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Abstract
Purpose To study whether there is a correlation between the macular and optic nerve morphological condition and the retinal
ganglion cells (RGCs) and visual pathways’ function, and to investigate whether visual acuity (VA) changes might be related to
the morpho-functional findings in chronic non-arteritic ischemic optic neuropathy (NAION).
Methods In this retrospective study, 22 patients (mean age 62.12 ± 6.87) with chronic unilateral NAION providing 22 affected
and 22 fellow eyes without NAION (NAION-FE), and 20 (mean age 61.20 ± 7.32) healthy control subjects were studied by
spectral domain optical coherence tomography (Sd-OCT) for investigating macular thickness (MT) and volume (MV) of the
whole (WR), inner (IR) and outer retina (OR), and the peripapillary retinal nerve fiber layer thickness (RNFL-T) measured
overall and for all quadrants. Also, simultaneous 60′ and 15′ pattern electroretinogram (PERG) and visual evoked potentials
(VEP) and VA were assessed. Differences of MT and MV of WR, IR, OR, and RNFL-T overall and for all quadrants, PERG
amplitude (A), VEP implicit time (IT), and A and VA values between NAION eyes and controls were assessed by one-way
analysis of variance. Pearson’s test was used for regression analysis. A p value < 0.01 was considered as significant.
Results In NAION eyes as compared to NAION-FE eyes and controls, significant (p < 0.01) changes of MT, MV ofWR and IR,
RNFL-T, 60′ and 15′ PERGA, VEP IT and A, and VAwere found. No significant (p > 0.01) OR changes were observed between
groups. In NAION eyes, significant (p < 0.01) correlations between MV of WR and IR and 15′ PERG A were found. Overall,
RNFL-T values were significantly correlated (p < 0.01) with those of 60′ PERG A and VEP IT and A; temporal RNFL-T values
were correlated (p < 0.01) with 15′ PERG A and VEP IT and A ones. Temporal RNFL-T, MV-IR, and 15′ PERG A as well as
VEP IT were significantly (p < 0.01) correlated with VA. Significant (p < 0.01) linear correlations between 60′ and 15′ PERG A
findings and the corresponding values of 60′ and 15′ VEP A were also found.
Conclusion Our findings suggest that in chronic NAION, there is a morpho-functional impairment of the IR, with OR structural
sparing. VA changes are related to the impaired morphology and function of IR, to the temporal RNFL-T reduction and to the
dysfunction of both large and small axons forming the visual pathway.
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Introduction

Non-arteritic anterior ischemic optic neuropathy (NAION) is
the most common cause of non-glaucomatous optic neuropa-
thy in adults over 50 years [1]. It is characterized by a painless
and acute vascular failure of the optic nerve, with optic nerve
head swelling (more often in small discs with no cupping),
sudden loss of visual acuity (VA), and remarkable visual field
(VF) defects [1, 2].

In the chronic phase, as a consequence of the acute ische-
mic injury, the optic nerve head swelling ends in a sectorial or
diffuse pallor. A morphological and functional impairment of
the retinal ganglion cells (RGCs) and their fibers, forming the
optic nerve [3, 4], occurs in a period between 1 and 6 months
after the onset of the pathology [3]. Our recent evidence sug-
gests that this neurodegenerative process may not be consid-
ered irreversible, since it can be in part stabilized or reduced
by the administration of citicoline in oral solution [5].

The morphological assessment of the RGCs and of their
fibers can be performed in vivo by spectral domain optical
coherence tomography (Sd-OCT). In particular, since a great-
er proportion of RGCs are enclosed into the inner retinal
layers (IR) of the macula, the measurement of macular thick-
ness (MT) and macular volume (MV) could represent a reli-
able method to assess the entire morphological involvement
consequent to the ischemic degeneration [6]. Nevertheless,
since the RGCs constitute about 34% of the overall MT [7],
the evaluation of MT and MV, further segmented in outer
retina (OR) and in IR, may represent a more appropriate meth-
od for assessing RGCs involved in the degeneration [6, 7].
Themorphology of the RGCs’ axons, forming the optic nerve,
can be evaluated by Sd-OCT measurement of retinal nerve
fiber layer thickness (RNFL-T) [8–13]. Several studies report-
ed that, as expected, a hallmark of the chronic phase of
NAION is the reduction of RNFL-T [2, 11, 14–16], of MT
[15, 17, 18] and of MV [15].

The functional evaluation of RGCs and their fibers, and of
the whole visual pathways, can be performed by pattern elec-
troretinogram (PERG) and visual evoked potential (VEP)

recordings, respectively [19]. Indeed, by using appropriate
visual stimuli, it is possible to discriminate the neural conduc-
tion along the larger or the smaller axons composing the visual
pathways [19–21]. These electrophysiological methods have
allowed to quantify and distinguish the dysfunction driven by
RGCs [4, 22–25] or by the optic nerve [4, 22, 23] that occurs
in the chronic phase of NAION.

