
Laser Treatment in Fellow Eyes with Large
Drusen: Updated Findings from a Pilot
Randomized Clinical Trial

The Choroidal Neovascularization Prevention Trial Research Group

Purpose: To update the findings from the Choroidal Neovascularization Prevention Trial (CNVPT) with
respect to resolution of drusen, incidence of choroidal neovascularization, and visual function.

Design: A multicenter, randomized, controlled, pilot clinical trial.
Participants: The 120 patients enrolled in the CNVPT. Patients had signs of choroidal neovascularization or

retinal pigment epithelial detachment in 1 eye and had �10 large (�63-�m) drusen in the contralateral, or fellow,
eye.

Intervention: The fellow eye of 59 patients was assigned randomly to argon green laser treatment consisting
of multiple 100-�m spots at least 750 �m from the center of the fovea. The fellow eye of the remaining 61 patients
was assigned randomly to observation.

Main Outcome Measures: Change in visual acuity was the primary outcome measure. Incidence of cho-
roidal neovascularization, resolution of drusen, change in contrast threshold, change in critical print size for
reading, and incidence of geographic atrophy were secondary outcome measures.

Results: Throughout 4 years of follow-up, there were no statistically significant differences in change in
visual acuity, contrast threshold, critical print size, or incidence of geographic atrophy. With additional follow-up,
the large increase in the incidence of choroidal neovascularization observed within 18 months of treatment was
maintained; however, by 30 months, the incidence in the two treatment groups was the same. Most drusen
resolution in treated eyes occurred within 24 months of the initial treatment. Treated eyes that received
higher-intensity laser burns had an increased risk of choroidal neovascularization. Among eyes developing
choroidal neovascularization in each treatment group, most lesions (two thirds or more) were composed of occult
neovascularization only.

Conclusions: Laser treatment as applied in the CNVPT caused an excess risk of choroidal neovasculariza-
tion in the first year or so after treatment. The increased early incidence of choroidal neovascularization was not
associated with either a harmful or beneficial effect in this pilot study. Ophthalmology 2003;110:971–978 © 2003
by the American Academy of Ophthalmology.

In 1998, the Choroidal Neovascularization Prevention Trial
(CNVPT) Research Group reported short-term findings
from two randomized clinical pilot trials of argon green

laser treatment in eyes at risk of vision loss from choroidal
neovascularization (CNV) secondary to age-related macular
degeneration (AMD).1 The Bilateral Drusen Study was
composed of patients who had �10 large (�63-�m) drusen
in each eye. One eye of these patients was selected ran-
domly for laser treatment, and the contralateral eye was
observed. The Fellow Eye Study (FES) was composed of
patients who had exudative AMD in 1 eye and �10 large
drusen in the contralateral, or fellow, eye. The fellow eye
was randomly assigned to either laser treatment or obser-
vation. Enrollment in these pilot studies was suspended
under recommendation by the Data and Safety Monitoring
Committee (DSMC) because there was a higher incidence
of CNV within 12 months of study enrollment in laser-
treated eyes than in observed eyes, predominantly in the
FES. Through 12 months of follow-up, visual acuity and
contrast threshold were similar in the treated and observed
eyes in both the Bilateral Drusen Study and the FES.

Follow-up of the CNVPT patients continued through the
originally planned 2 years. Patients were then asked to
commit to an additional 2 years of follow-up. The purpose

Originally received: February 21, 2002.
Accepted: September 26, 2002. Manuscript no. 220132.

Scheie Eye Institute, University of Pennsylvania, Philadelphia, Pennsylva-
nia.

Presented in part at the annual meeting of the Association for Research and
Vision in Ophthalmology, Fort Lauderdale, Florida, May, 1999.

Supported by an unrestricted gift from Research to Prevent Blindness, New
York, NY, to the University of Pennsylvania; gifts to the Macular Degen-
eration Research Fund, Department of Ophthalmology, University of Penn-
sylvania, Philadelphia, PA; grants from the Macula Foundation, New York,
NY; Research Foundation of the University of Pennsylvania, Philadelphia,
PA; and Mackall Trust, New York, NY; and grant R21 EY11275 from the
National Eye Institute, National Institutes of Health, Bethesda, MD.

Reprint requests to Maureen G. Maguire, PhD, Coordinating Center, 3535
Market Street, Suite 700, Philadelphia, PA 19104-3309. E-mail:
maguirem@mail.med.upenn.edu

The members of the Choroidal Neovascularization Prevention Trial Re-
search Group are listed in the appendix.

