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Abstract
Objective To examine structural changes in retinal layers over time in patients with non-arteritic anterior ischaemic optic
neuropathy (NAION) and determine the layers that predict visual outcomes.
Methods The optical coherence tomography parameters in NAION eyes at <2 months, 2–5 months, and 6–18 months from
the onset were compared to age-matched normal controls. Generalised estimating equation analysis was used to analyse the
changes over time and regression analysis was performed to identify the layer that could predict visual field outcomes.
Results Less than 2 months from the onset, the peripapillary retinal nerve fibre layer (RNFL) (p= 0.001) and macular outer
nuclear layer (ONL) (p= 0.024) were significantly thicker in the NAION eyes than in the control eyes. The average
peripapillary RNFL, macular RNFL, and ganglion cell layer and inner plexiform layer (GCIPL) showed reductions in
thickness within 2–5 months (peripapillary RNFL: −19.8 μm/month, p < 0.001, macular RNFL: −14.5 μm/month, p < 0.001,
GCIPL: −26.8 μm/month, p < 0.001). The change of thickness in temporal and superior peripapillary RNFL, GCIPL, inner
nuclear layer (INL), and ONL by 2–5 months was associated with the final visual field results (p= 0.018, p < 0.001, p=
0.040, p= 0.020, and p= 0.002, respectively).
Conclusions The peripapillary RNFL swelling initially observed started to decrease within 2–5 months along with macular
RNFL and GCIPL thinning. The rate of thickness changes in the peripapillary RNFL, GCIPL, INL, and ONL by 2–5 months
was associated with visual field outcomes.

Introduction

Non-arteritic anterior ischaemic optic neuropathy (NAION)
is one of the most common acute optic neuropathies in
people over the age of 50 [1]. It is an acute or subacute optic
neuropathy resulting from small vessel infarction of the

anterior optic nerve, which is supplied by the posterior
ciliary artery circulation [2]. NAION leads to retinal gang-
lion cell loss and optic nerve atrophy after the acute episode
[3]. Past studies using optical coherence tomography (OCT)
revealed peripapillary retinal nerve fibre layer (RNFL)
thinning [4, 5] and macular ganglion cell loss [4, 6] in the
chronic phase of NAION. In the acute phase, the RNFL is
reported to be thickened in association with optic disc
swelling [7].

The recent development of high-resolution spectral-
domain (SD)-OCT permitted analysis of individual retinal
layer thicknesses, including the RNFL and the ganglion
cell layer (GCL) [8]. One study on the early phase of
NAION reported outer nuclear layer (ONL) thickening at
the baseline and macular RNFL and GCL thinning after
1 month [9]. The authors reported that these changes were
well-correlated with visual function in patients with
NAION [9]. A cross-sectional study on both acute NAION
and chronic NAION reported peripapillary RNFL, GCL/
inner plexiform layer (IPL), ONL, and photoreceptor layer
(PRL) thickening in patients with acute NAION and
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peripapillary RNFL and macular GCL/IPL thinning in
patients with chronic NAION [10].

In the present study, we aimed to investigate what
additional information could be derived by longitudinal
retinal layer segmentation analyses through 1 year after an
acute episode of NAION using SD-OCT.

Methods

Patients

We retrospectively studied eyes with new-onset NAION
diagnosed in the Neuro-ophthalmology Department of the
Samsung Medical Center between November 2013 and July
2019. NAION patients with symptom onset (defined as the
onset of visual loss consistent with NAION) 30 days or
more from the baseline assessment were not included in this
study. This research was approved by the Samsung Medical
Center Institutional Review Board and adhered to the tenets
of the Declaration of Helsinki. Informed consent was
waived for the patients with NAION. Written informed
consent was obtained from the healthy controls prior to the
ophthalmic examinations.

The inclusion criteria included (1) the development of
painless vision loss within 30 days of documented optic
disc swelling confirmed by an ophthalmologist; (2) patient
age between 40 and 85 years; (3) visual field loss typical of
NAION (not just an enlarged blind spot); (4) a relative
afferent pupillary defect, unless the fellow eye was affected
in the past or both eyes were simultaneously affected with
similar intensity; and (5) a maximum spherical ametropia
of ±6 dioptres and maximum cylindrical ametropia of ±3
dioptres.

