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1 Purpose

The main purpose of this document is twofold. It is to:
¢ Provide background information on myopia

e Provide a rationale and study design for a pharmacological treatment for juvenile onset
myopia.

Novartis has been studying myopia for many years and considers it a serious ocular condition
that warrants the development of new therapies. Based upon discussions with various experts
around the world, as well as with Health Authorities including the Food and Drug
Administration (FDA), we are proposing a clinical trial design that we believe is adequate to
assess the safety and efficacy of a pharmacological treatment of myopia.

2 Background

2.1 Introduction to myopia

Juvenile onset myopia, or shortsightedness, is defined as refractive error where parallel rays
of light come to focus in front of the retina due to axial elongation of the eyeball, resulting in
blurred vision. This does not include myopia secondary to other ocular, systemic, or
neurodevelopmental conditions which are outside the scope of Novartis’ research. Juvenile
onset myopia usually occurs during the ages of 6 to 16 years (school-age myopia) with mean
cessation ages ranging from 14.44 to 15.28 years for females and 15.01 to 16.66 years for
males (Goss and Winkler 1983).

The axial elongation results from uncontrolled growth of the sclera and leads not only to the
refractive error in the optical system of the eye but also to stress on the tissues of the eye due
to the resulting anatomical defect (Figure 1). Depending on the degree, this stress can lead to
serious ocular complications later in life. While refractive error is most significant to the
myopic patient, this defect is merely a symptom of the underlying pathophysiologic changes.
These changes have the potential to lead to long-term complications such as retinal
detachment, retinal degenerative changes, glaucoma, and cataracts. The stages of myopia
have commonly been categorized as low (-0.50 to less than -3.00 diopters (D)), moderate
(-3.00 to less than -6.00 D), and severe (more than -6.00 D).

Myopia is highly prevalent, increasing with age until maturity (Negrel, et al 2000). Refractive
errors are one of the most common causes of impaired vision in the United States (US),
affecting approximately 25% of persons aged 12 to 54 years old (Sperduto, et al 1983, Wang,
Klein, and Moss 1994). Myopia is a significant problem, not only because of its high
prevalence, but also because it can contribute to visual morbidity and increase the risk of
vision-threatening conditions. Although many researchers agree that children’s refractive
status is in part genetically determined, evidence shows that visual experiences early in life
(i.e., amount of near work) may affect ocular growth and eventual refractive status (Mutti, et
al 2002).

As the fifth most frequent cause of registrable blindness in developed countries (Curtin 1985),
myopia is recognized as an important health concern by many public health organizations.
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The World Health Organization (WHO) has selected five conditions to study with the goal of
eliminating avoidable blindness. Refractive error is one of these conditions. Indeed, patients
with myopic retinopathy are legally blind for an average of 17 lifetime years, compared to 5
lifetime years of blindness due to diabetes and age-related maculopathy, and 10 lifetime years
from blindness in glaucoma (Green, Bear, and Johnson 1986).

The National Eye Institute (NEI) has included support for myopia-related research in its 5-
year strategic program. The NEI plans to “identify human risk factors of myopia and
abnormal eye growth and evaluate promising treatments for preventing the onset of or
slowing the progression of myopia, such as special spectacles or contact lenses or
phamacological treatments” (National Advisory Eye Council 1998). The annual cost of
myopia in the US is approximately $4.8 billion” (PolyTech University-Hong Kong 2003).

Figure 1 Normal versus myopic eye

Shorter / Rounder Emmetropic Eye

Longer / Oval Shaped Myopic Eye

2.2 Prevalence of myopia

As part of HANES (National Health and Nutrition Examination Survey) conducted by the
National Center for Health Statistics in the US from 1971 to 1972, eye exams were performed
on 9,882 of the 14,147 person sample. From this dataset, the prevalence of myopia in the US,
in persons aged 12 to 54 years old, was estimated to be 25% (Table 1). Whites had
substantially higher rates than blacks, and women had significantly higher rates than men up
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to the age of 35. Interestingly, the prevalence of myopia increased as family income rose and
also increased markedly for all age groups as the number of years of school completed rose.
With respect to geography, the prevalence of myopia seems to vary by country (Table 2;
Wilson et al 1989).

Table 1 Prevalence of myopia in the US
Race and Sex All ages Age Age Age Age Age
1217 18-24 25-34 35-44 45-54
AllR
aces 25.0% 24.0% 27.7% 24.2% 24.5% 24.8%
Both sexes
Men 22.8% 21.7% 22.5% 20.2% 26.1% 24.4%
Women 27.1% 26.4% 32.5% 27.8% 23.2% 25.1%
Whit
tes 26.3% 25.8% 29.7% 25.6% 24.9% 25.5%
Both sexes
Black
acks 13.0% 12.0% 10.4% 12.3% 14.8% 17.3%
Both sexes

Source: Sperduto, et al 1983

Table 2 Prevalence of myopia by country
Country Myopia %

China 70%

us 25%

UK 27%

Sweden 33%

India 22%

Israel 18.4%

Germany 13.8%

Source: Wilson and Woo 1989

2.3 Natural history of myopia

Progression of myopia is highly variable among individuals. Once myopia appears in a child,
it almost always increases in severity (Biicklers 1953). Generally, a progression rate of -0.45
D per year is observed in juvenile Caucasians (8 to 12-year-old) (Goss and Cox 1985). For
juvenile onset myopia in Asians, the rate of progression typically observed is twice that in
Caucasians (Saw, et al 2002).

A correlation has been observed between the age of onset and final refractive status, where
earlier onset seems to lead to a higher final amount of myopia (Goss and Cox 1985,
Maintyjéarvi 1985, Table 3). An important aspect of this trend may be the consideration of
puberty, where onset of myopia prior to puberty may result in greater final myopia.
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Table 3 Earlier onset leads to higher levels of myopia
Age of the onset of myopia Mean diopters at age 15 to 16
(years)
7t08 5.00
9 4.43
10 4.16
11 3.16
12 2.75
13 2.54
14 2.11
15 1.15

Source: Mantyjarvi 1985

24 Risk factors for developing myopia

Generally, the causes of myopia are classified in terms of either genetic or environmental.
(Mutti and Zadnik1995, Zadnik 2002, Mutti, et al 2002). Studies have shown that the
prevalence of myopia in children with 2 myopic parents is 32.9%, decreasing to 18.2% in
children with 1 myopic parent, and to less than 6.3% in children with no myopic parents
(Table 4). The most common environmental factor cited is near work, where a statistical
association between myopia, increasing education and higher amounts of near work has been
observed.

Table 4 Association between myopia in parents and children
Parental Myopia Prevalence of children  Univariate odds ratios
with myopia (95% CI)
None 6.3 % ---
1 myopic parent 18.2 % 3.31 (1.32-8.30)
2 myopic parents 329 % 7.29 (2.84-18.7)

Source: Mutti, et al 2002

2.5 Quality of life issues associated with myopia

In trying to better understand the impact of myopia from the perspective of the patient on
daily life, it is useful to consider 2 concepts, namely, the far point and the effect that myopia
has on loss of visual acuity (VA). The far point is the furthest point at which a person can see
clearly. For myopes, this point moves closer and closer to the eye, as the degree of myopia
increases. For example, the far point of -1.00 D myope = 40 inches; for a -2.00 D myope, the
far point = 20 inches. Objects beyond the far point are recognizable, however, they become
progressively more “blurred” with increasing distance. This change in the far point is what
gives rise to the phenomenon of high myopes (-6.00 D or more of myopia) holding books
very close to their face to read when they are not wearing their spectacle correction.

To appreciate the magnitude of the impact of myopia with respect to loss of uncorrected
visual acuity (UCVA), we can consider a “rule of thumb” relationship that is used by many
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clinicians when they refract patients (Table 5; Bennett and Rabbetts 1989). This provides an
approximate relationship between unaided vision and spherical myopia.

Table 5 Relationship between acuity and refractive error
Visual Acuity’ Spherical Error (D)

20/20 -0.25

20/30 -0.50

20/40 -0.75

20/60 -1.00

20/80 -1.50

20/120 -2.00

20/200 -2.00 to -3.00

Uncorrected

Based on this relationship, a -2.00 D myope would have an unaided VA of approximately
20/120. To better understand the significance of this decay in unaided VA, consider the
following subjective clinical overview of vision requirements for various activities and
professions (Table 6). This list was compiled based on Novartis’ discussions with clinicians
working in the field of myopia research.

Table 6 Visual requirements for certain activities and professions
Activity Minimum Vision Required
20/20 20/25 20/30 20/40 20/50 20/60
Hit an overhand baseball X
Obtain a pilot license X
See chalk board from back of class X
room
Interpret coach/director instructions X
from field or stage
Obtain an unrestricted drivers license X
in most states
See necessary distances for diving X
and swimming
Scan full distance of soccer X
or football field
Perform near work at comfortable X
distance
Recognize faces across a crowded X
room

In light of the effect of myopia on the far point as well as unaided VA, it is noteworthy to
consider the significant number of people with myopia who have opted to undergo laser
refractive surgery (Figure 2). The fact that so many myopic patients choose this alternative
when non-invasive treatment options exist appears to be reflective of the significance of
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myopia on their daily quality of life and their dissatisfaction with these treatment options
(Market Scope Research, 2003).

Figure 2 US LASIK procedures by year
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Quality of life measures are often difficult to quantify, and indeed, it is very difficult to find
published studies in this regard with respect to myopia. However, in the United Kingdome
(UK), a study was performed to assess the effect of degree of myopia on quality of life. The
control group for this study was a group of keratoconus patients who were being treated with
optical correction. Quality of life was assessed using the VF-14 questionnaire as well as data
from interviews. It was determined that high myopes (more than -10.00 D) experienced an
impaired quality of life similar to patients with keratoconus (Rose, et al 2000).

2.6 Complications associated with myopia

This section summarizes the main medical complications associated with myopia. As seen in
Figure 3, the effect of significant axial elongation on the structure of the eye can result in
various complications which typically manifest later in life.
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Figure 3 Potential complications of myopia
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2.6.1 Retinal disease and myopia

2.6.1.1 Myopic retinopathy

Myopic retinopathy has long been recognized as a serious cause of blindness. Myopic
retinopathy is characterized by a variety of degenerative retinal changes. Progressive and
excessive elongation of the eye associated with high myopia results in various funduscopic
changes within the peripheral and central retina (Rabb and LaFranco Garoon 1981, Noble and
Carr 1982, Steidl and Pruett 1997). These changes include chorioretinal atrophy,
lacquer cracks, subretinal hemorrhage, choroidal neovascularization (CNV), Fuchs’ spot
(Levy, Pollock, and Curtain 1977, Hotchkiss and Fine 1981, Jalkh, et al 1987, Hayasaka,
Uchida, and Setogawa 1990), and posterior staphyloma (Curtin and Karlin 1971, Eiurtin.
Among the various myopic fundus lesions, macular CNV is the most common vision-

threatening complication of high myopia (Fried, Siebert, and Meyer-Schwickerath 1981,
Hampton, Kohen, and Bird 1983, Avila, et al 1984).

Myopic retinopathy has been surveyed infrequently in population-based studies. However,
the population-based Blue Mountains Eye Study determined prevalence rates of myopic
retinopathy in a population aged 49 years or older (Table 7; Vongphanit, Mitchell, and Wang
2002). In this population, the prevalence of myopic retinopathy increased markedly with
increasing levels of myopia. This observation is consistent with other studies showing a
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higher prevalence of pathologic signs at greater axial lengths (Curtin and Karlin 1971 and
Gozum, et al 1997).

Table 7 Prevalence of myopic retinopathy

Spherical equivalent Myopia Myopic retinopathy
refraction (D) n (%) n (%)
>-1.00 3179 (87.0) 10 (0.3)

-1.00 to -2.99 295 (8.1) 2(0.7)

-3.00 to -4.99 101 (2.8) 3(3.0)

-5.00 to -6.99 44 (1.2) 5(11.4)

-7.00 to -8.99 14 (0.4) 4 (28.6)
<-9.00 21 (0.6) 11 (52.4)

Source: Vongphanit, Mitchell, and Wang 2002

2.6.1.2 Lattice degeneration and myopia

Estimates of the prevalence of lattice degeneration due to myopia range from 6% to 8% (Byer
1979, Straatsma, et al 1974). In eyes with retinal detachment due to myopia, (Straatsma and
Allen 1962) previously found that 30% of eyes had lattice degeneration. Tornquist had
similar findings and noted patients experiencing retinal detachment with lattice degeneration
were more likely to be younger and myopic (Tornquist, Tornquist, and Stenkula 1987).

2.6.1.3 Retinal detachment

Myopic eyes are at an increased risk for retinal detachment (Perkins 1979, Ogawa and Tanaka
1988, The Eye Disease Case-Control Study Group 1993). This increased risk occurs even at
low degrees of myopia and increases in patients with higher myopia. As one example, The
Eye Disease Case-Control Study found that the risk for retinal detachment in eyes with -1.00
D to -3.00 D of myopia is more than 4 times that compared to no myopia, whereas this risk
for an eye with more than -3.00 D of myopia is nearly 10 times that of an eye with no myopia.
In another case-controlled study, similar risks were found for mild and moderate levels of
myopia compared to no myopia. For eyes with severe myopia, the risk of retinal detachment
is 26 times that of an eye with no myopia (Ogawa and Tanaka 1988).

While the incidence of retinal detachment is relatively low, the cost of treatment and impact
on vision are high. (Burton 1982) observed that only 40% of treated eyes recover to 20/50 or
better acuity when the detachment involved the macula.

2.6.2 Glaucoma and myopia

An association between myopia and glaucoma has been recognized for decades. Larger
recent studies support a relationship between the two, even for low degrees of myopia. In the
Blue Mountains Eye study (Mitchell, et al 1999), an association was observed between degree
of myopia and prevalence of glaucoma. In this population-based study, persons with low
myopia (-1.00 to -3.00 D) were twice as likely to have glaucoma (OR, 2.3; 95% CI 1.3 to 4.1)
whereas those with moderate myopia (-3.00 D and greater) were 3 times as likely to have
glaucoma (OR, 3.3; 95% CI 1.7 to 6.4). Other studies have shown a correlation between
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myopic refraction and increasing intraocular pressure (IOP) and an increased odds of having
glaucoma in persons with myopia (Wong, et al 2003).

2.6.3 Cataract and myopia

An association between cataract and myopia has been reported in cross-sectional population
based studies (Wong, et al 2001, Younan, et al 2002). In the Blue Mountains Eye study, the
strongest association was reported between high myopia and nuclear cataract, moderate to
high myopia and posterior subcapsular cataract, and any myopia and cataract surgery. In the
Beaver Dam Eye Study, an association between any myopia and cataract surgery was
reported, however, an association between nuclear, cortical and subcapsular cataracts was not
observed.

2.7 Current treatments for myopia

The current treatments for myopia include spectacles with single-vision lenses, contact lenses,
and refractive surgery. These treatments only correct the refractive error due to myopia.
They do not address the underlying pathophysiologic changes associated with excessive axial
elongation of the eye. A recently published article reinforces this point:

“Popular (refractive) procedures seem almost irrelevant to the discussion of high
myopia. These procedures improve cosmesis, but provide no relief for the
pathological process of high myopia” (Bell 1993).

Reports of interventions attempting to retard the progression of myopia have included
progressive addition and bifocal spectacles, contact lenses and eyedrops including atropine
and the topical beta-blocker, timolol maleate (Saw, et al 2002, Gwiazda, et al 2003). Studies
involving bifocal spectacle lenses with various additions, progressive addition lenses (PAL),
topical tropicamide and topical timolol have not demonstrated clinically significant effects
with respect to slowing either the progression of refractive error or the increase in axial length
growth. Reports involving topical atropine in concentrations of 0.5% and 1.0% have
demonstrated statistically significant effects. However, the side-effects associated with
topical atropine are generally considered unacceptable for long-term therapy, and therefore,
topical atropine has not been accepted as a treatment for slowing progression of myopia. In a
recent review of all published interventions for slowing the progression of myopia, it was
noted that “the latest evidence from randomized clinical trials does not provide sufficient
information to support interventions to prevent the progression of myopia” (Saw, et al 2002).

3 Proposal and rationale of a study design for a
pharmacologic treatment of myopia

3.1 Indication

Novartis is proposing the following indication based on the population and primary variable
being proposed for study: Reduction of progression of myopia in patients diagnosed with
juvenile onset myopia.
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3.2 Population

Eligible patients will be diagnosed with juvenile onset myopia, aged 6 to 12 years, and meet
the following criteria:

e Refractive status as determined by cycloplegic autorefraction: -1.00 to - 4.00 D
e Astigmatism: <1.25 D in either eye
e Anisometropia: <1.00 D (spherical equivalent between eyes)

e No known ocular, systemic, or neurodevelopmental condition that might affect refractive
development.

3.3 Study design

Prospective, randomized, double-masked, placebo controlled study. For the purposes of
registration, Novartis proposes a period of 30 months on-drug as being an adequate period of
time to establish efficacy and safety.

Given the patient population being studied, it is appropriate to have additional safety data
resulting from an extended exposure period. The length of exposure being proposed is
consistent with feedback from experts in the myopia treatment community and exceeds the
ICH guideline regarding the exposure period required for drugs intended for long-term
treatment of non-life-threatening conditions (i.e., this guideline stipulates that 300 to 600
patients should have exposure data for 6 months and a minimum of 100 patients should have
exposure data for 12 months).

An “off drug” period of 6 months is also being proposed to address the potential concern
regarding rebound associated with discontinuation of therapy. It is important to understand
that cessation of therapy during the period of life where myopia is naturally progressing, will
result in a resumption of progression of myopia. This phenomenon is not a rebound effect.
The concern regarding rebound centers around the potential for an acceleration of progression
of myopia to occur upon cessation of therapy. A period of 6 months is considered adequate
for the manifestation of any rebound effect.

3.4 Primary outcome measure

The primary outcome measure is progression of myopia as expressed by the change from
baseline in spherical equivalent refractive error (SER) assessed using cycloplegic
autorefraction.

3.5 Efficacy variables

3.51 Primary

Novartis proposes a primary efficacy variable based on a comparison of the proportion of
patients in the treated versus placebo groups whose myopia progresses by -2.00 D or greater
at a predetermined time point.
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3.5.2 Secondary

The proposed secondary efficacy variable is a comparison of change in axial length between
treated and untreated groups.

3.6 Rationale for the primary efficacy variable and treatment period

3.6.1 Rationale for outcome measure

The progression of myopia can be characterized as having 2 primary outcomes that are
significant to the patient. These are the change in refractive error that reduces unaided VA
and the development of ocular complications. The development of ocular complications
results from the stress on the ocular system arising from axial elongation of the ocular globe
due to increased vitreous chamber length. The increased axial length of the ocular system
leads to the change in refractive status of the system and results in the most immediate impact
to the patient, a reduction in the ability to see clearly. Using refractive error as assessed by
cycloplegic autorefraction is the best method for assessing the refractive status of the ocular
system. It is an objective measure with minimal variability and is the approach generally
accepted by experts in the field as being most relevant for clinical research. Thus, change in
refractive status as assessed by change in refractive error is a clinically significant outcome
measure for a treatment of juvenile onset myopia.

3.6.2 Rationale for magnitude of change

To use change in SER as a primary measure of efficacy, we must define the magnitude of
change that is clinically meaningful. We will address this by defining:

e The change in refractive error considered to be clinically significant based on objective
criteria. This change =0.75 D.

e The change in refractive error considered to be clinically significant based on subjective
criteria. This change = 1.00 D to 2.00 D.

3.6.2.1 Change in refractive error considered to be clinically significant based
on objective criteria

When either best-corrected visual acuity (BCVA) or UCVA have been used as endpoints to
approve new treatments in ophthalmology, a change that corresponds to a doubling of the
visual angle has been considered clinically significant.

e For Drugs—a 3-line loss in BCVA on an Early Treatment Diabetic Retinopathy Study
(ETDRS) chart has been accepted by the FDA as clinically significant for the purpose of
approving new drugs for age-related macular degeneration (AMD); this change
corresponds to a doubling of the visual angle.

e For Devices—Ilasers approved for laser refractive surgery, the effectiveness endpoint
based on VA defined in the FDA guidance document is “percentage of eyes with UCVA
20/40 or better ([best-spectacle corrected visual acuity (BSVA)] 20/20 or better
preoperatively).” Thus, for eyes in which it is possible to correct to 20/20, a primary
endpoint is based on the percentage of eyes whose UCV A does not decay beyond a
doubling of the visual angle.
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The change in refractive error that corresponds to a doubling of the visual angle can be
calculated to be 0.75 D. This number arises from evaluating VA decay with refractive error
changes. For this evaluation, we used a dataset of 45,206 physical examination records where
7,482 refraction records were reviewed (Pincus 1946). Figure 4 presents the UCVA data prior
to dilation in the subset of patients that exhibited spherical myopia on cycloplegic refraction.

Figure 4 Relationship between uncorrected visual acuity and refractive
error
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In addition to criteria that have been defined for VA changes that can be considered as
clinically significant, the following criteria have been defined in the Center for Device and
Radiologic Health’s (CDRH) guidance document for Refractive Surgery Lasers with respect
to refractive error changes that are part of the definitions of effectiveness. Based on the
inclusion of these criteria, changes of these magnitudes are considered to be clinically
significant:

Percentage of eyes that achieve predictability (attempted versus achieved) of manifest
refraction spherical equivalent of £2.00 D, £1.00 D, and +0.50 D.

3.6.2.2 Change in refractive error considered to be clinically significant based
on subjective criteria

Two subjective criteria have been chosen to support a determination of clinical significance, a
patient-driven treatment decision option and a measure of quality of life associated with
change in refractive status. Based on these criteria, a change in refractive error of 1.00 to 2.00
D can be considered clinically significant.

3.6.2.2.1 Patient-driven treatment option

When considering options to pursue for correction of the optical defect associated with
myopia, patients have a variety of non-invasive and invasive treatments from which to
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choose. We considered the choice of a patient to pursue an invasive treatment option such as
laser refractive surgery to be a significant indication of their dissatisfaction with their
refractive status.

We used the most prevalent form of laser refractive surgery (i.e., LAser in-Sltu
Keratomileusis (LASIK)) and a sample of over 6,000 LASIK patients undergoing this
procedure during the years 1996 to 2002. In considering the distribution of the percent of
patients undergoing LASIK as a function of pre-operative myopia, a significant rise in the
incidence occurs as the pre-operative refractive status approaches -2.00 D. This rise does not
occur as the pre-operative refractive status approaches -3.00 D or -4.00 D. It is important to
note that the prevalence of myopia in the population is highest at lower levels and is similar in
the 2.00 to 5.00 D range. Using this subjective criteria, a 2.00 D change in refractive error
can be considered clinically significant.

Figure 5 Percent of LASIK refractive procedures compared to pre-
operative refractive status

Percentage of Lasik Procedures

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pre-Op Myopia, Diopters
Source: Market Scope Research, 2003

3.6.2.2.2 Quality of Life Measure Associated with Change In Refractive Error

The Refractive Status and Vision Profile (RSVP) is a validated questionnaire designed
specifically to measure self-reported vision-related health status via evaluation of symptoms,
functioning, expectations and concern in persons with refractive error.
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The RSVP includes 8 subscales, and an overall score which assess physical-social
functioning, driving, psychological functioning, symptoms, optical problems, glare, problems
with corrective lenses, and expectations (specifically, expectations related to post-surgical
outcome associated with refractive surgery).

When the effect of changes in SER were considered in terms of reported patient satisfaction in
patients who have not undergone laser refractive surgery, it was found that for every
additional diopter of SER (i.e., with increasing severity of myopia), people are significantly
more likely to report being dissatisfied with their vision, even after adjustments for age,
gender, lens type (spectacles or contact lenses), and RSVP subscale quality of life measures.
As expected, for every additional 2.00 D of change in SER, the reduction in satisfaction is
even more pronounced (Vitale, et al 2000).

3.6.3 Rationale for a dichotomous versus continuous variable

Novartis is proposing a dichotomous variable as the primary variable because we believe it
better reflects the treatment effect of a therapy for juvenile onset myopia.

Given the population we are proposing to study, a dichotomous variable of 2.00 D reflects the
treatment effect in preventing the progression of the population through significant steps of
myopic progression (Table 8). It reflects the difference between the treated and untreated
groups in the percent of patients who progress from mild to moderate and from moderate to
severe myopia.

Table 8 Change in stage of myopia with —2.00 D progression
Baseline myopia (SER) (D) Progression of 2.00 D and Stages reflected
greater
-1.00 to less than -3.00 D -3.00 to less than -6.00 D Mild to moderate
-4.00D -6.00 D and greater Moderate to severe

Definitions of Stages of Myopia:
-1.00 D to less than -3.00 D = Mild myopia
-3.00 D to less than -6.00 D = Moderate myopia
-6.00 D and greater = Severe myopia

If a continuous variable were to be required, it would not be reasonable to impose a
requirement of demonstrating a 2.00 D difference between groups at 30 months. Novartis
does not believe a continuous measure is a clinically meaningful as a dichotomous measure,
but if it were to be required a different threshold for clinical significance should be applied.
To better understand what this threshold should be, we undertook a statistical modeling
experiment.

We used as the basis for our modeling the recently published data (Gwiazda, et al 2003) from
the Correction of Myopia Evaluation Trial (COMET). This study enrolled a population that is
very similar to the population we are proposing to study. These data were collected from a
double-masked, randomized sample based in the US.

When the sample size was determined for the COMET study, a potential treatment effect of
33% was assumed as part of the calculation. This magnitude of treatment effect was
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considered clinically significant by the COMET study group. We used this same assumption
to model the theoretical difference in mean refractive error that could be achieved if a
treatment exhibited a 33% treatment effect each year for a period of 3 years. Additionally, we
considered the potential treatment effect in the model if a 50% treatment effect were achieved
(Tables 9 and 10).

Table 9 Estimated changes from baseline (slopes) in mean refraction
assuming active reduces myopic progression by 33%
Interval Active Control Annual Treatment Cumulative
Effect Treatment Effect

0-1 Year -0.40 -0.60° 0.20 0.20

1-2 Year -0.33 -0.49 0.16 0.36

2-3 Year -0.26 -0.39° 0.13 0.49

Total -0.99 -1.48 0.49 -

Estimated values from COMET SVL group (N=234; Mean age = 9.4 yrs; Mean
refraction = -2.37 D).

Table 10 Estimated changes from baseline (slopes) in mean refraction
assuming active reduces myopic progression by 50%
Interval Active Control Annual Treatment Cumulative
Effect Treatment Effect

0-1 Year -0.30 -0.60° 0.30 0.30

1-2 Year -0.25 -0.49 0.24 0.54

2-3 Year -0.20 -0.39° 0.19 0.73

Total -0.75 -1.48 0.73 -

Estimated values from COMET SVL group (N=234; Mean age = 9.4 yrs; Mean
refraction = -2.37 D).

As can be seen from Table 9, a treatment of myopia that can maintain a 33% year-over-year
improvement versus the control group will result in a treatment difference of - 0.49 D after 3
years of treatment. As seen in Table 10, a treatment of myopia that can maintain a 50% year-
over-year improvement versus the control group will result in a treatment difference of - 0.73
D after 3 years of treatment. Based on an assumption of a reasonable treatment effect, namely
33% and 50%, it would not be possible to achieve a treatment effect difference (i.e.,
difference in mean refractive error between groups) of 2.00 D, even if the clinical study were
to involve 3 years of treatment. It may be possible, however, to achieve a treatment effect of
0.75 D, which is consistent with the clinically significant effect we defined based on objective
criteria.

4 Conclusion
The condition of myopia continues to be a problem in society. The issues surrounding
myopia can be characterized by the following:

e Myopia has been recognized by governmental health agencies as a significant public
health condition requiring research and new treatments.
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e Patients diagnosed with myopia continue to search for treatments to alleviate this
condition. This is reflected by the significant growth in laser refractive surgery over the
last decade, even when many non-invasive treatment options exist.

e Current available treatments address only the optical defect associated with myopia, they
do not affect the underlying pathophysiologic changes that lead to long-term
complications.

e An association between myopia and significant long-term complications has been reported
by many investigators. These complications include retinal detachment, myopic
retinopathy and glaucoma.

¢ Evidence also suggest an increasing risk for developing certain of these complications
with higher degrees of myopia.

e Patients diagnosed with myopia continue to search for treatments to alleviate this
condition. This is reflected by the significant growth in laser refractive surgery over the
last decade, even when many non-invasive treatment options exist.

A pharmacological approach to treatment represents the only avenue for addressing both the
optical defect associated with myopia as well as the underlying pathophysiologic changes
resulting from excessive axial elongation.

Because the significant complications associated with myopia do not generally manifest until
later in life, but the physiologic defect leading to these complications occurs early in life, a
clinical development program based on the development of a complication associated with
myopia is not feasible. Therefore, another outcome measure is needed if new therapies are to
be developed.

Refractive error associated with myopia is the optimal alternative. It represents the aspect of
myopia that is most relevant to patients, has the greatest immediate impact on their life and is
reflective of the underlying pathophysiologic changes that are occurring.

Novartis has presented a proposal for an endpoint based on using change in refractive error as
an outcome measure. We have defined a clinically significant change in this parameter which
can be used to measure a treatment effect based on various criteria and have proposed a
treatment period that addresses the safety concerns reflective of the population being studied.

We believe this approach represents the best balance between measuring a treatment effect
using a parameter which is clearly important to the patient but also allows for the reasonable
development of new treatments in a safe manner.
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Neovascularization in
Degenerative Myopia

MARCOS P. AVILA, MD, JOHN J. WEITER,
CLEMENT L. TREMPE, MD, RONALD C. PR

MD, ALEX E. JALKH, MD,
UETT, MD, CHARLES L. SCHEPENS, MD

Abstract: We studied 354 eyes with myopic chorioretinal degeneration by
means of standard clinical evaluation and fluorescein angiography. The eyes
were classified on the basis of the degree of chorioretinal degeneration found
in the posterior pole. Lacquer cracks (breaks in Bruch's membrane) were
noted in 82% of the 149 eyes with choroidal neovascular membranes (CNM)
and in 96% of the 58 eyes with isolated subretinal hemorrhages. These
hemorrhages were reabsorbed without adverse visual sequelae in 32 eyes
that were foliowed; in 14 of these eyes that were followed closely, the
average time of reabsorption was 6.4 weeks. Seventy eyes with CNM were
followed for an average of 40.9 months. In 96% of these eyes the CNM
remained stable or regressed, leaving an atrophic, nonexudative scar. This
study indicates that CNM in degenerative myopia is usually self-limited. [Key
words: Bruch's membrane, choroidal neovascular membrane, chorioretinal
degeneration, degenerative myopia, lacquer cracks, laser photocoagulation.]

Ophthajmology 91:1573-1581, 1984

Simple myopia may be caused by a small increase in
the globe’s axial length or an increase in the refractive

power of the eye; such eyes demonstrate near-normal

anatomy. In contrast, degenerative myopia (also called
pathological, progressive, or pernicious myopia) is an
ocular disease characterized by excessive axial length,
abnormal visual functions, and a number of changes in
the ocular tissues. Chorioretinal degeneration is the most
prevalent posterior fundus change noted.! Degenerative
myopia (> —6D), the seventh leading cause of blindness
in adults in the United States,? is present in about 0.5%
of the geneéral .population in Europe® and is estimated
to represent 2% of all types of myopia.*

The pathogenesis of the degenerative changes in the
macula of the highly myopic eye is the subject of this

From the Eye Research Institute of Retina Foundation and Retina
Associates, Boston.

Presented at the Eighty-eighth Annual Meeting of the American Academy
of Ophthalmology, Chicago, llinois, October 30-November 3, 1983.

Supported in part by the Massachusetts Lions Eye Research Fund, Inc.

Reprint requests to Marcos P. Avila, MD, Library, Eye Research Institute,
20 Staniford Street, Boston MA 02114,

study. We used fluorescein angiography to elucidate the
natural course of some of these macular changes, partic-
ularly the development of a choroidal neovascular mem-
brane (CNM).

MATERIALS AND METHODS

PATIENTS

We reviewed the records of 188 patients (354 eyes)
with degenerative myopia, examined by the Retina
Associates between 1970 and 1982. Eighty-six patients
(46%) were men and 102 (54%) were women; their
average age at initial visit was 48.8 years (range, 14-80
years). The refractive error (in spherical equivalents)
ranged from —6.50 to —24.50 diopters. Patients were
referred for further examination when macular changes
were suspected or identified. Thus, this group of selected
patients does not necessarily reflect the general prevalence
of myopic macular changes. Patients with a history of
retinal detachment surgery, diabetes, retinal vascular
disease, glaucoma (intraocular pressure >20 mmHg),
senile macular degeneration, or ocular injury were €x-
cluded.
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Fig 1. Left eye of a 46-year-old woman with V, choroidal neovascular membrane and grade M; degenerative myopia. Lefl, early fluorescein
transit shows hyperfluoresence associated with filling of the choroidal neovascular membrane. Right, late transit shows minimal leakage confined

to choroidal neovascular membrane borders.

Fig 2. Left eye of a 61-year-old woman with V; choroidal neovascular membrane and grade M, degenerative myopia. Left, early fluorescein
transit shows hyperfluoresence associated with filling of the choroidal neovascular membrane. Right, late transit shows marked leakage which
extends beyond choroidal neovascular membrane borders.

PROCEDURES

The initial evaluation included a detailed fundus
drawing using indirect stereoscopic ophthalmoscopy,
fluorescein angiography, and stereoscopic fundus color
photographs. These procedures were repeated as neces-
sary during follow-up visits. Best corrected visual acuity
was measured at each visit using the same standard
equipment for visual acuity testing.

We made note of the following conditions whenever
they were present in the posterior pole: fundus pallor
and tessellation (terms used synonymously with choroidal
thinning), diffuse or focal chorioretinal atrophy, posterior
staphyloma, and lacquer cracks. These myopic changes
(M) were graded retrospectively on a scale of increasing

1574

severity from 0 to 5, as follows: Grade M, (4 eyes),
normal-appearing posterior pole; Grade M, (25 eyes),
choroidal pallor and tessellation; Grade M, (39 eyes),
choroidal pallor and tessellation, with posterior pole
staphyloma; Grade M; (201 eyes), choroidal pallor and
tessellation, with posterior pole staphyloma and lacquer
cracks; Grade M, (75 eyes), choroidal pallor and tessel-
lation, with posterior pole staphyloma, lacquer cracks,
and focal areas of deep choroidal atrophy; Grade M;
(10 eyes), posterior pole showing large geographic areas
of deep choroidal atrophy (*bare sclera”).

Since lacquer cracks are subtle changes frequently
missed in routine examination, we projected 35-mm
slides from color, monochromatic, and fluorescein an-
giography photographs to aid in their detection.



AVILA, ot al o CHOROIDAL NEOVASCULARIZATION IN MYOPIA

The angiograms were individually reviewed by three
authors; when a CNM was diagnosed at an initial or
follow-up visit, its new vessels (V) were classified into
one of two types. In V; CNMs, the area of hyperflu-
orescence associated with filling of the CNM in early
transit did not increase significantly throughout the
transit, indicating that the leakage was minimal or
absent. This leakage was confined to the CNM borders
(Fig 1). In V, CNMs, the leakage was marked, resulting
in extension of dye beyond the boundaries of the
neovascular net that was delineated in the early fluores-
cein transit (Fig 2).

We also recorded the presence of isolated, round,
coin-like macular hemorrhages, without CNM detectable
by fluorescein angiography, which we called “coin le-
sions.”

Between 1972 and 1977, 14 highly myopic eyes (14
patients) with CNM were treated with laser photocoag-
ulation. These eyes were analyzed separately from the
354 eyes considered for the natural history. A mono-
chromatic argon green laser (514.5 nm) was used in
spot sizes of 50 to 100 um, at power settings of 50 to
250 mW, and durations of 0.2 to 0.5 seconds. We used
low intensity levels and fairly long exposures to prevent
hemorrhage. The entire neovascular membrane was
covered with confluent photocoagulation burns.’

P values were computed using Pearson’s chi-square
test.5 A finding was considered statistically significant if
the P value was less than 0.05 (P < 0.05). The data
were analyzed in two fashions: (1) prevalence of a
determined phenomenon at the first visit (cross-sectional
survey), and (2) incidence of a phenomenon in follow-
up patients (longitudinal survey).

FOLLOW-UP

Seventy eyes of 58 patients with CNM-were followed
for periods ranging from ten to 108 months (average,
40.9 months). The average age of these patients was
52.2 years (range, 20-80 years). The remaining 79 cases
of CNM could not be followed for various reasons (eg.
patients lived far away or were referred only for fluores-
cein angiography). No clinical characteristics at the
initial visit distinguished cases that were followed from
those that were not. The sample of 70 eyes was consid-
ered, therefore, to be representative of the 149 eyes with
CNM. Forty-six eyes of 44 patients without CNM but
with posterior pole staphyloma (grades M,-M;), were
followed for periods ranging from eight to 84 months
(average, 31.7 months).

Thirty-two eyes of 24 patients with coin lesions were
observed for three to 60 months (average, 22 months).
Fourteen of these eyes were observed closely at one- or
two-week intervals and were used to determine the
natural course of this lesion. The interval between onset
of symptoms and the first visit was also recorded. The
sizes, in disc diameters, of coin lesions and CNMs (as
seen in the early fluorescein transit) were evaluated at
each visit.

Table 1. Distribution of the Two Types of Choroidal Néovascular
Membrane (CNM) Found in Various Grades of Degenerative Myopia

Grade of Degenerative Myopia*

CNM Type‘l‘ Mo M1 Mz M3 M4 M5
V; (139 eyes) 0 0 12 76 49 2
V, (10 eyes) 0 5 3 2 0 0

Total (149 eyes) 0 5 15 78 49 2

* See Methods for explanation of grades.
1 Vy, fluorescein angiography shows no leakage beyond border of CNM.
Va, fluorescein dye leaks beyond CNM.

The post-treatment follow-up period for the 14 eyes
with CNM treated by photocoagulation ranged from 11
to 108 months (average, 30.2 months). Because of the
disappointing preliminary results obtained from photo-
coagulation, no eyes were treated from 1977 to the end
of the study period. The average age of the 14 patients
was 52.9 years (range, 31-78 years).

RESULTS

CROSS-SECTIONAL SURVEY

CNMs were detected at the first visit in the macular
area of 149 eyes (116 patients); 72 patients (62%) were
women and 44 (38%) were men (P < 0.01). Their average
age was 51.1 years (range, 19-80). Table 1 shows the
distribution of the two types of CNM over the various
grades of degenerative myopia. V;, CNM (139 eyes,
93%) was found significantly more frequently (P < 0.001)
than V, CNM (10 eyes, 7%). Lacquer cracks were
identified in 122 (82%) of the 149 eyes with CNM. They
were seen either at the site of CNMs (Fig 3) or in their
immediate vicinity. The size of CNM varied from one
quarter to two disc diameters. Large CNMs (two disé

Fig 3. Left eye of a 52-year-old man. Fluorescein angiography shows
CNM associated with lacquer crack.
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Fig 4. Initial and final visual acuities in ‘70 eyes with untreated CNM
(average follow-up, 40.9 months). Dots on the line indicate unchanged
visual acuity, dots below the line indicate improvement, and dots
above the line indicate worsening.

diameters) were uncommon and occurred in both V,
and V, types. '
Coin lesions (isolated macular hemorrhages without
evidence of CNM on fluorescein angiography) were seen
in 58 eyes of 46 patients; 30 {65%) were men and 16
(35%) were women (P < 0.05); their average age was
38.4 years (range, 14-66 years).
~ Coin lesions were associated with lacquer cracks in
56 of 58 eyes (97%); they were seen along the course of
the lacquer cracks in 52 eyes and in the cracks’ immediate
vicinity in four. Thete were some eyes in which multiple,
minute coin lesions were seen along the same lacquer
crack. In other eyes, coin lesions were seen at different
locations in the posterior pole.

LONGITUDINAL SURVEY

Three tases that had no CNM and grade M, fundus
changes at the initial visit developed CNM during the
follow-up period. Fundus changes characteristic of grade
M; (lacquer cracks) appeared concomitantly.

Seventy eyes with CNM were followed; 66 had V,
CNM and four had V, CNM. The eyes with V; CNM
showed nonexudative atrophic scars at the end of the
follow-up period; in 22 of these eyes (33%) a suggestion
of residual CNM could be detected. None produced
exudative fibrovascular scars. Some scars weré small,
whitish, and slightly elevated, but most were small, flat,
and pigmented (Fuchs’ spot). Small areas of RPE degen-
eration usually surrounded the scars. Of the four eyes
with V, CNM, one showed a whitish, mildly elevated,
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Fig 5. Initial and final visual acuities in 46 eyes with posterior pole
staphyloma (grades M;-M;) but without CNM (average follow-up,
31.7 months). Dots on the line indicate unchanged visual acuity, dots
below the line indicate improvement, and dots above the line indicate
worsening.

atrophic scar. The remaining three eyes showed organized
exudative fibrovascular scars that had extended beyond
the edge of the initially detected CNM. The retina
overlyinig these lesions was elevated. Thus, 67 eyes (96%)
showed atrophic nonexudative scars at the end of
folow-up. _

Figure 4 shows the initial and final visual acuities of
the 70 eyes with CNM. Figure 5 shows the initial and
final visual acuities in the 46 eyes with posterior staphy-
loma (grades M,-M;) but no CNM. ‘

Of the 14 eyes that received photocoagulation treat-
ment for CNM, 11 had V, CNM and three had V;
CNM. Following treatment, all eyes had complete closure
of CNM documented by fluorescein angiography. The
visual acuities for this group are depicted in Figure 6.
Immediately after treatment or one year later, nine eyes
with V; CNM had visual acuities the same as or better
than pretreatment vision. By the end of the follow-up,
however, visual acuities had deteriorated in six of these
eyes. In the three eyes with V, CNM, the final visual
acuity was found to be improved or stable. In all 14
eyes, the dry atrophic scars noted after treatment had
enlarged considerably over time; the scars associated
with V; CNM were especially large by the end of the
follow-up (Fig 7). ' ,

Table 2 shows the change in visual acuity in treated
and untreated eyes during the follow-up period. Of the
70 eyes with untreated CNM that were followed, 38
(54%) had visual improvement or stabilization after
CNM resolution.



AVILA, et al o CHOROIDAL NEOVASCULARIZATION IN MYOPIA

In the 32 eyes with coin lesions that were followed,
the lesions were reabsorbed partially or completely (Fig
8); in the 14 eyes that were followed closely, the time
from initial complaint to reabsorption ranged from two
to eight weeks (average, 6.4 weeks). The initial complaint
in most of these cases was a visual disturbance referred
to as a “black dot” in front of the vision. In six of the
32 eyes that were followed, decreased visual acuity
appeared directly associated with the coin lesions. In all
these eyes, visual acuity improved after reabsorption.
Four patients had a history of vigorously rubbing their
eyes on the day, or within four days, of the appearance
of the “black dot.”

New coin lesions often appeared at different locations
in the same eye during the follow-up. Coin lesions
varied in size from one-tenth to one disc diameter;
larger lesions generally took longer to be reabsorbed. In
all eyes but one that were followed, fluorescein angiog-
raphy revealed no further deterioration. In one eye a
small V; CNM was noted after the blood reabsorbed.
This ultimately became a small, flat, pigmented, atrophic
scar. :

DISCUSSION

The pathogenesis of chorioretinal degenerative changes

of the fundus of highly myopic eyes is unknown,’ but
the basic abnormality in degenerative myopia is excessive
axial elongation.! This enlargement, attributed mostly
to distension of the posterior segment,”® results in an
ocular volume that is about 50% greater than that of a
normal eye.® Progressive distension’ of the posterior
pole is believed to stretch the ocular coats, as evidenced
by straightening of the temporal retinal vessels, by the
appearance of a supertraction crescent, which is the
simplest evidence of a disproportion between the scleral
shell and its choroidal and retinal contents, and by
thinning of the retina and choroid.”®!%!2 Mechanical
tissue strain and vascular changes occur'®!? secondary
to the stretching. The severity of degenerative myopia
(Mp-M;) is determined by this progressive distension of
the posterior pole.

The term “Fuchs’ spot” has been used to characterize
small pigmented subretinal lesions in the posterior pole
of eyes with degenerative myopia. With the advent of
fluorescein angiography, neovascularization extending
from the choroid into the subpigment epithelial space
has been found to be associated with Fuchs’ spot,*7-14-17
which represents the end stage of CNM in degenerative
myopia. The reported incidence of CNM in highly
myopic eyes varies from 4 to 11%.'%181°

Continued stretching and degeneration of the choroid
causes eyes with severe myopia to develop linear breaks
in Bruch’s membrane (lacquer cracks).!”?° Several studies
have suggested a relationship between lacquer cracks
and the development of CNM.”®!>!7 Hotchkis and
Fine? found the incidence of lacquer cracks to be higher

FINAL VISUAL ACUITY

W o W Wy Vo Ty Vgy Wy Voo Do D OF  HM
PRE TREATMENT VISUAL ACUITY

Fig 6. Pretreatment and final visual acuities in 14 eyes that received
laser photocoagulation of CNMs (average follow-up, 30.2 months).
Dots on the line indicate unchanged visual acuity, dots below the line
indicate improvement, and dots above the line indicate worsening.

in highly myopic eyes with CNM than in highly myopic
eyes without detectable CNM. We found lacquer cracks
in 82% of eyes with CNM (Fig 3). The real prevalence
is probably higher because lacquer cracks were probably
incorporated into areas of deep choroidal atrophy'® in
some eyes with My and M; fundus changes. In three
eyes, a CNM occurred after a transition from grade M,
to M; was observed during follow-up. Grade M; is
characterized by the presence of lacquer cracks. These
observations support a strong association between cracks
and CNM.

Based on our longitudinal survey of 70 eyes, the two
types of fluorescein angiography patterns of CNM (V,
and V,) were found to have prognostic importance. V,
CNMs (in which fluorescein did not leak beyond the
CNM) were associated with quiescent atrophic scars.
Most V, CNMs (in which fluorescein extended beyond
the CNM) formed exudative fibrovascular scars that
caused extensive serous elevation of the sensory retina
or RPE. It seems, therefore, that the growth potential of
CNM and its probable endstage are reflected in its
fluorescein angiographic pattern.