971© 2003 by the American Academy of Ophthalmology ISSN 0161-6420/03/$–see front matter
Published by Elsevier Science Inc. doi:10.1016/S0161-6420(03)00098-8



of this article is to present the effects of laser treatment on
drusen resolution, vision, and incidence of CNV through the
4-year follow-up period. Only results from the FES are
provided, because the ongoing Complications of Age-re-
lated Macular Degeneration Prevention Trial, involving
1052 patients, is designed to provide definitive information
on the value of low-intensity argon laser treatment for
patients with bilateral large drusen.

Patients and Methods

The design and methods of the CNVPT FES have been described
in detail in previous reports.1–3 Only the aspects of the study
design that are important for interpretation of the data presented in
this report are provided below. The study design, informed consent
statements, and subsequent communications to study participants
about study results were approved by the institutional review board
serving each participating clinical center.

Initial Evaluation and Enrollment

The major inclusion criteria for the FES were patient age �50
years, evidence of CNV or serous retinal pigment epithelial de-
tachment in the nonstudy eye, visual acuity �20/40 in the study
eye, and �10 large (�63-�m diameter) drusen within 3000 �m of
the center of the foveal avascular zone in the study eye. The major
exclusion criteria were signs in the study eye of CNV, serous
retinal pigment epithelial detachment, or geographic atrophy
within 500 �m of the center of the foveal avascular zone and signs
of other ocular disease that might affect visual acuity in the study
eye.

Visual acuity, contrast threshold, and critical print size for
reading were measured, color stereo fundus photographs of the
macula and disc were taken, and fluorescein angiography was
performed at baseline before the study eye was randomly assigned
to treatment or observation. Visual acuity for each eye was mea-
sured by using Early Treatment Diabetic Retinopathy Study visual
acuity charts after a standardized refraction.4 Contrast threshold
was measured with Pelli–Robson charts at 1 m.5 Critical print size
(the print size at which reading speed decreases) was measured
with MNRead Charts, a series of text passages that decrease in size
by 0.1 logarithm of the minimum angle of recession with each
successive passage.6 After the enrolling ophthalmologist reviewed
the angiograms, an eligibility checklist was reviewed over the
telephone with a member of the CNVPT Coordinating Center
(Philadelphia, PA), and a randomized treatment assignment was
allocated to the patient. Between October 1994 and December
1996, 120 patients were enrolled in the FES; 59 were assigned to
laser treatment, and 61 were assigned to observation.

Staff members, who were masked to treatment assignment, at
the CNVPT Fundus Photograph Reading Center (Philadelphia,
PA) assessed the baseline color photographs and fluorescein an-
giograms of enrolled patients for compliance with the eligibility
criteria. In addition, photographs were graded for features of
drusen, pigmentary disturbances, and atrophy according to a pro-
tocol based on a modification of the International Classification
and Grading System for Age-Related Maculopathy and Age-Re-
lated Macular Degeneration.7

The distributions of patient and ocular characteristics were well
balanced between the two treatment groups except for cigarette-
smoking history. More patients in the treated group (39 [66%] of
59) reported having smoked cigarettes than in the observed group
(33 [54%] of 61).

Laser Treatment

Three different laser treatment protocols eventually were used in
the FES. Most patients assigned to treatment (49 [83%] of 59)
were treated with the Laser 20 protocol. The Laser 20 protocol was
used in all clinical centers from the beginning of patient enrollment
through at least April 1996. The Laser 20 protocol specified that 20
laser burns, 100 �m in diameter, be placed in a pattern of 3 rows
between the 12- and 6-o’clock positions beyond the temporal
perimeter of the fovea. The innermost row of burns was to be
placed no closer than 750 �m from the foveal center, and 300 �m
was to be between each row. The duration of each burn was to be
0.1 second, with the goal of creating a light gray/white lesion. At
6 months after the initial treatment, a second laser treatment of 20
burns was required to be placed on the nasal side of the fovea in
a mirror-image pattern to the first treatment if there had been a
�50% reduction in the amount of macular drusen. In April 1996,
the CNVPT Research Group decided to evaluate alternative treat-
ment protocols because of a high percentage of patients requiring
additional treatment at 6 months. The Laser 24 protocol was
applied to 9 (15%) of 59 eyes assigned to treatment. This protocol
specified 2 concentric rings of 12 burns centered on the foveola,
with the innermost ring no closer than 750 �m from the foveal
center and with 200 �m between rings. The spot size, duration, and
intensity of the burns were to be the same as for the Laser 20
protocol. A third protocol, Laser 6, was used on only 1 (2%) of the
59 treated patients. The Laser 6 protocol specified 1 ring of 6 burns
at least 1000 �m from the center of the fovea. The spot size and
duration of the burns were to be the same as for the Laser 20;
however, the intensity was to be greater, similar to the intensity
used for panretinal photocoagulation. Additional treatment was
applied at 6 months to 22 eyes originally treated under the Laser 20
protocol before laser treatment was suspended in December 1996.
None of the eyes assigned to the other laser treatment protocols
had been retreated before that time.