The exclusion criteria included (1) history or signs of any
other intraocular, orbital, or intracranial disease; (2) history
of ocular trauma; (3) other types of optic neuropathy sug-
gested by history or blood tests (complete blood count, C-
reactive protein, erythrocyte sedimentation rate, rapid
plasma regain, lupus anticoagulant, Toxocara canis IgG Ab,
toxoplasma IgG and IgM Abs, Lyme disease serology,
Bartonella Ab, Q fever Ab, AQP4 Ab, paraneoplastic Ab
(anti-Hu, anti-Ri, anti-Yo, anti-amphiphysin, anti-CV2/
CRMP5, and anti-PNMA2 (Ma2/Ta), anti-recoverin, anti-
SOX1, and anti-titin (MGT-30)); (4) medication known to
affect visual function (e.g. ethambutol, digoxin and viga-
batrin) or to cause miosis (e.g. opioids); and (5) follow-up
<6 months.

As controls, we also recruited 21 age-matched disease-
free subjects from the staff and healthy volunteers, none of
whom had a history of ocular or neurologic disease and
proceeded with informed consent for data collection. We
preferentially used the data of the right eye of the healthy

controls in the analysis and exceptionally used the data of
the left eye if the data of the right eye were inappropriate for
analysis.

Each subject had a detailed ophthalmologic examination,
including the assessment of refraction, best-corrected visual
acuity reported as logarithm of the minimum angle of
resolution (logMAR) values, colour vision, pupillary test,
slit-lamp examination, tonometry, a fundus examination,
and examination with a Humphrey visual field analyser
using the 30-2 SITA-standard protocol (Humphrey 740
Visual Field Analyzer, Carl Zeiss Meditec, Inc. Dublin, CA,
USA). Only reliable visual field results (33% or less false
positives and false negatives; fixation losses of <20%) were
used in the study. A worse visual field result was defined as
a mean deviation (MD) value of −10 dB or less on the
Humphrey visual field test [11].

OCT

All subjects underwent Spectralis OCT (Heidelberg Engi-
neering, Heidelberg, Germany) with laser scanning of the
optic nerve and macular regions within 2 months of
symptom onset (acute stage) and at the follow-up visits. The
images were acquired using automated eye alignment eye-
tracking software (TruTrack; Heidelberg Engineering) for
improving image quality and segmentation accuracy by
compensating eye movements.

To describe the peripapillary scanning technique briefly,
a 3.4 mm-diameter peripapillary circle scan centred on the
optic disc was recorded and analysed for RNFL using
the automated segmentation algorithm implemented in the
proprietary software package version 5.1 from Heidelberg
Engineering. The peripapillary RNFL was defined as the
distance between the inner limiting membrane (ILM) and
the GCL. The software divided the ring scan into four
segments, which were 90° apart: the temporal RNFL, nasal
RNFL, superior RNFL, and inferior RNFL.

In the macular area scan, 25 single horizontal axial
scans were recorded and analysed, and only scans mea-
sured with high-quality (quality index > 20) were included
in the study. Automated retinal segmentation was per-
formed using Spectralis software to identify the individual
retinal layers and quantify their thickness and total
volume. The thickness of each layer between the ILM
and Bruch’s membrane was measured automatically and
divided into seven layers: the macular RNFL, GCL and
IPL (GCIPL), inner nuclear layer (INL), outer
plexiform layer (OPL), ONL, PRL, and the retinal pig-
ment epithelium (RPE). The sum of those layers was
calculated as the total retinal layer (TRL). For each layer,
the SD-OCT automatically calculated the retinal thickness
values for three concentric rings at 1 (central fovea), 3
(inner/parafoveal ring), and 6 mm (outer/perifoveal ring),
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dividing the inner and outer rings into 4 quadrants (nasal,
superior, temporal, and inferior) and creating 9 total
measurements per individual layer corresponding to the
Early Treatment Diabetic Retinopathy Study areas [12].
All of the images were reviewed with respect to quality by
neuro-ophthalmology experts. Due to errors associated
with automated segmentation error as reported previously
[13], we hand-corrected the data using manual
segmentation.

Statistical analysis

The data are presented as the mean ± standard deviation.
Linear time points reflecting serial microstructural changes
were allocated to the best fit of the data: <2, 2–5 and
6–18 months for all layer thickness.

The mean retinal layer thicknesses of the healthy control
eyes and NAION eyes at each time point were compared
using an age-matched paired t-test. The rate of thickness
change per month in each retinal layer was estimated using
the generalised estimating equation (GEE) method after
adjusting for age, gender and intra-subject inter-eye corre-
lations, and the significance of the thickness change by
months is indicated by p values. Bonferroni’s correction for
multiple comparisons was applied to the p values by mul-
tiplying the uncorrected p values by 39 (for age-matched
paired t-test) or 26 (for GEE analysis). A corrected p value
of <0.05 was considered statistically significant. The asso-
ciation of changes in the OCT parameters with the final
visual result was also analysed using logistic regression
models with GEE. All statistical analyses were conducted
using SPSS 25 software (IBM Corporation Software Group,
Somers, NY, USA).

