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Summary 
Age-related macular degeneration (AMD) usually affects both eyes over time. 
Among patients with advanced AMD in one eye estimates of the risk to the second eye 
have been diversely reported. Therefore we examined, over a four year period, the 
rate of second eye involvement in 41 patients with either exudative or advanced atro
phic AMD in one eye, and early macular changes in the second eye with best cor
rected vision of 20/30 or better. The cumulative risk of developing either exudative 
AMD or atrophic AMD and 20/80 or less vision in the second eye was 23% at four 
years. The cumulative risk of losing 10 or more letters on the ETDRS visual acuity 
chart in the second eye was 35% at four years. These results are discussed in relation 
to previously reported rates of second eye involvement in AMD. 

Age-Related Macular Degeneration (AMD) 
is the leading cause of severe visual loss in per
sons over 60 years of age. I It accounts for 13% 
of all cases of legal blindness in the United 
States.2 Both clinical forms of AMD, the exu
dative and the dry or geographic atrophy 
types have been well described.3-7 However, 
relatively little is known of their natural 
history. Macular drusen, sometimes in associ
ation with disturbance of the retinal pigment 
epithelium (RPE), are regarded as the earli
est ophthalmoscopic manifestations of AMD. 
Furthermore, several clinical studies have 
established a definite association between 
macular drusen and visual loss due to 
AMD.4-5,8-11 

Clinical studies have shown that AMD 
usually affects both eyes over time. 4,8-11 Thus, 
in patients with a unilateral advanced form of 
the disease it is of interest to be able to esti
mate the risk to the second eye. This risk had 
been diversely reported. Gregor et al.9 retro
spectively studied a group of 104 patients, 
aged 60 to 69 years, who had unilateral disci-

form AMD with subretinal neovascularisa
tion or fluorescein angiography. They 
reported a 12-15% annual risk of developing 
a disciform lesion in the other eye. In another 
retrospective study, Bressler et allo studied 38 
patients with choroidal neovascularisation 
within the foveal avascular zone in one eye 
and macular drusen in the fellow eye. They 
found a 29% cumulative risk of developing a 
sub retinal neovascular membrane in the 
second eye at three years.1O In a third retro
spective study, Strahlman et al.11 studied 84 
patients, aged 47 to 91 years, with unilateral 
exudative AMD and drusen only in the other 
maoula. They reported a three to 7% risk per 
year of developing exudative AMD in the 
second eye for the three years following initial 
presentation. Differences in the severity of 
the macular changes and in the length of fol
low-up may, in part, explain discrepancies 
between studies. 

At the Clinical Branch of the National Eye 
Institute (NEI) we had carried out a double
masked randomised clinical trial of vitamins C 
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and E, or placebo, in AMD patients with an 
advanced form of the disease in one eye and 
early AMD changes with 20/30 or better best 
corrected visual acuity in the fellow eye. As 
part of the study the patients returned regu
larly to the eye clinic for follow-up examin
ations performed by masked observers. The 
study was initially planned for five years. Four 
years after the beginning of the study, event 
rates in the fellow eyes were examined for the 
two treatment groups. It then became evident 
that the sample size would have to be signifi
cantly increased thus requiring far more than 
one clinic to be involved. As a result, this 
phase of the study was terminated and the 
randomisation code broken. As we were 
interested in the risk of second eye involve
ment in patients with unilateral AMD, we 
decided to examine the rate of involvement of 
the fellow eye in patients revealed to have 
received placebo. 

