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e Data from the Early Treatment Diabetic Retinopathy Study
(ETDRS) show that focal photocoagulation of ‘‘clinically signifi-
cant’’ diabetic macular edema substantially reduces the risk of
visual loss. Focal treatment also increases the chance of visual
improvement, decreases the frequency of persistent macular
edema, and causes only minor visual field losses. In this random-
ized clinical trial, which was supported by the National Eye
Institute, 754 eyes that had macular edema and mild to moderate
diabetic retinopathy were randomly assigned to focal argon
laser photocoagulation, while 1,490 such eyes were randomly
assigned to deferral of photocoagulation. The beneficial effects
of treatment demonstrated in this trial suggest that all eyes with
clinically significant diabetic macular edema should be consid-
ered for focal photocoagulation. Clinically significant macular
edema is defined as retinal thickening that involves or threatens
the center of the macula (even if visual acuity is not yet reduced)
and is assessed by stereo contact lens biomicroscopy or stereo
photography. Follow-up of all ETDRS patients continues without

other modifications in the study protocol.
(Arch Ophthalmol 1985;103:1796-1806)

he Early Treatment Diabetic Retinopathy Study

(ETDRS) is a National Eye Institute-supported,
multicenter, randomized clinical trial designed to
evaluate photocoagulation and aspirin treatment in
the management of patients with nonproliferative or
early proliferative diabetic retinopathy. The ETDRS
was designed to address the following three major

questions:

1. When in the course of diabetic retinopathy is it
most effective to initiate panretinal photocoagula-

tion?

2. Is photocoagulation effective in the treatment

of diabetic macular edema?

3. Is aspirin treatment effective in altering the

course of diabetic retinopathy?
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appears at the end of this article.
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For editorial comment see
“Photocoagulation Therapy for Diabetic Eye Disease”
JAMA, Dec 6, 1985.

This first report deals only with question number
2.

Previous studies have suggested that photocoagu-
lation may be beneficial in the treatment of diabetic
macular edema.'’” These studies did not provide
conclusive evidence because of one or more of the
following reasons: (1) Patients were not randomized.
(2) Visual acuity was measured without prior refrac-
tion and/or was not measured by a “masked” observ-
er. (3) There were confounding effects of advanced
proliferative diabetic retinopathy and/or panretinal
photocoagulation. (4) The number of patients was
small. (5) Treatment techniques were incompletely
described. (6) Evaluation of possible photocoagula-
tion effects on visual function other than visual
acuity was not reported. Because of these limita-
tions, clinical guidelines for the treatment of macu-
lar edema were difficult to formulate.!®"

In the ETDRS, the effects of focal photocoagula-
tion for macular edema are being evaluated in a
prospective, large-scale, randomized clinical trial
involving 29 centers (including 23 clinical centers).
This first ETDRS report presents the data that
support the conclusion that focal photocoagulation
for macular edema is beneficial.

PATIENTS AND METHODS

From April 1980 to August 1985, the ETDRS research
group enrolled 8,928 diabetic patients with early prolifera-
tive retinopathy, moderate to severe nonproliferative reti-
nopathy, and/or diabetic macular edema in each eye.
Patients with “high-risk” proliferative retinopathy® (mod-
erate or severe optic nerve neovascularization or any
neovascularization with hemorrhage) were not eligible for
the study, because immediate panretinal photocoagulation
already has been recommended for such patients.”
Patients with other significant ocular disease or visual
acuity worse than 20/200 were also ineligible. Prior to
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entry into the ETDRS, patients were asked to give written
informed consent after receiving written and verbal infor-

mation concerning their disease and the study.

Study Design

The complete design of the ETDRS has been summa-
rized previously and is deseribed in detail in the 848-page
Manual of Operations (available from the US Department
of Commerce, National Technical Information Service,
5285 Port Royal Rd, Springfield, VA 22161; Accession No.
PB85 223006/AS).2? The present report is limited to the
subgroup of eyes in the ETDRS that were identified as
having mild to moderate nonproliferative diabetic retinop-
athy and macular edema, as determined by the initial
grading of baseline fundus photographs and fluorescein
angiograms of the ETDRS Fundus Photograph Reading

Center, Madison, Wis.

The treatment assignment scheme for these eyes is
detailed in Fig 1. First, they were randomly assigned to
immediate photocoagulation or deferral of photocoagula-
tion until high-risk proliferative retinopathy developed.
The eyes assigned to immediate photocoagulation were
then randomly divided into two photocoagulation regi-
mens. One half (754) of the eyes assigned to immediate
photocoagulation received only focal treatment for macu-
lar edema initially. This report compares these focally
treated eyes with those randomized to deferral of photoco-

agulation (1,490 eyes).

Excluded from this report are the results for the eyes
with mild to moderate retinopathy and macular edema
that were randomly assigned to an initial treatment of
panretinal photocoagulation and follow-up focal photoco-
agulation if macular edema persisted (Fig 1), the eyes with
moderate nonproliferative retinopathy that did not have
macular edema at the time of entry into the ETDRS, and
all eyes initially graded as having severe nonproliferative
or early proliferative retinopathy at the time of entry into
the ETDRS. Follow-up continues for these groups of

eyes.

Treatment

In the ETDRS, an eye is classified by the Fundus
Photograph Reading Center as having macular edema
when there is retinal thickening at or within 1 dise
diameter of the center of the macula or definite hard
exudates in this region. Macular edema is designated as
being “clinically significant” if at least one of the charac-

teristies listed in Table 1 is present.

An example of an eye with clinically significant macular
edema and mild to moderate nonproliferative diabetic
retinopathy is illustrated in Fig 2. Figure 2, middle left,
shows the appearance of the retina immediately after focal
treatment for macular edema, as performed in the ETDRS.
A pretreatment fluorescein angiogram is used during
photocoagulation to identify “treatable lesions” (Table 2).
Treatment is prescribed for all such lesions located within
2 disc diameters of the center of the macula but at least 500

microns from the center.