Results

Baseline clinical characteristics

Our retrospective study was comprised of 21 eyes of 17
patients with the first episode of NAION and 21 eyes of
21 healthy controls. The demographic data on all parti-
cipants are summarised in Table 1. The mean age of the
NAION patients was 63 ± 11 years (range, 40–83 years).
The mean follow-up duration was 10 ± 4 months (range,
6–18 months). The mean initial logMAR visual acuity of
the NAION eyes was 0.88 ± 0.94 (range, 0.00–3.00) and
the final visual acuity of the NAION eyes was 0.72 ± 0.90
(range, 0.00–3.00). The mean MD of the NAION eyes at
the final visual field examination was −14.22 ± 12.19 dB
(range, 0.06 to −29.97 dB). Of the 21 eyes with NAION,
11 (52%) had worse visual field function with MD values
of −10 dB or less at the final visits.

Longitudinal changes in retinal microstructure

Table 2 shows the mean peripapillary RNFL and macular
retinal layer thicknesses of the NAION eyes and age-
matched healthy control eyes at each time point. Table 3
shows the results of GEE estimates for the peripapillary
RNFL and macular retinal layer thickness changes over
time in the NAION eyes with adjustments for intra-subject
inter-eye correlations, age, gender, and refractive errors.
The peripapillary RNFL showed an increase in thickness in
the acute stage within 2 months compared to the controls (p
= 0.001). The peripapillary RNFL and macular RNFL
measurements demonstrated significant reductions in
thicknesses that occurred from the onset of symptoms to
2–5 months in the NAION eyes.

The magnitude of the reduction in the average peripa-
pillary RNFL thickness was −19.8 µm/month (CI: −25.8
to −13.8 um/month, p < 0.001) and that of the macular
RNFL was −14.5 µm/month (CI: −20.2 to −8.7 µm/month,
p < 0.001). The magnitude of the reduction in peripapillary
RNFL thickness between the onset and 2–5 months varied
according to the sector. The superior sector demonstrated
the most dramatic reduction in peripapillary RNFL thick-
ness, with an estimated decrease in thickness of −27.9 µm/
month (CI: −35.2 to −20.6 µm/month, p < 0.001). The
temporal sector demonstrated the slowest rate of reduction
in thickness at −12.4 µm/month (CI: −17.2 to −7.7 µm/
month, p < 0.001).

After 2–5 months from the onset, the magnitude of the rate
of thinning of the peripapillary RNFL decreased. The average
peripapillary RNFL thinning rate after 2–5 months from the
onset was −1.2 µm/month (CI: −2.1 to −0.2 µm/month, p=
0.494), which was not statistically significant, whereas the
superior sector of the RNFL demonstrated significant

Table 1 Demographics and clinical characteristics of eyes with non-
arteritic anterior ischaemic optic neuropathy and healthy controls eyes.

Controls
(n= 21 eyes)

NAION
(n= 21 eyes)

Gender (male/female) 11 (52%)/10 (48%) 14 (67%)/7 (33%)

Age (years) 63 ± 11 63 ± 11

Initial visual acuity
(logMAR)

0.01 ± 0.03 0.88 ± 0.94

Final visual acuity
(logMAR)

0.72 ± 0.90

Final visual field (MD, dB) −14.22 ± 12.19

Worse visual fielda 11 (52%)

Follow-up period (months) 10 ± 4 (6–18)

n number, NAION non-arteritic anterior ischaemic optic neuropathy,
logMAR logarithm of the minimum angle of resolution, MD mean
deviation.
aWorse visual field function indicated by MD values of −10 dB or less
at the final visit.
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thinning, with an estimated decrease in thickness of −1.4 µm/
month (CI: −2.0 to −0.8 µm/month, p < 0.001) between
2–5 months and 6–18 months. After 2–5 months from the
onset, the magnitude of the rate of macular RNFL thinning
decreased to −1.5 µm/month (CI: −3.0 to 0.1 µm/month, p=
1.000) and the rate was not statistically significant.

