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Nerve fiber layer in glaucomatous hemifield loss: a case-control study with
time- and spectral-domain optical coherence tomography

Camada de fibras nervosas na perda de hemicampo glaucomatoso: um estudo caso-controle
com tomografia de coeréncia éptica time- e spectral-domain
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ABSTRACT

Purpose: To evaluate the retinal nerve fiber layer measurements with time-domain
(TD) and spectral-domain (SD) optical coherence tomography (OCT), and to test the
diagnostic ability of both technologies in glaucomatous patients with asymmetric
visual hemifield loss.

Methods: 36 patients with primary open-angle glaucoma with visual field loss in one
hemifield (affected) and absent loss in the other (non-affected), and 36 age-matched
healthy controls had the study eye imaged with Stratus-OCT (Carl Zeiss Meditec
Inc., Dublin, California, USA) and 3 D OCT-1000 (Topcon, Tokyo, Japan). Peripapillary
retinal nerve fiber layer measurements and normative classification were recorded.
Total deviation values were averaged in each hemifield (hemifield mean deviation)
for each subject. Visual field and retinal nerve fiber layer “asymmetry indexes” were
calculated as the ratio between affected versus non-affected hemifields and cor-
responding hemiretinas.

Results: Retinal nerve fiber layer measurements in non-affected hemifields (mean
[SD] 87.0 [17.1] um and 84.3 [20.2] um, for TD and SD-OCT, respectively) were
thinner than in controls (119.0 [12.2] umand 117.0 [17.7] um, P<0.001). The optical
coherencetomography normative database classified 42% and 67% of hemiretinas
corresponding to non-affected hemifields as abnormal inTD and SD-OCT, respecti-
vely (P=0.01).Retinal nerve fiber layer measurements were consistently thicker with
TD compared to SD-OCT. Retinal nerve fiber layer thickness asymmetry index was
similar in TD (0.76 [0.17]) and SD-OCT (0.79 [0.12]) and significantly greater than
the visual field asymmetry index (0.36 [0.20], P<0.001).

Conclusions: Normal hemifields of glaucoma patients had thinner retinal nerve
fiber layer than healthy eyes, as measured by TD and SD-OCT. Retinal nerve fiber
layer measurements were thicker withTD than SD-OCT.SD-OCT detected abnormal
retinal nerve fiber layer thickness more often than TD-OCT.

Keywords:Glaucoma,open-angle;Visualfields; Tomography, optical coherence/methods;
Optic disc; Optic nerve diseases/diagnosis; Nerve fibers/pathology; Retina

RESUMO

Objetivo: Avaliaras medidas da camada de fibras nervosas da retina com a tomografia de
coeréncia éptica (OCT) “time domain” (TD) e “spectral domain” (SD), e testar a habilidade
diagnéstica de ambas as tecnologias em pacientes com perda assimétrica glaucomatosa
de hemicampo visual.

Meétodos: Trinta e seis pacientes com glaucoma primdrio de dngulo aberto com perda
de campo visual em um hemicampo (acometido) e auséncia de perda no hemicampo
oposto (ndo-acometido), e 36 controles pareados por idade tiveram o olho de estudo exa-
minado com Stratus-OCT (Carl Zeiss Meditec Inc., Dublin, California, USA) e 3 D OCT-1000
(Topcon, Tokyo, Japan). As medidas de espessura da camada de fibras nervosas da retina
peripapilar e classificagdo normativa fornecida pelos aparelhos foram registrados para
andlise. A média aritmética dos valores do grdfico de desvio total em cada hemicampo
foi calculada para cada individuo. “Indices de assimetria” para campo visual e camada de
fibras nervosas da retina foram calculados como a razéo entre hemicampos acometido e
ndo-acometido e hemirretinas correspondentes, respectivamente.