Microaneurysms and other focal leakage sites receive 50-
to 100-micron argon blue-green or green-only burns of
0.1-s duration or less, with adequate power to obtain
definite whitening around the microaneurysm or leakage
gite. For all microaneurysms greater than 40 microns in
diameter, an attempt is made to obtain actual whitening or
darkening of the microaneurysm itself, which is generally
accomplished utilizing a 50-micron spot size. Repeated
burns are sometimes needed. Care is taken to avoid

rupturing Bruch’s membrane.
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Patients With Macular Edema
and Mild to Moderate Diabetic
Retinopathy in One or Both Eyes
(1,122 Bilateral, 754 Unilateral)

Randomization 1

Immediate _ Deferral of
Photocoagulation ~ Photocoagulation
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Fig 1.—Early Treatment Diabetic Retinopathy Study treatment
assignment schedule for patients with macular edema and mild
to moderate diabetic retinopathy in one or both eyes. Random-
ization 1: All study patients had one eye randomly assigned to
immediate photocoagulation and other eye to deferral of
photocoagulation until “high-risk’’ proliferative retinopathy (as
described by the Diabetic Retinopathy Study?®) developed.
Macular edema and mild to moderate retinopathy were present
in both eyes of 1,122 patients (2,244 eyes), and one eye was
randomly assigned to immediate photocoagulation or deferral.
Seven hundred fifty-four patients had macular edema and mild
to moderate retinopathy in only one eye; these eyes are about
equally divided between immediate and deferral groups. Ran-
domization 2: Eyes with macular edema and mild to moderate
retinopathy assigned to immediate photocoagulation were ran-
domized to either a combination of initial panretinat photocoag-
ulation and follow-up focal macular photocoagulation if macular
edema persisted or only focal macular photocoagulation at
initial treatment with panretinal photocoagulation if retinop-
athy progressed to severe nonproliferative stage or beyond.
Hatched boxes indicate those groups compared in this report.

Table 1.—Clinically Significant Macular Edema (Any of
the Following Characteristics)

Thickening of the retina at or within 500 microns of the
center of the macula

Hard exudates at or within 500 microns of the center of the
macula, if associated with thickening of adjacent retina
(not residual hard exudates remaining after disappearance
of retinal thickening)

A zone or zones of retinal thickening 1 disc area or larger,
any part of which is within 1 disc diameter of the center of
the macula

Treatment of lesions closer than 500 microns to the
macula is not required initially. However, if vision is less
than 20/40, and the retinal edema and leakage persist,
treatment of lesions up to 300 microns from the center is
recommended, unless there is perifoveal capillary dropout,
which might be worsened by this treatment.

Areas of diffuse leakage or nonperfusion within 2 dise
diameters of the center of the macula are treated in a grid
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Fig 2.—Left eye with retinal thickening involving center of
macula, small amount of hard exudate, and focal fluorescein
leakage. Top left, Pretreatment fluorescein angiogram, mid-
phase. Some microaneurysms have filled, others have not. Top
right, Pretreatment angiogram, late phase (at seven to ten
minutes). Fluorescein leakage in macular area is extensive and
involves center. Middle left, Immediately following initial treat-
ment, essentially all microaneurysms have been treated focally
and many have lost original red color. Small hemorrhage just
nasal to center of macula has been avoided. Middle right, At
one-year follow-up visit, area of retinal thickening with adjacent
hard exudate is present superotemporally, extending to within
500 to 1,000 microns of center of macula. Additional focal
treatment was carried out. Bottom left, At three-year follow-up
visit, note scars of additional focal treatment. Microaneurysms
are present below and nasal to center of macula and there is
small amount of hard exudate, but no retinal thickening was
detected on contact lens examination or in stereo photographs.
Additional focal treatment was therefore not required by proto-
col but was allowed. Bottom right, At three-year follow-up visit,
late-phase fluorescein angiogram shows that some of micro-
aneurysms below and nasal to center of macula do not fill with
fluorescein, as was also case at baseline. Retinal thickening
and fluorescein leakage no longer involves center of macula.

pattern. The goal of treatment in such cases is to produce a
burn of light to moderate intensity, not more than 200
microns in diameter. To accomplish this, a 50- to 200-
micron spot size is utilized. A space one burn wide is left
between each lesion. The burns can be placed in the
papillomacular bundle but not closer than 500 microns
from the center of the macula.

A comparison of the results of focal photocoagulation
for eyes with macular edema in patients who were ran-
domly assigned to treatment with aspirin (650 mg/day)
with the results of focal photocoagulation for eyes with
macular edema in patients who were assigned to treatment
with placebo shows that aspirin usage did not modify the
effect of focal photocoagulation. Therefore, results are
presented without regard to the aspirin treatment assign-
ment.

Qutcome Assessment

Visual acuity, the primary means of gauging treatment
effects in this study, was measured at each visit by an
examiner who did not know the treatment assignment
{masked) and who followed a detailed protocol using a
specially developed visual acuity chart (Fig 3).* The test
results are used to calculate a visual acuity score by
totaling the number of letters correctly read.* Changes in
visual acuity are calculated by subtracting the visual
acuity score measured during a follow-up visit from the
baseline visual acuity score (taken not more than 72 hours
before the initial treatment). A loss of 15 letters is
equivalent to a three-line visual acuity decrease on this
chart or a doubling of the initial visual angle (eg, 20/20 to
20/40 or 20/100 to 20/200). Changes in visual acuity, such
as a doubling of the visual angle, are used to assess
treatment effects. If visual acuity scores were missing for
up to two consecutive follow-up visits, but scores were
available from the visits immediately preceding and fol-
lowing the missing scores, then the arithmetic mean of the
two bracketing scores replaced the missing score. This
interpolation was done for less than 3% of the scores; more
than 98% of patients have been seen within the last
year.