There was no significant thinning of the GCIPL in the
acute stage <2 months from onset (p= 0.183). However,
the progressive thinning of the GCIPL started within
2–5 months from the onset and there appeared to be sig-
nificant GCIPL thinning compared to the controls after
2–5 months from the onset (both p < 0.001). The rate
of GCIPL thinning was greatest within 2–5 months from the
onset at −26.8 µm/month (CI: −38.1 to −15.5 µm/month,
p < 0.001) and the rate of thinning declined to
−2.4 µm/month (CI: −4.2 to −0.5 µm/month, p= 0.286)
between 2–5 and 6–18 months.

The ONL showed an increase in thickness compared to
the controls in the acute stage within 2 months (p= 0.024).
A reduction in the ONL thickness occurred after
2–5 months from the onset of symptoms at a rate of
−2.6 µm/month (CI: −4.5 to −0.7 µm/month, p= 0.208)
although the extent of the reduction did not reach statistical
significance.

The INL, OPL, PRL and RPE were not significantly
different from the controls at baseline, and there were no
significant thickness changes over time.

Associations between final visual field results and
retinal layer thickness and its temporal changes

To determine how each retinal layer and its thickness
changes over time were associated with visual field out-
comes, we used separate logistic regression analyses using
GEE for the individual peripapillary and macular retinal
layers with adjustments for intra-subject inter-eye correla-
tion, age, gender and refractive errors. The patients were
divided into two groups depending on the final visual field
results. The patients in group1 had MD values greater than
−10 dB and those in group 2 had MD values of −10 dB or
less. The results of the association analysis between the
OCT parameters at each time point and worse final visual
field outcomes (MD values of −10 dB or less) are shown in
Table 4.

At baseline, within 2 months from onset, no OCT para-
meters were significantly associated with the final visual
field test results. At 2–5 months, the OCT parameters that
were significantly associated with worse final visual fields

Table 2 Mean retinal layer
thickness (μm) of healthy control
eyes and non-arteritic ischaemic
optic neuropathy eyes at each
time point.

Controls NAION eyes

Time 1 (<2 months) Time 2 (2–5 months) Time 3 (6–18 months)

