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Purpose: To assess the relationship between the retinal thickness analyzer (RTA) parameters, and those
of the GDx VCC scanning laser polarimeter (GDx VCC), Stratus OCT optical coherence tomography (Stratus
OCT), and Heidelberg retinal tomograph Il confocal scanning laser ophthalmoscopy (HRT II).

Methods: Twenty-nine primary open-angle glaucoma patients were retrospectively included in this study.
Measurements were obtained using the RTA, GDx VCC, Stratus OCT, and HRT Il. We calculated the
correlation coefficients between the parameters of RTA and those of the other studies.

Results: Among the optic disc parameters of RTA, the cup volume was best correlated with Stratus OCT
(R=0.780, p<0.001) and HRT II (R=0.896, p<0.001). Among the posterior pole retinal thickness parameters,
the posterior pole abnormally thin area (PPAT) of the RTA and the inferior average of the GDx VCC were
best correlated (R=-0.596, p=0.001). The PPAT of the RTA and the inferior maximum of the Stratus OCT
were best correlated (R=-0.489, p=0.006). The perifoveal minimum thickness (PFMT) of the RTA and the
cup shape measurement of the HRT Il were best correlated (R=-0.565, p=0.004).

Conclusions: Many RTA optic disc parameters were significantly correlated with those of the Stratus OCT
and HRT Il. The RTA posterior pole retinal thickness parameters were significantly correlated with those of
the GDx VCC, Stratus OCT and HRT Il. The RTA optic disc and posterior pole retinal thickness parameters
may be valuable in the diagnosis of glaucoma.
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Many experimental studies involving rats and monkeys
demondtrate retind ganglion cell layer loss when intraocular
pressure is incressed.”® The loss of ganglion cells was adso
proportionate to the cumulative intraocular pressure. In
addition, about 50% of ganglion cdls of the entire retina are
present near the fovea® Therefore, measuring the retinal
ganglion cdl layer loss a the pogterior pole could assigt in
measuring the peripapillary retind nerve fiber layer (RNFL),
and may dso be important in the detection of glaucoma Lass
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of the retind ganglion cdl layer a the posterior pole may
be evduated indirectly by measuring the retind thickness.
The retind thickness analyzer (RTA; Tdia technology,
Inc., USA) is an ophthamic imaging device used for the
mapping and quantitative measurement of retina thickness
and disc topography. It projects a Green He-Ne laser to the
fundus, and the reflected laser is scanned by a charge-coupled
device camera. There are two peek reflections at the leve of
the internd limiting membrane and the retind pigment
epithelium and the retind thickness is calculated using these
two pesk reflections. Therefore, the RTA can be used to
measure the retind thickness at the posterior pole. Subgtantia
loss of retind ganglion cells occurs in the zone surrounding
the fovea in glaucomatous eyes, 0 the RTA may be very
useful for diagnosis of glaucoma®® Clinically, the RTA may
aso be vauable in the diagnosis of many macular diseases,
i.e, mecular edema, mecular holes, or epiretind membranes.”®



KT Ma, et al. RELATIONSHIP BETWEEN THE RTA, GDX VCC, STRATUS OCT AND HRT II

In addition to the RTA, there are many instruments
avalable for early glaucoma detection, such as the GDx VCC
scanning laser polarimeter (GDx VCC; Laser Diagnogtic
Technologies, Inc. San Diego, CA), Straus OCT opticd
coherence tomography (Stratus OCT; Carl Zeiss Meditec Inc,
Dublin, CA), and Heidelberg retind tomograph Il confoca
scanning  laser  ophthamoscopy (HRT 1l;  Heidelberg
Engineering, Heiddberg, Germany).

The purpose of this sudy is to assess the rdationship
between the optic disc and pogterior pole retina thickness
parameters using the RTA, GDx VCC, Stratus OCT, and
HRT 1.