Resultados: As medidas dacamadade fibras nervosas daretinaem hemicampos ndo-aco-
metidos (média [SD] 87.0[17.1] um e 84.3 [20.2] um, para TD e SD-OCT, respectivamente)
foram menores do que em controles (119.0[12.2] ume 117.0[17.7] um, P<0.001). O banco
dedados normativoclassificoucomoalterado42%e 67% das hemirretinas correspondentes
ahemicampos ndo-acometidos com TD e SD-OCT, respectivamente (P=0.01). As medidas
da camada de fibras nervosas da retina foram consistentemente mais espessas com TD
comparados com SD-OCT. Indices de assimetria da camada de fibras nervosas da retina
foram semelhantesentre TD(0.76[0.17])e SD-OCT (0.79[0.12]) esignificantemente maiores
do que o indice de assimetria do campo visual (0.36 [0.20], P<0.001).

Concluséo: Os hemicampos normais de pacientes com glaucomaapresentaram camada
de fibras nervosas da retina mais fina do que olhos sauddveis. As medidas da camada de
fibras nervosas da retina foram mais espessas com TD do que com SD-OCT, que por sua
vez detectou anormalidades na espessura da camada de fibras nervosas da retina mais
frequentemente do que o TD-OCT.

Descritores: Glaucoma de dngulo aberto; Campos visuais; Tomografia de coeréncia dptica/
métodos; Discodptico;Doengasdonervodptico/diagndstico; Fibras nervosas/patologia; Retina

INTRODUCTION

Optical coherence tomography (OCT) is an imaging technology
widely used in the management of glaucoma, which enables high-
resolution, in vivo measurements of the retina?. In particular,
OCT-measured retinal nerve fiber layer (RNFL) thickness may detect

glaucoma-related damage before the development of visual field
(VF) defects®?. Recent advances in OCT technology, using spectral-
domain (SD) signal detection, significantly increased scanning speed
and resolution compared to time-domain (TD) OCT®”. The basic dif-
ferences between TD and SD-OCT have been described elsewhere.
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In brief, both technologies use an interferometer to measure echo
time delay of backscattered light, however, SD-OCT utilizes informa-
tion obtained from wavelength-specific interference patterns to de-
termine signal depth. In contrast, TD-OCT depends on movements
of a reference mirror resulting in increased image acquisition time.
Among the advantages of SD over TD-OCT are: reduction in motion
artifacts, improvement in axial resolution and better reproducibility
of RNFL measurements®”. In fact, recent studies have shown that
these related, but distinct technologies are not interchangeable, with
significant differences in RNFL measurements between them o',
There s still controversy whether SD improves diagnostic ability com-
pared to TD-OCT in glaucoma .

Previous cross-sectional studies suggested that glaucomatous
VF defects commonly occurs in one hemifield (superior more com-
monly than inferior), frequently respecting the horizontal meridian
until moderate to advanced stages of the disease">'®. The assump-
tion that glaucomatous damage occurs asymmetrically across the
horizontal meridian is taken into account for example when Glau-
coma Hemifield Test™ (GHT, Carl-Zeiss Meditec, Dublin, CA) assesses
significant differences between superior and inferior regions of the VF.
Asymmetric glaucomatous damage is also observed in hemiretinas,
both in peripapillary RNFLY”'®, and in macular thickness measure-
ments!'?.

Taking into account evidence that RNFL thinning precedes VF
loss in glaucoma®®??, the asymmetric glaucoma damage may be an
interesting model to evaluate TD and SD-OCT ability to detect RNFL
loss before development of VF defect. This study aims to evaluate the
RNFL thickness measured with TD and SD-OCT, and to compare the
diagnostic ability of both equipments to detect RNFL loss in glauco-
matous patients with asymmetric VVF loss restricted to one hemifield.

METHODS
SUBJECTS

Thirty-six patients with glaucoma and 36 age-matched healthy
controls participated in this cross-sectional study, conducted at the
Division of Ophthalmology of the University of Sdo Paulo Medical
School. Institutional Review Board / Ethics Committee approved the
study, and written informed consent was obtained from all partici-
pants before inclusion in the study. The protocol was in compliance
with Good Clinical Practices and the Declaration of Helsinki (1996).