The stretching of ocular tissues in myopic degeneration
affects the hemodynamics of the choroid. Diffuse cho-
roidal thinning results from the loss of choroidal stroma
and obliteration of some of its vessels.?! In high myopia
the blood flow in the choroidal vessels is delayed, and
the choriocapillaris shows severe circulatory distur-
bances.!* Since CNMs originate from the choroid, their
hemodynamic characteristics must depend on those of
the choroid. Therefore, CNMs in eyes with severe de-
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generative myopia are expected to show little or no
leakage of fluorescein. This concept is supported by the
observation that, of the 149 eyes in which a CNM was
detected at the first visit (cross-sectional survey), 91% of
-V, CNMs (Fig 1) were found in eyes with severe grades
of myopic chorioretinal degeneration (M;-Ms), and 80%
of the V, CNMs (Fig 2) were seen in eyes with mild
myopic chorioretinal degeneration (M, and M,) (Table
1). This difference is significant (P < 0.01).

Because of their clinical behavior, V, CNMs might
be considered “aggressive” and V; CNMs “nonaggres-
sive.” The aggressiveness of CNM thus appears to be
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Fig 7. Left eye of a 45-year-old man. Top left, fluorescein angiography
before laser photocoagulation reveals a V| CNM in 1972. Visual acuity
20/70. Top right, four years following treatment, showing atrophic
photocoagulation scar. Note significant difference in size between CNM
and atrophic scar. Sécond row lefl, nine years after treatment, showing
that the markedly enlarged atrophic scar has involved a large portion
of the foveal area and has caused a decrease in visual acuity from 20/
70 to 20/300. Fig 8. Left eye of a 34-year-old man. Second row right,
coin lesions of different sizes in the posterior pole. Bottom left, six
weeks later, coin lesions have reabsorbed.

inversely related to the degree of degenerative myopia:
the greater the degeneration and the thinner the choroid,
the less aggressive the CNM. Because of this relationship,
methods for measuring choroidal thickness, such as
sophisticated ultrasonic techniques,?? might be useful in
determining the long-term prognosis for eyes with CNM.
The concept of new vessel aggressiveness should also be
applicable to other entities associated with CNM, such
as senile macular degeneration.

Degenerative myopia is so frequently associated with
serious visual loss that it has often been called malignant
myopia.” Posterior pole staphylomas are associated with
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poor visual prognosis.””»?* In 403 highly myopic eyes
with posterior staphyloma, Curtin'® found a 34% prev-
alence of legal blindness. We found posterior pole staph-
yloma, which accounts for poor visual performance, in
the great majority of eyes (97%) with CNM. The main
cause of central vision loss in the untreated eyes with
CNM seemed to be profound chorioretinal degeneration
caused by stretching; exudation from the CNM seemed
much less important. If we consider three groups—
untreated eyes with CNM (Fig 4), eyes with treated
CNM (Fig 6), and eyes without CNM but with posterior
pole staphyloma (Fig 5)—we find that visual acuity
deteriorated by the end of follow-up in all of these eyes.
Among these three groups there was no statistically
significant difference in the percentage of eyes with
improved, stabilized, or worsened visual acuity (Table
2). It is interesting that after spontaneous remission of
CNM, 38 (54%) of the 70 eyes with untreated CNM
had improved or stabilized visual acuity by the end of
the long-term follow-up. Fried et al** recently reported
similar observations.

Laser photocoagulation of CNM may be indicated
when exudation from the CNM reduces, or threatens to
reduce, central vision by causing serous or hemorrhagic
detachment of the RPE and sensory retina. This treat-
ment modality has been successful in some patients
who showed CNM associated with various ocular dis-
orders, mostly senile macular degeneration.?>2® Although
serous or hemorrhagic senile macular degeneration often
results ultimately in exudative subretinal fibrovascular
organization,? our long-term follow-up of 70 eyes with
CNMs in high myopia has shown that most (96%, 67
eyes) developed nonexudative, atrophic scars. This benign
course that we and others,”'42*3° have noted in followed
cases of CNM in highly myopic eyes indicates that such
lesions do not generally require laser treatment. In the
rare instance of macular involvement due to a large
amount of exudation from an aggressive (V;) CNM,
photocoagulation may be of value.

The increase that we noted in the size of atrophic
macular scars following laser therapy (Fig 7) is easily
explained by the progressive distension of the posterior
pole of eyes with degenerative myopia. In four instances
these scars eventually reached the foveal area and were
directly associated with loss of central vision, although
there was initial improvement or stabilization of visual
acuity after laser treatment. Some atrophic, untreated,
posterior pole scars also enlarged progressively, but to a
lesser extent than the treated ones. Thermal damage
may have caused a weakness in the already injured and
stretched ocular coats. This enlargement of atrophic
macular scars in the long term should be considered in
the decision to apply photocoagulation to CNM in high
myopes. In a few cases (V, CNM), however, the proba-
bility of developing large post-photocoagulation scars
may be less damaging to vision than the immediate
deleterious effects of exudation from the CNM. In fact,
in the three eyes with V, CNM that we treated, the final
visual acuity was the same as or better than the pre-
treatment level (Fig 3). Low-vision aids may benefit

Table 2. Final Visual Acuity Compared with Initial* or Pretreatmentt
Acuity in Eyes with Degenerative Myopia

No. Patients in Each Group

Final Visual Acuity 1* (%) 2t (%) 3* (%)
Improved 14 (20) 2 (14) 4 (9)
Stable 24 (34) 4 (29) 22 (48)
Worse 32 (46) 8 (57) 20 (43)

Total 70 14 46

* Group 1, eyes with untreated CNM; tgroup 2, eyes with CNM treated
with laser photocoagulation; group 3, eyes without CNM and with posterior

. pole staphyloma. The differences among the three groups are not sta-

tistically significant (P = 0.34).

highly myopic patients, but since the size of atrophic
macular scars is directly related to visual acuity,’! eyes
with large, post-photocoagulation scars would benefit
less from such devices.

Sattler’ was the first to point out that isolated macular
hemorrhages, which-we call coin lesions, are not uncom-
mon in high myopia. The exact source of these hemor-
rhages has not been clearly established.® Klein and
Curtin?? observed one or more such hemorrhages along
the course of lacquer cracks in seven eyes. In our series,
of the 58 eyes with coin lesions noted at the first visit,
97% (56 eyes) were associated with lacquer cracks. The
most plausible explanation for the origin of coin lesions
relates to the intimate anatomic relationship between
Bruch’s membrane and the choriocapillaris. Small breaks
in Bruch’s membrane (lacquer cracks) may also cause
minute tears in the choriocapillaris. A coin-shaped hem-
orrhage would result, and multiple such hemorrhages
may develop as lacquer cracks worsen slowly. The
appearance, in some large coin lesions, of a dark point
in their center and a lighter periphery suggests a concen-
tration gradient of red blood cells centered on a single
tear. Some coin lesions were associated with microtrau-
mas to the eye, mostly rubbing. In myopic eyes, further
distension of existing cracks could cause small tears in
the choriocapillaris. Ophthalmologists should instruct
patients with high myopia to avoid causing such micro-
traumas to their eyes.

We and others,®'%3334 have noted that coin lesions
are relatively innocuous, and that prognosis for the
retention of central vision after their resolution is good.
In the 14 eyes that were followed closely, coin lesions
were reabsorbed in an average of 6.4 weeks after the
initial symptom occurred. The maculae returned to
normal, functionally and anatomically (Fig 8), in all but
one of the 32 eyes that were followed. In one case only,
a small V;, CNM was identified after reabsorption.
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Discussion

Brian J. Curtin, MD

Dr. Avila and his colleagues have reported an unusual
fundus study of highly myopic eyes. Ophthalmoscopy, fundus
photographs, and fluorescein angiography were used in the
evaluation of 354 eyes. This study design is unique and, as
expected, some very interesting data have been retrieved in
this retrospective study.

These authors observed, among other things, that rubbing
of the eyes in patients with highly myopic eyes produces

From the Myopia Clinic, Manhattan Eye, Ear & Throat Hospital, New
York.
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fundus hemorrhages, that subretinal neovascularization that
does not leak beyond its perimeter is self-limited and does not
require photocoagulation, and that Fuchs’ spots have a guarded
prognosis in respect to visual acuity.

There can be no disputing the malignant effect of acute or,
for that matter, chronic elevations of intraocular pressure in
highly myopic eyes. With sudden increases fresh tears in
Bruch’s membrane or the extension of old tears may occur
with resultant hemorrhage. Unfortunately, high myopes are
often dedicated to frequent and enthusiastic eye rubbing and
they should be warned of the potentially harmful effects of
this pursuit. Sustained increases in ocular tension decrease the
perfusion pressure in the nonautoregulated choroidal vessels.
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At our Myopia Clinic we have found a greater loss of choroidal
circulation and retinal dégeneration in glaucomatous eyes.

The finding of a relatively benign course of subretinal
neovascular membranes with limited leakage is of considerable
interest. Should this phenomenon be confirmed, it will give
the clinician a more clear-cut indication for the photocoagu-
lation treatment of these lesions.

Lastly, our essayists have noted that eyes with typical Fuchs’
spots, indeed, have a guarded prognosis for the retention of
central vision. A number of papers have intimated that these
eyes improve in visual acuity as the acute changes of transu-
dation and/or hemorrhage resolve. This is certainly true but if
thesé same eyes are followed for several years an area of the
surrounding retina, usually that which was involved in the
“high water mark” of the transudation, will be seen to undergo
atrophy. With this “areolar” atrophy, the fixation point is

often moved further away from the fovea with proportional
loss of vision. .

1 congratulate Dr. Avila and co-workers for an extensive
and innovative study. We need many more pieces such as
these to fit into the puzzle before our treatment of this serious
disease can be more effective. If I have any misgivings, they
would concern the lack of distinction made between “subretinal
neovascular menibranes” and “Fuchs’ spots”. One i$ not
synonymous with the other, and this lack of distinction makes
a valid interpretation of the results difficult. There is also the
matter of age. In pathologic myopia, patient age is crucial to
the clinical findings. Subretinal hemorrhages in a téenager are
usually a benign event, quickly absorbed with complete resto-
ration of vision. These are mechanical in origin. Those in
mid- and late-adult life are more often a consequence of
neovascularization and are of much greater consequence.
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ABSTRACT: Clinical procedures for the
treatment of high myopia are updated in this
third part of a report on high myopia. After a
discussion of testing techniques and refractive
approaches for high myopia, an examination
of therapeutic drug experiences shows their rel-
ative merits. The author believes that more
investigation of beta blocker and epinephrine
topical solutions is needed pertaining to the
treatment of high myopia. Theoretically, such
agents could improve deficient arterial perfusion
of the highly myopic eye, and could be helpful
in retarding scleral creep. Lifestyle recommen-
dations include patient advice on accommoda-
tive reduction and proper exercise techniques.
Low impact aerobics may have merit for highly
myopic patients since the improved cardiovas-
cular efficiency they can provide may improve
the deficient arterial perfusion of their retinas.
A summary of the three-part report on high
myopia concludes the article. The physiological
patterns of high myopia dovetail into the bio-
mechanical considerations showing that a
scleral pathogenesis hypothesis of myopic de-
velopment is a viable working theory. The au-
thor’s clinical procedures reflect the influence
of that theory. If research were redirected from
deprivation studies to investigating biomechan-
ical considerations and pharmacological ap-
proaches to high myopia, the author contends
that dramatically improved treatment regimens
could result.

KEY WORDS: pseudomyopia, myopic exoph-
thalmos, atropine, hypotensive agents, sphyg-
mous pulse amplitude.

Bell GR. Biomechanical considerations in high my-
opia: Part III - Therapy for high myopia. J Am Optom
Assoc 1993; 64:346-51.

I

Biomechanical considerations in
high myopia: Part lll - Therapy for
high myopia

A new commitment to the prevention of vision loss is needed in
high myopia therapy. I will address a more aggressive pattern in
treating this anomaly, looking at the realms of refractive therapy,
pharmacological therapy, lifestyle alterations, and surgical inter-
ventions.

Refractive therapy

In my investigation of myopia, I have found no breakthrough
approaches in the refractive treatment of high myopia. These pa-
tients merely need meticulous care in the techniques we already
use. This is particularly true when it comes to refraction. While
many high myopes can be adequately refracted with noncycloplegic,
binocular refraction techniques, there are certain subgroups that
may benefit from cycloplegic refractions. These subgroups include;
very young congenital myopes, monocular amblyopic high myopes,
high myopes with cataracts, and high myopes with reduced acuity.
One should always carefully check the vertex distance of the refract-
ing instrument and the chosen spectacle frame. A check of the
change of refraction using Halberg or Jannelli Clips over the pa-
tient’s old prescription is a wise idea. Accurate cylinder correction
is thought to be beneficial to the course of high myopia.! Duke-
Elder recommended undercorrection for high myopes, citing their
frequent discomfort with full correction.? Curtin states, “The most
acceptable lenses for highly myopic patients are the weakest that
can adequately meet their visual requirements.”® Probably the best
policy is a special emphasis on “plus bias” with the refraction
without fogging the distance vision. Any correction that induces
“squinting” should be thought of as undesirable, since such obicu-
laris squeezing can raise the IOP in spikes. For similar reasons,
rubbing of the eyes should be discouraged. Bifocals may be indicated
in nonpresbyopes if a sizeable near point esophoria is present.® Base
in prism has been advocated, but substantial amounts would be
needed to significantly reduce convergence and such amounts would
likely spur rejection of the prescription in many cases.

Contact lenses have optical merit for these patients, increasing
retinal image size and reducing the prismatic effects of spectacles,
while providing cosmetic improvement. Myopic exophthalmos can
increase the difficulty in obtaining a successful fit, as can increased
lens thickness. Gas permeable lenses have been found to have
partial effectiveness in arresting myopia, and are widely used for
that purpose.® Corneal flattening tendencies are certainly part of
the explanation of the decreases in progression found in such fits.
Contact lenses may alter behavior somewhat, as they reduce the
comfort of reading for myopes. Kelly has suggested that the move-
ment and gentle massage exerted by rigid lenses causes an increase
in aqueous outflow, aiding myopia.® This interesting hypothesis is
without experimental confirmation.
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A few notes should be made about ophthalmoscopy.
Direct ophthalmoscopy is of limited value in high my-
opia, due to the high magnification and small field of
view in such cases. The Reichart Monocular Indirect
Ophthalmoscope is a nice substitute for the direct
ophthalmoscope in high myopia. Few other patient
groups need binocular indirect ophthalmoscopy more
than high myopes, with their high incidence of periph-
eral retinal defects. Techniques to allow examination
beyond the equator with higher powered condensing
lenses and scleral depression also are invaluable. The
new, high powered convex fundus lenses, combined with
a slit lamp, provide an excellent way to evaluate the
posterior pole binocularly. Periodic retinal photography
of fundus defects is recommended to monitor the pro-
gression of the pathological process.

Special consideration needs to be given to visual
fields in high myopia. Blatt found a variety of field
defects associated with high myopia,” including central
defects, paracentral defects, arcuate scotomas, concen-
tric contraction, annular scotomas, hemianopic and
quatranopic defects. The high refractive error and sta-
phylomas can lead to the false detection of field defects.
Contact lenses are thought to provide the most reliable
method of optically preparing the highly myopic eye for
fields testing.® If the practitioner finds an unexpected
field defect with a high myope, retesting with a dispos-
able soft lens (or other high-minus soft lens) in place
may reveal improved performance.

Pharmacological therapies

The use of topical ophthalmic pharmaceutical prepa-
rations in the treatment of high myopia is an area of
growing interest. International investigations of various
drug interventions are currently in progress.®

A considerable body of evidence has been collected
on the use of cycloplegic agents in the treatment of
myopia, both in humans, mammals, and even in
chicks.”’ Atropine has been the most widely studied
cycloplegic, and has shown some effectiveness in ar-
resting myopic progression.!' Atropine has long term
treatment problems that include; sustained mydriasis,
risk of radiation injury, ciliary and zonular atrophy,
contact dermatitis, toxic responses, intense photopho-
bia, poor patient compliance, and post-treatment “catch
up” progression. Atropine therapy for myopia has ex-
isted since the 19th century and never has become
popular within the medical community, probably due
to the myriad of problems associated with its use. The
atropine research is of value in what it can tell us about
myopia. As noted earlier, it points to an accommodative
role in myopic progression. While well known for its
inhibition of aqueous outflow at the trabeculae, atro-
pine increases uveoscleral outflow in the vitreous cham-
ber, which may be helpful in axial myopia.'?

Hypotensive agents would seem to possess positive
characteristics for highly myopic patients. Drugs al-
ready in use for glaucoma are currently being investi-
gated for myopia, primarily outside the U.S. Substantial
evidence cited here and in other sources suggests that
the scleras, choroids, and retinas of high myopes are
being exposed to harmfully high levels of biaxial tensile
stress. With lowered IOP, stress on the ocular coats
should be reduced with concomitant declines in scleral
creep and enhanced retinal and choroidal arterial per-
fusion. To buttress this concept, a review of Tarkanen’s
monocular congenital glaucoma studies is revealing.'®
The affected glaucomatous globe usually had signifi-
cantly greater axial length than the unaffected eye.
Successful glaucoma surgery in these cases resulted in
post equatorial axial length decreases of up to 0.8 mm
as pressures were lowered in these eyes.

Investigations of timolol maleate are in progress.
Giovannini et al. found improved choroidal sphygmous
pulse amplitude in high myopes using timolol.'* This
finding could hold considerable promise for high my-
opes facing choroidal and retinal degeneration. Another
study of timolol used for grammar school aged myopes
in Denmark found that the treated group had little
improvement in progression rates compared to a con-
trol.'”* Commenting on individual chartings of children
in this study, Jensen and Goldschmidt noted that many
children did not show a significant hypotensive effect
using 0.25 pereent timolol twice daily.'® Another study
found that a different beta blocking agent, Labetalol,
(not yet approved in the U.S. by the FDA) showed some
effectiveness in retarding myopic progression over a 4-
month period.'’

Phenylephrine hydrochloride has been used in two
studies of myopia control, and demonstrated partial
success in arresting the error.’®'® Phenylephrine has
adrenergic effects similar to epinephrine, although its
hypotensive effects are not substantial. In prolonged
usage, phenylephrine is toxic to the epithelium, and
this is a deterrent to its value as a myopia control
agent.?

Weiner recommended instillations of 1/1000 solu-
tions of epinephrine three times a day for progressive
myopia, claiming a 50 percent arrest rate.?! Macdiarmid
and Hamilton found Weiner’s regimen to be effective
when used in children under 7 years of age.?? Epineph-
rine has several actions that could be beneficial to high
myopia; it increases aqueous outflow while also sup-
pressing aqueous formation, it reduces IOP, it slightly
inhibits accommodation, and it provides mild my-
driasis.” Although not investigated yet, its hypotensive
effects probably increase choroidal sphygmous pulse
amplitude also. Dipivefrin (Propine) is a prodrug that
is transformed into epinephrine once in the eye. Pro-
pine is noted for decreased stinging and side effects,
which enhanced absorption compared to L-epinephrine.
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This drug should be investigated for therapeutic use in
high myopia.

The drugs known as miotics include pilocarpine,
carbachol, demecarium, echothiaphate, and others.
These drugs substantially lower IOP, but should not be
used for myopia control for a number of reasons. These
drugs ‘usually cause accommodative spasms that in-
crease myopia. They also reduce ocular rigidity, de-
crease uveoscleral outflow,?* and increase the risk of
retinal detachment.

One type of pharmaceutical agent that investigators
are looking for is an agent that would increase scleral
resistance to stretch. Fledelius and Goldschmidt have
predicted the development of a fibroblast growth factor
that would help stimulate the growth of new scleral
collagen in the posterior pole.?® Other approaches that
might strengthen the sclera include agents that would
help calcify posterior pole collagen, or agents that cat-
alyze the formation of the aldehyde cross-links between
collagen molecules. Such scleral strengthening agents
theoretically should produce superior myopia control
therapy, but they only exist hypothetically at present.

One final note on pharmaceutical agents in the
treatment of high myopia: Investigators should not
judge the efficiency of such drugs based solely on the
drug’s effect on the progression rate. Improved sphyg-
mous pulse amplitude and choroidal arterial profusion
might be very important factors in reducing the degen-
erative processes of high myopia, making drugs such as
timolol potentially important even without refractive
improvement.

Lifestyle changes for high myopia

Many years ago environmental changes were intro-
duced into western schools due to concern about “school
myopia.” It’s time to update our guidance for high
myopes; introdycing lifestyle changes that should help
them retain useful vision. Myopes frequently seem to
be prolific readers. They also tend to work at near point
occupations.?® Optometrists often have been inhibited
in telling people to limit reading or other near point
activities. After all, such activities are enriching and
stimulate the intellect. Optometry should be looking
into innovative ways to reduce accommodative over-
loads for myopic children, such as using opaque projec-
tors to project the reading material onto a wall, or
projection computers that would reduce computer as-
sociated asthenopia. Conversely to near point occupa-
tions, hard manual labor seems to be hazardous to high
myopia,”’ as we may hypothesize that the extreme
straining of such occupations probably increases 10P.
Certain types of exercises seem indicated for high
myopes, such as low impact aerobics, while other exer-
cises should be avoided. Exercises that induce intense
straining, such as weight lifting, may cause an upward

spike in IOP. Boxing is obviously hazardous. High
board diving may also be excessively risky. Low impact
aerobic activities seem to lower IOP somewhat,® and
as improved conditioning occurs, cardiovascular effi-
ciency gains will probably extend to the choroidal and
retinal vasculature. This conditioning effect may be
superior to the improved arterial flow caused by hypo-
tensive drugs, since conditioning effects last for months
whereas hypotensive drugs last a maximum of 12 hours.

Dietary change for high myopia is an area of com-
plexity and confusion. There seems to be a consensus
that modern nutrition has contributed to a reduced rate
of high myopia in Northern Europe during the last 100
years.” Goldschmidt compared a large sample of mod-
ern (1964) military conscripts to a similar sample pro-
vided by Tscherning in 1882. Although the rates of
simple myopia were very similar, the frequency of high
myopia was 2.8 times higher in Tscherning’s 'sample.
Vitamin supplements,’ used in modest amounts with
broad vitamin and mineral ingredients, may be of ben-
efit in high myopia, until the nutritional picture be-
comes clearer. Nutrient deficiencies that have been
implicated in progressive myopia include vitamins A,
B, C, D, E, chromium, copper, and amino acids in
protein.®® None of these deficiencies has been repeat-
edly verified as a cause of myopia. Zinc deficiency has
been implicated in macular degeneration, which occurs
with increased frequency in high myopia.** Vitamin C

_is of interest because it directly participates in the

formation of collagen, and in its presence, collagen has
greater tensile strength.®? Additionally, ascorbate has
been found to have hypotensive effects.®® The eye has
an ascorbate pump, which is evident from the high
levels of intraocular sodium ascorbate compared to
mean plasma levels.** But, increasing the ascorbate in
the blood doesn’t increase ocular ascorbate beyond a
maximum level. Because of these pump characteristics,
steady low doses of Vitamin C should be more effective
at attaining optimal intraocular levels than large un-
even doses. One potential pitfall with Vitamin C sup-
plements is that the nutrient is an antioxidant, which
could work against the formation of oxidative cross
links that increase scleral stretch resistance. Research
on the effects of Vitamin C on the sclera is needed.

Surgery for myopia

Ophthalmology has been rapidly expanding the surgical
procedures available for myopia. As already mentioned
in Part I, lasers are increasingly being used to treat
retinal breaks, and seal neovascular nets. A report on
disciform degeneration with patients having Forster-
Fuchs spots recommends laser coagulation of subretinal
neovascular nets.?® Their conclusion was based on a
poorer than previously thought prognosis for this con-
dition. Ernst noted that laser therapy in these cases, as
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Figure 1: Several characteristics of high myopia are shown
in this photo; an extensive temporal, chorio-retinal crescent,
straightening of the retinal vessels, and an early Forster-
Fuchs spot. The yellow-whitish branching streaks of the ret-
ina are lacquer cracks in Bruch’s membrane.

Figure 2: This photo demonstrates a double myopic crescent.
Somewhat difficult to see is macular degenerative changes in
this 39-year-old male. At 4:30 position below the disc some
whitish lacquer cracks are evident. These represent fissures
in the retinal pigment epithelium-lamina vitrea-choriocapil-
laris complex.

in age-related macular degeneration, is only effective in
a few patients who have active neovascular membranes
distant from the fovea®

Curtin reports discouraging results from scleral re-
inforcement surgery at the Sprague Myopia Clinic in
New York.’” Pavan recommends surgical insertion of
autografts of fascia lata or homografts of sclera for
degenerative myopia.® It seems likely that with in-
creased emphasis on surgery for high myopia, inventive

surgeons will perfect scleral reinforcement in the near
future, improving the prognosis for the gravest cases of
high myopia.

Popular radial keratotomy and keratomileusis pro-
cedures seem almost irrelevant to the discussion of high
myopia. These procedures improve cosmesis, but pro-
vide no relief for the pathological processes of high
myopia. With increased surgical skills and the probable
development of sophisticated sculpturing lasers, more
myopes will probably be placing their eyes in the hands
of the surgeons in the future. This probability heightens
the need for optometry to become a source of myopia
prevention, with therapeutic drugs aiding such an ex-
pansion of services.

Summary

In this series, I have surveyed the biomechanical con-
siderations of high myopia in some detail. The scleral
distensibility (mesodermal) theory of myopia develop-
ment was reviewed in Part I. The theory is both hered-
itary and environmental in nature, and is gaining ad-
herents internationally. I have examined the puzzling
relationship between glaucoma and high myopia. A
simple relational statement can be made about open
angle glaucoma and axial high myopia; in both condi-
tions the eyes have excessive amounts of aqueous in
them. From the evidence of excessive stress loads on
the choroid, retina, and sclera, I would hypothesize that
reducing the excess aqueous volume should aid the
health of the highly myopic eye, just as it does the
glaucomatous eye. In any case, practitioners need to be
aware that highly myopic ocular hypertensive patients
are about eight times as likely to develop glaucoma as
nonmyopic ocular hypertensives.*

Animal visual deprivation studies are yielding dra-
matic results, although the data are hard to apply
directly to most clinical cases of myopia. An underlying
current in the discussion of the results of the animal
deprivation studies is that retinal mechanisms control
the global distension that was produced in these exper-
iments. Studies found a retinal depletion of dopamine
in visually deprived monkeys and chicks.***" In con-
trast, a Japanese study of three lid-sutured monkeys
found scleral alterations pointing to a scleral distensi-
bility causation.*? This upsurge in research of myopia
is very encouraging.

As noted in Part II, the analysis of balloon expan-
sion dynamics should cause investigators to reanalyze
the use of Laplace’s law in calculating scleral stress
loads. The stress-strain testing of strips of sclera from
different regions of the globe shows the lack of homo-
geneity of the sclera, further discouraging the use of
Laplace’s law.*® According to those results, the staphy-
lomas of high myopia most likely should occur in the
posterior pole region, which is most often the case.
Thus, more evidence in favor of the scleral distensibility
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TABLE 1:

A - Concentric contraction
B - Central scotoma
C - Hemianopia/quadranopia
D - Annular scotoma
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theory of myopia development seems revealed. The
cycled stress elongation of several strips of pig sclera
could represent an experimental example of how myopic
scleral creep takes place.”® A plateauing of stress meas-
urements occurred in these pig scleras that showed
permanent elongation, in a manner somewhat similar
to the balloon expansion phenomena.

Coleman’s theory of accommodation was reevalu-
ated, and this hypothesis is worthy of much more ex-
perimental attention. We need to know whether the
pressure increases in the vitreous chamber during ac-
commodation. Young has provided us with evidence
that it does.** It would appear that the rheo-oculography
techniques of Giovannini et al.*® could be used to test
this theory, as changes in the choroidal sphygmous
pulse amplitude during accommodation could reflect
vitreous chamber pressure dynamics.

Greene has caused one of the oldest theories of
myopic development to reemerge—scleral stretching
caused by extraocular muscle contractions.*® Moses et
al. have given this theory added impetus, pointing out
that a large part of the resistance in IOP is provided by
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the EOM, especially at the equator.?” The only modestly
successful treatment mode in retarding myopic progres-
sion, atropine dosage, tends to point away from an
important role of the extraocular muscles.

According to calculations based on Darcy’s law, the
uveoscleral outflow of highly myopic eyes may be much
higher in amount than that of other refractive groups.
This finding should be tested experimentally. Whether
or not increased uveoscleral outflow influences the clin-
ical course of myopia is not known. Increased uveos-
cleral outflow may help explain enigmatic cases of high
myopia with normal levels of IOP, but decreased levels
of outflow facility.

I have explored treatment methods in Part III that
include optical correction techniques, lifestyle changes,
and the investigation of the possible usage of hypoten-
sive drugs. Hypotensive drugs may improve the arterial
perfusion of highly myopic eyes and, if the mesodermal
theory of myopic development is valid, discovery of an
optimal agent should help reduce myopic progression
rates. In investigating lifestyle changes in high myopia,
I believe we may be underestimating the value of low
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impact aerobic conditioning on choroidal and retinal
health. At the same time, we need to warn the high
myopes about sports and occupations that could ad-
versely affect their condition. Nutritional and hormonal
contributions to high myopia remain an area of dark-
ness. We need to start over from “square one” to
investigate this important arena of eye research.

The other theory of myopic development, the ec-
todermal theory, with an aberrant retinal pigment epi-
thelium being the underlying control of axial distension,
holds out fewer possibilities for pharmacological alter-
ation than the mesodermal theory. The finding of a
dopamine deficit in the retinas of deprived animals may
provide an avenue by which myopic degeneration can
be treated under this theoretical basis. Efficiently deliv-
ering dopamine to the RPE could prove to be a formi-
dable obstacle. Since it holds more potential for ocular
alteration, the mesodermal theory deserves equal re-
search attention, which it currently doesn’t seem to be
getting.

It is hoped that optometry will get involved in the
new interest in research concerning myopia. With the
scope of optometric practice expanding, optometrists
could become a trusted source of real help for our highly
myopic patients. Progress in research in high myopia
also could lead to progress in the treatment of less
severe forms of myopia, and other refractive errors. W
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Subjective refraction

Introduction

A patient may wish to have an eye examination
for one of many reasons such as poor vision either
at distance or in close work, asthenopic symptoms
such as head or eye aches or for a general check
on the state of his eyes. An eye examination
consists of four main parts: checking the health of
the eyes, measuring any optical errors of focusing,
evaluating the efficiency with which the two eyes
work together and deciding whether to prescribe
some form of optical correction or treatment
(such as orthoptic training) to improve the
binocular functioning of the eyes.

The patient’s refractive error, or refraction as it
is often called, may be estimated by two broad
methods: objective and subjective. The former
requires no help from the patient except to look in
a certain direction or into an instrument, the
adjustments being made by the examiner (see
Chapters 17 and 18). Subjective refraction re-
quires the co-operation of the subject and many of
the specific techniques will be discussed in this
chapter. Although it is based on scientific princi-
ples, the experienced refractionist realizes that
subjective work is partly an art; the ability to
know which method to use for a particular patient
and the ease with which understanding is estab-
lished with patients can come only with experi-
ence.

In general, a patient’s refractive error is first
estimated objectively. There may be errors in-
volved in an objective measurement, so the refrac-
tion is usually checked subjectively in order to
refine it. There are patients, for example, young
children, with whom it is not possible to make a

satisfactory subjective examination, in which case
the prescriber relies on the objective results alone.
In order to impart a thorough understanding of
the methods of subjective work, it is better,
however, to describe subjective refraction without
assuming an initial objective assessment. The
later parts of this chapter will describe how the
various subjective techniques are normally linked
with a prior objective refraction. Some of the
more sophisticated methods of balancing the
monocular findings will then be discussed.

Unaided vision and refractive error

The first step in measuring a refractive error is to
determine the patient’s unaided vision with each
eye separately and then binocularly. As shown in
Chapter 4, myopia will cause a reduction in
distance vision from a standard which is usually
taken as 6/6 or better. A hypermetropic error may
also cause a reduction in vision, depending on the
ability of the eye to increase its refractive power
by accommodation. In a young person there is
usually ample accommodation and such a patient
with a small or medium hypermetropic error will
be able to read the small lines on the test chart.
Even so, prolonged use of the eyes for detailed
vision may cause discomfort since more than the
usual amount of accommodation is required. The
maximum power of accommodation declines with
age (see Chapter 7), therefore an older person with
even a small hypermetropic error of one or two

dioptres will have reduced vision.
An astigmatic error may be combined with
either myopia or hypermetropia. With myopia or
111
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high hypermetropia, both the astigmatic and
spherical components of the error reduce the
unaided vision. When astigmatism is combined
with a low hypermetropic error in a young pa-
tient, accommodation can be brought into action
so as to place either of the focal lines or the circle
of least confusion on to the retina. Even so, vision
is usually reduced. With a small astigmatic error,
the vision may be almost normal, but if either
focal line may be brought on to the retina,
accommodation is unstable and asthenopic symp-
toms often result. Paradoxically, a larger astigma-
tic error may cause less asthenopia, because the
vision is too poor to stimulate alternations of the
level of accommodation between the two astigma-
tic foci. Moreover, the change in accommodation
required may be too great for easy adjustment. If
the axes of the error are approximately horizontal
or vertical, unaided vision is often reduced less
than with an oblique error; this is because most
letters are composed of vertical and horizontal
strokes.

Table 6.1, which is based on the studies plotted
in Figure 4.22, gives the approximate relationship
between unaided vision and spherical and
astigmatic ametropia. With modern apparatus
using non-serif letters and higher luminances, the
predicted ametropia may be slightly higher than
the figures tabulated. For example, a score of 6/12
(20/40) is often possible with ametropia of 1.00 D.

The predicted vision in astigmatism is tabu-
lated on the assumption that the circles of least
confusion lie on or close to the retina, either
naturally or with the aid of accommodation or
trial lenses. The vision with a given dioptric value
of astigmatism is better than for the same amount
of spherical ametropia (compare equations 4.17
and 5.9). For a patient already wearing specta-
cles, or halfway through a subjective routine,
Table 6.1 can be used to predict the remaining
error.

This table is reasonably accurate for a pupil
size of about 4mm. With much larger pupils,
which can occur in young patients or in low
illumination, the same deterioration in vision will
be caused by a smaller error. Conversely, a
patient with small pupils, about 2mm, will be
able to see better than predicted for the refractive
error. A patient who is used to being under-
corrected may see far better than expected from
the size of the error, because he or she is used to
interpreting blurred images, whereas a person
who has recently broken his spectacles will be

Table 6.1 Expected vision in various ametropic states

Vision Refractive error (D)
Spherical* Astigmatic

6/6 (20/20) small small
6/9 (20/30) 0.50 1.00
6/12 (20/40) 0.75 1.50
6/18 (20/60) 1.00 2.00

6/24 (20/80) 1.50 3.00
6/36 (20/120) 2.00 $.00

6/60 (20/200 2.00 t0 3.00 high

* Myopia or absolute hypermetropia.

Note The predicted vision in astigmatism is on the assumption that the
circles of least confusion lie on or close to the retina.

more greatly handicapped and may accordingly
be led to the erroncous conclusion that the specta-
cles have made the sight worse.

Some people habitually squeeze their eyelids
together in order to see clearer: reducing the
effective pupil size decreases the retinal blurs.
This habit or manoeuvre is sometimes erroneous-
ly called ‘squinting’.

The practitioner can make use of the pinhole
disc to test whether reduced vision is due to poor
focusing or to a retinal defect such as amblyopia
or macular degeneration. If the pinhole — about |
or 1.5 mm diameter — improves the vision, then in
general there is ametropia to be corrected. An
exception to this rule occurs when opacities in the
ocular media produce an irregular focusing effect.
In this case the pinhole may give a better acuity
than a lens alone if it isolates a small region which
is sufficiently homogeneous to give a good focus.

Basic equipment for refraction

The distance test chart has already been discus-
sed in Chapter 3. By convention, the normal
testing distance is 6 metres or 20 feet but is
sometimes varied slightly to suit the size of the
consulting room. To enable the patient to adopt a
comfortable posture, the chart should be placed
at an average eye-level. Frequently, a reversed or
indirect chart is used, viewed by the patient in a
mirror. In this case, the mirror and image of the
chart should be at the patient’s eye level, the
mirror being angled if necessary to enable the test
chart or cabinet to be placed at a greater height
convenient for the practitioner.



It is important that the mirror should be large
cnough so that the test-chart surroundings are
visible even to patients not of average height or
tending 1o sit to one side. If the mirror is framed,
the colour of the frame should merge with the
surrounding wall. This reduces any tendency on
the patient’s part to accommodate for the dis-
tance of the mirror instead of attempting to relax
his accommodation as fully as possible.

The room illumination should be at a comfort-
able indoor level: pupils dilate in the dark and a
refraction under these conditions will be influ-
enced by the aberrations due to the peripheral
parts of the eye’s optical system. The correction
found under these conditions may not be the best
for use in daylight out of doors with a normal size
pupil. A trial case of separate lenses is a necessity,
even if a refracting unit (or phoropter) is normally
in use. Trial case lenses are placed in a trial frame
(Figure 6.1) worn by the patient, or, less frequent-
ly, supported by a wall bracket. They may either
be full aperture, about 38 mm diameter, or of a
reduced aperture of 20mm or so in a full-size
mount. The larger lenses enable the practitioner
to obtain a better view of the patient’s eyes and
similarly give the patient a larger field of view. On
the other hand, reduced-aperture lenses are light-
er and thinner. They are better protected by the
wide rim and less likely to break if dropped. The
wide rim also tends to prevent finger marks on the
lenses and permits clearer power markings. A
further advantage is that the trial sets are avail-
able in a more extensive range of fractional
powers than full-aperture trial sets.

In a refracting unit, discs of reduced-aperture
lenses are so mounted that any sphero-cylinder
combination can quickly and easily be placed
before the patient’s eye.

Such units are large and must be mounted
mechanically. As a result, the patient’s head has
to be kept pressed against the unit, which can be
uncomfortable. Also, in some designs the unit
cannot be tilted, which means that near vision
testing has to be undertaken in a horizontal plane.
Nevertheless, refracting units have many practic-
al advantages.

The designs of trial lenses, whether for use with
a trial frame or in a refracting unit, raises several
problems arising from effectivity, that is, the effect
of lens form, thicknesses and separations on the
vergence of the emergent pencils of light. As far as
distance vision is concerned, these problems can
be overcome by designs based on the principle of

Basic equipment for refraction  [13

Figure 6.1. Oculus drop cell and rotating cell trial frames.

additive vertex powers, but in near vision the
full-aperture symmetrical and reduced-aperture
curved forms are generally superior (see also Re-
port of a Ministry of Health Committee (1956)
and Bennett, 1968).

The trial frame or refracting unit should be
carefully centred to the patient’s inter-pupillary
distance (abbreviated to PD). There are special-
ized instruments for measuring the PD (see page
266) but reasonable accuracy may be obtained
with a simple ruler, or better still, a rule with a
fixed cursor at the zero of the scale and a movable
cursor. The rule is held in the spectacle plane and
the patient is directed to look at the examiner’s
right eye. Using this eye, the examiner lines up
the zero cursor with the centre of the patient’s left
pupil. With the rule still held in this position, the
patient’s attention is redirected to the examiner’s
left eye, and using this eye the second cursor is
lined up with the centre of the patient’s right
pupil. This gives the distance PD. The near PDis
measured by asking the patient to look at one of
the examiner’s eyes, the examiner leaning for-
ward so that the distance from patient to practi-
tioner is the same as the usual working distance.
The cursors are lined up with this eye alone, the
rule again being held in the spectacle plane.

Available trial case accessories include centring
discs, which can be used in a similar manner to
adjust the trial frame directly to the patient’s PD.
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They also facilitate the vertical adjustment*
which is no less important than the horizontal
centration. Another necessary adjustment, made
by angling the sides, is to set the plane of the
lenses at right-angles to the line of sight.

Finally, the projection of the trial frame should
be adjusted so that the vertex distance, as far as
can be judged, will be hittle changed if spectacles
are subsequently worn. Because of effectivity
considerations, the strongest spherical lens
needed should be placed in the rear cell, with any
weaker auxiliary lenses in front of it. When the
lens power exceeds about 5 D, the vertex distance
should be measured and recorded as part of the
prescription. At the dispensing stage, when the
frame and lens type have both been chosen, the
vertex distance with these spectacles can then be
estimated. If it differs from that recorded in the
prescription, calculation as in Chapters 4 and 5 or
reference to tables will show what alteration, if
any, to the original prescription should be made
to reproduce the same effect at the eyes.

The vertex distance may be measured with
special calipers, by placing a stenopaeic slit in the
rear cell of the trial frame and pushing a thin card
scale through it to meet the patient’s closed
eyelid, or, less accurately, by viewing from the
side with a rule held against the side of the head.

Since trial frames are relatively heavy, it is
more comfortable for the patient if the frames are
removed occasionally during the refraction, for
example, when writing down the objective find-
ings and later the subjective results for distance.

The many other items of equipment in general
use will be described in the relevant places.

Measurement of a spherical
ametropia

A standard routine

Although the possibility of astigmatism should
never be excluded, it is simpler initially to assume

* Trial frames and many refractor heads cannot be adjusted
to compensate for a marked vertical difference in eye and
pupil positions. With some patients, the final spectacles may
be best fitted off the horizontal so as to match the brow line; in
this case the trial frame may be similarly tilted. In other cases,
the spectacles and trial frame or refractor head should remain
horizontal. An allowance for induced prism, much as
discussed on pages 317-318, may then be needed.

that any amctropia present is purely spherical.
The first stages in the routine apply in either casc.
The unaided vision will give some guide as to the
possible size of any error. If the vision is good, for
example 6/9 or better, it indicates a small amount
of myopia, emmetropia or hypermetropia. If
hypermetropia, there could be a small absolute
error in a middle-aged person, or a medium or
large error in a young patient. While the patient is
still observing the distant test chart, with the
other eye occluded, add +1.00 DS. If the vision is
made worse, try +0.50DS; if the vision again
deteriorates, the patient is emmetropic or myopic.
Then try —0.50DS; if the vision improves, the
patient is myopic. From Table 6.1, —0.50 DS
should improve the vision from 6/9 to 6/6, but
some patients with 6/9 vision may need slightly
more negative power.

If the initial +1.00 DS made a slight improve-
ment or no difference to the vision, hypermetropia
is confirmed. Since accommodation can overcome
all or part of a hypermetropic error, positive
sphere should continue to be added until the
vision no longer continues to improve. Initially,
the plus power should be increased in whole
dioptre steps until the next addition of +1.00 DS
causes a reduction in vision. At this stage, half
and quarter dioptre steps should then be used.

Now suppose the patient’s unaided vision to be
6/24. Table 3.1 predicts an error of about 1.50D,
so a +1.50 DS lens should be tried initially. If this
improves vision, continue adding positive spheri-
cal power as in the previous example until no
more is accepted, that is, further addition causes
blurring. On the other hand, if the initial positive
lens made the vision even worse, then a minus
lens, say —1.00DS, should be tried next. This
should improve the vision to about 6/9, and a
little more negative sphere should then give the
best VA. The change in minus sphere should be
consistent with the improvement in acuity; for
example, it should not require —4.00 DS to im-
prove the vision from 6/24 to 6/6. Over-minusing
an eye merely stimulates accommodation without
improving vision and makes the eye effectively
hypermetropic.

It is, however, a familiar fact that if a myopic
eye is slightly over-corrected (too much minus
power) or a hypermetropic eye is slightly under-
corrected, the test letters or symbols generally
appear smaller and blacker. The accepted rule is
that the highest positive or lowest negative power
that gives the best acuity should be regarded as



the ametropic error. Other factors have to be
taken into consideration, and we shall discuss this
rule later in greater detail,

In order to verify the refractive findings so far
determined, check tests must be applied. The
simplest test is to add positive power to the
correction, whether the patient is hypermetropic
or myopic. If the patient’s acuity is 6/6, then
addition of +0.25DS should blur the line frac-
tionally, but without rendering it illegible. An
addition of +0.50 DS should blur the vision back
to 6/9, and a +1.00DS to 6/18, as predicted by
Table 6.1. If the patient can still read 6/9 through
an cxtra +1.00 DS then either the first result is
incorrect or the patient has either a smaller pupil
or greater ability in interpreting blurred images
than average. Normally, this check test is carried
out only with a +1.00 DS.

A disadvantage of increasing positive power
from zero when refracting a hypermetropic pa-
tient is that accommodation is then brought into
play until the ametropia is fully corrected. Some
patients, however, find it difficult to make the
accommodation relax once it has been exerted.
Accordingly, an alternative approach is to start
by obtaining the best spherical lens, as described
above. The +1.00 DS check test is then applied.
Next, this extra lens power is reduced* by a
quarter of a dioptre at a time until the best line is
again read. Perhaps only half a dioptre need be
removed if some relaxation has taken place. This
method is called ‘fogging’.

Unfortunately, some eyes will react to a
‘fogged’ image by accommodating, even though
this makes the retinal image worse. Ward (1987)
showed that this reaction does not usually occur
unless the eye is fogged by more than +1.5 to 2.0
D. The resulting vision of about 6/30 is then too
blurred to control accommodation which may
then drift towards its resting state (see the
discussion on inadequate stimulus myopias in
Chapter 7). The binocular methods of refraction
to be described later are greatly superior.

* During these lens changes, add the new lower powered lens
before removing the original lens or use the other hand as an
occluder. Accommodation will be stimulated if the patient is
allowed to sce the chart with less than the full correction in the
trial frame.
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Bichromatic (duochrome) methods

The human eye is not corrected to focus light of
different wavelengths at the same image point,
that is, it suffers from both axial and transversc
chromatic aberration. The axial aberration may
be used to help determine the spherical compo-
nent of the refractive error. If vellow light is
focused exactly on the percipient layer of the
retina, the blue—green focus will lic in front of the
retina and the red focus behind it

On of the earliest tests based on this principle
and suitable for clinical use was designed by
Clifford Brown and patented in 1927. It used
carefully selected red and green glass filters and
was  marketed under the trade-name
‘duochrome’. More recently, the word
‘bichromatic’ has become an accepted generic
term for tests of this kind, though ‘dichromatic’ is
said to be etymologically more correct.

Although the retina is most sensitive to light of
a greenish hue in photopic conditions, Ivanoff
(1953) found that for distance vision the eye tends
to select a yellow focus in preference to green. The
choice of filters takes this into account, together
with the spectral distribution of energy of the
typical tungsten-filament light source and the
spectral luminous efficiency curve of the eye.
Thus, green filters conforming to the British
Standard* have their peak luminosity at
wavelength approximately 535 nm and the red at
approximately 620 nm. Relative to a best focus in
the yellow at 570 nm, these filters give a green
focus about 0.20D forward and a red focus at
about 0.24D behind (Bennett, 1963). Another
property of these filters is that they appear of
approximately equal brightness to the observer
with normal colour vision (see also pages 346-
347).

