
ORIGINAL ARTICLE

Time Course of Macular and Peripapillary Inner Retinal Thickness in Non-arteritic
Anterior Ischaemic Optic Neuropathy Using Spectral-Domain Optical Coherence
Tomography
Katsutoshi Gotoa,b, Atsushi Mikia,c, Syunsuke Arakia, Kenichi Mizukawaa, Masaki Nakagawaa, Go Takizawaa,
Yoshiaki Iekia, and Junichi Kiryua

aDepartment of Ophthalmology, Kawasaki Medical School, Kurashiki City, Okayama, Japan; bDoctoral Program in Sensory Science, Graduate
School of Health Science and Technology, Kawasaki University of Medical Welfare, Kurashiki City, Okayama, Japan; cDepartment of Sensory
Science, Faculty of Health Science and Technology, Kawasaki University of Medical Welfare, Kurashiki City, Okayama, Japan

ABSTRACT
To report a time course of the ganglion cell complex (GCC) and circumpapillary retinal nerve fibre
layer (cpRNFL) thicknesses using spectral-domain optical coherence tomography in patients with
non-arteritic anterior ischaemic optic neuropathy (NAION), five patients with unilateral NAION
were studied (the average age of 66.8 ± 7.8 years old). Forty-one age-matched normal controls
were also enrolled. The GCC and cpRNFL thicknesses were measured at the initial visit and at 1, 3,
6, and 12 months using RTVue-100. The GCC thickness and the cpRNFL thickness of the patients
were compared with those of the normal controls. The GCC thickness in the NAION patients was
96.49 μm at the initial visit, 84.28 μm at 1 month, 74.26 μm at 3 months, 71.23 μm at 6 months,
and 69.51 μm at 12 months. The values at 1, 3, 6, and 12 months were significantly reduced (p <
0.01). The cpRNFL thickness at the initial visit was significantly increased, whereas the values at 6
and 12 months were significantly reduced (p < 0.01). The GCC thickness is more useful for the
detection of retinal ganglion cell loss at an early stage than the cpRNFL thickness, because the
GCC thickness is unaffected by optic disc swelling at the initial visit, unlike the cpRNFL thickness.
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Introduction

Non-arteritic anterior ischaemic optic neuropathy
(NAION) is caused by ischaemia in the peripheral
side of the lamina cribrosa of the optic disc, which
leads to indolent acute unilateral visual loss.
NAION is often observed in middle-aged patients
older than 50 years old with a sudden onset of
painless unilateral visual loss.1 The main visual
field defects observed are inferior altitudinal visual
field defects and a central scotoma.2,3 The risk
factors for the development of the disease are
hypertension, arteriosclerosis, diabetes, cardiovas-
cular disease, and internal carotid artery occlusion.
These factors may result in axonal swelling when
the flow of axons is inhibited by dense axons in the
lamina cribrosa of small optic discs. The axonal
swelling tends to occur in crowded optic discs.4–6

Optical coherence tomography (OCT) is a non-
invasive imaging technique that makes it easy to

obtain retinal tomographic images, and is also cap-
able of quantifying the circumpapillary retinal nerve
fibre layer (cpRNFL). Several studies of the cpRNFL
thickness using OCT in patients with NAION have
been reported.7–9 However, the presence of retinal
ganglion cell loss at an early stage may be masked
by a significantly increased cpRNFL thickness in
patients with NAION due to severe optic disc swel-
ling. Therefore, cpRNFL thickness measurements
may not be able to detect the retinal ganglion cell
loss at an early stage in NAION.

