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Introduction

Ischemic optic neuropathy is among the most common 
non-glaucomatous optic neuropathies, especially in patients 
over age 50, and it is the most common optic nerve problem 
causing acute vision loss in this age group, with an estimated 
annual incidence of 2.3–10.2/100,000 (1-5). Optic nerve 
ischemia may occur from a number of causes; the most 
common of which, non-arteritic anterior ischemic optic 
neuropathy (NAION) is poorly understood in terms of its 
precise aetiology. Vasculitic processes, such as giant cell 
arteritis, also may lead to optic nerve ischemia, while acute 
haemorrhage, intraoperative fluid shifts and haemodilution, 
and shock all may cause often profound hypoperfusion 
insults to the optic nerve, either at the optic nerve head or 
in the retrobulbar pathway (5). In patients with suspected 
ischemic optic neuropathy, optical coherence tomography 
(OCT) and OCT angiography (OCT-A) have been used to 
attempt to characterise the severity of disease as well as to 
identify underlying vascular anomalies that could contribute 

to the onset and progression of disease. Although research 
to date has not allowed us to develop new therapies, doing 
so remains one of the goals of many of the ongoing efforts 
that will be described.

NAION 

Patients with NAION typically report sudden onset of 
painless vision loss. Decreased visual acuity (VA) and/
or visual field (VF) loss along with a relative afferent 
pupillary defect on the affected side (if unilateral and the 
fellow eye is normal) are the hallmark signs of the disease; 
examination in the acute phase of disease also shows optic 
disc edema, which is thought to occur because of ischemia 
from hypoperfusion of the small vessels feeding the anterior 
portion of the optic nerve (1,4). The fellow eye, assuming 
it has never experienced a similar event, usually has a small, 
crowded configuration often referred to as “disc at risk” 
with a small cup-to-disc ratio. The acute disc swelling 
may progress in the first 2–3 weeks after symptom onset 

Review Article

Optical coherence tomography in ischemic optic neuropathy

Masoud Aghsaei Fard1, Hossein Ghahvehchian1, Prem S. Subramanian2,3

1Farabi Eye Hospital, Tehran University of Medical Sciences, Tehran, Iran; 2Sue Anschutz-Rodgers UCHealth Eye Center, Aurora, CO, USA; 
3Departments of Ophthalmology, Neurology, and Neurosurgery, University of Colorado School of Medicine, Aurora, CO, USA

Contributions: (I) Conception and design: MA Fard, PS Subramanian; (II) Administrative support: MA Fard, PS Subramanian; (III) Provision of study 

materials or patients: All authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Prem S. Subramanian, MD, PhD. Sue Anschutz-Rodgers UCHealth Eye Center, 1675 Aurora Ct Mail Stop F731, Aurora, CO 

80045, USA. Email: prem.subramanian@cuanschutz.edu.

Abstract: Ischemic optic neuropathies are among the most common causes of sudden vision loss, especially 
in patients over age 50. The cause and prognosis of these disorders, and in particular non-arteritic anterior 
ischemic optic neuropathy, is poorly understood, and treatments remain poor in terms of restoring or 
preserving vision. Optical coherence tomography (OCT) and OCT angiography have allowed us to identify 
early and late structural changes in the optic nerve head and retina that may assist in predicting visual 
outcomes and may lead to greater understanding of pathogenesis and thus the development of effective 
medical interventions.

Keywords: Ischemic optic neuropathy; optical coherence tomography angiography (OCT-A); visual field defect; 

macular microvasculature

Received: 09 November 2019; Accepted: 10 December 2019; Published: 15 March 2020.

doi: 10.21037/aes.2019.12.05

View this article at: http://dx.doi.org/10.21037/aes.2019.12.05

10

mailto:prem.subramanian@cuanschutz.edu
https://crossmark.crossref.org/dialog/?doi=10.21037/aes.2019.12.05


Page 2 of 10

© Annals of Eye Science. All rights reserved. Ann Eye Sci 2020;5:6 | http://dx.doi.org/10.21037/aes.2019.12.05