Mean ± SD Mean ± SD p valuea Mean ± SD p valuea Mean ± SD p valuea

pRNFL 101 ± 10 172 ± 56 0.001b 84 ± 27 0.234 72 ± 28 0.001b

tRNFL 76 ± 10 106 ± 45 0.435 55 ± 19 0.002b 50 ± 18 <0.001b

nRNFL 74 ± 14 137 ± 50 0.001b 68 ± 32 1.000 57 ± 29 0.585

sRNFL 123 ± 14 214 ± 75 0.001b 94 ± 41 0.126 84 ± 41 0.007b

iRNFL 131 ± 13 233 ± 77 <0.001b 119 ± 43 1.000 98 ± 42 0.087

TRL 2864 ± 103 2884 ± 145 1.000 2724 ± 187 0.111 2659 ± 197 0.003b

mRNFL 259 ± 25 273 ± 34 1.000 210 ± 43 0.009b 198 ± 43 <0.001b

GCIPL 685 ± 34 612 ± 111 0.183 511 ± 129 <0.001b 492 ± 139 <0.001b

INL 315 ± 18 338 ± 28 0.156 329 ± 28 1.000 326 ± 26 1.000

OPL 289 ± 41 271 ± 29 1.000 267 ± 29 1.000 266 ± 33 1.000

ONL 583 ± 69 661 ± 82 0.024b 668 ± 78 0.008b 643 ± 70 0.211

PRL 601 ± 23 592 ± 25 1.000 602 ± 21 1.000 598 ± 26 1.000

RPE 135 ± 8 137 ± 14 1.000 137 ± 11 1.000 137 ± 10 1.000

NAION non-arteritic ischaemic optic neuropathy, pRNFL the average peripapillary retinal nerve fibre layer,
tRNFL temporal peripapillary retinal nerve fibre layer, nRNFL nasal peripapillary retinal nerve fibre layer,
sRNFL superior peripapillary retinal nerve fibre layer, iRNFL inferior peripapillary retinal nerve fibre layer,
TRL total retinal layer, mRNFL macular retinal nerve fibre layer, GCIPL ganglion cell layer and inner
plexiform layer, INL inner nuclear layer, OPL outer plexiform layer, ONL outer nuclear layer, PRL inner and
outer photoreceptor layer, RPE retinal pigment epithelium.
aAge-matched paired t-tests were used to compare the optical coherence tomography measurements between
NAION eyes and controls at each time point. The corrected p values adjusted with Bonferroni’s correction
(multiplied by 39) for each outcome are shown.
bSignificant corrected p values of <0.05 considering all error controls of the multiple layers are indicated
in bold.
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were thinner temporal and superior peripapillary RNFLs
(odds ratio (OR)= 0.94, p= 0.027 and OR= 0.91, p <
0.001, respectively). At 6–18 months, thinner peripapillary
RNFLs in all sectors and thinner macular RNFL were sig-
nificantly associated with worse visual field outcomes
(average peripapillary RNFL OR= 0.79, p < 0.001; tem-
poral peripapillary RNFL OR= 0.93, p= 0.018; nasal
peripapillary RNFL OR= 0.94, p= 0.003; superior peri-
papillary RNFL OR= 0.91, p < 0.001; inferior peripapillary
RNFL OR= 0.94, p < 0.001; and macular RNFL OR=
0.96, p= 0.018). There was no association between GCIPL,
INL, OPL, ONL, PRL and RPE thickness at any time point
and the visual field results.

The results of the association analysis between the esti-
mated changes in each retinal layer thickness and visual
field outcomes are shown in Fig. 1. Change in the peripa-
pillary RNFL thickness over time showed significant asso-
ciations with visual field outcomes (average peripapillary
RNFL, p < 0.001; temporal peripapillary RNFL, p= 0.017;
nasal peripapillary RNFL, p= 0.001; superior peripapillary
RNFL, p < 0.001; inferior peripapillary RNFL, p= 0.002).
From baseline to 2–5 months, more reduction in the
thickness of the temporal peripapillary RNFL and superior

peripapillary RNFL was associated with worse visual field
results (OR= 0.94, p= 0.027 and OR= 0.91, p= 0.001,
respectively). From baseline to 6–18 months, greater
reduction rates in the peripapillary RNFL thickness of all
sectors except the temporal sector were significantly asso-
ciated with worse visual field outcomes (average peripa-
pillary RNFL OR= 0.78, p < 0.001; nasal peripapillary
RNFL OR= 0.94, p= 0.021; superior peripapillary RNFL
OR= 0.91, p= 0.005; inferior peripapillary RNFL OR=
0.94, p= 0.003). The changes in GCIPL thickness over
time were also significantly associated with final visual field
results (p= 0.040). Greater decreases in the GCIPL thick-
ness between baseline and 2–5 months were associated with
worse visual field results (OR= 0.98, p= 0.036). Changes
in the INL and ONL thickness over time also showed sig-
nificant associations with visual field outcomes (p= 0.020
and p= 0.002, respectively). Less reduction in the thickness
of the INL and ONL from baseline to 2–5 months was
significantly associated with worse final visual outcomes in
patients with MD values of ≤−10 dB (OR= 1.02, p=
0.018, and OR= 1.01, p= 0.003, respectively). There was
no association between the rate of change in the macular
RNFL, OPL, PRL and RPE and visual field results.

Table 3 Generalised estimating
equation analysis for estimating
the rate of thickness changes in
individual retinal layers until
and after 2–5 months from
the onset.

Estimated change in thickness per month (μm/
month) in NAION eyes within 2–5 months
from onset

Estimated change in thickness per month
(μm/month) in NAION eyes after
2–5 months from onset

