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Abstract

Purpose To evaluate changes in macular thickness,
ganglion cell layer/inner plexiform layer (GCL/IPL)
thickness, and retinal nerve fiber layer (RNFL)
thickness in normal eyes and glaucomatous eyes using
spectral domain optical coherence tomography (SD-
OCT).

Methods We enrolled 89 eyes (all left eyes), includ-
ing 45 (of 45 patients) eyes with glaucoma and 44 (of
44 patients) normal eyes. The data from macular
measurements using spectral domain optical coher-
ence tomography were analyzed according to groups
divided by age and glaucoma status. The macular
thickness analysis, GCL/IPL thickness, and RNFL
thickness values determined by SD-OCT scans were
compared among the groups.

Results Mean macular thickness decreased signifi-
cantly with age or glaucoma. Mean GCL/IPL thick-
ness decreased significantly in glaucomatous eyes in
all sectors but did not decrease with age. Mean RNFL
thickness, which was divided into four quadrants
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(superior, nasal, inferior, and temporal), decreased
significantly in glaucomatous eyes at all quadrants and
decreased in the temporal quadrant with age in non-
glaucomatous eyes. No significant differences were
detected between eyes with normal tension glaucoma
(NTG) and primary open angle glaucoma (POAG) in
all sectors of mean GCL/IPL thickness, RNFL thick-
ness, and macular thickness.

Conclusions No significant difference in mean
thickness was detected between eyes with NTG and
POAG. Some of the sectors of RNFL thickness
decreased with age or glaucoma. GCL/IPL thickness,
however, decreased in glaucomatous eyes but not with
age. Therefore, GCL/IPL thickness is less influenced
by age when monitoring patients with glaucoma or
suspect glaucoma.

Keywords GCL/IPL thickness - Macular thickness -
NTG - POAG - RNFL thickness

Introduction

Glaucoma is characterized by dysfunction and loss of
retinal ganglion cells (RGCs), with resulting structural
changes to the optic nerve head, retinal nerve fiber
layer (RNFL), and ganglion cell and inner plexiform
layers as well as loss of the visual field [1]. The goal of
glaucoma management is to slow down the rate of
progressive neural losses and to preserve visual
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function. Because the macula has the highest density
of RGCs [2, 3], macular imaging could be a valuable
method to assess neural damage in patients with
glaucoma. Some studies suggest that glaucomatous
damage can be detected in the inner retina or ganglion
cell complex, i.e., combined thickness of the RNFL,
ganglion cell layer (GCL), and inner plexiform layer
(IPL), early during the disease process using spectral
domain optical coherence tomography (SD-OCT)
[4, 5]. It has been suggested that the macular GCL
thickness may be the most relevant parameter to
measure in patients with glaucoma [6]. Given the
resolution of SD-OCT, accurate measurement of the
GCL alone is not practical, but it can be used to
calculate the combined thickness of the GCL and IPL.
Although GCL/IPL thickness measurements may
better reflect RGC counts, no study has evaluated the
thickness changes with age and between glaucomatous
and healthy eyes.

The purpose of this study was to evaluate the
changes in mean macular thickness, GCL/IPL thick-
ness, and RNFL thickness with regard to age in normal
and glaucomatous eyes using SD-OCT.

Materials and methods
Subjects and protocols

The medical records of patients who underwent SD-
OCT examinations at Dankook University Hospital
between January 2012 and November 2014 were
reviewed. All patients underwent a chart review in
addition to SD-OCT examinations. This study was
approved by the institutional review board of Dankook
University Hospital, Korea and complied with the
tenets of the Declaration of Helsinki.

