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Abstract
The standard automated perimetry (SAP) 24-2 test cannot adequately test the paracentral region because test points are located sparsely in
macular areawhere is crowdedwith retinal ganglion cells (RGCs), even thoughparacentral scotoma is clinically related to a risk of losing visual
function. More sensitive visual field (VF) tests are needed to assess paracentral VF defects precisely. We investigated the structure–function
relationship on the SAP 10-2 test and the frequency doubling technology (FDT) 24-2 test as well as the SAP 24-2 test in glaucoma with
parafoveal scotoma (PFS). Glaucoma patients with PFS (134 patients) were included in this cross-sectional study. Sub-analysis was
performedwith isolated PFS (51 patients). Global and sectoral mean sensitivities (MS) were evaluated using SAP 24-2, 10-2, and FDT 24-2
program. MS was analyzed as dB or unlogged 1/lambert (SAP) or 1/Michelson contrast (FDT). Ganglion cell-inner plexiform layer (GCIPL)
thickness was measured using spectral domain optical coherence tomography. Topographic relationships between the structure and the
functionwereanalyzed. In the totalPFSgroup,goodstructure–functioncorrelationswere found inall zoneswithSAP24-2,10-2, andFDT24-
2 test. For glaucomawith isolatedPFS, averageGCIPL thicknesswas significantly correlatedwith central clusterMS (dB) using theSAP10-2
test (r=0.279,P= .047) and the FDT24-2 test (r=0.289,P= .039), but not theSAP24-2 test (r=0.264,P= .061). Topographically, the FDT
24-2 test showedsignificant correlations in all sectorsbetweensectoralMSandcorrespondingGCIPL thickness.With regard to theSAP10-
2 test, therewassignificant topographical structure–functioncorrelations for thesuperotemporal, inferotemporal, and inferonasal sectors. For
SAP 24-2, only inferonasal GCIPL thickness was correlated with the corresponding VF sensitivity. Topographical structure–function on the
maculawasbetterwith theSAP10-2 test (superotemporal sector) and theFDT24-2 test (superotemporal sector) thanwith theSAP24-2 test
in glaucoma with isolated PFS. In conclusion, FDT 24-2 and SAP 10-2 tests performed more favorably than the SAP 24-2 test in the
structure–function relationship of glaucoma patients with isolated paracentral scotoma. FDT 24-2 tests can be another good option for
detecting and monitoring RGC loss on the macular area while not missing VF defects outside the central 10°.

Abbreviations: FDT = frequency doubling technology, GCIPL = ganglion cell-inner plexiform layer, MS =mean sensitivity, PFS =
parafoveal scotoma, RGC = retinal ganglion cell, SAP = standard automated perimetry, VF = visual field.
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1. Introduction central visual disturbance puts patients at greater risk of losing
Glaucomatous visual field (VF) loss was found to frequently
affect the macular area initially.[1,2] Detection of early glaucom-
atous damage in the macula is clinically important because
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visual function and also interferes with everyday activities such as
reading and driving.[3–5]

There are more retinal ganglion cells (RGCs) located in the
central and paracentral retina than the peripheral retina.[6]

However, only 12 test points fall within the central 10° visual
field, where more than 30% of RGCs are located.[7] In standard
automated perimetry (SAP) 24-2 program, the stimulus has a
diameter of 0.43°and test points are 6° apart both in the central
and peripheral retina. Therefore, it is difficult for SAP 24-2 test to
adequately test the macular region and reflect structural
glaucomatous damage in this area. Early RGC loss often occurs
in the central macular region, even in patients with VFs classified
as normal.[8] We previously reported that eyes with initial
parafoveal scotoma (PFS) on SAP had amore glaucomatous optic
nerve head morphology compared to those with initial peripheral
scotoma.[9] A discrepancy in structure–function correspondence
is more likely to occur in the paracentral retina.
In 10-2 SAP, the test points are 2° apart and more closely

