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Abstract

Purpose To evaluate the agreement between

event- and trend-based analyses to determine

visual field (VF) progression in glaucoma.

Methods VFs of 175 glaucoma eyes with Z5

VFs were analyzed by proprietary software of

VF analyzer to determine progression.

Agreement (j) between trend-based analysis

of VF index (VFI) and event-based analysis

(glaucoma progression analysis, GPA) was

evaluated. For eyes progressing by event- and

trend-based methods, time to progression by

two methods was calculated.

Results Median number of VFs per eye was

7 and follow-up 7.5 years. GPA classified 101

eyes (57.7%) as stable, 30 eyes (17.1%) as

possible and 44 eyes (25.2%) as likely

progression. Trend-based analysis classified

122 eyes (69.7%) as stable (slope 4� 1% per

year or any slope magnitude with P40.05),

53 eyes (30.3%) as progressing with slope

o� 1% per year, Pr0.05 (sensitive criteria),

and 37 eyes (21.1%) as progressing with slope

o� 1% per year, Pr0.01 (specific criteria). j

between sensitive criteria of GPA (possible

combined with likely progression) and trend-

based analysis was 0.48, and between specific

criteria of GPA (possible clubbed with no

progression) and trend-based analysis was

0.50. In eyes progressing by sensitive criteria

of both methods (42 eyes), median time to

progression by GPA (4.9 years) was similar

(P¼ 0.30) to trend-based method (5.0 years).

This was also similar in eyes progressing by

specific criteria of both methods (25 eyes; 5.6

years versus 5.9 years, P¼ 0.23).

Conclusion Agreement between event- and

trend-based progression analysis was

moderate. GPA seemed to detect progression

earlier than trend-based analysis, but this

wasn’t statistically significant.
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Introduction

Glaucoma is a progressive optic neuropathy

characterized by typical optic disc and retinal

nerve fiber layer changes with correlating visual

field (VF) defects. The standard method to

detect glaucoma progression is to monitor the

VF defects periodically for change. Two

commonly used approaches to detect change in

VF defects over time are the event-based and

the trend-based progression analyses. Event-

based analysis determines VF progression to be

either present or absent depending on a

predefined change in the VF parameters. Trend-

based analysis provides the actual rate of

change of VF parameters. In clinical practice,

information from both these analyses is

important because it is not only sufficient to

identify VF progression in glaucoma but also to

determine the rate of progression (ROP), so that

the treatment can be more aggressive in fast

progressors.

The recently introduced Guided Progression

Analysis by the Humphrey VF Analyzer (Carl

Zeiss Meditec, Inc. Dublin, CA, USA) provides

both an event-based progression analysis and a

trend-based analysis on the same printout. The

event-based progression analysis, called the

glaucoma progression analysis (GPA), is based

on the criteria designed to identify VF

progression in the Early Manifest Glaucoma

Trial.1 Trend-based progression analysis is
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based on the ROP of the visual function of the eye

through a linear regression model using a new global

index, VF index (VFI).2 The VFI is the aggregate

percentage of visual function for a given field at each

point where the visual thresholds are estimated. VFI is

calculated from pattern deviation plots in eyes with a

mean deviation (MD) of better than � 20 dB and from

total deviation plots in eyes with a MD worse than

� 20 dB. The central points have more weight than

peripheral points.

The purpose of this study was to evaluate the

agreement between the event-based and the new

trend-based analyses provided by the Guided

Progression Analysis software to determine VF

progression in glaucoma.

Materials and methods

In this clinic-based study, VF print outs of all patients of

primary open angle (POAG) and primary angle closure

glaucoma (PACG), who had undergone 5 or more

Humphrey VF examinations (either full threshold or

Swedish Interactive Threshold Algorithm-standard,

either 24-2 or 30-2, or a combination of both) between

1989 and 2008 were examined. The methodology and the

exclusion criteria have been described previously.3,4

Informed consent was obtained from all participants and

the Ethics Committee of L V Prasad Eye Institute

approved the study.

