
The Advanced Glaucoma Intervention Study, 8:
Risk of Cataract Formation After Trabeculectomy
The AGIS Investigators

Objectives: To compare the risk of cataract formation
in eyes with and without prior trabeculectomy and to as-
sess other risk factors for cataract.

Methods: The Advanced Glaucoma Intervention Study
(AGIS) has been following 789 eyes in 591 patients with
medically uncontrolled open-angle glaucoma. From 1988
to 1992, these eyes were randomly assigned to either an
argon laser trabeculoplasty (ALT)-trabeculectomy-
trabeculectomy treatment sequence or a trabeculec-
tomy-ALT-trabeculectomy sequence. Cox regression analy-
ses were used to assess risk factors for cataract formation
during 7 to 11 years of follow-up.

Main Outcome Measures: Cataract, defined as ei-
ther having had cataract surgery or confirmed severe lens
opacity with a best-corrected Early Treatment Diabetic
Retinopathy Study visual acuity score less than 65 let-
ters (worse than 20/50).

Results: Data are presented on the expected 5-year cu-
mulative probability of cataract formation in each ran-
domized sequence by age and presence of diabetes at study
entry. Overall, approximately half of the eyes studied de-

veloped cataract. A first trabeculectomy, whether as the
first or second AGIS intervention, increased the overall
risk of cataract by 78% (risk ratio [RR]=1.78; P�.001).
Diabetes (RR=1.47; P= .004) and age at study entry
(RR=1.07 per year of age; P�.001) were also risk fac-
tors for cataract. When postoperative complications of
trabeculectomy were included in the analysis, the in-
creased risk of cataract for eyes with a first trabeculec-
tomy reduced to 47% when complications did not oc-
cur (RR=1.47; P=.003) and increased to 104% when
complications did occur (RR=2.04; P�.001). Several spe-
cific postoperative complications of trabeculectomy were
associated with increased risk of cataract, particularly
marked inflammation (RR=3.29; P�.001) and flat an-
terior chamber (RR=1.80; P=.004). Trabeculectomy with
complications was also significantly associated with an
increased risk of cataract in each of 3 lens regions: nuclear,
cortical, and posterior subcapsular.

Conclusions: In eyes of AGIS patients, after adjust-
ment for age and diabetes, trabeculectomy increased the
risk of cataract formation by 78%.
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I T HAS OFTEN BEEN reported and is
widely accepted that cataract
formation is a complication of
full-thickness glaucoma filtering
procedures1,2 and trabeculec-

tomy,2-8 but the amount by which cataract
risk is increased by these procedures has
not been clearly assessed. The present ar-
ticle uses data from the ongoing Ad-
vanced Glaucoma Intervention Study
(AGIS) to address this question for trab-
eculectomy by comparing the risk of cata-
ract formation in eyes with and without
prior trabeculectomy. We also assess other
risk factors for cataract formation, includ-
ing several complications of trabeculec-
tomy. Additionally, risk factors for the for-
mation of cataracts in 3 lens regions,
nuclear, cortical, and posterior subcapsu-
lar, are evaluated.

RESULTS

More than half of the 746 eyes (54.3%,
Table 2) in the present study developed

cataract during follow-up, with the per-
centage being larger for eyes with (57.4%)
than without (48.9%) a prior trabeculec-
tomy. Type 1 cataracts accounted for 72.6%
of all cataracts.

As an initial analysis, the cumula-
tive probability of cataract occurrence was
estimated in each intervention sequence,
unadjusted for covariates. Figure2 shows
that throughout the first 7 years of follow-
up, the cumulative probability of cata-
ract was higher for eyes in the TAT se-
quence than in the ATT sequence; in the
TAT sequence, nearly all eyes (99.5%; 363/
365) had a trabeculectomy on enroll-
ment; whereas in the ATT sequence, only
35% of eyes (132/381) had a trabeculec-
tomy by the time of database closure. At
7 years, the cumulative probability of cata-
ract is 0.56 for eyes in the TAT sequence
and 0.47 for eyes in the ATT sequence. A
corresponding Cox regression analysis
with intervention sequence as the only co-
variate indicates that eyes in the TAT se-
quence have a 34% increased cataract risk
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over eyes in the ATT sequence at any given time during
the entire follow-up period (RR=1.34; P�.001).

As Table 3 presents, the expected 5-year cumula-
tive probability of cataract in eyes of patients aged 55 to
75 years at study entry ranges from 0.16 to 0.83,
depending on intervention sequence, age at study entry,
and presence of diabetes. The probabilities were calcu-
lated from intervention sequence–specific Cox regres-
sion models for risk of cataract that included 2
covariates—age at study entry and diabetes (shown in
analysis 1 to be significant risk factors for cataract). In

each age-diabetes category, the probabilities of cataract
were higher in the TAT sequence than the ATT
sequence, and in both sequences, the probabilities
increase with age at study entry and the presence of dia-
betes. The lowest risk occurs in the youngest patients,
who did not have diabetes and were assigned to the
ATT treatment sequence.

The multivariate risk-factor analyses (analysis 1,
analysis 2, region-specific analyses) indicate that sev-
eral patient characteristics were associated with the risk
of cataract occurrence. In Table 4, the relative frequen-

PATIENTS AND METHODS

THE ADVANCED GLAUCOMA
INTERVENTION STUDY

The design and methods of AGIS, detailed elsewhere,9-11

are summarized in this section. Appropriate institutional
review boards approved the AGIS protocol, and all pa-
tients provided informed consent to enroll in AGIS.

ELIGIBILITY

To be eligible for AGIS, patients had to be 35 to 80 years old,
and eligible eyes had to be phakic and have either primary
advanced open-angle glaucoma or open-angle glaucoma 4
weeks or more after laser iridotomy. We consider glau-
coma in an eye to be advanced when, in the presence of at
least some glaucomatous visual field loss, the disease can-
not be adequately controlled by medications alone. Eligible
eyes had to be receiving maximum medical therapy and meet
1 of 9 specified combinations of criteria for consistently el-
evated intraocular pressure (IOP), visual field defect due to
glaucoma, and optic disc rim deterioration. The minimum
required best-corrected visual acuity score for eligibility was
56 letters on the back-lit Early Treatment Diabetic Retinopa-
thy Study12 chart (approximate Snellen equivalent of 20/80).
The current report excludes eyes that had a confirmed se-
vere lens opacity (SLO) and visual acuity less than 65 let-
ters (worse than 20/50) at baseline.