SUbjects and Methods 
Included in the NEI trial were 87 patients, 
aged 50-85 years, who had in one eye best cor
rected visual acuity reduced to 20/80 or less 
due to either an atrophic or exudative AMD. 
Patients were either referred to the study by 
private ophthalmologists or self-referred fol
lowing publicity for the trial. Those with exu
dative AMD had, on retinal fluorescein 
angiography, either a sub retinal neovascular 
membrane or a serous detachment of the RPE 
in the macula greater than or equal to one disc 
diameter (DD)12 of confluent macular drusen 
within 112 DD from the fovea, 12 or a disciform 
scar of the macula (either spontaneous or 
secondary to laser photocoagulation). The 
other eye, the fellow or 'study eye', had either 
macular drusen, with or without localised 
hypo- or hyperpigmentation or atrophy of the 
RPE, but no evidence of sub retinal neovas
cularisation or previous laser photocoagula
tion. In the study eye best distance visual 
acuity had to be 20/30 or better. Excluded 
were aphakic patients, those with miotic 
pupils or lens changes precluding good visual
isation of the retina, those with retinal vas
cular disorders, retinal degeneration, ocular 
hypertension or glaucoma. Also excluded 
were patients with poor general health and 
those over 85 years. It is of note that because 

of these restrictive ocular and systemic 
inclusion criteria far more patients than the 87 
finally included in the study were actually 
examined. 

Baseline evaluation included a detailed 
ocular and medical history. We recorded the 
age at diagnosis of the first eye involvement. 
Best corrected visual acuity in each eye for 
distance using ETDRS visual acuity charts 
and procedures, 13 near vision and Amsler grid 
testing, were performed. A biomicroscopic 
examination of the anterior segment included 
recording the iris colour and the presence of 
either cortical or nuclear lens opacities. 14 Iris 
photographs were obtained. Colour of the iris 
was noted as either "light" for blue, green and 
blue grey, or "dark" for hazel and brown 
irises. Intraocular pressure was measured by 
applanation. Retinal examination by direct 
and indirect ophthalmoscopy, and biomicro
scopy was performed. Stereoscopic retinal 
colour photographs of fields one and two15 of 
both eyes were obtained using a Zeiss fundus 
camera. A retinal fluorescein angiogram cen
tered on the macula in each eye was done, if a 
recent one was not available, to confirm eligi
bility of the patient. 

Blood pressure was taken in the sitting 
position using a standard protocol. Patients 
who were receiving anti-hypertensive medi
cations, and those who had either a systolic 
blood pressure 160 mmHg or greater or dias
tolic pressure of 95 mmHg or greater,16 were 
considered to be hypertensive. The presence 
of cardiovascular disease was ascertained 
from past medical history, absence of one or 
more peripheral pulses on clinical examin
ation, and presence of electrocardiographic 
changes. We used the International Classifi
cation of Diseases, Eighth Revision (lCD 8 
codes 410--414, 430--437). Social class was 
determined using the classification of occupa
tions of Goldthorpe and Hope.17 

Eligible patients were randomly assigned to 
receive either vitamin C and E or placebo. All 
patients were given protective yellow glasses 
with a "cutoff" of 500 nm to wear all the time 
outdoors and indoors near fluorescent lights. 
All patients signed informed consent. 
Patients returned every four months for fol
low-up examinations, and were also seen 
whenever they experienced new symptoms. 
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All visual acuity determinations and retinal 
examinations were done by masked 
observers_ 

Four-month follow-up visits included dis
tance and near visual acuity with current 
glasses, Amsler grid testing, and retinal exam
ination. If there was any change in the study 
eye from the previous examination, in either 
visual acuity or appearance of the Amsler 
grid, a subjective refraction was performed. 
Otherwise, best corrected visual acuity of the 
study eye and fundus photographs of retinal 
fields one and two were obtained on a yearly 
basis. In the worse eye the pathologic features 
of the macular area were classified into exuda
tive, with or without subretinal neovascular 
membrane, or atrophic AMD. In the study 
eye we used the Wisconsin Age-Related Mac
ulopathy grading system and scale of ascend
ing severity (personal communication, Klein 
R, Davis M, Hubbard L, July 1989) for the 
colour photographs of retinal fields one and 
two. Patients were classified into: 
(1). macular drusen (either small punctate or 

soft) only; 
(2). RPE degeneration with soft drusen; 
(3). geographic atrophy or RPE detachment. 