Patient Follow-up

Visual acuity was measured and color stereo photographs were
taken at every follow-up visit. Contrast threshold was measured at
3 months and annually. The critical print size for reading was
measured annually. Fluorescein angiography was performed an-
nually and whenever necessary to evaluate symptoms or changes
in the fundus that were suggestive of CNV. Staff from the CNVPT
Reading Center graded photographs and angiograms for develop-
ment of CNV, serous detachment of the retinal pigment epithe-
lium, geographic atrophy, and drusen and pigmentation character-
istics. CNV was considered present only if leakage of dye could be
documented on fluorescein angiography. Eyes that had developed
exudative AMD at or before a given follow-up visit were excluded
from the grading of drusen and pigmentary features for that visit
and all future visits. Side-by-side comparisons of color photo-
graphs were used to determine the location and magnitude of
changes in drusen and pigmentary features between baseline and
follow-up visits. New areas of geographic atrophy were considered
present if a new area of geographic atrophy developed or if there
was an expansion of preexisting geographic atrophy.

Information on visual function and photographs from ophthal-
mologists not participating in CNVPT were accepted for patients
who were unable or unwilling to return to CNVPT clinical centers
for their follow-up examinations. Ten patients, 7 in the observed
group and 3 in the treated group, had information for a total of 23
visits reported in this way.
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Data Analysis

This report is based on information from data collection and
photograph grading forms received by October 22, 2001. Patients
were analyzed in the patient group to which they were originally
assigned. The Kaplan–Meier method was used to estimate the
cumulative proportion of patients with a 50% reduction in drusen
and the proportion of patients who developed CNV. Differences in
the Kaplan–Meier curves were evaluated with the log-rank statis-
tic. Adjustments for possibly confounding covariates were made
by using the discrete time version of the Cox proportional hazards
model. Distributions of measurements of visual function and
change in visual function from the initial visit were compared
between treatment groups with Wilcoxon’s ranked sum test. SAS
version 8.0 (SAS Institute, Inc., Cary, NC) was used for all
computations.

Results

The number of patients completing scheduled examinations is
given in Table 1. Seven patients (6%), three in the treated group
and four in the observed group, died during the 48-month fol-
low-up period. Missed-visit percentages for individual visits were
�5% through the first 12 months of follow-up and were 19% at 24
months. Fifty-one (89%) of 57 treated patients alive at 24 months
consented to additional follow-up, and 52 (90%) of 58 living
patients assigned to observation consented. The 12 patients who
did not consent to additional follow-up were considered as missing
all visits after 24 months. Missed-visit rates for follow-up visits
scheduled from 30 to 48 months ranged from 22% to 50% and
were approximately equal for each scheduled visit for the two
treatment groups. Thirty-three (59%) treated patients and 37 (65%)
observed patients had follow-up at 48 months. Comparison of the
characteristics of living patients who completed the 48-month visit
to those of patients who did not showed that those who completed
the visit in each treatment group tended to be younger (mean, 72
vs. 74 years; P � 0.08) and that those in the laser-treated group
were more likely to be current cigarette smokers (18% vs. 0%; P
� 0.05).

Reduction in Area of Drusen

The reduction in the area of drusen within 3000 �m of the foveal
center relative to baseline was graded for eyes that had not yet
developed CNV. The Kaplan–Meier estimates of the proportion of
eyes that ever had a documented 50% reduction in drusen area are

displayed in Figure 1. Within the 6 months after initial treatment,
the proportion increased sharply in treated eyes from 17% (9 of 52)
at 3 months to 43% at 6 months. Eyes assigned to laser treatment
that did not have a 50% reduction in drusen area at 6 months were
to have treatment on the nasal side of the fovea; however, 11
patients who had their 6-month visit after the DSMC recom-
mended suspending treatment had no additional treatment even
though they did not have a 50% reduction. The proportion of
treated eyes that had had a 50% reduction increased from 50% at
12 months to 69% at 48 months. Because the proportion of patients
with missed visits or CNV was high in the later months of
follow-up, the analysis was repeated to include only those patients
who completed the 48-month visit. The same pattern of a sharp
increase in the proportion of eyes with a 50% reduction within the
first 6 months, with a plateau at approximately 30 months, was
observed in this subset of eyes.