ENROLLMENT, RANDOMIZATION,
AND FOLLOW-UP

From April 1988 through November 1992, investigators
at 11 AGIS clinical centers enrolled 789 eyes of 591 pa-
tients. Each eye was randomly assigned to be managed with
a sequence of either argon laser trabeculoplasty (ALT)-
trabeculectomy-trabeculectomy (ATT) or trabeculectomy-
ALT-trabeculectomy (TAT). When both of a patient’s eyes
were eligible, 1 eye was randomly assigned to 1 of the 2
sequences, and the fellow eye was assigned to the other se-
quence. The first surgical intervention was performed soon
after enrollment. The second and third interventions were
offered only after failure of the preceding intervention. Fail-
ure occurs when an eye receiving maximum medical therapy
again meets the study’s eligibility criteria for elevated IOP,
visual field defect, and optic disc rim deterioration. Argon
laser trabeculoplasties were performed with a total of 90
to 110 burns in two 180° sessions at 1 to 6 weeks apart.

Trabeculectomies were performed in accordance with
Spaeth’s description13; adjunctive antifibrotic use in AGIS
has adhered to community standards in practice at the time
of surgical interventions. Routine use in AGIS began in 1993
after all trabeculectomies as first interventions had been com-
pleted. For eyes at risk of cataract after trabeculectomy, an-
tifibrotics were used in 2 (0.5%) of the 364 eyes that had
an initial trabeculectomy, in 17 (16%) of the 108 eyes that
had a trabeculectomy that followed a failed argon laser tra-
beculoplasty, and in 25 (96%) of the 26 eyes that had a sec-
ond trabeculectomy.

Follow-up visits were scheduled 3 and 6 months af-
ter enrollment, and every 6 months thereafter. Although
patients may be seen between study visits, these examina-
tions need not be conducted according to AGIS protocol,
and the data were not routinely collected by the study.
Lenses were examined biomicroscopically after pupil di-
lation at baseline, at the first 6-month visit, and during all
annual visits. These examinations are hereafter referred to
as “AGIS-dilated lens examinations.” Data on the pres-
ence or absence of each of 11 complications of first trab-
eculectomy were collected at postoperative visits.

CATARACT

Lens opacities found during AGIS-dilated lens examina-
tions in 4 lens regions (nucleus, anterior cortex, posterior
cortex, and posterior subcapsular) were classified as fol-
lows: nuclear opacities as (1) none, (2) mild, or (3) worse
than mild; and anterior cortical, posterior cortical, and pos-
terior subcapsular opacities as (1) no opacity, (2) opacity
with center not involved, or (3) opacity with center in-
volved. In this article, the anterior and posterior cortical
regions are combined into a single region.

We define the following 5 terms essentially as they were
defined in AGIS Report 614:

1. Severe lens opacity (SLO) is the presence of one or more
of the following: “worse than mild” nuclear opacity, cor-
tical opacity with center involved, or posterior subcap-
sular opacity with center involved.

2. Type 1 cataract is an SLO in an eye for which the concur-
rent best-corrected visual acuity score is less than 65 let-
ters on the back-lit ETDRS chart (Snellen equivalent, worse
than 20/50), with the finding of SLO confirmed either by
an SLO at the next AGIS-dilated lens examination or by
cataract surgery before that visit. By definition, all eyes with
Type 1 cataract had SLO in at least 1 lens region. Because
the AGIS eligibility criteria for visual acuity only require
an acuity of 56 letters (20/80) at entry, 20 eyes met the
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cies of these risk factors at baseline are presented accord-
ing to whether or not the eye had a trabeculectomy prior
to cataract occurrence. Of eyes without and with prior
trabeculectomy, the percentages of patients with diabe-
tes at study entry were 23.7% and 17.2%, respectively,
and the percentages of patients at least 70 years old at
study entry were 44.2% and 33.3%, respectively.

The analyses in Table5 evaluate risk factors for cata-
ract. Analysis 1 indicates that the risk of cataract in-
creases by 7% for a 1-year increase in age at study entry
(RR=1.07; P�.001) and by 47% for eyes of patients with

diabetes at study entry (RR=1.47; P=.004). Having a first
trabeculectomy increases the overall risk of cataract by 78%
(RR=1.78; P�.001).

Analysis 2 expands analysis 1 by subdividing the oc-
currence of first trabeculectomy according to whether or
not complications of trabeculectomy occurred. Compared
with risk in eyes that have not had a trabeculectomy, the
risk of cataract was 47% greater if the trabeculectomy was
without complications (RR=1.47; P=.003) and approxi-
mately doubles if there were complications (RR=2.04,
P�.001). As in analysis 1, older age at study entry and dia-

criteria for Type 1 cataract at study entry. Data on
these eyes are excluded from this article.

3. Type 2 cataract is cataract surgery without the lens
having fulfilled the criteria for Type 1 cataract at
the most recent AGIS-dilated lens examination be-
fore cataract surgery.

4. The time of occurrence of a Type 1 cataract is the date
of the visit at which the eye is first observed to have
SLO plus a visual acuity less than 65 (ie, not the
date of confirmation).

5. The time of occurrence of a Type 2 cataract is the date
of cataract surgery.

Some, perhaps many, of the Type 2 cataracts in the pres-
ent study might have been classified as Type 1 had the
AGIS protocol required routine dilated lens examinations
to be performed and the data to be collected at each study
visit.

The AGIS protocol does not require that the lens
opacity be of any specified density before cataract surgery
is performed; it requires only that the vision defect, with a
visual acuity score less than 65 letters within 2 months
before cataract surgery, be ascribed to cataract and
adversely affect the patient’s lifestyle. For 39 (35%) of 111
eyes with Type 2 cataract, the AGIS Operations Commit-
tee granted protocol exceptions to the visual acuity
requirement. Generally, the exceptions were made in rec-
ognition of an adverse effect of the cataract on the
patient’s lifestyle and the reduced glare of AGIS visual
acuity test conditions.

ANALYSIS DATA SET

The database for the present analysis was closed on De-
cember 31, 1999, by which time approximately 7 to 11 years
had elapsed since enrollment. Of the 789 eyes enrolled, 43
were excluded from this report, leaving 746 eyes for analy-
sis, including 314 eyes from 243 white patients, 421 eyes
from 317 black patients, and 11 eyes from 8 patients of other
races. Of the excluded eyes, 20 had already met the pres-
ent investigation’s criteria for Type 1 cataract at time of en-
rollment, 8 never had an AGIS glaucoma intervention, 8
were lost to follow-up prior to the first 6-month visit, and
7 had missing data on complications of the first trabecu-
lectomy.