Spectral-domain (SD) OCT provides clear
advantages over other techniques in terms of its
high-speed scans with high resolution, the ability
to perform an advanced imaging analysis, and
more accurate segmentation of the retinal layer
compared with that of conventional OCT.
Moreover, SD-OCT is capable of evaluating more
detailed pathological changes.10–13 In particular,
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an analysis of the macular inner retinal layer thick-
ness is useful for detecting retinal ganglion cell loss
in patients with glaucoma.14–18

As part of our investigations of optic neuropathy,
we previously reported that two patients showed
rapid thinning of the ganglion cell complex (GCC)
starting early after the onset of paediatric optic
neuritis.19 In patients with optic neuritis, atrophy of
the GCC occurs due to the apoptosis of retinal gang-
lion cells induced by demyelination beginning early
after the onset of the disease. Our results revealed
that the papillomacular bundle and cpRNFL suffer
progressive loss even after treatment, and these
changes are irreversible. Syc et al.20 also reported
that ganglion cell layer and inner plexiform layer
measurement are useful for evaluating the retinal
thickness in the acute stage of optic neuritis.
Therefore, we hypothesised that measurement of
the macular inner retinal thickness would be able
to detect the retinal ganglion cell loss at an early stage
in NAION patients with severe disc swelling.

Recently, a few studies utilizing SD-OCT have
reported that the GCC thickness is reduced in
NAION patients.21–22 However, to our knowledge,
there have been no reports of the time course of
changes in NAION using the GCC thickness,
which is considered to be unaffected by optic
disc swelling. Thus, the purpose of the present
study was to evaluate the time course of the GCC
thickness using SD-OCT in patients with NAION.

Materials and methods

Patients with NAION diagnosed by ophthalmic
examination agreed to participate in this study at the
Department of Ophthalmology in Kawasaki Medical
School Hospital. Normal subjects recruited as an age-
matched control group were also enrolled. The study
protocol adhered to the tenets of the Declaration of
Helsinki and was approved by the institutional review
board of Kawasaki Medical School.

All patients underwent ocular examinations,
including measurements of the best-corrected visual
acuity, a slit-lamp examination, intraocular pressure
measured with Goldmann applanation tonometry,
the critical flicker frequency (CFF) using the Handy
Flicker HF (Neitz Instruments Co., Ltd., Tokyo,
Japan), funduscopy, fundus photography, fluores-
cein fundus angiography (FA), visual field tests

using a Humphrey field analyser (Carl Zeiss
Meditec, Dublin, CA, USA), Goldmann perimetry
(Haag-Streit, Bern, Switzerland), SD-OCT, and mag-
netic resonance imaging. Normal control subjects
underwent evaluations with a Humphrey field ana-
lyser using the central 30-2 Swedish Interactive
Threshold Algorithm (SITA) program.

A normal visual field was defined as the absence
of any cluster of at least three points with p < 5%,
one point with p < 0.5% or 1% on the pattern
deviation probability plot, excluding the two
points above and below the blind spot and within
the normal limits in the glaucoma hemifield test
and the 95% confidence interval. Reliable visual
field results obtained with the Humphrey field
analyser were defined as those with a fixation
loss of less than 20% and false-positive and false-
negative errors of less than 20%.

The inclusion criteria for the normal control
subjects were as follows: best-corrected visual
acuity 20/40 or better, range of spherical refractive
power from −5.75 dioptres (D) to +2.75 D, cylinder
refractive power within ±3.00 D, intraocular pres-
sure <22 mm Hg, and no history of intraocular
surgery or trauma, retinal diseases including dia-
betic retinopathy, optic nerve diseases such as glau-
coma, or any other disease affecting the visual field.
The patients with moderate cataracts affecting the
quality of SD-OCT images were also excluded.

Measurement of the GCC and cpRNFL thicknesses
using SD-OCT

The SD-OCT examinations were performed using
an RTVue-100 (Optovue, Fremont, CA, USA)
device at the initial visit and at 1, 3, 6, and 12
months. The specifications for SD-OCT were such
that the light source was a 840-nm superlumines-
cent diode with a spectrum band width of 50 nm,
axial resolution of 5.0 μm, A-scan/second of
26,000, and a focus range of −15.00 D to +20.00
D. The RTVue-100 software program version 4.0
was used for the data analysis.

