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ABSTRACT

Purpose: A 1986-1987 survey found an 8.8% prevalence of open-angle glaucoma in the black population of St Lucia,
West Indies. This follow-up study assessed progression of visual field loss in untreated glaucoma patients and persons
with suspected glaucoma 10 years later.
Methods: Subjects were 205 patients with or suspected of having glaucoma. The 1987 data included age, sex, visual acuity, and visual fields measured by automated threshold perimetry (Humphrey C-30-2 test). The 1997 data included
intraocular pressure, visual acuity, and visual fields measured by the same test. Exclusion criteria included field unreliability, field improvement due to vision improvement, nonglaucomatous vision deterioration, glaucoma treatment since
1988, and scoring of a field as end-stage in 1987. Visual fields were scored by algorithms for the Advanced Glaucoma
Intervention Study (AGIS) and Collaborative Initial Glaucoma Treatment Study (CIGTS).
Results: By AGIS criteria, 55% of 146 right eyes and 52% of 141 left eyes progressed. In linear regressions, progression
severity was unassociated with male or female sex, intraocular pressure, or baseline visual field score, but was positively
associated with age (P <.001, right; P = .002, left). By CIGTS criteria, more eyes progressed. The cumulative probability
of reaching end-stage disease in 10 years in at least one eye was about 16% by AGIS criteria and was 35% by CIGTS criteria.
Conclusions: These data provide a unique opportunity to study progression of untreated glaucoma. A considerably larger
percentage of eyes showed progression of visual field loss, and the rate of progression was greater than in studies of visual field loss in treated eyes.
Trans Am Ophthalmol Soc 2002;100:365-410
INTRODUCTION

Despite decades of experience in the treatment of openangle glaucoma, the natural history of this disease remains
an enigma. Among the inadequately answered questions
are the following:
1. Which individuals with elevated intraocular pressure
will develop open-angle glaucoma?
2. How does treatment of elevated intraocular pressure
affect development of open-angle glaucoma?
3. Once glaucoma develops, at what rate does it
progress?
4. How does treatment affect the rate of progression?
The first of these questions, and likely also the second, undoubtedly will be answered by the Ocular
Hypertension Treatment Study,1 a clinical trial designed to
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determine whether treatment to lower intraocular pressure prevents or delays the onset of open-angle glaucoma.
Data from this study now are being analyzed. With
respect to the third question, data on the rate of progression of treated open-angle glaucoma are conflicting.2,3
Although widespread consensus is lacking, a few well-performed studies have reported visual field loss rates of
about 2% to 3% per year.4,5 Because the rate of progression of open-angle glaucoma is a topic of continuing investigation, it is likely that the progression rate estimates will
soon become more precise.
Addressing the fourth question is problematic. Data
are available on the progression of untreated normal-pressure glaucoma,6 but no data have been reported describing the natural history of untreated open-angle glaucoma.
The Early Manifest Glaucoma Trial,7 a clinical trial to
evaluate the effect of immediate intraocular pressure
reduction in patients with early glaucoma and pressures
not exceeding 30 mm Hg, potentially will provide information on the effect of treatment on progression in the
very early stages. However, because it is generally agreed
that open-angle glaucoma with elevated intraocular pres-
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sure must be treated, it would be unethical to conduct a
trial to test the effect of treatment on the rate of progression of glaucoma with elevated pressures and various
severity levels.
A study conducted in 1986-1987 assessed the prevalence of glaucoma and its risk factors in St Lucia, West
Indies.8 The high prevalence of glaucoma in this population (estimated to be 8.8%) and the availability of these
baseline data (summarized below) appeared to present
the opportunity for analysis of a “natural experiment”
comparing the progression of open-angle glaucoma in
treated and untreated eyes. At the time of the 1986-1987
survey, an infrastructure was in place to care for complicated ophthalmological disorders regardless of patients’
ability to pay, with free transportation to clinics as needed.
All subjects in the 1986-1987 survey with diagnoses of
glaucoma or suspected glaucoma received referrals to
Victoria Hospital, in Castries, or St Jude’s Hospital, in
Vieux Fort, where care was available from a faculty ophthalmologist and residents affiliated with the
Massachusetts Eye and Ear Infirmary. Those with severe
glaucoma received surgery; most of the others received at
least one evaluation, and those requiring glaucoma medications received them at no charge. The findings of a feasibility study conducted in 1996 (described below) supported the feasibility of a follow-up study of glaucoma
patients and suspects identified in the 1986-1987 survey.
Distressingly, the 1997 follow-up study showed that
very few subjects were under active treatment, in part
because the infrastructure for subsidized glaucoma care
collapsed shortly after the Massachusetts Eye and Ear
Infirmary resident rotation was discontinued, in 1988. In
1997, it was found that only a few patients had had surgery, and only a few who could afford medications had
continued to receive them. Because few subjects had
received treatment, the design of the follow-up study was
changed to focus on the natural history and progression of
untreated glaucoma.
ISSUES IN ANALYSIS OF GLAUCOMATOUS VISUAL FIELD
LOSS PROGRESSION

Following the course of vision loss in glaucoma continues
to be a major problem as more is learned about current
visual field testing techniques and about the nature of the
disease. No standard for identifying progression of glaucomatous visual field loss has been agreed upon. While
one can be moderately certain that standard visual field
tests will detect vision loss,9 it still is unclear what constitutes a clinically significant, reproducible change for the
worse. Visual fields may appear worse but then improve in
subsequent tests. For example, the Advanced Glaucoma
Intervention Study10 reported that more than 30% of the
fields classified as “progressed” at two follow-up examina-

366

tions later failed to maintain this classification. Separating
true progression from changes in visual fields due to
learning effects, fatigue, and the long-term fluctuation
inherent in the test is extremely difficult.11,12 Each visual
field measurement is influenced by a variety of factors,
including test-subject performance, fixation losses, pupil
size, refractive correction, and changes in degree of lens
opacity. These factors combine with underlying physiological changes in visual sensitivity to produce significant
long-term fluctuation in visual field test results even for
healthy eyes, and this long-term fluctuation is larger for
eyes with visual field loss.11-15 In addition, progression of
visual field loss is very slow in treated glaucoma. Changes
of less than 1 dB per year are difficult to detect even with
a series of visual fields spanning 6 years.16
The statistical methods most commonly employed to
identify visual field loss progression are the Humphrey
Statpac II glaucoma change probability analysis and linear
regression. Analyses by these methods have shown that
variability in visual field measurements is greater for some
field test locations than others and that change in variable
locations must be of greater magnitude than change in
stable locations to be called true progression.15,17 Other
commonly used analysis methods employ visual field
defect scoring algorithms developed for specific clinical
trials.
Linear Regression Over Time
Linear regression analysis requires at least 5 and preferably 7 or more visual fields to determine whether visual
field loss has progressed relative to the baseline measurement.14,16,18 Variables that have been evaluated for their
sensitivity to progression in linear analyses include mean
deviation, corrected pattern standard deviation, thresholds within glaucoma hemifield test zones, and thresholds
from each of the 52 test locations. Comparing these
parameters for 191 subjects over a mean follow-up period
of 7.1 years, Smith and colleagues19 concluded that progression rates of between 1 and 5 dB per year could be
detected. While this method of detecting progression
looks promising, at least 5 years of data are required in
order to detect significant change in any of these field
parameters via linear regression analysis.14,18
The commercially available Progressor program20
uses all of an individual subject’s available visual field data
in pointwise linear regression analysis for each test location from several visual fields against time of follow-up.
The program produces a cumulative graphical output
showing each test location as a bar graph, in which each
bar represents one test. The length of the bar indicates
the depth of the defect, and the color of the bar indicates
the probability value of the regression slope relative to
age-matched normal controls.21,22 This technique is most
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useful with a series of 7 visual fields.
Event Analyses
Glaucoma Change Probability. The glaucoma change
probability analysis, included in Statpac II, looks for
change by making a pointwise comparison of the standard
visual field against the average of the first two reliable
baseline visual fields. On the basis of the total deviation
probability map, a change in sensitivity greater than the
long-term fluctuation found in a reference population of
stable glaucoma patients is required for deterioration to
be detected at a given location.23 Significant worsening of
a test location is flagged with a black diamond and significant improvement with an open diamond. Because this
analysis does not define cutoffs for visual field progression, the clinician must decide what number of changed
points constitutes significant progression.
Clinical Trials and Progression. Because it often is
necessary in clinical trials to determine whether progression is occurring before a series of 5 to 7 visual fields can
be obtained, linear regression has not been the method of
choice. Instead, the statistical methods provided by the
Statpac II glaucoma change progression and global
indices for identifying visual field loss progression relative
to 2 baseline visual fields have been incorporated into the
following large clinical trials: the Normal-Tension
Glaucoma Study, the Early Manifest Glaucoma Trial, the
Advanced Glaucoma Intervention Study, and the
Collaborative Initial Glaucoma Treatment Study.
The Normal-Tension Glaucoma Study was designed
to assess the effect of lowering intraocular pressure on the
progression rate of normal-tension glaucoma. For subjects
to be eligible for this study, their eyes had to show glaucomatous excavation of the optic disc and a field defect
(measured by standard achromatic perimetry) consisting
of a cluster of 3 nonedge points depressed by 5 dB, with 1
of the points also depressed by 10 dB. This defect had to
be confirmed by two of three baseline visual field tests
performed within a 4-week window. Progression was suspected if one of the following changes was observed: (1) at
least 2 contiguous points within or adjacent to a baseline
defect showed a reduction in sensitivity from baseline of
≥10 dB or three times the average baseline short-term
fluctuation for that subject, whichever was greater, (2) the
sensitivity of each suspected point was outside the range
of values observed during baseline testing, or (3) a defect
occurred in a previously normal part of the field.
Confirmation of progression required agreement in the
results of four tests.24
The Early Manifest Glaucoma Trial (EMGT) was
designed to assess the effectiveness of reducing intraocular pressure in early, previously untreated open-angle
glaucoma. Because visual field loss progression is used as

