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Abstract

Purpose—To develop a reliable and efficient digital method to quantify planimetric Goldmann
visual field (GVF) data to monitor disease course and treatment responses in retinal degenerative
diseases.

Methods—A novel method to digitally quantify GVF using Adobe Photoshop CS3 was
developed for comparison to traditional digital planimetry (Placom 45C digital planimeter;
EngineerSupply, Lynchburg, Virginia, USA). GVFs from 20 eyes from 10 patients with Stargardt
disease were quantified to assess the difference between the two methods (a total of 230
measurements per method). This quantification approach was also applied to 13 patients with X-
linked retinitis pigmentosa (XLRP) with mutations in RPGR.

Results—Overall, measurements using Adobe Photoshop were more rapidly performed than
those using conventional planimetry. Photoshop measurements also exhibited less inter- and intra-
observer variability. GVF areas for the 14 isopter in patients with the same mutation in RPGR
who were nearby in age had similar qualitative and quantitative areas.

Conclusions—Quantification of GVF using Adobe Photoshop is quicker, more reliable, and
less-user dependent than conventional digital planimetry. It will be a useful tool for both
retrospective and prospective studies of disease course as well as for monitoring treatment
response in clinical trials for retinal degenerative diseases.
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17. 1 Introduction

Kinetic perimetry is broadly less utilized today in ophthalmic care. However, it remains
critical in the evaluation of progression of inherited and autoimmune retinal degenerations.
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The visual fields of these patients are better assessed with kinetic perimetry [1] and their
visual field defect or scotoma may lie beyond 30 degrees of the visual field tested by the
Humphrey Visual Field analyzer. Descriptive methods for evaluating Goldmann visual
fields (GVF) have been described in the past, with central and peripheral losses reflecting
cone-rod and rod-cone patterns of retinal degeneration, respectively [2]. Linstone et al [3]
described the use of planimetry to quantify Goldmann visual fields (GVF) over two decades
ago and this technique has been successfully used to monitor treatment responses in patients
with autoimmune retinopathy [4, 5].

Despite the potential for quantification, planimetric measurements are often time-consuming
and can vary widely between users. In order to determine efficacy of immunosuppressive
agents used for treatment of autoimmune retinopathies [4], and as new therapies for retinal
dystrophies enter into clinical trials, it has become increasingly important to accurately
quantify visual field areas in both clinical and research settings. We describe a novel
technique that is faster, more reliable and less operator-dependent using Adobe Photoshop
CS3 (Photoshop). We also apply this technique to patients with X-linked retinitis
pigmentosa (XLRP) who have the same mutations in RPGR to explore the potential for
quantified GVF in future studies of genotype-phenotype relationships.

17. 2 Methods

This study was approved by the University of Michigan Institutional Review Board. A novel
method of quantifying GVF digitally using Photoshop was developed at the University of
Michigan (Figure 17.1). Measurements made using this technique were compared to
traditional digital planimetry (Placom 45C digital planimeter; EngineerSupply, Lynchburg,
Virginia, USA). 38 GVF tests from 10 patients (20 eyes) with different stages of Stargardt
disease were quantified in planimetric square centimeters (cm?) to evaluate the difference
between the two methods (230 measurements/method). The average difference between
measurements using each method was assessed.

Inter- and intra-observer variations of the two methods were also evaluated. Two observers
each measured one full visual field comprising the l4e, 1l14¢, and 1V 4 isopters. Each set of
measurements for each isopter was performed three times using both methodologies. The
three measurements of each parameter were averaged to obtain one value/parameter/
observer/methodology. The average difference between the measurements of each observer
using a particular measurement method was defined as the inter-observer variability. Given
that each measureable parameter was measured three times by each observer, intra-observer
variability for each measure was assessed by calculating the standard deviation (SD) within
the 3 measurements. The average standard deviations for each measurement using each
methodology were compared to assess overall intra-observer variability.

GVF from thirteen patients with proven mutations in RPGR were evaluated in an application
of this quantification technique. Descriptive phenotypes were assigned to each patient’s
pattern of GVF loss. Predominantly peripheral losses represented a rod-cone phenotype, and
predominantly central vision loss represented a cone-rod phenotype, as described by
Heckenlively [2]. The GVF areas for the 14, isopter were quantified as described above and
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expressed as percentages of the normal mean for the total 14, area as derived from 10 normal
eyes (176.78 cm?). Qualitative GVF phenotypes and quantified areas from patients with the
same mutation who were near in age were compared in square centimeters.

17.3 Results

17.3.1 Verification of Quantification Technique

Measurements using Photoshop were on average 2.33% (SD=0.65%) greater that
measurements by digital perimetry for visual field areas measured by the l4e, l4¢, and 1V4e
isopters (N=20 eyes; 10 patients). An example comparing measurements of these isopters
from a 35 year old female patient with Stargardt disease is shown in Figure 17.2.