Since the red and green foci are equally spaced
about the yellow, an emmetrope (or corrected
ametrope) should see black test objects on the two
coloured backgrounds equally clearly (Figure
6.2a). Bichromatic test panels may show a series
of Snellen letters on each colour, a series of
concentric rings (usually in the 4.5, 12 and poss-
ibly 24m sizes) or a pattern of dots. Since the
‘white’ focus for a low myope falls a short distance
in front of the retina, a myope will see the pattern

* BS 3668: Red and Green Filters used in Ophthalmic
Dichromatic and Dissociation Tests.
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on the red background clearer; and, conversely, a
hypermetrope will prefer the green. This means
that if the red is seen clearer a minus lens is
required (Figure 6.2b) and a plus lens if the green
pattern appears clearer.

(a) {b)

Figure 6.2. (a) Principle of the bichromatic (duochrome test).
G indicates the focus for green light, R the focus for red light.
When yellow light is in focus, these should lie approximately
equidistant from the retina, one in front and one behind. (b)
In the myopic eye, the red focus lies closer to the retina.

The bichromatic panel may be used as another
check test: the patient is asked whether the
pattern appears clearer (or blacker) on the red or
the green background. It sometimes has to be
stressed that no attention must be paid to any
apparent brightness difference. The trial lenses
are adjusted to make both rings equally clear, or if
this is not possible, clearer just on the red or just
on the green, according to the purpose of the
examiner.

Where the ametropia is considerable, the pat-
terns on both colours will be grossly out of focus
and the test will be unreliable. (This is probably
the reason for the indecisive findings of O’Connor
Davies, 1957, when recording the bichromatic
preference of uncorrected subjects.) When the
correction is within about 1 D of the optimum, the
bichromatic test does appear to work satisfactori-
ly. If the best acuity is poorer than the detail size
of the test pattern the contrast of the frame
surrounding the test panel can sometimes be used
though the test 1s generally omitted in these
circumstances.

With older patients, the crystalline lens becom-
es markedly yellow, blue—green light being par-
tially absorbed and scattered. This gives a
marked red bias to the test and it sometimes
becomes impossible to obtain apparent equality.
Where it is obtained in such cases, too much
minus lens power has usually been added and on
returning to the black and white Snellen chart, an
addition of about +0.50 DS may well be prefer-
red, improving the acuity. Colour defectiveness

should not upset this test too much, since the
sharpness of focus is not affected, only the appear-
ance of the colour. The protanopic or strongly
protanomalous patient has a reduced sensitivity
to the red end of the spectrum and this can cause
difficulty since the red background will appear
much dimmer than the green.

Determination of the astigmatic error

There are two main methods of determining the
astigmatic component of the refraction. The older
method, using a special ‘fan’ chart of radial lines,
will be described first since it illustrates the
nature of the refractive asymmetry extremely
well. The newer method, using a specially
mounted cross cylinder, 1s now used more often
because of its advantages, but not all patients
respond satisfactorily and it is useful to be able to
return to the older technique.

The fan and block method

In Figure 5.4, we can see that the first focal line of
an astigmatic pencil is parallel to the weaker or
more hypermetropic B meridian of the eye, while
the second focal line is parallel to the more
myopic « meridian. This figure illustrates diag-
rammatically the convergent astigmatic pencil
where the principal meridians are horizontal and
vertical.

They may, of course, be oblique. Suppose that
an eye with simple myopic astigmatism has its
more powerful principal meridian along 45° (Fig-
ure 6.3). The axis of the minus correcting cylinder
is thus at 135°. Since the focal line on the retina

Meridians of
patient’s eye
90
135
45
180
20 . 0
135 Examiner here

180

Direct vision fan 0
chart (from behind)
Figure 6.3. Three-dimensional view of fan chart and

meridional notation of a patient’s eye. Viewed from behind,
the direct vision fan chart has the same meridians as the eye.



lies along the 45° meridian, this must also be the
direction of the clearest line seen. According to
standard axis notation (Figure 5.3), meridians are
numbered anti-clockwise from the horizontal.
Nevertheless, from the examiner’s position be-
tween the patient and the fan chart, the line on
the chart which is parallel to the patient’s 45°
meridian appears to be 45° clockwise from the
horizontal. A reverse numbering is thus required
for fan charts viewed directly (Figure 6.4a).

90 180
45 135 45 135

0 (a) 180 90 (b) 90

Figure 6.4. (a) Direct vision fan chart, giving a reversed
protractor, being the examiner’s view of the chart in Figure 6.3.
(b} Indirect fan chart, numbered to indicate the required
minus trial cylinder axis, for viewing by reflection in a mirror.

When a mirror is used, this reverse numbering
1s no longer required but, despite this, a different
system is commonly used for convenience. The
principle is to assume each line in turn to be the
clearest and to number it with the axis direction
of the minus correcting cylinder, which is always
perpendicular to the given line. The resulting
scheme is shown in outline in Figure 6.4(b).

The complete fan chart is illustrated in Figure
6.5. Radial lines of thickness about the limb width
of an 18-metre letter are spaced at 10° intervals
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around a central panel carrying an arrowhead

and two scts of mutually perpendicular lines. The

arrow or V is due to Maddox and is used to refine
the determination of the axis of the astigmatism.

Thus, if the patient says the group of lines near

the top of the chart arc the clearest, the arrow is

rotated to point at the clear group. Suppose that,
as in Figure 6.5, the right-hand side of the arrow-
head appears the clearer: this side is more nearly
parallel to fan lines on the left of the arrow tip.*

Thus, to find the axis of the astigmatism more

accuratcly, the arrow is rotated away from its

clearer side until equality 1s obtained.

The patient’s attention 1s then directed to the
two sets of lines or ‘blocks” and hc 1s asked which
is the clearer: this should be the set parallel to the
clearest line on the fan chart. Negative cylinder
power is then brought into play, the axis being at
right angles to the lines of the clearer block, until
the two sets of lines are equally clear.

Using this method, the refraction of an
astigmatic eye may be undertaken as follows.
(1) Occlude the second eye and measure the

unaided vision of the first eye.

(2) Determine the sphere giving the best vision
obtainable with spherical lenses alone by the
methods on pages 114-115. This lens is called
the ‘best vision sphere’. If the resulting vision
is 6/12 or better, a bichromatic test may also
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* When the patient views the chart in a mirror, his left will be
the refractionist’s right for both the Maddox V and the blocks.

Figure 6.5. Photograph of a fan and block
chart taken through a plus cylinder at axis 20°.
N The unequal clarity of the limbs of the
“ Maddox V shows that an anti-clockwise

J rotation is needed to give equality and
A identify the axis.
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be used. This new vision is then noted, and
from Table 6.1 the amount of astigmatism
present may be estimated. It is assumed that
the best vision sphere puts the cirele of least
confusion on the retina. Hence, in order to
bring the ceye into a state of simple myopic
astigmatism:

Add a positive sphere equal to half the esu-
mated amount of astigmatism, (since the
circle of least confusion lies dioptrically mid-
way between the two focal lines) or add
+1.00 DS if vision at this stage is 6/9 or
better.

Refer the patient to the fan chart and ask
which line or group of lines appear clearest
and darkest. This gives the approximate
direction of the astigmatic error. However. a
simple check test should be made by tempor-
arily adding an extra +0.50 DS in order to
confirm that the eye is in a state of simple
myopic astigmatism. The blackest lines
should blur, but if not, more positive sphere
should be added until they do. (In some cases
the clearest lines will change through 90°,
indicating that the eye had been in a state of
simple hypermetropic astigmatism, with the
anterior focal line near the retina. In this
case, continue adding positive sphere until
this new set of lines just begins to blur.)
Direct the attention to the Maddox arrow
and rotate it away from its blacker limb until
both limbs appear equally blurred. This gives
the axis of the astigmatism, but care must be
taken to ensurce that the patient’s head is
upright.

Directing attention now to the blocks, add
negative cylinder at the appropriate axis until
the second becomes as clear as the first. If this
is not quite possible, it is better to just
under-correct than over-correct the astigma-
tic error, that is, leaving the first group of
lines the clearer or blacker of the two.

Make a second check test by again adding
+0.50DS, or. if the patient is a critical
observer, +0.25 DS. Both blocks should blur
equally, but if the blackest lines change over,
the astigmatism has been over-corrected. If
the originally darker block again becomes
blacker, the original sphere from step (4) was
wrong and must be re-checked.

Return to the letter chart and determine the
sphere giving best acuity, the cylindrical ele-
ment remaining as just determined. As usual,

a positive lens should be tried first, but a
weak minus lens will most frequently be
required.

If in step (4) no lines appear blacker than the
others, there may be no astigmatism present, but
other possibilitics are that the eye is excessively
fogged, has the circles of least confusion on the
retina or is in a state of compound hypermetropic
astigmatism. The +0.50 DS check test will show
up either of these last two conditions. by making
some lines darker. On the other hand. if the eve is
alrcady fogged, extra positive power will blur the
lines cven more, whereas the addition of minus
power will make some lines blacker in the pre-
sence of astigmatism, or all cqually black of these
is no astigmatism.

To summarize the technigue:

(1) Obtain sphere giving best vision.

(2) Estimate power of astigmatic error from the
vision at this stage.

(3) Assuming that the lens found in (1) was that

putting the circle of least confusion on the

retina, add plus spherical power equal to haif

the estimated minus cylinder.

Find the clearest line(s) on the fan. Tempor-

arily add an extra +0.50 DS to check that the

blackest lines blur.

Refine the cylinder axis using the V.

Equalize the clarity of the blocks with minus

cylinders.

Ensure that the eye is not spherically under-

corrected by adding +0.50 DS and checking

that the blocks are equally blurred or at least

not reversed in clarity from the original

appearance. If necessary, adjust cylinder

power.

Refine sphere with Snellen or bichromatic

chart.

(4)

(5)
(6)

(7

(8)

The present writer's (RBR’s) redesign of the V
and blocks is described on pages 125-126.

The cross cylinder

Introduction

This is an astigmatic lens in which the two
principal powers are numerically equal but oppo-
site in sign, the mean power thus being zero.
According to the relevant British Standard,* the

* BS 3521: Glossary of Terms relating to Ophthalmic Lenses
and Spectacle Frames.
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CHANGES IN REFRACTION DURING LIFE*

BY

MAX BUCKLERS

M. Gladbach, Germany

IT is well known that the refraction of the eyes may change in the course of
a lifetime, but we do not know the reasons and the rhythm that rule such
changes of shape and function. The interest of research workers has long
been exclusively focused on the question of the origin of short-sightedness.
On this there are two opinions: the endogenous theory that considers the
germ-plasma as the basis for the development of the eye and its parts, and
the exogenous theory that attributes short-sightedness to the observation of
close objects and other mechanical factors.

If we talk of refraction we mean total refraction. However, this does not
mean a degree which is directly measurable, but a figure that results from the
proportion of all optical constant values to the length of the eye’s axes.
This fact and the approximate value of any subjective measurement explain
the difficulties that hinder work in this field.

The first step was an investigation of the frequency of different stages of
refraction among certain sections of the population. Long-sightedness and
short-sightedness, like all biological characteristics, exist in innumerable
finely graduated degrees. The proportion of the different states of refraction
found at various stages of life confirm that myopia increases more rapidly
in the course of the school years than later in life. Until recently it has been
maintained that learning to read and write is the chief cause of the develop-
ment of myopia.

In contrast to the study of large-scale statistics, the investigation of
refraction-changes during the lives of individuals has a more personal
character. It is an important condition that a series of patients should visit
the same oculist over a long period.

Material
In my practice in Hanover, I was lucky enough to find continuous notes made
by my predecessors (Stolting and Agricola) going as far back as the year 1886.
Thus I was able to draw individual curves of refraction for several patients. The

horizontal scale in each graph gives the patient’s age, and the vertical scale gives
the refraction in dioptres.

* Received for publication May 22, 1953.
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Fig. 1 illustrates the principle on which the graphs have been drawn. The
subject, whose sight could be examined for 40 years, showed in both eyes an equal
long-sightedness and a considerable astigmatism. I took only the right eye, which
had full visual power. At the age of 4 years, when he came as a boy to be examined
for the first time, the correction required was — 3-5 combined cylinder -- 1-0.
While the spherical component remained nearly constant during his youth, the
¢cylindrical component rose by the 12th year from 1 to 3 dioptres, and the position
of the axis of the cylinders turned from 10° to 55°. In the following years the
astigmatism remained nearly constant but the spherical component went down in
spite of the decline in accommodation.
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Fi6. 1.—Records of the right eye of a patient examined regularly from 4 to 44 years.

Fig. 2 shows a synopsis of refraction change in 110 eyes, or rather 110 meridians,
of persons who could be examined periodically for at least two or three decades.
As we are consulted more especially by people who show a rather complicated
fault of refraction, there are many cases of astigmatism among them. In order to
keep the graph clear, only the spherical component has been recorded.
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The short-sichted patients are entered above the zero-line of the graph, and the

long-sighted patients below. Therefore the increase of long-sightedness is
graphically expressed by a descending line. The number of the hyperopes remains
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far less than that of the myopes. The reason may be that the patients were
selected by chance and that long-sighted people visit the oculist generally later and
less frequently. In the course of a lifetime, a numerical progression can be stated
on the myopic as well as on the hyperopic side of the graph, but the number of
these results is too small to establish a biological law.

Observations

Fig. 2 confirms the well-known fact that with short-sighted people the curve of
refraction shows a steeper ascent during the two first decades. Towards the end
of growth, that is at about 20 years of age, the lines of the curves flatten.
Generally, the earlier and the higher myopia begins, the greater the tendency
towards a quick and steady increase, but this rule is not without exceptions. One
case of myopia of 5 D begins at the age of 7 and remains constant over a longer
period and others come to a standstill by the age of 13 or 15, while growth is still
in progress. In these cases the curves tend to become horizontal. Blegvad (1918)
demonstrated that these stationary periods at an early age are not restricted to the
lower degrees of myopia, but also apply to the higher degrees of 9 or 10 dioptres
and more.

On the other hand, there are degrees of refraction that after remaining stationary
up to the 5th or 6th decade show a sudden and distinct increase. We shall discuss
the reasons for this atypical course later on. Now and then we also see a certain
lessening of myopia in the course of a lifetime, for example from 2-0 at the age
of 15 to 05 at 65, or from 7-5 at the age of 17 to 6-5 at 54.

Some cases of excessive short-sightedness show an exceptional tendency to
decrease at a later age. In one case myopia decreased in the seventh decade in
one eye from 19 to 16, and in the other from 17 to 14 dioptres. With another
patient we even found a decrease by steps from 17 to 8, a decline of 9 dioptres in
13 years. Such exceptions cannot be explamed bya change in the length of the axis,
but only by the diminution of the refraction of the cornea or the crystalline lens.

Long-sighted people show fewer dramatic changes. Here we also find steeper
increases for a few years in youth, but generally the stationary forms predominate.

Individual Cases

In the entanglement of lines in Fig. 2, a good many curves coincide or cross each other,
so that there is no clear view of any individual change of refraction, but we will also
consider a few isolated cases.

Fig. 3 shows the curve of a slight myopia with astigmatism. It is the right eye of a
doctor whose refractions on both sides were approximately equal. At the age of 11
the short-sightedness was 1-25 Dj it then increased slowly to 3-5 and remained stationary
from his 19th year for the following three decades. This is a classical example of the
typical evolution of a simple myopia. The astigmatism was constant during all this time.
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F1G. 3.—Right eye showing slight myopia with astigmatism
from 11 to 47 years.
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As contrasted with this
form of myopia which
becomes stationary at the
end of the period of
growth, Fig. 4 shows a
progressive myopia that
was 65 D during the 3rd
decade, and ascended al-
most continuously up to
20 D in the 9th decade.
Both eyes showed not only
the same refraction but
also very bad myopic de-
generation of the retina.
The right eye was blind-
towards the end of the
patient’s life and only the
left eye is represented in

this graph.
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FiG. 4.—Left eye showing
-1 progressive myopia from .../
25 to 82 years.
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of a woman teacher. When she
was about 30 years old we
found a myopia of 6 D in the
right eye and 5 D in the left.
In the following decades the
short - sightedness  increased
very slowly until her 60th year.
Then there was a sudden rapid
increase in both eyes, so that
at 74 years of age 15 and 16 D B
were found. Such a result at .
this age cannot be explained by
an increasing length of the axis
but only by a change in the G
optical system. Indeed, just
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nuclearis, that is, the crystalline lens in each
eye resembled a bull’s-eye window-pane.
As such nuclei have a higher index of
refraction, the result is an additional

myopia.

Fig. 6 demonstrates the change of refrac-
tion in an eye with keratoconus, that is,
accompanied by a high degree of astigma-
tism. At the age of 22 the refraction in
the horizontal meridian was —1-0 D and
in the vertical +6:0. In the middle of the
third decade, the refraction in both meri-
dians declined remarkably, but very soon it
rose again to above the previous level, and
remained at 7 D until the fifth decade.
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A state of refraction, which can be demonstrated perfectly by the graphic method, is
anisometropia. This form of different refraction in each eye is the very touchstone
of all theories about the origin of myopia. Fig. 7 is taken from a housewife, who was
already suffering at 21
years of age from a -

1 RIGHT EYE
2

myopia of 12 D in the
right eye and 5D in the
left. In this case the re-
fraction of the better
eye remained for decades
absolutely constant, and P T
in the more myopic eye, AGE IN YEARS

which was weak-sighted, Fi1G. 7.—Development of anisometropia from 21 to S8 years.
the refraction increased

only by 2 D, so that the difference remained the same during her lifetime.
By contrast, Fig. 8 shows a striking *“ disharmony ™" in the change in refraction. While
in the right eye the small degree of short-sightedness of 2 D remained constant during
10- the whole of the patient’s life
FiG. 8.—Development of (and even declined somewhat
2'2“522:‘3"0"'3 from 14 to towards the end), the myopia
years. of the left eye, which was
higher from the beginning,
ascended  steeply and had
attained 20 D when the patient

o reached the age of 62.
/ Such cases demonstrate
that the change in refrac-
LEFT gve tion for each eye is deter-
mined from birth to death

by endogenous factors and
- - - cylindrical cannot possibly be ex-

T spherical plained by external influ-
/ ences.

These few examples illus-
trate what can be said
about individual changes
in refraction when the
- .- - notes of many years are
L . ~_ available. Our question

o < - 35— Was not “why” but “how”

AGE IN TEARS changes in refraction occur
during the lifetime of certain persons. The results therefore do not offer
a basis for defending or attacking the different interpretations of the
character and origin of short-sightedness. But they call for the solution
of other questions seen from an ontogenetic point of view. One of these is
the relation between the growth of the eye and that of the rest of the

organism, especially the numerical correlations between the magnitude of
the different parts of the eye and the length of the body. The refraction
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curves of twins and the testing of all these problems on growing animals
remain to be examined. When these questions have been explored it may
be found whether outside (that is, parakinetic) influences may change the
shape and function of the eye, or whether it is only hereditary factors
which decide its evolution and refraction.
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RECOVERY OF VISUAL ACUITY AFTER
RETINAL DETACHMENT INVOLVING
THE MACULA*

BY Thomas C. Burton, MD

INTRODUCTION

INTUITIVELY, PERHAPS, MORE THAN BY ANY OTHER METHOD. OPHTHALMOLOGISTS
have thought that prompt surgery for retinal detachment would provide
optimal visual recovery. It has been long observed, and more recently
confirmed, that visual results are best when the macula has not become
involved in the detachment process. 1 Unfortunately, in most large retinal
detachment series the macula is involved about 75% of the time, a figure
which has changed little over a period of many years.5!! Predetachment or
early detachment symptoms obviously are not alerting patients adequate-
ly, or often their physicians, to the urgent need for thorough retinal
evaluations.

Notwithstanding dramatic improvements in diagnostic and therapeutic
techniques, functional recovery of the reattached retina has remained
distressingly poor, with only about 40% of cases achieving 20/50 acuity or
better.269-1213 Comparisons of visual results in large detachment popula-
tions several years apart, even from the same institution, fail to demon-
strate improvement expected with refined techniques.23® However, this
observation does not account for attempts to operate on detachments of
increasing complexity. Now, of course, cases, which a few vears ago would
have been considered inoperable, are being restored anatomically. On the
other hand, the functional results in this class of detachments are very
poor, tending to reduce the average visual recovery.

Unquestionably, the preoperative visual acuity provides the best prog-
nostic index of anatomic success rates and final visual recovery.3613-17 o
preoperative acuity of 20/20 to 20/50 implies a limited detachment with the
macula spared or only flatly detached. As a consequence of pre-existing
ocular pathology; not every detachment with macular sparing presents
with good visual acuity.> 15

*From the Department of Ophthalmology, University of Missouri Health Sciences Center,
Columbia, MO.

TR. AMm. OPHTH. Soc. vol. LXXX, 1982
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Similar appearing detachments have widespread variations in final visual
acuity. '8 Some authors believe that functional recovery is governed largely
by factors beyond the influence of the retinal surgeon.?> Kaufman'®
determined that 85% of variation in visual acuity was explained by nine
factors, only one of which (duration of detachment) might be manipulated.
Similarly, Burton and Lambert'? isolated at least 22 factors (including age
of patient, presc nting visual acuity, type of detachment, pre-retinal mem-
brane formation, vitreous membranes, macular cyst or hole, senile cata-
ract, or history of glaucoma) none of which could be altered readily.

Tani et al® found 14 factors related to favorable functional results, the
most important of which were preoperative acuities of 20/50 or better, less
than total detachments, anterior tears, operative technique, and absence of
the following: giant retinal tears, preoperative ocular hypotony, and un-
treated ocular hypertension.

Over the past several years there has been renewed interest in the study
of functional recovery in retinal detachments involving the macula. The
evidence concerning the importance of duration of macular detachment is
conflicting. Important, if not critical, durations of macular detachment,
after which the prognosis for visual recovery becomes worse, have been
estimated at one week (Kreissig,1© Davies®®) two weeks (Hudson.” Mar-
quez?!), one month (Tani et al ® Charamis and Theodossiadis. ! Davidorfet
al?2) and two months (Norton,2 Grupposo, ' Jay,'® Cleary and Leaver?2).
Gundry and Davies®>?5 have indicated there is a progressive decline in
recovery from day one onward, while Hughes®" stated there seemed to be
no influence on final vision as long as the retina had not been detached
longer than six months.

Such inconsistent information tends to produce casual attitudes about
the urgency of managing detachments which involve the macula. Surgical
delays of several days, often desirable for a variety of reasons. might seem
more acceptable. It appears prudent, however, on the basis of current
information, to encourage prompt surgery rather than permit unnecessary
delay.

The following study was designed to characterize the role of macular
detachment in recovery of visual acuity, and, further, to determine the
degree to which duration of detachment influences the final visual result.

MATERIALS AND METHODS

Nine hundred and fifty-three consecutive cases of primary rhegmatoge-
nous retinal detachment, evaluated between January 1. 1975 and Decem-
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ber 31, 1978, provided the data base for this study. There were 548 phakic
cases (57.5%) and 405 aphakic cases (42.5%).

Demarcations with argon laser photocoagulation, xenon arc photocoagu-
lation or transconjunctival cryopexy were performed in 58 cases (6.1%)
with peripheral detachments. On the remaining cases, several types of
scleral buckling procedures were performed, consisting of episcleral solid
silicone rubber (81.3%), episcleral silicone sponge (6.9%), intrascleral solid
silicone rubber (3.0%), and combinations of the preceding (2.7%). Crvo-
pexy produced the chorioretinal reaction in all scleral buckling operations.

Visual acuities were recorded by trained technicians, utilizing Sloan or
Snellen distance visual acuity charts, employing + 0.50 diopter (D) and +
1.00 D spheres over previous known corrections, in the same visual
screening area under similar lighting conditions. To minimize the effect of
duration of follow-up observations, final visual acuities were obtained,
whenever possible, in the postoperative interval from three to six months.
Acuities obtained later than six months were utilized only if patients had
not been observed during the three to six month interval. Cycloplegic
refractions were done routinely on patients with postoperative acuities less
than 20/50.

The macula was defined clinically as a circular area approximately 1.5
mm in diameter, corresponding to the anatomic fovea or fovea centralis. 2>
The preoperative macular status was ascertained by indirect ophthalmos-
copy and confirmed by fundus biomicroscopy utilizing a three-mirror
Goldmann contact lens. No attempt was made to characterize features,
other than visual acuity, which differentiate patients with macular sparing
from those with macular involvement.

Patients with postoperative visual acuities of 20/60 or less were routinely
evaluated with a direct ophthalmoscope and fundus contact lens for macu-
lar pathology. Fluorescein angiography was not performed regularly.

Statistical analyses on postoperative visual acuity without regard to
duration of macular detachment were limited to cases undergoing a single
operation with a minimum follow-up period of three months, and consisted
of those which were anatomically cured and those which were regarded as
primary failures with persistent inoperable detachments. Patients with a
follow-up time of less than three months were excluded. Also excluded
were patients who experienced primary failures, but who underwent
subsequent operations.

An effort was made to determine, as accurately as possible, the dayv of
onset of macular symptoms. Durations of macular detachment were con-
sidered inaccurate and excluded from statistical analysis for the following
reasons: (1) when impaired visual acuity had been discovered inadvertent-
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ly; (2) when only a crude range of duration could be established; and (3)
when a patient was regarded as a poor historian.

In the analysis of effect of duration of macular detachment on final visual
acuity, several classes of patients were eliminated due to coexisting ocular
pathology, which could affect adversely the final visual acuity. These
included a history of congenital cataract surgery, nystagmus, amblyopia ex
anopsia, retrolental fibroplasia, pars planitis, ceatral corneal scarring,
history of penetrating injury, senile cataract formation sufficient to obscure
visualization of the central fundus, glaucoma with extensive disc cupping,
retinal vascular occlusive disease, detachments due to macular holes, and
macular scarring secondary to trauma, inflammatory disease. degenerative
myopia, heredomacular degeneration or senile macular degeneration.
Patients with preoperative macular cyst or hole formation and those with
preoperative macular puckering were retained, since the two complica-
tions might be related to duration of detachment.

The single operative complication that resulted in exclusion of patients
was subretinal hemorrhage in the macula (15 cases). Postoperatively.
extensive vitreous opacities resulted in excluding two cases. Assuming the
retina remained reattached, no other patient was excluded because of a
postoperative complication (including anterior segment ischemia. angle
closure glaucoma, open angle ocular hypertension, infection. or morpho-
logic disturbances in the macula).

Data from phakic and aphakic eves were combined, since several inves-

tigations have demonstrated similar visual recovery patterns in reattached
cases, 2:613.17,19,22

Statistical analyses were done using the SAS® software package with an
IBM/168 Computer. Significance of differences among frequencies was
determined by chi-squared analysis with Yates  continuity correction
applied when appropriate. Linear regression analysis was accomplished
with a general linear models procedure using the Proc GLM program.
Non-linear regression was accomplished with the Proc N-LIN program.
Given original estimates of the non-linear model, Proc N-LIN uses an
iterative process to improve continually the estimates until the error sums
of squares is minimized. Both linear regression and non-linear regression
provide least square estimates of their parameters.

For both linear and non-linear regression analysis distance visual acui-
ties were converted to a decimal notation to provide a linear scale for visual
function (Table I). Extremely poor visual acuities of finger counting and
hand motion or light perception arbitrarily were assigned values of 0.01
and 0.001, respectively.
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TABLE I: CONVERSION OF SLOAN OR SNELLEN
DISTANCE VISUAL ACUITIES TO
DECIMAL NOTATION

DISTANCE VISUAL

ACUITY DECIMAL EQUIVALENT
20/20 1.00
20/25 0.80
20/30 0.67
20/40 0.50
20/50 0.40
20/60 0.33
20/70 0.29
20/80 0.25
20/100 0.20
20/125 0.16
20/160 0.12
20/200 0.10
15/200 0.075
10/200 0.050
5/200 0.025

RESULTS

PREOPERATIVE MACULAR STATUS

Nine hundred and fifty-three primary retinal detachments entered the
study of which 70% included the macula (Table II). Opacities of the media
or very flat detachments prevented determination of the macular status
approximately 1% of the time. Macular sparing was not associated invari-
ably with intact visual acuity, a situation explained by coexisting ocular
pathology. Further, excellent vision was preserved in a small proportion of
cases with obvious macular detachments (Table III). Nevertheless, differ-
ences in preoperative visual acuities between cases with macular sparing
and those with macular involvement were highly significant (P < 0.0001).

SURGICAL RESULTS

After a single operative procedure, 738 cases (77.4%) were cured anatom-
ically for a minimum of three months. Eighty-six cases (9.0%) represented
primary failures and had no further surgery, usually due to inoperable

TABLE II: PREOPERATIVE MACULAR STATUS IN 953
PRIMARY RETINAL DETACHMENTS

MACULAR STATUS NO CASES PERCENT
Attached 283 29.7
Detached 662 69.5

Indeterminate 8 0.8
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TABLE 111: CORRELATION OF PREOPERATIVE MACULAR STATUS WITH INITIAL VISUAL ACUITY IN 936*
PRIMARY RETINAL DETACHMENTS

INITIAL VISUAL ACUITY
PREOPERATIVE

MACULAR STATUS 20/20-20/50 20/60-20/200 < 201200
NO CASES % NO CASES % NO CASES %
Attached 235 85.1 27 9.8 14 5.1
Detached 20 3.1 96 14.7 536 82.2
Indeterminate 3 37.5 2 25.0 3 37.5
P < 0.0001

*The initial visual acuity was not obtained in 17 cases.

massive periretinal proliferation, but occasionally because patients de-
clined additional procedures. There were 93 patients (9.8%) who experi-
enced primary surgical failures, but underwent secondary operations. An
additional 36 cases (3.8%) were followed postoperatively for less than three
months.

POSTOPERATIVE VISUAL RECOVERY

Of the 824 cases for which a single operation was performed. 27% had
preoperative acuities of 20/50 or better. Postoperatively, 38% of this group.
including failures, had acuities of 20/50 or better (Table IV).

A highly significant correlation (P < 0.0001) was found between final
visual acuity and the surgical result (Table V). Postoperatively. there was a
pronounced shift away from acuities less than 20/200, but only 42% of
reattached cases achieved 20/20 to 20/50 acuity. Five percent of surgical
failures maintained 20/20 to 20/50 acuity for at least three months, because
the detachments remained limited to the periphery.

Macular detachment exhibited a strong negative influence on recovery
of central vision (Table VI). Twenty percent of cases involving the macula
regained 20/50 or better vision compared to 82% in which the macula was
spared, a difference which was highly significant (P < 0.0001).

TABLE IV: COMPARISON OF PREOPERATIVE AND POSTOPERATIVE VISUAL ACUITIES IN 824 RETINAL
DETACHMENTS HAVING ONE OPERATION

VISUAL ACUITY
DETACHMENT STATUS

20/20-20'30 20/60-20/200 < 20:200
NO CASES % NO CASES % NO CASES 3
Preoperative 221 26.8 103 12.5 300 60.7
Postoperative 317 358.5 251 34.1 226 27.4

P < 0.0001
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TABLE V: CORRELATION OF SURGICAL RESULT WITH FINAL VISUAL ACUITY IN 824
RETINAL DETACHMENTS HAVING ONE OPERATION

FINAL VISUAL ACUITY
POSTOPERATIVE

RETINAL STATUS 20/20-20/50 20/60-20/200 < 201200
NO CASES % NO CASES % NO CASES %
Attached 313 42.4 280 37.9 145 19.6
Detached 4 4.7 1 1.2 51 94.2
P <0.0001 °

The preoperative visual acuity had a highly significant correlation with
final acuity (P < 0.0001). Eighty-nine percent of the cases presenting with
20/20 to 20/50 acuity maintained that level of vision postoperatively. In
contrast, 47% of the cases presenting with 20/60 to 20/200 acuity and only
15% of cases initially less than 20/200 recovered vision of 20/50 or better.
Sixtv-two percent of the cases with a final acuity of 20/20 to 20/50 were
accounted for by the group with 20/20 to 20/50 acuity preoperatively (Table
VII). In the group with an initial visual acuity range of 20/20 to 20/50, 9%
dropped to the 20/60 to 20/200 range and another 3% fell below 20/200
postoperatively. Similarly, in the group with an initial visual acuity range of
20/60 to 20/200, 14% dropped below 20/200 following surgerv.

DURATION OF MACULAR DETACHMENT

In this study, approximately one-third of the patients were able to provide
adequate information regarding the onset of macular involvement. After
excluding cases with pre-existing ocular disease, macular hemorrhage and
vitreous opacities, there remained 205 patients, each with a primary retinal
detachment, able to provide an accurate history, reattached with a single
scleral buckling procedure, and followed for a minimum of three months.
Including hospitalization time required for preoperative evaluations, most
patients experienced macular detachments of relatively short duration.
Forty-two percent were operated within 9 days of subjective symptoms,

TABLE VI: CORRELATION OF PREOPERATIVE MACULAR STATUS WITH FINAL VISUAL ACUITY IN 816+
RETINAL DETACHMENTS HAVING ONE OPERATION

FINAL VISUAL ACUITY
PREOPERATIVE

MACULAR STATUS 20/20-20/50 20/60-20/200 < 20200
’ NO CASES % NO CASES % NO CASES %
Attached 197 82.4 20 8.4 22 9.2
Detached 117 20.3 259 44.9 201 34.5
P < 0.0001

*The macular status was indeterminate in eight cases.
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TABLE VII: CORRELATION OF INITIAL VISUAL ACUITY WITH FINAL VISUAL ACUITY IN 824
RETINAL DETACHMENTS HAVING ONE OPERATION

FINAL VISUAL ACUITY

INITIAL 20/20-20/50 20/60-20/200 < 20/200
VISUAL ACUITY
NO CASES % NO CASES % NO CASES %
20/20-20/50 196 88.7 19 8.6 6 2.7
20/60-20/200 48 46.6 41 39.8 14 13.6
< 20/200 73 14.6 221 44.2 206 11.2
P < ().0001

77% within 19 days and 88% within 29 days. The remaining 12% were
distributed over an additional 45 days (Fig 1).

Ninety-one percent (186/205) of the postoperative visual acuities were
recorded during the interval from three to six months. Nineteen patients
(9%) had their final acuities recorded from 7 to 30 months postoperatively.
The mean observation period was four and one-half months for the entire
group.

Fifty-three percent (46/87) of the cases operated within 9 davs achieved
20/20 to 20/50 acuity, a proportion which diminished to 34% (24/70) of those
operated from 10 through 19 days and to 29% (14/48) of those operated
bevond 19 days. Macular involvement of 9 days or less was associated
significantly more often with final acuities of 20/50 or better than durations
of 10 through 19 days (P < 0.05) and durations of 20 days or more (P <
0.05). The frequencies of 20/20 to 20/50 acuity were not significantly
different between durations of 10 through 19 days and 20 days or more (P >
0.05).

Only four patients (2%), all operated within five days of macular de-
tachment, regained 20/20 acuity. Eleven cases (5.4%) recovered 20/23
acuity, but none after 21 days of macular detachment. Twelve cases (5.9%)
recovered 20/30 acuity, but none after 19 davs. Thirty cases (14.6%)
recovered 20/40 acuity, but only two after 28 days. An additional 27 cases
(13.2%) recovered 20/50 acuity, but only 2 after 21 days. Therefore. 84
cases (41%) regained a visual range of 20/20 to 20/50. The average visual
acuity for the entire group of 205 patients was approximately 20/60.

Since more than three-fourths of the patients were operated within 19
days of macular detachment, a scatter plot, displaving every postoperative
visual acuity with a conventional linear scale indicating duration, resulted
in crowding of observations toward the lower end of the time scale (Fig 2).
By visual inspection, it was impossible to determine a trend relating visual
acuity to duration of macular detachment or to devise a line (or curve)
which would be representative of the population. Linear regression analy-
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FIGURE 1
Frequency distributions of durations of macular involvement in patients with primary retinal
detachment. (n = 205.)

sis indicated that a straight line did not describe adequately the trend in
distribution of postoperative visual acuities.

When the observations were plotted on a semi-log graph, the downward
trend in visual recovery with increasing duration was recognized (Fig 3).
Although there was considerable scatter of the data, especially after about
12 days, the negative influence of increasing duration on visual recovery
was emphasized by similarly plotting the means of the observations for
each day (Fig 4).

When the mean observations were plotted on a conventional linear
scale, the variation in the data was evident (Fig 5).

A non-linear tegression model was designed to estimate the trend in
visual recoveries, using duration as the only modifying factor (Fig 6). The
r-square value of the mathematical model was 0.71. Therefore, 71% of the
variation in final visual acuities observed in this study was explained by the
effect of duration of macular detachment alone.
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FIGURE 2
Linear scale graph of postoperative visual acuities results in crowding of observations.
Relationship between visual acuity and duration cannot be represented by a straight line.
(n = 205.) (See Table 1 for Conversion of Visual Acuity.

The regression line can be expressed mathematically by the exponential

equation: y = ae "™, where

y = postoperative visual acuity,

a = .44 (the calculated y intercept),

e = 2.718 (base of natural logs),

b —.022 (calculated constant exponent),

x = duration in days.
The negative value for the constant exponent indicates a progressively
declining value in visual recovery with increasing duration of macular
detachment, but reaching the zero point only after an infinitely long period
of time.

For each day of duration, the model also vielded limits of one standard
deviation above and below the mean for single observations (Fig 7). By five
days of duration, visual recovery averaged 20/50. By 13 days of duration.
the average acuity declined to 20/60. Visual recoveries averaged 20/70 at 20
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FIGURE 3
Semi-log graph of postoperative visual acuities overcomes crowding of observations and
indicates decreasing visual recovery with increasing duration. (n = 205.:
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FIGURE 4
Semi-log graph of means of postoperative visual acuities emphasizes decreasing visual
recovery with increasing duration. (n = 205.)
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FIGURE 3
Linear scale graph of means of postoperative visual acuities emphasizes variation in data.
n = 205.

days, 20/80at 27 days, 20/100 at 37 davs, 20/125 at 47 days. 20/160 at 55 davs
and 20/200 at 69 days.

Given the duration of macular detachment, the estimated final visual
acuity for any individual in this study can be calculated from the preceding
equation. Alternatively, the postoperative visual range can be estimated
with 67% accuracy for an individual case by utilizing Figure 7 as a nomo-
gram.

POSTOPERATIVE MACULAR CHANGES

Visual acuities of less than 20/50 were recorded in 47% (41/87) of patients
with durations of macular detachment of 9 davs or less, in 66% (46/70) of
patients with durations of 10 to 19 days, and in 71% (34/48) of patients with
durations of 20 days or more (Table VIII). Some form of macular pathology
was observed in 45% of cases with final acuities of less than 20/50. Macular
pucker occurred most frequently (26%), but was not related to duration of
detachment (P > 0.05). Macular gigmentation occurred in 13% of the
cases, but was not related to duratioﬁ of detachment (P > 0.05). Six percent
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FIGURE 6
Non-linear regression curve superimposed on means of postoperative visual acuities. Equa-
tion y = ae” ™ describes negative exponential relationship between visual recovery and
duration of macular detachment. (n = 205.)
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recovery for durations of macular detachment of 1 to 80 days for individual patients.
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of cases appeared to have macular cysts or holes, one of which was observed
preoperatively in the 10 to 19 day duration group.

The 31 cases of macular pucker had visual acuities ranging from 20/60 to
hand motion with a mean of 20/160. The 16 cases of macular pigmentation
had visual acuities ranging from 20/60 to finger counting with a mean of
approximately 20/125. The eight cases of macular cyst or hole had visual
acuities ranging from 20/70 to finger counting with a mean of approximately
20/160.

DISCUSSION

In 1934 Dunnington and Macnie! observed that once the macula had
become involved in the detachment process, reattachment of the retina
failed to restore central visual acuity. Reese® (1937), later reviewing the
data of Dunnington and Macnie, wrote that 38% of successfully operated
cases that had been detached for less than one month recovered at least
20/30 acuity, compared to 26% of cases detached over one month. He
concluded that duration of detachment was a factor in determining the final
visual result.

Reporting the collaborative results of numerous retinal surgeons in
1952, Hughes®*" found that detachment of the macula did not necessarily
indicate a poor visual prognosis, since nearly one-third of patients with
preoperative acuities of 20/200 or worse recovered to 20/40 or better. He
suggested the ultimate prognosis for at least 20/40 vision was unaffected by
a history of detachment less than six months old.

In 1963 Norton® determined that poor visual acuity was explained by
three principal factors: vitreous traction, macular detachment and duration
of macular detachment. When the macula was detached only 38% of cases
recovered 20/50 acuity or better, compared to 84% in cases sparing the
macula. While patients with durations exceeding two months had a much
poorer prognosis, the visual results were similar for those operated before
two weeks and from two to eight weeks.

Jay'® (1965) concluded that as long as the macula had not been detached
longer than two months, the final visual acuity, which averaged 6/18
(20/60), was not dependent on duration. After two months, the final acuity
was dependent on duration, with very little recovery of macular function
observed in cases exceeding six months.

In contrast, Hudson” (1968) observed that surgery within two weeks of
macular detachment provided better visual results, with reattached cases
averaging approximately 20/60 acuity. After two weeks, there was little
influence of duration on final acuity, averaging about 20/120 even in cases
bevond six months.
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If cryopexy had produced the chorioretinal reaction in eyes with macular
detachment, Hilton et al.? (1969) found that 60% recovered at least 20/50
acuity, when the duration was less than two weeks, compared with 38% for
durations of two to eight weeks and 25% for durations exceeding two
months.

Jacklin'? (1972) reported that 37% of macular detachment cases recov-
ered at least 20/50 acuity. No data were presented to support his contention
that duration of macular involvement determined the degree of recovery.

Charamis and Theodossiadis'! (1972) found less favorable results when
macular detachments exceeded one month in duration, but observed no
significant variations in final visual acuities for durations ranging from 15 to
30 days.

Davies2® (1972) concluded that the final visual acuity was dependent on
duration of macular detachment and development of recognizable postop-
erative complications, such as macular hemorrhage, choroidal hemor-
rhage, uveitis, macular pigmentation and macular pucker. The highest rate
of visual recovery occurred in detachments with durations less than seven
days, after which there was only a gradual decline for six months.

Cairns®' (1973) found that 20% of cases with macular involvement
achieved at least 6/18 (20/60) acuity compared with 71% of cases with
macular sparing. In the macular detachment group operated within seven
days there was a 38% recovery to at least 6/18 acuity. compared with 33%
and 16% for those operated at one to four weeks and one to six months.
respectively.

In cases of macular detachment operated during the first week. Gundry
and Davies?>2 (1974) showed a decline in final vision from day one
onward. After the first week the advantage of early surgery was less
evident, until the stage of six months, when there appeared to be a
dramatic fall in visual recovery. Improper construction of the graphic
model, in which the time scale was arbitrarily non-linear. resulted in
erroneous interpretation of the data. There was no basic unit of time.
Durations of 0 to 7 days, 14 to 28 days, 1 to 3 months, 3 to 6 months, and
anything beyond 6 months all were assigned equal intervals on the ab-
scissa. If a linear or semi-log scale had been employved, the apparent
precipitous fall in visual recovery would have been eliminated and re-
placed by gradually declining values for increasing durations.

In a study of 179 eyes, Grupposo'® (1975) found that not until after eight
weeks of macular detachment was there a significant reduction in recovery
of macular function. The conclusion may have been influenced by the
division of visual acuity into broad classes (rather than using a linear scale?
and comparison of proportions of eves regaining 20/70 acuity or better.
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Neither length of follow-up nor the postoperative interval during which
final acuities were obtained was reported. Further, although reported in
1975, all the cases had been operated 10 to 16 years earlier, when other
surgical methods, such as lamellar scleral dissection and partial penetrating
diathermy, were conventional.

Davidorf et al?? (1975) reported that duration of macular detachment
made little difference in visual acuity until after one month. Included were’
cases with pre-existing ocular pathology, which could have influenced
visual recovery adversely. Patients with preoperative acuities of better
than 20/400 were excluded, under the assumption that such cases had onlv
partial macular involvement. Average visual recoveries were displayed
graphically with non-linear scales for both visual acuity and duration of
detachment, which resulted in an artifactitious slope of the curve. Appar-
entlv, most of the final visual acuities were obtained from referring physi-
cians, a nonstandardized method which must be regarded with suspicion.

Kreissig'® (1977) identified four factors influencing postoperative macu-
lar functions: extent and height of macular involvement, duration of
macular detachment, age of patient, and degree of myopia. Visual recovery
in cases involving the macula was optimal with durations of seven dayvs or
less. Macular detachments lasting one to two weeks had no better prog-
nosis than those lasting from two weeks to one year, bevond which there
appeared to be a further decrease in visual recovery.

Noting numerous factors which could affect the final visual result,
Marquez?! (1979) indicated that early detachment surgery, especially in
cases of macular sparing, resulted in a better prognosis. Visual acuity
recovered up to 0.40 (20/50) with durations of macular detachment less
than two weeks. Visual recovery declined to 0.15 (approximately 20/125)
with durations of two weeks to six months and to 0.10 (20/200) after six
months.

Tani et al® (1975) reported that 41% of cases with macular detachments
less than one month in duration recovered 20/50 or better acuity compared
with 28% of cases with durations exceeding one month.

Paralleling the recovery patterns in visual acuity are alterations in other
psychophysical measurements. Retinal sensitivity, determined by static
perimetry, diminishes in proportion to duration of macular detach-
ment. %323 Color discrimination, measured by the Farnsworth-Munsell
100 hue test, decreases with increasing duration of detachment.?2* The
Haidinger phenomenon is impaired progressively by detachments of
longer duration.®** Abnormalities in Amsler grid responses have been
recorded in up to 85% of reattached cases, even in eyes with visual acuity of
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5/5 (20/20).> Amsler grid defects have been correlated with extent or
height, as well as duration, of macular detachment. 10,34

Four principal weaknesses in design recur among the foregoing studies:
(1) a non-linear scale for visual acuity; (2) a non-linear scale for duration of
detachment; (3) variation in time of recording postoperative acuities; and
(4) the assumption that all patients provide accurate histories establishing
the onset of macular symptoms.