a study end point, a progression algorithm was developed.7
The Statpac glaucoma change progression analysis was
modified so that scoring is based on the pattern deviation
probability map instead of the total deviation probability
map. The change in pattern deviation is thought to provide a more accurate assessment of visual field loss progression because this plot is less influenced by shifts in the
global hill of vision due to cataract, pupil size changes, or
refractive errors.25 Enrollment in EMGT required an initial screening, two preintervention visual field tests, and
two baseline examinations. At both baseline examinations,
the glaucoma hemifield test results had to be either (1)
“outside normal limits” because of defects in the same
sectors or (2) “borderline,” with obvious localized change
to the optic disc. Progression requires that 3 or more
points be flagged by the pattern deviation version of the
glaucoma change progression analysis and confirmed in 2
subsequent visual fields; the points need not be contiguous.
The Advanced Glaucoma Intervention Study (AGIS)
was designed to compare two surgical management
strategies for patients with advanced glaucoma inadequately controlled by medications alone. To determine
eligibility and to evaluate disease progression in patients
with relatively advanced glaucomatous visual fields, the
AGIS investigators developed an algorithm for scoring the
visual field test based on reliability and the severity of
glaucomatous visual field defects. The scoring system was
based on the following concepts: (1) multiple defects can
occur in the upper, lower, and nasal hemifields; (2) a
defect requires 2 or more adjacent defective points; (3)
the severity of depression must be greater than changes
due to variability; and (4) the defect must be caused by
glaucoma. The score increases with increasing numbers of
depressed locations and with increasing depth of the
defects, ranging from 0 (no defect) to 20 (all sites deeply
depressed).10 (The scoring procedure is described in the
“Methods” section.) Subject eligibility was determined by
the results of two preintervention field tests conducted
less than 60 days apart. Enrollment required an AGIS
score between 1 and 16 and a reliability score of <3 for the
first visual field test. The second test was used as the baseline for subsequent tests. Progression is quantified as a
score increase from baseline by ≥4 points in three consecutive reliable visual field tests.26
The Collaborative Initial Glaucoma Treatment Study
(CIGTS) was designed to determine whether patients
with newly diagnosed open-angle glaucoma are managed
better by initial treatment with medications or by immediate filtration surgery. A primary outcome measure is the
visual field score, determined by a modification of the
AGIS scoring method described above. The CIGTS scoring system is based on these principles: (1) the total devi-
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ation probability plot adjusts the total deviation values at
each point relative to the most normal region in the visual
field; (2) each abnormal test location must be accompanied by at least 2 adjacent abnormal points; and (3) each
abnormal point is given a score from 1 to 4 based on the
probability values (5% to 0.5%) for the 3 contiguous
depressed points. (The scoring procedure is described in
the “Methods” section.) For CIGTS, two preintervention
field tests were conducted to determine subject eligibility.
Enrollment required reliability scores of <4, glaucoma
hemifield test results “outside normal limits,” and at least
3 contiguous points on the total deviation plot with P <.02;
if the points were in the nasal field, they could not cross
the horizontal midline. The preintervention scores were
averaged to create a baseline CIGTS score. If the baseline
scores differed by >7, then a third field test was conducted
and the three scores were used to compute a baseline
CIGTS score. Progression is quantified as an increase in
score from baseline reference by ≥3 points on three consecutive reliable visual field tests.27
Comparison of the Analysis Methods
Many specialists in glaucoma were involved in the development of the methods used in each of these studies.
However, only a few studies have compared the various
methods for identifying progression on the same series of
visual fields.28-30
Comparing the AGIS, CIGTS, and EMGT methods,
Katz and colleagues29 evaluated the agreement among
these methods and the judgment of two glaucoma specialists who graded the fields as “definite progression,”
“possible progression,” “stable,” “improved,” or “too unreliable to assess.” They found that the EMGT and CIGTS
scoring methods and the glaucoma specialists identified
similar incidences of progression, but not necessarily in
the same eyes. Furthermore, the EMGT and CIGTS
methods produced rates of apparent progression that
were twice those obtained with the AGIS method. These
results were corroborated by those of Lee and colleagues.30 These studies indicate the difficulties resulting
from the lack of a “gold standard” for progression of glaucoma independent of visual field test results. Until such a
nonfield standard is established, only the agreement
among different methods for grading progression can be
determined and the sensitivity and specificity of the various techniques for determining progression will remain
unknown.
DESCRIPTIONS AND MAJOR FINDINGS OF THE

1986-1987

ST LUCIA SURVEY

Introduction
Although glaucoma appears to be more prevalent among
blacks than whites, little information on the epidemiology
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of glaucoma is available. Anecdotal reports of an unusually
high prevalence of glaucoma in the relatively homogeneous black population of St Lucia, West Indies, made
this an ideal site for an epidemiological study of glaucoma.
A national survey of the prevalence of glaucoma in St
Lucia, West Indies, was conducted in 1986-1987 by
Howard University in collaboration with investigators
from the Harvard Medical School.8
Methods
A cluster sampling design with systematic allocation of
clusters was used to identify, from 1984 census data, a
sample of 1,936 black subjects aged 30 years or older. The
primary sampling units were electoral districts within St
Lucia’s 10 administrative areas, which were sampled with
probability proportional to the size of the administrative
area. A random starting point was chosen in each of the 42
districts (one per cluster), and consecutive households
were listed until at least 50 subjects per cluster were
recruited; all eligible individuals in a household were
recruited.
All subjects underwent a screening examination,
which included (1) a visual acuity test with a Snellen chart
at 20 feet or a pinhole if visual acuity was 20/40 or less, (2)
three measurements of intraocular pressure with a
portable Perkins applanation tonometer, and (3) direct
ophthalmoscopy, with clinical assessment of the horizontal and vertical cup-to-disc ratios. Height, weight, blood
pressure, and pulse were measured and a risk-factor interview was completed. Screening for visual field loss by
automated threshold perimetry with the Humphrey Field
Analyzer full-field 120 test was attempted for every third
subject and for every subject with any of the following
conditions: intraocular pressure ≥21 mm Hg, cup-to-disc
ratio ≥0.7, or cup-to-disc asymmetry ≥0.2. Some subjects
could not be tested because they could not understand or
comply with the testing procedure.
All subjects with elevated intraocular pressure, an
abnormal cup-to-disc ratio, or 17 or more visual field
defects were referred for a comprehensive glaucoma evaluation, including a slit-lamp examination, gonioscopy, and
dilated direct and indirect ophthalmoscopy performed by
a glaucoma subspecialist, as well as threshold visual field
measurement with the Humphrey Field Analyzer (central
30-2 test). Glaucomatous visual field loss was detected by
the mirror-image method.31
The primary definition of glaucoma conservatively
included only visual fields with fixation loss of less than
20% and false-positive and false-negative error rates of
less than 33%. All abnormal threshold visual fields were
independently evaluated by two glaucoma subspecialists
to confirm typical glaucomatous visual field loss. By the
primary definition, cases were excluded if glaucomatous
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etiology of the fields was considered questionable, regardless of the results obtained with the mirror-image method.
Some referred subjects did not undergo threshold testing;
these cases also were excluded by the primary definition.
A more comprehensive secondary definition of glaucoma
included (1) cases with unreliable visual field test results
that met all other visual field criteria and (2) cases of
referred subjects who did not undergo threshold visual
field testing but whose examination results could not be
explained by anisometropia or other ocular disease.
Results and Conclusions
Publicity for the survey by the Ministry of Health and
aggressive follow-up by the survey team resulted in
screening of 1,679 subjects, for a participation rate of 87%
(77% for men and 92% for women). Of those screened,
520 subjects were referred for a definitive examination:
306 with elevated intraocular pressure, 207 with abnormal
cup-to-disc ratios, and 252 with abnormal screening visual
fields. Of the 520 subjects referred, 364 (70%) underwent
threshold visual field testing; visual fields were obtained
for a total of 699 eyes. By the primary definition of glaucoma, 147 subjects (31% of those referred; 45 men and
102 women) were diagnosed as having glaucoma, for a
prevalence of 8.8%. The remainder (217) either were
diagnosed as having glaucoma by a more liberal secondary
definition or were considered glaucoma suspects.
This study differed from previous glaucoma prevalence surveys in that it was based on a representative
national sample and used stringent visual field criteria to
diagnose glaucoma. It found much higher prevalence than
had been reported in many previous surveys, leading the
authors to conclude that glaucoma was a major problem in
this population.
DESCRIPTION AND FINDINGS OF THE

