmoscopic appearance of, 124
plicated (superior, inferior), 6, 6
preretinal, 110, 112
subretinal strands, 112, 113
vitreous, 124
vitreoretinal, 112
Meridian(s), anatomic, 11, 12
and ciliary arteries and nerves, 11, 12
horizontal, 11, 12
vertical, 11, 12
Meridional complex, 28, 29
Meridional folds, 28, 29
color code sketch of, 121
incidence of, 28
ophthalmoscopic appearance of, 29, 121
Metastatic choroidal tumors, 99, 99
differential diagnosis of, 99
fluorescein angiography of, 99
versus melanoma, 100
ophthalmoscopic features of, 99, 99
primary lesions involved in, 99
and retinal detachment, serous, 99, 99
sites of, 99
ultrasound and, 99
Microaneurysms in retinal vein occlusion,
82
Microcystoid spaces, 112, 113
Mittendorf’s dot, 6
MPP, see Massive periretinal proliferation
Myopia, 22, 23 )
homocystinuria and, 70
Marfan’s syndrome and, 68, 69
retrolental fibroplasia and, 86

Negro fundus, 18, 21
Neovascularization
color code sketch of, 118
for outline of elevated, 125
for outline of flat, 122
diabetic retinopathy and, 80, 81
ophthalmoscopic appearance of, 118, 122,
125
retinal vein occlusion and, 82, 83
retrolental fibroplasia and, 86, 87
sickle cell retinopathy and, 84, 85
Neurosensory retina, 10
anterior, see Ora serrata
inner, trophic degeneration of, 34, 35
middle, trophic degeneration of, 36-39; see
also Cystoid degeneration; Retinoschi-
sis
outer (retinal pigment epithelium), trophic
degeneration of, 40-41, 41; see also Ho-
neycomb degeneration; Paving-stone
degeneration; Drusen
Nevus(i); see also Choroidal nevus(i); CHRPE
color code sketch of, 129
ophthalmoscopic appearance of, 129
Non-rhegmatogenous retinal detachment, 94,
94; see also Choroidal effusion syn-
drome

Index

Opacities in the media
color code sketch of, 123
ophthalmoscopic appearance of, 123
Operculum, retinal (retinal flap)
chronic retinal detachment and, 112
color code sketch of, 124
ophthalmoscopic appearance of, 124
Optic nerve head, 5, 11
Ora(l) bays, 10, 11, 15, 28, 29
color code sketch of, 120
developmental variations in, 28, 29
enclosed, 15, 28, 29
retinal hole and, 15
ophthalmoscopic appearance of, 120
Ora serrata, 15, 15
ciliary body and, 14, 14
color code sketch of, 120
as fundal landmark, 11
and neurosensory retina, anterior, 10
ophthalmoscopic appearance of, 120
pearls, 30, 31
color code sketch of, 124
ophthalmoscopic appearance of, 124
vitreous body and, 2, 4
Ora(l) teeth, 10, 11, 28, 29; see also Dentate
processes
color code sketch of, 120
developmental variations of (bifid, bridg-
ing, giant, ring), 28, 29