Other visual function tests include the Farnsworth-
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Table 2.—Characteristics of Treatable Lesions

Discrete points of retinal hyperfluorescence or ieakage (most
of these are microaneurysms)
Areas of diffuse leakage within the retina
Microaneurysms
Intraretinal microvascular abnormalities
Diffusely leaking retinal capillary bed
Retinal avascular zones

Munsell 100-hue test scored in standard fashion® and
Goldmann perimetry with the I-2 and I-4 test objects from
which visual field scores are calculated by summing the
peripheral extent of the field in 12 meridians, excluding
areas of scotomas.

Each patient was scheduled for a follow-up visit six
weeks after initial treatment and at four-month intervals.
Follow-up focal photocoagulation is required for all eyes
agsigned to immediate treatment that have persistent
clinically significant macular edema and treatable
lesions.

Fundus photographs and fluorescein angiograms are
taken at prescribed intervals and as needed for follow-up
treatment. These photographs and angiograms are graded
in a masked and standard fashion at the Fundus Photo-
graph Reading Center. These assessments of the presence
and extent of macular edema and retinopathy level are
used in this report.

The effects of focal photocoagulation were assessed by
comparing eyes in the immediate focal treatment group
with eyes in the deferral of treatment group, using the
two-sample test of proportions with unequal variances.*
The usual critical Z value of +1.96 corresponding to a .05
level of significance for a two-sided test of one comparison
of one end point was not appropriate because multipie end
points in several subgroups were compared at frequent
intervals during the course of the study. For monitoring
purposes, an observed Z value of +£1.96 to *+2.57 was
considered suggestive of a treatment difference, and an
observed Z value of +2.58 or greater (corresponding to a
.01 level for a single test of significance) was considered a
statistically significant difference. Observed Z values of
+3.29 or greater (corresponding to .001 level) are also
identified below.

RESULTS

This report is based on data available at the
Coordinating Center, Baltimore, as of June 14, 1985.
At the time of this analysis, 12 months had elapsed
since the time of initial treatment for 80% of the
enrolled patients, and 36 months had elapsed since
initial treatment for 35% of the patients. In the
following sections, analyses are presented according
to the outcome variable used to assess treatment
effect (visual acuity, retinal thickening, or visual
function tests that measure factors other than visual
acuity).

Visual Acuity Results

Visual Acuity Results in All Eyes.—Eyes assigned to
immediate focal photocoagulation were about half as
likely to lose 15 or more letters on the ETDRS eye
chart compared with eyes assigned to deferral of
photocoagulation: 5% vs 8% at one year, 7% vs 16%
at two years, and 12% vs 24% at three years (Fig 4).
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Fig 3.—One of three Early Treatment Diabetic Retinopathy Study visual acuity charts.
Four-meter testing distance with this chart yields the following Snellen equivalent
lines: 20/10, 20/12.5, 20/16, 20/20, 20/25, 20/31.5, 20/40, 20/50, 20/63,
20/80, 20/100, 20/125, 20/160, and 20/200. At 1 m, the following additional
Snellen equivalent lines of visual acuity could be measured: 20/250, 20/315,
20/400, 20/500, 20/630, and 20/800. Note that every three lines is a doubling of
the visual angle and that there are five letters on each line.

The comparison of the two groups yielded Z values of
258 or more from the end of the first year of
follow-up through the third year of follow-up. This
analysis includes all eyes with macular edema and
nonproliferative retinopathy, as determined in the
initial evaluation by the Fundus Photograph Read-
ing Center. Of the 754 eyes assigned to immediate
focal photocoagulation, 574 were from patients with
bilateral macular edema and nonproliferative reti-
nopathy. A separate analysis based on these paired
eyes showed similar results.
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Figure 5 shows the percentages of eyes with visual
acuity scores less than 50 (equivalent to visual acuity
worse than 20/100) at each visit, including baseline.
The pattern of differences between the immediate
photocoagulation group and the deferral of photoco-
agulation group is similar to that seen for a loss of 15
letters (Fig 4).

Visual Acuity Results in Eyes Classified by Baseline
Visual Acuity Score.—Figure 6 shows the results
when eyes are categorized according to baseline
visual acuity score (see also Table 3). In each of the
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No. of Eyes
Group Baseline 12mo 24 mo 36 mo
Immediate 754 614 4186 268
Deferral 1,490 1,178 812 526
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Months of Follow-up

Fig 4.—Comparison of percentage of eyes that experienced
visual loss of 15 or more letters (equivalent to at least doubling
of initial visual angle or loss of three or more lines) in eyes with
macular edema and mild to moderate diabetic retinopathy
assigned to either immediate focal photocoagulation (broken
line) or deferral of photocoagulation (solid line).

subgroups, immediate focal photocoagulation re-
duced the proportion of eyes that lost 15 or more
letters compared with deferral of photocoagulation.
Visual prognosis appears worse for those eyes with
decreased visual acuity at baseline.

In eyes with a pretreatment visual acuity of 20/40
or worse, an improvement in visual acuity of six or
more letters (more than one line on the ETDRS
visual acuity chart) was much more frequent in
treated eyes than in eyes assigned to deferral of
treatment (Fig 7). This improvement in visual acuity
was uncommon in eyes with good initial visual
acuities, as might be expected. Improvement of
visual acuity by 15 letters (three lines or one half of
the initial visual angle) was uncommon (<38%).

Visual Acuity Results in Eyes Classified by the Pres-
ence or Absence of Clinically Significant Macular Ede-
ma.—Figure 8, top, demonstrates the clear beneficial
effect of immediate focal treatment in eyes with
clinically significant macular edema (see also Table
4). In those eyes, the differences in rates of visual
loss between the immediate focal photocoagulation
and deferral of photocoagulation groups were statis-
tically significant at the eight-month follow-up visit
and thereafter.