In total, 25 eyes (of 25 patients) with normal tension
glaucoma (NTG) and 20 eyes (of 20 patients) with
primary open angle glaucoma (POAG) were included,
and their data were compared with those of 27 age-
matched normal eyes (of 27 patients). The 27 age-
matched normal eyes were compared again with those
of 17 younger normal eyes (of 17 patients). Only left
eyes were selected and analyzed. The eyes were
divided into four groups by age and glaucoma status
(Group 1: 20-29 years of age, Group 2: 60—69 years
of age, Group 3: 60-69 years of age with NTG, Group
4: 60-69 years of age with POAG).
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The inclusion criteria for glaucomatous eyes were:
best-corrected visual acuity of 20/40 or better with a
spherical equivalent within + 3 diopters; a normal
anterior segment on a slit-lamp examination; open
angle on gonioscopic examination; age > 60 years;
and diagnosis of glaucoma by the principal investi-
gator or co-investigator. The glaucoma diagnosis was
based on a characteristic glaucomatous structural
change to the optic disc accompanied by glaucoma-
tous visual field defects. The criteria for a glauco-
matous visual field defect were: glaucoma hemifield
test outside the normal limit, pattern standard devi-
ation with a P value < 5%, or a cluster of < 3 points in
the pattern deviation plot in a single hemifield
(superior or inferior) with a P value of < 5%, one
of which must have a P value of < 1%. Anyone of the
preceding criteria, if repeatable, was considered
sufficient evidence of a glaucomatous visual field
defect.

Exclusion criteria were as follows in addition to
those who do not meet the inclusion criteria: a history
of ocular inflammation or trauma, and the presence of
concurrent retinal disease (i.e., vascular disorder or
macular degeneration), optic nerve disease other than
glaucoma, or a brain disorder that could influence the
visual field results.

The inclusion criteria for age and refractive error
matched healthy eyes were a best-corrected visual
acuity of 20/40, a normal anterior segment on a slit-
lamp examination, no RNFL defects in red-free fundus
photographs, no visual field defects, and intraocular
pressure < 21 mmHg.

Optical coherence tomography

Cirrus HD-OCT software ver. 6.0.0.599 (Carl Zeiss
Inc., Zena, Germany) was used to acquire the mean
macular thickness, GCL/IPL thickness, and RNFL
thickness measurements. This device has been
described in detail previously [7]. The protocols used
were Macular Cube 512 x 128 for the mean macular
thickness measurements (Fig. 1) and GCL/IPL thick-
ness measurements and Optic Disc Cube 200 x 200
for the mean RNFL thickness measurements. The
Cirrus HD-OCT images were reviewed and included if
signal strength was > 6, if movement artifacts and
segmentation errors were absent, and there was good
centering on the fovea for the macular cube protocols.
The Cirrus HD-OCT ganglion cell analysis (GCA)
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Fig. 1 Example of macular thickness analysis with macular cube 512 x 128 protocol in a normal patient. The average macular
thickness of the left eye is 293 pum. /LM inner limiting membrane, RPE retinal pigment epithelium

algorithm was used to process the data and detects and
measures the thickness of the macular GCL/IPL
within a 14.13-mm? elliptical annulus area centered

on the fovea (Fig.2). The size and shape of the
annulus were chosen because this conforms more
closely to actual anatomy, and this annulus
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Fig. 2 Example of ganglion cell analysis with macular cube 512x128 protocol in a normal patient. The average ganglion cell-inner
plexiform layer thickness of the left eye is 91 pm. GCL ganglion cell layer, /PL inner plexiform layer

corresponds to the area where the RGC layer is using the Cirrus macular 512 x 128 x 1024 acquisi-
thickest in normal eyes [8]. The GCA algorithm tion protocol. Processing is performed in three
processes data from three-dimensional volume scans dimensions. A region of interest for the algorithm is
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Fig. 3 Example of optic nerve head and retinal nerve fiber layer
analysis with optic disc cube 200 x 200 protocol in a normal
patient. The average RNFL thickness and RNFL thickness in
quadrants and clock-hour sectors on a measurement circle

3.46 mm in diameter are calculated, and their deviation from a
normative database is provided in a color-coded scheme. RNFL
retinal nerve fiber layer, C/D ratio cup/disc ratio
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Table 1 Demographic and clinical characteristics of the participants