Conversion of Snellen or Sloan notations into decimal equivalents avoids
excessively long (or arbitrarily divided) scales and the need to combine
various acuities into broad classes, such as 20/60 to 20/200. However,
difficulties will remain with acuity notations of finger counting. hand
motion or light perception. A semi-log graph legitimately overcomes the
crowding phenomenon encountered when one of the scales, such as
duration, is excessively long and most of the observations are located at one
of the extremes.

In this study, two-thirds of the patients were judged to be unable to
provide accurate histories regarding the onset of macular symptoms. Many
patients, who suddenly discovered impaired central vision by inadvertent-
ly occluding the uninvolved eye, were excluded. Patients for whom only a
crude range of duration could be estimated were excluded. Typical of this
problem was the recently aphakic individual who had not received a
corrective lens and who apparently had developed a retinal detachment
between consecutive visits to the primary ophthalmologist. Many patients
simply were poor historians. It was axiomatic that histories became pro-
gressively vague and unreliable with detachments of increasing duration.
The factors of improper graphic display of data and inclusion of data from
unreliable patients largely have been responsible for the variation in
conclusions about the effect of duration of detachment on visual recovery.

This study indicates that visual recovery, in response to increasing
duration of detachment, declines in exponential fashion, similar to the
decay curve of a radioactive material. Seventy-one percent of the variation
in visual acuity was explained by duration of macular detachment alone.
Assuming the duration to be known and patient selection similar to the
manner described in this study, the final visual acuity can be estimated by
the equation: y = ae ~P*. Alternatively, there is a 67% chance that the final
visual acuity for any individual patient will fall within the shaded area in
Figure 7, which can be used as a nomogram. However, the mean visual
acuity obtained from several detachment patients. all having the same
duration, will approach the value represented by the corresponding point
on the regression line.
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In this study, 29% of the variation in visual recovery was attributed to
unknown factors, which probably include pre-existing ocular disease,
patient age, refractive status, type of detachment, preretinal membrane
formation, operative complications, postoperative complications, macular
pathology and length of follow-up observations. Following successful
detachment surgery, visual acuity may continue to improve for six months
to five years,%-14:23.26.32.33 The majority of cases have stable acuity three to
six months postoperatively, 10:11:22.:32.33.35 Declining vision occurs in a small
percentage of reattached cases, usually from cataract formation, macular
pucker or senile macular degeneration.®!!'#:22 Utilizing a multiple re-
gression model, Kaufman'® found no significant correlation between final
visual acuity and length of follow-up. However, a study of patients recalled
10 to 39 years after surgery revealed 44% with visual acuity worse than at
discharge due to cataracts and macular degeneration.>® The potential effect
of length of follow-up on final acuity was minimized in the current study.
While the mean observation period of four and one-half months may seem
modest, 9% of the visual acuities were obtained during a three month
postoperative interval.

Attention to surgical detail and avoidance of complications, such as
choroidal hemorrhage, will enhance visual recoverv. Likewise, careful
observation during the immediate postoperative phase will permit recog-
nition and appropriate treatment of vision threatening problems, such as
angle closure glaucoma, anterior segment ischemia and severe infections.
It should be obvious that meticulous postoperative refractions with atten-
tion to changes in axial length of the globe and corneal curvature will
improve late visual results.14374! Nevertheless, the simple expedient of
refraction often is neglected.

A high proportion of cases with poor visual recovery can be explained by
morphologic changes of the retina, consisting predominantly of preretinal
membrane formation (macular pucker), macular cvsts, cvstoid macular
edema, subretinal pigment migration and retinal pigment epithelial at-
rophy.9-18.23.24.30.42-48 pyndus contact lens examination and fluorescein
angiography may be required to detect subtle changes.

Gross retinal pigment epithelial atrophy has been attributed to long
standing macular detachment. !!-3 Cystoid macular edema is not related to
duration of detachment.*" The effect of retinal pigment epithelial fallout is
disputed, but since that complication results from a surgical maneuver,
there is no correlation with duration of preoperative detachment.*9->2

Among the 205 patients with detachments of known duration, 59% failed
to recover visual acuity better than 20/60. Approximately half of those
patients were found to have macular pathology in the form of macular
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pucker, macular pigmentation, or degenerative cyst or hole formation.
Since patients with visual acuities of at least 20/50 were not subjected to the
same ophthalmoscopic examinations, it is likely that milder forms of
preretinal membrane formation (surface wrinkling retinopathy) were un-
detected.?®>* Therefore, an accurate estimate of the incidence of macular
pucker for the entire group of patients cannot be established. It is possible
that some of the cases diagnosed as macular cysts or holes actually repre-
sented cystoid macular edema, a differentiation which would have been
improved by regularly obtaining fundus fluorescein angiography.

Experimental detachments in ow]l monkevs produce cystoid spaces
within the retina and progressive degeneration of outer receptor
segments.> Both changes are reversed by retinal reattachment.”® The
preceding observations have led several investigators to invoke the possi-
bility that faulty realignment of receptor cells might explain impaired
visual function in the absence of grossly visible retinal pathol-
ogy.%17:23.24.32.33 Gradual realignment of receptors could account for some
cases of slowly improving visual acuity.®” Fitzgerald et al®® have demon-
strated corresponding improvements in Stiles-Crawford function, Snellen
acuity and interferometric acuity after detachment surgery, although the
importance of their observations remains uncertain.

SUMMARY

Nine hundred and fifty-three primary retinal detachments were analvzed
to establish the effects of macular detachment on final visual acuity. Nearly
90% of cases with preoperative acuities of 20/20 to 20/50 maintained the
same level of vision postoperativelyv. Over 80% of cases with macular
sparing achieved 20/50 acuity or better, compared with 20% of cases with
macular involvement. Two percent of patients with macular detachment of
known duration regained 20/20 acuity. Similar to several previous reports.
the overall visual results in this studv were disappointing. Fortv-two
percent of all reattached cases recorded at least 20/50 acuity.

After macular involvement occurs, duration of macular detachment
becomes the most important factor in determining final visual acuity. In
this study, duration of macular detachment alone accounted for 71% of the
variation in final visual acuities. Clearly, the macula does not fail to recover
function after a specific time limit. Similarly, there is no duration bevond
which visual acuity is lost precipitously. Instead, visual recovery behaves
as a function of a biological system, declining rapidly during the initial
stages of the detachment and more slowly as the detachment becomes
chronic. The relationship between visual acuity and duration of macular



Retinal Detachment 495

detachment is analogous to the decay curve of a radioactive material and
can be expressed by the exponential equation: y = ae ~P*.

Given a detachment of known duration, the estimated final acuity can be
derived from the preceding equation. The graphic display of the non-linear
regression curve and limits for one standard deviation above and below the
mean can be used as a nomogram to estimate the likely postoperative visual
range for individual patients.

Few of the numerous factors affecting visual acuity in retinal detachment
disease are subject to regulation. The time a macula is permitted to remain
detached is an exception. Every reasonable effort should be made to
minimize duration of macular involvement. There is no excuse for un-
necessary delay of detachment surgery, whether for the convenience of the
patient, surgeon, anesthesiologist or operating room schedule.

Since visual decline is a continuous process, there are no definite
intervals when surgery is more or less advisable. Emergency status proba-
bly should be assigned to patients with macular symptoms of recent onset.
In this study, no patient regained 20/20 vision with a macular detachment
exceeding five days, a time when an average of 20/50 acuity is anticipated.
Patients with macular detachments of longer duration still should be
regarded with urgency. After 5 days, approximately one line of vision will
be lost for each additional 7 days until 27 days. Beyond 4 weeks one line of
vision will be lost for each additional 10 to 11 days of macular detachment,
at least until approximately 70 days, when 20/200 will be the average visual
recovery.
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Lattice Degeneration of the Retina
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Abstract: Lattice degeneration of the retina is the most important of all clinically
distinct entities that affect the peripheral fundus and are related to retinal detachment.
The purpose of this review is to survey the extensive literature, to evaluate the many
diverse opinions on this subject, and to correlate and summarize all the known facts
regarding this disease entity. The disease is fully defined and described, both clinically
and histologically. Some aspects of the disease are still poorly understood, and some
remain controversial, especially in the area of management. For this reason, the in-
dications for treatment are discussed under eight subsections, with a view toward pro-
viding practical guidelines for recommendations in management. (Surv Ophthalmol

23:213-248, 1978)
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he disease known in English as lattice

degeneration of the retina is acknowl-

edged to be the most important clinically
recognizable vitreoretinal abnormality known
to be a precursor of rhegmatogenous retinal
detachment. In the 50 years that it has been
known to ophthalmologists, it has received a
large variety of designations, relating to
anatomic location, to one or another morpho-
logic feature (either clinical or histologic), or
to differing ideas of pathogenesis.

1. Historical Background
A.TERMINOLOGY

The terms snail-track  degeneration
‘Sneckenspuren), palissades (Palisaden), and
etat givre have generally been ascribed to
Gonin. In addition, the following names have
been applied: cystoid degeneration,?2® 222
lattice-like degeneration,'®®!®* distinctive

diathermy
retinal detachment

+ heredity - lattice-degeneration

chorioretinopathy,'®15° sclerotic areas,'®* ¢
equatorial degeneration,'*® milkyway-like or
galaxy bands,” retinal erosion,'” local retinal
excavation,® and vitreous base excava-
tion.BG,ZOO

Describing and naming entities or
phenomena is an important cultural and
scientific duty, and should be done cautiously,
precisely and accurately; the foregoing terms
are attempts in this direction.-Names should
also serve the practical purpose of enhancing
clear communication among those concerned
with a particular disease. The above rather
confusing array of labels has not always
served this end, but has in some ways, though
quite unintentionally, hindered clear com-
munication.

B. EARLY DESCRIPTIONS

Incomplete descriptions of peripheral
retinal lesions probably representing lattice
degeneration were mentioned by Gonin in

213



214 Surv Ophthalmol 23 (4) Janvary-February 1979

1920* and by Vogt in 1924.2' Rehsteiner in
1928'"! gave an uncoubted description of the
typical branching white line feature of lattice
degeneration in four patients, as an inciden-
tal part of his large study of fundus changes in
myopic and senile eyes.

In 1930, Gonin®* briefly described in one
patient a “brilliant white trellis” appearance
in an equatorial lesion; he also described
several other eyes which had equatorial
lesions probably representing lattice
degeneration with features other than white
lines. Vogt,?®® however, in 1930 published the
first detailed and accurate drawings of its
clinical appearance and supplied by far the
best and most complete early description of
the clinical manifestations.?*"*** Vogt
proved®!?2? that the white lines represented
blood vessels, showing filled blood columns
posterior to, anterior to, and continuous with
individual white lines. Astutely, he realized
that white lines were not essential to the
diagnosis, and stated that they were absent in
the majority of lesions. Although this latter
question has continued to be a controversial
subject,'®® there is a strong body of evidence
which gives confirmation to Vogt’s early
view, and the accuracy of his early percep-
tion shows him to have been a man ahead of
his times. Many other clinical descriptions

and studies have followed,!!1:12:20.21,52.35.37.46.43.
75‘76,90,95,105,\46,147,149,150,156,]57,184,177,178,1837135.190.200‘

202,204,205,217,218

C. “CYSTOID DEGENERATION” OF VOGT

Vogt’s designation of the condition as cys-
toid degeneration of the retina®*"?*?> was un-
fortunate and was evidently the result of his
mistaken assumption®* **°® that the clinical
entity he was describing corresponded to the
histologic entity of peripheral cystoid degen-
eration of the retina, which had been
described by Blessig? and by Iwanoff.'*
However, neither cysts nor cystoid spaces
have been shown to be components of the
histologic picture of lattice degeneration of
the retina. Actually, as correctly stressed by
Pau,'6.164.1% Jattice degeneration is entirely
unrelated to peripheral cystoid degeneration
of the retina. As pointed out by Meyer-
Schwickerath,'” the tiny circumscribed red-
dish areas within lattice lesions are not cysts,
but tiny areas of retinal thinning. Ricci'™ is
correct in maintaining that the term “cys-
toid” should no longer be used in reference to
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lattice degeneration.

Vogt’s mistaken idea led him into an erro-
neous concept of the pathogenesis of the
retinal holes and tears associated with lattice
degeneration. He believed that by the rupture
of their thin walls these “cysts” could form
holes, or could become confluent with other
“cysts,” thus leading to the formation of
horseshoe tears. The influence of his views
has continued to be seen in the frequent
references to these supposed cysts or cystoid
spaces by other writers.

I1. Clinical Definition
A.MORPHOLOGIC FEATURES

One of the areas of greatest disagreement
in regard to lattice degeneration is the clinical
definition of the entity. The wide variety of
dissimilar designations given to the disease is
an indication of the multiplicity of its clinical
manifestations (Figs. 1-6).

The following features, which may be
observed either singly or in all possible com-
binations, are listed according to the ap-
proximate frequency of their occurrence:
localized round, oval or linear shaped retinal
thinning; pigmentation; whitish-yellow sur-
face flecks: round, oval or linear white
patches; round, oval or linear red craters;
small atrophic round holes; branching white
lines; yellow atrophic spots (depigmentation
of pigment epithelium); and rarely tractional
tears at the ends or posterior margins of
lesions. Usually one, but sometimes two or
three, of these features predominate in each
individual lesion. Differences between one le-
sion and another, however, are sometimes so
striking that some observers have been in-
clined to think that they may represent
basically different entities. Thus, a number of
classifications and other reports of peripheral
l'Ctlnal diseasesl,49,75.89,90,105.112,113,119,125,126.229
have been published in which lesions, un-
doubtedly representing different manifesta-
tions of lattice degeneration, have been
regarded as separate disease entities.

B. CRITERIA FOR DEFINING CLINICAL LATTICE
DEGENERATION

Any lesion in the peripheral retina which is
consistent with lattice degeneration in 1
shape, location, and orientation must be ex-
amined carefully with scleral indentation. If,
with indirect ophthalmoscopy and scleral in-
dentation, the examiner can demonstrate at
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Fic. 1. Lattice  degenera-
tion, showing combined fea-
tures of white lines, snail-track,
and reddish base.

lesion as

Fic. 4. Same
Figure 3 (with scleral inden-
tation) showing typical white
line.

tion,
tation).

the borders of such a lesion an abrupt, dis-
crete irregularity of the otherwise smooth sur-
;ace of the retina, the lesion should be
regarded as lattice degeneration, in spite of
variations in pigmentation or other
morphologic features.

C.NONESSENTIAL PRESENCE OF WHITE LINES

Some'® have maintained that the presence
of white lines (Fig. 1) is a sine qua non for the
'iagnosis of lattice degeneration and have
therefore considered lesions with ‘white lines
as a separate entity, differentiating them from
similar lesions lacking the white line feature.
This feature is the most striking and unusual
clinical feature, but it is arbitrary to state that
its presence is mandatory. Vogt,22 Byer,:%:7
Ricci,' and Straatsma et al*® agree that
white lines are not essential to the diagnosis.
“here are at least three reasons why a broader
definition is required.

1) Histologic surveys?®*'.76-202:2%% showing a
prevalence rate for lattice degeneration in the

Fic. 2. Lattice
tion with marked pigmenta-
tion plus white lines.

Fic. 5. Lattice

showing
feature (with scleral inden-
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Fic. 3. Lattice  degenera-
tion with marked depigmenta-
tion of pigment epithelium
(without scleral indentation).

degenera-

Fic. 6. Lattice
tion, showing only a reddish ex-
cavation (with scleral inden-
tation).

degenera-
snail-track

degenera-

general population of 8%, 5%, 9.5%, 6%, and
10.7% are in close agreement with clinical
surveys®* 1! which have found a prevalence
rate of 7.1%, 8%, and 6%. The autopsy report
of Okun giving the much lower rate of 1.2%"*
was evidently the result of his exclusion of
cases without white lines. This would corre-
spond almost exactly with the prevalence of
cases with white lines in my two clinical
studies where it was found that 1.23% (17.4%
X 7.1%)* and 1.45% (18.2 X 8%)* showed
them respectively.

2) It has been shown that many lesions
that do not exhibit white lines nevertheless do
show an earlier stage of vascular change,
namely, the presence of narrowing of vessels
within or near the borders of the lesions. Such
lesions are much more common (by a ratio of
5.7 to 1%") than those showing actual white
lines.

3) When patients with lattice degenera-
tion are observed over a period of time
without surgical intervention, new white lines
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can be seen to appear. This was documented
in 14% of 204 patients so observed.*® Among
54 involved lesions, new white lines developed
in 30 lesions which had initially shown none
by microscopic examination with Goldmann
lens, and additional white lines appeared in
the remaining 24 lesions which had had white
lines previously. This is sufficient proof to
permanently settle the controversy that has
existed, confirming that lesions in which
white lines are absent represent the same dis-
ease process as those lesions with white lines.
The white lines have been identified in 12% of
lesions and 30% of patients in a large series.*

Several peripheral retinal lesions (to be dis-
cussed) are considered by some authors to be
possibly different entities, namely so-called
‘‘pigmentary degeneration;” ‘‘snail-track
degeneration,” *‘retinal erosion’ or ‘‘vitreous
base excavation.” However, white lines can
occasionally be found in all of these lesions as
I have shown in fundus photographs®” and I
believe that they are to be regarded as varia-
tions of lattice degeneration. The use of a
somewhat more restricted definition of lattice
degeneration (or “equatorial degeneration”)
may account for the report of a much higher
prevalence of white lines (80%) in these
cases."’

D. “PIGMENTARY DEGENERATION”

Some authors have drawn a distinction
between lattice degeneration and a form of
pigmentary degeneration (Fig. 2) which they
have classified as a separate entity and which
they believe is a precursor of rhegmatog-
enous retinal detachment. Everett’ stated
that much overlapping occurred between lat-
tice degeneration and pigmentary degenera-
tion, and later,” although still using the latter
term as a separate classification, he strongly
suggested that it should be questioned as a
definite pathologic entity.

I am not aware of any histologic reports
that would substantiate the existence of any
such entity that is separate from lattice
degeneration. The pigmentary changes
associated with the peripheral degeneration of
high myopia are very irregular and non-
descript and are not in themselves rhegma-
togenic. It is very important in this regard to
remember that pigmentary changes are
among the most prominent features of lesions
of lattice degeneration, having been reported
in 81.7%* and 92%** of lesions. These pig-
mentary changes probably do not represent
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part of the primary pathologic process in Iat.
tice degeneration, as thought by Michae.

son,"*'* but are secondary and non-specific
changes that occur in the pigment
epithelium.®*:'*® There are at least foyr
different types of pigmentation that occur iy
association with lattice lesions.”

1) Pigment may be found in scattered
clumps or granules, or may be diffusely djs.
tributed throughout the lesion. This may be
so heavy that almost no other features are ap.
parent.

2) Pigment may be distributed in align-
ment with the blood vessels passing through
the lesion.

3) When a tiny round atrophic retinal hole
is present within a lattice lesion, usually there
is also a narrow adjacent concentric cuff of
elevation of retina within or sometimes ex-
tending very slightly beyond the lesion.
Typically, this round area of detachment is of
a uniform dusky gray appearance, which is
produced by a subtle diffuse secondary pig-
ment migration within or from the pigment
epithelium, and limited in extent exactly to
the round zone of detached retina. In examin-
ing the peripheral retina, one can frequently
observe such round gray zones, even without
scleral indentation. In my opinion. they are a
pathognomonic sign of the presence of a tiny
atrophic retinal hole which may be difficult to
perceive, but which can be found with careful
scleral indentation or slitlamp examination
with the Goldmann contact lens.

4) Frequently, in the same area that con-
tains a tiny hole with concentric adjacent
detachment, there is also a neat necklace-like
row of more obvious pigment granules.
demarcating the outer limit of the elevated
area.

In association with these secondary pig-
ment changes seen in lattice lesions one also
frequently sees, as might be expected, discrete
yellowish atrophic areas of depigmentation.
Figures 3 and 4 show an exaggerated exam-
ple. Attention has been called to the
similarity in appearance of these areas t0
those of pavingstone degeneration.'*® From
their clinical appearance, one would surmise
that their histologic picture would be similar
to, or identical with, that of pavingstone
degeneration. They are commonly seen ad}a-
cent to lattice lesions and appear to be secon-
dary and nonspecific changes, as identical
lesions have been reported in association with
senile retinoschisis.**
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The confusion concerning this pseudo-
entity of pigmentary degeneration could, I
think, be removed if the diagnostic criteria
outlined in Section II, B were observed. It is
probable that failure to examine such lesions
in this way accounts for the idea of the ex-
istence of a separate pigmentary degenera-
tive entity which is thought to be capable of
ziving rise to retinal breaks.

E. “SNAIL-TRACK DEGENERATION"

Snail-track degeneration (Sneckenspuren)
is a term used by many authors to designate
another peripheral retinal manifestation (Fig.
5) thought to represent an entity possibly dis-
tinct from lattice degeneration. However,
there is evidence which strongly suggests that

his morphologic appearance is yet another of
the various clinical manifestations of lattice
degeneration.

Gonin® (in his Tab. XXXIII) showed a
good illustration of such a lesion which con-
tained in one end a tiny round atrophic hole
of the type typical of lattice degeneration.
Vogt® (in his Abb. 140-141) published an il-
'ustration of a snail-track lesion with a typical
iractional horseshoe tear which developed on
the posterior edge and around both ends of
the lesion. The term “snail-track” is a useful
and  well-chosen morphologic descriptive
clinical label for lesions with usually abrupt
discrete borders having the characteristic
shape, location, and orientation of lattice
lesions.

The essential ingredients of the snail-track
appearance are the tiny glistening yellow-
white flecks which are seen in large multi-
tudes either on the surface of the retina or
suspended just above the retinal surface in the
most peripheral (external) vitreous layers.
These flecks are also seen in the absence of
other characteristics of lattice degeneration,
and the term ‘‘snail-track” should probably
e avoided in these situations. They are a
prominent feature of senile retinoschisis,1*4
where they are found in 70% of lesions.* They
may also be seen adjacent to meridional
retinal folds and to retinal rosettes in the
peripheral retina,*? and adjacent to retinal
tears not caused by lattice degeneration.®
Large areas of these flecks are sometimes
‘een covering a quadrant or more of the
peripheral retina with very indistinct borders
which gradually merge into normal retina.
Such an appearance is also designated as
“etat givre” and is illustrated well by
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Heinzen'® (p. 187, Abb. 138). However, this
is not to be confused with lattice degenera-
tion. According to FEisner,” when these
“glistening retinal dots™ are the only retinal
change and the surrounding retina appears
normal, abnormal vitreoretinal adhesions are
not present, since the vitreous detaches at
these sites without complication. He also
states that these dots may disappear follow-
ing a posterior vitreous detachment. These
were formerly thought to possibly represent
cholesterin deposits.®% Daicker, however,
has extensively investigated the histologic
nature of areas of snail-track appearance in
21 eyes using trypsin digestion and concluded
that the individual glistening particles repre-
sented microglia cells containing lipoid or
lipoprotein material. He found the retina in
the area of the snail-track was always
primarily or secondarily atrophic.

Streeten and Bert?* also used trypsin diges-
tion in studying lattice lesions and found that
the basement membrane was absent from the
surface of all lesions. The surface showed in-
stead variable PAS-staining coarse fibers
with round PAS-staining discs attached to the
fibers. They stated that these were identical to
hyaline bodies often seen in digestions of
degenerated peripheral retina, and suggested
that they might correspond to the yellow-
white surface flecks seen clinically.

Straatsma, et al**® studied lattice lesions
using trypsin digestion and electron micros-
copy and demonstrated dense granules of
PAS-staining material within and at the
margins of lesions. They believed this to
represent extracellular products of cell break-
down and fibrosis, and correlated it with the
tiny surface particles seen clinically. Possibly
this also corresponds to the collections of
pink-staining hyaline material, staining
positively with PAS, which Straatsma and
Allen described briefly in an earlier report.22
Typical snail-track lesions tend to have a
“white-without-pressure” appearance, and
frequently may also exhibit a rather marked
increase of whiteness when scleral pressure is
applied. (The term “white-with-pressure,”
however, should be used in a more strict
sense, describing a well-defined *“‘geographic”
type of fundus whiteness which is produced
with pressure and which is entirely different
from any form of snail-track appearance).

The condition reported by Girtner*®® and
designated as “milkyway-like” or “galaxy-
like” degeneration undoubtedly falls within
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the group of “‘snail-track™ lesions.

It is my opinion that the term “snail-track
degeneration” should no longer be used, since
it implies a distinct pathologic entity. Neither
should the word ‘“‘snail-track” be used to
differentiate a lesion in the fundus from the
disease we know as lattice degeneration of the
retina. For the following reasons, the term
should be limited to describing simply one
variation or manifestation of lattice lesions.

1) Writers who use the term have con-
sistently drawn attestion to the fact that
snail-track lesions closely resemble the shape,
location, and orientation of lattice lesions.

2) The essential white flecks of the snail-
track appearance occur to varying degree in
80% of lattice lesions.®

3) The snail-track appearance is fre-
quently combined with other classic features
of lattice lesions such as round atrophic
holes,!:37,90.95,105.222  hgrgeshoe  tractional
tears,'®??? or white lines and reddish base as
shown in Fig. 1.

In summary, the yellow-white retinal flecks
probably represent, as Daicker® concludes, a
non-specific expression of primary retinal
processes which are slowly atrophic-
degenerative in nature.

F.“RETINAL EROSION,” “LOCAL RETINAL
EXCAVATION,” “VITREOUS BASE
EXCAVATION™

There is another lesion which has the
typical shape, orientation, and location of lat-
tice lesions and is characterized by a sharply
demarcated excavation and a uniform reddish
base (Fig. 6); I have regarded this as a varia-
tion of lattice degeneration.®? It has also been
called retinal erosion,'”” local retinal excava-
tion,*® and vitreous base excavation.®42%

Foos et al* state that this lesion probably
represents a variant of lattice degeneration
which is modified by its location within the
area of the vitreous base. Rutnin and
Schepens'™ express doubt as to its exact
nature, but suggest the possibility that this le-
sion, while having the basic characteristics of
early lattice degeneration, may be nonpro-
gressive, stating they have never seen it
progress to a typical lattice-like lesion. They
illustrate such a lesion showing associated
pigmentation and also overlying white flecks.
I have also shown® that such lesions may
have white lines and particularly may develop
small atrophic holes. I believe that the
preponderance of evidence would support the
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inclusion of this lesion as simply another
clinical variation of lattice degeneratior.

G. “DISTINCTIVE CHOROIDORETINOPATHY”
(CHORIORETINOHYALOIDOPATHY)

The term ‘“‘distinctive choroidoretinop-
athy”1415¢  (chorioretinohyaloidopathy)#®
would seem to imply a specific role of the
choroid in the pathogenesis of this condition;
however, the choroidal alterations in lattice
degeneration are often absent and when
present, are probably nonspecific secondary
changes.61,134,166

H. RELATION TO POST-EQUATORIAL RADIAL
PERIVASCULAR CHORIORETINOHYALOID-
OPATHY (WAGNER'S HEREDITARY VITREO-
RETINAL DEGENERATION)

In attempting to define the clinical
appearance of lattice degeneration, it is
necessary to discuss another lesion which has
been the source of considerable confusion. It
may be designated ‘‘post-equatorial radial
perivascular chorioretinohyaloidopathy.” It
has been included in the category of clinical
manifestations of lattice degeneration by
several authors.** %2 Cibis*® refers to it as
‘“post-equatorial (pigmented) lattice degen-
eration,” and McPherson'* calls it “‘familial
lattice degeneration.” Its fundus picture
appears to be the same as the one now becom-
ing recognized as an important component of
Wagner’s vitreoretinal degeneration. Al-
though the distinctive appearance was not
noted in the earliest reports of Wagner’s dis-
ease,”? a patchy perivascular form of
pigmentation was reported soon there-
after ®11%172 and has since been more fully
dcscribcd.S,lﬁ,lO'I,ZI'l

Other authors have presented descriptions
and photographs of lesions very closely
resembling and probably identical with this
particular component of Wagner’s disease.
Cibis*® described familial cases of what he
called “post-equatorial (pigmented) lattice
degeneration” or ‘‘post-equatorial chorio-
retinohyaloidopathy,” and stated that he was
inclined to consider it identical with Wagner's
hereditary hyaloideoretinal degeneration.
Hagler and Crosswell*® reported 33 patients
with a very similar fundus appearance which
they termed ‘radial perivascular chorio-
retinal degeneration.” However, because of
certain differences between their cases and
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some of those reported with Wagner’s dis-
ease, it was their opinion that their cases
probably represented a distinct familial en-
tity. For example, Hagler and Crosswell
found a very high incidence of retinal detach-
ment (67%) in their cases, whereas retinal
detachments have been notably absent among
the patients reported by Wagner, even follow-
i1 g cataract extraction 124

Urrets-Zavalia®® has also reported a
pedigree of four cases similar to those of
Hagler and Crosswell.'® The fundus lesion
described by the various foregoing authors
has an ophthalmoscopic appearance which is,
in most respects, decidedly different from
that of lattice degeneration as defined in this
review. This lesion, which we may call post-
e;uatorial radial perivascular chorioretino-
hyaloidopathy, is characterized by a typical
radial orientation, symmetrically arranged
around a major blood vessel which appears to
form the central core of the lesion. There are
usually large coarse clumps of black pigment
which often form a prominent black sheath
around the vessel. The lesions are very broad
vith ill-defined margins merging impercep-
t.bly with normal retina. There tends to be a
broad zone of depigmentation of the pigment
epithelium and of atrophy of the choriocapil-
laris. The lesions are also very long and
posterior, sometimes extending back to the
optic disc.?:1%

Typical lattice degeneration has, however,
been reported in association with post-
¢juatorial radial perivascular chorioretino-
hyaloidopathy 349190107218 1n four of these
reports,>1917218  the two conditions are
differentiated from each other.

L“EQUATORIAL DEGENERATION”

The term, “equatorial degeneration,
enjoys great popularity and serves a useful
purpose in emphasizing the interrelation-
siips among some of the various clinical
forms of lattice degeneration. However, it has
the disadvantage of not being sufficiently
specific, since there are a number of other
degenerative processes which involve the
€quatorial zone but have no relationship to
lattice degeneration.

IT1. Histologic Features
A HISTORICAL BACKGROUND

In 1904, Gonin®* briefly described the

histologic appearance of an equatorial retinal
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lesion in a patient with retinal detachment.
Aithough his description is somewhat confus-
ing, the published drawing of this lesion (Fig.
3, page 38) which is immediately anterior to a
tractional retinal tear, does show features
which are consistent with lattice degenera-
tion. This probably is a lattice lesion and, as
such, represents the earliest histologic
documentation of this disease of which I am
aware. Gonin stated that it resembled a focus
of choroiditis. Later (in 1930), when Gonin®
gave a brief clinical description of lattice
degeneration, he expressed the opinion that it
probably corresponded to the type of
histologic lesion he had reported earlier.??

In 1929, Kiimmell'®® studied an eye
removed seven days after the onset of a
retinal detachment. His published photo-
micrographs reveal a number of the typical
features of lattice degeneration. Arruga, in
his 1936 text,'? presents histologic sections
from the eye of a patient of Sourdille which
show an entirely typical lattice lesion. The
description of the lesion, however, is very
scanty, stating only that it shows “retinal
atrophy with post-inflammatory pigmentary
residue.”

The first clear histological description with
supporting illustrations of specimens was
given by Lindner'* in 1937. His report in-
dicates that he recognized all the salient histo-
logic features of the disease that are known
today, including thinning of the inner retinal
layers, adjacent vitreous liquefaction, attach-
ment of condensed vitreous fibrils to the
edges of the lesion, and glial proliferation. He
calculated the length of the lesions by
measurements of serial sections and therefore
emphasized the broad “apron-like” nature of
pathologic vitreoretinal attachments, a con-
cept which is still not widely enough under-
stood today. He also pointed out the notable
absence of choroidal involvement. His impor-
tant contribution has received insufficient
notice in the literature. Although he demon-
strated histologically that the lattice lesion
could be the site of a tractional retinal tear, he
also showed that posterior vitreous detach-
ment can coexist with an intact retina at such
sites of abnormal vitreoretinal attachment.

However, it is an interesting question
whether Lindner realized that the histologic
entity he described corresponded to the
clinical disease we now know as lattice
degeneration, for in discussing Michaelson’s
paper'*® on clinical lattice degeneration 17
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years later, he made no mention of his own
earlier work. It seems quite possible that the
dominent influence of Vogt’s mistaken view
that clinical lattice degeneration (or “cystoid
degeneration™) arose from Blessig’s cysts
(peripheral cystoid degeneration) may have
obscured the importance and correct inter-
pretation of Lindner’s discovery.

Other histologic reports followed lat-
er.S.G,ZQ,Gl,76,150,156,157,164-166,202,205.206
B. MORPHOLOGIC FEATURES

Straatsma et al**® studied 800 consecutive
autopsy cases, finding 86 (10.7%) with lattice
degeneration. All the 286 lesions found in
these cases showed three invariable features;
retinal thinning; vitreous liquefaction overly-
ing the area of thinned retina; and vitreous
condensation and exaggerated vitreoretinal
attachments at the borders of the lesions.
Almost all of the autopsy reports mention the
presence of a new-formed cellular component
of the lesions thought by most to represent
glial proliferation.®::124.164.202.205.206 Some have
thought that this new tissue might have
originated from the pigment epithelium 16416
vascular connective tissue,'®*'% or even from
cortical cells of the vitreous.!*¢:166

C. TRYPSIN DIGESTION STUDIES

Trypsin digestion studies have been carried
out by several investigators,®:¢205:2% gnd
have been commented on in Section II.E.

D. ELECTRON MICROSCOPIC STUDIES

Two investigators have studied lattice
degeneration with electron microscopy.?°%2°¢
Straatsma et al®® demonstrated thinning of
the retina, fibrosis of blood vessels, loss of
retinal neurones, accumulation of extra-
celiular (glial) material, pigment abnor-
malities,-and alterations of the inner limiting
lamina. All these changes, as one would ex-
pect, were found to be progressively more ad-
vanced toward the center of the lesions.
Streeten and Bert®®® demonstrated an absence
of basement membrane over the surfaces of
lesions, which showed instead the presence of
glial cells which they identified as astrocytes.

IV. Methods of Clinical Examination

The particular features of lattice lesions
which will become apparent during clinical
examination depend markedly on the method
of examination employed, and on the skill
and experience of the examiner. The very
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peripheral location of the lesions makes thep
largely inaccessible to direct ophthalmgg.;
copy. Slitlamp examination with the Go]q.’
mann contact lens, especially when used jp !
conjunction with Eisner’s™ independently E
movable scleral indentation, gives goog
visualization of the periphery and reveals
details, particularly of the vessels and vitreg.
retinal relationships, which cannot be seen by
any other method. However, binocular ip.
direct ophthalmoscopy with scleral indenta.
tion, uti'izing less magnification, permits ex.
amination of a larger field, reveals better
color contrast, permits visualization of any le.
sion in multiple profiles, and provides a better
perspective of the disease as a whole thap
does any other method. Furthermore. many
lesions cannot be detected except by scleral
indentation. Dependence on less adequate
means of examination may account for the
comment by Pau'®' that some lesions seen in
autopsy eyes cannot be seen clinically; it may
also account for the impression of some!:.1%
that lattice lesions frequently seem to
progress suddenly and change their
appearance in a short period of time. even
among older patients.

V. Clinical Features
A.SUMMARY OF NEW DATA

Many of the clinical characteristics of
lattice degeneration have already been dis-
cussed (Section II). To shed further light on
its clinical appearance, I would now like to
present previously unpublished data® (Table
I) assembled in 1966 from a study which I
conducted on 1700 consecutive patients.
These patients represented a different series
than the one I previously reported,* but they
were selected with the same criteria. That is,
the patients were not referred by another
ophthalmologist, did not present with retinal
symptoms, and had no known history of
retinal disease or intraocular surgery. Of the
1700 patients surveyed, 137 (8%) had lattice
degeneration which involved 195 eyes. being

TABLE |
Clinical Survey of 1700 Patients (3400 Eyes:
Number [ Patients 1 Eyes § Lesio:ﬂl
wlLattice 137 (8% 195 ! 393
wiRound Holes | 40129.2%! | 46123.6%) | 641l6.3%
wiWhite Lines | 25(18.2%) | 30115.4%) f 47 ¢11.9%
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Fic. 7. Distribution of lesions of lattice degeneration by quadrant and meridian in

137 consecutive patients.

bilateral in 58 (42.3%). There were 393 lesions
representing two lesions per eye. The distribu-
tion of lesions by meridian and quadrant is
shown in Fig. 7. Forty patients (29.2%) had
one or more round holes in one or more
lesions, and 25 patients (18.2%) had white
lines in one or more of their lattice lesions. Of
the 25 patients with white lines, 9 (6.6% of
total patients with lattice) had the white line
lesion as their only lattice lesion. The 25
patients had 115 lesions, only 47 (41%) of
which showed white lines. These 47 lesions
with white lines represented 11.9% of the total
393 lesions studied.

B. GENERAL FEATURES

Lattice degeneration is not known to show
any racial preference, having been reported
commonly among Caucasians, Orien-
taISlZS,126,1797181,195.209‘229 and AfrlcanS.“ The
distribution is not statistically different for
males and females.32-2°%

The refractive index of eyes with lattice has
been reported to be shifted significantly to the
myopic side,?>1522.2% byt some?** believe it is
not a contributory factor. Hyams and
Neumann'*? found either “‘lattice” or snail-
track lesions in 15% of myopic eyes of —1.00
D or more. Cambiaggi*® reported palissade
degeneration in 19% of myopic eyes, and an
increased prevalence in those over —8.00 D.
Kirker and McDonald'* found lattice in
8%-22% of myopic eyes over —6.00 D, but
the definition of their categories is unclear.
Karlin and Curtin," in their study of myopic
eyes and axial length, found an increased

prevalence of lattice degeneration associated
with increased axial length, reaching a
prevalence of 15% in the longest eyes.

The disease appears to reach its maximum
prevalence prior to the age of 10 years®? and
clinical surveys have reported this prevalence
to be between 6% and 8%.3%-3

Bilateral involvement has been reported in
33.7%,%* 48.1%,%° and 42.3%.* In bilateral
cases, there is frequently a striking symmetry
in the location and appearance of individual
lesions. The average number of lesions per
eye has been found to be 2.4,%2 2.3,2% and 2,3
but the actual number may vary from 1-19 or
morc‘32,205

The length and width of individual lesions
is very variable. Clinically, the length has
been reported to vary between % and 12 disc
diameters (DD)* and, in an autopsy study,
from 1/6 to 12 DD.** However, they may oc-
casionally be much longer. The width has
been reported by the same studies to be % to
2/3 DD* and 1/10 to 2 1/3 DD with the
average being %2 DD.?® However, they may
sometimes be so narrow as to appear as only
thin lines, especially in the case of some new
lesions making their first appearance.®
Lesions may be linear, oval, or, if very small,
even round in shape.

The large majority of lesions have an orien-
tation approximately parallel with the ora
serrata, but some are somewhat obliquely
placed at various angles.**?* The most com-
mon location for lesions in the anterior-
posterior plane is slightly posterior to the
midway point between ora and equator.3%%
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It is not uncommon to find two lesions
situated parallel to each other, one more
anterior and one more posterior. Oc-
casionally, as many as four or five lesions ex-
hibit this adjacent parallelism in such a
manner that each lesion 1is situated
progressively more posterior than the
previous one; also, each lesion is displaced
progressively slightly more laterally than the
previous one. When this occurs, a straight line
drawn through the series of lesions would lie
in an oblique plane in relation either to the
equator or to the anterior-posterior plane.

C.DISTRIBUTION OF LESIONS

The opinion has been almost universally
held that lattice degeneration has a predilec-
tion for the upper temporal quadrant. Not
until the lesions began to be studied accord-
ing to meridian®*%32% was it realized that lat-
tice lesions tend to be clustered between the
11 to 1 o’clock and 5 to 7 o’clock meridians
rather than in any particular quadrant. These
areas contained 66% of the 286 lesions in the
autopsy study by Straatsma et al?* and
78.6% of the 393 lesions in my clinical study.®
However, when the 393 lesions in my study
were analyzed as to quadrant (Fig. 7), it was
found that the lower temporal quadrant was
the most common one involved.

The reason that lattice degeneration has
been so widely thought to be most common in
the upper temporal quadrant is not difficult to
understand. Most patients in whom lattice
degeneration is discovered have sought out
the ophthalmologist because of acute retinal
symptoms. In a series of 100 such eyes show-
ing symptomatic retinal breaks with retinal
detachment, Dumas and Schepens’ found
that 30 of the eyes had lattice degeneration
and that each of these had at least one retinal
tear closely related to a lattice lesion. These
30 eyes showed 33 horseshoe tears associated
with lattice, and 54.5% of these were located
in the upper temporal quadrant, a much
higher percentage than was found in any
other quadrant. This is consistent with the
long known fact that among retinal detach-
ment patients, the upper temporal quadrant is
the commonest quadrant for the occurrence
of retinal breaks. Therefore, it is this in-
frequent complication that originally brings
the lattice degeneration to the attention of the
physician and when it does, the upper tem-
poral quadrant is most often the one affected.
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D.SPECIFIC MORPHOLOGICAL FEATURES
1. Pigmentation

Pigmentation is observed to some degree in
82% of lattice lesions,®> and has been
thoroughly discussed in Section II D.

2. Whitish-yellow Flecks

The whitish-yellow flecks, which lie either
on the surface of many lattice lesions or are
suspended slightly superficial to lesions in the
vitreous attachments, have also been dis-
cussed previously (Section II E). They arc
more prominent on the posterior edge of the
lesions and have been found in 80% of
lesions.*

3. White Lines

The classical white lines of lattice lesions
were proven by Vogt*!' to represent altered
blood vessels when he showed that they were
continuous with the normal vascular pattern
with a visible blood column connecting to
each end of such white lines. Pseudo “‘white
lines’” may also be seen®® but on examination
with the Goldmann lens they can always be
differentiated from true white lines. The
pseudo white lines are caused by a linear
arrangement of the whitish-yellow flecks dis-
cussed previously, and not by blood vessels.

True white lines have been reported in 12%
of lesions®® (Table 1) and affect venules more
frequently than arterioles.”? The earliest
preceding vascular change is a localized
narrowing of the vessel and many lesions
evidently remain in this arrested state:®’
some, however, progress to show parallel
white sheathing, and some progress beyond
this to the classical white lines. White lines
are uncommon in young patients, being found
in 3.3% in the 10-19-year age group, but in-
crease with age, reaching a prevalence of
42.9% after 50 years of age.®? Although lattice
lesions are slightly more common in the in-
ferior half of the eye, lesions with white lines
are statistically more common in the superior
half.*® The reason for this is unknown. The
specific presence of white lines in superiorly
located lattice lesions probably does not ex-
plain the marked predominance of sympto-
matic retinal breaks in general for the
superior half of the fundus. Several reported
series of such breaks have shown that 95% 37
73%,7* and 82%% occurred in the upper half.

4. Tractional Retinal Tears

Among horseshoe tears which were direct-
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ly associated with lattice lesions, and which
were also symptomatic and had led to a
retinal detachmient, Dumas and Schepens™
found that 88% were superiorly located. This
great predilection of symptomatic tears for
the superior fundus is undoubtedly more ac-
curately explained by the marked gravita-
tional dragging forces that occur with
posterior detachment of the vitreous than by
the fact that lesions with white lines are more
common superiorly. Since every lattice lesion
is characterized by a firm vitreoretinal attach-
ment histologically,?® each lesion is a poten-
tial site for the occurrence of a tractional tear.
This fortunately occurs very infrequently, and
was seen in only 1.5% of cases in a large
clinical study® and in 2.4% of eyes in a large
autopsy study.**® Tending to confirm the
above explanation is the illustrative case in
my study*® in which an acute posterior
vitreous detachment produced a horseshoe
tear at the site of a superior lattice lesion with
no white lines, while a nearby lesion with
white lines was not involved.

5. Atrophic Retinal Holes

The small atrophic retinal holes which
occur in lattice lesions are not the result of
tractional forces, but appear to be caused by
the gradual progressive thinning of the retina
until a tiny perforation is finally produced.
Prior to the actual formation of the hole, it is
frequently possible to observe a tiny round
discrete reddish spot for several years where
the retina has become extremely thin, giving
greater visibility of the orange-red color of
the choroid. These reddish spots have fre-
quently been interpreted to represent tiny
“cysts” which are believed to rupture, thus
producing the holes. As discussed previously,
this erroneous view probably represents the
continuing influence of a mistaken earlier
concept of the pathogenesis of these lesions
promulgated by Vogt. It is possible, however,
to make a differentiation between such red-
dish spots and actual holes by indirect
ophthalmoscopy combined with scleral inden-
tation, and also by slitlamp examination with
the Goldmann contact lens. The existence of
an actual hole can be verified by the presence
of a very sharp and distinct border and also
by a more marked contrast between the color
of the hole and that of the immediately sur-
rounding retina. An additional diagnostic
point of great significance is the fact that the
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color of this hole (which is usually slightly
detached) immediately changes in relation to
the surrounding retina when the arcuate
“shadow” of the advancing edge of the scleral
indentation is made to pass beneath it.

Almost all atrophic holes in lattice lesions
are small, usually less than ¥ DD and only
rarely reaching a diameter of one DD.*
Many in fact are in the range of 1/15 DD (0.1
mm) and are difficult to identify. However,
since most atrophic retinal holes in lattice
lesiors produce a tiny adjacent circum-
scribed area of retinal detachment very soon
after their appearance, this becomes a
diagnostic point of great significance. If the
observer sees a tiny, usually round, zone of
slightly detached retina within a lattice lesion
or slightly wider than the lesion, and with a
slightly grayer, more dusky hue than the rest
of the lesion, this is a pathognomonic sign of
the presence of a tiny retinal hole near the
center of this area, even though it is so small
that it initially escapes notice. Although most
holes in lattice lesions are solitary, they may
be multiple.

Atrophic holes within lattice lesions have
been reported in 18.2% of 22 lesions observed
clinically by Rutnin and Schepens.'”” In the
autopsy study of 1588 eyes by Straatsma et
al,*® 24.9% of the 125 eyes with lattice had
round holes, as did 18.2% of the 286 lesions.
In my clinical study of 1700 patients (3400
eyes)® atrophic holes occurred in 29.2% of the
patients with lattice, in 23.6% of the eyes with
lattice, and in 16.3% of lesions (Table 1). Of
the total series, 2.3% of the patients and
1.35% of the eyes had lattice lesions with
holes. Foos®” has surveyed 5600 autopsy eyes
and found 2.4% of them to contain holes of
trophic origin (not associated with flap or
operculum). He found the round holes of lat-
tice to comprise 75% of all holes in his series.
Of his total series, 3% of the cases and 1.84%
of the eyes had lattice lesions with holes,
figures in close agreement with my series.