1996

FEASIBILITY

STUDY

A trip to St Lucia was undertaken in December 1996 to
determine the feasibility of a follow-up study of glaucoma
patients and suspects identified in the 1986-1987 survey.
Meetings were held with officials in the Ministry of
Health and with nurses who had been trained as glaucoma
diagnosticians for the initial survey. To test the feasibility
of locating survey subjects and their medical records,
three clusters from the 1986-1987 survey were chosen
randomly, providing a sample of 37 subjects. A visit was
made to each cluster to locate subjects, and medical
records for the surviving subjects were sought in the
Victoria Hospital medical records department.
The Ministry of Health officials and nurses expressed
strong interest in and support of the proposed follow-up
study. They also expressed interest in refresher training in
glaucoma identification, diagnosis, and treatment.

Of the 37 subjects, 21 were interviewed, 8 had died,
3 were not home at the time of the visit, and 4 had moved
to other clusters; the whereabouts of the remaining subject were unknown. Medical records were retrieved for
the 28 living subjects who were located. It took 5 hours to
find the 28 records. Each record provided the subject’s
name and address, the date of the last visit to the clinic, a
summary of the ophthalmic examination, and the diagnosis and treatment plan. Thus, it was estimated that about
75% of the subjects in the 1986-1987 survey could be
located to participate in the follow-up study, and that it
might take about 2 weeks to retrieve their medical
records. It was concluded that the follow-up study was
feasible.
METHODS
LOCATION AND EXAMINATION OF SUBJECTS

The survey was approved by the responsible Institutional
Review Board, and all subjects signed an informed consent form before participating in any part of the study.
Before the survey team arrived in St Lucia, the
Ministry of Health generated national attention for the
study through personal contacts, radio announcements,
local newspapers, and other print media. Nurses and other
contracted health care providers made multiple attempts
to contact each of the 364 subjects identified in the 19861987 survey as having glaucoma or as being glaucoma suspects, and they filled out a “Record of Contacts” form
(Appendix 1). Reports that subjects were deceased were
verified through the national death registry. Subjects who
were located were asked to report to a specific location for
an eye examination and administration of a questionnaire.
The survey team consisted of an ophthalmologist and
two nurses. One nurse measured visual acuity and administered the questionnaire, and the other administered the
visual field tests.
The examination consisted of the following assessments: (1) measurement of visual acuity without correction, with correction (if available), and with pinhole, (2)
refraction if visual acuity was less than 20/40, (3) threshold visual field measurement with the Humphrey Field
Analyzer model 610 (Zeiss Humphrey Systems, Dublin,
California) central 30-2 test and stimulus III, with near
correction as appropriate, (4) slit-lamp biomicroscopy, (5)
measurement of intraocular pressure with a portable
applanation tonometer, (6) gonioscopy with a Zeiss-type
lens, (7) optic nerve assessment by direct ophthalmoscopy
and/or with a 90-diopter lens through dilated pupils, and
(8) retina assessment by indirect ophthalmoscopy through
dilated pupils. All examination findings were recorded on
a standardized form (Appendix 2). If the best corrected
visual acuity was less than 20/30, the ophthalmologist indi-
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cated the most likely primary and secondary causes for the
decreased vision.
Subjects who were not physically able to visit the
examination site were examined in their homes. The modified examination consisted of measurement of visual acuity with and without correction and with pinhole, a penlight examination with loupes, intraocular pressure measurement with a portable applanation tonometer, and dilated
funduscopic assessment.
All subjects completed the questionnaire (Appendix 3),
which consisted of questions relating to demographic
information, ocular and general medical history, eye care
and general health services, medication use, and tobacco
and alcohol use. To assess health-related quality of life,
the National Eye Institute Visual Functioning
Questionnaire 25, modified to be culturally appropriate to
St Lucia, was administered. (The data unrelated to visual
field loss progression, such as data on medical resource
use and health-related quality of life, are not presented
here but will be the subject of future analyses.)
Glaucoma progression typically is documented as
changes in the optic nerve and/or progression of visual
field defects. In the absence of photographic documentation, optic nerve assessment suffers from subjectivity and
lack of reproducibility.32 Therefore, visual field loss progression was used as a proxy for glaucoma progression.
SELECTION OF THE SAMPLE

Of the 364 potential subjects from 1987, 90 had died, 11
refused to participate, 21 were known to have moved from
St Lucia, and 37 could not be located. Thus, data were
obtained for both eyes of 205 subjects (56% of the 364
potential subjects). Among the living subjects the team
was able to locate in St Lucia, the participation rate was
95%.
For each eye, 2 visual fields obtained 10 years apart
were available for review. Visual fields were evaluated for
reliability and excluded by the following criteria: (1) either
the false-positive or the false-negative rate was 40% or
greater, (2) both the false-positive and the false negative
rate was 33% or greater, or (3) fixation loss was 33% or
greater. Additionally, visual fields with obvious nonglaucomatous scotoma, such as near-correction lens rim artifact,
were excluded.
Any eye with an improvement of vision by halving of
the visual angle or deterioration of vision by doubling of
the visual angle was individually considered for exclusion.
An eye was excluded if it showed (1) an improvement of
visual field attributable to improvement in vision or (2) a
decrease in vision attributable to a cause other than glaucoma, as noted by the examining ophthalmologist. Eyes
for which a Snellen acuity measurement was not available
(ie, with acuity <20/400) were included in the sample but
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excluded from the visual acuity analysis.
If a subject had not undergone visual field testing
because of blindness, the cause was determined; if it was
glaucoma, the eye was included and given the highestseverity visual field score (20) for purposes of analysis.
Eyes that in 1987 had experienced end-stage glaucoma,
defined as an AGIS visual field score of 17 to 20, were
excluded.
A few subjects had had glaucoma surgery, and a few
were receiving glaucoma medication; their eyes were
excluded. Some subjects reported past use of medications.
If the subjects had used medications only while they were
available at no cost and had not used medications since
the subsidized eye-care program ended in 1988, their eyes
were included. Otherwise, the eyes of subjects who
reported past use of glaucoma medications were excluded.
VISUAL FIELD GRADING