Since in chronic NAION there is a progressive visual dys-
function, an interesting and actual topic may be to evaluate
whether the changes in VA are related to a morphological
involvement (changes in Sd-OCT RNFL-T, MT, and MV)
and/or RGCs and visual pathway dysfunction (changes in
PERG and VEP responses). In these patients, a significant
relationship between the reduction of RGCs and RNFL-T
and the progression of the loss of VA [13, 14, 17, 26, 27]
has been reported. By contrast, there is lack of comprehensive
evidences about the potential correlation between the dysfunc-
tion of RGCs and VA data and the abovementioned morpho-
logical changes.

Therefore, we aimed to study whether there is a correlation
between the macular and optic nerve fiber morphological in-
volvement (assessed by Sd-OCT MT and MV and RNFL-T
measurements) and the RGCs and visual pathways’ function
(evaluated by PERG and VEP recordings, respectively), and
to investigate whether VA changes might be related to this
morpho-functional condition in the chronic phase of NAION.

Materials and methods

This researchwas designed as a monocentric and retrospective
study. The study followed the tenets of the Declaration of
Helsinki, and was approved by the local ethics committee on
February 14, 2017 (Comitato Etico Centrale IRCCS Lazio,
Sezione IFO/Fondazione Bietti, Rome, Italy). Upon recruit-
ment, executed from February to July 2017, at the IRCCS-
Fondazione Bietti, each patient signed the informed consent.

Twenty-two patients (14 females and 8 males) affected by
unilateral NAION (mean age 62.12 ± 6.87 years) providing 22
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eyes with NAION (NAION group), 22 fellow eyes without
NAION (NAION-FE group), and 20 age-matched (12 females
and 8 males) healthy control subjects (control group, mean
age 61.20 ± 7.32 years, 20 eyes) participated to the study.
Based on the inclusion/exclusion criteria (see below), enrolled
patients were selected from a larger cohort of 137 patients
with NAION.

All subjects underwent an extensive ophthalmologic eval-
uation, including best-corrected VA measured as logarithm of
the minimum angle of resolution (LogMAR), slit-lamp
biomicroscopy, intraocular pressure (IOP) measurement, indi-
rect ophthalmoscopy, optic nerve head 30° color standard
photography, Humphrey 30–2 automated visual field test
(HFA 30–2), Sd-OCT scans (with analysis of RNFL-T, MT,
and MV), PERG, and VEP recordings.

Inclusion criteria for NAION patients were age > 45 years;
disease persisting at least 6 months [3] after an acute episode
of sudden, painless, unilateral visual loss, VA < 0.8 LogMAR
and diffuse/altitudinal scotoma VF defects with a mean devi-
ation > − 5 dB; IOP < 18 mmHg; no abnormalities of the an-
terior segment; presence of ophthalmoscopic sign of pale optic
disc head with absence of optic disc edema or RNFL swelling
(evaluated by Sd-OCT, see below). Exclusion criteria were the
presence of clinical and laboratory data leading to Horton’s
disease; history or presence of any other type of optic neurop-
athy (glaucomatous, demyelinating, inflammatory, toxic, or
hereditary); presence of fluorescein angiography sign of any
type of retinal vasculopathy (i.e., central vein/artery occlu-
sion); intake of drugs with potential neuroprotective effects
(i.e., brimonidine tartrate [28], coenzyme-Q10 [29], citicoline
[5]) at least 12 months prior to the enrolment in the present
study. Excluded from the present study were also all NAION
patients with VF centrocecal scotoma that did not allow per-
ceiving the target of PERG and VEP stimuli (see below). In
addition, since the high myopia can influence the PERG re-
sponses [30], eyes with a refractive error greater than 3 nega-
tive diopters were also excluded.

For NAION, NAION-FE, and control eyes, exclusion
criteria were presence of moderate to dense lens and cor-
neal opacities or maculopathy which are known to affect
PERG and VEP responses [31], previous history of refrac-
tive surgery, glaucoma or ocular hypertension, intraocular
inflammation such as anterior or posterior uveitis, retinal
detachment or laser treatment for peripheral retinal dis-
eases, ocular trauma, diabetes, and other systemic or neu-
rological diseases.

In all enrolled patients (NAION or NAION-FE eyes) and
controls, the following examinations were performed.

Visual acuity assessment

Best-corrected VA was evaluated by the modified self-
illuminated Early Treatment Diabetic Retinopathy Study

(ETDRS) charts (Lighthouse, Low Vision Products, Long
Island City, NY, USA) at the distance of 4 m. VA was mea-
sured as LogMAR.

Spectral domain optical coherence tomography
analysis

MT, MV, and RNFL-T were assessed using RTVue-100 Sd-
OCT device (RTVue Model-RT100 version 6.3; Optovue
Inc., Fremont, CA, USA) according to APOSTEL recommen-
dations [32].