Materials and Methods

Subjects

The primary open angle glaucoma patients who were
examined with RTA a Severance Hospitd, Yonsa University
College of Medicine were retrospectively identified from a
patient database of the ingtitute. Both eyes of each patient
were included in the study, provided they satisfectorily
fulfilled the entry criteria Each eye had a best corrected
visud acuity of 20/25 or better, a spherica-equivaent
refractive error between -5 and +5 diopters, clear ocular
media with no dinicaly significant cataract, a norma open
angle, and no previous intraocular surgica history. The
petients had no other coexisting ocular diseases such as
didbetic retinopathy, retind venous occusion, or epiretind
membranes.

The diagnosis of glaucoma was based on the presence of
typicd glaucomaous optic disc damage on stereoscopic
examination (as judged by a glaucoma specidig, Y.J. Hong).
The presence of a glaucomatous visud fidd loss, as
measured by the dandard automated perimetry (SAP,
Humphrey Feld Andyzer I, 30-2 Swedish interactive
threshold dgorithm standard drategy; Carl Zeiss Meditec
Inc., Dublin, CA), aso condtituted a diagnosis of glaucoma

Measurements

All 29 subjects were examined with the RTA. Among
them, 17 patients (30 eyes) underwent imaging with the RTA
and GDx VCC, 17 patients (30 eyes) underwent imaging
with the RTA and Stratus OCT, and 14 pdtients (24 eyes)
were examined with the RTA and HRT II.

The RTA was used to determine the retind thickness
measurement at the pogterior pole and was performed by one
examiner. Thirty minutes before the examination, the pupil
was dilated with mydriatics. Refractive error and cornesl
curveture were messured with an  automated refract-
keratometer (RK3, Canon, Tokyo, Japan). The Green He-Ne
laser dim beam (543 nm) was projected on the retina, and
a backscattered laser was detected with a charge-coupled
device camera The backscattered laser pesks twice a the
level of interna limiting membrane and retind pigment
epithelium, and these two pesks were used to caculate the
retinad thickness. A 3x3 mm area composed of 16 optica
cross sections was scanned. Five such scans were obtained
a the macula, three scans a the disc, and an additiond five
sans in the peripapillary area. The retind thickness mgp was
recongtructed and the parameters were caculated. All these
data were andyzed by <oftware verson 4.20. If the
recondtructed image was not of high quality, we either
reexamined or excluded the image.

We divided the RTA parameters into two groups: the optic
disc parameters and the poderior pole retina thickness
parameters. Optic disc parameters included the disc area, cup
area, cup/disc area ratio, rim area, cup volume, rim volume,
mean cup depth, maximum cup depth, cup shape measure,
and height variation contour. The pogerior pole retind
thickness parameters (Table 1) induded the posterior-pole
minimum thickness (PPMT), the perifoved minimum
thickness (PFMT), the posterior-pole superior/inferior
asymmelry (PPSA), the perifoved superior/inferior asymmetry
(PFSIA), the pogterior-pole abnormdly thin area (PPAT),
the perifoved abnormdly thin area (PFAT), the podterior-

Table 1. Retinal thickness analyzer parameters: posterior pole and peripapillary thickness

Parameters

Description

Posterior pole minimum thickness
Perifoveal minimum thickness

Posterior pole supetior/ inferior asymmetry
posterior pole region

Perifoveal superior/ inferior asymmetry
perifoveal region

Posterior pole abnormally thin area
Perifoveal abnormally thin area

Posterior pole number of thin clusters
below normal

Posterior pole pattern deviation

The minimum thickness value in the posterior pole region
The minimum thickness value in the perifoveal region

The ratio of the average over the superior half to the average over the inferior half of the

The ratio of the average over the superior half to the average over the inferior half in the

The percentage of the posterior pole region, which is two standard deviations below normal
The percentage of the perifoveal region, which is two standard deviations below normal

The number of clusters that have at least four points that are two standard deviations

The deviation of the patient’s posterior pole region from the normative values, as obtained
from Talia’s database
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pole number of thin clusters (PPNT), and the posterior-pole
pattern deviation (PPPD). Ocular fundus scanning was
completed using the GDx VCC, Stratus OCT, and HRT II,
and is described dsewhere®™ All tests were performed by
one examiner in a single day.

