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Objective: To explore whether increased frequency of
visual field testing leads to earlier detection of glaucoma
progression with trend analyses.

Methods: The visual fields of 468 eyes (381 patients)
from the Advanced Glaucoma Intervention Study with
10 or more reliable visual field tests and 3 or more years
of follow-up were studied. Starting at year 1, every other
visual field examination was deleted to create a low-
frequency data set, and the original group was kept as
the high-frequency data set. The proportion of progress-
ing eyes and the time to progression were compared be-
tween the 2 data sets with global and pointwise linear
regression criteria.

Results: The median number of visual field examina-
tions was 20 and 12 for the high- and low-frequency data
sets, respectively. Based on primary mean deviation cri-
teria, 204 eyes (43.6%) in the high-frequency data set and
160 eyes (34.2%) in the low-frequency data set pro-
gressed (P<<.001), whereas 185 eyes (39.5%) in the high-
frequency data set and 167 eyes (35.7%) in the low-

frequency data set progressed according to pointwise
linear regression (P=.02). The high-frequency data set
was more likely to detect progression with mean devia-
tion (hazard ratio [HR], 1.69 [95% confidence interval
{CI}, 1.36-2.10]) or pointwise linear regression criteria
(HR, 1.52 [95% CI, 1.21-1.90]). A similar number of im-
proving eyes were detected with mean deviation criteria
(HR, 0.95 [95% CI, 0.58-1.60]), but pointwise linear re-
gression criteria were more likely to detect improve-
ment in the high-frequency data set (HR, 2.27 [95% CI,
1.43-3.62]). The results did not significantly change af-
ter censoring data at 5 years.

Conclusions: Increasing the frequency of visual field
testing leads to earlier detection of glaucoma progres-
sion, especially with global trend analyses. This finding
has significant implications for the care of patients with
glaucoma.
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ISUAL FIELD TESTING RE-
mains one of the main
methods to monitor pa-
tients with glaucoma for
progression. Standard

detect significant glaucoma progression
rates.”® Estimating rates of progression can
help identify patients who are progress-
ing at a faster pace and are therefore at se-
rious risk of developing visual disability
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achromatic automated perimetry pro-
vides a large amount of quantitative data
amenable to various statistical analyses for
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the detection of glaucoma progression over
time. Visual field outcomes have classi-
cally been the principal outcome used for
detection of glaucoma progression in clini-
cal trials."* One of the issues with regard
to visual field testing is the need to repeat
tests to have adequate statistical power to

during their lifetime. These patients can
be subjected to more aggressive treat-
ment or more frequent follow-up. How-
ever, not all patients need frequent visual
field testing, and in only a minority of pa-
tients, glaucoma progresses so fast to war-
rant frequent testing.” Based on theoreti-
cal considerations, it has been suggested
that a large number of visual field exami-
nations are necessary to detect smaller, yet
clinically significant, progression rates, es-
pecially in eyes demonstrating a high de-
gree of long-term fluctuation.® Also, it has
been suggested, based on simulation data,
that a minimum of 3 examinations per year
are required for achieving optimal sensi-
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tivity and specificity for detection of clinically signifi-
cant rates of progression according to pointwise linear
regression (PLR) analysis.” However, there is no evi-
dence based on real patient data in the literature to sup-
port such recommendations. The goal of our investiga-
tion is to report the performance of global and pointwise
trend analyses for the detection of progression in a sub-
set of patients from the Advanced Glaucoma Interven-
tion Study (AGIS) under 2 different testing scenarios: (1)
when all the visual field data are included compared with
(2) when only half of the follow-up visual fields are in-
cluded. We hypothesized that glaucoma progression
would be detected earlier or in a larger proportion of pa-
tients with the more frequent testing schedule.

- EEETTEES

The AGIS design and methods are described in detail else-
where'® and are summarized herein. Phakic patients aged 35
to 80 years with primary open-angle glaucoma no longer con-
trolled by maximally tolerated medical treatment were re-
cruited in AGIS. Between 1988 and 1992, investigators at 12
participating AGIS clinical centers enrolled 789 eyes of 591 pa-
tients. Our study’s data are based on a database closure of March
31,2001. The institutional review board at UCLA approved our
study, and the research was performed in accordance with the
tenets of the Declaration of Helsinki.