A 50% reduction in drusen area was rarely documented through
12 months in eyes assigned to observation; �5% of eyes had a
50% reduction in that time period. However, the proportion that
had ever had a 50% reduction increased steadily through 42
months to the level of 32%.

The percentages of eyes with less drusen area within 1500 �m
of the foveola and with greater drusen area relative to baseline
were also examined in each treatment group over time (Table 2).
At 3 months after initial treatment, 62% (32 of 52) of treated eyes
had at least some reduction in central drusen area, whereas only
9% (5 of 54) of eyes assigned to observation had less central
drusen. The percentage of treated eyes with some reduction in
central drusen area increased over time, reaching approximately
76% at 36 months. Over the period of follow-up, 6% to 19% of
treated eyes had a greater central drusen area than at baseline.
Conversely, a high percentage of observed eyes had a greater
central drusen area during follow-up; nearly 50% of eyes had a
greater area at 3 years.

Incidence of CNV

The incidence of CNV over time is displayed in Figure 2. The
incidence in the treated group was greater initially such that at 12
months, the incidence was approximately five times higher in
treated eyes than in observed eyes (23% vs. 5%). However, by 30
months, the cumulative incidence was nearly the same in treated
and observed eyes (33% vs. 32%). The incidence was similar
thereafter, with the cumulative incidence reaching 43% in the
treated group and 38% in the observed group at 48 months.

Table 1. Number of Patients Who Completed Follow-up at the
Specified Time

Time after
Randomization

(mos)

Laser Observed

Alive
(n)

Complete,
n (%)

Alive
(n)

Complete,
n (%)

0 59 59 (100.0) 61 61 (100.0)
3 57 55 (96.5) 61 59 (96.7)
6 57 55 (96.5) 61 59 (96.7)

12 57 57 (100.0) 61 58 (95.1)
18 57 49 (86.0) 60 47 (78.3)
24 57 46 (80.7) 58 47 (81.0)
30 57 37 (64.9) 58 45 (77.6)
36 57 35 (61.4) 58 38 (65.5)
42 56 28 (50.0) 57 33 (57.9)
48 56 33 (58.9) 57 37 (64.9)

Figure 1. Estimated cumulative proportion of eyes with a 50% reduction
in drusen area by treatment group.
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Characteristics of the lesion at the time of detection were
examined among the 40 eyes that developed CNV after baseline.
This analysis included the 12 eyes with CNV described in a
previous publication.2 The neovascular lesion, contiguous blood,
increased blocked fluorescence, or serous retinal pigment epithelial
detachment was subfoveal at the time of detection in 12 (55%) of
22 treated eyes and 8 (44%) of 18 observed eyes. Two (9%) of the
treated eyes and none (0%) of the observed eyes showed a pattern
of fluorescein leakage associated with purely classic CNV,
whereas 17 (77%) of the treated eyes and 12 (67%) of the observed
eyes showed a pattern of purely occult CNV. The remaining five
(14%) treated eyes and five (28%) observed eyes showed a pattern
of both classic and occult CNV. Among the eyes with additional
follow-up after detection of CNV, 4 of 28 eyes (2 eyes in each
treatment group) with purely occult CNV developed classic CNV.
Further examination of the eyes with follow-up after the detection
of CNV showed that although the angiographic appearance of
some occult lesions became less pronounced (less fluorescein
leakage over the same or smaller area), all eyes retained signs of
CNV in the form of dye leakage, fibrous tissue, or both.

Analyses presented in a previous report showed that eyes that
had received laser treatment with higher-intensity laser burns were
more likely to develop CNV than eyes that had received less-
intense burns.8 However, the trends were of borderline statistical
significance (P values between 0.05 and 0.10). An additional two
eyes with laser burn intensity ratings developed CNV after the
analyses for the previous article were completed. The integrated
burn rating (IBR), the summation over all pixels corresponding to
the laser burns of the difference in brightness between pretreat-
ment and posttreatment color photographs, and the maximum
difference in brightness (MAX) were used as indices of treatment
intensity. Without adjusting for any factors associated with the risk
of developing CNV, the risk ratio for an increase of 1 natural
logarithm of intensity was 1.56 (95% confidence interval, 0.94–

2.58; P � 0.09) for IBR and was 2.21 (95% confidence interval,
1.08–4.53; P � 0.03) for MAX. The association between treat-
ment intensity and risk of developing CNV changed little after
adjustment for the presence of focal hyperpigmentation and the
extent of very large (�125-�m) drusen. The adjusted risk ratios
were 1.90 (95% confidence interval, 1.09–3.33; P � 0.02) for IBR
and 2.07 (95% confidence interval, 1.00–4.28; P � 0.05) for
MAX.