In the statistical analysis, we examined the 
rates of events in the study eye using the 
Kaplan-Meier estimation technique.18 Here 
we report the data only for the 41 patients who 
at the end of the study, when the random
isation code was broken, were shown to have 
been on placebo throughout the study. We 
first considered the rates of "event" defined as 
the development in the study eye of either an 
exudative AMD, with or without subretinal 
neovascularisation, or an atrophic AMD 
reducing the distance best corrected visual 
acuity to 20/80 or less. We also examined the 
rates of loss of 10 or more letters on the 
ETDRS visual acuity chart in the study eye. 
The minumum loss of 10 letters on the 
ETDRS chart was chosen arbitrarily in order 
to maximise the identification of patients with 
actual visual loss, while minimising the 
number of these with visual loss due to poor 
responses only. Student's t test was used to 
examine differences in demographic and 
ophthalmological characteristics between 
those with and those without event in the 
second eye. 

Results 
The demographic characteristics of the 41 
AMD patients are shown in Table I. There 
were 21 men and 20 women. All patients were 
white except for one oriental. In their worse 
eye, 23 patients had an exudative AMD, of 
whom 13 had a subretinal neovascu)ar mem
brane on fluorescein angiography, and a 
further ten had a disciform macubr scar. 
Seven additional patients had macular scar
ring resulting from laser photocoagulation. 
Another two patients had a central RPE 
detachment greater than one DD without 
obvious subretinal neovessels on fluoresrein 
angiography. Nine other patients had an atro
phic AMD in the worse eye. 

In the study eye, 25 patients had macular 
drusen only. In 11 of the 25 patients the mac
ular drusen were punctate and in 14, they 
were soft. In addition to soft drusen, another 
11 patients had some degree of RPE degener
ation. Another five patients had areas of geo
graphic atrophy sparing the fovea. Finally, 
two patients had soft drusen with an eccentric 
area 700 microns in its largest diameter of 
what could be classified as either confluent 
drusen or RPE detachment. 

Over the four-year follow-up period, four 
of the 41 patients (10%) died, and two (5%) 
patients were lost after the first follow-up 
visit. Only one patient developed significant 
lens opacities in the study eye which necessi-

Table 1 Clinical characteristics of AMD patients 

Age (years) 
Age at diagnosis first eye (years) 
AMD in first or second degree relative 

(%)# 
Light iris (%)* 
Refr�ctive error (diopters) * * 
Middle class 
Lower class 
Systolic Blood pressure (mm Hg) 
Diastolic Blood pressure (mm Hg) 
Systemic hypertension (%) 
Cardiovascular disease (% t 
Means (SD) 

N=41 

71.1 (7.3) 
6S.0 (S.O) 

24 
51 
0. 56 (2.5) 
26 
15 

140.5 (20.5) 
7S.4 (S.2) 
37 
6S 

# either visual loss due to AMD or macular drusen, 
diagnosed by an ophthalmologist. 
* either blue, blue-grey or green, ** spherical 
equivalent of the study eye. 
+ ICD-S, International Classification of Diseases, 
Eighth Revision, codes 410-414, 430-437. 
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tated cataract extraction, and resulted in 
20/20 best corrected vision. After exclusion of 
the two patients lost to follow-up, all but four 
patients (90%) wore the yellow glasses as 
recommended in the study protocol. 

Of the seven patients who developed an 
exudative AMD in the study eye, five had a 
subretinal neovascular membrane, and two 
subretinal fluid and diffuse RPE staining of 
the macular area but no obvious subretinal 
neovascular membrane on retinal fluorescein 
angiography. One patient developed in the 
study eye geographic atrophy involving the 
centre of the macula. In these eight patients 
who developed an event in the study eye, the 
mean age at diagnosis of the second eye 
involvement was 71.1 (5.1) years, range 62-78 
years. The average interval of time between 
events in the first and second eye was 3.6 (1.3) 
years, range 2 to 5 years. 