spaced than in 24-2 SAP. The 10-2 VF tests are less likely to miss
paracentral defects with a more detailed spatial information than
24-2 VF tests.[7,10,11] However, 10-2 VF is limited because it
cannot test VF defects outside the central 10°. In glaucoma, VF
points showing progression can be located not only in the
paracentral region, but also in the peripheral region. Examina-
tion of only VF 10-2 program in glaucoma is not sufficient to
cover all glaucomatous VF defects, and should be followed by VF
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24-2 tests. However, performance of 2 VF tests in the same day
would be time consuming and costly. Thus, more sensitive 24-2
VF tests are needed to detect paracentral VF defects.
Matrix frequency doubling technology (FDT) perimetry is

claimed to bemore useful in detecting onset of early glaucomatous
VF defects than SAP,[12,13] even if not all authors agree on this
statement.[14,15] Abnormal results on pattern deviation map or
rates of pattern standard deviation (PSD) change in FDT are highly
predictive of future SAP VF defects.[16–19] FDT with a target of 5°
covers a larger area and is less likely to leave the retina untested.
There is a possibility that the FDT 24-2 test can be one alternative
to detect RGC loss on the macular area adequately while not
skipping VF defects outside the paracentral area.
We hypothesized that FDT using the 24-2 program would be

helpful in precisely evaluating glaucomatous damage in patients
with paracentral VF defects. In this study, we compared the
structure–function relationship among SAP 24-2, SAP 10-2, and
FDT 24-2 tests in glaucoma with PFS.

2. Methods

This cross-sectional study was approved by the Institutional
Review Board of the Catholic University of Korea, Seoul, Korea,
and followed the tenets of the Declaration of Helsinki. Patients
with glaucoma that met inclusion criteria were consecutively
included from all patients examined for glaucoma at the glaucoma
clinic of Seoul St. Mary’s Hospital between September 2014 and
May 2015. Informed consent was obtained from all participants.
Inclusion criteria were best-corrected visual acuity of 20/40 or

better, and axial length within 27mm. Eyes with a normal open
angle and the presence of a glaucomatous optic disc, such as
diffuse or focal rim thinning, notching, optic disc hemorrhage, or
retinal nerve fiber layer defect with a corresponding glaucom-
atous VF damage including PFS, were included in this study.
Patients with uveitis or diseases that might affect the peripapillary
or macular areas, or unreliable VF tests were excluded.
All patients underwent complete ophthalmic examinations,

including slit-lamp biomicroscopy, Goldmann applanation to-
nometry, gonioscopy, axial length measurement, central corneal
thickness measurement, and dilated fundus bimicroscopy. All
subjects performed stereoscopic optic disc photography.
2.1. Optical coherence tomography

Spectral-domain optical coherence tomography (OCT) imaging
was performed using Cirrus HD-OCT version6.0 (Carl Zeiss
Meditec, Inc.). Using a macular cube scan, the ganglion cell-inner
plexiform layer (GCIPL) thickness was obtained. The protocol
for GCIPL thickness has previously been described in detail.[20,21]

Ganglion cell analysis software measures the average, minimum
and sectoral (superior, superotemporal, speronasal, inferior,
inferotemporal, and inferonasal) GCIPL thickness in a 14.13-
mm2 elliptical annulus with vertical inner and outer radii of 0.5
and 2.0mm, respectively, and horizontal inner and outer radii of
0.6 and 2.4mm, respectively. Poor-quality images with signal
strength less than 6 were discarded.

2.2. Visual field testing

All subjects underwent SAP using the 24-2 and 10-2 SITA
standard programs with a Humphrey field analyzer II 750i (Carl
Zeiss Meditec, Dublin, CA). Goldmann size III targets with
diameters of 0.43°were presented. FDT perimetry was performed
using the 24-2 program with 5° stimuli, spatial frequency of 0.5
2

cycles/deg, and temporal frequency of 18Hz with the FDT
Humphrey Matrix (Carl Zeiss Meditec).
Mean deviation (MD) and PSD were analyzed. Twelve central