Eyes in which macular edema was not clinically
significant at baseline had low rates of visual loss,
especially during the first year of follow-up, in both
the immediate and deferral of photocoagulation
groups (Fig 8, bottom). At baseline, these eyes had
only limited areas of retinal thickening or hard
exudates and had none of the characteristics of
clinically significant macular edema. Clinically sig-
nificant macular edema developed in both the imme-
diate and deferral of photocoagulation groups during
follow-up. When clinically significant macular ede-
ma developed during follow-up, the eyes assigned to
immediate treatment received additional focal pho-
tocoagulation, but the eyes assigned to deferral of
treatment did not receive photocoagulation. Differ-
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No. of Eyes

Group Baseline 12mo 24 mo 36 mo
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\
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Fig 5.—Comparison of percentage of eyes with visual acuity
score less than 50 (equivalent to a visual acuity of less than
20/100) in eyes with macular edema and mild to moderate
diabetic retinopathy assigned to either immediate focal photo-
coagulation (broken iine) or deferral of photocoagulation (solid
line).

ences in visual loss between the immediate photoco-
agulation and deferral of photocoagulation groups
are small in the first two years of follow-up. After
this time, the differences become somewhat larger.
These larger differences can be explained, at least in
part, by the demonstrated beneficial effect of focal
photocoagulation for eyes in which clinically signifi-
cant macular edema developed during follow-up.

Visual Acuity Results in Eyes Classified by Severity of
Retinopathy.—Figure 9 shows the results when eyes
are categorized according to the severity of retinopa-
thy, as determined by detailed grading of baseline
fundus photographs (see also Table 5). Eyes classi-
fied as having “mild nonproliferative diabetic reti-
nopathy” were free of soft exudates, intraretinal
microvascular abnormalities, and venous beading,
and they had no more than moderate intraretinal
hemorrhages or microaneurysms. Eyes designated
as having “moderate nonproliferative diabetic reti-
nopathy” were subdivided into levels 1 and 2. In level
1, at least one of the above lesions was present, while
in level 2 there was increased severity of one or more
of these lesions but less than that in those eyes
designated as having “severe nonproliferative reti-
nopathy.” Eyes in the latter category had at least
three of these lesions present (the same definition of
severe nonproliferative diabetic retinopathy was
used in the Diabetic Retinopathy Study).*

The ETDRS was not designed to assess the effect
of initial focal treatment without panretinal photo-
coagulation in eyes with severe nonproliferative or
early proliferative retinopathy. However, a subgroup
of eyes with this severity of retinopathy were initial-
ly graded as having only mild to moderate nonprolif-
erative retinopathy and were treated, according to
the study protocol, with only focal photocoagulation.
When more detailed fundus photograph evaluation
was completed, it was determined that these eyes,
which had already received focal treatment, actually
had severe nonproliferative or early proliferative
diabetic retinopathy. The results of focal photocoag-
ulation in this small subgroup of eyes are shown in
Fig 9, bottom.
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Table 3,—Numbers of Eyes in Visual Acuity Subgroups
No. of Eyes*
Base-

linet 12 mo 24 mo 36 mo
Baseline Visual —~—— —— —— ——

Acuity Score I D | D | D | D
100-90 122 238 104 187 67 128 41 77
89-80 356 697 284 557 202 5358 129 258
79-70 162 328 134 252 82 161 48 104
69-60 54 118 44 94 31 60 21 43
<60 60 108 48 88 34 65 29 44

Fig 6.—Comparison of percentage of eyes that experienced
visual loss of 15 or more letters (equivalent to at least doubling
of initial visual angle or loss of three or more lines) in eyes with
macular edema and mild to moderate diabetic retinopathy
classified by baseline visual acuity score and assigned to either
immediate focal photocoagulation (broken line) or deferral of
photocoagulation (solid line).

The treatment effect appears similar in all four
subgroups but is statistically significant only in the
two moderate nonproliferative retinopathy groups,
evidently because of the larger sample sizes of these
two groups.

Results Based on Retinal Thickening
Involving the Center of the Macula

Reading Center grading of baseline photographs

identified 74% of all the eyes with clinically signifi-
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*| indicates immediate focal photocoagulation group; D, deferral of
photocoagulation group.

tOne baseline visual acuity score was missing at the time this
analysis was performed.

AR B
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Months of Follow-up

Fig 7.—Comparison of percentage of eyes that experienced
visual gain of six or more letters (equivalent to more than
one-line gain) in eyes with macular edema and mild to moderate
diabetic retinopathy assigned to either immediate focal photo-
coagulation (broken line) or deferral of photocoagulation (solid
line).

cant macular edema as having retinal thickening,
with the center of the macula involved (Table 6). At
one year, 35% of these eyes assigned to immediate
focal treatment had retinal thickening with the
center of the macula involved compared with 63% of
eyes assigned to deferred photocoagulation. This
difference was statistically significant, as it also was
at three years. None of the eyes without clinically
significant macular edema had retinal thickening
with the center of the macula involved before entry
into the study. Small differences in the occurrence of
retinal thickening with the center of the macula
involved were noted during follow-up in this latter
group.

Results Based on Other Visual Function
Assessment (Visual Fields, Color
Vision, and Patients’ Impressions of Change in Visual
Function)

Adverse effects of treatment also were assessed by
considering changes from baseline to follow-up visits
Diabetic Macular Edema—ETDRS Research Group
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Fig 8.—Comparison of percentage of eyes that experienced
visual loss of 15 or more letters (equivalent to at least doubling
of initial visual angle or loss of three or more lines) in eyes
classified by presence or absence of clinically significant
macular edema and assigned to either immediate focal photo-
coagulation (broken line) or deferral of photocoagulation (solid
line).

Table 4.—Numbers of Eyes in Macular Edema Subgroups
No. of Eyes*
Base-

Clinically linet 12 mo 24 mo 36 mo

Significant —,
Macular Edema | D ! D | D | D
Present 434 853 375 717 249 497 168 311
Absent 277 545 235 455 164 311 100 215

*lindicates immediate focal photocoagulation group; D, deferral of
photocoagulation group.

tAll of the gradings for the baseline photographs were not available
at the time this analysis was performed.

in visual field and color vision scores. Small, not
statistically significant differences were observed in
visual field scores and proportions of patients with
scotomas to the I-2 test object. No treatment differ-
ences were observed in the Farnsworth-Munsell 100-
hue test color vision scores.