For purposes of the study, POAG was defined in the

presence of an open anterior chamber angle on

gonioscopy, glaucomatous optic disc damage on clinical

examination (focal or diffuse neuroretinal rim thinning,

localized notching or nerve fiber layer defects), and

corresponding VF defects. PACG was defined in the

presence of an occludable angle on gonioscopy (posterior

trabecular meshwork not seen in at least 1801 of the total

circumference of the angle in primary position),

glaucomatous optic disc damage and corresponding VF

defects. Gonioscopy was performed using a Goldmann’s

two mirror lens or a Sussmann’s four mirror gonioscope

under standard conditions. VF defects were considered

glaucomatous if at least two of the three Anderson’s

criteria (three or more non-edged points in a cluster

depressed to Po5% and one of which depressed to

Po1%, Glaucoma Hemifield Test outside normal limits

and pattern SD depressed to Po5%) were fulfilled.5 A

single physician (CSG) did the clinical examination of all

patients.

The VFs of all the patients were evaluated for

reliability. Fields with fixation losses, false-positive or

false-negative response rates of 420% were considered

unreliable and excluded from the analysis. The reliable

VFs of all these patients were analyzed by the new

Guided Progression Analysis software, which provides

both an event-based and a trend-based progression

analysis. For both these analysis, the first two reliable

tests were considered as the baseline and ROP on

trend-based analysis as well as stability or progression on

event-based analysis were determined from the 5th VF

through the last follow-up VF.

The event-based progression analysis, GPA uses

statistical criteria designed for the Early Manifest

Glaucoma Trial to identify progression of VF defects.1

When significant (Po0.05) deterioration is evident on the

pattern deviation probability maps at the same three or

more points on two consecutive follow-up tests, the GPA

flags this as ‘possible progression’; if significant

deterioration is seen at the same three or more points in

three consecutive follow-up tests, GPA flags this as

‘likely progression’. When both the above criteria are not

met, the software flags as ‘no progression detected’.

When the VF is severely depressed (MD o� 20 dB), GPA

doesn’t determine progression. For the purpose of

analysis, we dichotomized the GPA classification results

separately based on 2 criteria; a ‘sensitive criterion’

where the possible progression group was clubbed with

the likely progression group and a ‘specific criterion’

where the possible progression group was clubbed with

the no progression group.

Unlike the event-based analysis, the trend-based

analysis of Guided Progression Analysis software only

provides the slope of the change of VFI with time but no

simple language interpretation of the same. This being a

linear regression analysis, the software also provides a

P-value associated with the magnitude of the slope. For

the purpose of this study, we defined progression on

trend-based analysis in terms of both the magnitude of

the slope and the P-value associated with it. We

considered a slope magnitude of � 1% per year or worse

as clinically significant. For the purpose of analysis, we

dichotomized the trend-based analysis results separately

based on two criteria; a ‘sensitive criterion’ when the

magnitude of VFI slope was worse than � 1% per year

with a P-value of r0.05 and a ‘specific criterion’ when

the magnitude of slope was worse than � 1% per year

with a P-value of r0.01. Any slope better than � 1% per

year or any slope magnitude with a P-value not meeting

the above criteria was considered as stable.

Statistical analysis

Descriptive statistics included mean and SD for normally

distributed variables and median and inter-quartile

range (IQR) for non-normally distributed variables.

Chance-corrected agreement between the event- and

trend-based approaches to assess VF progression was

assessed using kappa statistic (k).6 Strength of agreement
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was categorized according to the method proposed by

Landis and Koch:7 less than 0 was poor, 0–0.20 was

slight, 0.21–0.40 was fair, 0.41–0.60 was moderate,

0.61–0.80 was substantial, and 0.81–1.00 was almost

perfect. For eyes showing progression both by event- and

trend-based methods, we calculated the time to

progression detection by the two methods to identify the

method that diagnosed progression early. Considering the

event-based criteria as the standard, we also calculated the

diagnostic accuracy of the trend-based criteria to detect

progression. The diagnostic accuracy parameters

calculated were sensitivity, specificity, predictive values,

and likelihood ratios (LR). Statistical analyses were

performed using commercial software (Stata ver. 11.1;

StataCorp, College Station, TX, USA). A P-value of r0.05

was considered statistically significant.