10°VFpoints in the 24-2 test and 68VFpoints in the 10-2 testwere
used for analysis. One central point performed by only FDT and
not SAP was not included in the comparison of VF sensitivity. In
glaucoma, the fovea typically maintains most of its function until
the end-stage of disease, even though fovea can be mildly affected
early in glaucoma.[22] Because other diseases influence foveal
function, it would not by itself be a sensitive or specific test for
glaucoma. Therefore, the foveal sensitivity was not evaluated with
SAP. In SAP, VF sensitivity was evaluated using the logarithmic dB
[10� log(1/Lambert)] scale and a nonlogarithmic 1/L scale in 12
points with the 24-2 program and 68 points with the 10-2
program. The non-logarithmic 1/L value was calculated by
conversion of decibel values to the non-logarithmic form as with
the equation above. In FDTmatrix perimetry, the non-logarithmic
scale was calculated by converting decibel figures to the antilog
scale using the equation VF sensitivity [(dB, logarithmic scale)=20
� log (1/Michelson contrast)].[23,24] VF sensitivity was also
analyzed using both the logarithmic and anti-logarithmic scales for
FDT. Reliable tests were defined as <15% fixation losses, false
positives, or false negatives.
2.3. Total and isolated PFS group

A glaucomatous VF defect was defined as a cluster of 3 or more
points with P value<5%, one of which had a P value of< 1% on
the pattern deviation plot. One glaucoma specialist (KIJ)
determined PFS based on pattern deviation probability plots in
the SITA 24-2 test. PFS was defined as a single glaucomatous VF
defect within 12 points of a central 10° radius in 1 hemifield.
(Fig. 1). Among total glaucoma patients with PFS, subanalysis
was performed for patients with isolated PFS with MD> –10dB.
If glaucoma patients with the PFS had VF defects in both the
central 10° and peripheral nasal fields or other area than central
or in both superior and inferior hemifield, they were assigned to
the total PFS group, not in the isolated PFS group.

2.4. Structure–function relationship

Central and sectoral mean sensitivity(MS) were evaluated on
threshold printouts in VF tests. Central MS is calculated as the
mean of VF sensitivities in the central 12 points in 24-2VFs and 68
points in 10-2VFs. The sectoralMS in the central 12 points of 24-2
VFs was determined in superotemporal, inferotemporal, super-
onasal, and inferonasal sectors according to the structure–function
correspondence map suggested by Garway-Heath et al[25] (Fig. 1).
Sixty-eight VF test points on 10-2 SAP were assigned to 4 sectors
adapting the Garway–Heath map designed for 24-2 SAP.
The relationship between central cluster MS and average

GCIPL thickness was evaluated. Superotemporal and inferotem-
poral GCIPL thickness was used for the superotemporal and
inferotemporal topographical structure–function relationship,
respectively. For superonasal and inferonasal sectors, the sum of
superior and superonasal GCIPL thickness and that of inferior
and inferonasal GCIPL thickness was employed, respectively.
2.5. Statistical analysis

Differences between the different VF tests were evaluated by a
paired t test. Correlations between VF parameters and GCIPL
variables were assessed based on Pearson’s correlation coef-



Figure 1. (A) On pattern deviation plot, parafoveal scotoma indicated abnormal points within 12 points of the central 10° radius (dashed line). (B) Structure–function
correspondence map according to Garway-Heath et al[18]: Visual field sectors (B1, B2) and ganglion cell-inner plexiform layer thickness (B3). (C) Topographical
structure–function relationship in glaucoma with isolated parafoveal scotoma. Values in each sector are Pearson’s correlation coefficient.

∗
Statistically significant

values (P< .05) are shown in bold. †Statistically significant difference with P< .05 between SAP 24-2 and SAP 10-2 or FDT. FDT = frequency doubling technology.
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ficients. To compare the correlation between VF tests, a
Hotelling–Williams test was used. In all analyses, P< .05
indicated statistical significance. SPSS software (ver. 17.0; SPSS
Inc., Chicago, IL) was used for statistical analyses.
3. Results

Data from 83 glaucoma patients with PFS were analyzed. Among
them, 51 patients with glaucoma had isolated PFS. Table 1 shows
the demographics of patients with PFS. Average GCIPL thickness
was 67.2±9.2mm in the total PFS group and 69.3±8.9mm in the
isolated PFS group.
In glaucoma patients with isolated PFS, FDT had the lowest

MD value (–7.37±4.20dB), followed by the SAP 10-2 test
(–4.53±2.98dB), and SAP 24-2 test (–2.65±1.83dB) (SAP vs
FDT, FDT vs SAP 10-2, SAP vs SAP 10-2, all P< .05; Table 2).
3