A GCC protocol was used to obtain the GCC
thickness and parameters. The GCC measurements
consisted of one horizontal line scan 7 mm in length
(467 A-scans) and 15 vertical line scans 7 mm in
length (each 400 A-scans) taken at 0.5-mm intervals.
The centre of the measurement was shifted 0.75 mm
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temporally and covered a 7 × 7 mm rectangular area.
This scan configuration provided 14,810 A-scans in
0.58 s. The GCC thickness was defined as the distance
between the inner limiting membrane (ILM) and the
outer border of the inner plexiform layer (IPL)
(Figure 1A). The GCC measurements included the
GCC thickness as a total, the superior and inferior
hemiretinas, and GCC parameters such as the focal
loss volume (FLV) and global loss volume (GLV).
The FLV was represented as a focal thinning of the
GCC within the scan area. The GLV was represented
as a global thinning of the GCC in the scan area.

The optic nerve head map (ONH) protocol was
used to obtain the cpRNFL thickness and optic
disc parameters. This protocol was based on the
three-dimensional baseline mode where a 6 ×
6 mm area scan was centred on the optic disc.
The shape of the optic disc margin and anchoring
point of the retinal pigment epithelium were auto-
matically defined according to the three-dimen-
sional baseline mode. Then, 13 concentric circle
ring scans of 1.3 to 4.9 mm in diameter (425–965
A-scans each) and 12 radial line scans of 3.4 mm
(452 A-scans each) were centred on the optic disc
in a 4.9 mm area. The cpRNFL thickness on a
circle at 3.45 mm in diameter from the centre of
the optic disc was calculated (Figure 1B). The
ONH measurements included the total cpRNFL
thickness and superior and inferior hemiretinas.

The significance maps of the GCC and
cpRNFL thickness are presented in comparison
with the age-matched normal control database.
The map is colour-coded. The colour code was
divided into three colours, where green represents
a value within the normal limits (p value 5–95%),
yellow represents a borderline value (p value
<5%), and red represents a value outside of nor-
mal (p value <1%).

The GCC and cpRNFL thickness measurements
were performed several times, and the most reli-
able data were selected. Images with signal
strength index scores <45 or with segmentation
errors were excluded. The SD-OCT examinations
were performed by experienced technicians (K.G.,
S.A.), and the results were analysed by neuro-
ophthalmology specialists (A.M., Y.I.).

Statistical analysis

The statistical analyses were performed using the
Statistical Package for Social Science software
package version 22.0 (SPSS, IBM, Tokyo, Japan).
The Mann-Whitney U test was used to detect
differences in the characteristics between normal
control subjects and NAION patients. The GCC
and cpRNFL thicknesses were compared with
those of normal control subjects using a one-way
analysis of variance (one-way ANOVA). Steel and

Figure 1. Measurements of the GCC and cpRNFL thicknesses using the RTVue-100. (A) The GCC protocol. The GCC measurements
consisted of one horizontal line scan 7 mm in length and 15 vertical line scans 7 mm in length taken at 0.5-mm intervals in a 7 ×
7 mm area. The GCC thickness was defined as the distance between the inner limiting membrane and the outer border of the
inner plexiform layer. (B) The ONH protocol. The ONH measurements were performed with 13 concentric circle ring scans and 12
radial line scans. GCC = ganglion cell complex; cpRNFL = circumpapillary retinal nerve fibre layer; ONH: optic nerve head map;
RE: right eye.
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Tukey post hoc multiple comparisons were used if
there was a significant difference in the one-way
ANOVA. A statistically significant difference was
defined by a value of p < 5%.

Results

Five patients with NAION and 41 normal control
subjects were included in this study. The clinical
data for NAION patients are shown in Table 1.
The NAION patients were three males and two
females with an average age of 66.8 ± 7.8 years.
Their average spherical equivalent was 0.80 ± 1.27,
and the average disease duration was 8.6 ± 8.5
days. The normal control subjects were 14 males
and 27 females with an average age of 63.0 ± 7.6
years (51 to 77 years). Their average refractive
error in spherical equivalents was −0.38 ± 1.68
(+2.25 to −5.75 D). There was no significant dif-
ference in the age or refractive error between
NAION eyes and normal control eyes. There was
a significant difference between groups in both the
mean deviation and pattern standard deviation of
the visual field parameters (Table 2).