Macular thickness and volume The morphology of the
macular area can be explored in vivo by Sd-OCT, pro-
viding layer-by-layer objective measurements of anatom-
ical structures. Sd-OCT scans were obtained in a dark
room after pupil dilation with tropicamide 1% drops and
each scan was carefully reviewed for the accurate iden-
tification and segmentation of the retinal layers by two
expert graders (LZ and LB) to exclude cases of failed
segmentation. The Sd-OCT image quality signal strength
index of the acquired scan was at least 40. Scans that
did not fulfill the above criteria were excluded from the
analysis. The RTVue-100 device uses a low coherence
light source centered at 840 nm with 50 nm bandwidth,
which gives an axial resolution of 5 μm.

By using the MM5 protocol, we collected MT and MV
data from the ETDRS map. The MM5 grid scanning protocol
consists of 11 horizontal lines with 5 mm scan length, 6 hor-
izontal lines with 3 mm scan length, 11 vertical lines with
5 mm scan length, 6 vertical lines with 3 mm scan length each
at 0.5 mm interval, all centered at the fovea. The number of A-
scans in long horizontal and vertical line is 668 and the num-
ber of A-scans in short horizontal and vertical line is 400. This
scan configuration provided an acquisition rate of 26.000 A-
scans/second.

The segmentation algorithm of theMM5 scanning protocol
also enables the automatic segmentation of the outer retinal
thickness and volume (MT-OR and MV-OR), of the inner
retinal thickness and volume (MT-IR and MV-IR), and whole
retinal thickness and volume (MT-WR and MV-WR) of the
macular region.

The software automatically divides the inner and outer neu-
rosensory retinas at the boundary between the inner nuclear
layer (INL) and the outer plexiform layer (OPL). The OR
encloses the OPL, the outer nuclear layer and the photorecep-
tor layer. The IR examines the RNFL, the complex of RGCs
and inner plexiform layer (GC/IPL) and the INL. The bound-
aries of the OR were the anterior of the OPL and the photore-
ceptor inner segment/outer segment junction. The following
boundaries were identified for the IR segmentation: the inner
limiting membrane and the posterior of the INL.
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Retinal nerve fiber layer thickness Peripapillary RNFL 3.45
protocol was used. The characteristics of Sd-OCT evaluation
are reported extensively in our previous work [33]. In the Sd-
OCT results, we considered the average value of RNFL thick-
ness of the following quadrants: superior (RNFL-ST), inferior
(RNFL-IT), nasal (RNFL-NT), and temporal (RNFL-TT); the
overall data obtained in all quadrants (average of 8 values)
were identified as RNFL overall (RNFL-OT).

Electrophysiological (PERG and VEP) assessment

Simultaneous PERG and VEP recordings were performed
using a previously published method [5, 19–21]. Briefly, the
visual stimulation was monocular after occlusion of the other
eye and the visual stimuli were checkerboard patterns (con-
trast, 80%; mean luminance, 110 cd/m2) generated on a TV
monitor and reversed in contrast at the rate of two reversals per
second. At the viewing distance of 114 cm, the check edges
subtended 60 min (60′) and 15 min (15′) of the visual angle.
We used two different checkerboard patterns, as suggested by
the VEP ISCEV standards [34], to obtain a prevalent activa-
tion of larger (60′ checks) or smaller (15′ checks) axons [20,
21]. The monitor screen subtended 23°. A small fixation tar-
get, subtending a visual angle of approximately 0.5° (estimat-
ed after taking into account spectacle-corrected individual re-
fractive errors), was placed at the center of the pattern stimu-
lus. For every PERG and VEP acquisition, each patient posi-
tively reported that he/she could clearly perceive the fixation
target.

The PERG bioelectrical signal was recorded by a small
Ag/AgCl skin electrode placed over the lower eyelid.
PERGs were bipolarly derived between the stimulated (ac-
tive electrode) and the patched (reference electrode) eye. A
discussion on PERGs using skin electrodes and its relation-
ship to the responses obtained by corneal electrodes can be
found elsewhere [35, 36]. In the PERG response, we con-
sidered peaks having the following implicit times: 50 and
95 msec (P50, N95); the peak-to-peak amplitude between
P50 and N95 was measured (PERG A). In the VEP re-
sponse, we considered and measured peaks having the fol-
lowing implicit times (IT): 75 and 100 msec (N75 and
P100) and the peak-to-peak amplitude between N75 and
P100 (VEP A).

During a recording session, simultaneous PERG and VEP
were recorded at least twice (between 2 to 6 times) and the
resulting waveforms were superimposed to check the repeat-
ability of results. On the basis of our previous study [37], we
know that intra-individual variability (evaluated by test-retest)
is approximately ± 2 msec for VEP P100 IT and approximate-
ly ± 0.18 microvolts for PERG A. During the recording ses-
sion, we considered as “superimposable,” and therefore re-
peatable, two successive waveforms, with a difference inmsec
(for VEP P100 IT) and in microvolts (for PERG A) that was

less than the above reported values of intra-individual variabil-
ity. At times, the first two recordings were sufficient to obtain
repeatable waveforms, while other times, further recordings
were required (albeit never more than 6 in the cohort of pa-
tients). For statistical analyses (see below), we considered
PERG and VEP values measured in the recording with the
lowest PERG A.