Group 1 Group 2 Group 3 Group 4 P Pt Pt
Age (years) 25354+ 070 6463 £543 6408 +284 63004 3.16 <0.001° 0.647° 0.620°
Sex (male/female) 14/3 12/15 17/8 13/7 0.013*  0.087° 0.163°
Refractive error (Diopters) — 1154092 4+073+152 +041+£132 +058+073 <0.001" 0310 0.613°
Mean deviation (dB) N/A N/A — 1075 £ 834 —935+773 N/A N/A NA
Pattern standard deviation (dB) N/A N/A 7.49 £ 3.75 6.85+3.63 N/A N/A NA
BCVA (LogMAR) 0 0.022 + 0.04  0.060 £ 0.11 0.030 £ 0.08  0.042*  0.123* 0.700*

Values are mean = SD

BCVA best-corrected visual acuity, SD standard deviation, LogMAR logarithm of minimum angle of resolution

“With an independent t-test

"With ¥ test

* Compared between group 1 and group 2
fCompared between group 2 and group 3

fCompared between group 2 and group 4

Table 2 Ganglion cell-inner plexiform layer thickness and macular thickness measurements in normal and glaucomatous eyes

Measurements Group 1 Group 2 Group 3 Group 4 p* PY P!

GCL/IPL (um)
Average 82.77 £ 4.74 81.26 £+ 6.73 66.12 & 8.08 67.75 + 8.71 0426 <0.001 <0.001
Superior 83.71 £ 4.52 83.16 £+ 6.93 65.28 + 9.59 71.05 £ 13.12  0.785 < 0.001 0.001
Supero-temporal 81.29 £ 5.29 80.22 £ 6.51 62.84 £ 9.67 69.60 + 11.15 0572 < 0.001 0.001
Superonasal 85.18 &+ 5.43 83.70 &+ 7.05 72.40 &+ 11.64 7395 £ 10.03 0467 < 0.001 < 0.001
Inferior 80.35 + 4.95 80.25 + 7.17 63.64 + 8.47 62.00 + 9.49 0963 <0.001 <0.001
Infero-temporal 83.41 £+ 4.78 82.19 £+ 6.29 63.04 + 8.76 61.70 & 10.64  0.502 < 0.001 < 0.001
Inferonasal 82.06 £+ 6.12 81.37 £ 7.65 69.04 & 9.90 67.85 + 9.95 0.756 < 0.001 < 0.001

Macular (pm)

Average 284.06 + 14.21  274.41 £ 12.81

257.12 £ 13.20

259.80 £ 13.98  0.024 < 0.001 0.001

GCL/IPL Ganglion cell-inner plexiform layer
* Compared between group 1 and group 2
fCompared between group 2 and group 3
ICompared between group 2 and group 4

chosen using the existing retinal pigment epithelium
and inner limiting membrane segmentation in Cirrus
software to include the retinal tissue and exclude the
choroid and vitreous from consideration [9, 10].

The Optic Disc Cube 200 x 200 consists of 40,000
axial scans (ina6 x 6 x 2 mm cube) centered on the
optic disc. The average RNFL thickness and RNFL
thickness in quadrants and clock-hour sectors on a
measurement circle 3.46 mm in diameter were calcu-
lated, and their deviation from a normative database is
provided in a color-coded scheme [11] (Fig. 3). This
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means 3 o’clock would be temporal retina and 9
o’clock would be nasal.

Statistical analysis

Statistical analyses were performed using PASW
Statistics for Windows ver. 18.0 (SPSS Inc., Chicago,
IL, USA). The independent sample #-test was used to
compare differences in mean age, sex, refractive error,
mean deviation (MD), pattern standard deviation (PSD),
best-corrected visual acuity (BCVA) between normal
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and glaucomatous eyes, associations of the mean GCL/
IPL thickness, and the mean macular thickness mea-
surements between normal eyes and eyes with glau-
coma. A P value < 0.05 was considered significant.

