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Abstract
● AIM: To compare the optic disc blood flow of non-arteritic 
ischemic optic neuropathy (NAION) eyes with normal eyes. 
● METHODS: The optic disc blood flow densities of diagnosed 
non-acute phase NAION eyes (21 eyes, 14 individuals) 
and normal eyes (19 eyes, 12 individuals) were detected 
via Optovue optical coherence tomography angiography 
(OCTA). The optic disc blood flow was measured via Image 
J software. Correlations between optic disc perfusion and 
visual function variables were assessed by linear regression 
analysis.
● RESULTS: The average percentage of the optic disc non-
perfusion areas in the non-acute phase NAION patients 
(17.84%±6.18%) was increased, when compared to the 
normal control eyes (8.61%±1.65%), and the difference 
was statistically significant (P<0.01). Moreover, there 
was a proportional correlation between the visual field 
mean defect (MD) and the optic disc non-perfusion 
area percentage, and the relationship was statistically 
significant (t=3.65, P<0.01, R2=0.4118). In addition, the 
critical correlation between the best corrected visual acuity 
(BCVA) and the optic disc non-perfusion area percentage 
was statistically significant (t=4.32, P<0.01, R2=0.4957).
● CONCLUSION: The optic disc non-perfusion area percentages 
detected via OCTA in NAION eyes were significantly 
increased when compared with the normal eyes. Both 
the BCVA and MD were correlated with the optic disc flow 
detected, revealing that OCTA may be valuable in the 
diagnosis and estimation of NAION.
● KEYWORDS: non-arteritic anterior ischemic optic neuropathy; 
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INTRODUCTION

A nterior ischemic optic neuropathy (AION) is the result 
of disease in the small vessels supplying the anterior 

portion of the optic nerve[1-2]. AION can be divided into arteritic 
ischemic optic neuropathy and non-arteritic ischemic optic 
neuropathy (NAION). NAION makes up approximately 85% 
of all cases of AION, and is a common cause of sudden vision 
loss due to optic nerve dysfunction in adults over 55 years of 
age. Generally, it causes sudden, painless, unilateral vision 
loss, leading to swelling of the optic nerve head[3]. To date, 
there is no consistently effective treatment, either to improve 
vision in an eye affected by NAION or to prevent visual loss 
from NAION in the fellow eye[1].
Optical coherence tomography (OCT) can measure optic 
disc oedema, ganglion cell layer (GCL) thinning and retinal 
nerve fibre layer (RNFL) loss in different NAION eye stages. 
The macula and GCL are thinner in NAION eyes, and show 
stronger correlation with the visual field[4-7]. However, the 
specific correlation between the optic disc blood flow perfusion 
and the visual function remains unknown. Although optic disc 
perfusion changes can be observed in some NAION eyes via 
fundus fluorescence angiography (FFA), its application value 
is limited because it is invasive and the result is not digital. In 
recent years, a newly developed optical coherence tomography 
angiography (OCTA) technology, which is non-invasive, 
reproducible and sensitive, has demonstrated an ability to 
quantify the disc blood flow both rapidly and accurately[8-9]. 
This has prompted us to examine the role of the optic disc 
blood flow perfusion in the pathogenesis of NAION. In this 
study, we retrospectively reviewed the clinical data of non-
acute phase NAION patients, focusing on the visual field 
and visual acuity, to explore the features of OCTA and its 
correlation with visual function.
SUBJECTS AND METHODS
Participants  Fourteen patients diagnosed with non-acute 
phase NAION in the Outpatient Clinic of our hospital from 
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May 2015 to November 2016 were included in this research. 
The diagnostic criteria of NAION consisted of the following 
as previous described[10-11]: 1) a history of sudden visual loss 
and absence of other ocular and neurologic diseases that might 
influence or explain the patient’s visual symptoms; 2) optic 
disc-related visual field defects in the eye; 3) limited or diffuse 
papillary oedema and constant linear peripheral haemorrhage; 
4) a relative afferent papillary defect (RAPD) (+) and/or 
aberrant visual evoked potential (VEP); 5) ruled out other optic 
nerve diseases. All of the patients involved underwent medical 
optometry, an intraocular pressure measurement, slit-lamp 
microscopic and fundus examinations, fundus photography, 
and visual field and VEP examinations. FFA was performed 
when a patient demonstrated a good general physical condition. 
This research followed the tenets of the Declaration of Helsinki 
(as revised in Brazil in 2013) and was approved by the First 
Affiliated Hospital of Soochow University. Written consent 
was obtained from all of the patients before participating in 
this study.
Standards of Inclusion and Exclusion  The inclusion criteria 
were non-acute phase NAION patients, 18-80 years old, with 
3 or more months since the onset of disease. The exclusion 
criteria were the following: 1) non-NAION or acute phase 
NAION patients; 2) non-acute phase NAION patients with 
other eye diseases; 3) poor cooperation with fixation or the 
OCTA examination; 4) abnormal morphological optic discs 
leading to inaccurate OCTA data; 5) a refractive error greater than 
5.0 diopters (D) of spherical equivalent or 3.0 D of astigmatism. 
The control group consisted of healthy individuals without 
systemic or eye diseases, with normal optic discs.
Observation Index  The best corrected visual acuity (BCVA) 
was tested at each visit using the standard Snellen decimal-
acuity chart. The visual fields were tested using Octopus 101 
perimeter (Haag-Streit, Koeuiz, Switzerland) and the visual 
field mean defect (MD) was obtained.
OCTA was performed using the RTVue XR Avanti with Angio 
Vue (Optovue, Fremont, California, USA). The optic disc flow 
index was set as the optic disc non-perfusion area percentage 
detected via OCTA. Retinal scanning using a wide-field en-
face swept-source OCTA contributed to the optic disc-centred 
graphical reports (4.50×4.50 mm2). The graphs were analysed 
using Image J software. We defined the optic disc areas as A 
(except any major branch retinal blood vessels), and the optic 
disc non-perfusion areas as B by setting different threshold 
values. Subsequently, we defined the optic disc non-perfusion 
area percentages as C, and calculated C using the following 
formula: C=B/A×100%. We adopted the same threshold value, 
and scoped the optic disc margin according to the fundus 
photograph and previous reports (termination of the retinal 
pigment epithelium/Bruch’s membrane complex)[12-14], as far as 
possible, to reduce human error.