PSD was the highest for SAP 10-2 (6.45±4.04dB), followed by
FDT (4.88±1.39dB) and SAP 24-2 test (4.18±2.21dB) (SAP vs
FDT, FDT vs SAP 10-2, SAP vs SAP 10-2, all P< .05).
3.1. Overall structure–function relationships

Table 3 shows the overall structure–function relationship
between the central cluster sensitivity of the visual field, measured
by dB and 1/L or 1/Michelson contrast scales, and average GCIPL
thickness. In the total PFS group, all VF tests showed significant
correlations between average GCIPL thickness and central cluster
MS expressed in either form (dB or 1/L; all P< .05). In the
isolated PFS group, average GCIPL thickness was not signifi-
cantly correlated with central cluster MS for the SAP 24-2 test
(r=0.264, P= .061; Fig. 2). For the SAP 10-2 test and FDT,
average GCIPL showed a correlation with central cluster MS

http://www.md-journal.com


Table 2

Mean deviation and pattern standard deviation of SAP and FDT in
glaucoma patients with the isolated or total parafoveal scotoma
(PFS) group.

Parameter
Type of
perimetry

Glaucoma
with PFS

Glaucoma with
isolated PFS

MD, dB SAP 24-2 �6.73±7.56 �2.65±1.83
SAP 10-2 �7.63±5.85 �4.53±2.98
FDT 24-2 �10.01±6.51 �7.37±4.20
SAP vs SAP 10-2 P value <.001 .041
SAP vs FDT <.001 <.001
FDT vs SAP 10-2 <.001 <.001

PSD, dB SAP 24-2 6.32±3.94 4.18±2.21
SAP 10-2 8.27±4.42 6.45±4.04
FDT 24-2 5.51±1.98 4.88±1.39
SAP vs SAP 10-2 P value <.001 <.001
SAP vs FDT .032 .026
FDT vs SAP 10-2 .007 <.001

Differences between the SAP 24-2, SAP 10-2, and FDT 24-2 were compared by the paired t-test.
FDT= frequency doubling technology, MD=mean deviation, PFS=parafoveal scotoma, PSD=
pattern standard deviation, SAP= standard automated perimetry.

Table 1

Characteristics of glaucoma patients with the isolated or total
parafoveal scotoma (PFS) group.

Parameter
Glaucoma with
PFS (n=83)

Glaucoma with
isolated PFS
(n=51)

Age, years 54.5±12.3 51.8±12.2
Male/female 43/40 22/29
Central corneal thickness, mm 528.9±34.1 531.4±32.3
Axial length, mm 22.1±7.7 20.6±9.9
GCIPL thickness, mm Average 69.3±8.9 67.2±9.2

Superior 75.2±8.9 72.2±11.5
Superonasal 77.7±10.7 75.0±13.1
Inferonasal 70.4±12.6 67.8±12.5
Inferior 61.1±12.2 59.9±10.9
Inferotemporal 59.7±9.4 58.3±9.0
Superotemporal 73.9±8.8 70.7±11.2

GCIPL=ganglion cell-inner plexiform layer, PFS=parafoveal scotoma.
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expressed as dB (SAP 10-2 test, r=0.279, P= .047; FDT, r=
0.289, P= .039). In the unlogged VF sensitivity scales, there was
no significant overall structure–function correlation for all types
of VF tests (all P> .05).

3.2. Topographical structure–function relationships

In the total PFS group, there were significant structure–function
correlations for all sectors in all VF tests. There was no significant
difference in topographical structure–function correlations
between VF tests for all sectors (Table 4).
In glaucoma patients with isolated PFS, SAP 24-2 program had

significant correlation between sectoral GCIPL thickness and
corresponding VF sensitivity expressed as dB only at the
inferonasal sector (r=0.456, P= .001), but not at the super-
otemporal (r=0.152, P= .285), inferotemporal (r=0.227, P
= .109), and superonasal sectors (r=0.252, P= .074; Fig. 3).
With regard to the SAP 10-2 program, there were significant
topographical structure–function correlations for the super-
otemporal, inferotemporal, and inferonasal sectors with the
highest correlation found in the inferonasal sector (r=
0.264–0.481). For FDT, topographical correlations between
sectoral GCIPL thickness and corresponding VF MS (dB) were
statistically significant for all sectors, showing the highest
correlation in superotemporal sectors (r=0.298–0.593). Similar
results were found for the topographical structure–function
Table 3

The structure–function relationship between central cluster sensitiv
thickness.