Visual Function

The median visual acuity at baseline in each group was 20/25; all
eyes but one eye in the observed group of eyes had visual acuity
of �20/40. The distribution of visual acuity over time in each
treatment group showed an overall decline (Table 3). At each
annual visit through 48 months, there was a higher percentage of
treated eyes with visual acuity of �20/20 and, except at 12
months, a lower percentage of treated eyes with �20/200 than
observed eyes. However, none of the differences in visual acuity
were statistically significant. Review of the distribution of change
in visual acuity from baseline at each annual visit shows a higher
percentage of treated eyes with an increase of one or more lines
and a similar percentage of eyes with a loss of three or more lines
(Table 4). None of the differences in change in visual acuity were
statistically significant. At 48 months, approximately 30% of each
group had lost three or more lines of visual acuity.

The amount of contrast required to recognize letters on the
Pelli–Robson chart increased in each treatment group over time
from baseline (Table 5). The proportion of eyes that were consid-
ered worse because they required more contrast to read the letters
on the chart was similar in both treatment groups, increasing to
approximately 50% at 48 months. The distribution of change in
critical print size showed that eyes required larger print size over

Figure 3. Estimated cumulative proportion of eyes developing geographic
atrophy by treatment group.

Table 2. Area of Foveal Drusen Relative to Baseline by Treatment Group and Visit

Area

3 mos 12 mos 24 mos 36 mos 48 mos

Laser, n
(%)

Observed,
n (%)

Laser, n
(%)

Observed,
n (%)

Laser, n
(%)

Observed,
n (%)

Laser, n
(%)

Observed,
n (%)

Laser, n
(%)

Observed,
n (%)

Greater 3 (6) 11 (20) 5 (13) 30 (57) 4 (13) 16 (47) 4 (19) 10 (48) 1 (6) 10 (48)
Same 17 (33) 38 (70) 2 (5) 9 (17) 2 (7) 4 (12) 1 (5) 4 (19) 4 (22) 2 (10)
Less 32 (62) 5 (9) 33 (83) 14 (26) 25 (81) 14 (41) 16 (76) 7 (33) 13 (72) 9 (43)
n 52 54 40 53 31 34 21 21 18 21

Figure 2. Estimated cumulative proportion of eyes developing choroidal
neovascularization by treatment group.
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time and that the changes were similar in the two treatment groups
(Table 6).

Development of Geographic Atrophy

By 48 months, the estimated incidence of geographic atrophy was
22% among treated eyes and 21% among observed eyes (Fig 3; P
� 0.57). Although the overall percentages were very similar in the
two treatment groups, atrophy developed from treatment burns in
four of the eight treated eyes that developed geographic atrophy.
New geographic atrophy was within 1500 �m of the foveal center
in all cases and was 1 disc area or larger in 6 (40%; 2 in treated
eyes and 4 in observed eyes) of 15 eyes. Four of the six eyes with
more than a disc area of geographic atrophy lost either two or three
lines of visual acuity.

Discussion

Additional follow-up of the 120 patients enrolled in the FES
of the CNVPT showed that although some of the short-term
findings persisted, there were also some important new
findings. As in the initial report, there were no major dif-
ferences between treated and observed eyes with respect to
visual acuity, contrast threshold, or critical print size. Scores
on all three measures of visual function decreased over
follow-up time, but to a similar extent in each treatment
group (Tables 3–6). In contrast, the proportion of eyes that
developed CNV was initially much higher among treated
eyes, but with additional follow-up time, the cumulative

proportion in each treatment group reached approximately
33% at 30 months after treatment (Fig 2).

The effects of laser treatment on resolution of drusen
and, possibly, on formation of new drusen seem to be
long-standing. Even with the great majority of treated pa-
tients (83%) having initial treatment applied only temporal
to the fovea, 43% of patients had �50% of the drusen
throughout the macula resolved by 6 months (Fig 1). Most
eyes that ever had a 50% reduction in the area of drusen had
done so by 24 months after initial treatment. The time
course of such a substantial reduction in drusen in treated
eyes was very different from the course in eyes that were in
the observed group. There was a small but steady increase
in the proportion through the follow-up period, so that by 42
months, 32% of the eyes that had not developed CNV had
a 50% reduction in drusen. If only drusen in the central
macula within 1500 �m of the fovea were considered, then
the great majority of treated eyes had less central drusen at
all times in follow-up than at baseline. Previously, our
group reported that eyes with resolution of central drusen
were more likely to have a small improvement in visual
acuity than eyes without resolution of central drusen.3

Among observed eyes, there was a small proportion of eyes
with less central drusen at baseline, and approximately half
of the eyes had more central drusen than at �12 months. At
this point, we do not know whether the spontaneous reso-
lution of drusen in observed eyes is a sign of progression to
a more severe stage of AMD or a sign of improved status.