In each patient, the signal-to-noise ratio (SNR) of PERG
and VEP responses was assessed by using our previously
published methods [20, 21, 37]. We accepted VEP and
PERG signals with a SNR > 2 for all subjects.

Statistical analysis

We assumed a Gaussian distribution of our data. The nor-
mal distribution was assessed by using the Kolmogorov-
Smirnov test. Size estimates were obtained from pilot eval-
uations performed in 13 eyes from 13 NAION eyes, and 12
eyes from 12 control subjects, other than those included in
the current study (unpublished data). Inter-individual vari-
ability, expressed as standard deviation (SD) data, was es-
timated for 15′ PERG A. For PERG A, Mean/SD ratio
value was higher for NAION (mean 1.35 microvolt; SD
0.32 microvolt, about 24% of the mean) than for controls
(mean 2.65 microvolt; SD 0.30 microvolt, about 11% of
the mean). It was also established that, assuming the above
mean and SD values, sample sizes of control subjects and
NAION patients provided a power of 80% (β = 20%) at
α = 5% for detecting a between-group difference of 11%
in PERG A measurement. Thus, a sample size of 18
NAION patients and 18 control subjects was obtained.

For VA, PERG, VEP, and Sd-OCT parameters, 95% con-
fidence limits were obtained from control data by calculating
mean values + 2 SD for VEP IT and mean values − 2 SD for
PERG A, VEP A, MT, MV, and RNFL-T (see Table 1). VA
was considered as abnormal for values greater than 0.0
LogMAR.

Differences of VA, PERG, VEP, and Sd-OCT values be-
tween controls and NAION or NAION-FE groups were eval-
uated by the one-way analysis of variance (ANOVA).
Pearson’s test was applied to compare morphological
(RNFL-T, MT, and MV), electro-functional (PERG A, VEP
IT, and VEP A), and VA data.

In all analyses, we considered as statistically significant a p
value lower than 0.01. Minitab 17 (version 1) software was
used for statistics.

Results

Figure 1 shows representative example of PERG and VEP
recordings and RNFL-T in one control eye (#7) and one
NAION eye (#10).
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Fig. 1 Examples of simultaneous pattern electroretinogram (PERG) and
visual evoked potential (VEP) (a) recordings and of retinal nerve fiber
layer thickness (RNFL-T) (b–d) analysis observed in one representative
control eye (#7) and one non-arteritic ischemic optic neuropathy
(NAION) eye (#10). On panel b, the anatomical scan line of the bound-
aries between the vitreoretinal interface and the retinal pigment epitheli-
um and the choriocapillaris is reported. On panel c, the analysis of the
RNFLmap for 8 quadrants is presented. On panel d, the thickness profile
of RNFL for each sector is reported.We considered the average value of 8
different measurements per 4 quadrants (RNFL temporal, T (TU + TL/2);
superior, S (ST + SN/2); nasal, N (NU+NL/2); inferior, I (IT+IN/2)); the
overall data obtained in all quadrants (8 values averaged) was identified

as RNFL overall (see Methods). A colorimetric scale of the RNFL thick-
ness is presented on the right. 60′ and 15′ = check edges subtending
60 min (60′) and 15 min (15′) of the visual angle for PERG and VEP
visual stimuli; N75 and P100 refer to the first negative and the first
positive peak of VEP recordings (the peak to peak N75-P100 amplitude
and the implicit time of P100 were considered); P50 and N95 refer to the
first positive and the second negative peak of PERG recordings (the peak
to peak P50-N95 amplitude was considered). In NAION eye, with respect
to control eye, it is possible to observe reduced P50-N95 PERG ampli-
tude, delayed P100 VEP implicit time, reduced N75-P100 VEP ampli-
tude, and reduced RNFL-T
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On Table 1, individual data of VA, MT, MV, RNFL-
T, PERG, and VEP from 22 NAION patients are pre-
sented. The number and the relative percentage of

normal/abnormal values for each psychophysical, mor-
phological, and functional parameter detected is reported
in Table 2.