Average GCIPL thickness vs central cluster mean sensitivity Visual fie

Logarithmic scale SAP 24-2 (dB)
SAP 10-2 (dB)
FDT 24-2 (dB)

Antilogarithmic scale SAP 24-2 (1/L)
SAP 10-2 (1/L)
FDT 24-2 (1/Mich

FDT= frequency doubling technology, GCIPL=ganglion cell-inner plexiform layer, PFS=parafoveal scot
r=Pearson’s correlation coefficient
Statistically significant values (P< .05) are shown in bold.

4

relationships when VF sensitivity was indicated 1/L. Topograph-
ical structure–function associations in the SAP 10-2 test were
stronger for the superotemporal sector than those in the SAP 24-2
test (dB scale, P= .036; 1/L scale, P= .019). The association
between sectoral GCIPL and corresponding VF sensitivity was
greater for the superotemporal sector in FDT than in the SAP 24-
2 test (dB, P= .002; 1/L, P= .002). For topographical structure–-
function relationships, there was no significant difference
between the SAP 10-2 test and FDT.

4. Discussion

In glaucoma patients with isolated paracentral scotoma, we
found that average GCIPL thickness is significantly correlated
with central cluster MS using the SAP 10-2 test and the FDT 24-2
test, but not the SAP 24-2 test. Topographically, the SAP 10-2 test
and the FDT 24-2 test showed significant correlations in most
sectors between sectoral MS and corresponding GCIPL thick-
ness. The topographical structure–function relationship on the
macula was better with the SAP 10-2 test and the FDT 24-2 test
than SAP 24-2 test in glaucoma with isolated PFS.
The total PFS group expressed good structure–function

correlations in all zones with 24-2 SAP. This finding
corresponds to previous studies showing a good topographical
ity of visual field and average ganglion cell-inner plexiform layer

ld test
Glaucoma with PFS Glaucoma with isolated PFS

r P r P

0.495 <.001 0.264 .061
0.451 <.001 0.279 .047
0.557 <.001 0.289 .039
0.380 <.001 0.091 .525
0.326 <.003 0.108 .451

elson contrast) 0.469 <.001 0.241 .089

oma, PSD=pattern standard deviation, SAP= standard automated perimetry.



[6]

Figure 2. Scatterplots showing correspondence between macular mean sensitivity (MS) (dB) of the visual field and average ganglion cell-inner plexiform layer
thickness in patients with isolated parafoveal scotoma. Global MSwasmeasured by SAP 24-2 (A), SAP 10-2 (B), and frequency doubling technology 24-2 (C). MS=
mean sensitivity, SAP = standard automated perimetry.
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structure–function relationship between VF sensitivity in the SAP
24-2 program and GCIPL thickness in glaucoma patients with
varying degrees of VF defects.[21,26]

In early stage glaucoma patients with isolated PFS, the
topographic structure–function relationship was generally poor,
with the SAP 24-2 test showing a significant correlation only in
the inferonasal sector. To the best of our knowledge, there has
been no previous study investigating structure–function relation-
ships using the SAP 24-2 test and GCIPL thickness in early
glaucoma patients with only PFS. As RGCs are located more
centrally, their density increases and their receptive field radius
declines.[6,27] Half of RGCs are placed within 4.5mm (16°) of the
Table 4

The structure–function relationship between regional visual field sensi
GCIPL thickness.

Visual field sensitivity SD-OCT GCIPL secto

Logarithmic scale SAP 24-2 (dB) Superotemporal
Inferotemporal
Inferonasal
Superonasal

SAP 10-2 (dB) Superotemporal
Inferotemporal
Inferonasal
Superonasal

FDT 24-2 (dB) Superotemporal
Inferotemporal
Inferonasal
Superonasal

Antilogarithmic scale SAP 24-2 (1/L) Superotemporal
Inferotemporal
Inferonasal
Superonasal

SAP 10-2 (1/L) Superotemporal
Inferotemporal
Inferonasal
Superonasal

FDT 24-2 (1/Michelson contrast) Superotemporal
Inferotemporal
Inferonasal
Superonasal

FDT= frequency doubling technology, GCIPL=ganglion cell-inner plexiform layer, PFS=parafoveal scot
r=Pearson’s correlation coefficient.
Statistically significant values (P< .05) are shown in bold.
∗
Statistically significant difference with P< .05 between SAP 24-2 and SAP 10-2 or FDT.