Table 3 shows the time course of GCC thick-
ness, its parameters, and the cpRNFL thickness.
The total GCC thicknesses in the NAION
patients, at 1, 3, 6, and 12 months, were signifi-
cantly reduced compared with that of the normal
controls (p < 0.01) and decreased over time.
Thinning of the superior and inferior GCC
thicknesses was observed at 1 and 3 months,
respectively, compared with that of the normal
controls (p < 0.01). In addition, the total and
superior GCC thicknesses at 1, 3, 6, and 12
months in the NAION patients were significantly
reduced compared with those at the initial visit
(p < 0.05) (Figure 2A).

The FLV was 1.58 ± 0.72% at the initial visit,
7.25 ± 2.39% at 1 month, 9.25 ± 2.42% at 3
months, 10.30 ± 2.16% at 6 months, and 11.17 ±
2.59% at 12 months, and increased over time. The
FLVs in the NAION patients at the initial visit and
at 1, 3, 6, and 12 months were significantly
increased compared with the average of 0.52 ±
0.55% of the normal controls (at the initial visit:
p < 0.05; 1, 3, 6, and 12 months: p < 0.01).
Similarly, the GLVs at 1, 3, 6, and 12 months
were significantly increased compared with those
of the normal controls (p < 0.01) and increased
over time. In addition, the FLVs and GLVs at 1, 3,
6, and 12 months in the NAION patients were
significantly increased compared with the initial
visit (p < 0.01) (Figure 2B).

The total cpRNFL thickness at the initial visit in
the NAION patients was significantly increased
compared with that of the normal controls, and
the values at 6 and 12 months were significantly
reduced compared with those of the normal con-
trols (p < 0.01). Thinning of the superior and
inferior cpRNFL thicknesses were observed at 6
and 12 months, respectively (p < 0.01 and p <
0.05, respectively). In addition, the total and super-
ior cpRNFL thicknesses at 1, 3, 6, and 12 months
in the NAION patients were significantly reduced

Table 1. The clinical data for the patients with non-arteritic anterior ischaemic optic neuropathy.
Patient
number Age Gender

Affected
eye

Refractive error (D) (spherical
equivalents)

Disease duration
(days) Visual field loss

1 66 F L 2.75 2.0 Inferior altitudinal loss
2 58 M L 0.50 3.0 Diffuse visual field loss
3 77 F L 0.00 3.0 Central scotoma and inferior altitudinal

field loss
4 61 M L −0.50 14.0 Inferior altitudinal field loss
5 72 M R 1.25 21.0 Diffuse visual field loss

Note. M = male; F = female; D = dioptres, R = right; L = left.

Table 2. The demographic characteristics of the normal control
subjects and patients with NAION.

Characteristic
NAION patients (n

= 5)
Normal controls (n =

41)
p

values

Age (years) 66.8 ± 7.8 63.0 ± 7.6 0.437
Gender (M:F) 3:2 14:27 1.00
Refractive error
(D)

0.80 ± 1.27 −0.38 ± 1.68 0.525

MD (dB) −10.25 ± 8.73 0.49 ± 0.92 0.001
PSD (dB) 9.25 ± 4.51 1.51 ± 0.24 0.001

Note. M = male; F = female; D = dioptres; NAION = non-arteritic
anterior ischaemic optic neuropathy; MD = mean deviation; PSD =
pattern standard deviation; dB = decibel.
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compared with that at the initial visit (p < 0.01)
(Figure 2C).