Retinal holes are already present in 13.3%
of patients in the 10-19-year age group, the
prevalence then steadily increasing in older
age groups. Statistically, there is a highly
significant preponderance of holes in the in-
ferior half of the fundus — a ratio of more
than two to one as compared to the upper
half.* The strongly preferred quadrant is the
lower temporal.!»?2!® The prognosis of these
holes will be discussed later.
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VI. Changes in Lesions with Increasing
Age

In histologic studies®2°>%* a differentia-
tion has sometimes been made between
“early” and “‘late” lesions, depending on the
severity of the histologic alterations. Based on
his study of many autopsy eyes, Daicker®”¢
has outlined a progressive series of histologic
changes, beginning with a localized area of
vitreous liquefaction adjacent to a localized
retinal area where only the innermost layers
are degenerated. This then progresses to in-
creased vitreoretinal adhesions at the periph-
ery of the lesion, increased thinning and
degeneration of the center of the retinal le-
sion, eventually destroying the outer nuclear
layer and sensory cells, and finally involving
the pigment epithelium in both atrophic and
proliferative changes. Finally, the whole area
tends to become converted into a fibrous
gliosed plate into which pigment epithelial
cells migrate and clumps of pigment become
irregularly dispersed. Daicker,®’ however, was
not able to clearly correlate progressive
severity of lesions with increasing age of the
cases in his histologic study. Straatsma et
al® found no age-related trend in regard to
the size, location, or orientation of lesions,
but they did find with advancing age of the
autopsy eyes in their series a statistically
significant increase in degree of vitreoretinal
attachments and prevalence of pigment ab-
normalities, white lines, retinal holes,
posterior vitreous detachment and retinal
tears.

From a clinical standpoint, however, it is
not possible to draw any conclusion as to the
age of a particular lesion on the basis of its
clinical appearance, even though certain
changes can be documented in individual
lesions observed over a period of time.*
There is often a marked disproportion
between the age of a patient and the severity
of the lattice lesions; older patients frequently
show very mild lesions and, conversely, young
patients sometimes have lesions which exhibit
the most advanced degrees of severity. This
disproportion is due to a notable tendency for
lattice lesions to remain clinically arrested
throughout life, the great majority showing
no noticeable change over a period of years.*
Changes in lesions, when they appear, occur
extremely slowly, except in the case of trac-
tional tears.

Lattice lesions have been observed
histologically as early as 17 months of age,*
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and the maximal prevalence of the condition
is already attained by the beginning of the
second decade.’>?*® However, additional new
lattice lesions can occasionally occur. They
have been documented in 5% of patients
already having lattice degeneration. Most
(95%) of these new lesions occur before the
age of 19 years,* 95% of such new lesions oc-
curring, however, before the age of 19 years.*
Difficult to correlate with this data is a dis-
turbing report'® of 13 eyes in which new le-
sions or new extensions of old lesions were
observed. Half of the patients were 50 years
of age or older, and the authors stress the
rapidity with which new lesions may occur,
even in as short a period as one month. To
evaluate this report, it is crucial to know the
method of examination, which is not stated.
Many lattice lesions are subtle and scleral
depression is essential in verifying their
presence or absence. Hyams et al'*! observed
873 eyes for periods ranging from one to six
years in a group of patients thought to be
prone to retinal detachment, and 95% of
whom were over 30 years of age. The authors
reported numerous cases in which new areas
of lattice or snail-track lesions were believed
to have appeared. However, I believe that the
method of examination, with only slitlamp
biomicroscopy and Goldmann 3-mirror con-
tact lens, probably explains this finding, since
without the use of scleral indentation, lattice
lesions frequently remain clinically invisible,
and may have been missed on earlier ex-
amination.

New atrophic retinal holes have been
documented in lattice lesions,**" having
appeared in 12.7% of patients observed over a
period of years. Interestingly, 65% of these
new holes appeared prior to age 35, whereas
only 31% of new white lines (which appeared
in 14.2% of patients) occurred before that
age. New holes, as is the case with preexist-
ing ones, are markedly more frequent in the
inferior half of the fundus. New white lines,
conversely, are slightly more common
superiorly. Atrophic holes do not tend to
enlarge with the passing of time. I observed
enlargement in only two of 137 holes over a
period of years.*

The most serious and, fortunately, the least
common change in lattice lesions is the
development of a tractional horseshoe tear in
the adjacent retina, either posteriorly or ex-
tending also from the posterior margin
around one or both ends of the lesion. In a
series of 86 autopsy cases, Straatsma et al*®
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> found this in 3.5% (2.4% of eyes) with lattice.
In a clinical series of 204 patients observed
over a period of years,* I found such a tear in
1.5% (or 1% of eyes).

VIIL. Fluorescein Angiography of Lattice
Lesions

The fluorescein angiographic appearance
ol lattice lesions has been reported by a num-
ber Of aulhOI’S.v‘S‘“'”s'”Q 181,195,205,209,211-213,224,225
Some of these studies are of limited useful-
ness because they were performed in patients
who had lattice degeneration associated with
an existing retinal detachment.

The most informative report is that by
Sato et al'® who studied 49 eyes with lattice
cegeneration without retinal detachment.
From this large group, they were able to com-
pile statistical data on the relative frequency
with which various angiographic abnor-
malities are seen. In all cases, they observed
leakage of dye from choroidal vessels in the
area of the degenerative lesion and
avascularity in and proximal to the lesion.
The retinal vessels proximal to the lesion ex-
uibited extravasation of dye in 61%, delayed
filling in 54%, arteriovenous shunts in 33%,
capillary dilatation in 33%, and formation of
microaneurysms in 16% of eyes. These in-
vestigators interpreted their findings to in-
dicate that in a majority of cases of lattice
degeneration the retinal circulatory distur-
bance may be the primary cause of the dis-
=ase, and that choroidal changes may also
play some role in the etiology.

Wessing®*® found that veins which appear
ophthalmoscopically normal may actually
be occluded peripherally, and that in these
cases the posterior branches of these veins
may fill by side branches, thus creating “‘rec-
tangular” patterns which are angio-
graphically characteristic of lattice degen-
cration. He also noted the occasional oc-
currence of fan-shaped formations similar to
those seen in sickle cell disease, Eales’ dis-
ease, or Coats’ disease. He stated that the
vascular changes observed in lattice degenera-
tion probably represent a repair mechanism
in a degenerative process with a very
protracted course.

Tolentino et al,?"* also studying only cases
without an associated retinal detachment,
found that eyes with early or mild retinal
changes did not reveal remarkable findings.
They observed that branches of arterioles
supplying the unaffected retina around the le-
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sion showed normal filling with dye, and in-
terpreted this to indicate a pathologic process
which was involving only a segment of these
vessels. They also found that retinal venules
peripheral to the lesion were patent, suggest-
ing that there was retinal perfusion peripheral
to the lattice lesion.

VIII. Heredity

There has been little study of the influence
of heredity on lattice degeneration as an in-.
dividual entity; the only definite published
report of which I am aware is Girtner’s.? His
pedigree showed a probably autosomal domi-
nant mode of transmission. There is one older
and somewhat doubtful report by Jaeger,''*
who described a pedigree of 9 individuals,
four of whom he said showed retinal vascular
changes ‘“‘exactly like those Vogt had
described,”” and most of which were in the in-
ferior temporal quadrant. However, a draw-
ing of the fundus lesion of one of the patients
shows no resemblance to lattice degenera-
tion.

A number of pedigrees of familial retinal
detachment have been published, and in many
of these the association with cases of true lat-
tice degeneration has also been studied. These
include the report of Cibis* (Figs. 119, 121,
and possibly 124) and those of nine other
authorsl.15,41,49.66.77.96‘103.131 Lattlcc degcncration
may have been associated with certain other
pedigrees.®® ! The hereditary pattern in some
of these families is unclear, but in a number of
them?*:4%:66.77:10% the transmission appears to
be of an autosomal dominant type, either
regular or irregular. Falls™ believes that
lattice degeneration is transmitted as a reces-
sive trait, but exhibiting the phenomenon of
pseudodominance. He bases this view on the
known high prevalence rate of lattice degen-
eration in the general population, which pro-
vides a ready opportunity for the inter-
marriage of homozygous and heterozygous
individuals whose offspring would therefore
be expected to show the condition in approxi-
mately 50% of cases. Ricci'™ agrees that as
a rule the hereditary pattern is recessive
autosomal pseudodominant, but he believes
that in certain families also affected with
hereditary retinal detachment, the pattern
is probably autosomal dominant.

The above mentioned pedigrees indicate
that lattice degeneration is sometimes
strongly associated with later retinal detach-
ment. This is not to say that lattice is
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necessarily the cause, for some of the families
also showed a high association with other
chorioretinohyaloidopathy or myopia. The
cause may in fact be one or more still un-
known factors which predispose to both lat-
tice degeneration and retinal detachment. The
fact that almost all the published pedigrees of
families with lattice degeneration also show a
fairly high prevalence of retinal detachment
tends to give a very false impression of the
danger of this complication among patients
who have lattice degeneration. This is due
largely to the almost complete absence in the
literature of hereditary studies of lattice
degeneration as an individual entity. It is
common to observe various patients with this
condition in a family which has no history of
retinal detachment. It is accurate to assume
that the recorded pedigrees of families in
which lattice degeneration is strongly
associated with retinal detachment comprise
not more than 1% of patients in the general
population who have the former con-
dition.?2%

The genetic origin of lattice degeneration is
also substantiated by the report of Jesberg,!"’
who studied Turner’s Syndrome (gonadal
dysgenesis), which is a disease with typical
chromosomal abnormalities. He found that
17 of 21 cases (81%) also had chorioretinal
degeneration, which took the form of lattice
degeneration with white lines in 67% of the in-
volved eyes, and lattice without white lines in
33%.

IX. Association with Other Conditions
A. TURNER'S SYNDROME

The high association of lattice degeneration
with Turner’s Syndrome was discussed in the
previous section.

B. EHLERS-DANLOS SYNDROME

Pemberton, Freeman and Schepens's’
reported a pedigree of seven individuals, in-
cluding six who had myopia with retinal
detachment, four who had Ehlers-Danlos
Syndrome, and three who had lattice
degeneration.

C. WAGNER'S HEREDITARY VITREORETINAL
DEGENERATION

Typical lattice degeneration has been
reported in association with Wagner's
Disease by Cibis,* Alexander and Shea,®
Hagler and Crosswell,'® Urrets-Zavalia,?'®
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and Hirose et al.'”” The histologic nature of !
Wagner’s Disease has still nct been gyf. °
ficiently clarified to permit us to know whaq 4
relationship, if any, it bears to typical lattice :
degeneration.

D. CHRONIC RESPIRATORY DISEASE

Gottlieb et al®” measured the first-second
vital capacity (FSVC) in 187 patients with
retinal detachment, comparing 55 members
of this group who had lattice degeneration 1o
132 who did not. They found that 44% of the
group with lattice degeneration had a FSVC
of less than 70% while only 33% of the group
without lattice had a FSVC this low. While
the authors stated the difference was not
statistically significant, they speculated that a
larger series might prove it to be so.

E. ATHEROSCLEROSIS

In Okun’s historic study of pathology in
autopsy eyes,'*® the three patients who had
lattice degeneration (with white lines) all had
far-advanced atherosclerosis. The ages of
these patients is not given and the significance
of this finding is not known.

F.SURFACE WRINKLING RETINOPATHY

In a study of the finding of surface wrin-
kling retinopathy (SWR) in a large series of
autopsy eyes, Roth and Foos'™ found lattice
degeneration associated with this entity in
18.5% of the involved cases and in 14.3% of
the involved eyes. This is substantially higher
than the prevalence of lattice degeneration
among autopsy eyes studied in the same
laboratory?*® which was found to be 10.7% of
cases and 7.9% of eyes. All cases of SWR
were associated also with a cellular epiretinal
membrane. At the present time there is no
other known relationship bewtween SWR
and lattice degeneration, and no known
clinical significance to the association of the
two conditions.

X. Pathogenesis

The pathogenesis of lattice degeneration 1§
still not well understood. Although various
hypotheses have been advanced. none has yet
achieved the status of general consensus.
Newer methods of investigation have given
added information as to the nature of the le-
sion — namely, fluorescein angiography.
trypsin digestion, and electron microscopy-
The hereditary basis of the disecase was
deduced by Vogt?® because of the frequent
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" bilateral symmetry of the lesions. However,

the mechanism by which this influence is
mediated has been a subject of varied points
of view, most prominent among which are
that it is a developmental, a degenerative
(abiotrophic), or an ischemic process.
Specific proposed concepts of pathogenesis
are described below.

~. CYSTOID DEGENERATION OF THE RETINA

The earliest well formulated view of
pathogenesis was that of Vogt,??* who
believed that the peripheral cystoid “‘edema”
of Blessig? and Iwanoff''* was responsible.
This view has already been discussed in this
review (Section IB).

E.CHOROIDOPATHY

Michaelson'***° has postulated a series of
pathological events, beginning with a
pigmented choroidopathy which leads to a
local retinal phlebosclerosis and finally to the
typical clinical appearance of the lattice le-
sion. He theorizes that this occurs by
localized loss of nourishment from the
-horiocapillaris to the outer portion of the
.etina as the initial abnormality. This view
suggests, therefore, that ischemia of the outer
layers of the retina accounts for the later
pathologic changes. Contrary to this view, it
has been observed!**!4.1%¢ that the choroid is
often not involved in lattice lesions. Also,
other histologic studies®®¢2% have indicated
that the earliest and most severe changes oc-
‘ur at the level of the inner retinal layers.
Daicker® therefore believes that the
choroidal changes that are sometimes seen
are secondary.

C.LANGE'SFOLD

The peripheral retinal fold of Lange,'®
originally described by Lange in 1893, has
been proposed®? as a possible site from which
he lattice lesion originates. However, various
authors®!13:199.228 have pointed -out that this
finding is probably a post-mortem histologic
artefact. Kalina’s definitive study'*® found the
fold in nearly all of 120 infant autopsy eyes,
but in none of 185 living infant eyes, even
though most eyes in both groups were
premature. He came to the conclusion that
such folds do not exist during life.

). EMBRYOLOGICAL VASCULAR
ANASTOMOSES

160-1
Pau 62,164,165

hypothesized that the
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characteristic vitreoretinal adhesions of lat-
tice lesions are the result of rests of embryo-
logic vascular anastomoses between vitreous
and retinal vessels. Gértner®™ agrees with this
hypothesis and believes that the type of lattice
lesion he reported (ora-parallel bands) is
related to certain embryologically determined
structures of the retinal surface, the ‘“‘separa-
tion zones of the folded membrane of Pau in
the posterior limiting membrane of the
vitreous.” Heinzen'® feels, however, that the
origin of these ‘“‘folded membranes” from
original vitreous vascular rests remains hypo-
thetical, and that they are not a convincing
explanation for these adhesions.

E. VITREOUS TRACTION

The theory that lattice degeneration is
primarily a vitreous disease, the retinal lesion
being the result of localized vitreoretinal trac-
tion, was mentioned by Tolentino et al.?®
Presumably traction is exerted at paravas-
cular vitreoretinal attachments, causing
sclerosis of the retinal vessels. These authors
feel this concept may be supported by 1) the
localized involvement of the retina, 2) the
early involvement of the inner retinal layer
and late involvement of the outer layer, in-
cluding the choroid, and 3) the presence of
localized vitreous body changes which are
associated with traction.

F. RETINAL ISCHEMIA

Heinzen'* held the view that lattice degen-
eration was caused by perisclerosis of small
vessels. On the basis of fluorescein angio-
graphic findings, several authors™!™!#' also
favor the view that the primary etiological
factor in lattice degeneration is a disturbance
of the retinal circulation. Straatsma et al,**®
utilizing additional data from trypsin diges-
tion and electron microscopic studies, also
postulate a primary vascular etiology. They
view the process as beginning with initial vas-
cular structural abnormalities which lead to
vascular insufficiency, then to a secondary
retinal ischemia which affects the inner
retinal layers first, and finally results in all the
typical histopathology which is characteristic
of the disease.

Several authors, however, believe that the
theory of retinal ischemia does not correctly
explain the etiology of lattice degeneration.
Daicker®* states that a vascular origin can be
excluded because of the independence of the
course of the blood vessels, and that the visi-
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ble vascular changes are secondary.
Wessing?® believes that the vascular changes
observed with fluorescein angiography
probably represent a repair mechanism in a
degenerative process with a very protracted
course. Tolentino et al*?* also presented
angiographic data that cast doubt on the
vascular hypothesis. They reported that cases
with early or mild retinal changes did not
reveal remarkable findings. They also found
that branches of arterioles supplying the un-
affected retina around the lesion showed nor-
mal filling of the eye, indicating a
pathological process that involved only a seg-
ment of these vessels. It is also the opinion of
this reviewer that the typical discrete con-
figuration of lattice lesions, surrounded as
they are by apparently normal retinal tissue
and almost always lying in an orientation
concentric with the ora serrata, is not
satisfactorily explained by the vascular
theory, and that the vascular abnormalities
which have been described must be secondary
to some preceding pathological process.

G. INTERNAL LIMITING LAMINA
(INTERNAL LIMITING MEMBRANE)
ABNORMALITY

Ricci'™ proposed that lattice degeneration
may be related to an anomaly of develop-
ment, in the form of an aplasia or an absence
of the internal limiting membrane. Daicker®
also hypothesized that it may be due to a local
disturbance in the maturation of the retina,
especially the inner parts, which could then
lead to a progressive secondary degeneration
of that zone and possibly also of the overly-
ing vitreous.

In an interesting and significant study,
Streeten and Bert?**® examined lattice lesions
by electron microscopy and also by trypsin
digestion, using a modification of the
Kuwabara-Cogan method in which there was
no prior washing or removal of any vitreous
or internal limiting membrane. They found
that there was no surface membrane over any
lesion after digestion, and this was confirmed
by electron microscopy. They state that the
sharpness of the edges with upward tear-like
corners suggested mechanical factors in this
loss of basement membrane rather than
gradual erosion. Straatsma et al**® also
reported that electron microscopy revealed
thinning and intermittent absence of the inner
limiting lamina in the center of lattice lesions.
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In my opinion, the concept of a localized
defect in the internal limiting membrane as
the initial structural abnormality in lattice
degeneration best explains the known facts
regarding the histologic and clinical features
and the progression of lattice lesions. If this
concept is correct, it points to the fibers of
Miiller’s cells as the locus of the defect in this
disease. According to Mann,** the internal
limiting membrane is formed embryo-
logically by the union of adjacent footplates
wvhich represent expansions of protoplasmic
processes (fibers) of Miiller’s cells; this
process is already discernible by the 12 mm (5
week) stage of embryologic development.
Whether this pathologic process is develop-
mental (e.g. a localized aplasia) or degenera-
tive (abiotrophic) in nature can not be known
with certainty.

XI. Prognosis

The clinical significance of lattice
degeneration resides solely in its potential to
bring about retinal detachment in some
patients. This can occur (1) by means of a
tractional tear adjacent to the lattice lesion.
or (2) by means of an atrophic retinal hole
within a lesion. Although both complications
are statistically rare considering the high
prevalence of lattice degeneration in the pop-
ulation, retinal detachment more frequently
results from a tractional tear than from an
atrophic hole. Risks from these two types of
retinal break will be discussed separately.

The percentage of patients in retinal
detachment populations who also have lattice
degeneration have been reported variously as
20%,'°* 30%%-°*" 31%** and 31.8%.**
Graether® found that 30% of 100 consecutive
retinal detachment patients under age 50 also
showed ‘‘equatorial degeneration, with or
without lattice” (i.e., white lines). In a com-
bined group of patients with either retinal
detachment or retinal tears without detach-
ment, Meyer-Schwickerath'*® found ‘“‘equa-
torial degeneration” in 65% of the affected
eyes. Morse and Scheie*** found that among
129 phakic retinal detachment cases, 48
(37%) had lattice, while among 94 aphakic
retinal detachments only 23 (24.5%) had lat-
tice lesions. Hyams et al'*® studied 103
myopic aphakic eyes and stated that the
prevalence of lattice and snail-track degen-
eration was similar to the prevalence of these
lesions in myopic phakic eyes, which they had
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~studied previously. Detachments caused by
lattice degeneration with round holes have
been reported to be 2.8% by Tillery and
Lucier® and 13.9% by Morse and Sheie,!*
leaving those caused by lattice with tractional
tears or mixed breaks in the range of 16% to
27% of all primary detachments. However,
among the large population of patients who
hzve lattice degeneration, the risk of develop-
ing a detached retina has been estimated to be
in the range of 0.3% to 0.5%* based on the
data of Bohringer® and Okun.’® Hyams et
al'*! followed 278 eyes which had either lattice
(with white lines) or snail-track degeneration
for periods ranging from one to six years and
four of these (1.4%) developed retinal detach-
ment.

A. [RACTIONAL RETINAL TEARS

Tractional tears originate at the ends or
along the posterior margins of lattice lesions
as a result of posterior vitreous detachment,
as illustrated by Tasman.*” They occur
suddenly and are often, but not always, asso-
ciated with symptoms. The size may vary
censiderably from small to very large. This
propensity to form tears has led many
ophthalmologists to refer to lattice lesions as
“weak areas” of the retina. However, this ter-
minology is mistaken, for as Pau'é*'® quite
correctly points out, because of the glial
proliferation that is one of their typical com-
ponents, lattice lesions have considerable
strength and are more resistant to tearing
forces than is the surrounding retina. The tear
occurs not because the retina is weak, but
because as the posterior vitreous detaches,
there is a sudden concentration of tractional
forces exerted on the vitreoretinal adhesion of
the lattice lesion, causing a tear to occur in
the normal retina just posterior to the lesion.
It can easily be confirmed both clinically and
histologically that virtually never does the
tear rupture the island of the lattice lesion
proper. '

The potential of a lattice lesion for produc-
ing a tractional tear at the time of posterior
vitreous detachment depends on its precise
location with relation to the vitreous base,
i.e., whether the lesion is extrabasal, juxta-
basal, or intrabasal as classified by Foos.*
Ffap tears occur at the posterior bord .r of the
v.ireous base because of traction e»_rted by
the detaching posterior vitreous on
posteriorly directed irregularities in the
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posterior border of the vitreous base. This has
been well described by Foos.™® and also dis-
cussed and shown schematically by Slezak.!®¢
The natural corollary of this is that lattice
lesions that are situated within the vitreous
base (i.e., intrabasal) are protected from the
risk of developing a tractional tear. This does
not imply that in the clinical examination of
an eye the posterior border of the vitreous
base can be clearly identified, or that it can be
accurately determined whether a particular
lattice lesion is situated in an intrabasal, jux-
tabasal, or extrabasal location. The posterior
border of the vitreous base can, however, be
accurately identified under certain circum-
stances, for instance, when the downward
gravitation of blood behind a detached
posterior vitreous demarcates this border. It
can also be identified when juxtabasal retinal
tears have led to a retinal detachment, and the
detached posterior vitreous responsible for
the tears has slightly elevated a narrow
equatorial fold which is exactly in line with
the flaps of the tears and the posterior border
of the vitreous base. Similarly, the posterior
border of the vitreous base may sometimes be
demarcated by a white line in the presence of
a posterior vitreous detachment, but in the
absence of a retinal detachment. These
phenomena have been discussed and illus-
trated by Dobbie and Phillips®” and
Hawkins. They are also well shown in
drawings of autopsy specimens by Okun,*” in
drawings of the living eye by Cockerham and
Schepens® and in the photographs of autopsy
specimens by Boniuk and Butler,? Spencer et
al,> and Foos.™

It is important to remember that in eyes
with lattice degeneration, not all horseshoe
tears occur at predictable sites, i.e. adjacent
to lattice lesions. Dumas and Schepens”
studied 100 consecutive patients with sympto-
matic retinal breaks and recent retinal
detachment, 30% of whom had lattice
degeneration. Of the 40 horseshoe tears found
in these 30 lattice eyes, 82.5% were adjacent
to lesions of lattice. In the study by Davis et al
of fellow eyes® 15 eyes with lattice each
developed a new retinal break. Of these 15
new breaks, only 10 (67%) were limited to
sites of lattice lesions, while the remaining 5
(33%) occurred in previously normal appear-
ing areas of the fundus. The author therefore
surmised that in these five eyes prophylactic
treatment probably could not have prevented
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subsequent detachment because the normal-
appearing areas would not have been treated.
But in an autopsy series of 4812 eyes, 89 of
which had tractional tears, Foos® found that,
of those with flap tears, only 17% had lattice,
and of the tears found in these lattice-eyes
only 20% were actually adjacent to lattice
lesions. In a recent update of this same autop-
sy series (now numbering 6800 eyes), Foos®
found that of the 139 eyes with tractional
tears, 18% also had lattice, and that only 28%
of the tears in these lattice-eyes were located
adjacent to lattice lesions.

Therefore, it becomes obvious that in eyes
with lattice degeneration vitreoretinal trac-
tion tends to be a widespread phenomenon
and the danger of tractional tears can not be
thought of as being limited only to those areas
of visible lesions, for the majority of such
tears in lattice-eyes will arise in other areas
removed from these lesions.

The frequency with which such tractional
tears occur in relation to lattice lesions is ap-
parently very low. They were found in only
1% of a clinical series of 289 eyes with lattice
degeneration which were followed for 3-10
years.* A histologic survey of 125 eyes with
lattice®® revealed an incidence of 2.4%.

What is the prognosis of such tears? Two
good studies’™® of symptomatic tractional
tears in general have reported that 28% and
35%, respectively, progress to retinal detach-
ment. In my longterm natural history study,*
only three eyes developed tractional tears.
None of these detached, but one (33%) might
have if left untreated. Although not all flap
tears produce symptoms when they occur, the
above figures may be accepted as the most ac-
curate data available to express the risk of
retinal detachment from the tractional tears
of lattice degeneration.

B. ATROPHIC RETINAL HOLES

Although these small holes are much more
common than the tractional tears previously
discussed, they lead to retinal detachment
much less frequently. They tend to be tiny,
appear usually near the ends of lattice lesions,
and are statistically more common inferiorly.
They characteristically occur early in life and
without producing symptoms, because they
are caused by a localized dissolution of tissue
in the very thin base of the lesion and not by
sudden traction of a detaching posterior
vitreous.

Even though they rarely progress to a

clinical retinal detachment, most of ¢,
holes very soon after their appearance cof
a tiny amount of subretinal fluid from
overlying liquified vitreous which elevateg’
circular cuff of retina around them.* There ;
a real, though weak, bond between the sepd
sory retina and the pigment epithelium which
coincides with the border of the lattice lesion, +°
and this bond is usually sufficient to limit the I
area of detachment which results from thegg :
small holes to the exact boundaries of the |g.
tice lesion. Occasionally, however, this syp.
retinal fluid may extend a fraction of | pp
beyond the edge of the lesion where j
generally develops a pigmented demarcation
line and remains stationary. In some cases,
the fluid may extend farther than one DD apq -
fall within the definition of a subclinica| |
detachment, as given by Davis.®® Even in this
latter circumstance, which was seen in only
1.5% of cases of lattice followed over a period
of years,* this small area of detachment has g
strong tendency to remain stationary and
nonprogressive. The most likely explanation
for this is that the source of the fluid is the
overlying pocket of liquified vitreous. and
that this pocket is not in direct communica-
tion with the main body of liquified vitreous *
in the eye. However, when such a com-
munication does occur, it becomes possible
for a progressive clinical retinal detachment
to result.

Eisner’ performed slitlamp examination
on unfixed autopsy eyes with lattice degenera-
tion, and found large fissures in the con-
densed vitreous covering which typically lines
the pockets of liquified vitreous over lattice
lesions. However, because clinical retinal
detachments caused in this way are in-
frequent, Eisner concluded that even this free
communication is usually not sufficient in .
itself to bring about a detachment.

Although none of the 137 such holes found
in my longterm clinical study® led to clinical |
retinal detachment, it is well-known that they
may occasionally do so. In a large survey of
primary retinal detachments, Tillery and
Lucier®® found that 2.8% were caused by the
round holes of lattice degeneration. In the
smaller series of Morse and Sheie,'** 13.9% of
the primary detachments were caused bY 1
these round holes. !

Tillery and Lucier®® also provided a good
description of the typical features of this type
of detachment. Half the patients were undef
age 30, more than 75% had myopia exceed-

o
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“ ing —3.00 diopters, inferior detachments were

most common (often with evidence of slow
progression), and prognosis for successful
surgical repair was excellent.

Of particular interest is the young age at
which this type of detachment tends to occur.
Whereas in the detachment population as a
whole, Schepens and Marden'®® showed that
r:ore than 85% occurred after age 40, Tillery
and Lucier found not only that 50% of detach-
ments caused by round holes of lattice oc-
curred before age 30, but also that the ab.
solute number of patients in each decade
above 30 was less than that in each of the two
decades below 30. This compares in-
terestingly with my finding®® that 65% of
patients who develop new retinal holes are un-
cer age 35. It is well-known that various fac-
tors which theoretically would tend to make
detachment more likely, namely an increased
number of retinal holes, increasing liquefac-
tion of the vitreous, and a higher prevalence
of posterior vitreous detachment, are all more
common with advancing age. In spite of this,
it is apparent that there is not only a relative,
ut also an actual, decrease in retinal
cetachments due to round holes of lattice with
increasing age. We may therefore conclude
that a patient who has lattice with round holes
has a lesion which actually becomes less and
less dangerous as he grows older! Con-
ceivably, this might be due to a gradual in-
crease in the strength of the bond between
sensory retina and pigment epithelium at the
borders of the lattice lesion that is brought
about by the progressive secondary histo-
logic changes which affect this junction. Even
though this bond is admittedly weak, it may
be strong enough to resist the ingress of fluid
vitreous into the subretinal space.

Whatever the cause may be, it is an in-
disputable clinical fact that subretinal fluid
entering the subretinal space through a
:rophic retinal hole almost always remains
confined to the area of the lattice lesion or ex-
tends no more than a minute distance beyond
it. This is one of the prominent features of the
clinical behavior of lattice lesions.

Foos®*? has reported that the round holes of
lattice degeneration comprise 75% of all
trophic (nontractional) holes found in 5600
«utopsy eyes, and concluded that they are an
incommon cause of retinal detachment. In
Davis’ long-term study® of retinal breaks, 22
eyes had lattice and also round holes, and two
(9%} of these progressed to detachment. It is
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not stated whether these were clinical or sub-
clinical, but 80% of this group were “fellow
eyes” of patients with detachment of the
retina, and this category may possibly have a
somewhat altered prognosis.

The view is widespread among ophthal-
mologists that lattice lesions with holes repre-
sent a substantially increased risk of retinal
detachment compared to lattice lesions
without such holes. It is imperative in our
thinking about the prognosis of lattice de-
generation in general and of lattice lesions
with holes in particular that we be circum-
spect in our interpretation of the available
data.

We may assume a 30% prevalence rate for
lattice degeneration among primary retinal
detachment patients. Based on Tillery and
Lucier’s study, 9.3% of this lattice-detach-

ment group (%)had lattice with holes only.

Combining this with Morse and Sheie’s
higher figure of 43.7%,"** we would arrive at
an average of 26.5% for that portion of the
group of lattice-detachment patients who had
lattice with holes only. However, since
statistically only about 0.3% of patients with
lattice degeneration can be expected to have
an associated retinal detachment,® the por-
tion of lattice patients who would be likely to
have a retinal detachment because of lesions
with atrophic holes can be computed to be
.08% (.265 X .003), or one in 1250 lattice
patients. However, since only 29.2 of lattice
patients actually have lesions with holes, this
risk is spread over only this portion, and

= 274% (%0

29.2
tients who have lattice lesions with holes.
Although the reports of Morse and Sheie***
and Tillery and Lucier®® rightly remind us
that lattice lesions with round holes can lead
to retinal detachment and that they comprise
a real, though small, portion of the total
retinal detachment population, we must avoid
hastening to the conclusion that the prognosis
of lattice lesions with holes is therefore un-
favorable or that these lesions are dangerous.
This is an entirely different question and to
answer it we must look elsewhere, simply
comparing the prevalence of lattice lesions
with holes to the expected risk of retinal
detachment in these eyes, as has just been
done in the preceding computation. It is
simply not generally realized how very com-

X .08), or one in 365 pa-
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mon lattice lesions with holes are in the
general population. It is therefore disturbing
to read the warning of the danger of these
lesions given by Morse and Sheie'™ who, it
appears, have not taken this high prevalence
into account.

C. FELLOW EYES

Among fellow eyes of patients whose first
eyes had suffered retinal detachment, Meyer-
Schwickerath'*® found that 35% had
equatorial degeneration. Davis et al®
reported that only 9.2% of their series of 680
fellow eyes showed lattice degeneration. This
disparity is probably explained by differences
in the diagnostic criteria of the authors.

In general, fellow eyes of patients whose
first eyes have had primary retinal detach-
ment have an overall risk of about 10% of suf-
fering the same fate, thus giving rise to the
category of bilateral detachments. If the
vulnerable eyes could be identified prior to
that event, then a reasonable basis for
prophylactic treatment could be established.
Thus it is important to attempt to ascertain to
what degree lattice degeneration participates
in the risk of fellow-eye detachments. There is
not much information available on this ques-
tion, but the following reports are pertinent,
even though the methods and approaches
used were varied.

Studying the natural history of retinal
breaks in a group of which 80% were fellow
eyes, Davis® observed 22 eyes with lattice
lesions with associated holes, and found that 2
(9%) of them detached. This corresponds to
the estimated risk of fellow eyes in general. In
the most instructive study on this subject
Davis et al® retrospectively surveyed 680 un-
treated fellow eyes and found that 10 of 63
(16%) with lattice degeneration developed
retinal detachment. Of this group, 9 of 38
(24%) with *‘typical” lattice (i.e., with white
lines) detached and only 1 of 25 (4%) with
“atypical” lattice (i.e., without white lines)
detached.

In a report more difficult to interpret
because the authors use a different definition
of lattice degeneration, Merin et al‘?
observed 719 untreated fellow eyes, 44.5% of
which had either lattice-like, snail-track, or
pigmentary degenerative changes. Of these,
67 (9.3%) developed retinal detachment.

Everett’ studied 200 retinal detachment
patients, 65% of whom were first-eye
detachments and 35% of whom were fellow-
eye detachments. Of the first-eye group, 8.5%
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had lattice, and of the fellow-eye group,
24.3% had lattice. ;

Smolin'" studied 951 consecutive patients
with retinal detachment. Of 846 unilatera]
cases, 9.3% had lattice lesions. Of 105
bilateral cases, lattice was found in 24.7%, byt
it was not stated whether lattice lesions were
present in the fellow eyes.

Kojima'*®* compared the fellow eyes of
retinal detachment patients with fellow eves
of a control group who had equatorial
degeneration but no detachment in the
primary eye. His data are very difficult to in-
terpret because of his classification of
equatorial degeneration. He states that the
order of incidence of degeneration is the same
in both groups.

XII. Management

The existence of lattice degeneration as
such does not interfere with visual function.
If, however, it leads to retinal detachment this
must be treated surgically utilizing currently
acceptable procedures.

A. HISTORY AND BASIS OF PROPHYLACTIC
TREATMENT

Ever since it became established that a
retinal break is an essential stage in the
development of a retinal detachment, the
concept of prophylactic treatment has been
very appealing to ophthalmologists. It was
logical to believe that a retinal break or a
retinal lesion thought capable of producing a
retinal break should be surrounded by a sur-
gically created chorioretinal scar so that the
onset of a retinal detachment could be
prevented. The enthusiasm that has been
engendered by these concepts may be judged
by the literature which has become so
voluminous that it can scarcely be completely
reviewed, and I do not claim that the more
than 90 publications on this subject which I
am including in this review cover all the
reports which have been published. While not
making reference to each of these con-
tributions individually, I will attempt to glean
from them important emphases and observa-
tions and to discern significant trends that
have occurred in our thinking on this subject
during the past 20 years. Relevant reports not

cited specifically in this section are listed
hcre 2.10,16,21.26 28,30 32,38.45,47,49-51,55,57,65,68,70,72.75.76.

99,102,105,106,108 110,120,123,127,136,137,141-143,145,148,151.152.
154,155,164,169.170.174.193,198,199,202,205,208,213,214,216.227.
230 233
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In discussions of prophylactic treatment
there is usually an important overlapping
between the categories of retinal breaks and
lattice (equatorial) degeneration, which may
or may not be associated with retinal breaks.
Some authors do not clearly differentiate
between these two groups in reporting their
data, but in most of the papers the category of
| ttice degeneration represents the largest
single group of patients treated prophylac-
tically.

Prophylactic treatment was at first
recommended purely on theoretical grounds
because no detailed knowledge of the natural
history of retinal breaks or other retinal
lesions existed, and there had been no
cocumentation of possible risks of treatment.
¢ xperience soon began to accumulate as
physicians followed individual cases in which
either no retinal detachment occurred, or,
conversely, in which it did occur, sometimes
soon after treatment and apparently as the
result of new retinal breaks not present before
treatment. These early clinical impressions
tended either to encourage or to restrain the

nthusiasm of retinal surgeons in recom-
nending such treatment.

In 1932, the use of electrodiathermy was
separately reported by Larsson, Weve and
Safar, and for the next two decades this
method with its various modifications was the
preferred mode of prophylactic treatment.
The general attitude toward prophylaxis dur-
ing this period has been described by ten-
Doesschate®® as “reserved.” In 1956, Meyer-
Schwickerath introduced the use of Xenon
photocoagulation and, in general, this was
quickly and enthusiastically received as being
an improvement over diathermy for prophy-
lactic purposes. Heinzen'® stated that pho-
tocoagulation “‘revolutionized the indica-
tions” for prophylactic treatment. In the
Symposium on Preventive Treatment of
Idiopathic and Secondary Retinal Detach-
ment of the International Ophthalmological
Congress in 1958, a wide range of opinions
was exprcsscd.&lﬂ,19.58.59,69‘85,135,144.168.185.191,226
These varied from the view of Meyer-
Schwickerath* that lattice (equatorial)
degeneration was a particularly urgent indica-
tion for prophylaxis to that of Schepens'®
vho stated that in the present state of
xnowledge, operation on fundus changes
without retinal breaks was definitely un-
justified, and that so-called prophylactic sur-
gery gave a very doubtful protection against
retinal detachment.
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While the new modalities of cryotherapy
and argon laser have more recently been in-
troduced into this field, considerable diversity
in opinions regarding prophylactic treatment
has continued to exist. Lincoff*** pointed out
in 1961 that decisions in regard to prophylax-
is were based on clinical impression because
the vulnerable lesions could not be identified,
and Malbran'® in 1966 correctly observed
that the arguments for prophylactic treat-
ment were largely speculative. This diversity
was again clearly apparent in ‘the Houston
Conference in 1965, entitled New and
Controversial Aspects of Retinal Detach-
ment 4%:56.158,187,188,192,201 qndq has continued to
be seen in many subsequent publications. It is
understandable that in the absence of reliable
data on the natural history of retinal lesions,
the indications for prophylactic treatment
must necessarily be to a large extent ar-
bitrary. But it must also be expected of us as
responsible ophthalmologists to exercise a
large measure of discreet restraint in recom-
mending treatment until controlled clinical
studies can provide a valid scientific basis for
more carefully defining acceptable indica-
tions.

While it may not be possible in an absolute
sense to establish rigid criteria,? it cannot be
denied that the only alternative to arbitrary
dicta is the collection of statistical data by
observing pure sub-groups of patients with
unmolested retinal lesions over a period of
years. It is not possible to reconstruct the
natural history or calculate the risk of any
type of retinal lesion by analyzing a popula-
tion of retinal detachment patients as
suggested by Morse,'s® because this provides
no information on the size of the population
pool from which the lesion originated.
Natural history studies are slow and pains-
taking projects, but a few have been reported
in very recent years.*>® These studies have
provided certain very relevant data that bear
directly on the question of indications for
treatment of lattice degeneration.

B. COMPLICATIONS OF PROPHYLACTIC
TREATMENT

It is undoubtedly true that it will never be
possible to prevent all detachments of the
retina, and it is also true that no method of
prophylaxis has yet been introduced that is
free of complications. This is largely ex-
plained by the fact that the most dangerous
factor within the eye (i.e., vitreoretinal trac-
tion) against which prophylactic measures are
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directed, tends itself to be exacerbated to
some degree by all methods of prophylaxis.
Following the example of Meyer-
Schwickerath,*® it has become customary for
many writers, especially in Europe, to
attempt to differentiate between those retinal
detachments that occur ‘‘because of”
prophylactic treatment from those that occur
“in spite of’ it. While it may in some cases
seem possible to make this differentiation, I
tend to agree with tenDoesschate® who said
that a: answer to this question always con-
tains much speculation. There are statistical
grounds for concluding that in some cases the
very event we are trying to avoid (retinal
detachment) is specifically brought on by the
“preventive” treatment itself. This is not
meant to depreciate the tremendous contribu-
tion that photocoagulation, and the more re-
cent modalities of cryotherapy and argon
laser, have made in the field of prophylactic
treatment in carefully selected cases.

I will attempt to avoid the whole controver-
sy regarding “because of’ and “‘in spite of”
categories by simply including them all under
the title of sequelae of prophylactic treat-
ment. The conclusions of 32 reports on this
subject are tabulated in Table 2. The data
from these reports are quite diverse and many
of the writers have not stated the numbers of
eyes treated for various indications, nor the
exact groups in which later sequelae arose.
All the reports included cases of lattice
degeneration among the indications for treat-
ment, and in most of them this was the largest
single category. As is readily apparent, all
modalities carry a significant risk of com-
plications that are important in regard to
visual function. The most important of these
are retinal detachment, new retinal breaks
and maculopathy.

1. Diathermy

In summarizing those cases in Table 2
treated with diathermy for various indica-
tions, the risk of retinal detachment is
calculated to be 6.4%. Colyear,* in compar-
ing two groups of his own cases, found the
risk of later detachment to be 7.5% with
diathermy and 4.4% with photocoagulation.

2. Photocoagulation (Xenon)
Meyer-Schwickerath'*® has summarized
his large amount of data on patients treated

with photocoagulation and concluded that the
risk of later retinal detachment (combining
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his two categories) was 5% and that off
maculopathy was 1%. Okun and Cibjgs
treated 65 eyes with lattice degeneration apq
found that 6% later developed detachment, !
Boniuk et al*® presented well-analyzed daty
on 101 eyes with lattice degeneration treateq
only with photocoagulation and found later
retinal detachment in 5.9% and maculopathy
in 3%.

3. Cryotherapy

In summarizing those cases in Table ?
treated with cryotherapy for various indica-
tions, the risk of retinal detachment is
calculated to be 2.1%. Boniuk et al,* treating
a pure group of 221 eyes with lattice
degeneration found the risk of later retinal
detachment to be 3.2% and of maculopathy to
be 1.8%. Tasman and Jaegers® treated a
pure group of 222 eyes with lattice and found
later detachment in 3.6%.

C.INDICATIONS FOR PROPHYLACTIC
TREATMENT

1. Lattice Without Retinal Breaks

Prophylactic treatment of lattice lesions
should never be given in cases in which 1) the
fellow eye has not had a retinal detachment,
2) there is not a strong family history of
retinal detachment, and 3) the eye with lattice
lesions does not have symptomatic retinal
breaks and is not highly myopic, aphakic. or
soon to become aphakic.

This criterion should not be altered because
of the extensiveness, location, or appearance
of the lattice lesions nor by any other clinical
impression or theoretical argument. Some
reports, in stressing the serious nature of lat-
tice degeneration in general, have not made
this distinction and have either stated or im-
plied that any and all lattice lesions are eligi-
ble for treatment. However, it has been
shown®% based on the prevalence rate of
retinal detachment as calculated by
Bahringer?® and Okun**® as compared to the
prevalence of lattice degeneration (even in-
cluding lesions with round holes), that the ex-
pected risk of detachment would be 0.3% %
When this risk has been studied by a different
method, by actual natural history studies over
a long period of time,* the danger has been
found to be 0.5%, almost exactly agreeing
with the earlier prediction. This means that
only one out of 200-300 patients with such
lattice lesions would develop retinal detach-
ment.
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TABLE 2
Sequelae of Prophylactic Treatment
# with t % Retinal % New %Maculo- | Dia- Photo-  Cryo-
Author Year Eyes |Degeneration Mixed | Detachment Breaks pathy | thermy coag. therapy Laser
Meyer-Schwickerath 1960 465 465 17 All
Meyer-Schwickerath 1959 490 490 2.8 All
Colyear 1965 200 ? 1.5 8.5 All
Straatsma, et al 1965 107 107 1.8 3 93
te 1 Doesschate 1965 51 51 13.9 All
Herms,et al 1966 207 207 6.7 .48 178 26
Boke 1966 184 140 3.8 5 .54 All
Chudzinski 1966 180 180 4.4 2.1 All
Soliner 1966 377 371 4.0 .5 1.4 Al
Guillaumat & Krebs 1966 88 34 10.0 17 70
Linnen 1966 325 183 1.8 All
Topalis 1966 91 31 4.4 All
pufour & Thilges 1966 60 60 8.3 + +
Mortimer 1966 200 200 1.0 1o All
Colyear 1968 230 230 4.4 7.4 .43 All
0 un & Cibis 1968 65 65 6.0 4.5 All
A:raham & Shea 1968 475 475 4 0.0 All
witmer 1971 140 140 5.7 25 74 10
Meyer-Schwickerath 1971 2 5.0 1.0 All
Boke & Voigt 1971 53 53 1.9 0.0 All
Kreissig & Sbaiti 1971 116 32 0.0 All
Merin, et al 1971 247 mostly 5.0 ?
Boniuk, et al 1972 367 367 4.1 5.4 2.2 101 221
Tasman & Jaegers 1972 232 232 3.9 10 222
Robertson & Norton 1973 301 301 6.0 8.3 1.7 183 110
Ramsay & Eifrig 19713 62 31 5.0 62
C ~ignell & Shilling 1973 231 112 5.2 0.8 62 129
Fosni 1973 176 33 0.0 0.0 0.0 48 128
Norse & Sheie 1974 231 95 0.0 0.0 0.0 All
Kanski & Daniel 1975 701 298 4.7 8.0 57 520 90
Zweng & Little 1977 123 123 0.7 0.7 Ali
Delaney & Qates 1978 135 135 7.0 + +

2. Lattice With Round Atrophic Holes

Many writers have listed lattice lesions with
hcles among the specific indications for pro-
phylactic treatment.2.21.42.72,142.153.154.158.208.231.233
Although a few authors favor observation of
such lesions without treatment,32-6%-174.187 there
seems to be a widespread feeling that lattice
lesions with holes represent a greater risk
than do lesions without holes. However, this
clinical impression is not substantiated by
statistics, which suggest that only about one
out of 365 patients with such holes later has
detachment from this cause (see previous sec-
tion, XI B).