Data Analysis

We compared the optic disc parameters of the RTA with
those of the Stratus OCT and HRT II. We dso compared the
posterior pole retind thickness parameters of the RTA with
those of the GDx VCC and the Stratus OCT. Pearson
correlation coefficients were caculated and p-vaues less than
0.05 were consdered datidticdly dgnificant. Sttidtica
andyses were caried out usng the SPSS program for
Windows, verson 12.0 (SPSS Inc, Chicago, IL).

Results

Thirty eyes of 17 patients underwent imaging with RTA
and GDx VCC, 30 eyes of 17 patients underwent imaging
with RTA and Stratus OCT, and 24 eyes of 14 patients
underwent imaging with RTA and HRT II. Differences in age
and intreocular pressure between the groups were not
detigticdly significant (Table 2).

Among the RTA and the Straus OCT optic disc
parameters, the disc area, cup area, cup/disc area ratio, and
cup volume (except rim aed) showed a dHatigicdly
sgnificant corrdation (Table 3); cup volume proved to be the
best corrdated (R=0.780, p<0.001).

Among the RTA and HRT |l optic disc parameters, the
disc area, cup area, cup/disc area retio, cup volume, rim

Table 2. Patient demographics

volume, mean cup depth, maximum cup depth, cup shape
measure, and height variation contour (except rim ares)
showed a dgnificant correlation (Table 4); cup shepe
measurement was the best corrdated (R=0.896, p<0.001)

Table 5 shows the corrdation between the posterior pole
retind thickness of RTA and the GDx VCC RNFL thickness
parameters. Among the RTA parameters, the PFMT, PPAT,
PFAT, and PPNT were dgnificantly corrdated with the
tempora -superior-nasd-inferior-tempord (TSNIT) average of
the GDx VCC. PPAT and PFAT were dgnificantly
corrdated, with a superior average of GDx VCC. PPAT,
PFAT, and PPNT were dgnificantly corrdated, with an
inferior average of GDx VCC. Among the parameters, the
PPAT and inferior average showed the best corrdation
(R=-0.596, p=0.001).

When the RTA pogterior pole retina thickness parameters
and the Stratus OCT RNFL thickness parameters were
examined (Table 6), the PPAT and PFAT were found to be
dgnificantly correlated with the superior maximum, inferior
maximum, and inferior average. Additiondly, PPAT was
corrdated with the average thickness Among them, the
PPAT and inferior maximum were the best corrdated
(R=-0.489, p=0.006).

When the RTA pogterior pole retind thickness and HRT
I1 RNFL thickness parameters were examined (Table 7), the
PPAT and PFAT were dgnificantly corrdated with cup shepe
measurements, height variation contour, and mean RNFL
thickness. Additiondly, the PFMT and PPNT were corrdated
with the cup shape measurement. The PPMT was correlated
with the heght variation contour. Among these two
parameters, the PFMT and cup shape measurement showed
the best corrdation (R=-0.565, p=0.004).

RTA & GDx VCC RTA & Stratus OCT RTA & HRT II
(n=30) (n=30) (n=24) p-value
Age (years) 35.0+13.8 (14-62) 36.0£13.1 (19-62) 28.0£16.1 (14-67) 0.097*
Gender M : F) 11:19 15:15 9:15 -
Eyes (Rt : Lv) 16:14 16:14 12:12 -

F=female; GDx VCC=GDx VCC scanning laser polarimeter; HRT II=Heidelberg retinal tomograph II confocal scanning laser
ophthalmoscopy; Lt=left; M=male; Rt=right; RTA=retinal thickness analyzer; Stratus OCT=Stratus OCT optical coherence
tomography; Values given as mean *standard deviation; One-way analysis of variance.