Inter-observer variability taken from an average of three measurements per user per isopter
was 0.216 cm? for digital planimetry versus 0.067 cm? for Photoshop. Intra-observer
variability, as reflected by the average standard deviation of 18 sets of 3 measurements each
from two users measuring all available isopters from one visual field, was 0.227 cm? for
digital planimetry versus 0.0 cm? for measurements using Photoshop. Of note, for a GVF
with full peripheral fields, on average greater than 10 minutes was required for digital
planimetry measurements, while less than 5 minutes were required using Photoshop.

17.3.2 Application of Quantification Technique

Qualitative and quantitative GVF phenotypes in thirteen patients with XLRP representing 6
distinct proven mutations in RPGR were compared. Patients were compared only to other
patients who had the same mutation and were nearby (less than 6 years) in age. The patients
with a rod-cone GVF phenotype tended to have qualitatively and quantitatively smaller
areas when compared to other patients with the same mutation. In contrast, patients with a
cone-rod phenotype tended to have larger GVF areas. The difference in areas for all
comparisons of patients with the same mutations was minimal.

17.4 Discussion

We have shown that Photoshop can be a useful measurement tool for GVF. This technique
is less time-consuming, more reliable, and less user-dependent than previous techniques
such as digital planimetry. It can enable the precise longitudinal assessment of GVF to
evaluate the progression and therapeutic responses of retinal degenerative diseases. This
may be especially useful for clinical trials involving novel therapies (e.g., gene therapy),
where accurately quantified scotomata may be monitored longitudinally as an outcome
measure.

There are some limitations to our technique. First, it is most useful for retrospective studies
that utilize standardized methodology. Even when standardized technique is utilized, there
may be significant test-retest variability [6]. Second, although newer perimeters (e.g.,
Octopus® 900) can provide automated GVF quantification, there exists a wealth of
quantifiable retrospective GVF data that can be utilized to study disease course and
genotype to phenotype correlations in various diseases.
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Another limitation of our technique is that it provides planimetric, rather than retinal, areas,
which does not account for perimetric distortions [7, 8]. However, these distortions are
minimal at smaller eccentricities [9]. Therefore, for defects such as central scotomata, an
accurate technique such as the one described herein is useful in both clinical and research
settings.

The application of our quantitative technique in patients with XLRP caused by mutations in
RPGR illustrates the potential for using our technique to analyze retrospective GVF data to
explore genotype to phenotype relationships. Most importantly, it shows the greatest utility
when patients with the same mutation who are near in age are compared, as it reveals
whether visual field loss is comparable both qualitatively and quantitatively at similar points
of the disease course for each mutation. Given that most retinal dystrophies often take years
to decades to progress, the data currently available is mostly retrospective (often with
incomplete follow-up). Therefore, accurate quantification of visual parameters such as GVF
is important to assess the disease course in each unique mutation.
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Scan Goldmann visual field sheet (Haag-Streit, Bern, Switzerland) and convert the file to TIFF format.
Open the file in Adobe Photoshop CS3.
. Set Scale in Photoshop by going to ANALYSIS > SET MEASUREMENT SCALE > CUSTOM
« Take the on-screen ruler onto the GVF sheet and measure from the center to 10 degrees in any direction.
+ This should give a specific pixel length (94 pixels)
+ Set Logical Length to “12”
+ Set Logical Units to “mm”
+ [Logical Lengths and Units can also be set to centimeters (0.12 cm) or degrees (10 degrees)]
+ Click “SAVE PRESET” and name “GVF Quantification” (naming is arbitrary)
Open Adobe Photoshop CS3 and go to FILE > OPEN.
Open the file of interest and record the date and eye (OD or OS) examined.
Ensure the measurement scale is set as “GVF Quantification”
Click the MAGIC WAND button on the left panel.
Start with the largest test target isopter and click a certain area that it includes. You may modify this area by
“ADDING” and “SUBTRACTING” with the wand. Click to include up to the outer boundaries.
If there are scotomata within the field of a certain target, use the “SUBTRACT” function on the wand to
remove them from the area you are selecting. Ensure you extend to the outer border of a line. (Depending on
your study, you may choose to include or subtract the physiologic blind spot)
10.If there are islands of functional vision, these can be selected by “ADDING” with the wand cursor.
11.0Once your area of choice is selected, go to ANALYSIS > RECORD MEASUREMENTS and a small box of
measurements appear. The area will be measured in square millimeters (mm?2). If there are multiple islands of
vision, you will find multiple measurements — each individual island as well as the cumulative sum (total
selected area).
12.Repeat for other isopters.
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Figure 1. Goldmann Visual Field Digital Quantification M ethodology
Goldmann visual field quantification methodology using Adobe Photoshop CS3 is

delineated in a stepwise fashion.
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Figure 2. Comparison of Traditional versus Novel Digital GVF Quantification
Quantification of the total extent of peripheral fields, physiologic blind spot, and central

scotoma were performed by a single observer in square centimeters (cm?) for the lae, 4,
and 1V isopters using digital planimetry and Adobe Photoshop for a 35-year-old female
patient with Stargardt disease. The absolute differences between the two methodologies are
shown in the table.
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