Results

Five hundred and forty four eyes of 335 primary

glaucoma patients treated by a single physician (CSG) at

our Institute between 1989 and 2008 had five or more

HVF examinations. The number of eyes excluded from

the current analysis and the reasons for exclusion are

briefly summarized in the flow chart (Figure 1). Two

hundred and thirty eight eyes of 175 patients fulfilled the

inclusion criteria for this study. From the patients whose

both eyes were eligible, one eye was randomly chosen for

analysis. Table 1 shows the demographic, clinical, and VF

features of the 175 eyes of 175 study participants

included for the final analysis.

The median magnitude of VFI slope in the entire

cohort was � 0.7% per year (IQR: � 1.9 to 0.1). We

compared the VFI slopes of the study participants in the

three GPA categories (stable, possible, and likely

progression; Table 2 and Figure 2). The ROP of VFI was

statistically significantly different between all the three

GPA categories.

Event-based analysis classified 101 eyes (57.7%) as

stable, 30 eyes (17.1%) as possible progression and 44

eyes (25.2%) as likely progression. Trend-based analysis

classified 122 eyes (69.7%) as stable, 53 eyes (30.3%) as

progressing by the sensitive criteria and 37 eyes (21.1%)

as progressing by the specific criteria. Table 3 shows the

agreement separately for the sensitive and the specific

criteria of the event-based and the trend-based

progression methods. Table 4 shows the diagnostic

accuracy parameters of sensitive and specific criteria of

trend-based progression analysis considering the

sensitive and specific criteria of event-based analysis,

respectively, as the standard.

In eyes classified as progressed by the sensitive

criteria of both, the event- and trend-based methods

(42 eyes), median time to progression by event-based

analysis (4.9 years, IQR: 3.9–6.9 years) was similar to

(P¼ 0.30, Wilcoxon-signed rank test) that by trend-based

method (5.0 years, IQR: 3.9–7.2). In eyes classified as

progressed by the specific criteria of both, the event- and

trend-based method (25 eyes), median time to

progression by event-based analysis (5.6 years, IQR:

4.0–7.5 years) was also similar (P¼ 0.23) to that by

trend-based method (5.9 years, IQR: 4.8–7.8).

Discussion

There is currently no consensus regarding the best

approach to detect VF progression. The ideal method for

detecting VF progression should be sensitive, detect

progression with few examinations, maintain high

specificity, and be resistant to fluctuation.8 Though a few

544 eyes (335 patients) evaluated 

Poor reliability (10 eyes) 
Learning effect (17 eyes) 
Retinal disease (6 eyes) 
Neurological disease (2 eyes) 
Incomplete data (129 eyes)

380 eyes

Baseline mean deviation 
worse than -20 decibel 
(84 eyes)

296 eyes

GPA not calculated 
(58 eyes) 

238 eyes (175 patients) for analysis

Figure 1 Flow chart showing the number of eyes excluded
from the study and the reasons for exclusion.

Table 1 Demographic and clinical features of glaucoma
patients (175 eyes of 175 patients)

Median (inter-quartile
range) Range

Age (years) 56 (48 to 63) 20 to 79

Visual field parameters at baseline
Mean deviation (dB) � 7.8 (� 12.6 to � 4.2) � 19.9 to

0.0
Visual field index (%) 84 (72 to 94) 44 to 99

Number of visual
fields

7 (6 to 10) 5 to 16

Follow-up (years) 7.5 (5.2 to 10.0) 2.1 to 21.1

Abbreviation: dB, decibel.