In 16 of the 23 clinical centers, patients were asked
for their impressions of change in visual function.
They reported more improvement and less worsening
from baseline for eyes assigned to immediate focal
treatment than for eyes assigned to deferral of
photocoagulation: for improvement, 36% vs 14% at
12 months, 43% vs 18% at 24 months, and 57% vs
11% at 36 months; for worsening, 18% vs 25% at 12
months, 20% vs 25% at 24 months, and 28% vs 35%
at 36 months. The results for improvement were
statistically significant (Z > 2.57).

COMMENT

These results from the ETDRS show that eyes
with clinically significant macular edema (Table 1)
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Fig 9.—Comparison of percentage of eyes that experienced
visual loss of 15 or more letters (equivalent to at least doubling
of initial visual angle or loss of three or more lines) in eyes
with macular edema classified by severity of retinopathy at
baseline and assigned to either immediate focal photocoagula-
tion (broken line) or deferral of photocoagulation (solid line).

Table 5.—Numbers of Eyes in Retinopathy Subgroups

No. of Eyes*
Base-
linet 12mo 24 mo 36 mo
Severity of ——
Retinopathy | D | D I D | D

Mild nonproliferative and
macular edema

Moderate nonproliferative
(level 1) and macular
edema

Moderate nonproliferative
(level 2) and macular
edema

Severe nonproliferative
or early proliferative
and macular edema

69 150 58 131 40 97 28 76

273 537 231 454 151 304 97 195

295 593 253 482 176 336 107 212

74 119 68 105 46 71 36 43

*l indicates immediate focal photocoagulation group; D, deferral of
photocoagulation group.

tAll of the gradings for the baseline photographs were not available
at the time this analysis was performed.
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Table 6.—OQccurrence of Retinal Thickening With the
Center of the Macula Involved for Eyes With Three or
More Years of Follow-up and Graded Fundus Photographs

Group, No. (%)

Deferral of
Photocoagulation

Immediate
~ ) B Photpcoagulation
Clinically significant
macular edema

Baseline 93/126 (74) 164/224 (73)
12 mo* 38/110 (35)1 131/208 (63)
36 mo 30/126 (24)t 121/224 (54)

Not chinically significant
macular edema

Baseline 0/81(0) 0/173 (0Q)
12 mo* 11/75 (15) 35/157 (22)
36 mo 13/81 (16) 43/173 (25)

* All of the gradings for the 12-month photographs were not available
at the time this analysis was performed.
tZ = 2.568.

and mild to moderate nonproliferative retinopathy
benefit from focal argon laser photocoagulation, as
performed in this clinical trial. Two aspects of the
treatment protocol used in the ETDRS seem particu-
larly important in this regard. First, care must be
taken to identify and photocoagulate treatable
lesions (Table 2). Second, frequent follow-up visits
are essential to determine whether additional treat-
ment is needed for the persistence or recrudescence
of clinically significant macular edema.

The ETDRS findings are consistent with the
results from three previous randomized clinical tri-
als.23® The treatment techniques in two of these
three trials®*'’ were similar to those used in the
ETDRS. Focally applied xenon arc photocoagulation
was utilized in the British Collaborative Study,’ but
these investigators suggested that argon laser might
be preferable.

Some of our patients were treated with argon
green laser, whereas others underwent argon blue-
green photocoagulation treatment. We have no
direct evidence that one is preferable to the other,
but many of our investigators have switched to argon
green, particularly when treating near the fovea, to
avoid excessive uptake of the blue light by the
xanthophyll in the inner retina. Krypton red laser
was not used, because it makes direct coagulation of
microaneurysms difficult.

Very few adverse effects of focal photocoagulation
have been observed in this study to date. We identi-
fied only minor adverse effects (not statistically
significant) on central visual fields and no adverse
effects on color vision. Our patients reported that
their treated eye improved more frequently and
worsened less frequently than their untreated eye.
Although this assessment is subjective and vulnera-
ble to bias, the results are consistent with those of
other visual function tests.

Thus far, we have not identified any subgroup of
patients or eyes harmed by focal photocoagulation.
Preliminary multivariate analyses investigating

1804 Arch Ophthatmol—Vol 103, Dec 1985

Downloaded from jamanetwork.com by Jillian Saucier on 01/22/2024

Regeneron Pharmaceuticals, Inc.
Samsung Bioepis Co., Ltd. and Biocon Biologics Inc. v. Regeneron Pharmaceuticals, Inc.

demographic, diabetic, and retinal characteristics
show that the magnitude of the treatment effect
varies from group to group, but there is no strong
evidence to support different treatment recommen-
dations for different groups of patients.

Previous reports have suggested that there are
subgroups of eyes with diabetic macular edema that
have a particularly bad prognosis with or without
photocoagulation. For example, eyes that exhibited
diffuse leakage of fluorescein had worse prognoses
than those with only focal fluorescein leakage.?'1517
Preliminary analyses based on findings in eyes in the
ETDRS for which the baseline fluorescein angio-
grams have been graded (approximately 50%) sup-
port this impression.

Whom to Treat

The presence or absence of clinically significant
macular edema, as defined in Table 1, is the most
important factor to consider when deciding whom to
treat. Clinically significant macular edema is as-
sessed by stereo contact lens biomicroscopy and
stereo photography. A magnified stereo examination
of the macula is necessary to detect retinal thicken-
ing. Fluorescein leakage without retinal thickening
does not meet our definition of macular edema.
However, once clinically significant macular edema
is identified, an angiogram is required to determine
the presence of treatable lesions located within 2 disc
diameters of the center of the macula. In follow-up
visits at four-month intervals after initial focal
treatment, the same investigative techniques and
criteria are used to identify persistent eclinically
significant macular edema and treatable lesions,
which together indicate that additional treatment is
needed.