A total of 468 eyes of 381 patients from AGIS'® who met
the following criteria were selected for our study: a baseline vi-
sual field AGIS score of 16 or less, 3 years or more of follow-
up, and 10 or more visual field examinations with a reliability
score of 2 or less. Visual field tests were performed with a Hum-
phrey Visual Field Analyzer I (Carl Zeiss Meditec Inc, Dublin,
California) set for the central 24-2 threshold test, size III white
stimulus, and full threshold strategy. Visual field measure-
ments (a minimum of 2) were originally made at baseline, 3
months after initial intervention, and at each 6-month fol-
low-up examination and were repeated when clinically indi-
cated during the follow-up period.

For the purpose of our study, the last available visual field
test performed before the first surgical procedure was used as
the baseline to reduce learning effects. The high-frequency data
set refers to the original group with the entire series of visual
field tests after exclusion of all but the last preintervention vi-
sual field tests. The low-frequency data set refers to the group
in which nearly half of the visual field tests were deleted to cre-
ate an approximately yearly visual field testing frequency. For
both high-frequency and low-frequency data sets, all the vi-
sual field tests performed within the first year of follow-up (usu-
ally baseline, 3-month, 6-month, and 1-year visual field tests)
and the very last available visual field tests were included. Start-
ing from the second year of follow-up, every other visual field
test in the original database was deleted to allow the low-
frequency data set to have about half as many visual field tests
as the high-frequency data set performed at roughly yearly in-
tervals for the remainder of the follow-up.

OUTCOMES
Mean Deviation Slopes

Visual field mean deviation (MD) was regressed against time
starting at the first postintervention year. Sequential regres-
sion analyses were performed yearly with the cutoff for inclu-
sion of visual field tests set at 1.2 years, 2.2 years, and so on to

allow inclusion of the visual field tests performed at sched-
uled yearly examinations. Progression at time t was defined as
the presence of a negative MD slope with P<.05 confirmed at
least once. Bland-Altman plots were used to compare concor-
dance of the 2 data sets with regard to MD slopes.!" Kaplan-
Meier survival curves derived from Cox proportional hazard
models were also compared between the 2 data sets. Time to
progression was defined as the time to the first significant nega-
tive slope (P<<.05) that was confirmed at least once (primary
outcome). Those who never progressed during follow-up were
considered censored observations. Because there is no exter-
nal standard for comparing the performance of the 2 data sets,
rates of improvement in the 2 data sets were also compared.
To this aim, eyes that had a confirmed statistically significant
(P<.05) positive slope were considered to be improving dur-
ing follow-up. As an alternative definition for change based on
MD, we also explored the 2-omitting criteria as described by
Gardiner and Crabb."

PLR Criteria

Pointwise linear regression analysis was similarly performed
starting at the 1-year follow-up period and yearly thereafter.
The criteria for the definition of worsening at a single test lo-
cation by PLR consisted of a regression slope of less than or
equal to -1.0 dB/y along with P=.01. These criteria have been
generally accepted and used in the literature for the definition
of visual field progression.” Test locations representing the blind
spot were excluded from such analysis. At least 3 test loca-
tions were required to be progressing in a visual field series with
1 confirmation before that series was considered to be wors-
ening. The proportion of progressing eyes and the number of
test locations demonstrating significant negative slopes were
compared in the 2 data sets. Similar criteria were applied to de-
fine improvement with PLR in the 2 data sets (pointwise slope
=1.0 dB/y along with P=.01).

We compared the error standard deviations for the regres-
sion analyses, as a measure of the amount of longitudinal noise,
and the standard error for the MD or PLR slopes, as a measure
of the reliability of the slope estimates, between the 2 data sets.
For all regression criteria, 2-sided hypothesis testing was per-
formed.

We also compared the results of regression analyses with
those of the AGIS criteria (in the high-frequency data set) for
detection of progression. A change of more than 3 points in
the AGIS score with 2 confirmations was considered evidence
for progression.