B SE 95% CI p valuea B SE 95% CI p valuea

pRNFL −19.8 3.1 (−25.8, −13.8) <0.001b −1.2 0.5 (−2.1, −0.2) 0.494

tRNFL −12.4 2.4 (−17.2, −7.7) <0.001b −0.6 0.2 (−1, −0.2) 0.182

nRNFL −15.7 3 (−21.5, −9.8) <0.001b −1.1 0.5 (−2.2, −0.1) 1.000

sRNFL −27.9 3.7 (−35.2, −20.6) <0.001b −1.4 0.3 (−2, −0.8) <0.001b

iRNFL −25.1 4.7 (−34.3, −15.8) <0.001b −1.3 1.2 (−3.6, 1) 1.000

TRL −39.7 7.3 (−54, −25.4) <0.001b −7.6 2.4 (−12.3, −3) 0.003b

mRNFL −14.5 2.9 (−20.2, −8.7) <0.001b −1.5 0.8 (−3, 0.1) 1.000

GCIPL −26.8 5.8 (−38.1, −15.5) <0.001b −2.4 0.9 (−4.2, −0.5) 0.286

INL −1.8 0.9 (−3.6, −0.1) 1.000 −0.3 0.4 (−1.1, 0.5) 1.000

OPL −0.7 0.6 (−1.8, 0.4) 1.000 −0.2 0.5 (−1.1, 0.8) 1.000

ONL 2.2 1.6 (−0.9, 5.3) 1.000 −2.6 1 (−4.5, −0.7) 0.208

PRL 2.3 0.9 (0.5, 4.1) 0.364 −0.9 0.4 (−1.6, −0.2) 0.338

RPE −0.3 0.4 (−1.1, 0.5) 1.000 0.1 0.2 (−0.2, 0.4) 1.000

n numbers, NAION non-arteritic ischaemic optic neuropathy, SE standard error, CI confidence interval, pRNFL
the average peripapillary retinal nerve fibre layer, tRNFL temporal peripapillary retinal nerve fibre layer, nRNFL
nasal peripapillary retinal nerve fibre layer, sRNFL superior peripapillary retinal nerve fibre layer, iRNFL inferior
peripapillary retinal nerve fibre layer, TRL total retinal layer, mRNFL macular retinal nerve fibre layer, GCIPL
ganglion cell layer and inner plexiform layer, INL inner nuclear layer, OPL outer plexiform layer, ONL outer
nuclear layer, PRL inner and outer photoreceptor layer, RPE retinal pigment epithelium.
aThe significance of the change in thickness per month is represented by the p value using generalised
estimating equation analysis with adjustments for intra-subject inter-eye correlations, age, gender, and
refractive errors. The corrected p values adjusted with Bonferroni’s correction (multiplied by 26) for each
outcome are shown.
bSignificant corrected p values of <0.05 considering all error controls of the multiple layers are indicated
in bold.
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Discussion

Longitudinal changes in retinal microstructures

In this study, we investigated the longitudinal retinal layer
changes in NAION patients. A significant thickening of the
peripapillary RNFL and macular ONL was observed in
patients with NAION in the acute phase at a mean of
22 days from the onset. After the acute phase, the peripa-
pillary RNFL, macular RNFL and macular GCIPL were
progressively reduced in thickness, and the peripapillary
RNFL and macular RNFL, along with the GCIPL, became
significantly thinner compared to those in healthy control
eyes. Ackermann et al. previously reported the results of a
cross-sectional study that showed a significant thickening in
peripapillary retinal layers, including the peripapillary
RNFL, in the acute phase of NAION [10]. In their study, no
statistically significant alterations were found in the seg-
mented macular layer thicknesses in acute NAION, but
significant thinning of the macular RNFL, GCL and IPL
and thickening of the ONL and external limiting membrane
to Bruch’s membrane in particular regions were found in
chronic NAION eyes compared to control eyes [10]. The
discrepancy in the OCT results between studies could be
related to the definition of the phases between the studies.
The study by Ackermann et al. classified the acute phase as

within 7 days from the onset and more than 6 weeks from
the onset was classified as the chronic phase [10], whereas
our study defined the acute phase as within 2 months from
the onset and the chronic phase as more than 6 months from
the onset.

In this study, the rate of thickness reduction in the
peripapillary RNFL, macular RNFL and macular GCIPL
was greatest from the onset of symptoms to 2–5 months.
This finding may be partly related to the resolution of optic
disc swelling after the acute onset of NAION, especially
regarding the peripapillary RNFL thickness. The magnitude
of the rate of decrease in the peripapillary RNFL thickness
varied according to the sectors, with the greatest rate of
decrease in the superior sector. The difference in the rate of
thinning according to the sectors may be related to the fact
that NAION usually affects the superior disc sectors more
than the othe sectors [10]. It was previously suggested that
more tightly packed axons and the correspondingly higher
oxygen demand in the superior and inferior disc sectors
relative to the nasal and temporal sectors allowed for a more
rapid and severe onset of hypoxia in the former sectors [14].
Oedema of the optic disc often makes OCT analysis of the
peripapillary RNFL not useful in evaluating or predicting
the course of the disease in its initial stages [15] In this
study, the peripapillary RNFL thickness was not sig-
nificantly associated with the visual field outcomes in the

Table 4 Association between OCT parameters at each time point and worse visual field outcomes indicated by MD values of −10 dB or less in
NAION eyes.