Paravascular vitreal attachments, 4, 5
Pars plana, 14, 14, 15, 15
cysts, 14, 16, 18, 18
color code sketch of, 125
indirect ophthalmoscopy for, 18
multiple myeloma and, 14, 16
retinal detachment and, 18
detached
color code sketch of, 123
ophthalmoscopic appearance of, 123
Pars planitis (idiopathic peripheral uveoretin-
itis), 92, 92
definition of, 92
fundal appearance of, 92
macular edema and, 92
ocular findings in, 92
rhegmatogenous retinal detachment and,
92, 92
sequelae of, 92
white exudates and, 92
Pars plicata, 14, 14, 15
cataract surgery and, 14
color code sketch of, 125
lens zonules and, 14
ophthalmoscopic appearance of, 125
vitreous base and, 14, 14
Paving-stone (cobblestone) degeneration, 40,
41
aging and, 16, 17
and retinal breaks and detachments, 40
Pearls, ora serrata, 30, 31
color code sketch of, 124
ophthalmoscopic appearance of, 124
Peripapillary vitreous attachments, 4, 5
Peripheral retina, definition of, 13, 13
Peripheral retinal variations, classification of,
26
Peripheral tapetochoroidal degeneration, see
Honeycomb degeneration
Periphlebitis, retinal, sarcoidosis and, 90
Petit’s canal, 6, 6
Phthisis bulbi, diabetic retinopathy and, 80
Plicated vitreous membranes, 6, 6
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Posterior staphyloma and myopia, 22
in Marfan’s syndrome, 68, 69
Posterior vitreal cortex, 3, 4
Preproliferative diabetic retinopathy, see Dia-
betic retinopathy, preproliferative
Primary heredofamilial amyloidosis, see Amy-
loidosis; Amyloidosis of vitreous
Proliferative retinopathies, 80-87; see also
Neovascularization
diabetic retinopathy, 80, 81
retinal vein occlusions and, 82, 83
retrolental fibroplasia, 86, 87
sickle cell retinopathy, 84, 85
Proliferative vitreoretinopathy (PVR), 110,
111, 112, 113
classification of, 110
marked, 110, 111
massive, 110, 111
Pseudoretinal holes with indirect ophthal-
moscopy, 52, 52, 53
PVR, see Proliferative vitreoretinopathy

Radial folds, see Folds, radial
Refractive error, fundal variation with, 22, 23
Reticular cystoid degeneration, 38, 38; see also
Cystic/cystoid degeneration, reticular
Reticular degenerative retinoschisis, 38, 39,
39
incidence of, 39
reticular cystoid degeneration and, 38, 38
retinal detachment and, 39
sheathing of retinal vessels and, 39, 39
Retina
attached, 118, 130
color code sketch of substance, 118
edge of buckle beneath, 130
ophthalmoscopic appearance of buckle
beneath, 130
detached
color code sketch of pigment beneath, 126
ophthalmoscopic appearance of pigment
beneath, 126 .
developmental variations of, 26, 27-31
pigmentary lesions of, 96-101
choroidal melanomas, 99, 100
choroidal nevi, 96, 97
CHRPE, 96, 97
congenital grouped pigmentation, 97, 97
metastatic tumors, 98, 98
thin areas of
color code sketch of substance, 120
color code sketch of outline, 122
ophthalmoscopic appearance of, 120, 122
Retinal arterioles
color code sketch of, 118
ophthalmoscopic appearance of, 118
Retinal breaks; see also Retinal holes; Retinal
tears
interior, color code sketch of, 119
outline, color code sketch of, 120
ophthalmoscopic appearance of, 119, 120
Retinal degeneration(s), peripheral
classification system of, 26
cystoid; see Cystic/cystoid degeneration
lattice, 56, 57
snail track, 54, 55
tractional, 26, 43—49; see also Retinal tears;
Retinal dialyses
classification of, 44
trophic, 26, 33—41; see also Retinal holes;
Cystic/cystoid degeneration; Retino-
schisis; Paving-stone degeneration;
Honeycomb degeneration; Drusen