METHODS OF THE PRESENT INVESTIGATION

Patient and eye characteristics considered as covariates in
the 3 risk-factor analyses, analysis 1, analysis 2, and lens

region–specific analyses, are presented in Table 1. Analy-
sis 2 differs from analysis 1 in that it includes information
about whether or not any complications of trabeculec-
tomy occurred. The lens region–specific analyses differ from
analysis 2 in that their investigation of risk factors (for Type
1 cataracts only) is according to the location of the lens re-
gions of the SLO.

Cox regression models15 were used to explore the asso-
ciation between the hazard (risk) of developing cataract and
the covariates in Table 1. When it was necessary to account
for correlation between eyes in patients with both eyes en-
rolled, results of the Cox regression models were adjusted
using the method of Wei et al16; the hazard ratio estimates
are presented as risk ratios (RRs). For binary characteristics
such as diabetes, the RR expresses the ratio of the risk of cata-
ract occurrence in eyes or patients with the characteristic to
the risk of cataract in eyes or patients without the character-
istic. For the quantitative variable age, the RR expresses the
increase in risk per year of age. In the risk-factor analyses,
the final risk factors were selected from those in Table 1 by
backward elimination, retaining variables with a P value less
than or equal to .05 at the final step. In the lens region–
specific analyses, if a covariate was retained in any specific
region, it was included in the final analysis for each lens
region.

Because multiple statistical tests have been conducted
on the data in this article and on AGIS data in previous ar-
ticles, we consider a P value less than .01, rather than the more
conventional .05, to be statistically significant.

None of the eyes in this investigation met the criteria
for Type 1 cataract at study enrollment, namely con-
firmed SLO with a visual acuity less than 65 letters, and all
remained at risk of cataract either until cataract occurred
or until the eye’s last AGIS-dilated lens examination. Eyes
were classified into 3 risk categories according to whether
they received a trabeculectomy before cataract occurred,
and if so, whether the trabeculectomy was the eye’s first
or second surgical intervention (Figure 1).

Because eyes whose initial intervention was ALT were
moved from category 1 to category 3 when a first trabecu-
lectomy was performed, “occurrence of first trabeculec-
tomy” was a time-dependent variable in analysis 1 of risk fac-
tors. Similarly, “occurrence of first trabeculectomy with
complications” and “occurrence of first trabeculectomy with-
out complications” were time-dependent variables in analy-
sis 2 of risk factors and in the lens region–specific analyses).
Furthermore, age at first trabeculectomy was time-
dependent in each of these analyses. Information on diabe-
tes or systemic hypertension was collected at the baseline visit
only; therefore, these variables were not time-dependent.
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betes increased theriskofcataract inanalysis2(RRperyear
of age=1.07, P�.001; RR for diabetes=1.47, P�.005).

To investigate the association between each of 11
reported complications of first trabeculectomy and risk
of cataract (Table 6), we analyzed the data from the
472 of 746 eyes that had at least one trabeculectomy
followed by either cataract or an AGIS-dilated lens
examination. Time at risk in this analysis began at the
date of first trabeculectomy; therefore, the occurrence
of each complication was a baseline (not a time-
dependent) covariate. The multiple regression analysis
presented in Table 6 evaluates the risk associated with a
specific complication after adjusting for age at study
entry, diabetes at study entry, and the other listed com-
plications.

Peripheral anterior synechiae, shallow anterior cham-
ber, encapsulated bleb, anterior chamber bleeding, and
flat anterior chamber were the 5 most frequent compli-
cations of first trabeculectomy (Table 6). Table 6 lists the

complications in order of decreasing significance. The 2
complications that had a statistically significant relation-
ship with increased cataract risk were marked inflam-
mation (RR=3.29; P�.001) and flat anterior chamber
(RR=1.80; P=.004).

In multiple regression analyses (not shown in the
tables) of other possible risk factors for cataract in the
above 472 eyes, a previous ALT was not a significant risk
factor (RR=1.11; P=.44 adjusting for age and diabetes).
However, after adjusting for age at study entry, diabe-
tes, and complications of first trabeculectomy, an eye with
a second trabeculectomy has nearly 3 times the risk of
cataract compared with an eye with only 1 trabeculec-
tomy (RR=2.91; P�.001).

ALT
Category 1 (n = 274)

Category 3 (n = 108)

or

Cataract
or 

Last DE

Cataract
or 

Last DE

Trabeculectomy

Trabeculectomy

Category 2 (n = 364)

Time Since First Intervention

Cataract
or 

Last DE

Figure 1. Time lines for cataract risk categories 1, 2, and 3. “Cataract,”
indicates cataract occurrence; DE, dilated lens examination; and ALT, argon
laser trabeculoplasty.
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Figure 2. Cumulative probability of cataract occurrence, by randomized
intervention sequence. In the trabeculectomy (Trab) –argon laser
trabeculoplasty (ALT) –trabeculectomy sequence, nearly all eyes (99.5%;
363/365) had a trabeculectomy on enrollment; whereas in the ALT
–trabeculectomy–trabeculectomy sequence, only 31% of eyes (119/381)
had a trabeculectomy during the first 7 years after enrollment, and only 35%
of eyes (132/381) had a trabeculectomy by the time of database closure.

Table 1. Covariates Considered in Risk Factors
Regression Analyses

Core baseline covariates*†
Race (black, nonblack)‡
Educational achievement (some college or more, high school

graduation or less)
Age at study entry
Sex
Hypertension at study entry§
Diabetes at study entry§
Iris color (brown, nonbrown)
Prescribed systemic beta-blockers at study entry
Prescribed topical beta-blockers at study entry
Prescribed topical miotics at study entry

Time-dependent covariates
Occurrence of first trabeculectomy*
Occurrence of first trabeculectomy without complications†
Occurrence of first trabeculectomy with complications†
Age at first trabeculectomy*†

*Analysis 1 (see Table 5).
†Analysis 2 (see Table 5) and lens region–specific analyses (see Table 8).
‡Nonblack includes white, Hispanic, and other.
§Some patients may have developed diabetes or systemic hypertension

during the study; this information has not been systematically collected and
is not included.