Figure 1 Disc pallor and OCT changes in a patient with NAION left eye. (A) Fundus photograph, left eye, shows superotemporal optic disc pallor 
after resolution of prior disc edema (not shown); (B) automated perimetry demonstrates an inferior incomplete altitudinal defect characteristic 
of NAION; (C) OCT of the RNFL shows corresponding superotemporal thinning (indicated in red sectors); (D) macular ganglion cell/inner 
plexiform layer analysis shows similar sectoral loss superotemporally. POS, positive; NEG, negative; SITA, Swedish Interactive Thresholding 
Algorithm; DS, diopters sphere; GHT, glaucoma hemifield test; VFI, visual field index; MD, mean deviation; PSD, pattern standard deviation; IR, 
infrared reflectance; ART, automatic real time; HR, high resolution; OS, oculus sinister; TMP, temporal; SUP, superior; NAS, nasal; INF, inferior; 
ETDRS, Early Treatment Diabetic Retinopathy Study; OCT, optical coherence tomography; NAION, non-arteritic anterior ischemic optic 
neuropathy; RNFL, retinal nerve fibre layer.
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and starts to remit by 6 weeks later. Eventually, the optic 
disc becomes sectorally (Figure 1) or globally pale (1). 
Magnetic resonance imaging (MRI) of the optic nerve is 
typically normal in patients with NAION and thus is not 
clinically indicated, although in cases where the diagnosis 
is uncertain, MRI orbits with contrast may be used to 
exclude compressive or inflammatory lesions that can mimic 
NAION (5).

OCT: the value of measuring peripapillary retinal nerve 
fibre layer (RNFL) thickness

OCT has been applied as an objective technique for 
diagnosis and monitoring of NAION and its differentiation 
from other types of optic neuropathies. Initially OCT 
was employed to measure peripapillary RNFL thickness. 
In the early stages of NAION, OCT of the RNFL may 
show thickening relative to the fellow eye (6-8). The 
RNFL thickening decreases rapidly in the subacute phase 
and up to 6 months after the incidence of AION. Studies 
with longer follow-up showed no significant decrease in 
thickness between month 6 and month 12 (9). The severity 
of RNFL thinning has been shown to correlate with the 
depth of VF defects and VA loss; in eyes with the typical 
inferior altitudinal VF loss of NAION, RNFL thickness was 
significantly lower in the corresponding superior quadrants 
and sectors of the peripapillary retina, as compared to the 
unaffected inferior retinal sectors as well as control eyes (10). 
It has also been demonstrated that for every micrometre of 
mean RNFL thickness lost there was a 2-decibel decrease 
in VF mean deviation (MD). Furthermore, VA was reduced 
by 1 Snellen line for every 1.6 µm of RNFL loss (7). The 
usefulness of OCT for measuring RNFL thickness was 
comparable with histologic measures in an animal (rat) 
model of NAION, as peripapillary inner retinal thickness 
measured with OCT correlated to that measured using a 
histologic preparation (11). Therefore, RNFL OCT can 
help to identify optic disc oedema acutely, particularly 
when subtle and be used to assess RNFL loss over time 
in NAION. Tracking RNFL thickness over time as the 
condition evolves and resolves can aid the clinician in 
assuring the patient that the normal or expected disease 
course is being followed, as ophthalmoscopic resolution of 
swelling may be more difficult to appreciate as pallor sets in. 
RNFL OCT also may be able to detect subclinical oedema 
of the fellow eye, which could indicate impending NAION 
and alert the ophthalmologist to the potential for vision loss 
in the near future.

The value of measuring changes in macular architecture 
using OCT

RNFL thickness measurement in optic neuropathies as a 
structural test of optic nerve integrity does present some 
limitations. Not all studies have found a strong correlation 
between superior RNFL sector thinning/change and 
the characteristic inferior altitudinal VF defect (10). 
Other publications report limited correlation between 
VF and a single optic disc sector (12), and an important 
consideration is that the peripapillary RNFL architecture 
does not correspond precisely to the retinotopic map that 
is displayed by VF testing; that is, the peripapillary RNFL 
map is centered on the optic disc, 15° nasal to the foveal 
center (where the VF is centered) (13). Furthermore, the 
retinal nerve fiber layer is composed of the retinal ganglion 
cell axons, and given that NAION often is associated with 
greater damage to the papillomacular bundles resulting 
in loss of central VA (14), assessment of the ganglion 
cell plus inner plexiform layer (GCIPL) and macular 
parameters may be a more useful method for measuring 
early optic nerve damage than peripapillary RNFL (15). In 
fact, macular thickness and superior sectoral volume have 
shown stronger correlations with VF sensitivity changes 
than RNFL parameters (12). In addition, after NAION, 
thinning in both the inner and outer macular sectors nasally 
correlates significantly with best-corrected visual acuity 
(BCVA) (16) and the degree of vision loss after NAION 
correlates directly with the severity of the damage to the 
papillomacular bundle (14). 