Laser treatment seemed to accelerate the development of

Table 3. Visual Acuity by Treatment Group and Visit

Visual Acuity
(20/x)

Baseline 12 mos 24 mos 36 mos 48 mos

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

12–20 25 (42) 28 (46) 28 (49) 18 (31) 22 (48) 12 (26) 15 (43) 14 (37) 12 (36) 8 (22)
25–40 34 (58) 32 (52) 24 (42) 38 (66) 16 (35) 26 (55) 12 (34) 14 (37) 11 (33) 16 (44)
50–160 0 (0) 1 (2) 3 (5) 2 (3) 6 (13) 6 (13) 5 (14) 4 (11) 7 (21) 7 (19)
�200 0 (0) 0 (0) 2 (4) 0 (0) 2 (4) 3 (6) 3 (9) 6 (16) 3 (9) 5 (14)
n 59 61 57 58 46 47 35 38 33 36
P* 0.81 0.27 0.15 0.84 0.55

*From Wilcoxon’s two-sample test.

Table 4. Change in Visual Acuity by Treatment Group and Visit

Change in
Visual
Acuity
(Lines)

12 mos 24 mos 36 mos 48 mos

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

�1 increase 17 (30) 12 (21) 10 (22) 6 (13) 7 (20) 7 (18) 6 (18) 4 (11)
�1 change 17 (30) 18 (31) 15 (33) 16 (34) 11 (31) 12 (32) 7 (21) 7 (19)
1, 2 decrease 19 (33) 25 (43) 14 (30) 16 (34) 9 (26) 9 (24) 10 (30) 13 (36)
3–5 decrease 2 (4) 3 (5) 4 (9) 4 (9) 2 (6) 2 (5) 5 (15) 7 (19)
�6 decrease 2 (4) 0 (0) 3 (7) 5 (11) 6 (17) 8 (21) 5 (15) 5 (14)
n 57 58 46 47 35 38 33 36
P* 0.45 0.39 0.71 0.55

*From Wilcoxon’s two-sample test.
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clinically detectable CNV; however, the cumulative risk
was similar in treated and untreated eyes by �30 months.
The estimated 4-year incidence rate of approximately 40%
is in keeping with estimates of incidence from other case
series of patients with multiple large drusen and areas of
focal hyperpigmentation.9,10 Approximately two thirds of
the observed eyes that developed CNV had an angiographic
pattern of only occult CNV. Lesions with an angiographic
pattern of only classic CNV were found in just 9% of
observed eyes and no treated eyes. Additional follow-up
time and the development of CNV in a few more patients
beyond the cutoff date for our previous article on laser burn
intensity and risk of CNV strengthened the reported asso-
ciation between higher intensity and increased risk.8 These
findings, together with reports of a higher incidence of CNV
with visible burns applied with a diode laser than with
subthreshold burns applied with the same instrument, pro-
vide evidence that the gray/white lesions specified in the
CNVPT treatment protocol may have been too intense to
effectively reduce the risk of loss of vision in fellow eyes.11

However, the intensity of laser treatment used in the
CNVPT did not seem to increase the risk for development
of geographic atrophy.

The estimates presented in this report for outcomes at 3
and 4 years of follow-up must be viewed with caution. A
high proportion of enrolled patients did not complete clinic
visits beyond 24 months. Although the percentage of such
patients was similar in both treatment groups, those patients
returning for their visits may not be representative of the
entire set of enrolled patients. Returning patients in both

treatment groups were somewhat younger than those who
did not return; therefore, rates of CNV and vision loss may
be underestimated. In addition, returning patients in the
treated group were more likely to be current cigarette smok-
ers; therefore, the rates for laser-treated patients may be
overestimated. More than one factor may have been respon-
sible for the difficulty in obtaining long-term follow-up. The
CNVPT was designed as a pilot study to assess short-term
safety and efficacy. At enrollment, patients made a commit-
ment to 2 years of follow-up. The unexpected finding of a
higher incidence of CNV among treated eyes in the FES led
the investigators to try to obtain longer follow-up. Request-
ing that patients extend the period of their commitment and
limited funding of clinical center staff to pursue patients
who had moved, become ill, or developed other constraints
on their ability to return for examinations may have con-
tributed to the relatively low proportion of patients who
completed the examinations at 3 and 4 years after enroll-
ment.