Table 2. Eyes Developing Cataract, by Type of Cataract
and Prior Trabeculectomy Status

No. (%)

Total
No Prior

Trabeculectomy
Prior

Trabeculectomy

No. of eyes 746 (100.0) 274 (100.0) 472 (100.0)
Eyes not developing

cataract
341 (45.7) 140 (51.1) 201 (42.6)

Eyes developing cataract 405 (54.3) 134 (48.9) 271 (57.4)
Eyes developing cataract 405 (100.0) 134 (100.0) 271 (100.0)

Type 1 cataract 294 (72.6) 96 (71.6) 198 (73.1)
Type 2 cataract 111 (27.4) 38 (28.4) 73 (26.9)
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Table 7 presents the regional distribution of SLO
observed at the time of Type 1 cataract occurrence. Be-
cause the location of opacities is not reported for Type 2
cataracts, this analysis is limited to Type 1 cataracts. Nearly
half the eyes with Type 1 cataract had SLO in more than
one region (Table 7). The percentage of Type 1 cataracts
with severe nuclear, cortical, or posterior subcapsular lens
opacities was 80.3%, 45.6%, and 28.9%, respectively. Eyes
with and without prior trabeculectomy had similar pro-
portions of cataracts with SLO in the nuclear region (80%)
and similar proportions in the cortical region (about 46%);
eyes with prior trabeculectomy were more likely to have a
cataract with an SLO in the posterior subcapsular region
(32.8%) than those without prior trabeculectomy (20.8%).

In Table8, we present the covariates associated with
cataract risk in any lens region and in each specific lens

region at the time of Type 1 cataract occurrence. If a co-
variate was associated with cataract in any of the lens re-
gion–specific analyses, it was kept in the analysis for each
region to facilitate comparisons across lens regions. In the
analysis of Type 1 cataract in specific lens regions, eyes that
had a trabeculectomy with complications were at in-
creased risk of cataract compared with eyes with ALT only

Table 5. Results of Regression Analyses
of Risk of Cataract Related to Trabeculectomy
and Patient Characteristics at Study Entry

Analyses and Risk Factors
Risk
Ratio

95% Confidence
Limits

P
ValueLower Upper

Analysis 1
Occurrence of first

trabeculectomy*
1.78 1.46 2.16 �.001

Age at study entry 1.07† 1.05 1.08 �.001
Diabetes at study entry 1.47 1.13 1.92 .004

Analysis 2‡
Occurrence of first

trabeculectomy
without complications*

1.47 1.14 1.89 .003

Occurrence of first
trabeculectomy
with complications*

2.04 1.65 2.52 �.001

Age at study entry 1.07 1.05 1.08 �.001
Diabetes at study entry 1.47 1.12 1.92 .005

*Time-dependent covariate.
†Risk ratio per year of age at study entry.
‡Analysis 2 differs from Analysis 1 by including information about

complications of trabeculectomy. The covariate “occurrence of first
trabeculectomy” is subdivided into 2 parts depending on whether or not
there were complications.

Table 3. Expected 5-Year Cumulative Probability of Cataract,
by Intervention Sequence, Diabetes, and Age

Cox Regression Analyses*

5-Year
Expected

Probability
of Cataract

95% Confidence
Limits

Lower Upper

Analysis for eyes in TAT sequence†
Diabetes

Age, y
55‡ 0.38 0.26 0.49
60 0.49 0.36 0.59
65 0.60 0.47 0.71
70 0.72 0.58 0.82
75 0.83 0.68 0.91

No diabetes
Age, y

55‡ 0.25 0.19 0.31
60 0.33 0.27 0.38
65 0.42 0.36 0.48
70 0.53 0.47 0.59
75 0.65 0.57 0.72

Analysis for eyes in ATT sequence§
Diabetes

Age, y
55 0.20 0.13 0.27
60 0.27 0.19 0.35
65 0.36 0.26 0.45
70 0.47 0.35 0.56
75 0.59 0.45 0.70

No diabetes
Age, y

55 0.16 0.11 0.21
60 0.22 0.17 0.27
65 0.29 0.24 0.34
70 0.39 0.32 0.44
75 0.50 0.41 0.57

*The covariates in each intervention sequence−specific Cox regression
analysis are diabetes and age at study entry. TAT indicates trabeculectomy–
argon laser trabeculoplasty (ALT)–trabeculectomy; ATT, ALT-trabeculectomy-
trabeculectomy.

†Diabetes (risk ratio for cataract [RR] = 1.69; P = .003), age at study entry
(RR = 1.07 per year; P�.001).

‡The 5-year expected probability of cataract in an eye of a 55-year-old
patient without diabetes is 0.25, and the risk ratio for diabetes in the TAT
sequence is 1.69 (see footnote†). Therefore, the 5 year expected probability
of cataract in an eye of a 55-year-old patient with diabetes in the TAT
sequence is 1 − (1 − 0.25)1.69 = 0.38.

§Diabetes (RR = 1.30; P = .13), age at study entry (RR = 1.07 per year;
P�.001).

Table 4. Baseline Characteristics of Eyes at Risk
of Cataract, by Prior Trabeculectomy Status*

No
Trabeculectomy
Prior to Cataract

(ALT Only)
Category 1

Trabeculectomy Prior to Cataract

Total

Trabeculectomy
as First

Intervention,
Category 2

Trabeculectomy
as Second

Intervention,
Category 3

No. of eyes 274† 472 364‡ 108
% Of eyes in

patients with
diabetes at
study entry

23.7 17.2 15.7 22.2

Median age at
study entry, y

68 66 66 65

% Of eyes in
patients 70 y
or older at
study entry

44.2 33.3 34.3 29.6

% Of eyes in
black patients

63.9 52.1 53.6 47.2

*Categories 1, 2, and 3, are illustrated in Figure 1. ALT indicates argon laser
trabeculoplasty.

†Includes 2 eyes randomized to the trabeculectomy-ALT-trabeculectomy
sequence that did not have the initial trabeculectomy.

‡Includes 1 eye randomized to the ALT-trabeculectomy-trabeculectomy
sequence that did not have the initial ALT.
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(nuclear region RR=2.50, P�.001; cortical region RR=2.92,
P�.001; posterior subcapsular region RR=4.56, P�.001).
Additionally, in the nuclear lens region, eyes that had a tra-
beculectomy without complications had an increased cata-
ract risk compared with eyes with ALT only (RR=1.77;
P=.001). The 95% confidence interval for the covariate “tra-
beculectomy with complications” overlaps the 95% con-
fidence interval for the covariate “trabeculectomy with-
out complications” within each of the 3 region-specific
analyses, particularly in the nuclear region.