With improved technology and resolution of spectral 
domain OCT (SD-OCT) and macular segmentation 
algorithms, it is possible to measure individual retinal 
layers, particularly ganglion cell, macular RNFL and inner 
plexiform layers, which contain ganglion cells bodies, their 
axons and dendrites, respectively. Rebolleda et al. (14) have 
demonstrated thinning of the ganglion cell layer in patients 
who had experienced NAION at least 6 months previously. 
They found a significant correlation between the VA and 
GCIPL, with the strongest correlation for the central sector 
of the inner plexiform layer. Larrea et al. (17) hypothesized 
that the ganglion cell loss could be used to detect early 
axonal damage in the acute phase of NAION that cannot 
be detected by measuring the RNFL. In a previous  
study (18) longitudinal measurements of the peripapillary 
RNFL thickness, total macular thickness, and GCIPL 
thickness was performed at baseline and 1, 3, and 6 months 
after NAION, and the results were compared to the 
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unaffected fellow eyes. It was found that in the acute phase 
of NAION, there were no differences in the inner ring total 
macular thickness and all sector GCIPL thickness between 
the affected and unaffected eyes, whereas the average 
RNFL thickness and outer ring total macular thickness 
were significantly greater in the affected NAION eyes due 
to peripapillary RNFL edema and its extension to outer 
macular areas. Thinning of the GCIPL was evident in the 
NAION eyes at 1 month and continued at 3 months but 
this stabilized at 6 months. Thinning of the peripapillary 
RNFL and inner and outer rings total macular thickness 
was first evident at 3 months. Therefore, serial GCIPL 
thinning occurs for 1–3 months after NAION onset, which 
is in accordance with histological measurements of early 
retinal ganglion cell loss. Fard et al. (19) showed 42% 
loss of retinal ganglion cells with Brn3a staining starting 
8 days after ischemic optic neuropathy in the rodent and 
continuing for 2 weeks thereafter. Of note, the total macular 
thickness and peripapillary RNFL thickness showed delayed 
thinning that occurred after GCIPL thinning. This time 
lag could be explained by early axonal swelling and its 
confounding effect or early neurodegenerative changes 
in the ganglion cell soma before axon (20). Kupersmith 
and colleagues (21) showed that marked GCIPL thinning 
(<5th percentile compared to normal eyes) was present 
with continued RNFL swelling in the subacute phase of 
NAION, demonstrating that RNFL measurements do not 
accurately reflect neuronal complex loss. Correspondingly, 
the degree of GCIPL thinning was directly related to VA 
and VF MD reduction between 1 and 6 months (21).

Exploring pathogenesis by structural analysis of the optic 
nerve head

Advancements of OCT with enhanced depth imaging (EDI) 
allows a high-resolution visualisation of the deep optic 
nerve including lamina cribrosa (LC), Bruch membrane 
opening (BMO), as well as prelaminar tissue and laminar 
depth (19). Our previous observation has shown that the 
optic nerve head in glaucoma patients is characterized 
by LC thinning, in contrast with NAION eyes (22). 
Another study reported prelaminar tissue thickening and 
BMO enlargement in the acute oedematous NAION eyes 
compared with unaffected eyes; these changes actually 
reversed over time (23). EDI OCT also was employed to 
show detailed optic nerve head crowding in NAION, which 
is considered the main risk factor for the development 
of NAION. OCT also has changed our understanding 

of the possible role of the size of the scleral canal in the 
development of NAION. Studies using confocal scanning 
laser ophthalmoscopy (Heidelberg Retina Tomograph II, 
Heidelberg Engineering GmbH, Dossenheim, Germany) 
suggested that NAION eyes had smaller optic disc diameter 
and area as compared to control eyes (8). Subsequently, 
Hayreh et al. (24) hypothesized that the BMO in patients 
with “discs at risk” for NAION was smaller than in the 
general population, resulting in the characteristic optic disc 
crowding. However, direct comparison between clinical 
optic disc/fundus examination and SD-OCT imaging of the 
optic nerve head is inappropriate, as the information derived 
from each method is distinct and not comparable (25). We 
measured BMO area with EDI OCT in post-acute NAION 
and their fellow eyes and compared these measurements 
with normal eyes. Of note, BMO area was similar in three 
groups (26). Similarly, several time-domain OCT studies 
also have shown that BMO is not smaller in patients with 
NAION than in age-matched controls (6,27). Another EDI 
OCT study also determined that BMO area in NAION 
and control subjects was not significantly different (28). We 
also measured prelaminar tissue (perpendicular distance 
between the internal limiting membrane (ILM) surface 
and anterior laminar surface) in post-acute NAION eyes. 
We found prelaminar tissue thickening in both NAION 
eyes and unaffected fellow eyes of NAION patients, as 
compared to eyes in normal control subjects. Given that 
we identified thickened prelaminar structures in both the 
affected and unaffected eyes of patients with NAION 
(Figure 2), we suggest that this change might be pathogenic 
and not a consequence of the disease (26). Another study 
also found thicker (but not significant) prelaminar tissue in 
NAION fellow eyes compared to controls (29). Further and 
even more importantly, though, EDI OCT allowed us to 
measure peripapillary choroidal thickness. Our group has 
found a thicker peripapillary choroidal structure in both 
the affected and unaffected fellow eyes of NAION subjects 
when compared to control subject eyes (30). Studies by 
Pérez-Sarriegui et al. (31), and Nagia et al. (28) confirmed 
our results in finding a bilaterally thicker choroid in patients 
with NAION. It seems that apparent thick prelaminar 
neural tissues have been pushed anteriorly by a thickened 
peripapillary choroid, and both features contribute to the 
appearance of a “crowded” disc in NAION.