Patients who show early signs of diabetic macular
edema but who do not yet have clinically significant
macular edema should be seen at four- to six-month
intervals.

When to Treat

The time of onset of clinically significant macular
edema is an appropriate time to consider focal
photocoagulation for macular edema. Prior to the
development of clinically significant macular edema,
the risk of visual loss is very low, and we have no
evidence of added benefit from this earlier treat-
ment. Once clinically significant macular edema
develops, focal photocoagulation is clearly beneficial.
We have not identified any subgroup of eyes with
mild to moderate nonproliferative diabetic retinopa-
thy and clinically significant macular edema for
which there was no benefit from focal treatment. Of
particular note is benefit of treatment regardless of
the level of acuity at baseline (Fig 6). This suggests
that even patients with excellent visual acuity should
be considered for photocoagulation, if they have
clinically significant macular edema. Stabilizing
visual acuity in this range may be particularly
valuable.

Eyes that had already lost vision were more likely
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to regain some vision following treatment (Fig 7),
and loss of vision sufficient to reach the legal
blindness range was substantially reduced by treat-
ment (Fig 5). Focal treatment also was associated
with a significant decrease in the occurrence of
retinal thickening involving the center of the macula
at follow-up examinations (Table 6). Although these
results show that treatment is effective when visual
acuity is reduced, they should not be used to justify
deferral of treatment until visual loss has already

occurred.

In our study, eyes with more advanced diabetic
retinopathy and clinically significant macular edema
received both focal and panretinal photocoagulation.
The design of the ETDRS does not permit a defini-
tive answer to the question of the effects of focal
treatment in the absence of panretinal photocoagu-
lation for this group. However, as previously dis-
cussed, there was a small group of eyes graded as
having mild to moderate nonproliferative retinopa-
thy at the preliminary grading but found to have
either severe nonproliferative or early proliferative
diabetic retinopathy at the time of detailed fundus
photograph grading. Although the number of eyes is
small, it appears that they, too, benefited from focal
treatment of macular edema, responding in much the
same way as eyes with less severe retinopathy. This
apparent benefit of treatment in the absence of
significant side effects suggests that focal photoco-
agulation might well be appropriate for eyes with
clinically significant macular edema, even when they
are in the more advanced stages of diabetic retinop-

athy.

Recommendations

The data presented in this report support the
following: (1) Focal photocoagulation is recommend-
ed for all eyes with clinically significant macular
edema and mild or moderate nonproliferative dia-
betic retinopathy. (2) Focal photocoagulation should
be considered for all eyes with clinically significant
macular edema and more severe nonproliferative or

proliferative retinopathy.

No recommendations can yet be made concerning
(1) panretinal photocoagulation for moderate to
severe nonproliferative retinopathy or early prolifer-
ative retinopathy (stages of retinopathy less severe
than the high-risk proliferative retinopathy for
which the Diabetic Retinopathy Study has previous-
ly recommended treatment!) or (2) aspirin treatment
for diabetic retinopathy. Evaluation of these treat-

ments continues in the ETDRS.

THE EARLY TREATMENT DIABETIC
RETINOPATHY STUDY RESEARCH
GROUP

The participants in the Early Treatment Diabetic Retinopathy

Study are as follows:

The Johns Hopkins Hospital, Wilmer Institute, Baltimore.— Past Prin-
cipal Investigators: Arnall Patz, MD, Thomas A. Rice, MD; Cur-
rent Principal I'mvestigator: Robert P. Murphy, MD; David A.
Newsome, MD, Steven H. Sherman, MD, Stuart L. Fine, MD.

Joslin Clinic, Boston.—Current Principal Investigator: Lloyd M.

Arch Ophthalmol—Vol 103, Dec 1985

Downloaded from jamanetwork.com by Jillian Saucier on 01/22/2024

Aiello, MD; Lawrence 1. Rand, MD, Jose C. Briones, MD, Sabera T.
Shah; MD.

University of Wisconsin, Madison.—Current Principal Investigator:
Frank L. Myers, MD; George H. Bresnick, MD, Matthew D. Davis,
MD, Suresh R. Chandra, MD, Ingolf H. L. Wallow, MD, Thomas S.
Stevens, MD, Ronald Klein, MD.

University of Miami, Bascom Palmer Eye Institute.—Current Princi-
pal Investigator: Harry W. Flynn, Jr, MD; George W. Blankenship,
MD.

University of Minnesota, Minneapolis.—Current Principal Investiga-
tor: William H. Knobloch, MD; Robert C. Ramsay, MD, Herbert L.
Cantrill, MD.

University of Southern California, Estelle Doheny Eye Foundation, Los
Angeles.—Current Principel Investigator: B. John Hodgkinson,
MD; Stephen J. Ryan, MD), James C. Liang, MD, Edgar L.. Thomas,
MD.

Good Samaritan Hospital and Medical Center, Devers Eye Clinic,
Portland, Ore.—Current Principal Investigator: Michael L. Klein,
MD; Irvin L. Handelman, MD, Jack O. Sipperley, MD, Richard G.
Chenoweth, MD.

University of Illinois, Chicago.—Past Principal Investigators: J.
Terry Ernest, MD, PhD, James C. Liang, MD; Current Principal
Investigator: Jose Cunha-Vaz, MD, PhD; Morton F. Goldberg, MD,
C. Ronald Lindberg, MD, Charles Vygantas, MD, Harvey J. Klein,
MD, Norman Blair, MD, Krishna Rednam, MD.

UCLA Center for Health Sciences, Jules Stein Eye Institute.—Current
Principal Investigator: Stanley M. Kopelow, MD; Alan L. Shabo,
MD, Bradley R. Straatsma MD, Jose C. Briones, Jr, MD.

Albany (NY) Medical College.—Current Principal Investigator:
Aaron Kassoff, MD.

Zweng Memorial Retinal Research Foundation, Menlo Park, Calif.—
Current Principal Investigator: Hunter L. Little, MD; Robert L.
Jack, MD.