of inner neurosensory layer, 34, 35
of middle neurosensory layer, 36-39, 37,
38, 39
of outer neurosensory layer, 40, 41
trophic and tractional, 26, 51-71; see also
White-with-or-without-pressure; Snail
track retinal degeneration; Lattice reti-
nal degeneration; Hereditary vitreoreti-
nal degenerations(s); Vitreoretinal de-
generations(s), systemic conditions
associated with
white-with-or-without pressure and, 52
Retinal detachment(s)
Berger’s space and, 6
cataract surgery and, 4
choroidal nevus(i) and, 96
chorioretinal atrophy and, 130
colobomas and, 108
definition of, 10
Ehlers-Danlos syndrome and, 71, 71
familial exudative vitreoretinopathy and, 64
Goldmann-Favre disease and, 62
Harada’s syndrome and, 91, 91
homocystinuria and, 70, 70
honeycomb degeneration and, 41
and horseshoe tear with lattice retinal de-
generation, 57
long-standing, 110-113
characteristics of, 113, 113
demarcation lines and, 113, 113
intraocular fibrosis and, 110, 112
MPP and, 110, 111
PVR with, classification of, 110, 111
Marfan’s syndrome and, 68, 69
and membranes, abnormal, 110, 111, 112,
113
non-rhegmatogenous, 94, 94
ophthalmoscopic appearance of, 120, 123,
127, 129
operculum in chronic, 112
pars plana cysts and, 18
pars planitis and, 92, 92
paving-stone degeneration and, 40
reticular degenerative retinoschisis and, 39
retinal dialyses (juvenile), and, 46, 47
retinitis pigmentosa and, 104, 106
rhegmatogenous, see Rhegmatogenous, ret-
inal detachments and
serous, 99, 99
melanoma and, 100, 101
Shafer’s sign and, 7, 7
sketches of
demarcation lines within, 129
edge of buckle beneath, 127
hyperpigmentation in, 129
outline of shifting fluid in, 123
pigment within, 128
substance of, 120
Retinal dialyses (juvenile), 46, 47, 119
Retinal edema
Harada’s syndrome and, 91, 91
postphotocoagulation, 128
color code sketch of, 128
Retinal folds, fixed, 110, 111, 112, 113; see also
Folds, fixed
Retinal granular tags and tufts (cystic and
noncystic), 121; see also Tufts, granular
Retinal hole(s), 26, 34, 35; see also Retinal de-
generation, trophic
color code sketch of, 120
without opercula, 54
ophthalmoscopic appearance of, 119, 120
pseudoholes, 52, 52, 53

in retinoschisis, 119
color code sketch of, 119
trophic, with retinal detachment, 35
with snail-track retinal degeneration, 54
white-with- or-without-pressure and, 52
Retinal operculum (retinal flap)
chronic retinal detachment and, 112
color code sketch of, 124
ophthalmoscopic appearance of, 124
Retinal pigment epithelium; see also Neuro-
sensory retina, outer
choroid and, 10
deposits in
color code sketch of, 127
ophthalmoscopic appearance of, 127
Retinal pigment epithelium, congenital
hypertrophy of (CHRPE), 96, 97
“bear tracks’ (congenital grouped pigmen-
tation) and, 98, 98
differential diagnosis of, 96
drusen formation within, 96, 97
halo around, 96, 97
lacunae within, 96, 97
lipofuscin in, 96, 97
multifocal lesions in, 96, 97, 98, 98
visual field defects with, 96
Retinal tear(s), 44, 45
anatomic classification of, 44, 45
cystoid degeneration and, 36
definition of, 26
full-thickness, 45, 46-49, 47, 49
avulsion of the vitreous base and, 46, 47
oral, 46
retinal dialyses (juvenile), 46, 47
Harada’s syndrome and, 91
horseshoe, 57
partial thickness (extrabasal, intrabasal,
juxtabasal, paravascular extrabasal),
44, 45
retinitis pigmentosa and, 104
rolled edges of
color code sketch of, 123
ophthalmoscopic appearance of, 123
Shafer’s sign and, 7
vitreous base and, 4
white-with-or-without pressure and, 52
Retinal vein(s)
color code sketch of, 120
ophthalmoscopic appearance of, 120
Retinal vein occlusions
arteriosclerosis and, 82
branch, 82, 83
central, 82, 83
““cotton wool” spots and, 82, 83
glaucoma, hemorrhagic and, 82
hypertension and, 82
macular edema and, 82
microaneurysms and, 82
neovascularization and, 82
rhegmatogenous retinal detachments and,

visual acuity and, 82

vitreous hemorrhages secondary to, 82
Retinitis pigmentosa, 104, 105, 106

differential diagnosis of, 104

inheritance of, 104

ocular symptoms of, 104

ocular signs of, 104

picture in Goldmann-Favre disease, 62

vitreoretinal degeneration and, 105, 106

sine pigments and, 104

sector, 104

congenital grouped pigmentation and, 97



Retinoschisis, 38-39, 38, 39, 60, 61
acquired typical degenerative, 38-39, 39
aging and, 16, 17
congenital hereditary (juvenile), 60, 61
inner layer, color code sketch of, 122
ophthalmoscopic appearance of, 120, 122
reticular degenerative, 38, 38, 39, 39
substance, color code sketch of, 120