Visual fields were graded by methods used in two multicenter clinical trials sponsored by the National Eye
Institute: the Advanced Glaucoma Intervention Study33
and the Collaborative Initial Glaucoma Treatment Study.34
These studies were designed to assess glaucoma at different stages of the disease.
The Advanced Glaucoma Intervention Study
An outcome measure in this trial is a score based on the
52 test locations from the Humphrey 24-2 standard full
threshold visual field test (excluding the two locations
nearest the blind spot). As discussed above, the AGIS
algorithm for scoring visual field defects is based on reliability, the number of adjacent test locations with
depressed sensitivity, and the depth of the depression (relative to normal, based on the total deviation plot of the
Statpac II single-field analysis), and the region of the field
affected.10 The scoring procedure is described in Table I.
For AGIS, progression of visual field loss is defined by
worsening of the score from the baseline value by 4 points
or more in three consecutive 6-month follow-up tests.26
The Collaborative Initial Glaucoma Treatment Study
The overall visual field defect score is generated from the
total deviation probability plot values (rather than their
corresponding decibel cut offs, used by AGIS). Any of the
52 locations on this plot (excluding the two blind spot
locations) for which the probability value is ≤.05 and
which is accompanied by at least 2 adjacent abnormal
points is considered defective and is scored. The score for
each location is weighted by the depth of its defect and
the depths of the defects of the two most defective neighboring locations (for which P ≤.05).35 The scoring procedure is described in Table II.
For CIGTS, progression of visual field loss is defined
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TABLE I: STEPS IN SCORING VISUAL FIELD DEFECT IN AGIS
STEP AND CRITERION

SCORE

1. Score the nasal area (step or defect):
≥1 depressed location in nasal area and only in 1 hemifield
or
3 clustered depressed locations of 6 possible nasal sites
4 to 6 clustered locations depressed ≥12 dB
2. Score each hemifield (defect):
≥1 cluster of 2 locations with 1 depressed by ≥12 dB
≥1 cluster of 3 to 5 depressed locations
≥1 cluster of 6 to 12 depressed locations
≥1 cluster of 13 to 20 depressed locations
≥1 cluster of >20 depressed locations
If 50% of depressed hemifield locations are depressed by

Max = 2

1
1
Max = 9
1
1
2
3
4
≥12 dB
≥16 dB
≥20 dB
≥24 dB
≥28 dB

3. Sum the scores for each hemifield and for the nasal area

+1
+2
+3
+4
+5
Max = 20

AGIS, Advanced Glaucoma Intervention Study.

TABLE II: STEPS IN SCORING VISUAL FIELD DEFECT IN CIGTS

1. Score each of the 52 test locations:
Cluster probability
≥.10
≤.05
≤.05
≤.02
≤.01
≤.005

Neighboring locations
0 or 1 at ≤.05
2 to 8 at ≤.05
2 to 8 at ≤.02
2 to 8 at ≤.01
2 to 8 at ≤.005

Score
0
0
1
2
3
4

2. Add the scores for all 52 test locations

Max= 208

3. Divide by 10.4

Max= 20

CIGTS, Collaborative Initial Glaucoma Treatment Study.

by worsening of the score from the baseline value by ≥3
points in three consecutive separate tests.
The threshold level in decibels for each test location
of the Humphrey 30-2 standard full threshold program
was available for each visual field. However, many of the
1987 visual fields did not have the Statpac II indices necessary for calculation of AGIS and CIGTS scores.
Conversion of the threshold decibel data into the requisite
Statpac indices required the normative database from
which the Statpac program was generated, and this information has not been made available by the manufacturer.
The normative database developed by Drs Pamela
Sample and Chris Johnson for the short-wavelength automated perimetry ancillary arm of the Ocular
Hypertension Treatment Study was used instead. This
normative database consists of data for one eye from each
of the same 348 normal subjects between the ages of 20

and 85 tested with both standard automated perimetry
(SAP) and short-wavelength automated perimetry. The
normative data were collected at five centers by means of
a standardized test protocol. To be included in the normative database, subjects had to have a normal eye examination, 20/30 or better visual acuity, normal color vision,
no history of ocular or neurologic disease or surgery,
refractive errors of less than 5 diopters spherical equivalent and 3 diopters cylinder, no diabetes mellitus, and normal optic nerve appearance, and subjects could not be
taking any medications known to affect visual fields or
color vision (Pamela Sample, PhD, electronic mail
communication).
A Statpac-like SAP analysis package using these normative data was developed by Sample and Johnson. After
age-correction for each of the 52 test locations of the
Humphrey standard full-threshold 24-2 test (excluding
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the two blind spot locations), the total deviation plot, the
pattern deviation plot, and their associated probability cut
offs and probability plots were computed. The package
then computes cut off values at specific probabilities for
global indices, mean deviation, and pattern standard deviation, along with an asymmetry analysis patterned after
the glaucoma hemifield test analysis.36 The values
obtained are practically identical to values obtained from
the Statpac II program (Chris Johnson, PhD, oral communication). All the visual field raw threshold values from
the St Lucia study were run through the SAP analysis
package to generate the information needed to perform
the AGIS and CIGTS analyses for visual field loss progression.
ANALYTICAL METHODS

The subjects’ demographic information, examination
results, and questionnaire data were recorded by pencil
on standardized forms and later entered into Corel
Paradox database files. Snellen visual acuity measurements were converted to decimal values by division of the
numerator by the denominator (eg, 20/20 = 1.0, 20/25 =
0.8, 20/30 = 0.67). Visual acuities worse than 20/400 were
not given decimal values. The electronic data files were
cross-checked with the raw data. Data that were considered out of range were eliminated.
The data then were transferred to a SAS 8.2 (SAS
Institute, Cary, North Carolina) file for analysis.
Multivariate linear regression was used to investigate the
association between predictor variables and visual field
loss progression based on AGIS and CITGS scores.
Logistic regression also was performed, with progression
versus no progression treated as a categorical response
variable. The assumptions of linear and logistic regression
analysis were verified. Cross-tabulations were made
between the various predictor variables and severity of
visual field loss progression, and chi-square tests were
used to test for associations.

•

Substantial worsening of vision due to a cause other
than glaucoma, 11 right and 11 left eyes
• Past or present glaucoma treatment, 26 right and 26
left eyes
Some eyes satisfied more than one of the above exclusion criteria. An additional five right eyes and nine left
eyes were excluded because their 1987 visual fields satisfied the AGIS criterion for end-stage glaucoma (visual
field score ≥17). Though CIGTS score was not used as an
exclusion criterion, the CIGTS scores for these eyes all
were ≥17. The final sample consisted of 146 right and 141
left eyes of 155 subjects.
The 155 subjects included 47 men and 108 women.
The age distribution at baseline was as follows: 21 to 30
years, 2 patients; 31 to 40 years, 21 patients; 41 to 50
years, 57 patients; 51 to 60 years, 32 patients; 61 to 70
years, 31 patients; 71 to 80 years, 11 patients; older than
80, 1 patient.
The mean age was 52.3 years (range, 26-85 years).
(Although the 1986-1987 survey was not intended to
include subjects under the age of 30 years, two such subjects were found and have been included in this sample
for consistency with the earlier study.) The mean intraocular pressures from the 1997 examination were 21.0 mm
Hg (SD, 4.3; range, 10-39) for the right eye and 21.0 mm
Hg (SD, 4.2; range, 12-43) for the left eye. Of the 155 subjects, 81 (52%) had definite visual field defects at the initial survey and had been diagnosed as having glaucoma,
and 74 (48%) had either normal or inconclusive visual
field test results and had been diagnosed as glaucoma suspects.
Among the eyes for which acuity measurements were
available for both 1987 and 1997, vision deteriorated only
minimally. The mean changes in visual acuity were -0.07
for the right eye and -0.10 for the left eye. For the subset
of these eyes with visual field loss progression, the mean
change in acuity was still only -0.06 for the right eye and
-0.13 for the left eye. Table III summarizes the Snellen
visual acuity measurements.