Pacific Medical Center, San Francisco.— Past Principal Investigator:
John C. Cavender, MD; Current Principal Investigator: Everett Ai,
MD; Robert L. Sorenson, MD.

Wills Eye Hospital, Philadelphia.—Current Principal Investigator:
William E. Benson, MD; William S. Tasman, MD, Gary C. Brown,
MD.

Holy Cross Hospital, Salt Lake City.—Current Principal Investiga-
tor: F. Tempel Riekhof, MD; Roy A. Goodart, MD, William A.
Bohart, MD.

University of Puerto Rico, San Juan.— Current Principal Investiga-
tor: Jose Berrocal, MD; Raul Perez, MD, Guillermo Velazquez,
MD.

Wayne State University, Kresge Eye Institute, Detroit.—Current
Principal Investigator: Robert N. Frank, MD; Harold Weiss, MD,
Ann Ballen, MD.

Michigan State University, Associated Retinal Consultants, Royal Oak,
Mich.—Past Principal Investigator: Delbert P. Nachazel, MD;
Current Principal Investigators: Raymond R. Margherio, MD,
Patrick L. Murphy, MD; Morton S. Cox, MD, Michael Trese, MD.
University of Washington, Seattle.—Current Principal Investigator:
James L. Kinyoun, MD; Robert E. Kalina, MD, Steven V. Guzak,
Jr, MD, Craig G. Wells, MD.

Medical College of Wisconsin, Milwaukee.— Past Principal Investi-
gators: Frederick H. Reeser, MD, Trexler M. Topping, MD; Current
Principal Investigator: George A. Williams, MD; Thomas M.
Aaberg, MD, Gary W. Abrams, MD, Thomas C. Burton, MD. -
Eye Research Institute of Retina Foundation/Retina Associates, Bos-
ton.—Current Principal Investigators: Sheldon M. Buzney, MD, J.
Wallace McMeel, MD; John J. Weiter, MD, PhD.

Ingalls Memorial Hospital, Harvey, Il.—Current Principal Investi-
gator: David H. Orth, MD; Timothy P. ¥Flood, MD.

University of Texas Medical School, Hermann Eye Center, Houston.—
Current Principal Investigator: Charles A. Gareia, MD; Richard S.
Ruiz, MD, Michael Bloome, MD. .

Louisiana State University Eye Center, New Orleans.—Current Prin-
cipal Investigator: Rudolph M. Franklin, MD; Denis Carroll, MD,
Edgar Thomas, MD, Lawrence Arend, MD, Lance Turkish, MD.
National Eye Institute.—Frederick L. Ferris, MD, Richard L. Mow-
ery, PhD, Daniel G. Seigel, ScD, Sylvan Green, MD, Lawrence 1.
Rand, MD, Gary H. Cassel, MD, Carol Currier, MD.

Coordinating Center, Maryland Medical Research Institute, Balti-
more.—Current Principal Investigator: Genell Knatterud, PhD;
Marian R. Fisher, PhD, Franca B. Barton, MS.
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Fundus Photograph Reading Center, University of Wisconsin, Madi-
son.—Current Principal Investigator: Matthew D. Davis, MD;
Larry Hubbard, Yvonne Magli, Paul Segal, MD.

Central Laboratory, Centers for Disease Control, Atlanta.— Past Prin-
cipal Investigator: David D. Bayse, PhD; Current Principal Inves-
tigator: Dayton T. Miller, PhD; Eric J. Sampson, PhD, Vincent
Maggio.

ECG Coding Center, University of Minnesota, Minneapolis.—Current
Principal Investigator: Ronald Prineas, MB, PhD; Richard S.
Crow, MD.

Data Monitoring Committee.—Chairman: Peter Armitage, PhD;
Members: John A. Colwell, MD, Brian P, Conway, MD, Matthew D.
Davis, MD, Genell Knatterud, PhD, Robert Machemer, MD,
Dayton T. Miller, PhD, Thaddeus E. Prout, MD, Lawrence I. Rand,
MD, Colin White, MD; Ex-officio: Lloyd M. Aiello, MD, Frederick
L. Ferris, MD, Richard L. Mowery, PhD, Daniel G. Seigel, ScD.
Operations Committee.—Chairman: Lloyd M. Aiello, MD; Members:
Frederick L. Ferris, MD, Genell Knatterud, MD, Richard L.
Mowery, PhD, Lawrence 1. Rand, MD, Marian R. Fisher PhD.
Executive Committee.— Permanent Members: Lloyd M. Aiello, MD
(Chairman), George H. Bresnick, MD (Chairman, Visual Function
Committee), Matthew D. Davis, MD (Chairman, Eligibility and
Endpoint Committee), Robin B. L. Ewart, MD (Chairman, Mortal-
ity and Morbidity Classification Sub-Committee), Frederick L.
Ferris, MD (Chairman, Analysis Planning Committee), Aaron
Kassoff, MD, Genell Knatterud, PhD, Dayton T. Miller, PhD,
Richard L. Mowery, PhD, Frank L. Myers, MD (Chairman, Photo-