The Spectralis OCT Glaucoma Module Premium 
(GMP) Edition provides another method of optic nerve 
head analysis using BMO as the anatomical border of the 
rim (32,33) which is called BMO-minimum rim width 
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(BMO-MRW). This parameter may be a more accurate 
reflection of axons passing through the optic nerve head 
opening than peripapillary RNFL thickness because it is 
obtained perpendicular to the axis of the neural tissue (33). 
BMO-MRW measurements were thinned in NAION 
eyes compared with the unaffected fellow eyes and control 
eyes. Of note, BMO-MRW was significantly thicker in 
contralateral unaffected NAION eyes than in a control 
group, again reflecting thickened prelaminar tissue in 
NAION fellow eyes (29). In addition, BMO-MRW 
could help to discriminate between chronic NAION and 
glaucoma. While both glaucoma and NAION patients 
showed similar reduction of peripapillary RNFL thickness 
values, only patients with glaucoma showed significantly 
smaller BMO-MRW values compared to NAION eyes (34). 

OCT-A in NAION: what can we learn?

While a number of research tools have been used for 
measuring optic nerve head perfusion in acute and late 
NAION (35,36), advent of OCT-A enables us quantitative 
assessment of the circulation of peripapillary and retinal 
vasculature vessels in different diseases such as glaucoma, 
diabetic mellitus, acute rise in intra ocular pressure, and 
thyroid eyes disease (37-40). Peripapillary vessel density 
measurement by OCT-A could analyze the vessels located 
between the ILM and the posterior boundary of the 
RNFL (radial peripapillary capillaries; RPC) in addition to 
total peripapillary retinal vessel density and peripapillary 
choroidal microvasculature (39,40).

Several studies have reported findings of peripapillary 
OCT-A in eyes following NAION both in acute and post-

acute stages. Both a reduced RPC density in acute NAION 
and a progressive vessel reduction within 3 months, which 
correlates with GCIPL thinning, have been shown (41,42). 
Wright Mayes et al. (43) also showed flow impairment in 
the RPC corresponding to structural OCT deficits of the 
RNFL in 80% of eyes. In eyes with optic disc swelling we 
employed customized image analysis with major vessel 
removal to measure peripapillary capillary density (PCD). 
We showed lower PCD in eyes with disc swelling due to 
NAION compared with papilledema (Figure 3) (44). 

Peripapillary vessel density loss in post-acute NAION 
has also been reported in several studies (45-48), but it 
does not mean that OCT-A directly shows the optic nerve 
ischemia in NAION. First of all, NAION is believed to 
result from acute infarction of the retrolaminar segments 
of the optic nerve head, which are supplied primarily 
by flow through the short posterior ciliary arteries (49). 
OCT-A clearly is not able to show those deep vessels with 
current technology. Further and even more importantly, 
however, a decrease in the peripapillary vessel density in 
post-acute NAION is found in locations that match the 
VF defect positions and also correlates with the severity 
of peripapillary RNFL thinning. This pattern of change 
further matches the observations of previous investigations 
into VF loss in patients with glaucoma (45,50,51). This 
fact indicates that the dropout of RPCs is not specific to 
glaucomatous optic neuropathy or NAION, and that it 
may be secondary to peripapillary RNFL loss. In another 
study, we compared peripapillary RPC density in glaucoma 
and NAION eyes and found that the extent of RPC loss 
in these two conditions were not distinctive from each  
other (52). Notably, we utilised subject eyes with moderate 