The study population included adults between 45 and 85 years
old from both genders, with diagnosis of primary open-angle glau-
coma (POAG) and asymmetric glaucomatous hemifield sensitivity
loss. Patients were selected based on pattern deviation maps using
a modified Hodapp's criterion for diagnosis of glaucoma®?, which
was applied to hemifield rather than global VF deficit. An eye was
classified as having asymmetrical VF loss when all the following con-
ditions were present: (1) presence of at least 3 abnormal contiguous
points in one hemifield (affected hemifield), at a significance level of
less than 1%, with at least one of those less than 0.5%; (2) presence
of a GHT “outside normal limits”; and (3) absence of any test point in
the opposite hemifield (non-affected) with significance level of less
than 2% (Figure 1). Two consecutive VFs were required to confirm the
defect. Only one eye per patient was included; when both eyes were
eligible one eye was randomly selected.

Other inclusion criteria were best corrected visual acuity (BCVA)
equal to or better than +0.3 (20/40) logarithm minimum angle of
resolution (logMAR) in the study eye, spherical refraction within
+ 5.00 diopters (D) and cylinder refraction within + 3.00 D. Exclusion
criteria were concomitant ocular disease, systemic medication
known to affect the optic nerve and/or the VF, and a mean deviation
(MD) worse than -16.0 dB.

Healthy controls were recruited from patients’ relatives and
church groups. They had a normal eye examination, intraocular
pressure <21 mmHg, BCVA equal to or better than +0.3 logMAR,
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spherical refraction within + 5.00 D, cylinder refraction within + 3.00
D, and normal VFs (defined as a GHT “within normal limits”"and an MD
equal to or better than -2.0 dB). For comparative analysis one eye was
randomly selected as the study eye.

VisuAL FIELD ASSESSMENT

Standard automated perimety (SAP) was performed using the
Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, CA, Sweedish
Interactive Threshold Algorithm, 24-2 test). The hemifield sensitivity
loss (hemifield MD) in dB units was calculated by averaging total
deviation values in the superior and inferior hemifields separately for
patients and healthy controls. Only patients with at least 2 previous
VF tests were included.

OpTicAL COHERENCE TOMOGRAPHY ASSESSMENT

Onthe same visit subjects underwentimaging with two commer-
cially available OCT systems: 1) Stratus-OCT (Carl Zeiss Meditec Inc.,
Dublin, California, USA), and 2) 3D OCT-1000 (Topcon, Tokyo, Japan).
Stratus-OCT uses TD signal detection to acquire an image with 8 to
10 um axial resolution and 512 axial scans in 1.3 seconds. The fast
RNFL protocol was used to obtain RNFL thickness measurements in
TD-OCT (Figure 1). Three images were acquired from each subject,
with each image consisting of 256 A scans along a 3.4 mm-diameter
circular ring. RNFL thickness parameters calculated by Stratus-OCT
software (version 4.0.1) and evaluated in this study were average
thickness (360 degrees), superior quadrant thickness (46-135 degrees)
and inferior quadrant thickness (226-315 degrees).

The 3D OCT-1000 uses SD signal detection to acquire an image
with 6 um axial resolution. The acquisition scan protocol used for
SD-OCT acquires a set of three high-definition OCT images of the optic
nerve head (ONH) region in a raster pattern covering a 6 x 6 mm area
with a scan density of 128 x 512 in 3.6 seconds (18,000 A scans/sec).
Among the available analysis we chose the map closest to that used
by the Stratus-OCT in order to make findings from the two devices
as comparable as possible. Thus, we employed the RNFL peripapillary
map, which consists of a 3.4 mm-diameter circle around the optic
disc. RNFL thickness parameters calculated by 3 D OCT-1000 and
used in this study were similar to the ones provided by Stratus-OCT.

One author (ASCR) reviewed the images with respect to their
subjective and objective quality. For TD-OCT the examiner required
that the scans had good quality with focused images, signal strength
>7 and presence of a centered circular ring around the optic disc.
Criteria for acceptable 3 D OCT-1000 included: 1) no large eye move-
ments, defined as an abrupt shift completely disconnecting a large
retinal vessel; 2) consistent signal intensity level across the scan; and
3) no black bands (caused by blinking) throughout the examination.