In my series® of 50 patients whose non-
fellow eyes had 96 atrophic holes in lattice
lesions followed from three to ten years, none
led to a clinical detachment. Although in
Davis®® series of 22 such eyes (most of which
w-re fellow eyes), 9% became detached, he
compares his data to that of the treated series
of Okun and Cibis'*® and concludes that the
prophylactic treatment provided only an in-
significant improvement in outcome. He

further stated that prophylactic treatment of
eyes with asymptomatic breaks without
detachment must be highly effective and
attended by virtually no complications to
prove superior to a policy of periodic observa-
tion.

Okun and Cibis'®® treated a pure group of
65 eyes with lattice with holes, and 6% later
detached. Tasman and Jaegers®™®® treated a
pure group of 176 such eyes, 2.8% of which
later detached. For these reasons I do not
believe that the presence of holes in lattice
lesions constitutes a sufficient reason for
treatment. Such patients should merely be in-
formed of possible retinal symptoms and
asked to return for re-examination in one
year.

3. Lattice with Tractional Tears

Tractional tears occurring adjacent to
lattice lesions may be symptomatic or asymp-
tomatic and probably have as serious a risk of
detachment as such tears in general. For
symptomatic tears this risk is from 28%* to
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35%,% and for this reason such tears un-
doubtedly represent the best of all indica-
tions for prophylactic retinal surgery. Davis®
found that asymptomatic horseshoe tears
without detachment in phakic eyes had a 10%
risk of leading to retinal detachment. In my
series® of 26 asymptomatic flap tears in non-
fellow eyes followed from three to nine years,
no instance of detachment occurred.

It should also be borne in mind that horse-
shoe tears associated with lattice may carry a
higher risk of the post-treatment comiplica-
tion of retinal detachment than other horse-
shoe tears. In a study of 219 eyes with
horseshoe tears which underwent prophylac-
tic treatment, Robertson and Norton'™
observed lattice degeneration in only 8.7%.
However, among 17 of these treated eyes
which later progressed to retinal detachment,
six (35%) also had lattice degeneration, and in
each of these the original tears were symp-
tomatic.

4. Lattice in Fellow Eyes

The practice of treating the fellow eyes of
patients in whom the first eye has suffered a
retinal detachment originated as the result of
three clinical observations: 1) retinal detach-
ments are frequently bilateral; 2) the fellow
eye often shows the presence of lesions
thought capable of causing retinal breaks or
detachment; and 3) lesions can be surrounded
by surgically produced chorioretinal
adhesions.

The rationale for treatment has been based
on several assumptions regarding the follow-
ing observations: a) the incidence of bilater-
ality of retinal detachment is in the range of
20% to 30%; b) the visible lesions in the fellow
eye represent the sites from which retinal
detachment will arise; and c) the prophylactic
treatment of these lesions will significantly
reduce the incidence of retinal detachment in
the fellow eye and, therefore, the bilateral oc-
currence of detachment. I shall now attempt
to evaluate these assumptions.

a. Bilaterality of retinal detachment is
reported to vary from 9% to 34%,'** figures
that are obtained by simply counting the
number of bilateral cases in a given retina
clinic population.

As Schepens and Marden'®® have noted,
bilateral cases tend to be seen more often in
specialized retina clinics. This view is further
supported by the report of Térnquist,** who
found that among patients from Gothenburg
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where there was only one eye clinic, the
bilaterality was 11.2%, whereas among
patients referred from other places and who
often had severe and previously treated
detachments, the rate was 18.4%. We may
probably assume therefore that the higher
reported figures are the least accurate for the
true bilaterality of retinal detachment.

The best way to learn the true bilaterality is
to follow for a long period of time a group of
patients who have had detachments. This has
been done in the classic, though retrospec-
tive, study by Davis et al** who followed 680
such patients for 6 months to 16 years and
found that 7.9% later detached in the fellow
eye. Longer follow-up may increase this
figure somewhat. On the other hand, the true
figure may actually be lower, because these
patients were all referred to a retinal center
and some of them may have been referred
because they were thought to be more dif-
ficult cases.

In a quite different type of study, the
National Cooperative Study in Israel**»?
has tabulated all detachments occurring in a
large closed group of patients in a population
reported racially to have a higher than
average incidence of retinal detachment.”®® At
the beginning of their study, they found the
bilaterality rate to be 10.9%. It is probable
that the true bilaterality rate of idiopathic,
rhegmatogenous retinal detachment is in the
range of 9% to 10%.

b. Degenerative changes of the lattice or
“equatorial”’ type have been reported in
fellow eyes with prevalence rates of 9%.*
2497576143 and 35%.1¢ In the series of Davis
et al ® there were 38 eyes with “typical’ lat-
tice (with white lines) of which nine (24%)
detached. Of the 25 eyes with “‘atypical” lat-
tice (without white lines), only one (4%)
detached. Therefore, of 63 fellow eyes with
lattice degeneration 10 (16%) eventually had a
retinal detachment. There were 15 fellow eves
with lattice lesions that developed new retinal
breaks, but in 1/3 of these the breaks oc-
curred in normal appearing areas away from
the lattice lesions. The authors state that
prophylactic treatment probably could not
have prevented retinal detachment in these
eyes since treatment would not have been
applied to the normal appearing areas.

In Foos’ autopsy study,® 15 eyes with lat-
tice lesions had 29 tears, but only 6 (20.7%) of
these were adjacent to a lattice lesion. In his
later update of this material,®* 24 eyes had lat-
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tice with tears, but of 42 tears only 12 (28%)
were directly related to lattice lesions.

Schepens'® reported that in 55% of eyes
with subclinical retinal detachment, some of
the breaks occur in unpredictable sites. Other
authors™72138.201 hayve emphasized this same
point as an important reason for conser-
vatism in recommending prophylactic treat-
rent.

In a recent study of second eye detach-
ments, Delaney and Oates® found that in 43%

. of the cases the causative breaks were

associated with previously observed
degenerative areas, but that in 57% of the
cases the causative breaks occurred in un-
suspected areas of normal appearing retina.

¢. The proposition that the systematic
[ rophylactic treatment of degenerative
lesions in fellow eyes can statistically reduce
the incidence of bilateral retinal detachment
has been tested by two studies.

On the basis of the prior bilaterality rate in
the Bonn Clinic, S6llner,'*® assumed the ex-
pected bilaterality rate to be 20%. He treated
a series of 307 fellow eyes and during a
follow-up period of five years observed that
-% of these patients developed a second
retinal detachment. He, therefore, concluded
that the treatment had been effective.
However, as shown above, if his finding is
compared to the more accurate expected
bilaterality rate of around 9%-10%, the effec-
tiveness of the treatment would appear more
doubtful.

In 1969, Michaelson et al'*' reported the
results of the first seven years’ experience of
the National Cooperative Study in Israel,
designed in part to prevent retinal detachment
by the prophylactic treatment of suspicious
lesions in fellow eyes. They concluded that
their program of treatment had reduced
fellow eye detachments in Israel from 10.88%
to 4.2%, which they felt was probably a nearly
sireducible minimum. However, in an up-
dated report of this study in" 1972,5? the
bilaterality rate had again risen to 9.1%,
despite continuation of the prophylactic
program. The authors therefore concluded
that there had been no notable drop in the in-
cidence of retinal detachment despite these
preventive measures. Boniuk et al*® treated
fattice lesions in 262 fellow eyes and observed
subsequent retinal detachment in 12 (4.58%).

Summary. The foregoing data can be sum-
marized by the following statements.

1) The incidence of bilateral (fellow eye)

237

retinal detachment is in the range of 9%-10%.

2) The prevalence of lattice degeneration
among fellow eyes is around 24%.

3) The incidence of retinal detachment
among fellow eyes with lattice is 16%, and
these eyes therefore account for about 4% of
fellow eye detachments in general (.16 X .24).

4) The routine prophylactic treatment of
lattice degeneration in fellow eyes might
therefore, theoretically, be expected to reduce
the incidence of fellow eye detachments from
9%-10% to 5%-6%, if we may assume that
such prophylactic treatment were entirely
without complication, and also entirely effec-
tive in preventing detachment.

5) The incidence of retinal detachment
among fellow eyes treated prophylactically,
whether from complication or failure of the
treatment, is in the range of 4%-6% with
Xenon photocoagulation, and 2%-3% with
cryotherapy.

6) Among fellow eyes with lattice, new
retinal tears may occur in 33% of eyes in
“normal” appearing unsuspected retinal areas,
and among eyes in general with lattice, as
many as 72% of tractional tears may occur in
such areas, unassociated with lattice lesions.

In conclusion, we may say that the ac-
cumulated evidence has not yet shown
prophylactic treatment of lattice lesions in
fellow eyes to be of more than negligible value
in preventing retinal detachment. Prophylac-
tic treatment is clearly indicated in sympto-
matic tractional tears associated with lattice,
and may be justified in cases in which the first
eye had retinal detachment surgery which
failed. In this more serious situation. treat-
ment of the fellow eye is probably justified to
gain even a small therapeutic advantage,
which statistically amounts to only a few
percentage points.

New additional data on the subject of lat-
tice degeneration in fellow eyes would be very
beneficial, and should be in the form of
detailed prospective clinical studies.

5. Lattice in Aphakia

Scheie et al*** found the prevalence of
retinal detachment among aphakic patients
40 years of age or older to be 2.2%, a figure
which agrees well with the literature that
they reviewed. The data of B&hringer,? as
analyzed by Okun,'*® showed the prevalence
of retinal detachment to be .07% in the
general population and .14% in those over 40
years of age. Thus, detachment in aphakic
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patients is more common than among the
general population by a factor of 31.4 to [;
among patients over 40 years of age, it is
more common by a factor of 15.7 to 1.

Ashrafzadeh et al.'® found peripheral
degeneration (including lattice degeneration
and “‘retinal vascular degeneration’) in 44.4%
of phakic retinal detachments, but in only
342% of aphakic detachments. Likewise
Morse and Scheie'® found lattice degenera-
tion in 37.2% of eyes with phakic detach-
ment, but in only 24.5% of eyes with aphakic
detachment.

Hawkins!®* compared two equal-sized
groups of phakic and aphakic retinal detach-
ment, and found 36 retinal breaks related to
lattice in the phakic group, but only 20 such
breaks in the aphakic group.

In the large series of eyes with lattice
degeneration treated prophylactically by
Boniuk, et al*® 10 later underwent cataract ex-
traction, and 2 (20%) of these subsequently
detached.

Benson et al'® reported a series of patients
who had aphakic retinal detachment in the
primary eye and eventual aphakia in the sec-
ond eye. Prophylactic treatment was carried
out in 24 of the fellow eyes, and 2 (8%) of
these detached. Of 100 fellow eyes which con-
tained no suspicious lesions and therefore
remained untreated, retinal detachment later
appeared in 19 (19%), and in at least 16 (84%)
of these the detachment arose from breaks
which appeared in clinically normal areas.
This strong tendency for retinal breaks in
aphakic retinal detachments to occur in
clinically normal areas had led to the
recommendation for complete (360 degree)
circumferential prophylactic treatment in
such eyes.®* Benson et al*® feel, however,
that until such treatment is proven to be more
effective and safe, it is not necessary to
recommend it for treating normal areas of the
fundus. Unfortunately the above study did
not include a control group in which the fate
of lattice lesions in aphakic fellow eyes left
untreated could be studied.

Although Davis®® concluded from his data
that asymptomatic breaks in aphakic eyes
have a 50% risk of leading to detachment, we
do not at this time have comparable natural
history data regarding the risk of lattice
lesions per se in aphakic eyes.

It seems evident that lattice degeneration
does not play as important a role in the onset
of aphakic detachment as in phakic detach-
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ment. This is consistent with the conclusion of
Ashrafzadeh et al* that a loose chorioreting) 3
adhesion is relatively more important thap
vitreous traction in causing retinal detach. |
ment in aphakic cases.

In summary, we may draw the following
conclusions:

a) Retinal detachment is much more com.
mon in aphakic than in phakic eyes.

b) Breaks in clinically normal areas are
more common in aphakic retinal detachment
than in phakic detachmeat.

c) Lattice degeneration and retinal breaks
associated with lattice lesions are both less
common in aphakic retinal detachment than
in phakic cases.

d) Reported failure rates of prophylactic
treatment in aphakic eyes in which subse-
quent retinal detachment occurred are 20%®
and 8%, which is somewhat higher than in
phakic cases.

The role of prophylactic treatment of lat-
tice lesions in association with aphakia has
not yet been clearly established.

6. Lattice in Myopia

Although lattice degeneration has an
increased prevalence among patients with
either myopia or retinal detachment, and
although retinal detachment is more common
in patients with myopia (especially of higher
degree), I know of no clinical reports purport-
ing to show that myopic patients who also
have lattice degeneration are more prone to
retinal detachment than myopic patients who
do not have lattice. Nevertheless, because of
the indirect association various authors have
stated that lattice degeneration in the
presence of myopia, particularly of higher
degree, deserves prophylactic treatment for
that reason. While this may eventually be
found to be true, at the present time the
reasons for believing it are theoretical.

7. Lattice with Family History of Retinal
Detachment

The etiologic role of lattice degeneration in
cases of familial retinal detachment is often
not easy to prove. Most of the published
pedigrees of families in which both conditions
appear show a relatively few cases with tru¢
lattice degeneration, or are quite small
pedigrees. Some pedigrees show a strong rela-
tionship between the two conditions, such as
those Cibis* illustrated in his Figures 120.



. LATTICE DEGENERATION OF THE RETINA

121, and 123. However, in Cibis’ large
pedigree (Figure 124), the hyaloideochorio-
retinopathy which he designated “‘pigmented
lattice’’*®® and which was strongly associated
with retinal detachment that was usually
bilateral, may actually be a different disease
entity (see Section II H, on post-equatorial,
radial, hyaloideochorioretinopathy).

If there is a strong family history of retinal
detachment with a fairly consistent associa-
tion of lattice lesions with the causative
retinal breaks, prophylactic treatm.nt of such
lesions found in relatives who have not yet
had retinal detachment should be considered.
However the mere finding of sporadic cases
of retinal detachment in families who also ex-
hibit lattice degeneration does not necessarily
justify such treatment.

8. Extensiveness of Lattice Lesions

The degree of involvement of the retina
with lattice degeneration may vary from a
small solitary lesion to extensive areas cover-
ing almost the complete circumference of the
peripheral retina. Diverse opinions are held
with regard to how this variable degree of in-
volvement affects the criteria for prophylactic
treatment.

Dumas™ and Dumas and Schepens™ have
noted that short islands of lattice were more
frequently related to retinal tears than were
long ones, and also that the tears around such
small islands tended to be larger than tears
¢ssociated with extensive lesions.

Tasman and Jaegers®® stated that the ex-
tent of involvement was seldom a major
criterion in their series, but that in many in-
stances they did tend to treat small isolated
lesions more often than cases with nearly cir-
cumferential involvement. On the other hand,
more extensive involvement is thought by
some authors®*1154231.232 14 sionify a higher
1.sk of retinal detachment, and they therefore
advocate prophylactic treatment in such
cases. Everett,” however, was of the opinion
that even in cases of fellow eyes with extensive
involvement of all quadrants, few surgeons
would suggest photocoagulation covering 360
degrees in all such cases, and that some
logical guide to selective treatment should be
shught.

In addition to the opinion that extensive in-
volvement with lattice is more dangerous,
there is also the realization that retinal tears
commonly occur in previously normal-
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appearing areas of the retina, and this may
seem to provide justification for circum-
ferential treatment extending 360 degrees
around the periphery. Following the introduc-
tion of Xenon photocoagulation by Meyer-
Schwickerath, Lindner!* stated that this new
method could be used to prophylactically
treat the entire retinal periphery at one time.
Various other authors have either reported or
recommended 360 degree circumferential
treatment (usually however in a sequence of
several separate treatments) using various
modalities as follows: diathermy,* Xenon
photocoagulation,'3®'*® cryotherapy,!3®!"°
cryotherapy combined with encircling silicone
band,"® and Argon laser photocoagula-
tion'31,231'233

However, enthusiasm for this form of
treatment should probably be tempered by a
strong impulse to therapeutic restraint in view
of the very significant potential for complica-
tions.

Soliner™® reported an increased rate of
complications which was correlated with
treatment of an increased number of
quadrants. Whereas treatment of only one
quadrant was attended by a complication rate
of 4%, photocoagulation of all four quadrants
led to complications in over 20% of eyes. For
this reason he stated that circumferential
treatment should be avoided if possible.

Spira?®* stated that photocoagulation
should never be used if the degeneration ex-
tends around the entire periphery because of
the danger of precipitating a retinal detach-
ment.

McPherson'*! pointed out that extensive
treatment with cryotherapy was also
dangerous, especially if the amount of
coldness was excessive, and could lead to
massive preretinal retraction. Freeman®
reported a disastrous end result in the only
eye of a 15-year-old boy who had been treated
with circumferential photocoagulation and
who developed a 360 degree retinal tear, with
later complete retinal detachment, densely
organized vitreous, and blindness.

In summary, the view that extensive in-
volvement with lattice degeneration is more
dangerous than solitary lesions has not been
substantiated by any report of which I am
aware, either in fellow eyes or non-fellow
eyes. There is also no proven increased risk
for eyes with parallel lattice lesions, which
have been regarded as more serious in one
study.?
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XIII. Summary

Lattice degeneration is a common
degenerative disease of the peripheral retina
and vitreous which has a very early onset in
life. It is characterized by very typical
histologic features, but clinically it manifests
itself in a myriad of polymorphous forms.

Although the vast majority of cases are
non-progressive or very slowly change
throughout life, a small number may lead to
clinical retinal detachment. When this occurs,
it usually does so by the sudden, usually
symptomatic, development of a tractional
tear, secondary to an acute posterior vitreous
detachment. Less commonly, retinal detach-
ment ensues as the result of the gradual
asymptomatic appearance of an atrophic
retinal hole within a lattice lesion. The patho-
genesis and heredity of lattice degeneration
are still unclear.

The role of prophylactic treatment of
symptomatic tractional tears associated with
lattice degeneration is undisputed and this is
clearly the best of all indications in the field of
prophylaxis of retinal diseases. The place of
prophylactic treatment of lattice degenera-
tion in various other circumstances remains
controversial and in doubt, and is associated
with a disturbing potential for significant
complications — most notably the precipita-
tion of retinal detachment and maculopathy.
These hazards not infrequently render our
prophylactic expectations self-defeating. The
reason for this is simply that the real enemy
lurking within the disease called lattice
degeneration is vitreoretinal traction, and it
occasionally happens that our carefully
planned surgical attack, rather than achiev-
ing our objective of neutralizing this enemy,
may instead transform it into a more hostile
and destructive foe, by aggravating and
accelerating the vitreoretinal tractional forces
which are always present with this disease.

Lattice degeneration is the most important
of all clinically distinct entities which affect
the peripheral fundus and which are related to
retinal detachment. An intimate knowledge
of this fascinating and sometimes
temperamental disease is essential for our
wise counseling of the many patients who are

afflicted with it.
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Chapter 1

Significance and Perspectives

DEFINITION

Myopia is defined as that state of refraction in
which parallel rays of light entering the eye at
rest are brought to focus in front of the retina.
In this situation, distant objects cannot be per-
ceived distinctly. Myopic eyes have a finite far
point in space from which divergent rays of
light are brought to a focus on the retina with-
out accommodative effort. (See Fig. 6-1.) This
far point often coincides with the preferred
reading distance. The handicap of defective
distance vision is therefore partially compen-
sated by an advantage of clearer near vision,
especially in later life. This advantage has been
cited as one important reason for the myope’s
superior reading skills and academic achieve-
ment.

HISTORY

The word myopia is thought to be derived from
New Latin which, in turn, was derived from
the original Greek word muopia, which means
contracting or closing the eyes. This is an apt
description of the typical facial attitude of the
uncorrected myope as he attempts to obtain
clear distance vision. Until the general intro-
duction of spectacles, squinting the lids, with
the resultant production of a horizontal sten-
opeic slit, was the only practical means
whereby clear distance vision could be
achieved.

In ancient times the myope was reliant
upon others with normal vision for both the

spoils of the hunt and protection in war. In
prehistoric times this dependency must have
been considerably greater. With the advent of
civilization and the emergence of agriculture,
handicrafts, and the written word, the near-
sighted at last found a place of worth in society.
As knowledge and fine skills have become in-
creasingly important in our advancing culture,
this place has been continually expanded.

The evolution of our knowledge of myopia
has been marked by occasional giant strides
based on careful investigations and their im-
partial analysis. All too often the contributions
to this subject have been bewildering in their
protocols, their results, and their conclusions.
A tendency toward advocacy rather than in-
vestigatory curiosity can be seen to checker the
early literature. Incredibly, myopia remains to
this day not only one of the major causes of
visual disability and blindness about which lit-
tle is known, but also a subject that is consid-
ered to be almost “‘beneath” a serious scien-
tist’s efforts. As a result, myopia continues to
be a problem of major proportions.

It is an old problem, and there are a number
of fine reviews of the history of my-
opia.* &% 10-33-42 Aristotle is generally thought
to be one of the first to consider the problem
seriously. He noted the tendency of the myope
to blink the lids and write in small script.
Galen, whose concepts so totally dominated
the early years of medicine, thought that ocular
refraction was dependent upon the composi-
tion and quantity of the eye fluids (animal
spirit). From Aristotle’s time it was held that
the eye itself was the source of vision rays, an

3
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idea finally dispelled by Alhazin (ap 1100).
The optical correction of myopia evolved very
slowly. Although Nero is believed to have
watched gladiator battles through a concave
ruby, correcting spectacles did not make their
appearance until near the end of the 13th cen-
tury. These lenses were convex, and the myope
was to wait some two centuries before the
general introduction of minus lenses. Even
then, there were few people who wore them
or advised wearing them.

The optics and image formation of refraction
were poorly understood in those times. Porta
(1558?—1593) thought that the image fell on
the anterior surface of the lens, whereas his
contemporary, Maurolycus (1575), deduced
that the lens was involved in focusing the im-
age and that it was more convex in myopia
and flatter in hyperopia. He made no mention
of the retina, however, and placed the focal
plane on the optic nerve. Adding to the con-
fusion was the problem of obtaining an upright
image in the eye, an accomplishment that ear-
lier workers considered indispensable for nor-
mal vision. A dramatic step forward was ini-
tiated by the contribution of Kepler, who by
virtue of his background in both mathematics
and myopia seemed eminently suited to ad-
dress this subject. In 1604 he was able to dem-
onstrate the image formation of the eye and
the role played by the cornea and lens. He
placed the inverted image at the retina and
defined the action of convex and concave
lenses upon this system. Somewhat later, in
1611, he noted that in myopic eyes parallel
rays of light fell in front of the retina. He also
wrote about accommodation, but in this area
there was a considerable degree of confusion
as a result of an inability to appreciate the fact
that presbyopia occurred in both myopia and
hyperopia. Kepler further attributed the ability
to see clearly at both distance and near to al-
terations in the shape of the eye. He went on
to propound the ‘‘near-work” hypothesis for
myopia by stating that study and fine work in
childhood rapidly accustoms the eye to near
objects. With advancing years this adaptive
mechanism produces a permanent, finite far
point such that distant objects are seen poorly,

The Myopias: Basic Science and Clinical Management

a theory that is still very much in evidence
today.

With Newton'’s (1704) concept of hyperopia
as a condition due to parallel rays of light con-
verging behind the retina, the stage was set for
the acceptance of the axial length of the eye
as the sole determinant of refraction. Anatom-
ical proof of increased axial lengthening of the
eye was first provided by Plempius (1632).
Boerhoave (1708) confirmed this lengthening
while citing another cause of myopia: in-
creased convexity of the refractive surfaces.
Other causes that had been postulated were an
increase in the thickness of the lens, an in-
crease in its refractive index, and a change in
its position.

In the absence of the instrumentation nec-
essary to measure these corneal and lenticular
variables, there were a number of studies con-
firming the variability of axial length. Included
in these were the studies of Morgagni (1761),
Guerin (1769), Gendron (1770), and Pichter
(1790). The first anatomical description of pos-
terior staphyloma in two fernale eyes followed
shortly after in a study by Scarpa in 1801 (Fig.
1-1). Von Ammon (1832) pointed out that
posterior staphyloma was not rare and was due
to a distention of the posterior pole, although
he did not make the association between this
lesion and myopia. This association was pos-
tulated by von Graefe (1854) in a combined
ophthalmoscopic and anatomical study of two
eyes measuring 29 mm and 30.5 mm in length.
Von Jaeger (1854) had also understood the
ophthalmoscopic changes of myopia to be due
to a distention of the posterior segment of the
eye. It was Arlt (1856), however, whose ana-
tomical studies convinced the scientific world
of the intimate association of myopia with ax-
ial elongation of the globe at the expense of
the posterior pole.

As a consequence of these studies the great-
est efforts of the ophthalmologic community
were concentrated on a search for the causes
of increased axial length of the eye. That this
search became indiscriminate and almost ir-
rational can be appreciated by a review of the
early theories of the etiology of myopia. It is
apparent, in retrospect, that this central tenet
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FIGURE 1-1. The earliest depic-
tion of the pathologically myopic
eye as contained in the text of
Antonio Scarpa. (Scarpa A: A
Treatise on the Principal Diseases
of the Eye, 2nd ed. Briggs J
(trans): London, Cadell and Dav-
ies, 1818)

of the older school would eventually be chal-
lenged. That axial length was not the sole de-
terminant of refraction was appreciated by
Donders and undoubtedly many others.
Schnabel and Herrnheiser (1895) had found
axial diameters varying from 22.25 mm to
26.24 mm in 23 emmetropic eyes and postu-
lated that emmetropia was determined by the
relation between axial length and total refrac-
tion. It remained, however, for Steiger (1913),
in a large statistical study of corneal power in
children, to deemphasize the importance of ax-
ial length as the only determinant of refraction.
Although his biomathematical study was large
(5000 children), his experimental method was
somewhat faulty in that he assumed lens
power to be a constant and thus calculated the
axial length of the eye from total refraction in
this manner. The variability of lens power had
been alluded to as early as 1575 by Mauroly-
cus, and variations in lens thickness, refractive
index, and position had been enumerated as
possible causes of myopia prior to Donder’s
time. Furthermore, actual lens power mea-
surements, albeit in small samples, had been
demonstrated by von Reuss (1887-1890), Aw-
erbach (1900), and Zeeman (1911) to show
considerable variations. Steiger’s corneal mea-
surements gave a binomial curve extending
from 39 D to 48 D. He failed to note any set
value of corneal power in emmetropia. He fur-
ther fashioned a distribution curve of from +7
D to —7 D using his corneal values and then
calculated axial lengths found in emmetropia
(21.5 mm—25.5 mm). Steiger saw emmetropia

and refractive errors as points on a normal
distribution curve, with corneal power and ax-
ial lengths as free and independent variables.
Vulnerable as they were, these concepts
brought an entirely new approach to the study
of myopia.

Tron (1934-1935) followed shortly with a
study of 275 eyes in which the pitfalls of Stei-
ger's work were carefully avoided. The only
optical element not measured directly was ax-
ial length, which was calculated from the re-
fraction, corneal power, lens power, and an-
terior chamber depth. Tron confirmed the wide
range of axial lengths in emmetropia (22.4
mm-~-27.3 mm). He further deduced that axial
length was the determinant factor of refraction
only in the range beyond +4 D and —6 D. He
obtained essentially binomial curves for all the
elements of refraction except axial length.
Wwith the elimination of myopic eyes of more
than 6 D, the curve for axial length also as-
sumed a normal distribution. Stenstrom
(1946) was able to measure the ocular axial
length directly by x-rays owing to the devel-
opment of this technique by Rushton (1938)
in the interim. Stenstrom undertook a study of
1000 right eyes and, in these, confirmed the
results Tron had obtained in the smaller series.
Both of these biometric studies found essen-
tially normal distribution curves for corneal
power, depth of anterior chamber, lens power,
and total refraction. Both showed a peaking
(excess) for axial length above the binomial
curve as well as an extension of the limb to-
ward increased axial length (skewness). It was
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noted by Stenstrom that the distribution curve
of refraction had basically the same disposition
as that of axial length, featuring both a positive
excess at emmetropia and a skewness toward
myopia.

This deviation in the population refraction
curve had been noted previously by Scheerer
and Betsch (1928-1929), who had attributed
this to the incorporation of eyes with crescent
formation at the optic nerve. When these eyes
were deleted from the data, a symmetric curve
was obtained for the distribution of refraction.
In the analysis of these data it was pointed out
that a positive excess still persisted in the ““cor-
rected”” curve. Stenstrom'’s refractive curve af-
ter the removal of eyes with crescents also
demonstrated an excess. This central peaking
was attributed to two factors: the first was the
effect of component correlation in the emme-
tropic range as postulated by Wibaut (1928)
and Berg (1931) and the second was the direct
effect of axial length distribution upon the
curve of refraction. Sorsby and co-workers
(1957) were later to again confirm the results
of both Tron and Stenstrom and to further
explore the variables in the correlations be-
tween the optical components in various re-
fractions. This had been done to a limited
extent by Berg. Sorsby and co-workers dem-
onstrated conclusively in their study of 341
eyes that “emmetropization” effect was noted
in distribution curves of refraction as a result
of a correlation of corneal power and axial
length. In ametropias of +4 D and above, this
correlation appeared to break down. Their
study also indicated that neither the lens nor
the chamber depth was an effective emme-
tropization factor.

A large number of more recent studies in
this same vein have been added by Japanese
authors such as Otsuka and Kondo, Ohno, Su-
gata, Tokoro, and Araki.>? In all of their in-
vestigations the dominant finding was the high
correlation of total refraction with axial length.
This is true especially in the emmetropic range
of refraction in which the correlation of cor-
neal power diminishes the impact of axial
length upon the refraction. The latter remains,
for the most part, as the primary determinant
even in this range of refraction.
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CLINICAL TYPES

It is important, at this point, to note that the
symptom of blurred distance vision and the
diagnosis of myopia are common denomina-
tors of what have been described as two dif-
ferent clinical entities: physiologic myopia
and pathologic myopia. Physiologic (simple,
school) myopia is an optical condition of the
eye in which a chance combination of normal
refraction components renders the eye near-
sighted. An increase in curvature of the sur-
faces of the cornea or lens (decrease in radius
of curvature) or an increased axial diameter of
the eye attained by normal growth are factors
each of which is capable of producing myopia
unless proportional compensatory changes are
present in the other components.

Pathologic (degenerative, progressive, ma-
lignant) myopia is a direct consequence of an
abnormal component of refraction. In its gen-
eral usage and as a strict diagnostic term, it
indicates those cases associated with an ab-
normal lengthening of the eye. This process is
generally attributed to the stretching of the
scleral wall. The condition may be generalized
and involve the entire posterior sclera as far
forward as the insertions of the recti muscles.
This diffuse process is usually associated with
a herniation of an area of the posterior pole,
which yields the dramatic picture of a posterior
staphyloma. Technically, the term pathologic
myopia, in its broadest sense, can be applied
to such myopias as those found in keratoconus
and spherophakia. To avoid confusion these
entities are probably best termed ‘‘curvature”
myopias. In this text the term pathologic myopia
will be used only in the strict sense to mean a
myopia due to abnormal axial lengthening of
the eye accompanied by staphyloma forma-
tion. :

Part 2 of this volume will consider at some
length the inadequacies of a “physiologic—
pathologic” classification for myopic eyes.
There is clearly a large group of myopic eyes
that cannot be classified as physiologic because
they show evidence of abnormally increased
axial lengths. On the other hand, they should
not be classified as pathologic, since they do
not display the classic degenerative fundus



Significance and Perspectives

changes of this disease. These eyes shall be
classified as “intermediate” in type.

SOCIOECONOMIC EFFECTS

Visual Disability

Myopia, except in its lowest grades, presents a
socioeconomic problem of significant magni-
tude. Throughout life the myope has the fi-
nancial burden of purchasing, and the incon-
venience of servicing, a variety of visual aids.
These may take the form of spectacles or cor-
neal lenses. The myope accounts for a large
share of the optical aid market in the United
States, which in recent years has exceeded 4
billion dollars in annual sales. In a recent sur-
vey conducted on youths aged 12 to 17 inclu-
sive,®® it was found that 34% wore correcting
lenses. Myopes accounted for an increasing
proportion of these patients, progressing from
72% of those using visual aids at age 12 to
87% at age 17. This increase was associated

TABLE 1-1. Estimates of Prevalence of Im-

pairment from Visual Disorders: Impaired Vi-
sion

Type of Eye Impaired Vision
Affection (Numbers in Thousands)

Glaucoma 1,070
Cataract (prenatal, 1,711

other)
Retinal disorder 815

(prenatal, dia-

betic, other)
Retrolental fibroplasia 19
Myopia 715
Cornea or sclera 294
Uveitis 285
Optic nerve disease 121
Multiple affections 90
Refractive errors 1,662

with lesser disa-

bility
Other affections 3,656
Unknown 221
Total (all affections) 10,659

7

with a proportional drop in hyperopic correc-
tions in the same age group.

Blindness

If myopia merely caused a significant depen-
dence upon optical corrections, it would be a
problem of major dimensions. Of greater im-
portance is the severe reduction in corrected
vision that is associated with the pathologic
form of myopia. In a detailed study of visual
disability in the United States (1976), the Na-
tional Eye Institute found myopia to be the
fifth most frequent specific cause of impaired
vision (Table 1-1), the eighth most frequent
cause of severe visual impairment (Table 1-2),
and the seventh most frequent cause of legal
blindness (Table 1-3).** A somewhat older
study by the National Society for the Preven-
tion of Blindness also found myopia to be the

TABLE 1-2. Estimates of Prevalence of Im-
pairment from Visual Disorders: Severe Vi-
sual Impairment

Type of Eye Severe Visual Impairment
Affection (Numbers in Thousands)
Glaucoma 207
Cataract (prenatal, 217
other)
Retinal disorder 392

(prenatal, dia-
betic, other)

Retrolental fibro- 19
plasia
Myopia 36
Cornea or sclera 67
Uveitis 67
Optic nerve dis- 107
ease
Multiple affections 90
Refractive errors 0
with lesser disa-
bility
Other affections 103
Unknown 179
Total (all affec- 1,483
tions)

(Support for Vision Research. Washington, DC, Dept
of Health, Education and Welfare Publication No. [NIM]
76-1098, 1976)

(Support for Vision Research. Washington, DC, Dept
of Health, Education and Welfare Publication No. [NIM]
76-1098, 1976)
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TABLE 1-3. Estimates of Prevalence of Im-
pairment from Visual Disorders: Legal Blind-
ness

Type of Eye Legal Blindness
Affection (Numbers in Thousands)
Glaucoma 56
Cataract (prenatal, 64
other)
Retinal disorder 118
(prenatal, dia-
betic, other)
Retrolental fibropla- 10
sia
Myopia 14
Cornea or sclera 22
Uveitis 23
Optic nerve disease 41
Multiple affections 23
Refractive errors 0
with lesser disa-
bility
Other affections 45
Unknown 53
Total (all affections) 468

(Support for Vision Research. Washington, DC, Dept
of Health, Education and Welfare Publication No. [NIM]
76-1098, 1976)

seventh cause of blindness in patients 20 years
of age and over (Fig. 1-2)."* These data may
be somewhat misleading, however. Pathologic
myopia is a single disease entity, and in these
tabulations it is ranked behind such disease
groupings as “‘cornea or sclera,’ ““uveitis,” ““op-
tic nerve disease,” “‘prenatal,” ““vascular,” and
the like. 1t is apparent that as a single cause of
visual loss, pathologic myopia is underesti-
mated to a significant extent by some of these
surveys.

An equally important aspect in the consid-
eration of the visual loss produced by myopia
is its relatively early onset. The Model Report-
ing Area studies on blindness conducted by the
US Department of Health, Education, and Wel-
fare indicate that, in addition to ranking sev-
enth as a cause of blindness (1969-1970),%!
the incidence of myopic blindness increased
from 0.1% in children under 5 years of age to
0.6% in the aged. The sharpest increase could
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be noted to occur in the middle of the fifth
decade. This rise is particularly ill-timed in that
it coincides with that period of life in which
the talents and productivity of those affected
are at a maximum. It also coincides with that
time at which there is a peak in financial re-
sponsibility; thus, the impact of this blindness
upon the family is particularly severe.

Nor do the young escape the visual priva-
tions of myopia. A recent investigation in the
United States attributes 5.6% of blindness
among school children to myopia,'® making it
the fifth most frequent cause of blindness after
retrolental fibroplasia, cataract, optic nerve
atrophy, and the combined category of anoph-
thalmia—microphthalmia.

The prevalence of world blindness in gen-
eral and myopic blindness in particular varies
widely with the parameters used in different
surveys. Unfortunately, there has been wide
variance in the definitions of blindness and,
specifically, myopic blindness. In some surveys,
the blindness of a myopic eye due to glaucoma,
for example, may be reported as myopic in
nature. Conversely, blindness due to retinal de-
tachment in eyes with substantial degrees of
myopia is reported as due to retinal and not
myopic causes. The classic example of this is
the relatively homogeneous population of Ger-
many. Reports from the Federal Republic of
Germany find myopia to be the seventh most
frequent cause of blindness (6.6% of cases).
The neighboring Democratic Republic to the
east finds myopia to be either the first or sec-
ond most frequent cause in two surveys
(14.7% and 13.9% of cases respectively).?*
More reliable data will be forthcoming when
international health agencies can standardize
such reportage. In spite of the obvious short-
comings of these surveys at the present, the
prevalence of myopia as a blinding disease is
most impressive. In Europe a large number of
such studies have been conducted. The data
from Great Britain is of particular note because
of Sorsby’s interest in myopia. In an early sur-
vey of blindness in England and Wales, he
found myopia to be the second most frequent
cause of blindness in persons between the ages
of 30 and 49 years.*® In the next age-group
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FIGURE 1-2. The eight major causes of blindness in the United States: population 20 years
of age and above. (Estimated Statistics on Blindness and Vision Problems. New York,
National Society for the Prevention of Blindness, 1966)

(50—69 years) it ranked second only to cata-
ract. Overall, myopia was ranked as the third
most prevalent cause behind cataract and glau-
coma.? In a more recent study of the same
population, Sorsby*' found myopic atrophy
and retinal detachment to be the cause of 14%
of blindness in all age-groups behind diabetic
retinopathy and cataract. It would appear that
in Scotland the problem of myopic blindness
is even more grave. Here it has been found as
the single greatest cause in persons in the fifth
decade of life. According to surveys conducted
in 19427% and 1946,% it was ranked second
only to cataract among all age-groups. The
combination of these data revealed a signifi-
cantly earlier onset of blindness among myopic
persons (mean, 52.1 years) as compared with
persons with blindness due to other causes
(Table 1-4). In these surveys blindness second-
ary to cataract as well as retinal detachment in
myopic eyes was reported as myopic in nature.
The inclusion of the former is of questionable
validity, and a somewhat exaggerated picture
of the importance of myopia emerges from this
review.

Other European studies, in addition to those

of West Germany and East Germany, have
noted the significant prevalence of myopic
blindness (Table 1-5). Other surveys that have
been included in an extensive review of the
world’s major blinding conditions are those of
Japan, in which myopia ranks fourth as a
cause of blindness (8.4%); Hong Kong, fifth
leading cause of blindness (8%); and Sri
Lanka, one of five principal causes of blind-
ness.**

Older surveys are also of interest in this re-
gard. Two German reports (1925-1926) noted
myopia as the seventh most frequent cause of
blindness.'* ° In France, myopia in combina-
tion with other errors of refraction was cited
in 1937 as the second most prevalent cause.>”
In Greece, a 1939 study showed a ranking of
ninth,> whereas a similar investigation 3 years
earlier had found myopia to be the fourth lead-
ing cause in Hungary.* Two reports have been
published from Canada. In 1946 myopia was
noted to be the fifth most frequent cause of
blindness,?> whereas in a later study (1965) it
was ranked third (9% of blindness) behind
cataract (15%) and glaucoma (10%). This lat-
ter survey included 24,605 persons and ex-
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TABLE 1-4. Mean Ages of Onset and Blindness as Related to Major Causes of Blindness in
Scotland

Cause of Number of Mean Age of Mean Age of

Blindness Cases Onset Blindness
Myopia 1089 14.1 52.1
Abiotrophy 300 17.0 36.7
Cataract 1246 60.7 65.3
Diabetes 93 56.7 60.8
Glaucoma 594 58.3 61.9

263 60.3 63.6

Vascular Disease

(Dickson RM: A statistical analysis of persons certified blind in Scotland. Br J Ophthalmol 30:381, 1946; Marshall J,
Seiler HE: A statistical analysis of 3,219 persons. Br J Ophthalmol 26:337, 1942)

cluded retinal detachment as a cause of myopic
blindness.?

In certain areas of the world there can be
observed a decrease in the relative importance
of congenital anomalies and degenerative dis-
eases as blinding conditions with a commen-
surate rise in the frequency of infection, mal-
nutrition, and cataract.”> A 1971 study in
Jérusalem found myopia to be the sixth most
frequent cause of blindness (9.3%). Myopic
blindness was slightly more common among
non-Jews than among the Jewish popula-
tion." An Egyptian survey of the same year
studied the causes of blindness in urban and
rural populations. In the former, myopia was
the third most frequent cause of blindness, af-
fecting more males than females in a ratio of

3:2.%¢ Oddly this survey failed to find any cases
of blindness attributable to myopia among the
rural population. It would be hazardous to
postulate that this discrepancy between the
two populations is the result of differences in
occupation, diet, and the like. It is probably
more accurately attributed to the fact that the
rural myope would find it advisable to live
where ophthalmic care and visual aids, in ad-
dition to increased opportunities for employ-
ment, were available.

MYOPIA AND PERSONALITY

The psychological effects of myopia are oper-
ative, to the most part, during the crucial

TABLE 1-5. Myopia as a Cause of World Blindness
Country or Ranking as Percentage of
Territory Cause of Blindness Population Affected
United States 7th 3
Hong Kong 5th 8
Japan 5th 8.4
Sri Lanka 5th Not reported
Denmark 3rd Not reported
Germany, Democratic Ist or 2nd 14.7 or 13.9
Republic
Germany, Federal 7th 6.6
Republic
Malta Ist 19.4
Poland 3rd 11
Union of Soviet So- 2nd Not reported

cialist Republics

(Lim AS, Jones BR: World's major blinding conditions. Vision 1:101, 1981)
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periods in the development of personality. The
gradual loss of efficient distance vision tends
to concentrate the interest and energies of
these patients more and more on near tasks.
This obligatory shift to near is capable of pro-
ducing subtle as well as striking changes in the
attitudes and aptitudes of the individual. Justly
or not, the myope has always been considered
the introverted, bookish, nonathlete who is the
academic bane of his more outgoing emme-
tropic and hyperopic fellows. Rice** also noted
the tendency of the myope to become finicky,
painstaking, and scrupulous. It will come as a
relief to note that these characterizations were
more the impressions of the author and were
unsupported by scientific data. Rice noted that
use of correcting lenses, as in the case of Theo-
dore Roosevelt, could prevent the develop-
ment of such an intolerant personality.

There is, however, more than fragmentary
evidence that this impression is true, at least
to a limited extent. In an early study of college
students,’® it was found that myopes did in-
deed show a slight but consistent tendency to-
ward introversion when compared with
normally-sighted colleagues. The average dif-
ference as measured by the Bernreuter Person-
ality Inventory was not statistically significant
and, in addition, was unaffected by the degree
of myopia and the duration of the use of cor-
rective lenses. A number of other tests consis-
tently show differences in the mental makeup
and attitudes of the myope. Schapero and
Hirsch,’® using the Guilford~Martin Tempera-
ment Test, found myopes to be more prone to
emotional inhibition and disinclined toward
motor activity. These authors noted that the
myope was inclined toward social leadership.
A later study by Stevens and Wolff,*> using a
test for the evaluation of leveling-sharpening
mentation, showed a significant correlation
with refraction. Myopia was associated with
highly differentiated memories as a result of
minimal perceptual interaction. In 1967
Young®® used the Edwards Personal Preference
Schedule and found that myopes scored higher
than nonmyopes in achievement, introspec-
tion, abasement, heterosexuality, and aggres-
sion needs. Nonmyopes scored higher in def-
erence, order, exhibitionism, dominance, and
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change. Statistical significance was achieved
only in abasement (guilt feelings, willingness
to accept blame), exhibitionism (need to be
noticed), and change (the desire to vary or
avoid routine). Using the Rorschach test,
Rosanes®®> compared the myope with the em-
metrope and hyperope with the hypothesis
that myopia might be a protective or adaptive
mechanism, a reaction pattern to anxiety. She
thecrized that myopia might be one of a series
or constellation of tendencies or reactions to
stress by a certain type of personality config-
uration. This study concluded that myopes
have a statistically significant increase in covert
anxiety, with a decrease in motor activity com-
pared with other refractive groups (P <0.01).
She also noted the fact that both hyperopes
and myopes demonstrate less variability in
exhibiting anxiety than do emmetropes
(P <0.01). These two groups also showed less
variability in exhibiting hostility compared
with those who were emmetropic (P <0.01).
Rosanes concluded that myopes have a high
tolerance for anxiety and exhibit excessive
control. They are less likely to place themselves
in a situation where they can be attacked. They
are innately cautious and use compromise gen-
erously. She found that the typical attitude of
the hyperope could be characterized as “fight”’
and that of the myopes as ““flight”” An earlier
Rorschach test survey conducted by van
Alphen? had found that myopes demonstrated
a unique system of abstract thinking but had
a deep-seated anxiety pattern. From these re-
sults it would appear that myopia is associated
with certain differences in cerebration that are
accompanied by distinguishing personality
traits. Guilt feelings, anxiety, and introversion
are frequently cited in this regard, and these
emotions may have much to do with the
greater achievements of the myope.