These updated findings from the FES of the CNVPT
demonstrate that the initial imbalance of CNV in laser-
treated eyes was temporary and that a high percentage of
both observed and laser-treated eyes will eventually develop
CNV over 4 years. Even in light of the Age-Related Eye
Disease Study findings that support micronutrient supple-
mentation for patients with high-risk early AMD in one eye
and advanced AMD in the other eye, the need for incre-
mental prophylaxis remains great. It is interesting that at no
time during the study were there significant differences in
visual function between observed and laser-treated eyes

Table 5. Contrast Threshold Change by Treatment Group and Visit

Change in
Log

Contrast
Threshold

12 mos 24 mos 36 mos 48 mos

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

0.15 better 2 (4) 5 (9) 2 (5) 2 (5) 3 (10) 1 (3) 2 (7) 2 (7)
No change 37 (69) 43 (75) 24 (56) 24 (55) 14 (45) 18 (55) 13 (46) 13 (43)
0.15 worse 11 (20) 8 (14) 11 (26) 11 (25) 7 (23) 9 (27) 5 (18) 10 (33)
0.30 worse 4 (7) 1 (2) 6 (14) 7 (16) 7 (23) 5 (15) 8 (29) 5 (17)
n 54 57 43 44 31 33 28 30
P* 0.36 0.82 0.99 0.76

*From Wilcoxon’s two-sample test.

Table 6. Change in Print Size by Treatment Group and Visit

Change in Print
Size

12 mos 24 mos 36 mos 48 mos

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

Laser,
n (%)

Observed,
n (%)

3 sizes smaller 4 (8) 4 (8) 5 (12) 5 (13) 0 (0) 2 (7) 2 (7) 3 (11)
1–2 sizes smaller 12 (24) 13 (25) 10 (23) 9 (23) 4 (14) 8 (27) 4 (14) 5 (18)
No change 10 (20) 17 (33) 8 (19) 5 (13) 8 (28) 6 (20) 7 (25) 5 (18)
1–2 sizes larger 18 (35) 16 (31) 12 (28) 10 (26) 8 (28) 6 (20) 6 (21) 9 (32)
3 sizes larger 7 (14) 2 (4) 8 (19) 10 (26) 9 (31) 8 (27) 9 (32) 6 (21)
n 51 52 43 39 29 30 28 28
P* 0.11 0.11 0.26 0.69

*From Wilcoxon’s two-sample test.
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despite different rates of development of CNV; explanations
are speculative but could include a more benign natural
course of laser-associated CNV, modest improved visual
function in eyes with central drusen reduction, and, perhaps,
bias introduced by lower rates of follow-up in years 3 and 4.
Clearly, however, the laser treatment intensity information
from this study, in combination with the diode laser treat-
ment study observations, supports lower-intensity laser
treatment goals for any future studies that use laser burns to
this group of eyes. It is important that future preventive
studies continue for this group of patients at greatest risk for
central severe loss of vision because of advanced AMD.