Results

The mean (standard deviation) age was
25.35 £ 0.70 years (range 25-27 years) for Group 1
(normal young age), 64.63 £ 5.43 years (range
60-73 years) for Group 2 (normal old age),
64.08 + 2.84 years (range 60-70 years) for Group 3
(glaucomatous eyes, NTG), and 63.00 £ 3.16 years
(range 60—69 years) for Group 4 (glaucomatous eyes,
POAG). The demographic and clinical information for
each group is summarized in Table 1. No significant
differences were observed in age, sex, refractive error,
MD, PSD, or BCVA between Groups 2—4. Refractive
error and BCVA were significantly higher, whereas

age was significantly lower in Group 1 than those in
Group 2.

The mean GCL/IPL thickness and the mean
macular thickness measurements in the four groups
are shown in Table 2. Groups 3 and 4 had significantly
thinner mean GCL/IPL thicknesses than that of Group
2 in all macular sectors. Mean macular thickness was
thinner in Groups 3 and 4 than that in Group 2
(P < 0.001). Mean macular thickness (P = 0.002)
was thinner in Group 2 than those in Group 1, but none
of GCL/IPL thickness was significantly thinner in
Group 2 than Group 1.

The mean RNLF thickness measurements in the
four groups are shown in Table 3. Groups 3 and 4 had
significantly thinner mean RNFL thicknesses than that
in Group 2 at almost all clock-hour sectors, except the
8 (nasal-inferior) and 9 (nasal) o’clock sectors in
Group 3 and 3 (temporal) and 9 o’clock sectors in
Group 4. The 1 (superior-temporal), 3, 4 (temporal-
inferior), and 8 o’clock sectors were significantly
thinner in Group 2 than those in Group 1. Since the 3

Table 3 Retinal nerve fiber layer thickness measurements in normal and glaucomatous eyes

Measurements ~ Group 1 Group 2 Group 3 Group 4 P* Pf Pt

RNFL (um)
Superior 116.18 £ 14.12 117.44 £ 15.46 78.88 £ 21.77 81.10 &+ 16.79 0.786 < 0.001 < 0.001
Nasal 60.88 £+ 9.19 63.37 £+ 8.74 55.60 + 8.42 55.35 £ 9.71 0.373 < 0.001 0.005
Inferior 121.71 £ 13.94 122.22 £+ 15.54 77.92 £ 21.96 70.60 £ 18.56 0.912 0.002 < 0.001
Temporal 73.00 £+ 13.87 63.89 + 8.62 50.04 + 14.33 52.10 + 12.77 0.01 < 0.001 < 0.001
Average 92.94 £ 9.04 91.73 £ 8.56 65.61 £ 14.35 65.29 + 10.76 0.657 < 0.001 < 0.001

Sector, o’clock (pm)
1 (S-T) 147.82 + 26.77 120.07 £ 17.09 74.56 + 25.37 88.35 + 28.27 < 0.001 < 0.001 < 0.001
2 (T-S) 80.47 + 20.47 75.22 £+ 10.13 52.04 £+ 16.99 61.90 + 19.77 0.336 < 0.001 0.01
3(T) 58.77 £ 10.76 51.11 £+ 7.84 4436 £+ 11.11 4570 £ 11.74 0.009 0.014 0.065
4 (T-1) 79.71 £ 16.87 65.04 + 12.27 53.84 £+ 19.02 48.65 £+ 12.18 0.002 0.017 < 0.001
5 (I-T) 136.94 £+ 21.70 138.44 £ 19.22 83.76 + 35.15 75.90 £ 30.73 0.811 < 0.001 < 0.001
6 () 130.06 £ 19.10 132.30 £ 20.12 82.32 + 24.04 70.10 £ 19.37 0.716 < 0.001 < 0.001
7 (I-N) 99.35 + 23.86 95.89 + 17.62 68.00 £+ 16.30 65.65 + 12.70 0.583 < 0.001 < 0.001
8 (N-I) 70.12 £+ 16.84 5793 £ 8.14 53.16 £ 9.01 5095 £ 9.17 0.011 0.051 0.008
9 (N) 52.88 + 10.69 54.63 £+ 7.80 51.04 £ 8.32 51.85 £ 12.34 0.535 0.115 0.383
10 (N-S) 59.94 £ 11.39 77.78 £ 16.14 62.56 £ 16.06 63.40 + 12.36 < 0.001 0.001 0.002
11 (S-N) 92.00 £ 13.40 110.33 £ 20.07 81.88 4+ 20.89 78.15 £ 18.91 0.002 < 0.001 < 0.001
12 (S) 107.47 £+ 22.78 121.70 £ 25.07 79.84 £+ 25.71 83.05 + 23.42 0.065 < 0.001 < 0.001