Table 3. Correlations between the optic disc parameters of the RTA and Stratus OCT

RTA Stratus OCT Correlation coeffeicient p-value
Cup volume (mm’) 0.57+0.34 0.35£0.25 0.780 < 0.001"
Disc area (mmz) 3.27+0.62 2.68+0.42 0.667 < 0.001°
Cup area (mm?) 1.85+0.57 1.50+0.51 0.609 < 0.001"
Cup/disc ratio 0.56%0.10 0.56%0.16 0.489 0.006*
Rim area (mm’) 1.4240.35 1.18+0.45 0.333 0.072

RTA=retinal thickness analyzer; Stratus OCT=Stratus OCT optical coherence tomography; Values given as meantstandard deviation;

Statistical analysis was performed using the Pearson correlation coefficient; p<<0.05.
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Table 4. Correlations between the optic disc parameters of the RTA and HRT II

RTA HRT 1I Correlation coefficient p-value
Cup shape measure -0.10+0.08 -0.11£0.10 0.896 <0.001"
Mean cup depth (mm) 0.28+0.10 0.29+010 0.885 <0.001"
Cup volume (mm’) 0.50+0.38 0.29+0.25 0.863 <0.001"
Maximum cup depth (mm) 0.68%0.18 0.66%0.18 0.820 <0.001"
Height variation contour (mm) 0.2840.10 0.36%0.14 0.766 <0.001"
Cup area (mm’) 1.71+0.76 0.95%0.57 0.763 <0.001"
Rim volume (mm’) 0.3240.31 0.32£0.15 0.696 <0.001"
Cup/disc area ratio 0.51£0.19 0.38+0.18 0.682 <0.001"
Disc area (mm’) 3.312£0.61 2.2640.67 0.540 0.006"
Rim area (mmz) 1.61£0.67 1.31£0.31 0.171 0.424

HRT II=Heidelberg retinal tomograph II confocal scanning laser ophthalmoscopy; RTA=retinal thickness analyzer; Values given as mean

+standard deviation; Statistical analysis was performed using the Pearson correlation coefficient; p<<0.05.

Table 5. Correlation coefficients of the RNFL thickness parameters of the RTA and GDx VCC

TSNIT average

Superior average

Inferior average

NFI

PPMT
PEMT
PPSIA
PESIA
PPAT
PFAT
PPNT
PPPD

0.293 (0.117)
0.442 (0.015")
-0.148 (0.436)
-0.169 (0.372)
-0.540 (0.002")
-0.537 (0.002")
-0.401 (0.028")
-0.085 (0.656)

0.280 (0.134)
0.362 (0.050)
-0.078 (0.683)
-0.118 (0.536)
-0.448 (0.013")
-0.444 (0.014")
0313 (0.092)
0.059 (0.756)

0.176 (0.351)
0.375 (0.041°)
-0.065 (0.733)
-0.063 (0.743)
-0.596 (0.001")
-0.594 (0.001")
-0.426 (0.019")
-0.067 (0.724)

-0.262 (0.161)
-0.402 (0.028")
0.093 (0.626)
0.109 (0.565)
0.568 (0.001")
0.564 (0.001")
0.449 (0.013")
0.013 (0.945)

NFI=nerve fiber indicator; PFAT=perifoveal abnormally thin area; PEMT=perifoveal minimum thickness; PFSIA=perifoveal superiot/
inferior asymmetry; PPAT=posterior pole abnormally thin area; PPMT=posterior pole minimum thickness; PPNT=posterior pole number
of thin clusters; PPPD=posterior pole pattern deviation; PPSIA=posterior pole superior/inferior asymmetry; TSNIT=temporal-
superior-nasal-inferior-temporal; Values given as correlation coefficient (p-value); Statistical analysis was performed using the Pearson

. . *
correlation coefficient;  p<0.05.