RESULTS
PROGRESSION OF VISUAL FIELD LOSS BY AGIS CRITERIA
SAMPLE SELECTION, DEMOGRAPHICS, AND EXAMINATION
RESULTS

Of the 410 eyes for which data were obtained, 59 right
eyes and 64 left eyes were excluded. The reasons for
exclusion were as follows:
• No 1987 visual field, 4 right eyes, 6 left eyes
• No 1997 visual field because of inadequate vision due
to a cause other than glaucoma, 1 right eye
• Unreliable visual field for 1987 or 1997, 20 right eyes,
21 left eyes
• Substantially improved visual field due to better
vision from cataract surgery, 3 right and 3 left eyes
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AGIS visual field defect scores are summarized in Table
IV. The 1987 mean scores were 3.5 for right eyes and 3.9
for left eyes, and the 1997 mean scores were 9.1 for right
eyes and 9.0 for left eyes. By the AGIS criterion for definite change (score change of ≥4), 80 right eyes and 73 left
eyes worsened, 5 right eyes and 8 left eyes improved, and
61 right eyes and 60 left eyes were unchanged. Among the
eyes in which visual field loss had progressed by AGIS criteria, the 1987 mean scores were 3.3 for right eyes and 4.5
for left eyes, and the 1997 mean scores were 13.5 for right
eyes and 13.1 for left eyes. The severity of progression was
distributed as follows: mild progression (AGIS score
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TABLE III: MEAN VISUAL ACUITY AND CHANGE IN ACUITY FROM

1987 TO 1997*
EYES PROGRESSED BY AGIS CRITERIA†

ALL EYES

1987
1997
Change

EYE

N

R
L
R
L
R
L

130
124
130
124
130
124

MEAN

0.74
0.76
0.66
0.66
-0.07
-0.10

SD

N

MEAN

SD

0.27
0.26
0.25
0.26
-

67
60
67
60
67
60

0.68
0.73
0.62
0.60
-0.06
-0.13

0.27
0.24
0.27
0.27
-

*Visual acuity is numerator divided by denominator of Snellen acuity measurement. Only eyes with Snellen acuity measurements for both 1987 and 1997
were included.
†Progression means that AGIS visual field defect score increased by ≥4.

TABLE IV: MEAN AGIS VISUAL FIELD DEFECT SCORE AND CHANGE FROM

EYES PROGRESSED BY AGIS CRITERIA*

ALL EYES

1987
1997
Change

EYE

N

MEAN

R
L
R
L
R
L

146
141
146
141
146
141

3.5
3.9
9.1
9.0
5.6
5.1

1987 TO 1997

SD

N

3.7
4.1
6.9
6.8
-

80
73
80
73
80
73

MEAN

3.3
4.5
13.5
13.1
10.2
8.6

SD

3.3
4.4
5.4
5.5
-

*Progression means that AGIS visual field defect score increased by ≥4.

increase of 4-7), 26 right eyes (N = 80), 27 left eyes (N =
73); moderate progression (score increase of 8-11), 24
right eyes, 19 left eyes; extensive progression (score
increase of 12-15), 16 right and 16 left eyes; severe progression (score increase of ≥16), 14 right and 11 left eyes.
In the AGIS scoring system, end-stage glaucoma is
defined by a score ≥18. Of the 80 right eyes that showed
progression, 24 (30%) had progressed to end-stage glaucoma; for the 73 left eyes, the figure was 21 (29%). In 14
subjects, visual field loss had progressed to end-stage disease in both eyes. Of the eyes that had progressed to endstage glaucoma, 14 of 24 right eyes (58%) and 13 of 21 left
eyes (62%) had baseline AGIS scores of 0 to 5 (no to minimal visual field loss).
The following factors were investigated for possible
association with progression of visual field loss: sex, age,
intraocular pressure (1997), and baseline AGIS visual
field defect score. For multiple linear regression, progression score (change in visual field score from 1987 to 1997),
age, and intraocular pressure were continuous variables
and sex was categorical. In this analysis, progression was
not significantly associated with intraocular pressure (P =
.91, right; P = .63, left) or with sex (P = .20, right; P = .33,

left), but showed a significant positive association with age
(P <.001, right; P = .002, left). The linear regression models for the right and left eyes were as follows, where y =
progression severity and x = age:
Right:

Left:

y = -6.24 + 0.21885x;
r2 = 0.20;
slope 95% CI = 0.14 to 0.29
y = -3.9 + 0.1727x;
r2 = 0.13;
slope 95% CI = 0.09 to 0.25

Visual field loss in an eye with a high baseline score
cannot progress but to a certain extent (eg, an eye with a
baseline visual field score of 0 could receive a progression
score of 20, whereas for an eye with a baseline score of 15,
the maximum progression score would be 5). Therefore, a
logistic regression was performed in which the baseline
visual field score was treated as a continuous variable and
the response variable was dichotomous (progression,
defined as an AGIS score increase of ≥4, versus no progression). Again, progression was significantly associated
only with age (P = .001, right; P = .003, left). Progression
was not significantly associated with intraocular pressure (P
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= .99, right; P = .84, left), sex (P = .14, right; P = .42, left),
or baseline visual field score (P = .08, right; P = .21, left).
The probability of progression, p, was modeled as follows,
where x1 = age and x2 = baseline AGIS visual field score:
Right:
Left:

log[p/(1-p)] = -2.3204 + 0.0545x1 - 0.0902x2
log[p/(1-p)] = -2.2454 + 0.0445x1

These relationships also were tested separately, with
age, intraocular pressure, and baseline visual field status
treated as categorical variables in chi-square tests of association with progression severity, summarized in Tables V
through VII. In the analysis of baseline visual field score,
the response variable was dichotomous (progression versus no progression). Again, the only significant association
was between progression and age, for right eyes only
(P = .01; for left eyes, P = .13).

was not significantly associated with intraocular pressure
(P = .44, right; P = .64, left) or sex (P = .65, right; P = .81,
left), but it was significantly associated with age (P = .001,
right; P = .008, left) and baseline visual field score (P
<.001 for both eyes); visual fields less severely affected at
baseline were more likely to have progressed. The probability of progression, p, was modeled as follows, where x1
= age and x2 = baseline CIGTS visual field score:
Right:
Left:

log[p/(1-p)] = -1.1479 + 0.0588 x1 - 0.1348 x2
log[p/(1-p)] = -0.5173 + 0.0475 x1- 0.1507 x2

The association between progression and baseline
visual field status also was tested in a chi-square test, with
baseline field status as a categorical variable, as shown in
Table IX. In this analysis, progression was significantly associated with baseline CIGTS score (P <.001 for both eyes).

PROGRESSION OF VISUAL FIELD LOSS BY CIGTS CRITERIA

COMPARISON OF PROGRESSION BY AGIS AND CIGTS CRITERIA

The analyses described above also were performed with
the CIGTS scores, which are summarized in Table VIII.
The mean 1987 CIGTS scores were 5.6 for right eyes and
5.9 for left eyes, and the mean 1997 scores were 12.9 for
right eyes and 13.6 for left eyes. By the CIGTS criterion
for definite change (score change of ≥ 3), 107 right eyes
and 101 left eyes worsened, 14 right eyes and 13 left eyes
improved, and 25 right eyes and 27 left eyes were
unchanged. Among the eyes in which visual field loss had
progressed by CIGTS criteria, the 1987 mean scores were
4.6 for both right and left eyes, and the 1997 mean scores
were 15.7 for right eyes and 16.2 for left eyes. The severity of progression was distributed as follows: mild progression (CIGTS score increase of 3-7), 32 right eyes (N =
107), 28 left eyes (N = 101); moderate progression (score
increase of 8-11), 27 right eyes, 20 left eyes; extensive progression (score increase of 12-15), 17 right eyes, 24 left
eyes; severe progression (score increase of ≥16), 31 right
eyes, 29 left eyes.
The CIGTS system does not define end-stage glaucoma,
but by the AGIS definition (score ≥18), many eyes had
reached end-stage disease. Of the 107 right eyes that
showed visual field loss progression, 53 (50%) had progressed to end-stage glaucoma; of the 101 left eyes, 54
(53%) had reached end-stage. In 39 subjects, visual field
loss had progressed to end-stage disease in both eyes. Of
the eyes that had progressed to end-stage glaucoma, 24 of
53 right eyes (45%) and 27 of 54 left eyes (50%) had baseline CIGTS scores of 0 to 5.
In the linear regression analysis, progression of visual
field loss was not significantly associated with intraocular
pressure (P = .76, right; P = .92, left), sex (P = .67, right;
P = .72, left), or age (P = .14, right; P = .19, left). In the
logistic regression analysis, the likelihood of progression

As described above, the results obtained with the AGIS
and CIGTS algorithms differed. Many more eyes progressed by CIGTS than by AGIS criteria. Identification of
eyes as having progressed in visual field loss by the two
scoring systems differed as follows: AGIS total, 80 right
eyes and 73 left eyes progressed; CIGTS total, 107 right
eyes and 101 left eyes progressed; both AGIS and CIGTS,
71 right eyes and 65 left eyes progressed; AGIS only, 9
right eyes and 8 left eyes progressed; CIGTS only, 36 right
eyes and 36 left eyes progressed.
The Pearson product-moment correlation coefficients for progression by the AGIS and CIGTS criteria
were 0.49 for right eyes and 0.59 for left eyes (P <.001 for
both eyes).
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PROGRESSION BY OTHER STATPAC INDICES