Figure 3 shows the time course of the mean ratio
of the NAION eyes to the normal control eyes in
terms of the GCC and cpRNFL thicknesses. The
GCC thicknesses did not show any significant
change at the initial visit, but were reduced over
time. At 12 months, the average loss rate of the total

GCC thickness was 27.44%, that of the superior
GCC thickness was 36.24%, and that of the inferior
GCC thickness was 18.67% (Figure 3A). The
cpRNFL thicknesses showed a significant increase
at the initial visit by 78.38% on total, 91.24% in the
superior region, and 65.81% in the inferior region.
The cpRNFL thicknesses were reduced over time,
and the loss rates were 25.67% on total, 33.60% in

Figure 2. The time course of SD-OCT parameters in the NAION patients. (A) The GCC thickness. There was a significant reduction of
the total and superior GCC thicknesses observed at 1 month compared with those at the initial visit (*p < 0.05 and **p < 0.01,
respectively). (B) The GCC parameters. The FLV and GLV were significantly increased at 1 month compared with the initial visit (**p <
0.01). (C) The cpRNFL thickness. Each cpRNFL thickness was significantly reduced at 1 month compared with the value at the initial
visit (total and superior: **p < 0.01, inferior: *p < 0.05). SD-OCT = spectral domain optical coherence tomography; NAION = non-
arteritic anterior ischaemic optic neuropathy; FLV = focal loss volume; GLV = global loss volume.
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the superior region, and 17.93% in the inferior
region at 12 months (Figure 3B).

Case reports

Case 1
A 66-year-old female with hypertension was
referred to us with 2-day history of acute left visual
loss. Her corrected visual acuity was 1.5 in the
right eye and 1.2 in the left eye. Her intraocular
pressure was 13 mm Hg in the right eye and
11 mm Hg in the left eye. The pupil reaction was
incomplete in the left eye and a relative afferent
pupillary defect (RAPD) OS was present. The CFF
was 35 Hz in the right eye and 30 Hz in the left
eye. Optic disc swelling was observed in the

fundus examination. The FA images showed leak-
age of the optic disc (Figure 4A). Inferior altitudi-
nal field loss was demonstrated by a Humphrey
field analyser (Figure 4B).

The GCC significance map indicated thinning
of the superior hemisphere corresponding to the
inferior hemifield loss at 1 month after the onset,
and the thinning area along the horizontal meri-
dian gradually expanded over time. On the other
hand, the cpRNFL significance map showed a sig-
nificant reduction in the superior temporal sectors
at 3 months (Figure 4C).

Case 5
A 72-year-old male with diabetes and stenosis of
the internal carotid artery was referred to us with

Figure 3. The time course of the mean ratio of the GCC and cpRNFL thickness in the NAION eyes to the normal control eyes. (A) The
GCC thickness. The reduction rate of the GCC thickness at 12 months was the highest in the superior region. (B) The cpRNFL
thickness. The superior cpRNFL thickness was significantly increased at the initial visit, and the loss rate was the highest at 12
months.
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3-week history of acute unilateral visual loss. His
corrected visual acuity was 0.3 in the right eye and
1.2 in the left eye. His intraocular pressure was
11 mm Hg in the right eye and 13 mm Hg in the
left eye. The pupil reaction was incomplete in the
right eye and RAPD OD was present. The CFF was
23 Hz in the right eye and 32 Hz in the left eye.
Severe optic disc swelling with splinter haemor-
rhage was observed in the fundus examination.
The FA images showed leakage of the optic disc

and a filling delay in the inferior area (Figure 5A).
Diffuse visual field loss denser superiorly was
detected by a Humphrey field analyser (Figure 5B).

The GCC significance map indicated predomi-
nant thinning of the inferior hemifield corre-
sponding to the diffuse visual field loss denser
superiorly at 3 months after the onset. However,
the thinning area expanded beyond the horizontal
meridian over time. On the other hand, the
cpRNFL significance map showed a significant

Figure 4. A 66-year-old female with inferior altitudinal field loss (case 1). (A) Left: a fundus photograph showed optic disc swelling;
Right: FA images showed leakage of the optic disc. (B) Left: grey scale; Right: pattern deviation. The Humphrey visual field test
showed inferior altitudinal field loss along the horizontal meridian. (C) Top: the cpRNFL significance map; Bottom: the GCC
significance map. The cpRNFL significance map was increased at the initial visit and at 1 month due to optic disc swelling, and a
significant reduction was observed at 3 months in the superior temporal sectors. The GCC significance map at 1 month showed
thinning of the superior hemifield along the horizontal meridian corresponding to the inferior altitudinal field loss. The thinning area
gradually spread over time. LE = left eye.
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reduction in the inferior sectors beginning at 6
months and in the superior and inferior sectors
at 12 months (Figure 5C).