Several baseline characteristics were significantly as-
sociated with cataract risk in the lens region–specific
analyses. Age at study entry was a significant factor for

increased cataract risk in each analysis, and diabetes at
study entry was a significant risk factor in all but the cor-
tical region. Black race was significantly associated with
increased risk of cataract in all but the posterior subcap-
sular region. Also, because sex was kept as an important
covariate at the 0.05 level in some regions, each lens re-
gion–specific analysis adjusts for patient sex.

COMMENT

The main findings of the present study must be under-
stood in the context of the characteristics of the patients
and the methods of the study. The eyes enrolled in AGIS,

Table 6. Results of Regression Analyses of Risk of Cataract Related to Complications of First Trabeculectomy,
Adjusted for Age and Diabetes*

Complication of First Trabeculectomy

No. (%) Multiple Complication
Analysis

No Cataract
Development

Cataract
Development Risk Ratio† P Value

No. of eyes with a trabeculectomy while at risk of cataract (N = 472) 201 (100.0) 271 (100.0) . . . . . .
Marked inflammation 2 (1.0) 19 (7.0) 3.29 �.001
Flat anterior chamber (either peripheral iridocorneal or lens-corneal touch) 13 (6.5) 41 (15.1) 1.80 .004
Anterior chamber bleeding 18 (9.0) 38 (14.0) 1.34 .103
Elevated intraocular pressure (increase of at least 10 mm Hg

more than pretrabeculectomy level)
10 (5.0) 20 (7.4) 1.49 .118

Peripheral anterior synechiae 26 (12.9) 55 (20.3) 1.31 .14
Corneal dellen 14 (7.0) 10 (3.7) 0.63 .146
Choroidal detachment 8 (4.0) 30 (11.1) 1.38 .18
Wound leakage 12 (6.0) 21 (7.7) 1.17 .492
Encapsulated bleb 32 (15.9) 44 (16.2) 1.12 .502
Posterior synechiae 6 (3.0) 19 (7.0) 1.14 .634
Shallow anterior chamber 27 (13.4) 52 (19.2) 1.04 .815

*Complications are fixed baseline covariates (non−time-dependent) because in these analyses the period of risk begins at the time of trabeculectomy. Multiple
complications may have been reported for an eye. Ellipsis indicate not applicable.

†The risk of cataract in eyes with the given postoperative complication relative to eyes without the given complication adjusted for age at study entry, diabetes
at study entry, and each of the listed complications.

Table 7. Location of SLO in Eyes With Type 1 Cataract, by Prior Trabeculectomy Status and Lens Region*

No. (%)

Total No Prior Trabeculectomy Prior Trabeculectomy

Eyes with type 1 cataract 294 (100.0) 96 (100.0) 198 (100.0)
Opacity location†‡

Nuclear only 111 (37.8) 39 (40.6) 72 (36.4)
Cortical only 31 (10.5) 13 (13.5) 18 (9.1)
PSC only 15 (5.1) 4 (4.2) 11 (5.6)
Nuclear and cortical only 65 (22.1) 24 (25.0) 41 (20.7)
Nuclear and PSC only 33 (11.2) 9 (9.4) 24 (12.1)
Cortical and PSC only 11 (3.7) 2 (2.1) 9 (4.5)
All 3 regions 26 (8.8) 5 (5.2) 21 (10.6)

Regions of SLO§
Any nuclear� 236 (80.3) 77 (80.2) 159 (80.3)
Any cortical¶ 134 (45.6) 44 (45.8) 90 (45.5)
Any PSC‡ 85 (28.9) 20 (20.8) 65 (32.8)

*Lens opacities in this analysis are limited to Type 1 cataracts because opacity locations in Type 2 cataracts are not reported. SLO indicates severe lens opacity;
PSC, posterior subcapsular.

†The 7 categories in this section are mutually exclusive; an eye with cataract is counted only once.
‡Excludes 1 eye with data on nuclear opacity but missing data on cortical and PSC opacities, and 1 eye with data on cortical opacity but missing data on nuclear

and PSC opacities.
§Categories in this section are not mutually exclusive; a Type 1 cataract may occur simultaneously in more than one lens region.
�Excludes 1 eye with missing data on nuclear opacity.
¶Excludes 1 eye with missing data on cortical opacity.
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all after failure of maximum medical therapy for glau-
coma, were randomized to either the ATT or the TAT
sequence. The initial glaucoma intervention in each se-
quence was administered on enrollment, and subse-
quent interventions were performed only after failure of
the preceding intervention. The median age of AGIS pa-
tients at enrollment was 67 years, and 20% had diabe-
tes. Both older age and diabetes are shown in this article
to be risk factors for cataract development.

The AGIS provides a rich database for exploratory
studies related to vision outcomes in glaucoma patients,
such as the analyses presented here. Because AGIS was
designed to study glaucoma outcomes rather than cata-
ract development, lens examinations with a dilated pu-
pil, after the first follow-up year, were scheduled not more
frequently than annually. Moreover, during the plan-
ning stages of AGIS in 1986 through 1987, methods of
grading lens opacities according to standard lens pho-
tographs, such as the Lens Opacities Classification Sys-
tem II17 and the Wisconsin System,18 were not yet avail-
able. Undoubtably, these semiobjective methods are more
highly reproducible than the subjective grading of lenses
viewed through slitlamp biomicroscopes by AGIS oph-
thalmologists at 12 clinical centers. A measure of con-
firmation for Type 1 cataracts was built into this analy-
sis by the requirement that the occurrence of a potential
Type 1 cataract (ie, an SLO accompanied by a visual acu-

ity score less than 65 letters [20/50]) was followed by ei-
ther an SLO at the next annual lens examination, or by
cataract extraction before the next annual examination.

It has long been accepted that glaucoma filtering sur-
gery, both the full-thickness procedure1,2 and trabeculec-
tomy,2-8 accelerate cataract formation. Analysis 1 (Table
5) of the present article quantifies the increased risk after
a single trabeculectomy relative to risk without trabecu-
lectomy at 78% (RR=1.78). This 78% increase in risk af-
ter a single trabeculectomy decreases to 47% when the op-
eration was without complications, and increases to 104%
(ie, approximately doubles) when there was at least one
complication. Age and diabetes, which were associated with
cataract in our analyses, are well-known risk factors for
lens opacities or cataract.19-24 In the AGIS data, informa-
tion on diabetes is only routinely collected at baseline, not
during follow-up. Therefore, the risk associated with dia-
betes must be interpreted as the risk associated with hav-
ing diabetes at study entry. A subset analysis, in which risk
of cataract began at time of first trabeculectomy, found the
increased risk after 2 trabeculectomies relative to 1 trab-
eculectomy to be 191% (RR=2.91) (ie, that the risk was
nearly tripled by a second trabeculectomy relative to eyes
with only one trabeculectomy).