STATISTICAL METHODS

A Cox proportional hazard model using the frailty option of
the stcox procedure in the Stata statistical software (version 11.0;
StataCorp LP, College Station, Texas) was used to compare time
to progression in the 2 data sets. The frailty option was used to
account for the paired analyses. It reflects the random eye ef-
fect (ie, the 2 measurements from each eye were considered as
repeated measurements of the same eye). Only 23% of the pa-
tients had both eyes included in the study; therefore, no cor-
rection for inclusion of both eyes of some patients was per-
formed. Qualitative evaluation of observed vs expected survival
plots and the Schonfeld’s goodness-of-fit test were used to test
for the assumption of proportionality of hazard rates. The paired
t test and the Wilcoxon rank sum test were used to compare
normally distributed and nongaussian data, respectively. The
McNemar test was used to compare paired proportions. Co-
hen k statistic was used to measure the agreement of the re-
gression analyses with the AGIS method.
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Table 1. Baseline Characteristics of the Study Cohort
of 381 Patients (468 Eyes) From the Advanced
Glaucoma Intervention Study

Characteristic Patients or Eyes

Age at baseline, mean (SD), y 72.6 (10.1)
Eye laterality, No. of eyes (%)

Right 218 (46.6)

Left 250 (53.4)
Sex, No. of eyes (%)

Male 196 (41.8)

Female 272 (58.2)
Race, No. of eyes (%)

White 196 (41.9)

African American 264 (56.5)

Hispanic 8(1.8)
Visual field examinations, median (range), No.

High frequency 20 (10-32)

Low frequency 12 (6-19)
Baseline visual field MD, mean (SD), dB -10.7 (5.4)
Baseline visual field PSD, mean (SD), dB 7.1 (3.0)
Cataract surgery, No. of eyes (%)

Yes 187 (39.8)

No 281 (60.2)

Abbreviations: MD, mean deviation; PSD, pattern standard deviation.
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Figure 1. Distribution of follow-up times in the study cohort, which
consisted of 468 eyes (381 patients) from the Advanced Glaucoma
Intervention Study with 10 or more reliable visual field tests and 3 or more
years of follow-up.

A total of 468 eyes from 381 patients were included.
Table 1 describes the baseline characteristics of the
study cohort. The median follow-up period was 9.0
years (range, 3.2-13.0 years) (Figure 1). The median
number of visual field examinations was 20 (range, 10-
32) for the high-frequency data set and 12 (range, 6-19)
for the low-frequency data set. The mean (SD) baseline
MD was -10.7 (5.4) dB. Figure 2 demonstrates the fre-
quency distribution of the time intervals between se-
quential visual field examinations in the 2 data sets. The
median time interval was 6.0 months in the high-fre-
quency data set and 11.3 months in the low-frequency
data set.
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Figure 2. Distribution of time intervals between consecutive visual field
examinations in the high-frequency (A) and low-frequency (B) data sets,
which consisted of 468 eyes (381 patients) from the Advanced Glaucoma
Intervention Study with 10 or more reliable visual field tests and 3 or more
years of follow-up.

MD SLOPE RESULTS

A higher proportion of eyes in the high-frequency data
set demonstrated a significant slope at each yearly fol-
low-up period compared with the low-frequency data
set starting in the third follow-up year (P=.27 for the
second year, P=.007 for the third year, and P<.001 for
all the remaining comparisons through year 12;
McNemar test) (Figure 3). The differences in MD
slopes between the 2 data sets were close to O for all fol-
low-up periods (Figure 4). However, there was signifi-
cant variability during the earlier follow-up periods,
with the variability progressively decreasing as the fol-
low-up period increased.

The results for detection of change with various MD
criteria are reported in Table 2. Potential differences be-
tween the 2 data sets with regard to time to detection of
progression according to MD slopes were also evaluated
with survival analyses derived from the Cox propor-
tional hazard model (Table 2 and Figure 5). Because
the 2 data sets were similar in terms of all the potential
covariates, only the influence of baseline MD on the per-
formance of the 2 data sets was explored. The 2 data sets
were divided into 3 strata according to baseline MD (3
equal terciles). The resulting 3 strata had an MD of greater
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Figure 3. Proportion of eyes with worsening mean deviation (negative mean
deviation slope with P<.05) at yearly follow-up periods.
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Figure 4. Difference in mean deviation slope estimates detected in the high-
vs low-frequency data sets (high slope-low slope) measured at yearly
intervals through 12th year of follow-up. The whiskers represent +1 SD.

than -7.82 dB (mild loss), an MD between -7.82 and -13.5
dB (moderate loss), and an MD less than —13.5 dB (se-
vere loss). Because the assumption of proportionality of
hazards was not met when baseline MD was entered into
the Cox model, 3 separate regression models were built
for each baseline MD stratum. There was a trend for the
difference between the 2 data sets to increase with wors-
ening baseline MD based on the primary MD outcome
(Table 2). However, the performance of MD criteria did
not vary as a function of baseline severity with the 2-omit-
ting criteria. The hazard ratio for improvement was not
significantly different between the 2 data sets with the
primary MD criteria, whereas the high-frequency data set
detected less improvement with the 2-omitting criteria
compared with the low-frequency data set (Table 2).