ANALYSIS

Mann-Whitney and Kruskal-Wallis tests were used to compare
continuous data between groups, and Wilcoxon between OCTs.
Pearson’s Chi-Square test was used to compare categorical data. Spear-
man rank correlation was performed to test correlations between the
two devices. Presence of RNFL thinning was established on the basis
of the normative database provided by OCT software. RNFL thickness
measurements outside the 95% prediction interval for age-matched
normal thickness were considered abnormal.

The degree of VF asymmetry was evaluated by “asymmetry in-
dex"" defined as the ratio between affected and non-affected
hemifield MD in eyes with glaucoma. For the purpose of comparing
with RNFL thickness ratio, each test point in the total deviation plot
was converted to 1/Lambert units (dB = 10 x Log [1/Lambert]). An
asymmetry index of 1 indicated comparable values in the hemifields
(perfect symmetry) and an asymmetry index lower than 1 signified
larger differences between affected and non-affected glaucomatous
hemifields (increased asymmetry)"”. RNFL ratios were calculated
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Figure 1. Selected study patient with (A) superior visual hemifield loss (affected, hemifield mean deviation [MD] of -8.15 dB). The inferior hemifield (non-
affected) had absence of any test point with significance level of less than 2%, and a hemifield MD of -1.15 dB. (B) Time-domain and (C) spectral-domain (SD)
optical coherence tomography (OCT) with respective retinal nerve fiber layer (RNFL) protocols. In both, there was abnormal RNFL thinning compared with
respective normative databases in the inferior quadrant (P<1%). SD-OCT also detected abnormal thinning in the superior quadrant (P<5%).

using the inferior and superior peripapillary measurements similarly
to VF"asymmetry index”in micron units. All analyses were performed
in the open-source environment R%3,

RESULTS

Data from 36 patients with asymmetric hemifield defect and 36
healthy age-matched controls included in this analysis are shown in
Table 1.The groups were similar in age (P=0.92) and gender (P=0.91).
Patients with glaucoma had on average early to moderate VF dama-
ge (mean [SD] MD, -8.8 [3.4] dB); 27 had the superior and 9 had the
inferior hemifield affected. Global RNFL thickness was greater with
TD than with SD-OCT (P=0.02 and <0.001, for patients and controls,
respectively, Table 1).

The hemifield MD and corresponding hemiretina RNFL mea-
surements in glaucoma patients and healthy controls are shown in
Table 2. Affected hemifields had worse MD compared with non-affec-
ted hemifields (P<0.001). Hemiretinas corresponding to affected he-
mifields had thinner RNFL measurements compared to the opposite
hemirretinas both in TD and in SD-OCT (P<0.001 for both). Healthy
controls had similar MD in opposite hemifields (P=0.65), in addition
to similar RNFL measurements in opposite hemiretinas, in both TD
(P=0.61) and SD-OCT (P=0.54). RNFL measurements obtained with

both devices were correlated in patients (p=0.61 and 0.78, P<0.001,
for global and hemiretina measurements, respectively) and controls
(p=0.53 and 0.57, P<0.001, for global and hemiretina measurements,
respectively).

Non-affected glaucomatous hemifields had similar MD (mean
[SD],-1.6 [0.7] dB) compared to healthy controls (-1.8 [0.6] dB, P=0.15,
Figure 2). RNFL measurements in hemiretinas corresponding to non-
affected hemifields (87.0 [17.1] um and 84.3 [20.2] um, for TD and
SD-OCT, respectively) were thinner than in hemiretinas of healthy
controls (119.3 [12.2] P<0.001, and 117.0 [18.0] P<0.001, for TD and
SD-OCT, respectively, Figure 2).

On the basis of the normative database supplied by OCT soft-
ware, RNFL thinning (outside the 95% prediction interval for normal
thickness) was present in 32 of 36 (89%) of hemiretinas correspon-
ding to affected hemifields for both TD and SD-OCT. RNFL thinning
was present in 15 of 36 (42%) for TD-OCT, and in 24 of 36 (67%) of
hemiretinas corresponding to non-affected hemifields in SD-OCT
(P=0.01, chi-square test). Fourteen (39%) hemiretinas corresponding
to non-affected hemifieds presented RNFL thinning in both TD and
SD-OCT, 1 (3%) onlyinTD and 10 (28%) only in SD-OCT. RNFL thinning
was not observed in hemiretinas of healthy controls according to
normative databases.