Table 2 Mean values of visual acuity (VA), macular thickness (MT),
macular volume (MV), retinal nerve fiber layer (RNFL) thickness, 60′
and 15′ pattern electroretinogram (PERG) P50-N95 amplitude (A), visual

evoked potentials (VEP) P100 implicit time (IT) and N75-P100 ampli-
tude (A) detected in control eyes, in eyes with non-arteritic ischemic optic
neuropathy (NAION), and in fellow eyes of NAION eyes (NAION-FE)

Controls
(N = 20)

NAION-FE
(N = 22)

NAION
(N = 22)

NAION Ab % of Ab ANOVA: NAION vs
Controls

ANOVA: NAION vs
NAION-FE

Mean 1SD Mean 1SD Mean 1SD f (1,41) = p = f (1,43) = p =

VA (LogMAR) 0.00 0.00 0.00 0.00 0.21 0.26 18 82 13.00 * 94.35 *

MT-WR (μ) 321.16 16.61 318.28 14.84 262.18 31.61 19 86 55.59 * 56.58 *

MT-IR (μ) 127.30 6.13 122.2 6.87 71.09 14.12 22 100 270.16 * 759.01 *

MT-OR (μ) 193.80 16.12 196.08 15.92 188.59 16.90 0 0 1.04 0.314 0.26 0.615

MV-WR (mm3) 7.48 0.31 7.34 0.28 6.63 0.48 19 86 55.75 * 35.91 *

MV-IR (mm3) 2.97 0.21 2.78 0.24 2.35 0.24 21 95 78.67 * 35.21 *

MV-OR (mm3) 4.43 0.37 4.36 0.42 4.28 0.28 1 4 2.22 0.144 0.55 0.461

RNFL-TT (μ) 86.40 8.62 83.6 8.16 46.27 16.33 22 100 97.79 * 91.99 *

RNFL-ST (μ) 132.30 11.24 129.4 9.86 62.09 13.79 22 100 333.41 * 346.83 *

RNFL-IT (μ) 140.50 10.86 138.7 9.04 72.09 18.06 21 95 220.09 * 239.31 *

RNFL-NT (μ) 96.40 9.15 94.6 8.93 46.23 10.78 22 100 270.49 * 262.68 *

RNFL- OT (μ) 113.90 4.61 111.6 4.19 56.66 11.97 22 100 405.81 * 414.38 *

60′ PERG A (μV) 2.62 0.21 2.49 0.27 1.38 0.21 22 100 380.36 * 231.68 *

60′ VEP IT (msec) 100.51 3.37 101.03 4.03 130.86 6.39 22 100 365.43 * 243.00 *

60′ VEP A (μV) 12.43 1.88 12.54 2.13 4.21 2.29 21 95 164.88 * 156.07 *

15′ PERG A (μV) 2.74 0.28 2.69 0.32 1.31 0.22 22 100 359.97 * 277.83 *

15′ VEP IT (msec) 103.60 3.86 105.03 4.12 128.45 8.03 22 100 160.20 * 148.14 *

15′ VEP A (μV) 11.34 1.72 11.68 2.44 4.92 2.40 21 95 100.08 * 85.83 *

N number of eyes, SD standard deviation; ANOVA one-way analysis of variance; p values lower than 0.01 (*) were considered as statistically significant.
Ab abnormal with respect to 95% normal confidence limits (mean values + 2 SD for VEP IT and mean values − 2 SD for PERG A, VEP A, RNFL-T,
MT, andMV; VAwas considered as Ab for values greater than 0.0 LogMAR); 60′ and 15′, visual stimuli checks subtending 60 and 15min of visual arc,
respectively; WR, whole retina; IR, inner retina; OR, outer retina; TT, temporal thickness; ST, superior thickness; IT, inferior thickness; NT, nasal
thickness; OT, overall thickness; μ, microns; μV, microvolt; msec milliseconds

Table 3 Linear correlations (Pearson’s test) between macular thickness
(MT), macular volume (MV), retinal nerve fiber layer (RNFL) thickness
and 60′ and 15′ pattern electroretinogram P50-N95 (PERG) amplitude
(A), visual evoked potentials (VEP) P100 implicit time (IT) and N75-
P100 amplitude (A) values detected in patients with non-arteritic

ischemic optic neuropathy (NAION). WR, whole retina; IR, inner retina;
OR, outer retina; TT, temporal thickness; OT, overall thickness; 60′ and
15′, visual stimuli checks subtending 60 and 15 min of visual arc, respec-
tively; μ, microns; μV, microvolt;msec, milliseconds. p values lower than
0.01 (*) were considered as statistically significant

60′ PERG A (μV) 60′ VEP IT (msec) 60′ VEP A (μV) 15′ PERG A (μV) 15′ VEP IT (msec) 15′ VEP A (μV)