Statistical Analysis  The results were expressed as the 
mean±standard deviation (SD) using SPSS 22.0 software 
(SPSS, Los Angeles, CA, USA). A linear regression analysis 
was performed between the optic disc non-perfusion area 
percentages and MD, as well as the BCVA. One-way ANOVA 
was used to compare the measurements between the eyes 
with NAION and the normal controls. A value of P<0.05 was 
considered to be statistically significant.
RESULTS
Participant Characteristics  For this study, 14 patients 
(8 females, 6 males) with non-acute phase NAION were 
included. The analysis showed that the age of the subjects 
varied between 38 and 76 years old, with an average age of 
59.76±8.77 years old. The onset time varied from 3 to 120mo, 
with an average time of 12.90±24.97mo. The BCVA varied 
from 0.04 to 1.2, with an average acuity of 0.66±0.33.
For the control group, we collected information on 19 normal 
eyes of 12 healthy participants without any eye nor systemic 
diseases (8 females, 4 males). The mean age of the control 
group was 31.58±10.66 years old, and none of their BCVAs 
were lower than 1.0.
Optic Disc Blood Flow Index via Optical Coherence 
Tomography Angiography  The vascular scanning model of 
the Optovue OCTA revealed precise perfusion in four disparate 
layers, including the nerve head layer, vitreous layer, radial 
peripapillary capillaries and choroid. In this study, the optic 
nerve head layer was chosen to detect the optic disc blood flow 
(Figure 1A, 1E and 1I).
First, we selected the optic disc margin threshold (Figure 1B, 
1F and 1J), showing the optic disc non-perfusion areas (Figure 
1C, 1G and 1K), and the optic disc region, with the exception 
of the major branch retinal blood vessels (Figure 1D, 1H 
and 1L). Figure 1 shows the top, middle and bottom panels 
as a normal eye, NAION eye and contralateral NAION eye, 
respectively.
Regardless of bilaterality, whether or not the central vision 
was normal, the average optic disc non-perfusion area 
percentage in the non-acute phase NAION eyes (Figure 2) was 
17.84%±6.18%. It was 8.61%±1.65% in the normal eyes of the 
control group. The statistically significant difference between 
the two groups (P<0.01) suggests an obvious increase in the 
optic disc non-perfusion areas of the non-acute phase NAION 
eyes when compared to the control group. Furthermore, to 
avoid type I error[15-16], ANOVA (randomly choose one eye in 
the 7 patients with bilateral NAION and 7 health control data 
with bilateral eyes) was conducted, which further confirmed 
the difference.
Visual Field Alterations and Optic Disc Non-perfusion Area 
Percentages in Non-acute Phase Eyes  Following the above 
observation, we sought to explore the relationship between the 
blood flow in the optic disc and the visual damage. We found 
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that the larger the optic disc non-perfusion area percentage, 
the greater the visual field MD of the NAION eye. A further 
correlation analysis revealed a proportional relationship (t=3.65, 
P<0.01, R2=0.4118) between these two factors (Figure 3).
Visual Acuity and Optic Disc Non-perfusion Area Percentages 
in Non-acute Phase Eyes  Having shown the critical role of 
the optic disc blood flow perfusion in visual field alterations, 

we suspected that the optic disc blood flow perfusion may be 
also be involved in the visual acuity. Therefore, we analysed 
the relationship between the optic disc non-perfusion area 
percentages and the BCVAs of our non-acute phase NAION 
eyes. As expected, the results indicated an obvious significant 
correlation (t=4.32, P<0.01, R2=0.4957) between these two 
factors (Figure 4).
DISCUSSION
We have shown OCTA can non-invasively detect and estimate 
the optic disc blood flow of non-acute phase NAION eyes. 