The cumulative risk of developing either 
event was 10% at one and two years, 16% at 
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three years, and 23% at four years (Fig. 1). 
There was no significant difference between 
those with and those without event in the 
second eye for either age at entry into the 
trial, or age at diagnosis of the first eye 
involvement, or refractive error of the study 
eye, or systemic blood pressure. 

Over the four-year follow-up period, 12 
patients lost ten or more letters on the 
ETDRS visual acuity chart. Visual loss was 
due to exudative AMD in seven patients, 
RPE degeneration or atrophy in four patients 
and confluent macular drusen in another 
patient. This represented a cumulative risk of 
5% at one year, 13% at two years, 16% at 
three years, 35% at four years (Fig. 2). 

Discussion 
In the present study patients with unilateral 
advanced AMD had a cumulative risk to the 
second eye of either exudative or severe atro
phic AMD of 16% at three years (and 23% at 
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MONTHS OF FOLLOW-UP 
Fig. 1 Observed cumulative incidence (in percent) of any event, either 'exudative' or 'atrophic' AMD in the 
second eye of patients who initially had unilateral advanced AM D. Dotted lines represent cumulative incidence ± 
SE. The number of patients still at risk at each year is shown at the top of the figure. 
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YEARS OF FOLLOW-UP 
Fig.2 Observed cumulative incidence (in percent) of visual loss of 10 letters or more E TDRS visual acuity chart in 
the second eye of patients who initially had unilateral advanced AM D. Dotted lines represent cumulative incidence 
± SE. The number of patients still at risk at each year is shown at the top of the figure. 

four years). The three year prospective cumu
lative risk of 16% was similar to the 17% 
reported in the retrospective study of Strahl
man et al. 11 but somewhat less than the 32% 
reported by Gregor et al. 9 or the 29% found by 
Bressler et al. 10 in their retrospective studies. 
In the present study the average interval of 
time between events in first and second eye 
(3.6 years) was similar to the 3.3 years 
reported by Gass for the 31 patients who 
developed a disciform lesion in their second 
eye.4 

• 

With regards to visual loss of ten or more 
letters in the second eye, the 13% cumulative 
risk at two years in the present study is also 
lower than the 34% two year incidence rate 
reported for the control group in Newsome et 
aI's study.19 However, in that study control 
patients may have had in the study eye more 

advanced AMD changes than study eyes 
included in the present study. For instance, at 
entry 68% of their control patients had a 
visual acuity worse than 20/25,19 while all our 
patients had 20/30 or better. Interestingly, in 
that randomised clinical trial the frequency of 
visual loss of ten letters or more (using an 
averaging method) in the zinc-treated AMD 
patients was 14% at two years,19 which is 
similar to that found in the present study. 

It is possible that our lower rates of either 
event or visual loss may be related to sampling 
variation. However, our group of patients 
appears comparable to those previously 
reported9,11 with regards to age, family history 
of AMD and cardiovascular complications. 
Another possibility is that the wearing of the 
yellow glasses, which were worn very consis
tently by 90% of the patients may have had 
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some protective effect in our patients. There 
is clinical and experimental evidence 
(reviewed in20) to suggest a possible toxic 
effect of light, particularly UV and blue lightzl 
on the retina. It has been hypothesised that 
photons of light initiate the liberation of oxy
gen-derived free radicals in the retina,22 which 
in turn lead to chain auto-oxidation. Thus, the 
wearing of glasses filtering out all wavelengths 
below 500 nm may reduce the amount of free 
radicals generated in this fashion. 

In summary, the results of the present study 
indicate that the rate of involvement or of 
visual loss in the second eye of patients with 
an advanced form of AMD in the other eye 
may be substantially less than that previously 
reported. However, ours was a referred 
sample, and these data need to be confirmed 
in prospective studies with a larger number of 
AMD patients. Nonetheless, these prelimi
nary data suggesting a lower event rate may 
be of some relief to the growing number of 
AMD patients afflicted with unilateral severe 
visual loss. This lower risk, if replicated, may 
also impact on sample size and length of fol
low-up needed to assess efficacy of treatments 
in randomised clinical trials of AMD. 
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