The RNFL thickness asymmetry index in patients with glaucoma
was similar between OCTs (mean, [SD] 0.76 [0.17] for TD, and 0.79
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[0.12] for SD-OCT) and significantly greater than the VF asymmetry
index (0.36 [0.20], P<0.001), indicating greater asymmetry in VF sensi-
tivity than in RNFL thickness between hemifields and hemiretinas,
respectively.VF asymmetry indexes were better correlated to SD-OCT
RNFL asymmetry indexes (p=0.33, P=0.04) than to TD-OCT asymme-
try indexes (p=0.19, P=0.33).

DISCUSSION

Numerous cross-sectional studies have shown that the Stratus-
OCT is an effective tool for the diagnosis of glaucoma®*'?, but in
recent years, several companies have developed newer versions of
OCT, such as the 3D OCT-1000, which uses SD-OCT technology. These
new generation OCTs offer scanning speed up to 200 times faster and
higher axial resolution than the conventional TD-OCT". However,
despite increased imaging resolution, it is still controversial whether
SD-OCT has improved diagnostic ability compared to TD-OCT in
glaucoma patients!2 1424,

In the current study the presence of RNFL thinning in glaucoma
patients with asymmetric visual hemifield loss was investigated with
Stratus-OCT and 3D OCT-1000. As expected, RNFL in corresponding
hemifields with VF loss (affected hemifields) was found to be signifi-
cantly thinner than in corresponding hemifields with no VF loss (non-
affected hemifields). Comparison of RNFL thickness measurements
with normative database supplied by OCT software indicated that
89% of affected hemifields had RNFL thinning for both devices. Sur-
prisingly both OCTs did not detect RNFL loss in 11% of corresponding
hemifields with confirmed VF loss. Itis possible that in these hemireti-
nas, RNFL defects were present, but were small or focal and therefore
not detected by the average RNFL thickness measurements.

Since structural damage may precede irreversible functional de-
cay in glaucoma®'?), we were particularly interested in investigating

Table 1. Demographic details (mean and standard deviation [SD])
of patients with glaucoma and healthy controls

Variable Glaucoma Controls P*
N (eyes) 36 36

Age (y) 65.8 (11.4) 66.3 (6.2) 092
Gender (male/female) 12/24 11/25 091
Mean deviation (dB) -8.8(34) -1.5(1.5) <0.001
Pattern standard deviation (dB) 9.2(35) 1.8 (0.6) <0.001
Time-domain 69.5(13.0) 101.3 (8.6) <0.001
Global RNFL thickness (um)

Spectral-domain 64.8 (13.7) 90.7 (8.6) <0.001

Global RNFL thickness (um)

*Mann-Whitney test for continuous and Pearson’s Chi-Square test for categorical data

the OCT ability to detect RNFL loss in hemiretinas corresponding to
normal hemifields of patients with glaucoma. RNFL thickness in such
hemiretinas was significantly thinner than the corresponding hemi-
retinas of normal controls, measured with both devices. In addition,
SD-OCT assigned a significant higher percentage of hemiretinas as
abnormal (67%) compared to TD-OCT (42%). The higher sensitivity of
SD-OCT in our study may be due to the higher scan resolution and
more accurate data registration from the improved technology. Sung
and colleagues”™ also found a higher sensitivity of SD-OCT compared
to TD-OCT in an abnormal classification of mean RNFL thickness
from glaucomatous eyes as defined by the VF test. Differently, Chang
et al?? reported that the sensitivity and specificity of SD-OCT for
classification of abnormal RNFL thickness for glaucoma detection
were equivalent to those of TD-OCT.