Retrolental fibroplasia (RLF), 86, 87
cicatricial phase of, 86
gestational age and, 86
neovascularization and, 86, 87
oxygen and, 86
stages of, 86, 87

acute, 86, 87
chronic, grades I through V, 86, 87

Rhegmatogenous retinal detachment(s)
choroidal detachments and, 93
choroidal melanomas and, 100
coloboma and, 108
chronic retinal detachment and, 112
membrane formation and, 110
pars planitis and, 92, 92
posterior vitreal detachment and, 4
retinal vein occlusions and, 82
retrolental fibroplasia (RLF), 86, 87
sickle cell retinopathy and, 84

RLF, see Retrolental fibroplasia

Sarcoidosis, 90, 90
““candle wax drippings” and, 90, 90
ocular manifestations of, 90
optic nerve and, 90
periphlebitis and, 90
“Schneckenspuren,” 54
Scleral buckling surgery
anterior segment ischemia and, 12
and ciliary nerves and vessels, 12
Scotomas
central, Goldmann-Favre disease and, 62
ring, retinitis pigmentosa and, 104
Shafer’s sign (“‘tobacco dust”), 7, 7
Sheathed vessels
color code sketch of, 129
ophthalmoscopic appearance of, 129
retinoschisis and, 39, 39
Sickle cell retinopathy, 84, 85
“black sunburst” sign of, 84
features of Hb-SC, 84
rhegmatogenous retinal detachments of,
84
“sea fans’’ of, 84
stages of Hb-SC, 84, 85
vitreous hemorrhages and, 84, 85
Slit-lamp biomicroscopy
of anterior vitreal cortex, 7
for cells in Berger’s space, 6
Snail-track retinal degeneration, 54, 55
incidence of, 54
inheritance of, 54
retinal holes with, 54
Snowflake(s)
color code sketch of, 125
ophthalmoscopic appearance of, 125
Snowflake vitreoretinal degeneration, 66,
67
cataracts and, 66
features of, with age, 66
retinal detachment and, 66
staging of, 66, 67
visual prognosis in, 66
Staphyloma, posterior
color code sketch of, 126

Marfan’s syndrome with, 68, 69
myopia with, 69
ophthalmoscopic appearance of, 126
Star folds, 110, 111, 112, 113
Stickler’s syndrome, 59; see also Wagner’s
hereditary vitreoretinal degeneration
inheritance of, 59
major ophthalmic and systemic abnormali-
ties of, 59
Striae ciliaris
color code sketch of, 126
ophthalmoscopic appearance of, 126
Subluxated lens, see Dislocated/subluxated
lens; Lens, dislocated/subluxated
Subretinal fluid, shifting, 112
color code sketch of outline, 123
ophthalmoscopic appearance of, 123
Subretinal strands, 112, 113
Surgery, choroidal detachments and, 93
Synchisis scintillans (cholesterolosis oculi),
75,75
biomicroscopy and, 75
crystals in, 75
glaucoma and, 75
ocular inflammation and, 75
ocular trauma and, 75
ophthalmoscopy and, 75
Systemic conditions associated with vitreoret-
inal degenerations, 58, 68-71
Ehlers-Danlos syndrome, 71, 71
homocystinuria, 70, 70
Marfan’s syndrome, 68, 69
Systemic diseases associated with retinal
pathology
amyloidosis, 76, 77
diabetes mellitus, 80, 81
Ehlers-Danlos syndrome, 71, 71
homocystinuria, 70, 70
hypertension, 82, 83
Marfan’s syndrome, 68, 69
sarcoidosis, 90, 90
sickle cell disease, 84, 85
Stickler’s syndrome, 59