5

foveal center, a region within 10% of the total retina.
Glaucoma with initial PFS seemed to involve greater loss of
structural reserve of RGCs compared to glaucoma with initial
peripheral scotoma having similar functional damage.[9] In VF
24-2 tests with VF points 6° apart, only 12 test points fall within
the central 10° visual fields. With poor sampling, the SAP 24-2
program can miss structural damage caused by glaucoma and
lack detailed spatial information of the central zone.
Using the SAP 10-2 program, the correspondence between

average GCIPL thickness and central cluster MS was confirmed
in glaucoma patients with total or isolated PFS. Sectoral GCIPL
thickness was topographically well correlated with MS on SAP
tivity measured with SAP or SAP10-2 or FDT and the corresponding

Glaucoma with PFS Glaucoma with isolated PFS

r r P R P

0.609 <.001 0.152 .285
0.418 <.001 0.227 .109
0.439 <.001 0.456 .001
0.498 <.001 0.252 .074
0.648 <.001 0.386

∗
.005

0.498 <.001 0.399 .004
0.475 <.001 0.481 <.001
0.431 <.001 0.264 .062
0.717 <.001 0.593

∗
<.001

0.495 <.001 0.358 .010
0.581 <.001 0.298 .034
0.412 <.001 0.402 .003
0.497 <.001 0.069 .630
0.331 .002 0.111 .439
0.499 <.001 0.468 .001
0.428 <.001 0.192 .177
0.617 <.001 0.360

∗
.009

0.422 <.001 0.255 .071
0.401 <.001 0.350 .012
0.366 .001 0.273 .053
0.644 <.001 0.533

∗
<.001

0.433 <.001 0.342 .014
0.334 .002 0.208 .143
0.510 <.001 0.406 .003

oma, PSD=pattern standard deviation, SAP= standard automated perimetry.
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Figure 3. Scatter plots expressing topographical structure–function relationship in patients with isolated parafoveal scotoma on the superotemporal (A-1,2,3),
inferotemporal (B-1,2,3), superonasal (C-1,2,3), and inferonasal (C-1,2,3) sectors.

Jung et al. Medicine (2017) 96:24 Medicine
10-2 test in the corresponding sector. This result is comparable to
those of previous studies reporting a good structure–function
relationship between GCIPL thickness and SAP 10-2 VF
sensitivities in glaucoma with early to advanced VF
damage.[26,28–30]

A direct comparison of the structure–function correspondence
between SAP 24-2 and SAP 10-2 test has not been determined yet.
Kim et al[26] reported that the topographical correlation
coefficients of GCIPL thickness and corresponding VF MS were
0.469–0.801 for the SAP 24-2 test and 0.406–0.750 for the SAP
10-2 test in glaucoma patients with various types of glaucoma VF
defects. Although structure–function correlations were not
statistically compared between the SAP 24-2 test and the SAP
10-2 test, they had similar correlation coefficients. The results of a
previous study[26] correspond to our study, showing comparable
performance of the SAP 10-2 test over the SAP 24-2 test in total
glaucoma patients with PFS.
In the isolated PSF group, however, structure–function

correspondence was better with SAP 10-2 than SAP 24-2
program. This discrepancy is likely caused by a different
6

composition of the study populations in total and isolated PFS
groups. The isolated PFS group had only early-stage (MD ≥ –6
dB) glaucoma (mean MD=–2.65±1.83dB in SAP 24-2 test),
whereas the total PFS group had moderate (–12dB �MD<–6
dB) to advanced stage (MD < –12dB) glaucoma as well as early
stage glaucoma (mean MD=–6.73±7.56dB in the SAP 24-2
test).[31] In the SAP 10-2 program, test points are closely spaced
(2° apart) in the central retina with substantial RGC density. This
arrangement seems to result in good structure–function correla-
tion even in early stage glaucoma with PFS, similar to what
previous studies reported regarding earlier detection of glau-
comatous macular damage with the SAP 10-2 test.[1,11]