PLR OUTCOMES

Overall, of 468 eyes, 185 (39.5%) in the high-frequency
datasetand 167 (35.7%) in the low-frequency data set pro-
gressed according to PLR criteria during follow-up (haz-
ard ratio, 1.52 [95% confidence interval, 1.2-1.90])
(Table 3 and Figure 6). The performance of PLR analy-

Table 2. Hazard Ratios for Detection of Change

in the High-Frequency Data Set Compared With
the Low-Frequency Data Set (Reference) According
to 3 Different Mean Deviation Criteria

Direction of Change HR (95% Cl)

One Confirmation

Progressing (206 vs 164 eyes) 1.69 (1.36-2.10)
Early 1.40 (0.98-1.98)
Moderately advanced 1.77 (1.18-2.65)
Advanced 2.05 (1.38-3.06)

Improving (29 vs 30 eyes) 0.95 (0.58-1.60)
Early 1.00 (0.35-2.85)
Moderately advanced 0.86 (0.33-2.24)
Advanced 1.00 (0.47-2.10)

One Confirmation (Data Censored at 5 Years)

Progressing (121 vs 101 eyes) 1.45(1.10-1.91)
Early 1.17 (0.76-1.79)
Moderately advanced 1.52 (0.92-2.50)
Advanced 1.84 (1.10-3.09)

Improving (29 vs 30 eyes) 0.95 (0.58-1.60)
Early 1.00 (0.35-2.85)
Moderately advanced 0.86 (0.33-2.24)
Advanced 1.00 (0.47-2.10)

Two-Omitting Criteria

Progressing (211 vs 142 eyes) 2.50 (2.00-3.17)
Early 2.56 (1.77-3.70)
Moderately advanced 2.53 (1.64-3.91)
Advanced 2.36 (1.57-3.55)

Improving (27 vs 49 eyes) 0.56 (0.35-0.91)
Early 0.67 (0.26-1.73)
Moderately advanced 0.43 (0.20-0.91)
Advanced 0.77 (0.34-1.75)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Figure 5. Proportion of stable eyes (“progression-free survival”) according
to mean deviation progression criteria (negative mean deviation slope with
P<.05 confirmed once) based on the Cox proportional hazard model
(P<.001 for the difference of the 2 curves). The solid and dashed curves
represent the low- and high-frequency data sets, respectively.

sis did not vary as a function of baseline MD. The high-
frequency data set was also more likely to detect improve-
ment (Table 3). A total of 148 eyes (31.6%) from both data
sets progressed according to PLR criteria. The median
number of progressing test locations at initial detection
of glaucoma in the subgroup of patients who progressed
according to both methods was 5 (range, 3-24) in the high-
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Table 3. Hazard Ratios for Detection of Change

in the High-Frequency Data Set Compared With
the Low-Frequency Data Set (Reference) According
to Pointwise Linear Regression Criteria

Direction of Change HR (95% Cl)
One Confirmation (All Data)

Progressing (185 vs 167 eyes) 1.52 (1.21-1.90)
Early 1.41 (0.99-2.00)
Moderately advanced 1.70 (1.12-2.58)
Advanced 1.52 (1.03-2.22)

Improving (51 vs 33 eyes) 2.27 (1.43-3.62)
Early 2.02 (0.58-7.00)
Moderately advanced 3.42 (1.54-7.60)
Advanced 1.70 (0.90-3.31)

One Confirmation (Data Censored at 5 Years)

Progressing (105 vs 90 eyes) 1.68 (1.25-2.26)
Early 1.82 (1.13-2.92)
Moderately advanced 1.90 (1.12-3.27)
Advanced 1.32 (0.76-2.93)

Improving (32 vs 15 eyes) 2.22 (1.20-4.13)
Early 2.07 (0.51-8.30)
Moderately advanced 2.53 (0.90-7.10)
Advanced 2.08 (0.82-5.25)

Abbreviations: Cl, confidence interval; HR, hazard ratio.

frequency data set and 4 (range, 3-26) in the low-
frequency data set (P=.11, Wilcoxon signed rank test).