Appendix: Members of the CNVPT
Research Group

Emory University, Atlanta, Georgia: Paul Sternberg, MD;
Thomas M. Aaberg, MD; Daniel Martin, MD; David Saper-
stein, MD; Maureen Hyatt, COT; James Gilman; Ray
Swords; and Gabriela Nemes. Retina Associates of Cleve-
land, Beachwood, Ohio: Lawrence J. Singerman, MD;
Thomas A. Rice, MD; Hernando Zegarra, MD; Michael A.
Novak, MD; Scott Pendergast, MD; Z. Nicholas Zakov,
MD; John Niffenegger, MD; Michelle Bartel; Susan Lich-
terman, RN; Donna Knight; Kim Tilocco-DuBois; Mary
Ilk; Geraldine Daley; Gregg Greanoff; John DuBois; and
Diane Weiss. Northwestern University, Chicago, Illinois:
Alice Lyon, MD; Lee Jampol, MD; David Weinberg, MD;
Beth Chiapetta, RN; Zuzanna Strugala; and Len Richine.
Texas Retina Associates, Dallas, Texas: Gary Edd Fish,
MD; David Callanan, MD; Bradley Jost, MD; Rajiv Anand,
MD; William B. Snyder, MD; Dwain Fuller, MD; Theresa
Anderson; Sally Arceneaux; Hank Aguado; Cynthia Nork;
Bob Boleman; Penny Avery; Sue Solomon; and John King.
The Retina Center, Harvey, Illinois: David Orth, MD; Kirk
Packo, MD; Jack Cohen, MD; Serge DeBustros, MD;
Celeste Figliulo; Chris Morrison; Katherine Lluen-Johnson;
Douglas Bryant; and Don Doherty. University of Iowa
Hospital, Iowa City, Iowa: James Folk, MD; H. Culver
Boldt, MD; Karen Gehrs, MD; Stephen Russell, MD; Con-
nie Fountain; Marcia Griffin; Ed Heffron; Carolyn Vogel;
Bill Ward; and Ray Northway. Eye Foundation of Kansas
City, University of Missouri Kansas City School of Medi-
cine, Kansas City, Missouri: Felix Sabates, MD; Ron Schu-
chard, PhD; Nelson Sabates, MD; Abraham Poulose, MD;
Vicki Crosser; Camille Matta; Mickie Keeling; Hong Lei;
and Gary Gallimore. Retina & Vitreous Associates of Ken-
tucky, Lexington: Eric R. Holz, MD; William Wood, MD;
Rick Isernhagen, MD; Jenny Wolfe, RN; Lisa Hawkins,
RN; Yvonne Taul, RN; Mary Oldroyd; Leslie Cornett,
COT; Jeanne Van Arsdall; Edward Slade; and Melanie
Harris. University of Wisconsin-Madison, Madison: Suresh
Chandra, MD; Thomas Stevens, MD; Frank Meyers, MD;
Timothy Olsen, MD; Barbara Blodi, MD; Justin Gottlieb,
MD; Wendy Walker; Jennie Perry; Gene Knutson; Robert
Harrison; Michael Neider; and Hugh Wabers. California
Vitreo-Retinal Associates, Menlo Park, California: Hunter
Little, MD; Mark Blumenkranz, MD; Robert Jack, MD; H.
Cristin Zweng, MD; Joanne Showman; Teresa Hahn; Lora

Jimenez; Patti Mattio; and Oscar Cabrera. Gitter, Cohen &
Ross, New Orleans, Louisiana: Kurt Gitter, MD; Gerald
Cohen, MD; Robert Ross, MD; Kelly Newell; and Karen
Schomaker. Scheie Eye Institute, University of Pennsylva-
nia, Philadelphia: Stuart L. Fine, MD; Alexander Brucker,
MD; Allen C. Ho, MD; Albert Maguire, MD; Juan Grun-
wald, MD; Joan DuPont; Julie Kirschner; Evelina Sterling;
Gretchen Goller; Michele Sheehan; Bill Nyberg; Laurel
Weeney; Jill Reynolds; and Deborah Elkins. Casey Eye
Institute, Portland, Oregon: Michael Klein, MD; David Wil-
son, MD; Susan Nolte; Mark Evans; and Patrick Wallace.
Associated Retinal Consultants, PC, Royal Oak, Michigan:
Raymond R. Margherio, MD (deceased); Michael T. Trese,
MD; Tarek S. Hassan, MD; Alan Margherio, MD; Antonio
Capone, MD; Kristi Cumming; Beth Mitchell; Patricia
Streasick; Craig Bridges; Gary Huston; Lynette Szyd-
lowski; and Tony Medina. Schatz, McDonald, Johnson, &
Ai, San Francisco, California: H. Richard McDonald,
MD; Howard Schatz, MD; Robert Johnson, MD; Everett
Ai, MD; Pat Wood, LVN; Marian Di Angelo; Margaret
Stolarczuk, OD; Irina Rosenfeld; Scott Wild; and John
Uy. Coordinating Center (Scheie Eye Institute, Univer-
sity of Pennsylvania, Philadelphia): Maureen G. Magu-
ire, PhD; Gui-shuang Ying, MS; Mary Brightwell-Ar-
nold; Nitai Nefertiti Stanford; Viola Dallas; and Claressa
Wheary. Chairman’s Office (Scheie Eye Institute, Uni-
versity of Pennsylvania, Philadelphia): Stuart L. Fine,
MD; Ali Reich; Emily Fatula; and Marilyn Katz. Fundus
Photograph Reading Center (Scheie Eye Institute, Uni-
versity of Pennsylvania, Philadelphia): Allen C. Ho, MD;
Noreen B. Javornik, MS; Judy Alexander; Steve Begley;
Keith S. Elsner; Kathleen C. McWilliams; and E. Revell
Whittock. Data and Safety Monitoring Committee: Vot-
ing Members—Daniel Finkelstein, MD; Barbara S.
Hawkins, PhD; Nonvoting Members—Stuart L. Fine,
MD; and Maureen G. Maguire, PhD. Writing Committee:
Maureen G. Maguire, Ph.D; Gui-shuang Ying, MS; Nor-
een B. Javornik, MS, Allen C. Ho, MD; Stuart L. Fine,
MD.
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