Table 6. Correlation coefficients of the RNFL thickness parameters of the RTA and Stratus OCT

Smax

Imax

Tavg

Avg. Thick

PPMT
PFMT
PPSIA
PFSIA
PPAT
PFAT
PPNT
PPPD

0.210 (0.266)
0.232 (0.218)
-0.207 (0.273)
-0.226 (0.229)
-0.435 (0.016)
-0.413 (0.023")
-0.096 (0.614)
0.244 (0.194)

0.298 (0.110)
0.360 (0.051)
-0.101 (0.594)
-0.114 (0.548)
-0.489 (0.006")
-0.473 (0.008")
-0.269 (0.150)
-0.006 (0.976)

0.253 (0.177)
0.310 (0.096)
-0.202 (0.284)
-0.214 (0.257)
-0.434 (0.016")
-0.417 (0.022")
-0.155 (0.414)
0.051 (0.787)

0.127 (0.503)
0.193 (0.307)
-0.272 (0.146)
-0.273 (0.145)
-0.380 (0.038")
-0.358 (0.052)
-0.053 (0.779)
0.178 (0.347)

Avg. Thick=average thickness; Iavg=inferior average; Imax=inferior maximum; PFAT=perifoveal abnormally thin area; PEMT=perifoveal
minimum thickness; PFSIA=perifoveal superior/inferior asymmetry; PPAT=posterior pole abnormally thin area; PPMT=posterior pole
minimum thickness; PPNT=posterior pole number of thin clusters; PPPD=posterior pole pattern deviation; PPSIA=posterior pole
superior/inferior asymmetry; Savg=superior average; Smax=superior maximum; Values given as correlation coefficient (p-value); Statistical
analysis was performed using the Pearson correlation coefficient; ~ p<0.05.
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Table 7. Correlation coefficients of the RNFL thickness parameters of the RTA and HRT II

Cup shape measurement

Height variation contour Mean RNFL thickness

PPMT -0.219 (0.303)
PFMT -0.565 (0.004")
PPSIA 0.394 (0.057)
PFSIA 0.390 (0.060)
PPAT 0.513 (0.010")
PFAT 0.518 (0.010")
PPNT 0.530 (0.008")
PPPD 0.287 (0.174)

0.425 (0.038") 0.315 (0.134)

0.370 (0.075) 0.317 (0.131)
-0.273 (0.197) -0.210 (0.326)
-0.280 (0.185) -0.224 (0.293)
-0.487 (0.016") -0.423 (0.039")
-0.491 (0.015") -0.432 (0.035")
-0.321 (0.126) -0.281 (0.184)

-0.270 (0.202) -0.244 (0.251)

PFAT=perifoveal abnormally thin area;

PEMT =perifoveal minimum thickness;

PFSIA=perifoveal superior/inferior asymmetry;

PPAT=postetior pole abnormally thin area; PPMT=postetior pole minimum thickness; PPNT=posterior pole number of thin clusters;
PPPD=posterior pole pattern deviation; PPSIA=posterior pole superior/inferior asymmetry; RNFL=retinal nerve fiber layer; Values given

. . . . . . . . *
as correlation coefficient (p-value); Statistical analysis was performed using the Pearson correlation coefficient;  p<<0.05.

Discussion

In this study, the RTA optic disc and pogterior pole retind
thickness parameters were corrdated with the GDx VCC,
Sraus OCT, and HRT Il RNFL thickness parameters.
Regarding the optic disc parameters, the cup volume of the
RTA was best correlated with the Stratus OCT and HRT 1.
Regarding the posterior pole retind thickness and the RNFL
thickness parameters, the PPAT of the RTA were best
corrdlated with the inferior average of GDx VCC and the
inferior maximum of Stratus OCT. The PFMT of the RTA
and cup shape measurement of HRT |l were best correlated.