Time 1 (<2 months) Time 2 (2–5 months) Time 3 (6–18 months)

OR 95% CI p valuea OR 95% CI p valuea OR 95% CI p valuea

pRNFL 1.00 (0.98, 1.02) 1.000 0.92 (0.79, 1.06) 0.753 0.79 (0.72, 0.86) <0.001

tRNFL 1.00 (0.99, 1.02) 1.000 0.94 (0.89, 0.98) 0.027 0.93 (0.89, 0.98) 0.018

nRNFL 1.00 (0.98, 1.02) 1.000 0.99 (0.96, 1.02) 1.000 0.94 (0.90, 0.98) 0.003

sRNFL 1.00 (0.98, 1.01) 1.000 0.91 (0.87, 0.96) <0.001 0.91 (0.86, 0.96) <0.001

iRNFL 1.00 (0.99, 1.02) 1.000 0.98 (0.92, 1.03) 1.000 0.94 (0.91, 0.97) <0.001

TRL 0.99 (0.99, 1.00) 0.360 0.99 (0.98, 1.00) 0.102 0.99 (0.98, 1.00) 0.153

mRNFL 1.01 (0.98, 1.03) 1.000 0.98 (0.95, 1.01) 0.360 0.96 (0.93, 0.99) 0.018

GCIPL 0.99 (0.98, 1.00) 0.570 0.98 (0.96, 1.00) 0.057 0.97 (0.95, 1.00) 0.054

INL 1.00 (0.96, 1.03) 1.000 1.01 (0.99, 1.04) 0.984 1.00 (0.96, 1.04) 1.000

OPL 1.01 (0.98, 1.04) 1.000 0.99 (0.96, 1.02) 1.000 1.00 (0.97, 1.03) 1.000

ONL 1.00 (0.99, 1.01) 1.000 1.01 (0.99, 1.02) 1.000 1.00 (0.99, 1.02) 1.000

PRL 0.99 (0.95, 1.03) 1.000 0.98 (0.93, 1.03) 1.000 0.99 (0.96, 1.03) 1.000

RPE 0.96 (0.90, 1.03) 0.807 0.96 (0.90, 1.03) 0.807 0.94 (0.84, 1.05) 0.873

CI confidence interval, OR odds ratio, pRNFL the average peripapillary retinal nerve fibre layer, tRNFL temporal peripapillary retinal nerve fibre
layer, nRNFL nasal peripapillary retinal nerve fibre layer, sRNFL superior peripapillary retinal nerve fibre layer, iRNFL inferior peripapillary retinal
nerve fibre layer, TRL total retinal layer, mRNFL macular retinal nerve fibre layer, GCIPL ganglion cell layer and inner plexiform layer, INL inner
nuclear layer, OPL outer plexiform layer, ONL outer nuclear layer, PRL inner and outer photoreceptor layer, RPE retinal pigment epithelium.
aLogistic regression analysis using the generalised estimating equation for the association between retinal layer thickness and visual field outcome
with adjustments for intra-subject inter-eye correlations, age, gender, and refractive errors.
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acute phase. However, after the resolution of disc swelling,
the peripapillary RNFL thickness became significantly
associated with the final visual field outcomes. In addition,

the rate of change in the peripapillary RNFL thickness
within 2–5 months from the onset showed a significant
association with visual field outcomes. The greater
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reduction in peripapillary RNFL thickness within
2–5 months from the onset, the worse the visual field.

Histopathological studies in rodent models of NAION
indicated that an initial phase of GCIPL swelling on day 1
was followed by thinning of the GCIPL by weeks 2 and 4
[16]. This thinning was accompanied by a significant loss of
retinal ganglion cell bodies. In this study, the GCIPL con-
tinued to reduce in thickness from the acute stage until
2–5 months. Swelling of the ischaemic axons that compress
the capillaries located in the most superficial layers of the
retina, aggravating tissue ischaemia in a vicious cycle, could
explain this finding [2]. Keller et al. reported that GCIPL
thickness correlated with the visual field at 1 month from
the onset [9]. In our study, there was no significant asso-
ciation between the initial GCIPL thickness and the final
visual field outcomes. Rather, the initial rate of GCIPL
thinning was significantly associated with the visual field
results. Worse visual field outcomes were observed when
faster GCIPL thinning occurred after the acute phase.

Since the optic nerve is a part of the white-matter tract of
the central nervous system, NAION is considered to be a
white-matter stroke that occurs elsewhere in the brain [17].