Our primary analyses for this article do not com-
pare eyes in the 2 randomly assigned intervention se-
quences, but rather before and after trabeculectomy. An

Table 8. Results of Regression Analyses for Type 1 Cataract, by Region of SLO*

Region of SLO and Risk Factors Risk

95% Confidence Limits

P ValueLower Upper
Any region

Occurrence of first trabeculectomy without complications† 1.60 1.19 2.17 .002
Occurrence of first trabeculectomy with complications† 2.49 1.93 3.23 �.001
Age at study entry 1.07 1.05 1.09 �.001
Diabetes at study entry 1.56 1.16 2.10 .003
Race (black) 1.71 1.29 2.26 �.001
Sex (female) 1.31 1.01 1.70 .04

Nuclear‡
Occurrence of first trabeculectomy without complications† 1.77 1.28 2.46 .001
Occurrence of first trabeculectomy with complications† 2.50 1.85 3.38 �.001
Age at study entry 1.08 1.07 1.10 �.001
Diabetes at study entry 1.80 1.30 2.50 �.001
Race (black) 1.61 1.17 2.21 .003
Sex (female) 1.38 1.02 1.86 .04

Cortical‡
Occurrence of first trabeculectomy without complications† 1.26 0.77 2.05 .36
Occurrence of first trabeculectomy with complications† 2.92 2.01 4.25 �.001
Age at study entry 1.08 1.05 1.10 �.001
Diabetes at study entry 1.39 0.90 2.16 .14
Race (black) 2.52 1.64 3.88 �.001
Sex (female) 1.20 0.81 1.76 .359

Posterior subcapsular§
Occurrence of first trabeculectomy without complications† 1.94 0.99 3.81 .05
Occurrence of first trabeculectomy with complications† 4.56 2.71 7.68 �.001
Age at study entry 1.06 1.03 1.08 �.001
Diabetes at study entry 2.08 1.23 3.52 .006
Race (black) 1.73 1.08 2.78 .02
Sex (female) 1.66 1.04 2.65 .03

*In this analysis, lens opacities are limited to Type 1 cataracts because opacity locations in Type 2 cataracts are not reported. SLO indicates severe lens opacity.
†Time-dependent covariate.
‡Regression analysis on 745 of 746 eyes, with 1 eye excluded due to incomplete data on location of opacity.
§Regression analysis on 744 of 746 eyes, with 2 eyes excluded due to incomplete data on location of opacity.
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analysis of the probability of cataract by the AGIS ran-
domized intervention sequence (Figure 2 and Table 3)
does not fully assess the effect of trabeculectomy be-
cause of the eyes in the ATT sequence initially treated
with ALT (and while they were still at risk of cataract),
as many as 28% (108/380, Table 4) had trabeculectomy
as the second glaucoma intervention.

During the 7- to 11-year follow-up interval in AGIS,
49% of the eyes developed cataract after ALT but before
possible need of trabeculectomy, and 57% developed cata-
ract after trabeculectomy (Table 2). Because we found that
prior ALT did not significantly increase the risk of cata-
ract formation in eyes that had a trabeculectomy (prior ALT
RR=1.11; P=.43), we combined the 364 eyes in category
2 (trabeculectomy as the first glaucoma intervention) with
the 108 eyes in category 3 (trabeculectomy as the second
glaucoma intervention after initial ALT). The analyses com-
paring these 472 eyes with the 274 eyes without a trab-
eculectomy prior to cataract include the covariates to re-
duce the possibility of bias from confounding.

After trabeculectomy with complications, the risk
of cataract significantly increased in all 3 lens regions,
and the increased risk associated with age was similar in
all 3. We found that diabetes was significantly associ-
ated with nuclear or posterior subcapsular cataract, but
not with cortical cataract. In other studies, diabetes has
been found to be associated with each of these regional
opacities or cataracts, although not with all 3 types in any
one study.21-23,25-27

Race was not a significant risk factor in the overall
analysis (P �.05); however, in the analyses by lens re-
gion, black patients were significantly more likely than non-
black patients to develop nuclear and cortical cataracts; pos-
terior subcapsular cataracts showed a borderline significant
relationship to race (P=.02). Consistent with our finding,
some epidemiological studies have found that black pa-
tients were at increased risk of having cortical lens opaci-
ties,28 cortical cataracts,25 and nuclear cataracts25; in con-
trast, 2 studies have found that white, not black patients,
were at increased risk of nuclear opacities.28,29

In these analyses of Type 1 cataract, an eye with more
than one type of SLO was classified as having each type
of opacity that was present; in other studies, an eye with
more than 1 type of opacity was classified as a “mixed
opacity”23,27 or was not included in the analyses.25

Long-term use of steroids is well-known to be cata-
ractogenic. Steroids were generally applied topically af-
ter trabeculectomy for a limited time (usually no more
than several months). Some eyes, such as eyes that had
surgical complications, may have received steroids after
trabeculectomy for a longer duration. Unfortunately, from
our data, we were unable to determine to what extent ste-
roid application contributes to the increased cataract risk
after trabeculectomy.

In the 472 eyes at risk of cataract after first trabecu-
lectomy, the use of antifibrotics was not statistically as-
sociated with an increased risk of cataract (P�.10, data
not shown). It is important to note that antifibrotics were
only used in a small number of these first trabeculecto-
mies (19/472).

Clinicians recognize that older age, diabetes, and fil-
tration surgery for glaucoma increase the risk of cataract

development. The current article quantifies the extent to
which these factors and the complications of glaucoma sur-
gery increase the risk. Additionally, the study quantifies the
increased risk of Type 1 cataract in specified lens regions.
It is important to recognize that a substantial proportion
of eyes do not develop cataract during the years after tra-
beculectomy or ALT (slightly less than half of the eyes did
not develop cataract), and that the risk of developing cata-
ract exists no matter which first intervention is chosen. Al-
though these AGIS data do not provide information on how
the risk of cataract compares with that in patients who do
not have advanced glaucoma, they do indicate that ALT
before trabeculectomy does not alter the risk of subse-
quent cataract and that the risk is greater after trabeculec-
tomy than after ALT only.
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28. West SK, Muñoz B, Schein OD, Duncan DD, Rubin GS. Racial differences in lens
opacities: the Salisbury Eye Evaluation (SEE) project. Am J Epidemiol. 1998;148:
1033-1039.