Agreement between glaucoma progression analyses
HL Rao et al

805

Eye



studies have used progression judged by clinicians as

standard,9–12 Werner et al9 have reported that the

agreement between clinicians was in fact worse than that

between statistical analyses. The two most commonly

used approaches to detect VF progression are the trend-

based and the event-based analyses. But both of these are

known to have a few unique limitations. One of the

major limitations of the trend-based analysis is the length

of the follow-up required to detect progression, which

itself is influenced by a number of factors, including

examination frequency, underlying rate and type of

progression, the specific parameter being evaluated, the

degree of variability, and position of the VF within the

time series.8,13 The ability of the event-based analysis to

detect progression is dependent upon the degree of

change exceeding test–retest variability of stable

glaucoma patients, which is known to be already high for

damaged locations. Therefore, the event-based approach

is also likely to be less sensitive to smaller changes in the

VF parameters. In addition, event-based analyses have

also been shown to be vulnerable to threshold variability.8

In this study, we evaluated the agreement between the

event-based and the new trend-based analysis, based on

a new global index, VFI, to determine VF progression.

Trend-based analyses, till date, have been largely applied

to threshold sensitivities at individual points and to

MD.8,9,14,15 A limitation to this was the influence of

media opacities like cataract on threshold sensitivities

and MD.16–18 Unlike MD, the new global index, VFI has

been reported to be less affected by cataract.2 We too

have reported the effect of cataract on VFI previously,

and found that nuclear cataracts had little effect on VFI

while the posterior subcapsular cataracts tended to

influence it.19 In the current study, we found that the

agreement between the event-based and the trend-based

analyses to determine progression was only moderate.

Our results are similar to that by Casas-Llera et al,11 who

also found the agreement between event-based GPA and

trend-based VFI analysis to be 0.48. There, however, were

a few differences between our study and the study by

Casas-Llera, et al.11 They defined progression on trend-

based analysis as any negative VFI slope with a P-value

of o0.05. We, in addition to the P-value, also considered

the magnitude of slope while defining progression.

Though the test–retest variability of the slope of VFI is

not known, we considered a slope magnitude of � 1%

per year as clinically significant. Comparing the results of

our study with that of the study by Casas-Llera, we also

found that no patients in the study by Casas-Llera had

progression detected by the trend-based analysis when

the event-based analysis indicated stability. In contrast,

we found that 11 of 101 eyes with the sensitive criteria

and 12 of 131 eyes with the specific criteria showed

progression on trend-based analysis when the event-

based analysis indicated stability. The not so good

agreement between the two approaches, though both the

methods are based on the same functional test, is because

of the way each determines progression. VFI is a global

index, which is center weighted and so less weight is

given to changes happening in peripheral points. GPA

requires the change to be consistent at the same locations

and so can miss early changes at the other locations.

Table 2 Rate of progression of visual field index in the study participants according to the Glaucoma Progression Analysis
classification

GPA class Rate of progression (median with IQR) P-valuea

No progression (101 eyes) � 0.15% per year (� 0.76 to 0.34) o0.001
Probable progression (30 eyes) � 1.15% per year (� 2.84 to � 0.41)
Likely progression (44 eyes) � 2.10% per year (� 4.03 to � 0.88)

Abbreviations: GPA, glaucoma progression analysis; IQR, inter-quartile range.
a Kruskal–Wallis test.
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Figure 2 Distribution of visual field index (VFI) slopes across the three categories of glaucoma progression analysis (GPA)
classification.
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The not so good agreement may also be due to the

pattern of glaucomatous VF progression. Studies have

shown that VF progression in glaucoma is focal, with

either enlargement or deepening of an existing

scotoma.20,21 VFI being a global index is less sensitive

to focal progression because of the ‘diluting’ effect of

relative stability noted elsewhere in the VF. Future

studies should evaluate if trend-based analyses

evaluating focal areas, like the pointwise linear

regression, show a better agreement with GPA.

Of the two methods, GPA has been better validated

than the recently introduced VFI-based trend-based

analysis and has been shown to be comparable to

objective clinical assessment of VFs for progression.15 We

therefore considered GPA as the standard and evaluated

the diagnostic accuracy of the new trend-based analysis

to determine VF progression. We found that the trend-

based analysis had a high specificity of around 90% to

determine progression. Very few eyes had VF

progression on the trend-based analysis when the event-

based analysis indicated stability. The sensitivity of

trend-based analysis to determine progression was,

however, lower and was only around 60%.