To evaluate the potential influence of long-term vari-
ability or noise on the performance of the 2 data sets, we
compared the average error standard deviations and the
slope standard errors between the 2 data sets. Herein, we
present only the error standard deviation comparison for
PLR at the final follow-up. The average error standard
deviations for the yearly MD regression analyses were very
similar in the 2 data sets (P <.04 for all, with the stan-
dard deviations for the high-frequency data set being
slightly smaller). The same was true for the difference
between the error standard deviations from PLR (me-
dian difference=-0.027 dB/y, with the high-frequency er-
ror standard deviations being, on average, lower; P=.05).
The standard errors for the MD and pointwise slope es-
timates at the final follow-up were smaller for the high-
frequency data set than for the low-frequency data set (me-
dian, 0.145 vs 0.188 dB/y for MD criteria and 0.286 vs
0.363 dB/y for PLR criteria; P<<.001 for both).

Based on the AGIS criteria, 160 eyes (34.2%) pro-
gressed at the end of follow-up. The percentage agree-
ment and Cohen k statistics for agreement of regression
criteria with the AGIS method were as follows. For MD
criteria, percentage agreement was 73.5% vs 72.2%, and
the Cohen k statistic (SE) was 0.415 (0.046) vs 0.422
(0.046) for the low-frequency and high-frequency data
sets, respectively. For PLR, the percentage agreement was
73.7% vs 72.4% and the Cohen « statistic (SE) was 0.425
(0.046) vs 0.412 (0.0406) for the low-frequency and high-
frequency data sets, respectively.

B COMMENT By

We found that more frequent testing of the visual field
(approximately every 6 months compared with every 12
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Figure 6. Proportion of stable eyes (“progression-free survival”) according
to pointwise linear regression progression criteria (presence of =3 test
locations with a slope of =-1.0 dB/y and P=.01 with at least 1
confirmation) based on the Cox proportional hazard model (P<.001 for the
difference of the 2 curves). The solid and dashed curves represent the low-
and high-frequency data sets, respectively.

months) led to a higher proportion of significant MD
slopes over time (described as P<<.05) and a shorter time
to progression when 1 confirmation was required to de-
fine time to progression. Progression was 69% more likely
to be detected in the high-frequency data set. Whena PLR
model was used to define progression, the difference be-
tween the 2 data sets was somewhat less prominent (haz-
ard ratio, 1.52). The hazard ratios for progression are large
enough, especially for MD criteria, for the benefits to be
considered worth the extra time and expense required
for earlier detection of glaucoma progression, at least in
asubset of patients at higher risk of progression. A higher
number of progressing test locations at the time of ini-
tial detection of visual field progression was found in the
high-frequency data set compared with the low-
frequency data set (5 vs 4 test locations), although the
difference was not significant at the P <.05 level. The fact
that the hazard ratio was higher for MD outcomes com-
pared with PLR outcomes may be due to the fact that no
criteria for the amount of change were applied with MD
criteria.

Although the baseline MD seemed to have some in-
fluence on the difference in performance between the 2
data sets with our primary MD criteria, this influence was
not observed with the 2-omitting criteria. Eyes with mod-
erate to advanced glaucoma tend to have larger long-
term fluctuations.'* Eyes with moderately advanced glau-
coma had the highest error standard deviations in our
study in both data sets (P <.001, Kruskal-Wallis test; data
not shown). Despite this, the performance of all regres-
sion analyses was not particularly worse in this group.

Three major parameters determine the performance
of any method to detect progression: the rate of progres-
sion, the testing frequency, and the amount of variabil-
ity (long-term fluctuation). Bland-Altman plots failed to
show any significant trend in performance of the 2 data
sets with changing rates of progression (data not shown).
We hypothesized that a larger number of measurements
would potentially result in a more precise detection of
rates. However, a larger number of measurements could
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theoretically lead to increased variability of the esti-
mated slopes and, hence, cause increased false-positive
detection. We compared the regression error standard de-
viations and the standard errors for the fitted slopes be-
tween the 2 data sets to test our hypothesis. The error
standard deviations and the standard errors for slope es-
timates were very similar in the 2 data sets and tended
to be smaller in the high-frequency data set. We believe
that, given the similar levels of noise and standard error
for the slopes, these 2 potential sources of false-positive
detection could be ruled out. Given the higher number
of examinations available for the high-frequency data set,
it was not unexpected to find a smaller standard error
for this group. The fact that the agreement of both re-
gression criteria with AGIS method did not vary as a func-
tion of the data set used also supports the notion that a
higher false-positive rate is likely not contributing to
higher progression rates in the high-frequency data set.
The difference in performance between the 2 testing al-
gorithms (likely with various levels of long-term fluc-
tuation in this real-patient visual field data set) did not
seem to be as large as predicted based on the theoretical
considerations by Chauhan et al.? This discrepancy merely
reflects the differences between real data and the incom-
plete theoretical assumptions that are currently used to
characterize longitudinal visual field data.