29. Leske MC, Chylack LT Jr, He Q, et al. Risk factors for nuclear opalescence in a
longitudinal study. Am J Epidemiol. 1998;147:36-41.

The AGIS Participating Institutions, Investigators, and Former Investigators Who Participated for 2 or More Years

Writing Team

Douglas E. Gaasterland, MD; Beth Blackwell, ScD; Fred Ederer, MA, FACE; Paul C. Van Veldhuisen, MS; E. Kenneth Sullivan,
PhD; Leonard G. Dally, MSc; Paul A. Weber, MD; Eydie Miller, MD; L. Jay Katz, MD; Frank Ashburn, MD.

Study Co-Chairmen
Douglas E. Gaasterland, MD; Fred Ederer, MA, FACE.

Clinical Centers

Emory University, Atlanta, Ga: Allen Beck, MD (Clinic Director [CD]); Anastasios Costarides, MD, (Coinvestigator [CI]); Donna
Leef, MMSc, CO, COMT (Clinic Coordinator [CC])(Clinic Monitor [CM]); John Closek, COT (Technician [T]); Juanita Banks
(T); Sheena Jackson (T); Kathy Moore (T). Past participating personnel: Angela Vela, MD (CD); Reay H. Brown, MD (CD);
Mary Lynch, MD (CI); Johnny Gunsby, COT; Kathy Lober, COA; Twyla Marsh, COA; Candace Stepka. Georgetown University,
Washington, DC: Douglas E. Gaasterland, MD (CD); Robin Montgomery, COA (CC)(CM); Donna Clagett, COA (T). Satellite
facility: Frank Ashburn, MD (Satellite Director [SD]); Karen Schacht, COT (Satellite Coordinator [SC]). Past participating
personnel: Ellen Coyle, COMT (CC); Melissa Kellogg Garland, COA (CC); Susan Lauber, MA (CC); Karl Michelitsch, COMT
(CC) (deceased); Suzanne Plavnieks, COT (CC); Lynn Vayer, COT (SC); Elizabeth Burt, COT; Mary Hundley, COT; Anne
Rae, COT. Medical College of Virginia, Richmond: Robert C. Allen, MD (CD); Eydie Miller, MD (CI); Amy Sporn, OD (CC)(CM).
Past participating personnel: C. Kay Fendley, COT (CC); L. Sharon Hoyle, COMT. Ohio State University, Columbus: Paul A.
Weber, MD (CD); Kathryne McKinney, COMT (CC)(CM); Diane Moore, COA (T); Tammy Lauderbaugh (T). Satellite facility:
N. Douglas Baker, MD (SD); Fred Kapetansky, MD (CI); David Lehmann, MD (CI); Lori Black, COA (SC). Past participating
personnel: Robert Derick, MD (CI); Becky Gloeckner, COT (SC); Kris Coleman, COT; Mary Cassady, COA; Lisa J. Sharf, COA;
Billi Romans; Yvonne Satterwhite; Lori Simmons. Piedmont Hospital, Atlanta: M. Angela Vela, MD (CD); Thomas S. Harbin, Jr,
MD (CI); Laura Brannon, COMT (CC)(CM); June LaSalle, COA (T); Gail Degenhardt (T); Stephanie Ann Bridgman (T). Past
participating personnel: Randall R. Ozment, MD (CI); Johnny Gunsby, COT (T); Montana Hooper, COT (CC); Julie Wright,
COT (T); Stacy Goldstein, COMT (SC); Linda Butler, COT; Marianne Perry, COT; Anne Eckel, COA; Anja Martin, COA;
Celeste Session, COA; Dana Nummerdor; Lisa Wille. Sinai Hospital/Detroit, Southfield, Mich: Marshall N. Cyrlin, MD (CD);
Holly Dubay (CC)(CM). Past participating personnel: Roselyn Fazio, BS, COT (CC); Patricia S. Corbin (CC). University of
Illinois, Chicago: Jacob T. Wilensky, MD (CD); Kim Lindenmuth, MD (CI); David Hillman, MD (CI); Catherine A. Carroll,
COMT (CC)(CM); Jennifer Hatton, COT (T). Satellite facility: Sriram Sonty, MD (SD); Catherine A. Carroll, COMT (SC). Past
participating personnel: Eve J. Higginbotham, MD (CD); Gary Scholes, MD (CI); Rosanna Uva, COT (CC); Julie Fiene, COT;
Diane Frohlichstein, COT; Valeria Gates, COT; Loreen Pappas, COT; Donna Rathbone, COT; Marlem Tadelman, COT, Gloria
Hopkins, LPN. University of Michigan, Ann Arbor: Paul R. Lichter, MD (CD); Terry J. Bergstrom, MD (CI); Sayoko E. Moroi,
MD, PhD (CI); Carol J. Pollack-Rundle, COMT (Co-CC)(T); Carol Standardi, RN, CRNO (Co-CC)(CM); Lynette Abt, COT
(T); Terri Van Heck, COT (T). Past participating personnel: Gregory L. Skuta, MD (CD); Eve J. Higginbotham, MD (CD); Robert M.
Schertzer, MD (CI); Donna Wicker, OD; Barbara Michael, COT; Desiree Aaron, COA; Judith Birk, COA; Rebecca S. Brown,
COA; Joyce Dederian, COA; Linda Kruscke, COA; Jennifer Ziehm-Scott, COA; Renee Papierniak-Dubiel. University of Virginia,
Charlottesville: Bruce E. Prum, Jr. MD (CD); Steven A. Newman, MD (CI); Lee Powell, COT (CC)(CM); Christine Evans, COMT
(T); Nancy Barbour, COA (T); Lil Shoffstall-Tyler, COA (T); Terri Voight, COA (T). Past participating personnel: John R.
Nordlund, MD, PhD (CD); Louis J. Schott, MD (CI); Robert Fornili, OD (CC); James Chisholm, COA; Carolyn Harrell, COA;
Christi Harris, COA; Ellen Murphy, COA. Washington Hospital Center, Chevy Chase, Md: Arthur L. Schwartz, MD (CD); Howard
Weiss, MD (CI); Anne Boeckl, MS (CC)(CM); Christine Tillman (T). Satellite facility: Anne Boeckl, MS (SC); Lois Maloney,
COT (T). Past participating personnel: Maria Cirone, MD (CI); John Gurley, MD (CI); Mark Morris, MD (CI); Maureen O’Dea,
MD (CI); Stephen Pappas, MD (CI); Scott Wehrly, MD (CI); Cathy Reed, COMT (CC); Cindy V. Witol, CO (CC); Janet Brown-
ing, COT; Karen Carmody, COT; Teresa Driskell; Elaine Harris; Patrick Lopez, COT; Richard Mercer; Victoria Monks, COA;
Kathy Vawter, COA; Jing Zhao (T). Wills Eye Hospital, Philadelphia, Pa: L. Jay Katz, MD (CD); George L. Spaeth, MD (CI);
Richard P. Wilson, MD (CI); Jonathan Myers, MD (CI); Fillis Samuel, COT (CC)(CM); Alaine Meli (T). Past participating per-
sonnel: Sue Kao, MD (CI); Annette Terebuh, MD (CI); Coleen C. Beckershoff. Yale University, New Haven, Conn: M. Bruce Shields,
MD (CD); George Shafranov, MD (CI); Ann Leone, COT (CC)(CM); Gail Grottole, COA (T). Past participating personnel:
Eydie Miller, MD (CD); Joseph Caprioli, MD (CD); Charles Tressler, MD (CI); Maureen Roche-Manna, COMT (CC).