NAION is presumed to result from circulatory insuffi-
ciency within the optic nerve head, but the specific location
of the vasculopathy and its pathogenetic mechanism
remains unproven [18]. Optic nerve ischaemia produces
tissue oedema in the confined space of the optic nerve
sheath [19]. This process results in a compartmental syn-
drome, with additional vascular compromise, similar to
brain strokes that occur in the confined space of the skull
[20]. As the cellular inflammatory response following
infarction in the brain stroke was identified [21], studies
revealed cellular inflammation in NAION in rodents, pri-
mate models and humans [19, 22]. In previous animal
experiments, there was no electrophysiologic evidence of
retinal dysfunction nor was there histological evidence of
retinal damage other than thinning of the peripapillary
RNFL [23]. Recently, one other study using OCT-
angiography (OCT-A) reported microvascular changes in
the superficial and deep layers of the retina in NAION [24].

In the OCT-A study, there was a decrease in vessel density
in the deep capillary plexus below the inner border of the
IPL closely related to the INL, in addition to an alteration of
the superficial capillary plexus [24]. It was suggested that
optic nerve head oedema, located within a rigid and narrow
scleral canal, results in compression and slowing of the
blood flow in the retinal vessels [24]. This vascular insult
might result in reduced tissue perfusion in the correspond-
ing retinal layer and lead to cytotoxic oedema. Unlike the
inner retina, which is fed by a branch of the central retinal
artery coming through the optic disc, the outer retina is
supplied by the choroidal circulation and thus, it might be
difficult to directly explain changes in the thickness
resulting from hypoperfusion. In this study, the ONL
showed an increase in thickness compared to the controls in
the acute stage. After the acute stage, the ONL thickness
started to decrease after 2–5 months and the mean ONL
thickness at 6–18 months was not significantly different
from that of the healthy controls. Oedema of the ONL
lasting to 2–5 months was a predictor of worse visual out-
come in this study. Ackermann et al. also reported ONL
thickening in a few macular regions in NAION eyes com-
pared to healthy control eyes in the chronic phases [10].
Keller et al. explained that swelling and damage to the
nuclei in the photoreceptors in NAION eyes may play a key
role in the pathogenic mechanism that leads to visual field
deterioration [9]. They raised three hypotheses to explain
the ONL thickening: the blood supply to the outer retina
might be compromised, compartmental pressure caused by
RNFL oedema could damage the photoreceptors, or the
retina could maintain structural integrity by activating
Müller cells [9], which are specialised glial cells that serve
numerous functions, not only interacting actively with
neurons and the vasculature in the central nervous system
but also providing structural and metabolic support for
neurons [25].

Our study had several limitations. First, this study was
performed using the data of a single ethnic group. Thus,
some results may not be valid in other ethnic groups. In
addition, this study was retrospective in design. Although
the follow-up schedule for the NAION patients was rela-
tively uniform in our institute, there were some differences
in follow-up intervals between a few patients. Third, a small
number of subjects were included in the study.

Despite these deficiencies, we found significant structural
changes in retinal layers following the onset of NAION.
Significant thickening of the peripapillary RNFL and
macular ONL were observed in the acute phase of patients
with NAION. After the acute phase, the peripapillary
RNFL, macular RNFL and macular GCIPL were progres-
sively thinned. The initial rate of thickness changes in the
peripapillary RNFL, GCIPL, INL and ONL by 2–5 months
was a useful predictive factor of final visual field outcomes.

Fig. 1 Association between the estimated changes in each retinal
layer thickness and worse visual field outcomes indicated by MD
values of −10 dB or less in NAION eyes. To analyse the association
between the estimated changes in each retinal layer thickness at each
time point and visual field outcomes, we used separate generalised
estimating equation analyses for individual peripapillary retinal nerve
fibre layers and macular retinal layer thicknesses with adjustments for
intra-subject inter-eye correlation, age, gender and refractive errors. A
p value for the association between the overall estimated change in
each retinal layer thickness and a worse visual field outcome is indi-
cated. The estimated changes in retinal layer thickness at each time
point significantly associated with worse final visual field are marked
with an asterisk.
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In future studies, data including a larger number of NAION
eyes and healthy individuals with longitudinal OCT data
over time will be helpful in obtaining more information
about structural changes in NAION over time and structure-
function relationships.

Summary

What was known before

● Peripapillary RNFL thickening on OCT was observed in
the acute phase of NAION patients.

● The thickness of the peripapillary RNFL was not useful
for evaluating or predicting the course of NAION in the
acute stage.

What this study adds

● GCIPL thinning started within 2–5 months from the
onset of NAION and the rate of thinning was faster than
that after 2–5 months.

● The rate of temporal and superior peripapillary RNFL
and GCIPL thickness reduction within 2–5 months
could predict the final visual outcomes.

● Oedema of the ONL lasting to 2–5 months after onset
could predict worse visual outcomes.
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