Discussion

Our results indicated that the GCC thickness in
NAION patients was already significantly reduced
at 1 month after the onset compared with that of

the normal controls, whereas the cpRNFL thick-
ness was only found to be significantly reduced at
6 months. We found that the retinal ganglion cell
loss in NAION patients had occurred within
1 month after the onset, and the GCC thickness
further decreased over time. Therefore, we demon-
strated that GCC thickness measurement is cap-
able of detecting the ganglion cell loss earlier after
the onset than cpRNFL thickness measurement.

Figure 5. A 72-year-old male with diffuse visual field loss that was more dense superiorly (case 5). (A) Left: a fundus photograph
showed severe optic disc swelling with splinter haemorrhage; Right: FA images showed the leakage of the optic disc and a filling
delay in the inferior region. (B) Left: grey scale; Right: pattern deviation. The Humphrey visual field test showed diffuse visual field
loss that was more dense in the superiorly. (C) Top: the cpRNFL significance map; Bottom: the GCC significance map. The cpRNFL
significance map was increased until 3 months due to optic disc swelling, and significant thinning was observed in the inferior
sectors at 6 months and in the superior and inferior sectors at 12 months. The GCC significance map showed thinning of the area
at 1 month after the onset. Moreover, the GCC thickness at 3 months indicated predominant thinning of the inferior hemifield
corresponding to the diffuse visual field loss, which was denser in the superior region. However, the thinning area expanded
beyond the horizontal meridian over time. The GCC significance map showed good agreement with the visual field loss pattern.
RE = right eye.
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Some authors have previously reported the time
course of cpRNFL thickness in NAION patients
using OCT.7–9 For example, Savini et al.7 and
Bellusci et al.8 reported that the cpRNFL thickness
during the acute phase in NAION patients was
increased in all quadrants due to severe disc swel-
ling. The cpRNFL thickness in the chronic phase
was reduced in all quadrants.8 Contreras et al.9

reported that the cpRNFL thickness during the
acute phase in the affected eye was 200.9 ± 52.3
μm (96.4%), which was significantly increased
compared with that in the unaffected eye. The
percentage of cpRNFL thickness loss was 42.3%
at 6 months, when its reduction reached a plateau.
The cpRNFL thickness loss at 6 months in each
quadrant was 51.5% in the superior, 28.5% in the
nasal, 41.2% in the inferior, and 38.2% in the
temporal, and the reduction in the superior quad-
rant was more apparent than that in other quad-
rants. Contreras et al.9 reported that this finding
was in accordance with the high prevalence of
inferior visual field loss in NAION patients.

In our study, the total cpRNFL thickness at the
initial visit in patients with NAION was signifi-
cantly increased by 78.38% compared with that of
the normal controls, and the cpRNFL thickness at
6 and 12 months was significantly decreased by
22.43% and 25.67%. The reduction rate of the
superior cpRNFL thickness was highest in the
cpRNFL parameters, and the value at 12 months
was 33.60%. This result was in agreement with the
high percentage of patients who had an inferior
hemifield loss in our study. In addition, the thin-
ning of the cpRNFL thickness reached a plateau at
6 months, similar to the finding in a previous
report9 that utilized Stratus OCT. It is clear from
our results and the previous reports that cpRNFL
measurement in NAION patients cannot detect
the retinal ganglion cell and axonal loss during
the acute phase. This is because the cpRNFL thick-
ness was significantly increased by disc swelling in
the acute stage, resulting in masked retinal gang-
lion cell loss. In fact, the ratio of superior cpRNFL
thickness was the most increased at the initial visit
and was the most decreased at 12 months. These
results suggest that the increase in the cpRNFL
thickness during the acute stage implies a degree
of ischaemia.