R p = R p = R p = R p = R p = R p =

MT-WR (μ) 0.27 0.207 − 0.00 0.970 0.34 0.120 0.16 0.470 0.01 0.952 0.13 0.558

MT-IR (μ) 0.26 0.240 − 0.03 0.860 0.34 0.110 0.07 0.726 − 0.10 0.648 0.15 0.497

MT-OR (μ) 0.21 0.328 0.03 0.893 0.24 0.268 0.21 0.342 0.14 0.519 0.07 0.750

MV-WR (mm3) 0.30 0.169 − 0.06 0.788 0.34 0.114 0.55 * − 0.10 0.647 0.18 0.413

MV-IR (mm3) 0.28 0.205 − 0.25 0.245 0.47 0.023 0.62 * − 0.30 0.162 0.25 0.261

MV-OR (mm3) 0.27 0.208 0.11 0.617 0.18 0.421 0.50 0.017 0.08 0.703 0.09 0.685

RNFL-TT (μ) – – – – – – 0.64 * − 0.70 * 0.61 *

RNFL-OT (μ) 0.60 * − 0.63 * 0.66 * – – – – – –
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On average, significant differences (p < 0.01) between
NAION and NAION-FE or and control groups were
detected for mean values of the following parameters:
VA, MT-WR, MT-IR, MV-WR, MV-IR, RNFL-TT,
RNFL-ST, RNFL-IT, RNFL-NT, RNFL-OT, 60′ PERG
A, 60′ VEP IT and A, 15′ PERG A, 15′ VEP IT and A.
Mean values of MT-OR and MV-OR were not signifi-
cantly different (p > 0.01) between NAION, NAION-FE,
and control groups. These results are reported in
Table 2.

On Table 3, the linear correlation between morphological
and functional data detected in NAION eyes is presented.
Significant correlations (p < 0.01) between MV-WR, MV-
IR, and 15′ PERG A were found. Moreover, RNFL-TO sig-
nificantly (p < 0.01) correlated with 60′ PERG A, 60′VEP IT,
and 60′ VEP A; also, RNFL-TT correlated significantly
(p < 0.01) with 15′ PERG A, 15′ VEP IT, and 15′ VEP A.
No other significant correlations were found.

On Table 4, the linear correlations between VA values and
both morphological and functional data observed in NAION

eyes are presented. Significant (p < 0.01) correlations were
found between VA and MV-IR, RNFL-TT, and both 60′ and
15′ VEP IT values. Moreover, 15′ PERG A values were sig-
nificantly (p < 0.01) correlated with VA ones. No other signif-
icant correlations between morpho-functional and VA data
were observed.

In addition, as represented in Fig. 2, no significant
(p > 0.01) linear correlations between 60′ and 15′ PERG A
findings and the corresponding values of 60′ and 15′ VEP IT
were observed, whereas significant (p < 0.01) linear correla-
tions between 60′ and 15′ PERG A findings and the corre-
sponding values of 60′ and 15′ VEP A were found in
NAION eyes.

Discussion

Our study aimed to assess the potential correlation between
the macular and optic nerve fibers’ morphological involve-
ment and the RGCs and visual pathways’ function, and to
investigate whether the changes in VA might be related to
the morpho-functional findings in the chronic phase of
NAION.

When compared to controls and NAION-FE, NAION
eyes showed a morphological impairment involving the
whole retina and the inner retina of the macular region
(significant reduction of MT-WR, MT-IR, MV-WR, and
MV-IR), the peripapillary RNFL (significant reduction
of RNFL-T overall and of all sectors), whereas no
changes of the outer macular layers (not significantly
reduced MT-OR and MV-OR) were found. In the same
eyes, significant reduction of VA and abnormal electro-
physiological responses (reduced 60′ and 15′ PERG A
and VEP A and increased 60′ and 15′ VEP IT) was
found.

These findings and their relationships are discussed sepa-
rately as follows.

Macular and nerve fiber layer structural impairment
and the correlation with VA changes

MT and MV, especially of the IR layers, although poorly
used as a parameter to investigate on the effect of neuro-
degeneration in NAION eyes, may be considered a reliable
surrogate for determining the extent of ischemic damage to
the macular elements [15, 17, 18]. Our results (thinning of
MT and MV of the WR and IR) are consistent with few
other similar studies [13, 15, 17, 18] that described a sig-
nificant decrease of MT-WR and MT-IR [15, 17] as well as
thinning of MV-WR and MV-IR [15]. Indeed, the IR mac-
ular involvement has been better defined by using an ac-
curate Sd-OCT segmentation that identified an involve-
ment of GC-IPL [13, 16]. Our choice, instead, of

Table 4 Linear correlations (Pearson’s test) between visual acuity (VA)
and macular thickness (MT), macular volume (MV), retinal nerve fiber
layer (RNFL) thickness, 60′ and 15′ pattern electroretinogram P50-N95
(PERG) amplitude (A), visual evoked potential (VEP) P100 implicit time
(IT) and N75-P100 amplitude (A) values detected in patients with non-
arteritic ischemic optic neuropathy (NAION). p values lower than 0.01
(*) were considered as statistically significant.WR, whole retina; IR, inner
retina; OR, outer retina; TT, temporal thickness; ST, superior thickness;
IT, inferior thickness; NT, nasal thickness; OT, overall thickness; μ, mi-
crons; msec, milliseconds; μV, microvolt; 60′ and 15′, visual stimuli
checks subtending 60 and 15 min of visual arc, respectively

VA (LogMAR)