As discussed above, inadequate vision prevented some
subjects from undergoing visual field testing in 1997.
Because 1997 values for mean defect and corrected pattern standard deviation (CPSD) were not available for
these subjects, their eyes were excluded from these
analyses.
Table X summarizes the mean defect and CPSD
measurements. In 1987, the mean scores for mean defect
and corrected pattern standard deviation were -5.8 and
5.1, respectively, for right eyes and -6.8 and 5.9 for left
eyes. In 1997, the mean scores for mean defect and CPSD
were -10.3 and 7.0 for right eyes and -10.9 and 7.8 for left
eyes. Among the subset of eyes that progressed by the
AGIS criterion, the 1987 mean scores for mean deviation
and CPSD were -6.2 and 5.4 for right eyes and -7.2 and
6.3 for left eyes. The 1997 mean scores for progressed
eyes were -14.5 and 8.5 for right eyes and -16.3 and 8.7 for
left eyes.
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TABLE V: ASSOCIATION OF VISUAL FIELD LOSS PROGRESSION WITH INTRAOCULAR PRESSURE
VISUAL FIELD PROGRESSION SEVERITY*

INTRAOCULAR PRESSURE

(MM HG)

<4

4-7

≤21
22-28
≥29

48
14
4

21
3
2

≤21
22-28
≥29

52
11
5

17
7
3

12-15

≥16

8
5
3

10
3
1

11
3
2

8
2
1

12-15

≥16

0
0
4
5
4
2
1

1
1
4
0
5
3
0

0
2
3
2
5
3
1

0
1
4
1
4
1
0

8-11
Right Eyes (N); P = .55
18
3
3
Left Eyes (N); P = .98
14
3
2

*Progression severity = increase in AGIS visual field defect score.

TABLE VI: ASSOCIATION OF VISUAL FIELD LOSS PROGRESSION WITH AGE
VISUAL FIELD PROGRESSION SEVERITY*

AGE

(YR)

<4

4-7

21-30
31-40
41-50
51-60
61-70
71-80
>80

0
9
34
13
9
1
0

1
6
6
6
6
1
0

21-30
31-40
41-50
51-60
61-70
71-80
>80

0
14
29
13
9
3
0

0
4
8
7
7
1
0

8-11
Right Eyes (N); P = .01
0
3
7
6
5
3
0
Left Eyes (N); P = .15
0
0
9
5
3
2
0

*Progression severity = AGIS visual field defect score increased by ≥4.

TABLE VII: ASSOCIATION OF VISUAL FIELD LOSS PROGRESSION WITH BASELINE AGIS SCORE*
RIGHT EYES (N)

LEFT EYES (N)

BASELINE SCORE

NO

YES

NO

YES

0 (none)
1-5 (mild)
6-11 (moderate)
12-17 (severe)

16
32
13
5

16
47
16
1

16
31
15
6

21
31
17
4

P = .21

P = .80

*Progression = AGIS visual field defect score increased by ≥4.

DISCUSSION
LIMITATIONS AND ADVANTAGES OF THIS STUDY FOR IDENTIFYING VISUAL FIELD LOSS PROGRESSION

In the present study, only 1 baseline visual field and 1 follow-up field, taken 10 years apart, were available for each
eye. None of the current algorithms or protocols for

assessing progression of visual field loss allows for evaluation with only 2 visual fields; they are considered to
require a series of 5 to 7 visual fields. However, the value
of a sample of this size with 10 years of untreated glaucoma
outweighs the disadvantage of having only 2 fields for
comparison.
Normally, at least 2 baseline visual fields are required
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TABLE VIII: MEAN CIGTS VISUAL FIELD DEFECT SCORE AND CHANGE FROM

EYES PROGRESSED BY CIGTS CRITERIA*

ALL EYES

1987
1997
Change

EYE

N

MEAN

R
L
R
L
R
L

146
141
146
141
146
141

5.6
5.9
12.9
13.6
7.3
7.7

1987 TO 1997

SD

N

5.8
5.3
7.1
6.8
---

MEAN

107
101
107
101
107
101

SD

4.6
4.6
15.7
16.2
11.1
11.6

4.7
4.7
4.8
4.3
-

*Progression = CIGTS visual field defect score increased by ≥3.

TABLE IX: ASSOCIATION OF VISUAL FIELD LOSS PROGRESSION WITH BASELINE CIGTS SCORE*
RIGHT EYES (N)

LEFT EYES (N)

BASELINE SCORE

NO

YES

NO

YES

0 (none)
1-5 (mild)
6-11 (moderate)
12-17 (severe)

7
13
5
14

30
38
26
13

4
13
7
16

21
45
25
10

P <.001

P <.001

*Progression = CIGTS visual field defect score increased by ≥3.

TABLE X:

: MEAN SCORES FOR MEAN DEFECT AND CORRECTED PATTERN STANDARD DEVIATION AND CHANGE FROM 1987 TO 1997
EYES PROGRESSED BY AGIS CRITERIA*

ALL EYES

1987
1997
Change

1987
1997
Change

EYE

N

MEAN

R
L
R
L
R
L

121
118
121
118
121
118

-5.8
-6.8
-10.3
-10.9
-4.4
-4.3

R
L
R
L
R
L

121
118
121
118
121
118

5.1
5.9
7.0
7.8
1.9
1.9

SD

Mean Defect
4.9
7.5
8.7
8.5
Corrected Pattern Standard Deviation
2.8
5.6
3.5
8.2
-

N

MEAN

SD

63
58
63
58
63
58

-6.2
-7.2
-14.5
-16.3
-8.3
-9.0

4.8
9.1
8.7
7.0
-

63
58
63
58
63
58

5.4
6.3
8.5
8.7
3.0
2.4

3.0
7.4
3.1
3.0
-

*Progression = AGIS visual field defect score increased by ≥4.

for comparison with subsequent fields. Ideally, these
would be obtained after training of subjects inexperienced
with visual field testing. This approach reduces the effects
of learning and verifies the baseline defect. It has been
shown that in standard full threshold visual field tests,
thresholds usually improve until the third test.4 It can be
assumed that most participants in the present study had
never had a visual field test before the 1986-1987 survey.
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In that study, they had only one screening visual field test
before undergoing the visual field test that provided the
baseline scores for the current study. Thus, their initial
results likely were poorer than they would have been after
training. On the other hand, none of the subjects had had
a visual field test during the 10 years between the two
studies. Therefore, it can be assumed that even on retesting, the subjects were inexperienced with visual field test-
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ing. Thus, the effect of learning probably was negligible.
Another consideration is the lack of additional fields
to confirm visual field loss progression. For a definitive
determination of progression, many clinical trials require
that 3 successive fields show a definite change from baseline. To facilitate confirmation, these trials schedule testing at 6-month intervals. In the present study, the lack of
repeated evaluation for a given individual remains a limitation; however, for group statistics it might be less problematic, for several reasons. The 10-year interval in this
study greatly exceeds the minimum of 5 years needed to
show progression of visual field loss with serial fields.13
Furthermore, the same scoring algorithms were used in
both studies, as well as the same standards for inclusion
and exclusion of eyes. This consistency was possible
because the work of Drs Sample and Johnson enabled the
use of the AGIS and CIGTS algorithms to score the baseline visual field tests.
Because eyes with improvement in vision by halving
of the visual angle were excluded from this study, and
because damage from chronic glaucoma is not reversible,
no visual field theoretically should have improved over the
10-year period. However, in practice, intertest fluctuations not infrequently result in a better second visual field.
By the AGIS criteria, the visual fields of 5 right eyes
(3.4%) and 8 left eyes (5.7%) improved in this study. By
the CIGTS criteria, the corresponding numbers were 14
right eyes (9.6%) and 13 left eyes (9.2%). AGIS found
apparent improvement of the visual field (score decreased
by ≥4 points) in 11% of eyes and deterioration (score
increased by ≥4 points) in 5% of eyes retested within 6
weeks.10 In a study comparing the two scoring systems,
Katz and associates28 found improved AGIS scores (by ≥4
points) in 11.9% of eyes and improved CIGTS scores (by
≥3 points) in 20.9% of eyes when the second visual field
was obtained a year after the baseline field. In the present
study, the proportion of eyes that improved (4.5%) is
much lower. Although the study by Katz and associates
attempted to minimize the possible effect of learning,
such an effect on retesting would be greater after a year
than after 10 years. Furthermore, the effect of age on
visual fields is biased toward worsening rather than
improvement, and the subjects in the present study were
10 years older when their second visual fields were
obtained.
Although the effect of long-term fluctuation could
not be measured directly, the fact that some visual fields
improved implies that the visual field scores for some eyes
worsened as a result of long-term fluctuation, rather than
true worsening due to glaucoma. Variability alone should
produce some fields showing poorer sensitivity relative to
baseline and a comparable number of fields showing
improved sensitivity relative to baseline. Thus, it is likely