Using SD-OCT, Aggarwal et al.21 reported that
the pattern of altitudinal GCC loss in chronic
NAION corresponded to the visual field loss.
Gonul et al.22 reported that the GCC thickness in
chronic NAION was significantly reduced com-
pared with that in normal controls. Furthermore,
the FLV and GLV of the GCC parameters had the
strongest abilities to detect ganglion cell loss
among the various OCT parameters and were
comparable to the cpRNFL thickness. Larrea et al.23

reported that the average GCC thickness deter-
mined using Cirrus OCT was 68.33 μm during
the acute phase and 54.87 μm at 6 months, and
there was a significant reduction between the acute
and chronic phases. The percentage reduction in
the average GCC thickness from the acute to the
chronic phases was 19.7%. Moreover, Larrea et al.23

found that a GCC analysis in the macular region
could detect early axonal damage during the acute
onset of NAION.

To our knowledge, this is the first report to
include a detailed time course of the GCC thick-
ness in NAION patients. Our study revealed that
the total GCC thickness was significantly reduced,
although the cpRNFL thickness was increased, at 1
month after the onset. The percentage of total
GCC loss compared with the value in normal
controls was 12.03% at 1 month and 27.44% at
12 months. The loss rate of the superior GCC
thickness was the highest, and the value at 12
months averaged 36.24%. This result was consis-
tent with the finding that the loss rate of the
cpRNFL thickness was the highest in the superior
area (33.60%). In addition, FLV and GLV para-
meters were significantly increased at the initial
visit and at 1 month, respectively. This result sug-
gests that ganglion cell loss has already occurred at
the acute stage, whereas the cpRNFL thickness was
significantly increased due to optic disc swelling.
Therefore, we consider that the FLV parameter
can detect the ganglion cell loss earlier than any
other GCC or cpRNFL parameter. Moreover, the
GCC significance maps in our patients indicated
that the thinning area corresponded well with the
visual field loss pattern, similar to a previous
report.21 The pattern of GCC thinning may have
reflected detailed structural changes caused by
ischaemia of the optic nerve.
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In experimental AION models and histological
studies, Lee et al.24 reported that RGC axons
showed severe degenerative changes within 1
week after the ischaemic event. Slater et al.25

reported that apoptosis of the RGC occurs maxi-
mally in the 2 to 3 weeks after an infarct. In
experimental animal models of AION evaluated
using SD-OCT, Ho et al.26 reported that the
manually segmented GCC thickness 1 day after
an ischaemic event using circular scan centred at
the optic disc showed a 31% increase compared
with that of the normal controls. The value was
thinner at 2 weeks and showed a gradual thinning,
which reached a plateau at 3 weeks, when it
showed a reduction of 11%. Maekubo et al.27

reported that the automatically segmented inner
retinal thickness in 3 mm diameter circle area
centred at the optic disc significantly increased
until 1 week after insult, returned to the baseline
at 2 weeks, and decreased gradually until 3
months. Our present results showing that ganglion
cell loss was detected by the FLV parameter at the
initial visit are consistent with the findings in
experimental models and histological studies.

There are several limitations associated with
the present study. First, this study included a
small number of patients. Therefore, a subgroup
analysis could not be performed by classification
according to the pattern of visual field loss due
to the small sample size. Second, optic disc swel-
ling at the initial visit has the potential to affect
the structure of the nasal retina in the macular
region. Third, in some patients with NAION,
subretinal fluid associated with NAION has
been observed in the subfoveal space,28 so there
is a possibility that an error in the analysis of the
GCC segmentation accuracy might occur.
Therefore, GCC measurements may not be accu-
rate in all patients with NAION. Further research
with a larger sample size is necessary to fully
elucidate the time course of the GCC thickness
in patients with each visual field loss pattern
category.

In conclusion, measurements of the GCC thick-
ness and the FLV and GLV parameters using SD-
OCT are suitable for the objective evaluation and
early detection of ganglion cell loss during the
acute stage of NAION. Moreover, GCC thickness
measurements can demonstrate the ganglion cell

loss in the early stage when cpRNFL measure-
ments cannot detect the axonal loss due to optic
disc swelling.
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