““Tobacco dust’’ in anterior vitreous cortex,
see Shafer’s sign
Tooth/dentate folds, 28, 29; see also Folds,
dentate
Tractional retinal degenerations, 43—49; see
also Retinal degeneration(s), tractional
Tractional retinal break, 26; see also Retinal
tear
Trauma
avulsion of vitreal base and, 46
choroidal detachment and, 93
congenital grouped pigmentation and,

hyaloideocapsular interface and, 7
retinal dialyses (juvenile) and, 46
retinitis pigmentosa and, 104
synchisis scintillans and, 75
Trophic retinal break, see Retinal hole
Trophic retinal degeneration, 33—41; see also
Retinal degenerations, trophic
Tufts, granular, 30, 31
noncystic, 30, 31
cystic, 30, 31
vitreoretinal traction
color code sketch of, 121
ophthalmoscopic appearance of, 121
zonular traction, 30, 31
Typical cystoid degeneration, see Cystoid
degeneration, typical

Index

Ultrasound
choroidal detachments and, 93
choroidal melanomas and, 100
choroidal metastases and, 99
Uveal tissue
color code sketch of, 125
ophthalmoscopic appearance of, 125
Uveitis, 6
Berger’s space and, 6
granulomatous, Harada’s syndrome and, 91
slit-lamp biomicroscopy for, 6

Vascular anomalies
color code sketch of, 118
ophthalmoscopic appearance of, 118
Vasculosis iridis major, ciliary body and, 12
Vitreoretinal degeneration, 58-67; see also Ret-
“inal degeneration, trophic and trac-
tional; Hereditary vitreoretinal degen-
erations
advanced and progressive, in retinitis pig-
mentosa, 105, 106
systemic conditions associated with, 58,
68-71
Vitreoretinal traction tufts; see also Tufts,
vitreoretinal
color code sketch of, 121
ophthalmoscopic appearance of, 121
Vitreous, 2, 3
characteristics of, 2
regional anatomy of, 3
Vitreous attachments, 3, 4, 5; see also Vitreous
base
anterior, 3, 4
Wieger’s ligament (Egger’s line), 3, 4
posterior
equatorial, 4, 5
macular, peripheral, 4, 5
paravascular, 4, 5
peripapillary, 4, 5
Vitreous base, 3, 4, 14
avulsion of, 46, 47
excavations of, 34, 35
Vitreous body, degenerative conditions of,
74-77
amyloidosis of the vitreous, 76, 77
asteroid hyalosis, 74, 74
synchisis scintillans, 75, 75
Vitreous canals and spaces, 3, 6, 6-7
Berger’s space, 6, 6
Cloquet’s canal, 3, 6, 6
hyaloideocapsular space/interface, 6, 7
Petit’s canal, 6, 6
Vitreous cortex, 2, 3
anterior, 3, 4; see also Wieger’s ligament;
Vitreous base
posterior, 3; 4; see also Vitreous attachments
Vitreous detachment
“‘floaters’” and, 4, 5
posterior cortical, complete, simple, 4, 5
retinal tears and, 4
Vitreous gel, 2, 3
Vitreous (peripapillary) hemorrhage, 4
Berger’s space and, 6, 6
color code sketch of, 123
diabetic retinopathy and, 80
melanoma and, 100
ophthalmoscopic appearance of, 123
posterior cortical vitreous detachment and,

retinal vein occlusion and, 82
sickle cell retinopathy and, 84, 85
vortex veins and, 12
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Vitreous membranes, abnormal, retrolental
fibroplasia and, 86; see also Mem-
branes, vitreous

Vortex vein(s) (vortex venous system), 10, 11,
12, 13

ampulla of, 10, 11, 13

anterior segment ischemia and, 12
cavernous sinus and, 10

color code sketch of, 118

external jugular vein and, 10
obstruction, sequelae of, 12
ophthalmoscopic appearance of, 118

orbital surgery and, 12

superior oblique muscle and, 10

vitreous hemorrhage and, 12
Vortex vein’s ampulla, 10, 11, 13

Wagner’s hereditary vitreoretinal degenera-
tions, 58-59, 58; seee also Stickler’s syn-
drome

inheritance of, 58
major ophthalmic and systemic abnormali-
ties of, 59

White-with-or-without-pressure, 52-53, 52,
53; see also Indirect ophthalmoscopy
with scleral depression

aging and, 16

color code sketch of, 122

myopia and, 22

ophthalmoscopic appearance of, 122
Wieger’s ligament (Egger’s lines), 3, 4

alpha-chymotrypsin and, 4

Zonular traction tufts, 30, 31
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