that similar percentages of eyes worsened and improved
due to long-term fluctuation. Relatively few eyes showed
visual field improvement, which suggests that the effect of
fluctuation on the results of this study probably was
minor.
In this study, the criteria for exclusion based on the
reliability measures of fixation loss (≥33%) and false-positive and false-negative error rates (≥40%) were slightly
less conservative than the manufacturer’s suggested reliability criteria (fixation loss ≥20% and false-positive or
false-negative error rate ≥ 33%).37,38 Because most of the
subjects were inexperienced with visual field testing,
many more eyes would have been excluded had the manufacturer’s criteria been used. It can be argued that the
manufacturer’s criteria may not be optimal, particularly
for fixation loss; for example, Bickler-Bluth and colleagues39 suggested that the fixation loss criterion for
unreliability be increased to ≥33%. One strength of the
present study was the large number of untreated subjects
for whom visual field data were available. These data are
unique; for this reason, the importance of visual field reliability was balanced against the importance of using as
many of these data as possible.
A potential problem for determination of visual field
loss progression with fields obtained 10 years apart is that
vision typically deteriorates with time, usually because of
cataracts, and decreased vision may in turn affect the visual
field. This study excluded eyes with a decrease in vision by
doubling of the visual angle not attributable to glaucoma.
Eyes that had progressed to end-stage glaucoma for which
a Snellen acuity measurement could not be obtained were
not included in the visual acuity analysis. Had they been
included, deterioration of vision over the 10-year period
would have been more pronounced than what is shown in
Table III. Nonetheless, the vast majority of the eyes upon
which the visual field loss progression analysis was based
had Snellen acuity measurements at both examination
times, and the change in vision was minimal. Decreased
vision thus does not appear to have appreciably affected
the visual field loss progression data obtained in this
study.
VISUAL FIELD LOSS PROGRESSION IN TREATED GLAUCOMA

A number of studies have estimated progression of visual
field loss from glaucoma.2,4,5,14,16,19,40 In all of these studies,
most, if not all, of the patients were receiving medical
treatment or had undergone surgery for glaucoma. In
these studies, the design, the perimeters used, the
method of assessing progression, and the length of followup varied greatly; therefore, these results must be compared with caution.
Studies have reported the following percentages of
subjects experiencing a statistically significant visual field
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decline during the following average follow-up time periods: 68% (14 years),5 73% (10 years),41 76% (7.6 years),42
38% (9 years),4 27% (7 years),19 28% (6.3 years),14 and 25%
(3.7 years).43 The rate of visual field loss in primary openangle glaucoma has been reported as percent loss, as well
as decibel loss, per unit time. In a retrospective cohort
study of 40 eyes of 40 subjects with primary open-angle
glaucoma, Kwon and associates5 reported annual rates of
visual field loss of 1.5% for the entire cohort and 2.1% for
the subset of 27 eyes that progressed. For a prospective
cohort of subjects with normal-pressure glaucoma, primary open-angle glaucoma, and ocular hypertension,
Rasker and associates4 reported a similar annual progression rate of 1.3% for the entire cohort but a slightly higher
rate of 2.9% for the subgroup whose eyes progressed.
Based on their conversion factor equating 4% loss of total
visual field to -1 dB, these annual progression rates would
be -0.30 dB for the entire cohort and -0.73 dB for the subgroup whose eyes progressed. The corresponding annual
rates in Kwon’s study would be -0.35 dB for the entire group
and -0.48 dB for the subgroup with progression.
In a retrospective trend analysis of 40 eyes of 40
patients with primary open-angle glaucoma, O’Brien and
associates43 reported a remarkably consistent annual visual
field loss of -0.35 dB for the entire cohort. However, the
annual rate was much higher (-1.39 dB) for the subgroup
of eyes that showed visual field loss progression. Higher
annual loss rates also were reported by Katz and colleagues (-0.96 dB)14 and by Smith and colleagues
(-1.25 dB).19
Among black subjects, AGIS found that the “average
% with decrease of visual field” (score increased by ≥4) at
84 months (7 years) was approximately 30% (obtained
from Table IV by averaging of the scores for the two surgical treatment groups).26 In another AGIS study with follow-up periods ranging from 7 to 11 years, the percentage
of black subjects with “sustained decrease of visual field”
(score decreased at three consecutive examinations) was
approximately 28%.44
The interim results of CIGTS, with follow-up completed through 4 years and partially completed through 5
years, showed relatively minimal visual field loss progression in both the medically and surgically treated groups.45
The mean visual field score for the surgically treated
group was 5.0 (SD = 4.3) at baseline and remained essentially unchanged. For the medically treated group, the
baseline mean was 4.6 (SD = 4.2), and the score had
increased to 5.0 by 5 years. Visual field loss progression
(score increase by ≥3) was observed in 10.7% of visits of
medically treated and 13.5% of visits of surgically treated
subjects visits during the 5 years.
Studies have yielded conflicting results with respect
to association of various factors with likelihood or rate of
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progression of visual field loss. The patient’s sex has not
been reported to be associated with progression likelihood
or rate. Some studies have found age to be positively associated with progression in subjects with glaucoma.14,45 For
example, CIGTS found that every 10-year increment in
age increased the risk of progression by 40%. The present
study corroborates the finding of greater progression with
advancing age. However, other studies have reported
finding no significant association between age and likelihood of progression,4,43 and Kwon and associates5 found no
significant association between age and progression rate.
Similarly, investigations of the association between
the severity of baseline visual field loss and the likelihood
or rate of progression have yielded mixed results. Katz and
associates14 found baseline visual field loss severity to be
similar in eyes that were stable and those that progressed.
However, CIGTS found that eyes with higher baseline
visual field scores were more likely to progress.45 Wilson
and associates46 and Mikelberg and associates42 found that
the more advanced the loss of visual field at baseline, the
greater the rate of further field loss. Mikelberg hypothesized that up to a certain point, axons may be lost slowly in
the optic nerve, with minimal change in visual field as
measured with current techniques, but that once a certain
quantity of axons is lost, further loss of visual field is more
linear and rapid, because very little functional nerve
remains intact. However, several studies investigating this
relationship found no correlation between initial visual
field loss severity and subsequent rate of field loss.4,5,19,43 In
the present study, no statistically significant relationship
between baseline severity and progression was found with
the AGIS scoring system. However, with the CIGTS scoring system, better baseline visual fields were significantly
associated with a greater likelihood of progression. An
explanation for this finding is not obvious, and further
confirmatory studies are necessary.
Intraocular pressure has long been established as a
major risk factor for development of glaucoma,47 as well as
a prognostic factor for glaucoma progression.48 It therefore logically follows that intraocular pressure would be
predictive of both likelihood and rate of progression of
visual field loss, and most studies that have investigated
these relationships have found the likelihood and rate of
progression to be positively associated with intraocular
pressure.2,43,48-50 However, some studies, including the present one, have not found this relationship between intraocular pressure and visual field progression.5 The most likely
explanation is that in the absence of diurnal intraocular
pressure measurements (or at least multiple measurements), the intraocular pressure measurement obtained at
a single point in time does not adequately represent the
intraocular pressure throughout the duration of the study
period.
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IMPLICATIONS FOR THE NATURAL HISTORY OF UNTREATED
GLAUCOMA