Figure 1 Optic disc blood flow index via optical coherence tomography angiography  A, E, I: Optic disc-centred 4.50×4.50 mm2 OCT angio-
grams; B, F, J: Selected optic disc OCT angiograms; C, G, K: Optic disc non-perfusion areas; D, H, L: Optic disc areas (except major branch ret-
inal blood vessels). A-D: In the eyes of a normal subject; E-H: NAION eye; I-L: Contralateral eye of a NAION patient. The non-perfusion areas 
are marked in red (C, D, G, H, K, L).

Figure 2 Optic disc non-perfusion measurements  The optic disc 
non-perfusion area percentage was significantly higher in the NAION 
eyes than in the normal eyes (P<0.01).

Figure 3 Correlation between the optic disc non-perfusion area 
and the visual field in the NAION eyes  The visual field MD and 
optic disc non-perfusion area percentages in the NAION eyes are 
shown.
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We revealed that both the visual acuity and visual field are 
correlated with the optic disc blood flow perfusion, as detected 
via OCTA. Since the visual field is representative of peripheral 
vision acuity, these two critical relationships suggest that the 
vision function of non-acute phase NAION hinges on, at least 
partly, the degree of optic disc blood flow perfusion. Therefore, 
more attention should be focused on the role of optic disc 
perfusion alterations in the pathogenesis of non-acute phase 
NAION, while considering that NAION can cause irreversible 
visual damage.
Clinically, NAION is diagnosed by examining the fundus, 
visual field, FFA and VEP; however, the disadvantages of these 
methods in monitoring the progression and estimating the 
prognosis of NAION remain. Previous reports have indicated 
that the OCT can measure optic disc oedema, GCL thinning 
and RNFL loss. The RNFL and GCL thickness show stronger 
correlations with the visual field in NAION eyes[4-7]. Using 
scanning laser polarimetry, a few authors have reported that in 
acute phase NAION eyes with optic disc swelling, scanning 
laser polarimetry may be better than OCT for predicting the 
visual field loss[17-18]. OCTA is a novel technology developed 
to scan blood vessels, and it has been applied to determine 
choroidal neovascularization in patients with age-related 
macular degeneration[19-20]. It is widely acknowledged that 
the advantages of OCTA consist of its non-invasiveness, 
datamation and repeatability. Moreover, with its tracking 
technology to overcome eye movement, OCTA can offer 
high resolution retinal and choroidal graphs[9]. Accumulating 
evidence suggests that the optic disc perfusion detected via 
OCTA can be correlated to the GCL and RNFL thickness and 
visual field loss in glaucoma patients[21-22]. Essentially, the main 
vascular pathology of NAION is focused on ischemia of the 
anterior lamina cribrosa around the optic disc and metarterioles 
of the posterior ciliary vessels, leading to a local infarct of 
the optic disc, favouring the progression of optic dysneuria. 
Including these vessels makes OCTA ideal for predicting the 
optic disc blood flow and supply in NAION eyes.

This research has provided evidence that the optic disc blood 
flow of non-acute phase NAION was significantly decreased, 
when compared to a normal control group, which suggests the 
poor blood flow recovery of the optic disc, coinciding with the 
poor visual function prognosis of NAION. In addition, OCTA 
revealed a dramatic decline in the optic disc blood flow in a 
portion of NAION eyes that did not show any alterations in 
the visual acuity or VEP. Considering that the subjectivity of a 
visual field examination is inevitably inferior to the objectivity 
of OCTA, we suggest that OCTA could be utilized as a 
potential diagnosis method for NAION.
The main limitation of this research was that it was a single-
centre, small-sample size, retrospective study; these results 
should be confirmed by multi-centre, large-sample, prospective 
studies. In addition, the potential involvement of age in the 
optic disc blood flow requires further exploration. There have 
been conflicting reports of the effects of age on the optic 
nerve head blood flow, possibly due to the different number 
of subjects and detection techniques used in those studies[23-24]. 
Although the age range of our research subjects varied widely, 
we acquired a preliminary understanding of the scope of 
normal optic disc non-perfusion area percentages. Moreover, 
in view of the fact that the optic discs of patients with acute 
phase NAION exhibit constant oedema, we excluded these 
subjects to maintain the accuracy of our detection. In addition, 
abnormal morphologies of the optic disc were excluded 
accordingly, due to their influence on OCTA.
In conclusion, here we have shown that both the visual acuity 
and visual field are significantly correlated with the optic disc 
non-perfusion area percentages of non-acute phase NAION 
eyes. This indicates, at least in part, the prominent role of 
OCTA in estimating the progression of NAION. In addition, 
our results suggest the possibility of future use of OCTA alone, 
or in combination with automated perimetry, for the early 
diagnosis of NAION.
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