For the FDT 24-2 test, GCIPL thickness correlated well with
the corresponding macular VF sensitivity globally and topo-
graphically, in both the total and isolated PFS groups. There have
been no previous reports about correspondence between FDTMS
and GCIPL thickness in glaucoma. One report found that
macular ganglion cell complex thickness, including the retinal
nerve fiber layer, RGC layer, and inner plexiform layer, was
correlated with FDT sensitivity in SAP normal or abnormal



[32]

Figure 4. Representative cases with parafoveal scotoma (PFS). Case A (76mm) had thicker average GCIPL thickness than that of case B (63mm). Visual field
damage was more severe in case A than in case B on the SAP 24-2 test, and in case B than in case A on the FDT 24-2 test. The FDT 24-2 test better reflected
structural glaucomatous loss on GCIPL thickness than the SAP 24-2 test in these cases. FDT = frequency doubling technology, GCIPL = ganglion cell-inner
plexiform layer, PFS = parafoveal scotoma, SAP = standard automated perimetry.
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halves, but not with SAP sensitivity in SAP normal halves. In
that study, Hayashi et al[32] suggested that SAP normal hemifields
in glaucoma patients may do not exclude preperimetric
glaucoma. Early glaucoma with isolated PFS expressed signifi-
cant topographical correlation between GCIPL thickness and the
corresponding MS in the FDT 24-2 test, but not in the SAP 24-2
test. That result corresponds to those of Hayashi et al,[32] which
demonstrated a good structure–function relationship for FDT in
early glaucoma.
We attribute the favorable performance of FDT 24-2 test to

the following reasons. First, the target size is 5° for FDT and
0.43° for SAP when test points are spaced 6° apart for both kind
of tests. With larger targets, FDT samples more retinal area.
Second, glaucomatous functional damage is reliably observed
with low variability with FDT, which has larger targets and
decreased stimulus range.[33,34] Third, VF sensitivity was higher
for the frequency-doubling stimulus than for the size III SAP
stimulus for both magnocellular and parvocellular RGCs.[35]

There are more RGCs located in the central and paracentral
retina than in the peripheral retina. It is difficult for
conventional VF test to adequately test the macular region.
Therefore, sensitive VF tests are greatly needed to evaluate this
macular area. We speculated that good sensitivity for RGCs
could be related to favorable structure–function correspon-
dence with FDT in paracentral retina. Further efforts are needed
to disclose the exact underlying mechanism for a good
structure–function relationship in FDT.
7

Figure 4 shows 2 representative cases with PFS. On the SAP 24-
2 test, case A has more severe VF damage than case B. However,
case A had thicker average GCIPL thickness (76mm) than that of
case B (63mm). On the FDT 24-2 test, case A with thicker GCIPL
thickness had higher centralMS than that in case B. In these cases,
structural glaucomatous loss on GCIPL thickness was correlated
better with the FDT 24-2 test than the SAP 24-2 test.
One of limitations is that the calculation of stimulus contrast for

each perimetry is not identical. Stimulus contrast was calculated as
DL/L in SAP and as Lmax-Lmin/Lmax+Lmin in Matrix FDT.
Nonetheless, the comparison between currently available peri-
metries can be clinically meaningful. Reproducibility of VFs was
not checked in this study, and it could be another limitation. In this
study, the definition of “parafoveal scotoma” can be debatable
because the central 10° includes perifoveal region as well as the
parafoveal region. We focused on the structure–function relation-
ship in the central 10° visual field, where more than 30%of RGCs
are located and only 12VF test points fall. Therefore, VF defects in
the perifoveal region were broadly regarded as PFS in our study.
A growing body of evidence has shown that the SAP 10-2

program is clinically useful for detecting early glaucomatous
damage or progression on the macular area.[1,7,10,11] However,
10-2 VF cannot cover VF defects outside the central 10°. In this
study, we found that the FDT 24-2 test was comparable to the
SAP 10-2 test and better than the SAP 24-2 test in structure–-
function relationships for early glaucoma patients with isolated
paracentral scotoma. We can consider FDT 24-2 tests as another

http://www.md-journal.com
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good option for detecting and monitoring RGC loss on the
macular area while not missing VF defects outside the central 10°.
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