R p =

MT-WR (μ) 0.098 0.662

MT-IR (μ) 0.343 0.117

MT-OR (μ) − 0.169 0.451

MV-WR (mm3) − 0.411 0.057

MV-IR (mm3) − 0.684 *

MV-OR (mm3) − 0.395 0.068

RNFL-TT (μ) − 0.618 *

RNFL-ST (μ) − 0.309 0.160

RNFL-IT (μ) − 0.189 0.397

RNFL-NT (μ) − 0.231 0.299

RNFL-OT (μ) − 0.423 0.049

60′ PERG A (μV) − 0.306 0.164

60′VEP IT (msec) 0.672 *

60′ VEP A (μV) − 0.355 0.104

15′ PERG A (μV) − 0.584 *

15′VEP IT (msec) 0.684 *

15′ VEP A (μV) − 0.148 0.510
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measuring structural changes in NAION eyes by MT and
MV resides on the possibility to further segment these pa-
rameters for measuring the OR and the IR layers. In par-
ticular, the segmentation of the IR (enclosing RNFL,
RGCs layer, and IPL), which constitutes approximately
34% of the total averaged MT [38], allows to investigate
on the axons, the RGCs bodies, and their dendrites located
in specific layers that are thought to be damaged following
the acute event of NAION [15]. In details, MT-IR and MV-
IR include all neural retinal tissue and may capture the
RGCs’ loss, as a consequence of the ischemic effect induc-
ing neurodegeneration of the macular IR [18].

Although there are several evidences on the involvement
of IR in NAION [13–18], very few studies evaluated the OR
morphology [15, 18]. Our finding of no significant difference
MT-OR and MV-OR might indicate that OR structure may
be preserved from the post-ischemic neurodegenerative pro-
cess. However, Ackermann et al. [18] observed OR impair-
ment in few macular regions and Papchenko et al. [15] de-
scribed a significant reduction of MT-OR and MV-OR, sug-
gesting loss of photoreceptors subsequent or concurrent with
RGC death. Further studies about the macular OR structure in

NAION should be useful for clarifying our and
abovementioned contrasting findings.

In our study, no correlations between MT-WR, MT-IR,
MT-OR, MV-WR, MV-OR, and VA were observed, as
also found by Ackermann et al. [18]. Instead, Keller et al.
[17] found a correlation between MT-IR and VA 1 month
after the acute event, suggesting that the post-ischemic ap-
optosis of RGCs induces a retrograde degeneration of the
deep retinal layers responsible for high-contrast VA. They
also found a correlation between MT-OR and VA, suggest-
ing that the optic nerve edema could damage the soma of
photoreceptor cells by increasing compartmental pressure
and leading to persistent ONL thickening that influences
VA. By contrast, we observed that the individual values of
VA were significantly correlated only with the correspond-
ing values of reduced MV-IR. This is in agreement with
the only work [15] that considered the same correlation.
Our results suggest that, since the IR represents approxi-
mately one-third of the retinal thickness [38], MV-IR could
be considered a parameter able to reflect RGC loss that
might contribute to the neural damage responsible for VA
loss. Indeed, we also observed reduced MV-IR in some

Fig. 2 Linear correlations (by Pearson’s test) between 60′ pattern
electroretinogram P50-N95 (PERG) amplitude and 60′ visual evoked
potential (VEP) P100 implicit time (a) and N75-P100 amplitude (c)
values, respectively, detected in patients with non-arteritic ischemic optic

neuropathy (NAION). The linear correlations between 15′ P50-N95
PERG amplitude and 15′ VEP P100 implicit time and N75-P100 ampli-
tude values are presented in b and d panels, respectively
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NAION eyes (see Table 1) with normal VA values (0.0
LogMAR). This could suggest that it is possible to find a
preserved normal VA also in the presence of a morpholog-
ical RGC impairment.

About the peripapillary RNFL, a significant decrease of
overall and sectorial quadrants’ thickness was observed in
our NAION eyes compared to controls and NAION-FE.
RNFL-T reduction represents the degeneration of RGCs’
axons that results from the direct ischemic impact on the optic
nerve head, as already described by several previous studies
[2, 11, 14–16].

In summary, our results indicate that, although the primary
site of damage is the optic nerve head, there is a loss of large
part of the RGCs’ axons (RNFL) with a concomitant morpho-
logical impairment of RGCs’ bodies located in the macular
region, and this could explain thinning of MT and MV [5].
Different authors [9, 10, 13] considered that the RGC damage
happens earlier than the axonal loss. Our findings, as men-
tioned above, refer to the chronic phase of NAION without
a longitudinal follow-up and therefore do not allow to estab-
lish whether the damage impairs earlier the RGCs or their
axons [10].