Despite fundamental differences between these two techno-
logies, such as distinct scan registration, image segmentation algo-
rithms, data processing and analysis, RNFL measurements demons-
trated moderate associations between the two devices (p=0.61 and
0.53, P<0.001, for global measurements in glaucoma patients and
healthy controls, respectively). However, RNFL measurements
with TD-OCT were consistently greater than those with SD-OCT,
confirming previous observations®?7?% These differences appear
to be primarily attributable to the analysis algorithms used to set
retinal inner and outer boundaries""'?. In our study, only hemireti-
nas corresponding to affected hemifields had a tendency towards
similar RNFL measurements between TD and SD-OCT (Table 2). This
is in agreement with a previous published work by Knight et al.??, in
which they pointed out that RNFL measurements made with TD-OCT
tend to be thicker than those made with SD-OCT, except when the
RNFL is very thin, as in severe glaucoma.

Badlani et al,, found greater RNFL thickness symmetry compared
to VF sensitivity symmetry in glaucoma patients with asymmetric
visual hemifield loss using TD-OCT"”. Our results partially agree
with theirs, although we did find a slightly greater RNFL asymmetry
measured with TD-OCT. This slightly disagreement between the two
studies might be explained by differences in study design: while in
our study the non-affected hemifields had absence of any test point
with significance level of less than 2%, in their study such hemifields
were allowed to have up to 15% of the points depressed below the
1% level. The presence of more symmetrical RNFL loss found in both
studies suggests that OCT may be capable of detecting early RNFL
loss before occurrence of new, or development of advanced VF loss.
Longitudinal studies in glaucoma patients with asymmetric VF loss
are needed to confirm this assumption.

Our study has some limitations. In order to use internal normative
databases provided by the two OCTs, we chose the quadrant analysis
rather than actual hemiretinas to compare superior and inferior hemi-
fields to inferior and superior RNFL thickness, respectively. Since we
were not reporting on structure-function relationship, which requires
a more precise correspondence between regions in VF and sectors of

Table 2. Hemifield mean deviation and hemiretina retinal nerve fiber layer thickness in glaucoma patients
and healthy controls (mean and standard deviation [SD])

Glaucoma Controls
Variable Affected Non-affected All** P*
N (hemifields) 36 36 72
Hemifield mean deviation (dB) -12.5(6.2) -1.6(0.7) -1.8( 06) <0.001
Time-domain 66.4 (18.2) 87.0(17.0) 1193(12.2) <0.001
RNFL thickness (um)
Spectral-domain 66.0 (18.6) 84.3(20.3) 117.0(18.0) <0.001

RNFL thickness (um)

*Kruskal-Wallis test
**All 36 superior and 36 inferior hemifields included
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Figure 2. Boxplots showing variation of mean deviation in 36 non-affected glaucomatous hemifields, 72 control hemifieds
and retinal nerve fiber layer thickness in corresponding hemiretinas. Vertical dashed lines give the 5% and 95" percen-
tiles, and boxes enclose the inter-quartile range. Medians (horizontal bolded black line) and means (white dot) are also
shown. Abbreviations: Time domain optical coherence tomography (TD-OCT) and spectral domain optical coherence

tomography (SD-OCT).

optic disc, we judged the quadrant analysis appropriate to compare
the two devices. Patients were recruited on the basis of asymmetric
VF loss, making it difficult to conclude that RNFL loss occurs in a more
symmetrical pattern than VF loss. It may be interesting in future re-
search to observe VF asymmetry in patients recruited on the basis of
asymmetric RNFL thickness loss. In addition, it has been established
that the severity of visual field loss have significant influence on the
performance of imaging devices used for glaucoma diagnosis©?. In
our study, the inclusion of patients with moderate to advanced visual
field loss may have increased the diagnostic performance in both TD
and SD-OCT devices.

CONCLUSION

The current study demonstrates that hemiretinas corresponding
to normal hemifields of glaucomatous eyes have significantly lower
RNFL thickness parameters than the corresponding retinal regions
of healthy eyes, as measured by TD and SD-OCT. SD-OCT tended
to detect more RNFL loss in such patients than TD-OCT. In addition,
despite moderate correlation between RNFL measurements acqui-
red with Stratus-OCT and 3 D OCT-1000, clinicians should be aware
that the two devices cannot be directly compared due to systematic
differences between measurements made by the two instruments.
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