In eyes judged as progressing by both the methods, we

evaluated the time to detect progression by each of the

methods to determine which method detected

progression early. Though the event-based analysis

detected progression slightly earlier than the trend-based

method, this was not statistically significant. Earlier

studies have found that the event-based analysis

detected progression significantly earlier than trend-

based methods.8,11 We might have failed to detect a

significant difference in time to progression between the

methods because of our sample size. It may also be

because of our practice of getting frequent VF tests done

in subjects suspected to be progressing. Though the

median number of VFs done per year in our patients was

1 (IQR: 0.8–1.3), the range was from 0.5 to 3, which meant

that some patients had VFs done once in 2 years and

some had three VFs in a year. It is important to note here

that glaucoma progression is a time related function with

most patients showing evidence of VF progression if

tested frequently enough and long enough.8,22 However,

the frequency of VFs performed in any patient depends

on the level of suspicion for progression, and with the

trend-based methods especially, depends on the

variability of the monitored VF parameter and the amount

of change in the parameter that is clinically significant.23

The important limitation of this study and in general of

studies comparing event- and trend-based progression

analyses is the dependency of the results on the criteria

used to define progression. On the trend-based analysis,

we defined progression as any negative slope worse than

� 1% per year with a P-value of o5%. Most of the

previous studies evaluating trend-based analyses have

ignored the magnitude of the slope and only considered

the P-value associated with it.11,24–26 Our approach

appears to be less sensitive (and more specific) than other

studies. Employing a criterion that did not consider the

magnitude of the slope could have increased the

sensitivity (at the cost of specificity) of the analysis to

detect progression.

In conclusion, the agreement between event-based

and trend-based analysis provided by the Guided

Progression Analysis software to determine VF

progression was only moderate. Considering the

event-based analysis results as standard, the trend-based

analysis of VFI had a high specificity but a low sensitivity

to determine VF progression. Event-based GPA seemed

to detect progression earlier than trend-based analysis,

but this wasn’t statistically significant.

Table 3 Agreement between trend-based and event-based analysis in determining visual field progression

Trend-based (sensitive) Trend-based (specific)

Stable Progression Stable Progression

Event-based
(sensitive)

Stable 90 11 Event-based
(specific)

Stable 119 12

Progression 32 42 Progression 19 25
Agreement¼ 75%; k¼ 0.48
(95% confidence interval:

0.35–0.61)

Agreement¼ 82%; k¼ 0.50
(95% confidence interval:

0.35–0.65)

Table 4 Diagnostic accuracies (with 95% confidence limits) of
trend-based analysis to detect visual field progression consider-
ing the event-based analysis as standard

Sensitive criteria Specific criteria

Sensitivity 56.8% (44.7–68.2) 56.8% (41.0–71.7)
Specificity 89.1% (81.3–94.4) 90.8% (84.5–95.2)
PPV 79.2% (65.9–89.2) 67.6% (50.2–82.0)
NPV 73.8% (65.0–81.3) 86.2% (79.3–91.5)
þLR 5.21 (2.88–9.42) 6.20 (3.41–11.30)
�LR 0.49 (0.37–0.64) 0.47 (0.34–0.65)

Abbreviations: LR, likelihood ratio; NPV, negative predictive value;

PPV, positive predictive value; þLR, positive likelihood ratio; �LR,

negative likelihood ratio.
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Summary

What was known before

K Agreement between event-based and trend-based
analysis to detect glaucoma progression was moderate.

K However, earlier trend-based methods were based on
either mean deviation or threshold sensitivities, which
were affected by cataract.

What this study adds

K We have evaluated the trend analysis of the new global
index, visual field index in this study and even with this
index, the agreement between event-based and
trend-based analyses was moderate.

K We have also looked at different criteria to define
progression on trend analysis and evaluated each
separately against event-based analysis.
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