In NAION eyes, VA loss showed a significant correlation
with the reduction of RNFL-TT, whereas no correlations be-
tween overall and other sectorial RNFL-T and VA were
found. These findings could be explained by the data that
the morphological impairment of RNFL-TT might influence
the central vision in NAION eyes, as VA deficit depends on
the severity of the damage sustained by the papillomacular
bundle [2, 11, 15, 26, 39], together with the abovementioned
MV-IR impairment. By contrast, some NAION eyes can re-
tain normal VA with concomitant reduced RNFL-TT, as pre-
sented on Table 1.

RGCs and visual pathways’ dysfunction and their
correlation with morphological and VA changes

Our NAION eyes showed reduced 60′ and 15′ PERG A when
compared to controls and NAION-FE, consistent with previ-
ous other reports [4, 25, 26]. It is known that in humans, the
integrity of the innermost retinal layers is required to obtain a
normal PERG response, although a contribution of the retinal
pre-ganglionic element function cannot be entirely excluded
on the genesis of this bioelectrical activity [40–45]. On the
basis of morpho-functional studies performed in neurodegen-
erative diseases involving the IR (i.e., multiple sclerosis [46],
Alzheimer’s disease [47], glaucoma [48]), we are confident
that the P50-N95 amplitude could be the PERG component
that better describes the IR function [23]. Therefore, the ob-
served reduced 15′ PERG A indicates that IR is impaired in
eyes affected by ischemic optic neuropathy. In addition, re-
duced 15′ PERG A was significantly correlated with the mor-
phological impairment of MV-WR, MV-IR, and RNFL-TT.

This finding, according to other previous correlations detected
in other neurodegenerative diseases (see for a review Parisi
[49]), is a further evidence that, also in humans, PERG A is
dependent from the morphological integrity of the innermost
retinal layers. This is supported by the lack of correlation
between 15′ PERG A, MT-OR, and MV-OR. However, dif-
ferently from the pathogenesis of other neurodegenerative dis-
eases [49], the IR dysfunction (reduced 15′ PERG A) is likely
to be due to the long-term effects of insufficient vascular
blood supply at the optic nerve head level that may produce
a direct damage on the RGCs’ bodies and their fibers.
However, since reduced 15′ PERG A was correlated signifi-
cantly with both reduced RNFL-TT and MV-IR, we cannot
uniquely establish whether, in the chronic phase, this dysfunc-
tion is due to post-ischemic retrograde degeneration or rather
to the direct hypoxic impact on the RGCs. All this applies only
to the 15′ PERG stimulus that preferentially activates the
RGCs located in the macula. It is likely that, when using larger
checks (60′ stimulus), the obtained transient PERG signal
captures also the response from those retinal elements sensi-
tive to uniform luminance changes (pre-ganglionic cells
located in more distal retinal layers) [21, 37]. This is also
supported by the lack of correlation between 60′ PERG A
and MT/MV-IR.

The data that the 15′ PERGA impairment was significantly
correlated with both RNFL-TT and VA confirms that reduced
VA in our NAION patients depends on the impaired morpho-
functional condition of the IR [49].

In previous studies of NAION [50–53], reduced VEP am-
plitudes were observed also in presence of normal ITs and this
was ascribed to the fact that a sectorial optic nerve ischemic
injury cannot affect the timing of the neural conduction, being,
however, the bioelectrical responses reduced at the level of
visual cortex. By contrast, our NAION eyes showed signifi-
cant delayed VEP IT and reduced amplitudes, in agreement
with other previous findings [4, 5, 22, 23], leading us to be-
lieve that the optic nerve ischemic damage affects both the
timing of the neural conduction along the visual pathways
and the entity of the visual cortical responses. The first was
independent from the bioelectric activity of the RGCs (lack of
correlation between PERG A and VEP IT), whereas the latter
was influenced by the RGC impairment (correlation between
PERG A and VEP A).

VEP responses were obtained by using different spatial
frequencies with larger or smaller checks (60′ and 15′, respec-
tively) to obtain information on the function of large and small
axons forming the visual pathways, respectively [19–21]. This
is supported by the significant correlation between RNFL-OT
with 60′ VEP IT and A, and the relationship between RNFL-
TT with 15′ VEP IT and A. Since our patients were evaluated
in the chronic phase, the abovementioned correlated morpho-
functional findings could be ascribed to long-term neurode-
generative process, due to ischemia inducing loss/dysfunction
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of both small and large axons forming the optic nerve.
Accordingly, in our NAION patients, we found that VA
changes were dependent from the impaired neural conduction
along both large and small axons composing the visual path-
ways (60′ and 15′ delayed VEP IT).

In conclusion, the novelty of our findings consisted in
assessing and correlating the morphological, functional, and
the VA changes in patients with chronic NAION. We found
that, in this phase on the disease, there is a morpho-functional
impairment of the IR, with OR structural sparing. VA changes
were related to the impaired morphology and function of IR
(reduced MV-IR and 15′ PERG A), to the RNFL-TT defects
and to a dysfunction of the neural conduction along the visual
pathway (delayed or reduced VEP responses).
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