RNFL retinal nerve fiber layer, S superior, T temporal, [ inferior, N nasal

* Compared between group 1 and group 2

fCompared between group 2 and group 3

fCompared between group 2 and group 4
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Fig. 4 Representative examples of OCT images for each
group. The sectors of RNFL thickness decreased with age or
glaucoma. GCL/IPL thickness, however, decreased in

o’clock and 4 o’clock sectors correspond to temporal
quadrants, we can see that the quadrant average and
the clock-hour sector average are consistent.

No significant differences were observed between
Groups 3 and 4 in all sectors for mean GCL/IPL
thickness, RNFL thickness, or macular thickness.
Representative examples of OCT images are shown in
Fig. 4.

Discussion

The diagnosis of glaucoma in its early stages is
challenging. Misdiagnosis can lead to failure to
identify individuals with the condition during the
early stages until the significant functional loss has
occurred. Thus, detecting glaucoma early allows for
early treatment to delay vision loss. Efforts to detect
glaucoma early have resulted in new imaging
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glaucomatous eyes but not with age. Unit: um. NTG normal
tension glaucoma, GCL/IPL ganglion cell-inner plexiform layer,
RNFL retinal nerve fiber layer

methods. One of these methods is SD-OCT. Use of
OCT to detect glaucoma has been investigated previ-
ously in several studies, which suggested it as an
additional tool for managing the disease [12—15].

Glaucoma is characterized by loss of RGCs and
their respective axons, which make up the RNFL [16].
Considering the importance of evaluating the RNFL in
patients with glaucoma, numerous experimental and
clinical studies using OCT have documented RNFL
loss or thinning in glaucomatous eyes compared to
controls and even in those in the early stages of the
disease [17-22].

Mwanza et al. [23] showed that GCL/IPL thickness
is a good indicator of glaucoma and that its glaucoma
diagnostic performance is similar to that of RNFL.
Subsequent studies by other groups [24—27] built on
this work to confirm these findings and to show the
usefulness of GCL/IPL for diagnosing glaucoma.
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In this study, we investigated the changes in
macular thickness and GCL/IPL and RNFL parame-
ters with regard to age in normal eyes and glaucoma-
tous eyes using SD-OCT.

We found that GCL/IPL and macular thicknesses
were thinner in eyes with glaucoma than in normal
eyes, which was expected and was similar to results
reported by Mwanza et al. [23].

Another finding was that 1, 3, 4, and 8 sectors of
RNFL thickness decreased, but none of the sectors of
GCL/IPL thickness decreased with age. Other studies
have shown that decreased RNFL thickness with age
mainly appears in the superior and inferior quadrants.
Alasil et al. [28] and Feuer et al. [29] reported that the
superior quadrant of RNFL thickness decreases the
most. However, the subjects in these studies were
mostly Caucasian or Hispanic and varied in age from
10 to 90 years. We used all Asians (Koreans) and only
two age range groups of 20 and 60 s.

In conclusion, our results suggest that GCL/IPL
thickness is less affected by age than RNFL thickness
when monitoring patients with glaucoma and sus-
pected glaucoma. And also because GCL/IPL thick-
ness was decreased only in glaucomatous eyes and not
with age, it correlates with one of the definitions of
glaucoma, which is selective damage of ganglion cell
layer. Further studies will be needed with the large
scale of subjects to support this result.
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