coagulation Treatment Committee), Thaddeus E. Prout, MD
(Chairman, Medical Review Committee), Lawrence I. Rand, MD
(Chairman, Performance Monitoring Committee), Daniel G. Sei-
gel, ScD; Elected Principal Investigator Members: Charles A.
Garcia, MD (October 1984), James L. Kinyoun, MD (August 1982
to October 1984), Michael L. Klein, MD (August 1982 to October
1984); Raymond R. Margherio, MD (April 1980 to August 1982),
Robert P. Murphy, MD (September 1983 to November 1985),
Frederick H. Reeser, MD (June 1981 to June 1983), F. Tempel
Riekhof MD (October 1984), Robert Watzke, MD (June 1978 to
June 1980); Elected Clinic Coordinator Members: JoAnne Buehler
(October 1984), Sally Cook (October 1980 to September 1983);
Josephine Falco (June 1979 to August 1982), Dolores Kilburn
(September 1983), Virginia Snyder Regan (August 1982 to October
1984), Lyn Stewart (June 1979 to October 1980).
Performance Monitoring Committee.—Chairman: Lawrence 1. Rand,
MD; Members: Andrew R. Bell, George H. Bresnick, MD, Joyce
Hoskins, Dolores Kilburn, Yvonne Magli, Dayton T. Miller, PhD,
Richard L. Mowery, PhD; Consultant: Aaron Kassoff, MD; Past
Members: Suresh R. Chandra, MD, Lyn Stewart, Josephine Falco,
Sally Cook, Virginia Snyder Regan.
Editorial Committee.—Chairman: Robert N. Frank, MD; Mem-
bers: Lloyd M. Aiello, MD, John E. Connett, PhD, Fred Ederer, MS,
J. Terry Ernest, MD, Daniel Finkelstein, MD, Genell Knatterud,
PhD, Richard L. Mowery, PhD, Thaddeus E. Prout, MD.
fDeceased.

References

1. Behrendt T: Therapeutic vascular occlusions in diabetic
retinopathy. Arch Ophthalmol 1972;87:629-633.

2. Blankenship GW: Diabetic macular edema and laser photoco-
agulation. Ophthulmology 1979;86:63-75.

3. British Multicentre Study Group: Photocoagulation for dia-
betic maculopathy: A randomized controlled clinical trial using
xenon arc. Diabetes 1983;32:1010-1016.

4. Cheng H, Blach RD, Hamilton AM, et al: Diabetic maculopa-
thy. Trans Ophthalmol Soc UK 1972;92:407-411.

5. Foulds WS: The role of photocoagulation in the treatment of
retinal disease. Trans Ophthalmol Soc NZ 1980;32:82-90.

6. L’Esperance FA: The treatment of ophthalmic vascular
disease by argon laser photocoagulation. Ophthalmology
1968;72:1077-1096.

7. McMeel JW, Trempe CL, Franks EB: Diabetic maculopathy.
Ophthalmology 1977;83:476-487.

8. Marcus DG, Aaberg TM: Argon laser photocoagulation treat-
ment in diabetie cystoid maculopathy. Ann Ophthalmol 1977,9:365-
372.

9. Merin S, Yanko L, Ivry M: Treatment of diabetic maculopa-
thy by argon laser. Br J Ophthalmol 1974;58:85-91.

10. Patz R, Schatz H, Berkow JW, et al: Macular edema: An
overlooked complication of diabetic retinopathy. Ophthalmology
1973;77:34-42.

11. Rubinstein K, Myska V: Treatment of diabetic maculopathy.
Br J Ophthalmol 1972;56:1-5.

12. Spalter H: Photocoagulation of circinate maculopathy in
diabetic retinopathy. Am J Ophthalmol 1971;71:242-250.

13. Ticho U, Patz A: The role of capillary perfusion in the
management of diabetic macular edema. Am J Ophthalmol
1973;76:880-886.

14. Wetzig PC, Worlton JT: Treatment of diabetic retinopathy
by light-coagulation. Br J Ophthalmol 1963;47:539-541.

15. Whitelocke RAF, Kearns M, Blach RK, et al: The diabetic
maculopathies. Trans Ophthalmol Soc UK 1979;99:314-320.

1806 Arch Ophthalmol—Vol 103, Dec 1985

Downloaded from jamanetwork.com by Jillian Saucier on 01/22/2024

Regeneron Pharmaceuticals, Inc.
Samsung Bioepis Co., Ltd. and Biocon Biologics Inc. v. Regeneron Pharmaceuticals, Inc.

16. Wiznia RA: Photocoagulation of non-proliferative exudative
diabetic retinopathy. Am J Ophthalmol 1979;88:22-27.

17. McDonald HR, Schatz H: Grid photocoagulation of diffuse
macular edema. Retina 1985;5:65-72. ’

18. Ferris FL, Patz A: Macular edema: A complication of
diabetic retinopathy. Surv Ophthalmol 1984;28:452-461.

19. Bresnick GH: Diabetic maculopathy. Ophthalmoloyy
1983;90:1301-1317.

20. Diabetic Retinopathy Study Research Group: Report No. 3:
Four risk factors for severe visual loss in diabetic retinopathy.
Arch Ophthalmol 1979;97:654-655.

21. The Diabetic Retinopathy Study Research Group: Prelimi-
nary report on effects of photocoagulation therapy. Am J Ophthal-
mol 1976;81:383-396.

22. Rand LI: The Early Treatment Diabetic Retinopathy Study,
in Friedman EA, L’Esperance FA (eds): Diabetic Renal Retinal
Syndrome Prevention and Management. New York, Grune &
Stratton Inc, 1983, pp 155-170.

23. Murphy RP, Ferris FL: The current status of the Early
Treatment Diabetic Retinopathy Study. Ophthalmic Forum
1984;2:149-152.

24. Ferris FL, Kassoff A, Bresnick GH, et al: New visual acuity
charts for clinical research. Am J Ophthalmol 1982;94:91-96.

25. Kinnear PR: Proposals for scoring and assessing the 100-
hue test. Vision Res 1970;10:423-433.

26. Johnson NL, Leone FC: Statistics and Experimental Desiygn
in Engineering and the Physical Sciences. New York, John Wiley
& Sons Inc, 1964, vol 1, pp 234-235.

27. Diabetic Retinopathy Study Research Group: Report No. 6:
Design, methods, and baseline results. Invest Ophthalmol Vis Sci
1981;21/1/2:1-209.

28. Diabetic Retinopathy Study Research Group: Report No. 7:
A modification of the Airlie House classification of diabetic
retinopathy. Invest Ophthalmol Vis Sci 1981;21/1/2:210-226.

Diabetic Macular Edema—ETDRS Research Group

Exhibit 2098 Page 11
IPR2023-00739