MYOPIA AND INTELLIGENCE

The remarkable academic success of the my-
opic population has naturally raised questions
regarding the association of myopia and intel-
ligence. At this time there is no body of sci-
entific evidence to support or refute this con-
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cept. Although numerous studies have found
the intelligence quotient (IQ) of the myope to
be somewhat higher than that of nonmyopes,
statistical significance has not been established.
What does appear to be functional in this re-
gard is a superior reading ability and, possibly,
greater attention to detail. The association of
myopia and occupations of the intellect has
been noted by a number of investigators. These
include Tscherning,*® Landolt,?> Heinonen,'’
and von Moers—Messmer.?” This relationship
was seen, alternately, as cause and effect,'®
adaptative,?> and even ontogenetic wherein
the overdeveloped eye is part of the overdev-
eloped brain.?” The earliest and most extensive
reports on this subject were those of Cohn” in
Germany. He found 1.4% of children in the
primary grades to be nearsighted. This in-
creased to 26.2% at the university level. Cohn
compiled an extensive, international survey of
the relationship between myopia and academic
achievement.

In Japan this same phenomenon has been
seen. A very large 1937 study found that my-
opia increased in the school population from

FIGURE 1-3.
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27% in the elementary grades to about 46%
in middle grades to a high of 67% in high
schools (Fig. 1-3).>% 7 Goldschmidt made a
careful survey of school children in the Danish
population in 1968.'® He noted a significant
plurality of myopes in the academic “‘streams’”
as compared with the other two, intellectually
less rigorous, comprehensive and general
streams. He also noted that whereas the fre-
quency of this condition was about the same
in the normal school populations and in
schools for emotionally disturbed children and
those for the deaf, the frequency of myopia
was significantly less among retarded children.
In the United States, Dunphy, in 1970,'" found
a disproportionately high frequency of myopia
in 200 graduate students attending the Harvard
schools of business and law. In Britain it has
been noted that nearsighted students score
about 5% higher in tests of reading, mathe-
matics, and verbal intelligence. This phenom-
enon was not seen in nonverbal intelligence
testing, however.!? A study of the Icelandic
population shows a general prevalence of my-
opia of 9% among persons age 30 to 50 years.

The prevalence of myopia in various schools of Japan over a 15-year period.

The prevalence increases with the intensification of education. (Sato T: The Causes and
Prevention of Acquired Myopia. Tokyo, Kanehara Shuppan, 1957)
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In contrast, the prevalence among honor grad-
uates, notably those in mathematics, is 35%.%?

A variety of tests have demonstrated a mea-
surable difference in the IQ of persons with
various refractive states. The myope usually
scores perceptibly higher than the emmetrope
and hyperope. Nadell and Hirsch,>' adminis-
tering the California Test of Mental Maturity
(CTMM) to 414 students, demonstrated a data
trend that indicated that myopes were gener-
ally more intelligent, but not to a significant
degree. One year later Hirsch published the
results of another study in which he adminis-
tered the Stanford—Binet test to children 6 to
7 years of age and the CTMM to older pupils.?°
Five hundred forty-four students were tested.
He found no statistical difference in scores
among youngsters 6 to 9 years of age, but
among those age 10 to 13, myopes scored
higher (P <0.001). In these data there was an
almost linear increase in 1Q from students with
hyperopia of greater than +2 D to myopic
students of greater than —2 D. These results
were seen as being the result of several possible
mechanisms: an overdeveloped eye associated
with greater cerebral development, the effect
on test scores of reading experience and pro-
ficiency, the tendency of intelligent children to
read more and thereby become myopic, and
the superior reading ability of myopes leading
to an increase in their scores.

Young®® later studied 251 students using
both the Stanford-Binet and the CTMM. All
correlations were low and negative. The larger
differences favoring myopes were contained in
the results of the CTMM, which requires
greater reading ability. Young then tested the
reading ability of 117 students and found that
myopes were significantly better readers than
the emmetropes. Grosvenor'’ studied 707
white New Zealand students using a verbal
(Otis self-administered) test, and to 290 of
them also administered a nonverbal (Raven-
Matrix intelligence) test. With the first test he
found no significant difference between my-
opes and emmetropes and emmetropes and
hyperopes. He did find a statistical difference
(P <0.05) between myopes and hyperopes,
however. In a nonverbal test, which uses a
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minimum of reading and language skills, no
significant differences among the three groups
could be demonstrated, although myopes did
average four points higher than emmetropes
and nine points better than hyperopes. This
same study also noted the overrepresentation
of myopes among the high and medium aca-
demic streams (P <0.05).

In summary it may be said that myopes
generally score higher on intelligence tests, al-
though not to a significant degree. Part of this,
but not all, can be attributed to their de-
monstrably superior reading ability and their
personality traits. Given the hereditary back-
ground of myopia, scholarship reinforcement
is also more likely to be present at home. The
myopic student more often has a similarly af-
fected parent, often of academic achievement,
who would stress intellectual pursuits and ac-
ademic hobbies. Even the very wearing of
spectacles may play a small part in the tend-
ency to regard myopes as more intelligent.
Thornton*** #° found that merely wearing
glasses can give the impression of intelligence.

Additional observations of those with short
sight have included the allegation that they are
essentially night people who like to stay up
late. This is said to be related possibly to the
greater security felt by the myopic child at
night, at which time the darkness neutralizes
his handicap to some degree. If dimness of the
external world of the myope retards the de-
velopment of an extroverted, gregarious per-
sonality, it appears to be a superb catalyst for
the development of artistic skills. An unusual
number of outstanding individuals have in
common a period of time in their lives during
which they were forced by circumstances to
retire within themselves to develop a philoso-
phy and plan of life. Pulmonary tuberculosis
was the classic disease in this regard, and many
have descended from Mann’s tubercular
“’Magic Mountain’ after a period of physical
rest and intellectual stimulation to attain great
success in life. These include, among many
others, Goethe, Voltaire, and Descartes.”® My-
opia may provide a somewhat similar intellec-
tual environment, and it is not surprising,
therefore, to find the myope disproportionately
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represented among the successful in the fields
of literature, music, and art. Among these can
be listed, such names as Goethe, Schiller,
Schopenhauer, Schubert, Wagner, Beethoven,
Bach, Tennyson, Alexander Pope, Edward
Lear and Annette VonDroste—Hulshoff. Both
Milton and Johnson have also been cited as
myopic. Myopia is well represented among art-
ists. These include Monet, Cézanne, Renoir,
Degas, Pissarro, and Craig. Some of the great-
est exponents of the school of impressionism
are included in these names and one cannot
help but speculate that this school evolved not
only from the collective genius of these men
but also their undercorrected myopia. Other
artists who are presumed to have had myopia
are Dufy, Derain, Braque, Vlaminck, Segonzac,
and Matisse. In sculpture no less a giant than
Rodin can be found among the nearsighted.*’
To these we may add the names of Shostako-
vich and three outstanding Irish writers: W. B.
Yeats, Sean O’Casey, and James Joyce.

It has been said that “success dwells in the
silences.”” It is conceivable that myopia pro-
vides just such a “silence” for the young it
afflicts.
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TABLE 13-13. Cataract Types Observed in 53 Eyes With Pathologic

Myopia Preoperatively

Cataract Type

No. of Eyes

Nuclear

Nuclear—posterior subcapsular
Posterior subcapsular
Posterior subcapsular—cortical
Nuclear—cortical

29
10

(54.7%)
(18.8%)
(17.0%)
( )
{

(Curtin BJ: Cataract extraction in pathological myopia. Ophthalmol Surg 7:65, 1976.
Published by SLACK Incorporated, Medical Publishers, copyright 1976.)

tation of patients with this degree of myopia.
Perkins?*** recently has confirmed the pres-
ence of an elevated prevalence of myopia
among 388 cataract patients. Of these patients,
13.7% were also diabetic.

Nuclear cataract, in spite of its frequent oc-
currence in high myopia, is often an over-
looked diagnosis. The increasing myopia in
these patients is attributed to active progression
and the diminished visual acuity to retinal de-
generation. The poor fundus view obtained
with direct ophthalmoscopy, which is charac-
teristic of high myopia, also deprives the ex-
aminer of the ability to note subtle changes in
the transition zones of the lens. Slit-lamp ex-
amination should include a careful study of
the lens nucleus in any adult showing active
“progression”” of his myopia. Its cause is more
likely the effect of advancing nuclear sclerosis.
The progression of pathologic myopia has been
found to be due, in some cases, to increases in
lens power in the absence of nuclear scle-
rosis.?'* 2°> Increases in the power of a clear
crystalline lens, especially in high myopia,
should always suggest the possibility of sub-
luxation. One study?*® reports myopia as the
fourth most frequent cause of ectopia lentis
requiring surgery. With the exception of those
conditions in which pathologic myopia is as-
sociated with subluxation of the lens, as in
Marfan syndrome, the lens dislocation in high
myopia appears to be the result of a degener-
ation of the zonules, which is usually associ-
ated with degeneration of the vitreous.??®
Apollonio and Weigelin report the incidence
of subluxation of the lens in their series of
highly myopic eyes to be 0.7%.21%

The Fundus

Careful examination of the fundus of the my-
opic eye is most important. Its findings estab-
lish the diagnosis of pathologic myopia as well
as form the most reliable basis for the prognosis
of the disease. Both the central and peripheral
fundi must be evaluated. Stereopsis is indis-
pensable in these studies. Direct ophthalmos-
copy is of limited value. The enlarged, poorly
defined image can be improved by asking the
patient to wear correcting lenses, but the pan-
orama of fundus changes is difficult to appre-
ciate with this method of examination. How-
ever, fine fundus details can be studied in this
way, and slit-lamp biomicroscopy is also of
great value for this purpose. The monocular
indirect ophthalmoscope, which yields an up-
right image, can be very useful in the exami-
nation of highly myopic eyes, but the absence
of stereopsis relegates its use to an ancillary
status. Binocular indirect ophthalmoscopy has
the disadvantage of the reversed inverted im-
age, but its wide field of view and excellent
stereopsis make it by far the best method of
evaluating these fundi. The use of lower pow-
ered condensing lenses, 14 D or 16 D, en-
hances the examination of the posterior fundus
because of the increased image brightness and
better stereopsis they afford.

The early changes that are found in the
pathologically myopic fundus, central or pe-
ripheral, are both developmental and mechan-
ical in nature. In the earliest stages the poste-
rior fundus may reveal only a localized
thinning or hypoplasia of the retinal pigment
epithelium. This is seen as an area of tessella-
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tion and pallor of a fundus area conforming in
distribution to that of a primary posterior
staphyloma. It should be recalled that the ret-
inal pigment epithelium is generally thought
to induce the formation of both its contiguous
choroid and sclera. (See Chap. 3, The Devel-
opment of Refraction). A defective retinal pig-
ment epithelium induces a defective choroid
and sclera such that the prerequisite conditions
for subsequent staphyloma development and
chorioretinal degeneration are present. Typical
choroidal colobomas are the classic example of
this sequence. In this disease the absence of
the retinal pigment epithelium is associated
with a marked underdevelopment of the cho-
roid and extensive ectasia of the hypoplastic
sclera.

With time, ectasia of the pale, tessellated
fundus areas of early pathologic myopia usu-
ally ensues. This ectasia may be quite slow, but
in occasional cases can be alarmingly rapid.
With advancing years superimposed mechan-
ical changes play an increasingly important
role in the prevalence and severity of the var-
ious degenerative phenomena of myopia.

The peripheral fundus changes in the my-
opic eye remain poorly understood. They ap-
pear to be related to the degree of expansion
of the eye as well as to age. Some, like RPE
hypoplasia of the posterior fundus, may also
have a hereditary basis. It is equally important
to determine the type and extent of peripheral
as well as posterior fundus changes in the my-
opic eye. The markedly high incidence of ret-
inal detachment in pathologic myopia argues
eloquently to this point.

THE POSTERIOR (CENTRAL) FUNDUS

Roughly three stages of pathologic myopia can
be distinguished on the basis of central fundus
changes. The ophthalmoscopic characteristics
that mark these stages are localized tessellation
and pallor, development of ectasia, optic nerve
changes, and a variety of chorioretinal degen-
erative phenomena. The early stages are dom-
inated by developmental alterations. With
time, the mechanical aspects associated with
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ectasia of the fundus become more pro-
nounced. Middle age and the years beyond are
marked by an increasing loss of choroidal cir-
culation and fundus atrophy.

Early Changes (Birth to Age 30)

In many young patients the only fundus
changes indicative of pathologic-miyopia are a
localized area of hypoplasia of the retinal pig-
ment epithelium and optic nerve crescent. Tes-
sellation and pallor of a fundus area around or
to one side of the disc are seen (Fig. 13-12;
Color Fig. 13-2). The area of retinal pigment
epithelium thinning conforms in distribution
to that of a primary posterior staphyloma, but
ectasia of the affected fundus is often not dis-
cernible. Optic nerve crescent is present and is
usually located on the same side of the disc as
the tessellated area. These same fundus
changes, also without ectasia, may be found
in a small percentage of adult myopia patients.
(See Chap. 14, Clinical Course.)

For the majority of patients with pathologic
myopia, however, a variable degree of ectasia
of the affected area ensues with time. This
causes an added spreading of the thinned ret-
inal pigment epithelium, with stretching of the
lamina vitrea and choroidal vasculature.

Posterior Staphyloma

Five varieties of primary posterior staphyloma
have been described.?*¢ Each affects a different
area of the fundus and while one or two are
oddities, all are important. Even in those va-
rieties in which the macula is not involved, the
visual acuity may be subnormal. (See Visual
Acuity earlier in this chapter.) The prevalence
of each type of primary (types I to V) and
compound (types VI to X) staphyloma can be
found in Table 13-14.

The most frequent and the most important
type of primary staphyloma is that affecting
the posterior pole (Type 1; Fig. 13-13). Tes-
sellation and pallor extend in a horizontal el-
liptical area from 2 disc diameters to 5 disc
diameters nasal to the optic nerve to the mac-
ula area. With further development of the
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FIGURE 13-12. The fundus as it appears early in the course of pathologic myopia
in a 10-year-old Hispanic female, right eye. Tessellation and pallor are observed
about the optic nerve, which shows a circumpapillary retraction of the lamina
vitrea complex.

FIGURE 13-13. Drawing of type I, or posterior pole, FIGURE 13-14. Drawing of type II, or macular,
staphyloma. (Curtin BJ: The posterior staphyloma staphyloma. (Curtin BJ: The posterior staphyloma
of pathologic myopia. Trans Am Ophthalmol Soc of pathologic myopia. Trans Am Ophthalmol Soc
75:67, 1977) 75:67, 1977)

TYPE I
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TABLE 13-14. Prevalence of Primary and Compound Staphylomas in Eyes

of 250 Patients

Type of Age of Patients
Staphyloma (yr)
3-19 20-39 40-59 60-86 Total
Primary
I 65 68 61 55 249
II 28 4 2 4 38
11 - 2 0 0 5 7
v 2 2 5 13 22
Vv 4 0 2 6 12
Compound
VI 8 3 4 3 18
VII 0 0 2 1 3
VIII 6 6 10 7 29
IX 6 11 11 8 36
X 1 10 16 12 39
Without 16 11 1 7 35
staphyloma
Detached 0 1 2 5 8
retina
Phthisis 0 0 2 2 4

(Curtin BJ: The posterior staphyloma of pathologic myopia. Trans Am Ophthalmol Soc

75:67, 1977)

staphyloma, tessellation and pallor may ulti-
mately extend well temporal to the macula.
This staphyloma can attain great degrees of
ectasia, with its nasal wall usually having the
sharpest margin and the greatest slope. (Color
Fig. 13-3). A large volume of literature has been
devoted to reports of this staphyloma,?°!- 292 307.
308, 318, 322, 334, 335, 337-339, 351, 357, 362, 375-377

The earliest descriptions using monocular
indirect ophthalmoscopy are the most compre-
hensive. Later reports using the monocular di-
rect method refer principally to a vertical, cres-
centic shadow located nasal to the optic nerve
with a substantial difference in dioptric correc-
tion for the fundus areas on either side of its
dark, concave arc. This shadow corresponds to
the sharp nasal margin of the staphyloma. Its
concavity therefore faces the disc.

The second staphyloma, the macular sta-
phyloma (Type II), involves a smaller elliptical
area from the optic nerve to a variable distance
to the temporal aspect of the macula (Fig. 13-
14). This is the second most common pri-
mary staphyloma and characteristically is lim-
ited in its ectasia. It may reach substantial de-
grees of herniation, however. This staphyloma
is important because of its macular involve-
ment. It has not received the attention in the
literature commensurate with this importance,
however. Only one reference can be found.32°

The least common primary staphyloma, the
peripapillary staphyloma (type III), involves a
sharply circumscribed, circular area about the
optic nerve (Fig. 13-15). In spite of its rarity,
it appears in an unusually large number of case
reports.282, 310, 316, 321, 337, 360, 361 Interest in [hiS
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TYPE 111

FIGURE 13-15. Drawing of type IlI, or peripapillary,
staphyloma. (Curtin BJ: The posterior staphyloma
of pathologic myopia. Trans Am Ophthalmol Soc
75:67, 1977)

type of staphyloma has been stimulated by its
occasional contractile qualities®'® 38! or asso-
ciated respiratory pulsations®¢* as well as by its
unusual appearance and depth.

Staphylomas of the nasal, and often the in-
feronasal, aspect of the fundus originate at the
optic nerve and as a rule involve an elliptical
area with minimal ectasia. These nasal staphy-
lomas, type IV (Fig. 13-16), have been re-
ported in a number of studies.?3% 301330349
This staphyloma is often associated with
inversion of the retinal vessels.?®! It has
been designated as “inverse myopia” by
Fuchs,?*®2°° who also noted its increased
prevalence among women. Nasal staphylomas
are of special interest because of the visual-
field changes they may produce. The bitem-
poral hemianopia seen in bilateral cases can be
mistaken for chiasmal lesions by the un-
Wary. 342, 343, 346

The fifth and last primary staphyloma in-
volves an elliptical area below the optic nerve.
This also tends to be a shallow lesion. The
inferior, or type V staphyloma (Fig. 13-17), is

TYPE IV

FIGURE 13-16. Drawing of type IV, or nasal, inverse
staphyloma. (Curtin BJ: The posterior staphyloma
of pathologic myopia. Trans Am Ophthalmol Soc
75:67, 1977)

commonly considered a forme fruste of the
choroidal coloboma. It has been reported by a
number of authors.?® 327348 Table 13-15 out-
lines the ophthalmoscopic characteristics of the
primary staphylomas.

Although the associated phenomena of fun-
dus tessellation and pallor in the myopic eye
have been described by many authors and spe-
cifically linked to staphyloma formation,?*” it
is the Japanese who have been especially in-
terested in these changes. The ‘tigroid fun-
dus,” as reported by Otsuka and Kondo,>*? has
been found to be an indication of elongation
of the axial diameter; the greater the axial
length of the eye, the more likely that this
fundus change will be seen. These findings
have been confirmed by Tanaka.>*® The tigroid
fundus also appears to be a hereditary
trai[.332, 367

The five compound varieties of posterior
staphylomas are essentially variations of the
primary type I. They may consist of a combi-
nation of a type I with another type such as
type II, type VI (Fig. 13-18) or with type III,



COLOR FIGURE 13-1. The normal eye compared with the distended, highly
myopic eye. The myopic eye exhibits a large semitransparent posterior staphy-
loma. Note dimpling of sclera at area of greatest thinning: the equator in the
normal eye and the posterior pole in the myopic specimen.

COLOR FIGURE 13-2.

Fundus appearance early in the course of pathologic
myopia. Marked thinning of the retinal pigment epithelium is present in a

localized fundus area ¢

orresponding to that of a type I (posterior pole) staphy-
loma.



COLOR FIGURE 13-3. Grade 2 posterior pole staphyloma with tessellation and
pallor in staphyloma area. A gentle sloping of the nasal wall and a shallow
ectasia of the area nasal to the disc are present. One focal area of atrophy is seen
on the temporal border of the staphyloma.

COLOR FIGURE 13-4, Fresh lacquer cracks associated with subretinal hemor-
rhages at the posterior pole.



COLOR FIGURE 13-5. The inferotemporal border of a well-advanced posterior
pole staphyloma (grade 5). Note the lightening of the fundus in the upper ectatic
area as well as the numerous focal areas of atrophy within the staphyloma
perimeter. A large pigmented lesion lies on the staphyloma margin.

COLOR FIGURE 13-6. The nasal staphlyoma. Extensive degeneration of the
ectatic fundus nasal to the optic nerve can be observed. This condition has a
distinct predilection for females and, where bilateral, produces bitemporal hem-

lanopic visual-field defects. This condition has also been termed “myopia in-
versa.”



COLOR FIGURE 13-7. The picture of ““choroidal sclerosis” in a young Hispanic
female. A very large temporal crescent extends towards the macular area, where
numerous lacquer cracks are present.

COLOR FIGURE 13-8. An unusual double Fuchs’ spot in a highly myopic eye.
Note the extremely large temporal crescent, the tessellation and pallor of the

ectatic fundus, and the incipient chorioretinal degeneration contiguous with the
pigment spots.



COLOR FIGURE 13-9. A fresh Fuchs’ spot with associated hemorrhage. Note the
gray color in contrast to the two lesions in Color Figure 13-8.

COLOR FIGURE 13-10. An old Fuchs’ spot with a green—gray color. The spot

has disintegrated to a considerable degree and its “halo”” of atrophy is well
developed.



COLOR FIGURE 13-11. Advanced myopic degeneration. The peripapillary atro-
phy has begun to merge with the area of degeneration of the macular region.
The macula is ectopic, being situated more inferior than normal.

COLOR FIGURE 13-12. The same eye as in Color Figure 13-11 about 8 years
later, wide-field photograph. The extent of the staphyloma can be discerned.
There has been further loss of choroid and outer retina, representing the usual
end stage of myopic chorioretinal degeneration. This picture has been referred
to as “’bare sclera.” Observe the three steps on the nasal margin of this type VIII
staphyloma.



WHITE WITHOUT PRESSURE

COLOR FIGURE 13-13. White-without-pressure. Lesion may be flat or appear to
be elevated and involves the peripheral fundus from the ora posteriorly to a
variable extent. The temporal quadrants, notably the inferior, are most often
involved. (Karlin DB, Curtin BJ: Peripheral chorioretinal lesions and axial length
of the myopic eye. Am J Ophthalmol 81:625, 1976. Published with permission
from The American Journal of Ophthalmology. Copyright by The Ophthalmic
Publishing Company.)

LATTICE DEGENERATION

COLOR FIGURE 13-14. Lattice degeneration. These lesions present at or anterior
to the equator in spindle-shaped areas that may be pigmented or nonpigmented.
The temporal quadrants, notably the superior, are affected most frequently. (Kar-
lin DB, Curtin BJ: Peripheral chorioretinal lesions and axial length of the myopic
¢ye. Am J Ophthalmol 81:625, 1976. Published with permission from The Amer-
ican Journal of Ophthalmology. Copyright by The Ophthalmic Publishing Com-

pany.)



PIGMENTARY DEGENERATION

COLOR FIGURE 13-15. Pigmentary degeneration. These changes vary from a
light dusting of fine particles to large pigment clumps. The temporal quadrants,
especially the superior, are involved preferentially. (Karlin DB, Curtin BJ: Pe-
ripheral chorioretinal lesions and axial length of the myopic eye. Am J Oph-
thalmol 81:625, 1976. Published with permission from The American Journal
of Ophthalmology. Copyright by The Ophthalmic Publishing Company.)

PAVINGSTONE DEGENERATION

COLOR FIGURE 13-16. Pavingstone degeneration. Sharply demarcated, confluent
lesions are seen to form in a line parallel with and one or two disc diameters
posterior to the ora serrata. The lower quadrants are most commonly involved,
the temporal more often than the nasal. (Karlin DB, Curtin BJ: Peripheral
chorioretinal lesions and axial length of the myopic eye. Am J Ophthalmol
81:625, 1976. Published with permission from The American Journal of Oph-
thalmology. Copyright by The Ophthalmic Publishing Company.)
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FIGURE 13-17,

Drawing of type V, or inferior, sta-
phyloma. (Curtin BJ: The posterior staphyloma of

pathologic myopia. Trans Am Ophthalmol Soc
75:67, 1977)

type VII (Fig. 13-19). Type VIII staphylomas
show steps or terraces along the nasal slope of
the ectasia (Fig. 13-20). Descriptions of this
type of fundus are not uncommon,337 351357
In Type IX staphylomas (Fig. 13-21) a promi-
nent, broad, vertical septum in the region of
the optic nerve separates two deeper areas of
ectasia. In the presence of extensive choroidal
atrophy, a bright, vertical light reflex may orig-
inate from its convex surface. Although this
type of staphyloma may be a variant of type I,
there is at least an equal possibility that it may
represent two distinct staphylomas, one mac-
ular (Il) and the other nasal (IV). (See ster-
eophoto, Fig. 13-48.) The precise morphoge-
nesis of this staphyloma has not been
established. In the case of the fifth type of com-
pound staphyloma, type X (Fig. 13-22), the
ectatic area is compartmentalized by one or
more plicae. These thin, elevated ridges origi-
nate at the disc and extend to the staphyloma
margin. A retinal vessel is usually found cours-
ing along the top of the plication. In the pli-
cated area fundus degeneration is usually re-
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TYPE Vi

FIGURE 13-18. Drawing of compound staphyloma,
type VI. Both staphyloma types I and II are present.
(Curtin BJ: The posterior staphyloma of pathologic
myopia. Trans Am Ophthalmol Soc 75:67, 1977)

duced. When multiple, these plicae give rise to
the most usual fundus pictures.

During the first 3 decades of life, staphyloma
development can be found to vary substan-
tially from patient to patient. Compound sta-
phylomas are not usually seen, however. In
general only primary types I and III can even-
tually develop any great degree of ectasia. The
deeper the staphyloma development, the
sharper or more abrupt its margins become.

Considering the difficulty in appreciating
shallower staphylomas, especially with mon-
ocular direct ophthalmoscopy, it is not unusual
that the prevalence of these lesions has been,
with only notable exceptions, grossly under-
estimated. An exception is Otto**% 335 who re-
ported 55 staphylomas among 355 myopic
eyes (16%). He found that all patients with
myopia of —20 D or more demonstrated this
lesion. Even in patients showing —15 D to
—20 D of myopia, he found almost all eyes to
be also affected, and among eyes with myopia
as low as —11 D and —11.5 D, half showed
these lesions. In the absence of stereopsis, Otto

(Text continues on p. 308.)
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TYPE vII

FIGURE 13-19. Drawing of compound staphyloma,
type VII. Both staphyloma types I and III are pres-
ent. (Curtin BJ: The posterior staphyloma of path-
ologic myopia. Trans Am Ophthalmol Soc 75:67,
1977)

FIGURE 13-21. Drawing of compound staphyloma,
type IX. A vertical septum is present at or in the
immediate vicinity of the optic nerve. In some eyes
this gives the appearance of combined, deep types
II and 1V staphylomas. (Curtin BJ: The posterior
staphyloma of pathologic myopic. Trans Am Oph-
thalmol Soc 75:67, 1977)

TYPE

TYPE Vil

FIGURE 13-20. Drawing of compound staphyloma,
type VIIL The nasal staphyloma wall exhibits tiers
or a steplike morphology. (Curtin BJ: The posterior
staphyloma of pathologic myopia. Trans Am Oph-
thalmol Soc 75:67, 1977)

FIGURE 13-22. Drawing of compound staphyloma,
type X. These staphylomas are marked by foldlike
plicae that radiate out from the disc. They usually
have a retinal blood vessel coursing along their top.
Occasional eyes may be seen to contain a number
of these that divide the staphyloma into compart-
ments. (Curtin BJ: The posterior staphyloma of
pathologic myopia. Trans Am Ophthalmol Soc
75:67, 1977)
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was forced to base the diagnosis upon parallax,
the dark crescentic nasal reflex, the course of
the retinal vessels, especially their bending at
the staphyloma margin, and the dioptric
changes between normal and ectatic fundus
areas, a difference that can amount to as much
as 10 D in some cases.

Other authors report staphyloma frequen-
cies to be much lower.?% 318 This discrepancy
would appear to be a tribute to Otto’s thor-
oughness of examination, since modern ster-
eoscopic funduscopy reveals that, indeed, pos-
terior staphyloma is the rule rather than the
exception in the higher orders of myopia. In-
frequently it is found in eyes with spherical
equivalent refractions as low as ~3.25 D and
axial diameters as small as 25.1 mm.**¢ A re-
port of this lesion in an eye with a refraction
of —0.25 —2.00 X 90 has also appeared.?*’
In eyes of increased axial diameter (=26.5
mm), posterior staphyloma with sharp margins
has been found to affect 19% of patients. As

FIGURE 13-23.

the axial diameter of the myopic eye increases,
the prevalence of this lesion rises to 71% (Fig.
13-23).2%° This also is a deceptively low inci-
dence, since a large number of patients with
shallow staphylomas were not included in this
classification. It is our current impression at
the Myopia Clinic of the Manhattan Eye, Ear
and Throat Hospital that probably all cases of
pathologic myopia have a posterior staphy-
loma of some type at some stage of develop-
ment. It is unquestionably the quintessential
lesion of pathologic myopia.

Optic Nerve Changes

Crescent formation, tilting, and supertraction
are the three principal changes noted at the
disc in early myopia. These changes are for the
most part a consequence of the location and
degree of development of the posterior staphy-
loma. With type I staphylomas, temporal cres-
cent, usually with peripapillary extension, or,

Prevalence of posterior staphyloma at each axial diameter. Only staphy-

lomas with sharp borders and distinct ectasia were included. (Curtin BJ, Karlin DB: Axial
length measurements and fundus changes of the myopic eye. Am J Ophthalmol 71:42,
1971. Published with permission from the American Journal of Ophthalmology. Copyright

by The Ophthalmic Publishing Company.)
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less commonly, typical peripapillary crescents
are found. With advanced development of ec-
tasia, peripapillary extension of a temporal
crescent is almost always seen. Type II staphy-
lomas show temporal crescents. These enlarge
with staphyloma development, and the disc is
seen to tilt temporally on its vertical axis. Nasal
supertraction may ensue. Peripapillary staphy-
lomas show peripapillary crescents, while na-
sal staphylomas have nasal crescents. If the
latter have any degree of ectasia, a nasal tilting
of the topic nerve may be seen, but temporal
supertraction has not been reported in these
eyes. Type V staphylomas often show tilting of
the disc on the horizontal axis, with crescent
formation below and sometimes supertraction
above.

Besides increasing their size, crescents may
also change in color. Staphylomas that display
limited ectasia postnatally, such as types IV and
V. have crescents that are relatively small and
white. In eyes with active postnatal staphy-
loma development, the crescent enlarges and
choroidal elements may be found within its
borders. A double crescent, an inner scleral
and outer choroidal, can often be seen in these
cases. Pigment proliferation at the crescent
border may also occur. ““Choroidal” crescents
vary markedly in pigmentation. In blacks and
Orientals they are heavily pigmented as a rule.
In blond Caucasians they are often indistin-
guishable from the original scleral crescent ex-
cept for their choroidal vascular elements.

Supertraction may give rise to light reflexes,
which are seen best by direct opthalmoscopy.
Then thin streaks appear near the nasal border
of the disc, with their concavity toward the
nerve head. They have been called ‘“Weiss
streaks’” after the author who initially reported
them in detail.>’* 377 Weiss attributed these
streaks to reflections from the detached pos-
terior vitreous surface. Goldmann, however,
has placed them at the concave vitreoretinal
surface where the supertraction mound starts
(see Fig. 8-7). In an occasional eye a double
reflex is seen. The second reflex is temporal to
the larger Weiss reflex and usually crosses ver-
tically upon the optic nerve surface. This reflex
appears to originate from the convexity of the
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supertraction. These phenomena are more
likely seen in youth. With advancing myopia
and expansion of the posterior fundus, there is
a flattening of the supertraction mound and
their light reflexes disappear.

Chorioretinal Changes

Three important fundus changes may also
make their appearance during the first 3 dec-
ades of life. These are retinal hemorrhages, lac-
quer cracks, and small focal areas of atrophy.

“Choroidal” hemorrhages may occasionally
be seen during the early course of pathologic
myopia. They may occur as isolated findings,
especially in the macular area,?®” but are also
found in conjunction with fresh lacquer crack
formation (Fig. 13-24). The term choroidal is
used because the location of these hemor-
rthages has not been fully established. They
may lie between the retinal pigment epithe-
lium and lamina vitrea, especially if subretinal
neovascularization is present. Fluorescein an-
giography in these young eyes usually does not
confirm the presence of such vascular net-
works, however. The absence of rebleeding
and the rapid absorption of these hemorrhages
with the restoration of retinal function tend to
indicate that the hemorrhages are, more likely,
related to ruptures in the lamina vitrea. The
choriocapillaris is involved in this event be-
cause of the intimate relationship between the
two structures. Hemorrhages that occur in this
way would come to lie on either side of the
lamina vitrea and tend to have a round shape.
When they are more extensive, irregular forms
may be seen. If these hemorrhages occur in the
macula, a variable degree of visual loss and
metamorphopsia may ensue. In youth the
prognosis is good; among our clinic population
these types of hemorrhages usually absorb over
a period of weeks with little or no aftereffect.
Such “coin” lesions are not uncommon find-
ings in highly myopic eyes. Blach??! obtained
an incidence of 6.5% in his study of 77 pa-
tients.

Lacquer cracks are seen as yellow white
lines of irregular caliber that course across the
posterior pole (Fig. 13-25). They are usually

(Text continues on p. 312.)



FIGURE 13-24. (A) A large subretinal
hemorrhage coincident with lacquer crack
formation. The hemorrhage is round and
may be somewhat elevated at its center.
(B) Two small retinal hemorrhages in the
process of absorption. Numerous lacquer
cracks and one focal area of chorioretinal
degeneration are also present.
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FIGURE 13-25. (A) A solitary lacquer crack passing across the fundus and the
macular region. It is yellow white, somewhat irregular in caliber. The rent in the
lamina vitrea complex exposes the large choroidal vessels beneath. (B) Numerous
lacquer cracks with a predominantly horizontal orientation over the posterior pole.
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associated with posterior pole staphylomas®'’
and may show some predilection for males.*®’
In one study lacquer cracks were found to af-
fect patients ranging in age from 19 to 51 years,
with the majority noted during the third and
fourth decades of life. In this same study, 4.3%
of eyes with an axial diameter of 26.5 mm or
more were affected (Fig. 13-26).%!7 These lines
are usually multiple and often are horizontally
oriented. They may also form crisscross pat-
terns.2?%- 237 In addition to posterior staphy-
loma, these lesions are found in association
with choroidal hemorrhages (32%) (Color Fig.
13-4) and chorioretinal atrophy (23%).>'7 Slit-
lamp biomicroscopy reveals these cracks to lie
in the deepest layers of the retina. Larger cho-
roidal vessels frequently traverse the lesions
posteriorly. No apparent disturbance of the in-
ner retina is evident. Significant visual dys-
function can rarely be attributed to these phe-
nomena. Visual fields in these eyes
demonstrate some degree of concentric con-
traction as a rule, but scotomata related to the
lacquer cracks cannot be demonstrated. An ac-
quired yellow-blue color-vision deficiency is a
common finding.

Fluorescein angiography shows early pseu-

dofluorescence, but there is no intraretinal or
subretinal leakage of dye. In the late angio-
graphic phase only a faint hyperfluorescence
can be detected.>'” 37

Lacquer cracks are generally considered to
represent fissures in the retinal pigment epi-
thelium-lamina vitrea—choriocapillaris com-
plex. They are thought to originate as mechan-
ical tears in these tissues. A degenerative
etiology has also been postulated.?””> In this
regard, one recent study has found a statisti-
cally significant increase in the association of
these cracks with angioid streaks.*®> Lacquer
cracks have also been said to represent scle-
rosed choroidal vessels.>®! Their association
with fresh hemorrhaging would argue strongly
against the concept, however.

The importance of lacquer cracks lies mainly
in their prognostic significance. Their declining
prevalence with age indicates that the fundus
areas in which they occur are extremely prone
to extensive degeneration. The presence of
such associated lesions as subretinal hemor-
rhages, Fuchs’ spots, and, especially, focal de-
generative lesions along their course lends
added weight to the seriousness of their nature
(Figs. 13-27 and 13-28). Lacquer cracks, par-
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FIGURE 13-27. Wide-field photograph of fundus in Figure 13-25, B 2 years
later. A small hemorrhage is present above and nasal to the ectopic macula,
which now exhibits a small Fuchs’ spot as well as numerous lacquer cracks.

FIGURE 13-28. Lacquer cracks in associ-
ation with numerous areas of focal cho-
rioretinal degeneration. Degeneration fre-
quently occurs at or in the immediate
vicinity of lacquer cracks, which com-
monly become unidentifiable as choriore-
tinal atrophy advances.
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FIGURE 13-29, Pro-
gressive  chorioretinal
degeneration in a 28-
year-old Hispanic fe-
male. (A) Fine lacquer
cracks are present over
the posterior pole at and
below the macula. Focal
atrophy is present infe-
riorly with pigmenta-
tion. A small subretinal
hemorrhage is above the
inferotemporal arteriole
(1972). (B) Numerous
punched-out areas of
fresh atrophy appear in
upper fundus (1975).

ticularly when they involve the macular area,
impart a guarded prognosis for central vision

in later life.?!”

The small, discrete, punched-out areas of

atrophy that are referred to as focal chorio-
retinal atrophy; may be seen as independent
lesions or may occur in conjunction with lac-
quer cracks. They are usually round and white
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FIGURE 13-29. (continued) (C) In addi-
tion to several new, fine atrophic areas, the
older lesions show expansion and in-
creased pigmentation (1980). (D) Wide-
field photograph shows further expansion
and coalescence of lesions (1983). The
atrophy at the crescent margin is now
greatly enhanced. In addition there is
added thinning of the pigment epithelium.
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to yellow white. Pigment clumping may be
noted at their margins. Usually they are found
in eyes of young patients with advanced sta-
phyloma development (Fig. 13-29). These le-

sions differ somewhat from the chorioretinal
degeneration of older myopic eyes. In older
persons the lesions are considerably larger and
tend toward confluence with one another. The
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small diameter of the areas in youth, usually
well short of the ,6 mm to .8 mm diameter of
the choroidal lobules at the posterior pole,>®®
indicates that they probably are caused by
small dehiscences in the lamina vitrea rather
than choroidal vascular occlusions or areas of
involuted subretinal neovascular membranes.
Some may represent focal abiotrophic degen-
eration of the retinal pigment epithelium.

Macular Changes

The macula in high myopia often shows an
unusual degree of hyperpigmentation. This is
present very early in life?”” (see Fig. 13-12)
and is possibly the result of hyperplasia of the
retinal pigment epithelium in the macular
area. The pallor of the surrounding fundus also
has a tendency to accentuate the macular pig-
mentation by contrast.?®> With active staphy-

"loma development involving the macular re-
gion (types I and II), a dispersion or spreading
out of the macular pigment occurs and a gran-
ular appearance is seen. If hemorrhaging has
occurred, the pigmentary changes of migration
and clumping may appear. These changes may
be reflected by a moderate reduction in visual
acuity.

Intermediate Changes (Ages 30 to 60
Years)

During the intermediate period in the evolu-
tion of pathologic myopia, particularly the fifth
and sixth decades, there is progression of the
various pathologic processes seen in earlier
years. Added to these are more serious events
that reflect the aging process and consist of the
loss of choroidal circulation and its sequelae.

Posterior Staphyloma

The advanced grades of staphyloma develop-
ment emerge during this time. Ectasia of these
lesions becomes more manifest in many cases,
and an increased percentage of deeper lesions
with expanded margins and sharply sloping
walls is seen.?®® The compound forms of
staphyloma increase sharply in frequency also.

The Myopias: Basic Science and Clinical Management

Among patients attending our myopia clinic,
the level of intraocular pressure appears to play
some role in the progression of posterior
staphyloma development. Staphylomas of
greater area and depth are usually found in
greater frequency among eyes with higher in-
traocular pressures. Extensive staphyloma de-
velopment can occur in the absence of elevated
pressure, however. (See Chap. 14.)

Optic Nerve Changes

Although the general appearance of the disc
remains the same, two changes mark this
stage. The first is essentially mechanical.
Within the deepening staphyloma the retinal
blood vessels are seen to straighten in their
course. This is also associated with a widening
of the intervascular spaces in the choroid, an
observation made originally by Donders.*”
The expansion of the staphyloma also pro-
duces an eversion of the inner aspect of the
optic nerve and a forward movement of the
lamina cribrosa. (See the section Intraocular
Pressure earlier in this chapter.) These forces,
the traction on the retinal vessels and eversion
of the inner nerve, have the effect of exposing
the central retinal artery and vein for a variable
distance posterior to their primary bifurcations
(Figs. 13-30 and 13-31). They assume the con-
figuration of a horizontal letter T or Y.>*” When
acquired, this “T" or “Y” sign is indicative of
high degrees of scleral ectasia with eversion of
the posterior scleral foramen.

The second change is degenerative in na-
ture. It is the appearance of atrophy in the
peripapillary area. The margin of the crescent
is usually involved first. Its previously sharp
edge becomes fragmented and irregular. Gray
white areas, usually with soft margins, form
along its border (Fig. 13-32) and may cause a
slight enlargement of the blind spot, but the
patient is unaware of any visual changes. This
is generally the first evidence of chorioretinal
degeneration. In some cases this will be the
only area of degenerative involvement but, un-
happily, in most eyes it is the initial stage of
more extensive choroidal atrophy. With ad-
vancing years these degenerative changes may
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FIGURE 13-30. The “T" sign. With ever-
sion of the inner aspect of the optic nerve
and traction upon the retinal vessels sec-
ondary to posterior segment expansion,
the vessels present on the disc surface. The
artery bifurcates at 180° to give the ap-
pearance of the letter T,

become so great that the optic nerve comes to
lie within a large surrounding area of atrophy
(Fig. 13-33). This event causes a decided in-
crease in the size of the blind spot, but central
vision again is not affected. Unfortunately

FIGURE 13-31. The ““Y”
sign. The process outlined
in Figure 13-30 has even-
tuated such that both the
central retinal artery and
vein bifurcate acutely while
lying flat on the temporal
disc surface. The letter Y is
formed.
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these changes, especially when they are exten-
sive, are very likely to occur in conjunction
with similar lesions at the posterior pole. These
we will consider presently. The involvement of
the crescent margin in early degenerative
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changes is thought to result from two patho-
genetic mechanisms. The first is mechanical in
nature and involves the increased stress and
strain of the lamina vitrea complex (retinal

The Myopias: Basic Science and Clinical Management

FIGURE 13-32. Incipient degeneration
along the midzone of a temporal crescent.
This is usually the earliest presenting de-
generative lesion in pathologic myopia.

pigment epithelium-lamina vitrea—choriocap-
illiaris) as it is displaced from the disc. The
second is attributed to circulatory causes. The
displacement of the complex from the disc re-

FIGURE 13-33. Advanced circumpapillary chorioretinal degeneration. This area and
the macular region are preferentially involved in the degenerative process.
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moves the only barrier against the invasion of
the subretinal space by choroidal vessels.

Chorioretinal Changes

Aging has a deleterious effect upon the abnor-
mal retinal pigment epithelium and choroid of
the myopic eye. An increasing avascularity of
the choroid also becomes apparent with time.
Ischemia of the outer layers of the retina in the
presence of numerous dehiscences in the lam-
ina vitrea sets the stage for the formation of
subretinal neovascular networks,265 303, 304
From these membranes serious subretinal
hemorrhages, transudates, and Fuchs’ spots
may follow.

Chorioretinal Atrophy. In adult eyes with
typical tessellation and pallor but no demon-
strable ectasia of the fundus, areas of mild de-
generation can occasionally be observed. These
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are confined to the area about the disc and
present as breakdowns of the crescent margin
or as peripapillary atrophy. The classic isolated,
focal atrophic lesions have only rarely been
observed at the myopia clinic in the absence
of ectasia. When extensive ectasia is present,
there is pervasive evidence of extensive cho-
roidal decompensation. The prevalence of cho-
rioretinal atrophy therefore can be correlated
with increased axial diameter of the eye (Fig.
13-34). The areas of choroidal avascularity oc-
cur almost exclusively within the confines of
the posterior staphyloma. Each type of staphy-
loma is affected, but the appearance of the
atrophic areas can vary with the choroidal vas-
cular pattern in the affected area (Figs. 13-35,
13-36, and 13-37). The edge of the staphy-
loma, when sharp, can also be involved and,
infrequently, lesions can also be found just out-
side the perimeter of the staphyloma. These
are always in immediate proximity to the

FIGURE 13-34. Prevalence of chorioretinal degeneration at each axial diameter. The sig-
nificant effect of age is demonstrated by the increased prevalence in persons 40 years and
older. (Curtin BJ, Karlin DB: Axial length measurements and fundus changes of the myopic
eye. Am J Ophthalmol 71:42, 1971. Published with permission from the American Journal
of Ophthalmology. Copyright by The Ophthalmic Publishing Company.)
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FIGURE 13-35. Chorioretinal atrophy in the peripapillary (type III) staphy-
loma. There is virtually a complete obliteration of the lamina vitrea complex
within the staphyloma, and even the border areas of the fundus are involved.

FIGURE 13-36. Chorioretinal atrophy in the nasal (type IV) staphyloma, left
eye. Extensive degeneration involves the nasal, ectatic tissues. These staphylomas
usually do not show substantial degrees of ectasia. Although the maculae in
these eyes appear normal, they occasionally undergo degenerations, which in-
clude Fuchs’ spot formation.
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FIGURE 13-37.  Chorioretinal atrophy in the inferior (type V) staphyloma. The
disc is tilted inferiorly and the lower fundus is ectatic. There is extensive
degeneration contiguous to the inferior crescent. This extends inferiorly along
the course of a retinal vessel.

staphyloma margin, however (Color Figs. 13-
5, 13-6).

The small, round areas of atrophy with
sharp margins that are characteristic of the my-
opic fundus in youth eventually give way to
more sweeping changes. The lesions in adults
are larger in diameter and are compatible in
size with the diameter of one or more lobules
of the choriocapillaris. Some areas may have
sharp margins while others do not. With time,
all these areas demonstrate a strong tendency
to join together into larger lesions, which can
assume rather bizaare shapes. A variable
amount of pigment may form at the margins
of these areas, or clumps of pigment may come
to rest within an area of coalescing lesions (Fig.
13-38; also stereophoto Figs. 13-49 and 13-
50).