In a cross-sectional study, Quigley and associates2 estimated a low probability of becoming blind from glaucoma,
whereas Hattenhauer and associates,3 in a communitybased retrospective record review, found a 20-year cumulative probability of unilateral blindness of 54% in glaucoma patients and 27% in patients with glaucoma and/or
ocular hypertension. The latter study did not distinguish
between blindness from glaucoma and other causes, and
it is likely that many of the eyes that became blind could
have had conditions other than glaucoma. In the study by
Kwon and associates,5 5 of 40 eyes became legally blind
from glaucoma, which would extrapolate to a cumulative
unilateral blindness rate of 19% at 22 years.
Using data from the Glasgow glaucoma trial for eyes
having intraocular pressure greater than 25 mm Hg at diagnosis, Jay and Allan51 estimated that it would take 38 years
from the first detectable field loss to end-stage disease for
opti-mally treated eyes and 10 years for unsatisfactorily
treated eyes. In a cross-sectional record review, Jay and
Murdoch49 estimated that it would take 3.6 years to reach
the same end point for untreated eyes with comparable
intraocular pressure at diagnosis. The difference in estimated time to end-stage disease based on treatment status
is striking, but it must be emphasized that the estimate for
the untreated eyes was based on cross-sectional data.
The only available prospective data on untreated
glaucoma are from the Normal-Tension Glaucoma Study.6
The results of that study can provide only limited understanding of the natural history of untreated glaucoma, for
several reasons. First, the study was limited to glaucomatous eyes with low to average intraocular pressures.
Second, for obvious safety reasons, eyes were excluded
once they reached a clearly defined progression end point.
Nonetheless, the Normal-Tension Glaucoma Study established the beneficial effect of treatment on visual field loss
progression, particularly when the impact of cataract,
which was more prevalent in the treated eyes, was
removed.52
Although the data vary considerably, most studies of
visual field loss in treated glaucomatous eyes suggest that
among eyes that progress, the average annual decline in
mean defect is approximately -1.0 dB ± -0.4 dB.4,5,14,43
Although mean defect was not the primary means of
assessing progression in the present study, it is interesting
that among eyes that progressed, the average annual
decline of mean defect was in the same range, at approximately -0.8 to -0.9 dB per year. However, it should be
noted that in this study, unlike the others cited, eyes with
decreased vision due to cataract (which would have had a
substantial decline in mean defect) were excluded.
The best comparison of visual field loss progression in

treated versus untreated glaucomatous eyes is made by
comparing the results of the present study with a study
that used the same definition of progression. Although the
comparison is not ideal, AGIS had subjects with varying
levels of glaucoma severity, all the subjects were treated,
the same visual field scoring algorithm was used, and the
data allowed comparison with black subjects only.44,45
Extrapolating from the percentage of black subjects
with visual field loss at 7 years in AGIS (30%)10 (assuming
that the percentage increases linearly), the percentage of
subjects with visual field loss at 10 years would be approximately 43%. In the present study, a considerably larger
percentage of eyes progressed (53%). This comparison is
particularly relevant, since race is believed to be a factor
in visual field progression, with blacks at greater risk of
progression than whites.
CIGTS has not yet had a long follow-up period, but
visual field loss progression thus far has been minimal.
The visual field score from baseline to the last examination, with most subjects having 5 years of follow-up, barely
changed.45 The surgically treated group had a mean baseline score of 5.0 (SD = 4.3), and this group’s score
remained essentially unchanged; the medically treated
group had a mean baseline score of 4.6 (SD = 4.2), and
the score increased to about 5.0. In contrast, the mean
scores in the present study changed from 5.6 in right eyes
and 5.9 in left eyes in 1987 to 12.9 in right eyes and 13.6
in left eyes in 1997. Because CIGTS reported percentage
of visits, rather than eyes, that showed progression, it is
difficult to make a direct comparison with this study.
Presumably, percentage of visits would yield a higher
number than percentage of eyes, particularly if subjects
who reached an end point for visual field loss were seen
more frequently. Worsening of visual field was noted in
12% of visits (10.7% of medically treated and 13.5% of
surgically treated subjects). Even if this is taken to represent the percentage of eyes worsening, the extrapolated
percentage of eyes progressing in 10 years would be only
24%. Of the CIGTS subjects, 55.5% were white,34 and
nonwhites had a 50% greater risk of progression than
whites.45 Even so, if the extrapolation is adjusted for this
race differential, the percentage of eyes that progressed at
10 years would still be markedly lower than the 72%
found in the present study. It should be kept in mind,
however, that CIGTS is a well-monitored clinical trial, and
the experiences reported for this trial may not reflect what
occurs in practice.
Using subjects enrolled in a natural history study of
risk factors for glaucoma at the Johns Hopkins School of
Medicine, Katz and associates29 found visual field loss progression by the CIGTS criteria in 22% of the subjects over
6 years. This would extrapolate to about 37% progression
over 10 years. This also was a well-monitored group of
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subjects, and only 45% were black. It is possible that the
progression rate would be slightly higher in a normal clinic
environment and with an exclusively black population.
In the present study, 24 of 146 right eyes (16.4%) and
21 of 141 left eyes (14.9%) progressed to AGIS scores of 18
or greater, which is considered to indicate end-stage disease. Based on CIGTS scores, the corresponding numbers
were 53 of 146 (36.3%) and 54 of 141 (38.3%). For purposes of comparison, if end-stage glaucoma can be considered blindness, then the cumulative probability of at least
one eye becoming blind in 10 years based on AGIS score
can be estimated at approximately 16%. The corresponding
estimate based on CIGTS score is 35% in 10 years. These
estimates can be compared with a cumulative blindness
rate of 19% at 22 years reported by Kwon and associates.5
Such a direct comparison is, of course, problematic. One
major issue is that the definition of blindness differs. Kwon
used a legal definition based on measurement of the central
field with a Goldmann perimeter. By that definition, the
greatest diameter of the central field must be less than 20º.
Such a definition would be consistent with the AGIS and
CIGTS definitions of end-stage glaucoma but would not
necessarily agree with them for any given eye. Nonetheless,
given that Kwon’s sample consisted of confirmed primary
open-angle glaucoma patients, whereas the present study
included a substantial number of glaucoma suspects, the
percentage of eyes reaching end-stage disease in this
untreated cohort seems disproportionately high compared
with the percentage among Kwon’s treated patients.
Because estimation of visual field loss progression
depends on how progression is defined, this study used
two tested visual field scoring algorithms. The number of
eyes that progressed by the CIGTS algorithm (208, or
72%) was substantially larger than the number that progressed by the AGIS algorithm (153, or 53%). Such a difference between these two scoring algorithms is consistent with the results reported by Katz and associates29 in
their study of glaucoma patients followed for 6 years. They
reported that 11% of their subjects progressed based on
AGIS score and 22% based on CIGTS score. They also
reported that the CIGTS scores were systematically higher
and were more likely to incorrectly identify visual field
improvement than the AGIS scores. Both of these observations are confirmed by the present study.
LIMITATIONS ON THE INTERPRETATION AND GENERALIZATION OF THE RESULTS

The major limitation of this study is the inability to directly
compare visual field loss progression in treated versus
untreated eyes. Comparison of progression in this
untreated cohort with progression reported in published
studies of treated eyes is problematic. Inferences about
the influence of treatment must be based on the magni-
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tude of the differences between the progression found in
this study and that found in other studies with similar
methodology. However, no published study has many
methodological similarities to this one. The most valid
comparisons are probably with the AGIS and CIGTS
results, since the same methods of defining progression
were used. However, caution must be used in comparing
the results of these very well performed clinical trials with
those of this essentially observational study.
Another limiting factor is that this sample is generalizable to a select population. The sample was entirely black,
and blacks are known to have a higher prevalence of glaucoma and experience a more aggressive clinical course. It
is possible that Caribbean blacks have an even higher
prevalence of glaucoma, with a more aggressive course,
thus further limiting the generalizability of these findings.
Further information on the clinical course of untreated
glaucoma may become available with publication of the
results of the Early Manifest Glaucoma Trial, which randomized subjects with glaucoma to medical treatment
versus no treatment. However, the sample in that study
consists of subjects with early glaucoma only, and they will
not be allowed to progress indefinitely without treatment.
Despite these limitations, the current data set is
unique and not likely to be replicated. It is desirable to
learn as much as possible about the natural history of glaucoma from this data set. In future analyses, statistical techniques to compensate for the small number of treated
eyes will be explored to allow for direct comparison of
visual field loss progression between treated and untreated
eyes with glaucoma.
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