We also compared the proportion of improving eyes
between the 2 data sets. Results showed that the num-
ber of improving eyes in the high-frequency data set was
actually similar or less with the MD criteria, whereas more
improvement was also detected in the high-frequency data
set with the PLR criteria. We speculate that averaging of
noise likely led to a smaller overall improvement rate with
the MD criteria. From a purely statistical standpoint, it
would be expected that a higher number of measure-
ments would lead to more frequent detection of change
in either direction. We also reanalyzed the data with MD
and PLR criteria after censoring data at 5 years. The re-
sults of all analyses were consistent with the results of
our primary MD criteria.

Another significant finding was that, regardless of sta-
tistical significance, the average estimates for MD slopes
were very similar in the 2 data sets. However, there was
significant variability during the first few years of follow-
up, reaching a low plateau about 6 to 7 years into the fol-
low-up period. This supports our hypothesis that the high-
frequency data set is simply detecting change earlier
because of the tighter confidence intervals made pos-
sible by a higher number of data points available.

We used raw threshold sensitivities to perform PLR
analyses because it has been shown that corrected thresh-
old sensitivities are less sensitive at detecting progression
with PLR."!'° However, the influence of worsening me-
dia opacity or cataract extraction cannot be accounted for
with our methods. Because most of the data are based on
the pairwise comparison of data, there is no reason to be-
lieve that this could have affected the results.

The influence of the frequency of testing on detection
of progression has been previously explored with simu-
lation data. Gardiner and Crabb’ found that, with clini-
cally significant rates of progression (2 dB/y), more fre-
quent testing improved the sensitivity, albeit at the expense

of a lower specificity. The best compromise of sensitivity
and specificity was found with a frequency of about 3 vi-
sual field examinations per year. However, it must be em-
phasized that such a frequent testing strategy is cumber-
some and is not practical under most clinical circumstances.
Our data provide evidence for the advantages of a more
practical 6-month schedule for visual field testing.

Our results need to be interpreted in light of the fol-
lowing facts. We decided to keep all field examinations
from the first year for both data sets. This was done to cre-
ate a scenario similar to clinical patient care in which 2 to
3 visual field examinations are performed during the first
year of follow-up to rule out faster progression rates. It is
possible that, had a smaller number of visual field exami-
nations been available during the first year of follow-up,
it might have led to an even better relative performance
of the high-frequency data set. It is also important to note
that our results are not directly generalized to event analy-
ses such as the AGIS scoring system or the Guided Pro-
gression Analysis of the Humphrey Field Analyzer (Carl
Zeiss Meditec Inc, Dublin, California). It can be safely as-
sumed, however, that, with those methods, performing
more frequent tests would potentially lead to earlier de-
tection of progression, albeit at the expense of decreased
specificity, because the 2 required confirmations are more
likely to be observed in a shorter time period. In clinical
care, data are reviewed in real time. When suspected pro-
gression is observed with event analyses, such as Guided
Progression Analysis, or with trend analyses, clinicians tend
to seek confirmation within a short time regardless of pre-
vious testing frequency. A higher testing frequency is more
relevant when detecting smaller amounts of progression
is desirable, such as in patients with advanced glaucoma
in which even a slower rate of progression needs to be de-
tected as early as possible. It may be argued that, because
eyes in the low-frequency data set were in reality tested
more frequently, this might have led to a seemingly bet-
ter performance of the low-frequency data set. This po-
tential bias in performance would lead to a larger differ-
ence, if anything, between the 2 testing frequency schedules
in the real world.

In summary, we found that a twice-yearly schedule
of visual field testing resulted in earlier detection of glau-
coma progression compared with a yearly schedule, es-
pecially with global trend analyses. Validation of these
findings in other patient populations would be desir-
able. Our results have significant health care policy im-
plications with regard to determining the frequency of
visual field testing in patients with glaucoma.
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