It has been noted previously that these
atrophic zones are depressed, punched-out
areas that show a loss of choroidal circulation.
(See Chap. 11.) This loss is complete except
for the survival of large-sized vessels, which

can be seen ophthalmoscopically to cross be-
hind these areas. Retinal pigment absorption,
migration, and proliferation are seen histolog-
ically with disorganization of the outer layers
of the sensory retina. The pathologic change
that is generally considered to be the basis for
these extensive degenerative phenomena is the
occlusion of choroidal end-arterioles. There is
a generous collateralization of the choroidal
circulation at the posterior pole.3#4 36° This s
especially so in younger persons.’’® Age
changes, with the loss of the collaterals, would
impart a greater morbidity to choroidal arterial
occlusions.

Even in the absence of frank arterial occlu-
sions, the choroidal circulation is abnormal in
high myopia. Fluorescein angiography and
ocular pulse studies all reveal a retardation and
diminution of choroidal blood flow in this dis-
ease, ! 266. 290, 306, 368, 382 The Jove] of intra-
ocular pressure may also play a role in the
reduction of choroidal circulation. This circu-
lation, unlike that of the retina, is not auto-
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regulatory; that is, it does not respond to
increases in intraocular pressure by corre-
sponding increases in its intravascular blood
pressure. As a result, in the presence of in-
creased intraocular pressure there is a reduc-
tion in choroidal perfusion pressure.?’® Fluo-
rescein studies reveal a susceptibility of the
choroidal circulation to increases in intraocular
pressure,?6% 268 273, 364, 379 5 gyysceptibility most
evident in the peripapillary area.?’#327¢ The
glaucomatous pecipapillary halo of atrophy has
been attributed to this.340- 347. 380

It would be a serious error to ignore the
possible role of abiotrophic degeneration in
pathologic myopia, however. Chapters 3 and
5 review the importance of the retinal pigment
epithelium in the development of its contig-
uous choroid and sclera as well as the impli-
cations of a derangement of this process upon
ocular development. Based upon such data,
Blach?’? concluded that degenerative myopia
is possibly one of ‘“the commonest of the
tapeto-retinal dystrophies.” Jain and Singh®!®
wrote of a gene for myopic degeneration that
is distinct from that for axial elongation.
Meyer**! and Vontobel*”? also have ascribed a
hereditary nature to the degenerative phenom-
ena of pathologic myopia. In addition, recent
laboratory experiments have indicated that de-
struction of the retinal pigment epithelium can
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FIGURE 13-38. Wide-field photo-
graph of ‘‘geographic” chorioretinal
degeneration, left eye. Peripapillary
atrophy with extension nasally over
the tiered nasal wall of a compound
(type VIII) staphyloma. Pigment
clumping is present within and on
the borders of the lesion.

produce, in turn, atrophy of the choriocapil-
laris. Korte and colleagues?'®* injected sodium
iodate systemically in rabbits and caused
patchy areas of retinal pigment epithelial
breakdown. This was associated with loss of
contiguous choriocapillaris, which showed de-
generation of endothelial cells and the prolif-
eration of dense pericapillary collagenous tis-
sue.

One change that can be observed in the
myopic eye that suggests a true heredodegen-
erative effect is the picture of choroidal scle-
rosis. The larger sized choroidal vessels in these
eyes are clearly visible. They are pink or white
and may be sheathed or have irregular lumena
(see Color Fig. 13-7). However, it must be
remembered that myopia frequently accom-
panies retinal pigment epithelial diseases.
Choroideremia, gyrate atrophy, retinitis pig-
mentosa, and choroidal coloboma are exam-
ples of this. (See Chap. 5.) In a recent paper
Giovannini and Colombati*®” reviewed a num-
ber of cases of myopia in association with her-
edodegenerative disease. They concluded that
the fundus lesions seen in these varieties of
hereditary fundus degenerations are separate
and distinct from lesions associated with ocular
elongation.

Another pathogenetic pathway for the cho-
rioretinal degeneration of high myopia re-
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cently has been brought into clearer focus. Ay-
ila and co-workers**** studied a large number
of eyes with degenerative myopia by fluores-
cein angiography. They found that 42% of
these eyes showed active subretinal neovas-
cular membranes. In this longitudinal study a
number of these membranes failed to provoke
the formation of typical Fuch’s spots, but re-
mained nonpigmented. These were seen to in-
volute eventually and form localized atrophic
scars. This mechanism can account for some
of the myopic degenerative changes of the
macula and the region of the optic nerve, two
areas in which neovascular membranes most
commonly form.

Age is an indisputable factor in the patho-
genesis of myopic degeneration; the older the
patient, the more likely he is to show these
Changes.278' 289, 290, 351, 358, 371 The same can be
said regarding the malignant effects of the de-
gree of myopia. In recent years fundus degen-
eration has been specifically correlated with
the increased axial diameter of the eye.279: 289,
?>2 1t should be noted here, however, that in
“axial length”” measurement the depth of the
posterior staphyloma is of prime importance.
Donders,?*? with his usual perspicacity, rec-
ognized this well over 100 years ago. Recent
studies at our myopia clinic confirm Donders’
impression. All eyes of patients 40 years of age
or older having posterior staphyloma have
been found to display some degree of chorio-
retinal degeneration.?®® Other studies at our
clinic reveal that the level of intraocular pres-
sure may also be related to the extent of cho-
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rioretinal degeneration. Eyes with clearly ele-
vated pressures have often been found to be
disproportionately associated with extensive,
“’geographic-type” chorioretinal degeneration.

Reports of the prevalence of atrophy among
myopic populations vary considerably as a re-
sult of the above factors; prevalences of
7.1%,1> 23%,289 36% 345 389, 271 450, 262 514
85%?%* have been reported. In one study at
our clinic all eyes of 31.5 mm and above in
patients 40 years of age and older were af-
fected. The relationship between myopic atro-
phy, age, and axial length is particularly evi-
dent in Table 13-16.

Subretinal Neovascularization. The forma-
tion of neovascular membranes between the
retinal pigment epithelium and the lamina vit-
rea is a serious complication in high myopia.
The thin-walled vessels and fibrous tissue that
invade the subretinal space from the choroid
through defects in the lamina vitrea are seen
ophthalmoscopically as dirty gray patches at
the posterior pole. These new vessels fre-
quently leak a transudate or give rise to frank
hemorrhage. The onset of transudation or
hemorrhage is often associated with metamor-
phopsia. Extensive hemorrhage will usually
produce a central scotoma and, while eventual
absorption can take place, these episodes often
act as trigger mechanisms for Fuchs’ spot for-
mation. These spots are round or elliptical
black lesions that, as a general rule, occur in
the macular area. Occasionally they may be
eccentric to the macula, even occurring in the

TABLE 13-16. Prevalence of Chorioretinal Degeneration in Myopic
Eyes: Effects of Age and Axial Length of Eye

Axial Age

Length 19 and (Yr) 40 and
(mm) below 20-39 Above
27 0/76 (0%) 2/15 (13%) 16/44 (36%)
28 0/44 (0%) 5/26 (19%) 20/54 (37%)
29 1/18 (5.6%) 7/25 (28%) 20/39 (51%)
30 1/10 (10%) 6/17 (35%) 41/46 (89%)

(Curtin BJ, Karlin DB: Axial length measurements and fundus changes of the myopic
eye. Am J Ophthalmol 71:42, 1971, Published with permission from The American
Journal of Ophthalmology. Copyright by The Ophthalmic Publishing Company.)
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B

FIGURE 13-39. (A4) Fuchs’ spot with extensive hemorrhaging from subretinal
neovascular membrane in macular (type II) staphyloma. (B) Five years later an
area of degeneration well in excess of the original hemorrhage now surrounds
the remains of a lightly pigmented Fuchs’ spot.
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nasal fundus.?°® They are usually slightly ele-
vated and sharply circumscribed and vary in
size from a fraction of a disc diameter to mea-
surements well in excess of this (Color Fig. 13-
8). The original clinical description of these
lesions was contributed by Forster.??¢
Donders?? also described this lesion in his text
a few years later. It was Fuchs®*®® who gave
the most comprehensive report of this entity,
however.

At their onset the initial metamorphopsia
may rapidly give way to loss of central vision.
Subretinal hemorrhage, seen as a “rim’’ of sub-
retinal blood about the lesion, is frequently
observed with fresh lesions (Color Fig. 13-9).
This finding was initially reported by Fuchs,?%°
and recent studies indicate that 65%'' to
78%2°7 of new cases are associated with hem-
orrhages (Fig. 13-39). Subretinal neovascular
membranes may be demonstrated by fluores-
cein angiography in the majority of these eyes
(Fig. 13-40).287- 297. 311, 324 Angiography may
also reveal transmission defects and single or
multiple serous leaks.>?> Fuchs’ spots appear
in eyes with increased axial length, particularly
those with posterior staphyloma.

The Fuchs’ spot is caused by hyperplasia of
retinal pigment epithelial cells over the sub-
retinal neovascular membrane. Pigment ab-
sorption and migration may occur in time, to-
gether with changes in the hemorrhagic blood
elements. Fibrosis of the neovascular mem-
brane eventually takes place. Detachment of
the overlying neurosensory retina may also oc-
cur early in the course of this lesion. All these
events produce a number of changes in the
morphology of Fuchs’ spots. Their black color
may change to gray. Yellow and reddish hues
are sometimes seen.?®® 280 300 Emerald green
spots, probably the result of hemoglobin
changes, have been reported.?>® Of all of these
other colors, gray is seen most commonly; this
has been thought to be the result of cystic
degeneration.>?® A more probable explanation
is that this color is due to an overlying detach-
ment of the neurosensory retina. For this rea-
son gray Fuchs’ spots tend to be larger than
the darker variety.>?* 324 Qver a period of years
Fuchs’ spots undergo a gradual breakdown in
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structure. The well-demarcated, elevated le-
sion flattens, its margins become indistinct,
and pigmentation is lost. Frequently it becomes
surrounded by a halo of fundus atrophy®?*
(Color Fig. 13-10).

At the end of its active course, the Fuchs’
spot often lies within a large area of chorio-
retinal degeneration. The only evidence of its
previous existence may be a certain amount of
clumped pigment in the macular area (Fig. 13-
41).

Fuchs’ spots occur also in the absence of
myopia. Their increased frequency in myopia
may be related to the unusual macular hyper-
pigmentation that is often seen in these eyes
early in life. The greater the degree of myopia,
the greater the risk of their occurrence. Age is
also a factor since these lesions usually affect
persons over the age of 35. Fuchs’ 50 patients
ranged in age from 16 to 71 years, with an
average of 42. Campos®®* found an age range
of 19 to 84 years, and his patients showed a
myopia of from —8 D to —20 D. In younger
patients, Campos noted that these lesions af-
fected only highly myopic eyes. In the elderly,
they occurred in eyes with relatively low my-
opia. At our clinic, 79% of affected patients
were 40 years of age or older. These pigmented
spots occurred only in eyes with an axial
length of 26.5 mm or more (see Fig. 13-26).
In a recent study from West Germany,”®” an
age range of from 14 to 66 years (median 41
years) was reported. In this series, age and the
degree of myopia could be statistically corre-
lated to show that these lesions occur earlier
in eyes with higher myopic errors (P <0.05).

Although Fuchs did not note a sex differ-
ence in his original report, most study popu-
lations of this lesion show a predominance of
females: 4:1,283 2:1,289:297 and 3:2,2664 311

Fuchs spots are not uncommon among my-
opic populations. They are generally believed
to affect from 5% to 10% of these patients. In
Campos’ large series of 950 patients with my-
opic correction of 5 D or more, 107 of these
lesions occurred in one or both eyes (9.6%).
Blatt?”® found five cases of Fuchs’ spot for-
mation among 109 high-grade myopes (4.6%).
If axial diameter is used as the criterion of
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FIGURE 13-40. (A4) Fuchs’ spot with as-
sociated subretinal hemorrhage. (B) Fluo-
rescein angiogram of same eye showing
extensive late staining of lesion.

pathologic myopia (226.5 mm), 5.2% of eyes
were found to be affected.?®® Hotchkiss and

Fine’'' report 33 of 81 highly myopic patients

(40.7%) to demonstrate subretinal neovascu-
larization in their study. Dalkowska?®° has re-

ported a 3% prevalence of Fuchs’ spots and an
additional 1.2% of patients with “serious ma-
culopathy.” Fuchs’ spots do not appear to affect
either eye preferentially.?®?

Frequently these lesions affect both eyes.
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FIGURE 13-41. Involuting Fuchs’ spot.
The original disciform lesion is now flat,
and its pigmentation is mottled and ir-
regular. Contiguous atrophy has ap-
peared.

The length of the follow-up period can alter
the reported frequency of bilaterality, however.
Binocular Fuchs’ spots have a reported inci-
dence of 12%,%!! 189%,289 249, 300 28%,%® and
41%.%*7 Involvement of the fellow eye may
occur within a matter of days or years. Fuchs
reported its occurrence to take place within a
5-year period. Campos?®? obtained a range of
from 1 month to 15 years. Fried and co-
workers*®” noted an average interval of 2.4
years between the formation of these lesions,
with a maximum of 8 years. In cases of ani-
somyopia, the more myopic eye has a signifi-
cantly higher risk of being affected (P<0.05).
Relatively lower degrees of myopia do not pro-
tect the fellow eye completely, since 44% of
these eyes showed eventual involvement.?°7 In
cases of high unilateral myopia, the outlook is
quite different: Campos found that the em-
metropic eye in such patients was not in-
volved.

In view of the diffuse pathology found in
the highly myopic eye, the association of other
important fundus changes with Fuchs’ spots is
not unexpected. In addition to subretinal neo-
vascular networks and hemorrhage, chorio-
retinal atrophy (84%), lacquer cracks (57%),
and posterior staphyloma (43%) were reported
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in one study.*' Another study reported 89%
chorioretinal degeneration, 4% lacquer cracks,
and 32% abrupt posterior staphyloma in eyes
with Fuchs’ spots.28°

Since Fuchs’ first report, the visual prog-
nosis in eyes with pigment spots has been con-
sidered poor. There may be, and usually is,
some degree of visual improvement after the
acute process has passed. This can best be at-
tributed to the absorption of the transudate
and hemorrhage about the base of the lesion
together with the establishment of a point of
eccentric fixation closer to the fovea. With
time, the breakdown of the spot and the ap-
pearance of a halo of atrophy around it pro-
duces an expansion of the central scotoma.
This usually obliterates the retinal area used
for eccentric fixation and necessitates the use
of another area further removed from the
fovea. This in turn causes a proportionate loss
of visual acuity, often to the leve] of legal blind-
ness (Fig. 13-42).

Two recent investigations appear to indicate
that the prognosis for these eyes is not totally
devoid of hope, however. Hotchkiss and
Fine’!! found that the final visual acuity could
be related to the location of the subretinal neo-
vascularization. In half of eyes with this mem-
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FIGURE 13-42, Fuchs’ spot with consec-
utive ‘“‘halo” atrophy in a 35-year-old
black female. (A) Fuchs’ spot 6 months
after initial appearance. A surrounding
hemorrhage has absorbed. (B) Seven years
later a distinct zone of chorioretinal degen-
eration has formed about the lesion, which
exhibits depigmentation and a loss of def-
inition at its margins.

B

brane located outside the foveal zone, the acu- up for this study was somewhat short, how-
ity reached 0.5 (20/40) or better. As the new ever—25.5 months.

vessels approached the fovea, the prognosis A second study with a median 5-year fol-

worsened, but even with this, 21% of affected low-up of 36 patients reports an improvement
eyes had visions of 0.5 or better. The follow- in vision in 35%, a deterioration in 37%, and
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FIGURE 13-42. (con-
tinued) (C) Four years
later. The process of
halo degeneration has
continued at a reduced
pace.

stable vision in the balance of eyes.?®” This
study found that the visual prognosis was re-
lated not to the degree of myopia but rather to
three other factors: foveal involvement of the
subretinal neovascularization, the recurrence
of subretinal hemorrhage, and the persistence
of subretinal neovascularization. Involvement
of the fovea, that is, the normal avascular zone
of the central retina, by the disease process
occurred in 50% of eyes and reduced the vision
to levels of 0.1 (20/200) or less. With resolu-
tion of the acute lesion the vision improved in
27% of these eyes to an average of 0.25 (20/
80). On the other hand, progression of extra-
foveal subretinal neovascularization may oc-
cur. This was seen to eventually involve the
fovea in 22% of such eyes, followed by a re-
duction in vision to 0.1 or less.2%7

Rebleeds from subretinal neovascularization
membranes were noted in 27% of eyes in this
same study, and visual reduction followed as
a consequence in more than half the affected
eyes. Persistence of subretinal neovasculariza-
tion was seen in 38% of eyes, and of these
about three-fourths suffered further loss of
acuity. This study also noted that the visual
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prognosis was slightly better in youth
(P<0.01). These authors felt that the Fuchs’
spot carries a relatively benign visual prognosis
inasmuch as 41% of affected eyes retain acui-
ties of 0.2 (20/100) or better, 70% retain 0.1
(20/200) or better, and 85% retain 0.05 (20/
400) or better after an average 5-year follow-
up.
This unfortunately has not been the expe-
rience of our myopia clinic population. In a
large number of these eyes, long-term follow-
up study reveals the disorganized Fuchs’ spots
to eventually lie within an enlarging halo of
central chorioretinal degeneration. In these
eyes, vision of 0.2 (20/100) or better is not
common. In view of this we regard the long-
term visual prognosis of eyes with Fuchs’ spots
to be guarded. A somewhat poorer prognosis
has also been found in a study at Moorfield’s
Hospital. Hampton and co-workers>®® report
that 60% of all Fuchs’ spots resulted in visions
of equal to or less than 0.1. This study noted
that the prognosis was worse with central neo-
vascular membranes and better when these
membranes were located a distance from the
fovea.
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Macular Changes

During this crucial intermediate stage of fun-
dus alterations in myopia, the macula may
show several changes. It has already been
noted that the macula is frequently involved
in the sudden and dramatic transudation or
hemorrhage from subretinal neovascular net-
works. It may also be involved in the classic
“myopic” chorioretinal atrophic process. In
fact, the macula, in spite of its more generous
choroidal blood supply, appears to be espe-
cially prone to the formation of atrophic le-
sions.>** The previous occurrence of lacquer
cracks in the macular region may predispose
the eye to these later degenerative changes, a
sequel that has been noted earlier.

The least of the changes that affect the mac-
ula at this time is an increase in pigment gran-
ularity, which occurs with or without some
degree of pigment clumping.?’> The foveal re-
flex may also be considerably more difficult to
discern. This can be attributed to retinal thin-
ning and flattening in eyes with progressive
staphyloma development at the posterior pole.

Macular degeneration in myopia occurs on
an average of 16 years earlier than senile mac-
ular degeneration. It is often bilateral and ap-
pears to affect females more frequently.’®
Schweizer*** found 6.3% of all myopes to
demonstrate degeneration of the macula, but
in myopes of —20 D or more, all eyes were
affected. Pigment rarefaction with small areas
of degeneration was seen to affect 20.6% of
myopic eyes in another recent study. An ad-
ditional 4.7% showed extensive atrophy of the
macula.?*°

Late Changes (Age 60 Years and Above)

It is during the later years of life that the cho-
rioretinal degenerative process dominates the
myopic fundus picture.

Posterior Staphyloma

Even with advancing age the myopic eye is not
exempt from further development of the pos-
terior staphyloma. The staphyloma may in-
crease in depth with the formation of sharp
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margins over a greater portion of the staphy-
loma perimeter.?®® Primary staphyloma types I
and II as well as all the compound varieties
can be involved in this progression.

Optic Nerve Changes

with further expansion of the posterior seg-
ment there tends to be a continued flattening
of the supertraction tissues. For this reason the
Weiss streak is seldom seen. There is also an
accentuation of the peripapillary atrophy,
which commenced along the border of the
crescent. The entire peripapillary area is now
usually involved in all eyes with primary or
compound staphylomas that involve the pos-
terior pole. The disc, which earlier might have
appeared somewhat pale, takes on pinker color
compared with the surrounding white of the
peripapillary bare sclera.

Chorioretinal Changes

Although the elongation of the majority of
highly myopic eyes will stabilize, for the most
part increasing age tends to enhance the fun-
dus atrophy of the earlier stages. In addition
to the accentuation of peripapillary atrophy,
there is a confluence of atrophic areas at the
posterior pole. The ultimate picture of myopic
fundus degeneration is produced by the con-
junction of the expanding atrophy in two pri-
mary areas: peripapillary and posterior pole
(Figs. 13-43 and 13-44; Color Figs. 13-11 and
13-12). This process yields the classic fundus
picture of bare sclera, which occurs within pos-
terior staphylomas, especially those with
marked ectasia (Figs. 13-45 and 13-46; also
stereophoto Figs. 13-51, 13-52, and 13-53).

Macular Changes

The macular area in eyes with extensive pos-
terior pole degeneration may occasionally be
identified only by pigment clumping or the
remains of a previous Fuchs’ spot. In these
latter cases a yellow cystlike area may some-
times be discerned. In eyes in which the pos-
terior staphyloma does not involve the macula,
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FIGURE 13-43. Progressive chorioretinal
degeneration in a 50-year-old Caucasian,
left eye. There is extensive atrophy extend-
ing out from the crescent area nasally. A
large area of macular atrophy is also pres-
ent, containing two large clumps of pig-
ment on “bare sclera”” A small island of
intact choroid separates the two areas of
atrophy.

FIGURE 13-44. Wide-field photograph of the same fundus shown in Figure
13-43, 14 years later. The two areas of atrophy, papillary and macular, have
coalesced to form one extensive bilobular atrophic zone with irregular borders.
The interlesional island of useful retina has been obliterated.
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FIGURE 13-45. Artist’s conception of a fully devel-
oped (grade 5) posterior pole (type I) staphyloma.
Note the extensive chorioretinal degeneration
within the confines of the staphyloma perimeter. In
this eye there appears to be the typical merging of
peripapillary and macular atrophic zones. (Siegrist
A: Refraktion and Akkommodation des Men-
schlichen Auges. Berlin, Julius Springer, 1925)

FIGURE 13-46. Artist’s conception of a compound
(type VIII) staphyloma with an unusual degree of
step development on the nasal wall of the lesion.
(Siegrist A: Refraktion and Akkommodation des
Menschlichen Auges. Berlin, Julius Springer, 1925)
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such as types IV and V, the macula usually
retains relatively normal function, although
rarely a Fuchs’ spot may occur in such eyes.

Ocular pathophysiology, being the impor-
tant variable that it is in all eye disease, may
greatly modify the character of myopic fundus
changes. Rarely do bilateral cases show the
same degree of staphyloma development, the
same associated fundus changes, or the iden-
tical complications in both eyes. The stages of
myopic fundus changes that have been re-
viewed here are arbitrary distinctions at best.
The examiner must be prepared occasionally
to find a Fuchs’ spot in a 14 year old or lacquer
cracks in late adult life. Only one constant af-
fects all these eyes and that, unfortunately, is
the grave threat of gradual or precipitous visual
loss with advancing years.

Posterior Retinal Holes

Hole formation in the posterior segment of
highly myopic eyes may occur at the macula
or, less frequently, the juxtapapillary area.
Rarely the staphyloma margin may be in-
volved.

Round lamellar holes of the macula are not
unusual in nonmyopic eyes. They occur as a
consequence of aging, ocular vascular disease,
inflammations, degenerations, epiretinal mem-
brane formation, trauma, and glaucoma.’**
They are not thought to have a significantly
increased incidence in high myopia, but when
present they do have a tendency to perfo-
rate.?®* 328 A full-thickness defect such as this
at the macula in the presence of the ubiquitous
posterior vitreous detachment of myopic eyes
sets the stage for posterior detachment of the
retina.?’®- 2°%- 333 In one large study retinal de-
tachments with macular breaks were seen al-
most twice as frequently in myopic eyes as in
nonmyopic eyes.>*® These full-thickness breaks
are also seen with trauma and aphakia. An-
other factor that predisposes the myopic eye to
posterior detachments is the staphyloma it-
Self.339' 355, 356, 383

Posterior detachments account for 1% or
slightly less of all retinal detachments.??% 3¢
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Females may be slightly more predisposed to
these incidents.’® In the nonmyopic eye, pos-
terior detachments are, as a rule, self-limited.
In highly myopic eyes they tend to be more
extensive. Macular holes are associated with
diminished visual acuity, and some degree of
surrounding detachment can be found in a
large number of these patients.?8” The diag-
nosis can be facilitated by monochromatic fun-
dus photography or biomicroscopy. Fluores-
cein angiography fails to reveal either leakage
or pooling of dye.

Juxtapapillary breaks are rare and when
seen occur in highly myopic eyes. These tears
are small and usually located inferonasally to
the disc margin in the vicinity of a retinal ves-
sel. They have been attributed to vitreous pull
upon adhesions to the retina in the area mar-
tegiani.**' The retinal detachment is shallow
and, if not stationary, shows only slow pro-
gression.

Rarely tears may occur at the margin of the
posterior staphyloma. Phillips and Dobbije33°
report such an instance among their nine cases
of posterior retinal detachment. They attrib-
uted this break to vitreoretinal adhesions. Of
their eight remaining cases, six were associated
with macular holes and two with those in the
juxtapapillary area. A posterior staphyloma
was not present in two of these eyes (Fig.
13-47).

Fundus Abnormalities Secondary to
Extraocular Disease

In view of the diversity and severity of fundus
alterations in pathologic myopia, it is of inter-
est that a number of morbid processes of the
eyegrounds show a reduced incidence in these
eyes. Such conditions are generally of a vas-
cular nature, and it appears that the relative
avascularity of the highly myopic eye protects
it, in some measure, from the adverse effects
of other diseases. Of greatest interest in this
regard is diabetic retinopathy, which shows a
markedly reduced incidence in myopic
eyes.?60-214:350.370 1y addition to diabetes, Pal-
lier and co-workers**® have also found a re-
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duced frequency of hypertensive retinopathy,
venous thrombosis, and, to a lesser extent, ar-
terial occlusions in myopia. These authors also
noted a reduction of such optic nerve derange-
ments as papilledema.

The ophthalmologist is often asked about
the potential untoward effects of pregnancy
and labor upon the highly myopic eye. Some
reports indicate that a normal pregnancy, per
se, does not produce any deleterious ef-
fects.>?>-38% Other reports indicate that a con-
siderable morbidity can be associated with
pregnancy and, especially, childbirth. Masci32®
found an increase in the degree of myopia dur-
ing pregnancy. This was proportional in some
degree to the amount of myopia. Ivanov?!2
could detect no change in the refractive error
of 100 highly myopic females during preg-
nancy. Repeated fundus studies, however, have
demonstrated fresh atrophic areas in 6%, fun-
dus hemorrhages in 2%, and rhegmatogenous
retinal detachment in 2% of patients (192
eyes).?13

It is not unreasonable to assume that during
a prolonged and difficult labor with Valsalva
manuvers and related activities, sharp, inter-
mittent increases in the intraocular pressure
occur, increases that can easily distend the ocu-
lar wall. This distention can have serious con-
sequences in eyes with peripheral retinal
changes and posterior staphyloma with preex-
istent stretching of the sclera and choroid. Link
and Hudemanns?* suggestion of the routine
use of forceps in the delivery of infants of
highly myopic mothers would seem a prudent
course of management in patients with porten-
tious fundus changes.

THE PERIPHERAL FUNDUS

The chorioretinal changes occurring at the pos-
terior pole of the myopic eye are very impor-
tant, since they frequently reduce central vi-
sion to a level of legal blindness. The peripheral
vision that is retained is usually sufficient for
safe travel in familiar environs and, surpris-
ingly, the patient may also be able to read. The
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Location of retinal breaks and areas of retinal detachment in

seven eyes with posterior staphyloma. (Phillips CI, Dobbie JG: Posterior staphyloma
and retinal detachment. Am J Ophthalmol 55:332, 1963. Published with per-
mission from the American Journal of Ophthalmology. Copyright by the

Ophthalmic Publishing Company.)

fundus changes seen in the periphery of the
myopic eye pose a more serious threat to vi-
sion. Many of these lesions can lead to total
retinal detachment and the complete loss of
vision, an event much more tragic than the
loss of central field.

Predisposition to Retinal Detachment

It has been noted previously that the normal
postnatal expansion of the eye involves prin-
cipally the oraequatorial area.*¢% %% It has also
been noted that the deepest of posterior staph-
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FIGURE 13-48. Stereophotographs of highly ectatic temporal segment of a compound
type IX staphyloma in the right eye of a 28-year-old man. The vertical septum passes
next to the temporal disc margin. Note the incipient fine focal areas of chorioretinal
atrophy over the posterior pole.

FIGURE 13-49. Left eye of a 52-year-old woman. Wide-feld stereophotographs of
compound staphyloma show steplike nasal wall as well as a plica that involves the

Superonasal retinal vessels. Note the reduced degeneration of the less ectatic fundus of
the plica.

FIGURE 13-50. Right eye of a 58-year-old man. Wide-field stereophotographs of com-
pound staphyloma that shows gradations in nasal wall ectasia and two plicae of the
nasal vessels.
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FIGURE 13-51. Wide-field stereophotographs of compound type IX staphyloma in the
right eye of a 64-year-old woman. A vertical septum can be seen temporal to the disc,
dividing the posterior staphyloma into nasal and temporal segments. The nasal segment
appears the deeper of the two.

FIGURE 13-52. Wide-field stereophotographs of deep posterior pole (typeT) staphyloma
in the right eye of a 63-year-old man. Note marked tessellation and pallor of posterior
pole as well as extensive peripapillary degeneration.

FIGURE 13-53. Wide-field stereophotographs of end-stage staphyloma development
and chorioretinal degeneration in the left eye of a 67-year-old man. Almost the entire
choroidal circulation has been lost in this advanced, deep type I staphyloma. This patient
also gave a history of poorly controlled glaucoma.
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ylomas rarely measure more than about 6 mm.
For globes with increased axial diameters,
there must be an extensive expansion of the
oraequatorial zone even in the presence of a
very deep staphyloma. This expansion process
is associated with important changes that are
seen in the periphery of the fundus. A number
of these changes are associated with retinal
breaks. These breaks, under certain circum-
stances, may lead to retinal separation.. Au-
topsy and clinical observations indicate that
about 6% or 7% of eyes have retinal breaks.
Since the yearly incidence of phakic retinal
detachment is only about 5 to 10 persons per
100,000 population (0.005%—0.010%),>%° it is
apparent that not all eyes with retinal breaks
will undergo retinal separation. Other ancillary
factors increase the probability of detachment.
Among the most important of these are pos-
terior vitreous detachment and retinal traction.
The myopic eye, as we know, undergoes pos-
terior vitreous detachment earlier than other
eyes. By virtue of its increased incidence of
lattice degeneration and its increased associa-
tion with a number of other vitreoretinal dis-
cases, the myopic eye is also more likely to
have areas of vitreoretinal adhesions. Other
factors may also predispose the myopic eye to
detachment. Choroidal ischemia, a common
finding in high myopia, is sometimes found in
areas of retinal breaks,**> and the characteris-
tically thinned myopic retina enhances the
likelihood of full-thickness breaks.3° 446 Glau-
coma is also generally acknowledged to be a
predisposing factor to retinal detachment.*!°
The increased prevalence of this disease in my-
opia has already been reviewed. Genetic fac-
tors may also increase the representation of
myopia in detachment populations. A pedigree
of hereditary high myopia with retinal detach-
ment has been reported by Gillespie and Cov-
elli.*'® Four generations of 138 patients dem-
onstrated a 35% prevalence of high myopia.
One third of these myopic patients suffered
detachment of the retina (16 patients),
whereas only two others in the pedigree de-
tached. An autosomal dominant transmission
appeared likely (see Fig. 5-26).

In view of the above, it is little wonder that
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retinal detachment has been repeatedly found
to be a frequent complication of myopia since
the days of von Graefe. A large number of
authors have noted the disproportionately high
representation of myopic refractions among
detachment populations. Prevalences of
35%’453 42%'389 480/0’392 51%’455 53%,464
58%,387 6000,442 610/0,468 62(%)’457 64%,447
65%,*** 67%,*'> and 79%**° have been re-
ported. These figures are far in excess of the
normal representation of myopic refractions in
the general population.

Other investigators have studied the inci-
dence of retinal detachment among myopes.
Detachments have been found to affect sub-
stantial proportions of myopic persons:
0.7%,**% 1%,%17:422 1 39, 393 3 59, 454 3 50, 421
3.5%,%°  4%,%*  5%%7 and  6.6%.4%7
Bohringer®** estimates the lifetime risk of ret-
inal detachment in a person with myopia of
greater than —5 D who lives to age 60 to be
2.4% compared with .06% for the emmetrope.
In a study of asymptomatic myopic eyes, full-

- thickness retinal breaks were found in 11%.42¢

Perkins**” has dramatically demonstrated the
increased risk of detachment in myopia. The
substantial increase in the risk of detachment
in the higher grades of myopia is clearly evi-
dent in his data (Tables 13-17 and 13-18).
There appears to be general agreement that
the higher the myopia, the greater the proba-
bility of retinal detachment, although the
studies of Cambiaggi*®® and Schepens and
Marden*** did not find the dramatic effects of
the highest grades of myopia reported by
Gonin*?° and Arruga.*®” These latter studies
found that 52% and 55% of myopes with de-
tachments showed refractions of over —8 D.
The expected proportion of this level of myopia
in the general population is less than 1%.
Schepens and Marden?*® found an elevated
prevalence of detachment of 25% among
highly myopic eyes in their study (Table 13-
19). These same authors noted that highly my-
opic males were significantly more likely to
develop retinal detachment and that these my-
opic detachments occurred earlier than in the
general population. Kaufmann**' has also
found an increased representation of higher
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TABLE 13-17. Probability of Retinal Detachment for Various Refrac-
tions

Refraction Number of Number of
(D) Patients Detachments
+5.00 1,540,000 24.2
Oto +4.75 47,025,000 961.4
0to —4.75 5,714,000 857.7
-5.00to —9.75 715,000 535.6
=-10.00 55,000 371.6

(Perkins ES: Morbidity from Myopia. Sight Sav Rev 49:11, 1979)

TABLE 13-18. Detachments per Year in Population of 55 Million
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Refraction No. at Risk Incidence of Probability of
of 100,000 Detachment Detachment
+5.00 2,800 0.044 1/63,636
0to +4.75 85,500 1.748 1/48,913
0to —4.75 10,390 1.5595 1/6,662
—5.00t0 —9.75 300 0.9735 1/1,335
=-10.00 100 0.675 1/148

(Perkins ES: Morbidity from Myopia. Sight Sav Rev 49:11, 1979)

TABLE 13-19. Comparison of the Incidence of Retinal Detachment and Degree of Myopia in

Three Study Populations

Myopia and Retinal Detachment

Myopia and No Schepens
Retinal and
Detachment Arruga®®’ Gonin*?? Marden*?*
Degree of
Myopia
(D) No. Percent No. Percent No. Percent No. Percent

=4.0 9,935 73.6 96 24.1 39 16.5 241 45.2
Over —4.0to —8.0 2,226 16.6 83 20.9 75 31.6 166 31.2
>-8.0 1,344 9.8 219 55.0 123 51.9 126 236
Total 13,505 100.0 398 100.0 237 100.0 533 100.0

* A total of 13,505 eyes from four studies cited by Schepens and Marden.

(Schepens CL, Marden BA: Data on the natural history of retinal detachment. Am J Ophthalmol 61:213, 1966.
Published with permission from The American Journal of Ophthalmology. Copyright by The Ophthalmic Publishing

Company.)

grades of myopia in retinal detachment, in ad-
dition to its earlier onset. Meyer-Schwickerath
and Gerke**® have contributed a recent study
of particular interest in this regard. They mea-
sured the relationship between axial length,

equatorial diameter, and ocular volume in four
groups of eyes: emmetropic, emmetropic with
retinal detachment, moderately myopic with
retinal detachment, and highly myopic with
retinal detachment. They observed that eyes
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with detachment, regardless of refraction, dif-
fered significantly in their dimensions from the
emmetropic controls. Eyes with detached re-
tinas were of substantially greater size, but in
particular, they showed a significant increase
in equatorial diameter. This study would in-
dicate that measurement of equatorial diame-
ter is equally important as measurement of ax-
ial diameter in the evaluation of the myopic
eye.

Bilateral detachment of the retina has been
found to involve from 8% to 32% of myopic
patients. These high incidences may be due to
the fact that persons seen at the clinic have
been referred by their physicians, since more
recent reports indicate a lower incidence
of about 10% in nonreferral popula-
tions. %% 497- 436 The prevalence of bilateral ret-
inal detachment is also seen to increase in the
higher orders of myopia. Cambiaggi*®® found
14% of persons with myopia of —8 D and less
to have bilateral detachments compared with
20% of those whose refractions are above this
level.

Peripheral Retinal Changes

Four types of peripheral fundus abnormalities
are found in association with increased axial
elongation of the eye. These are white-with-
out-pressure, lattice degeneration, pigmentary
degeneration, and pavingstone degeneration.
Each has a distinctive morphology that tends
to change with time. Some are frequently as-
sociated with retinal breaks and detachments,
while others are not.

White-Without-Pressure

The term white-without-pressure refers to geo-
graphic, gray or white areas that tend to run
circumferentially in wide swathes about the
retinal periphery (see Color Fig. 13-13). They
may be flat or they may have an elevated ap-
pearance much like a beach or snowbank.
They often show bizarre shaped, irregular dis-
tributions that cover almost the entire periph-
ery, but small focal patches may also be found,
notably in the region of the vitreous base and
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at the ora serrata. The temporal quadrants, par-
ticularly the inferior, are most likely to be in-
volved. These lesions, when flat, may be found
well posterior to the equator and even reach
the retinal vascular arcades at the posterior
pole. They often are covered by glistening yel-
low white dots and fine lines. These dots are
similar to those described in the overlying vit-
reous of lattice lesions,>®” retinoschisis,**® and
snowflake degeneration.*??

This unusual fundus picture was first de-
scribed by Schepens,**? and it is considered by
many to be an advanced form of white-with-
pressure, a characteristic blanching of the
affected retina when subjected to scleral inden-
tation.**° White-with-pressure is almost invar-
iably found in areas of lattice degeneration and
about small retinal breaks. It is also seen in the
attached retina of eyes with detachments and
in their ““normal” fellow eye as well as in eyes
with posterior vitreous detachment.**

Nagpal and co-workers**! found that all
their patients with white-without-pressure had
posterior vitreous detachment but not in the
affected areas. Here the vitreous appeared to
be in contact with the retina.

In addition to vitreoretinal adhesions, a sub-
stantial number of retinal disorders are capable
of giving rise to this picture. These are exten-
sive cystoid degeneration, separation of the vit-
reous cortex from the retina with the produc-
tion of new collagen fibrils in the interspace,*'¢
alterations of the retinal internal limiting mem-
brane and posterior hyaloid membrane with
increased light reflection,**® condensations of
the cortical vitreous,** as well as retinoschisis,
pars planitis, retrolental fibroplasia,*** snow-
flake degeneration,*??> and flat retinal detach-
ment. Most retinal specialists attribute white-
without-pressure as seen in most eyes to
vitreoretinal traction.

Figure 13-54 demonstrates the increased
prevalence of this disorder from 0% in the
shortest eyes to levels as high as 54% at the
33 mum length. The dramatic association of this
lesion with patients under 20 years of age is
also demonstrated. In these younger patients,
all eyes measuring 33 mm or more showed
this change. The overall prevalence of white-
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FIGURE 13-54. The prevalence of white-without-pressure in eyes of various axial diame-
ters. Hatched bars indicate percent affected in entire study population; the solid bars indicate
the percent affected in the age-group of greatest prevalence, those under 20 years. (Karlin
DB, Curtin BJ: Peripheral chorioretinal lesions and axial length of the myopic eye. Am J
Ophthalmol 81:625, 1976. Published with permission from the American Journal of Oph-
thalmology. Copyright by The Ophthalmic Publishing Company.)

without-pressure in eyes of patients below age
20 has been found to be 36%, and an almost
equal number of patients, 35%, are affected
between the ages of 20 and 40 years. The prev-
alence is reduced sharply in patients over 40,
of whom 9.5 are affected.**° This sharp reduc-
tion suggests that this lesion may change with
time, and Nagpal and co-workers**! have
noted the migratory tendency of these lesions
in patients with hemoglobinopathies. In addi-
tion, this type of lesion has been found in a
large number of patients with sickle cell ane-
mia and in a smaller number of controls by
Condon and Serjeant.***

Areas of white-without-pressure tend to be
isolated fundus findings, but when associated
with other changes they are most likely to be
seen with lattice degeneration. This is partic-
ularly so in the young, in whom lattice lesions

are usually located along the posterior border
of the white-without-pressure area or, less
commonly, within it and oriented parallel with
its posterior margin. White-without-pressure
has an increased prevalence among blacks and
prematures.

This peripheral change is essentially a be-
nign lesion. When elevated, however, as in
retinoschisis, small round holes may form
within these areas and lead to retinal detach-
ment. These detachments tend to progress

slowly and contain a viscous subretinal
fluid.*?*

Lattice Degeneration

Unquestionably, the changes that are classified
as lattice degeneration are the most important
lesions of the peripheral retina in myopia. Al-
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though it is the least frequent of the four major
peripheral changes, it is closely associated with
retinal breaks and detachment.

Lattice degeneration was first described by
Gonin in 1904.*'? It appears as linear or spin-
dle-shaped areas at, or peripheral to, the equa-
tor. These patches are sharply demarcated and
oriented circumferentially. A variable amount
of pigment is seen with these lesions, which is
probably due to proliferation into the inner
retina of retinal pigment epithelium.?° An ex-
tensive range of pigmentation can be seen.
Some lesions show no pigment whatsoever,
while others become heavily pigmented. (See
Color Fig. 13-14.)

The affected areas show retinal thinning
early in their evolution, and there is liquefac-
tion of the overlying vitreous. Condensations
or irregular strands of vitreous are found at-
tached to their well-defined borders. With time
these vitreous adhesions become more appar-
ent, and round holes also appear within the
lesion. White interlacing lines are seen to cross
the affected areas in some eyes. These corre-
spond to retinal vessels with thickened or hy-
alinized walls and produce the classic lattice-
like or pallisading appearance of the
lesion.*** %! Biomicroscopy often reveals glis-
tening yellow white flecks on the surface of or
adjacent to these areas. Lattice lesions have
been observed to enlarge circumferentially, and
new lesions may also form,*** especially in
young patients.>%°

Lattice degeneration shows no progressive
increase in prevalence with age and fails to
show a sex preference. It is often bilateral
(34%,7%7 40%,%*° 50%,%° 63%%4%) and prefer-
entially affects the temporal quadrants, notably
the superior?®® 412 430.460 (gee Color Fig. 13-
14). The 12 o’clock and 6 o’clock meridians
have also been found to be frequently af-
fected.?®” 3%°

When present, lattice lesions are usually
multiple, with the average number ranging
from a high of 4.5 lesions at ages 20 to 29 to
a low of two at 60 years and above.’®” Their
bilateral occurrence in patients with high uni-
lateral myopia has suggested a hereditary eti-
ology that is variably expressed with my-
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opia.*”! Linear nonpigmented lesions that have
a glistening, frostlike appearance suggestive of
slime have been termed snail tracks, the
“schnecken spurren” of Gonin. In general
these lesions are considered to be a variant of
lattice degeneration because they share the
same location in the fundus as well as the
tendency toward contiguous vitreous liquefac-
tion, vitreoretinal adhesions, and retinal
breaks. Aaberg and Stevens*®* point out, how-
ever, that these lesions are not commonly seen
with typical lattice degeneration and that they
also lack both the pigmentation and white
lines seen with such lesions. In addition, they
are less common than lattice but pose a greater
risk of retinal detachment.*? Snail tracks may
well constitute a separate pathologic entity, but
in our clinic they have been classified as lattice
lesions. This appears to be a common clinical
practice,** since the classic appearance of lat-
tice with true white lines can be found in only
9% 10 12% of eyes.>®” >*° It has recently been
suggested that snail-track degeneration is ei-
ther a variant or an early stage of lattice.*>°

Lattice degeneration has been found in 6%
of autopsy eyes**® and in 7% of asymptomatic
eyes.”” Cambiaggi“’! has found prevalences of
4.5% in normals and 19% in myopic eyes. A
Canadian study has noted lattice degeneration
in 22% of highly myopic eyes.**? It has been
detected in 11% of eyes measuring 26.5 mm
or more in axial length.**° Conversely, eyes
with lattice degeneration show an increase in
prevalence of the myopia: 63%%% and 73%.397
Fluorescein angiography reveals poor or absent
perfusion in the affected retina, with occlusion
of the retinal vessels at the posterior edge of
the lesion.*6°

Lattice lesions form not only round holes
within the confines of the lesion but also are
prone to tears at the posterior margin and ends
of the lesion. In one large study the majority
of eyes demonstrating retinal breaks (55%)
showed lattice degeneration.?® These breaks
frequently lead to detachment of the retina.
Retinal holes in lattice lesions are less likely to
cause detachments (45%) than are tears
(55%).”%" Retinal detachment secondary to ret-
inal holes is commonly seen in the younger,
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high myope, whereas detachments due to tears
are more apt to be seen in the older, less my-
opic patient.’*! The detachments that occur
secondary to atrophic holes in lattice degen-
eration show a distinctly more benign course
than those due to traction breaks. A Japanese
study notes that atrophic hole detachments
are, as a rule, insidious in onset with only slow
progression of a shallow detachment. The for-
mation of demarcation lines is not uncommon
in these cases. The risk oi detachment in lattice
degeneration with round holes was estimated
at about 1 in 90.%*%4 Detachment of the retina
can therefore be readily appreciated as a fre-
quent sequel to lattice degeneration. Numer-
ous studies of retinal detachment populations
indicate an unusually high prevalence of lattice
degeneration: 20%,**° 29%,>°! 30%,%°* 412 and
38.5%.%1° Among patients undergoing surgery
for detachments or prophylaxis for retinal
breaks, the proportion of lattice eyes has been

FIGURE 13-55.
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reported at 31%*° and even 65%*7 Axial
length measurements show that lattice lesions
occur with increasing frequency in eyes
of greater axial diameter (Fig. 13-55)
(P <0.01).4%°

Lattice degeneration frequently is seen in
the presence of other forms of peripheral de-
generation. In early life it is commonly asso-
ciated with white-without-pressure. In midlife
it is seen with both white-without-pressure
and pigmentary degeneration. Over age 40 it
is most frequently found in eyes with paving-
stone degeneration.**°

Pigmentary Degeneration

Of the various types of peripheral 