However, the mean vaues of the parameters were dightly
different, perhaps due to the use of different kind of lasers
and andys's methods. Comparing the RTA with the HRT |1,
the RTA projects a 543 nm He-Ne laser, detects reflection
a the vitreoretind surface, and constructs the optic disc
topography. In contrast, the HRT Il uses a 675 nm diode
laser, detects reflection, and constructs the optic disc
topography. In both tests, the cup and disc are divided by
reference plane (which lies in 50 pum poderior to
papillomacular bundle), and the disc margin is drawvn by the
examiner. After these processes, the optic disc parameters of
the RTA and HRT Il are cdculated. The average means of
the parameters may be different due to the individud
examiners, who draw the margin of the optic disc.® Since
the same method of caculating the parameters was used and
the parameters proved to be srongly correlated,, these
differences in the mean vaues could be secondary to the
different kind of lasers in each ingtrument. The Stratus OCT
uses an 843 nm infrared light beam and generdes a
crosss=ctiond image of the retina. It uses the end of the RPE
as the disc margin and finds a neurd rim directly from the
crosssectiona imege. Therefore, methods of caculaing
optic disc parameters between the RTA and Stratus OCT are
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different, and as such, may produce a difference in the
means. Although the optic disc parameters of the RTA differ
numericaly with those of the Stratus OCT and HRT |1, they
are dgnificantly corrdated. Therefore, optic disc parameters
of the RTA are useful, as wdl as those of the Stratus OCT
and the HRT II.

Results of this sudy demondrate that the peripapillary
RNFL is dgnificantly corrdlated with the posterior pole
RNFL retind thickness. This indirectly represents the retina
ganglion cel layer and RNFL in the pogterior pole, and
therefore the pogterior pole parameters of the RTA may be
a useful indicator of glaucoma These results aso support
other studies” Substantia loss of retind ganglion cells occurs
in the zone surrounding the fovea in glaucomatous eyes, and
the PFMT is a useful indicator of glaucoma® Three eyes
showed a thin PFMT but norma NFI, TSNIT average,
uperior average, and inferior average range (Fig. 1). They
aso showed decreased sengtivities in visud field testing at
the corresponding area of thinned retina (Fig. 2). These
findings suggest tha locdized loss of ganglion cdls in
patients with glaucoma can precede an arcuate defect of the
RNFL at the pogterior pole. In the previous studies, it was
demongrated that loss of ganglion cdl layer may occur
before glaucomatous visud fidld changes™* The RTA could
be more advantageous than other insruments in certain
circumgtances for detecting early glaucomatous changes. On
the other hand, three cases demondirated a thick PFMT, but
glaucomatous peripapillary RNFL parameters in the GDx
VCC. In thee cases the entire pogerior pole retind
thickness was increased on the RTA image map. This
phenomenon may be due to the varidion of perifoved retind
cdl dendgty, which occurs in less than ten percent of the
normal population.”® However, the diagnosis of glaucoma is
not difficult because the patients have the characteristic
glaucomatous optic disc and visud fidd changes (Fig. 2).
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Of note, between the RTA and HRT |l parameters, the
PFMT is dgonificantly corrdated with the cup shape
meesurement, which is the most vauable indicator for
detecting glaucoma in HRT.# The posterior pole abnormally
thin area and perifoved abnormaly thin area were dso
sgnificantly correlated with cup shape messurement, height
contour variation, and mean RNFL thickness. Therefore
these parameters may be useful indicators of glaucoma

Our sudy is not without limitations. Our sample Sze may
not have been sufficient to detect smal but red relaions
among the parameters that we found were not associated with
eech other. Andyses of severa parameters were suggestive
of an asociation, but the sample size was too smdl for
definitive conclusions. In addition, our study design which
dlowed the incluson of both eyes of one person if each eye

satisfied the incluson criteria, may have influenced the
results of detisticd analyss.

In summary, the RTA optic disc parameters have different
numericd values as compared to tha of the Stratus OCT and
HRT Il. However, other significant correlations between the
RTA, Stratus OCT and HRT Il could prove to be vauable
in dinicd use In addition, the PPAT and PFMT of the RTA
were sgnificantly corrdated with the peripapillary RNFL
parameters of the GDx VCC, Stratus OCT, and HRT Il and
these parameters could be used as indicators for detecting
glaucoma.
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