Continued on next page

(REPRINTED) ARCH OPHTHALMOL / VOL 119, DEC 2001 WWW.ARCHOPHTHALMOL.COM
1779

©2001 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 08/16/2022



The AGIS Participating Institutions, Investigators, and Former Investigators Who Participated for 2 or More Years (cont)

Coordinating Center

The EMMES Corporation, Potomac, Md: Paul C. VanVeldhuisen, MS (Director Coordinating Center); Fred Ederer, MA, FACE
(Epidemiologist); Len G. Dally, MSc (Statistician); Beth Blackwell, ScD (Statistician); Pam Inman (Data Manager); Susan Raitt,
MA (Administrative Coordinator). Past participating personnel: Anne S. Lindblad, PhD (Deputy Director); James D. Knoke, PhD
(Deputy Director); E. Kenneth Sullivan, PhD, (Director); Lie-Ling Wu, MS (Statistician); Gary Entler, COT (Protocol Moni-
tor); Pamela Phillips, MHS (Protocol Monitor); Carol Smith, MPH (Protocol Monitor); Marline Bradford (Data Manager);
Marsha Denekas, MLT (Data Coordinator); Elizabeth L. Wagner, MPH (Data Coordinator); Elaine Stine (Alternate Inter-
viewer); Katherine L. Tomlin, MA (Administrative Coordinator); Tamara Voss, BA (Administrative Coordinator).

Sponsor

National Eye Institute and the Office of Research on Minority Health, Bethesda: Mary Frances Cotch, PhD (NEI Representative); Lois
J. Eggers (Grants Management Specialist). Past participating personnel: Richard L. Mowery, PhD (NEI Representative); Frances
Goff (Grants Management Specialist); Carolyn Grimes (Grants Management Specialist); Gaye Lynch (Grants Management Specialist).

Study Groups

Policy and Treatment Effects Monitoring Board (PATEMB): Curt D. Furberg, MD, PhD (Chairman); John E. Connett, PhD; Matthew D.
Davis, MD; David K. Dueker, MD; Sylvan B. Green, MD; Paul F. Palmberg, MD, PhD; Ex officio members: Fred Ederer, MA,
FACE; Douglas E. Gaasterland, MD; Mary Frances Cotch, PhD. Past participating personnel: Sanford Leikin, MD; Marvin Schnei-
derman, PhD (deceased); The Rev. Canon Michael P. Hamilton; Richard L. Mowery, PhD (Ex officio). Operations Committee:
Fred Ederer, MA, FACE; Douglas E. Gaasterland, MD; Paul C. VanVeldhuisen, MS; Arthur L. Schwartz, MD (consultant). Past
participating personnel: Anne S. Lindblad, PhD; James D. Knoke, PhD; E. Kenneth Sullivan, PhD. Steering Committee: Perma-
nent members: Fred Ederer, MA, FACE; Douglas E. Gaasterland, MD; Arthur L. Schwartz, MD; Aaron Kassoff, MD (consultant);
Mary Frances Cotch, PhD. Elected investigator members: Marshall N. Cyrlin, MD (1988-1990); M. Angela Vela, MD (1988-
1989); Joseph Caprioli, MD (1988-1990); Eve J. Higginbotham, MD (1989-1991); Gregory L. Skuta, MD (1990-1992); L. Jay
Katz, MD (1991-1993); Paul A. Weber, MD (1992-1994); Robert C. Allen, MD (1993-1995); Jacob T. Wilensky, MD (1994-
1996); Eydie Miller, MD (1995-1997); Reay Brown, MD (1996-1998); Bruce Prum, MD (1997-1999); Marshall
Cyrlin (1998-2000); Allen Beck (1999-2001); Paul Lichter, MD (2000-2002). Elected Clinic Coordinator members: Donna
Leef, MMSc, COMT (1988); Kathryne McKinney, COMT (1989); Cathy Reed, COMT (1990); Rosanna Uva, COT (1991);
Fillis Samuel, COT (1992); Maureen Roche-Manna, COMT (1993); Carol Standardi, RN, CRNO (1994); Ellen Coyle, COMT
(1995); Anne Boeckl, MS (1996); Carol J. Pollack-Rundle, COT (1997); Catherine A. Carroll, COMT (SC) (1998); Amy
Sporn (1999); Ann Leone (2000). Past participating member: Richard L. Mowery, PhD. Training and Certification Faculty:
Fred Ederer, MA, FACE; Douglas E. Gaasterland, MD; Aaron Kassoff, MD (Consultant); L. Jay Katz, MD; Donna Leef, MMSc,
COMT; Gregory L. Skuta, MD; Carol Standardi, RN CRNO; Fillis Samuel, COT. Past participating personnel: Anne S. Lindblad,
PhD; Cathy Reed, COMT; Coleen C. Beckershoff; Gary Entler, COT; Elizabeth L. Wagner, MPH.

(REPRINTED) ARCH OPHTHALMOL / VOL 119, DEC 2001 WWW.ARCHOPHTHALMOL.COM
1780

©2001 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 08/16/2022