A B C

Figure 2 Evaluation of prelaminar tissue thickness (vertical red arrows). Increased thickness (distance between the anterior border of the 
lamina cribrosa, outlined by yellow arrows, and the BMO, the horizontal red line) is seen in NAION and fellow eyes as compared to normal. 
(A) Normal eye; (B) NAION eye 5 months after vision loss; (C) fellow eye of subject in image B (no history of vision loss). Reprinted with 
permission from ref. (26). BMO, Bruch membrane opening; NAION, non-arteritic anterior ischemic optic neuropathy.
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or severe glaucoma with matched RNFL thickness, since it 
has been shown that greater PCD loss occurs with greater 
RNFL loss in glaucoma (51). We concluded that the loss 
of RPC density did not seem to be specific to either disease 
(glaucoma or NAION) and might instead be a consequence 
of RNFL damage (45,52). Similar vessel density attenuation 
was found between optic neuritis and NAION eyes, after 
adjustment for severity of optic nerve injury according to 
mean RNFL thickness (53). 

Few studies have reported macular vessel OCT-A findings 
in NAION. Retinal layers were automatically segmented to 
the superficial and deep capillary plexuses (54). OCT-A in the 
macular superficial and deep capillary plexuses showed an 
overall rarefaction of the capillary mesh that predominates 
near larger vessels in post-acute NAION (48), in contrast 
with earlier work showing no macular vascular changes (55). 
However, in those studies segmentation of deep capillary 
plexus was subject to projection artifact, which is duplication 
of superficial vessels in macular deep images. In another 
study we imaged macular vessels in glaucoma and post-acute 
NAION eyes after resolving projection artifacts. While we 
found lower superficial macular vasculature in NAION eyes 
than in control eyes, deep vessels were not affected in those 
eyes. Thus, in a manner that resembles our observations 
regarding RPC loss in the peripapillary area, the loss of 
superficial macular vessels in NAION may be secondary 
to ganglion cell complex (GCC) loss and not necessarily 
causative/primary. In line with this hypothesis, we noted a 
strong correlation between superficial vasculature density 

and corresponding GCC integrity and VF MD (56). Such 
correlation was not found for parafoveal ganglion cells and 
deep macular vessel density. Using macular OCT-A in acute 
NAION showed different results. Our finding in acute 
NAION is contrary to secondary microvascular change 
theory in post-acute NAION. In early acute NAION, 
macular vessels density values demonstrated a significant 
reduction compared to control eyes, even though GCC 
in the macula and parafovea was not affected (57). This 
difference might relate to the stage of NAION, and further 
studies are needed. 

Arteritic anterior ischemic optic neuropathy 
(AAION)

While giant-cell arteritis is the most common cause of 
AAION, other vasculitides may cause ischemic optic 
neuropathy (5,58). Visual loss is often more severe in 
AAION than in NAION (5). The affected swollen optic 
nerve is often pale in giant cell arteritis, and a disc at risk 
is not necessary for AAION. Danesh-Meyer et al. used 
Heidelberg Retina Tomography to compare optic disc 
structure after NAION and AAION and found significant 
excavation of optic cup after an event of AAION but not 
NAION (59). The finding of associated retinal or choroidal 
ischemia is highly suggestive of giant cell arteritis (5). In 
contrast to NAION, OCT has not been used extensively in 
the acute or chronic phases of AAION. In a recent study, 
optic nerve head and macular OCT of patients with AAION 

A B

Figure 3 Peripapillary capillary densities (PCD) measured by OCT-A in quadrants surrounding the optic nerve head, after subtraction of 
large vessel contributions. (A) Eye with acute (<2 weeks onset) NAION showing lower PCD in all quadrants as compared with (B) eye with 
papilledema. OCT-A, optical coherence tomography angiography; NAION, non-arteritic anterior ischemic optic neuropathy.
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and NAION were used to measure choroidal vascular 
index. Macular choroidal vascular index was markedly 
and significantly lower in patients with AAION compared 
to patients with NAION. Conversely, no significant 
difference in macular choroidal vascular index was found 
between patients with NAION and controls. Furthermore, 
peripapillary choroidal vascular index was significantly 
lower in patients with AAION compared to patients 
with NAION (60). The decrease of the choroid vascular 
index in patients with AAION may reflect the choroidal 
hypoperfusion secondary to vasculitis of the posterior ciliary 
arteries (60). Similar to NAION, defects of the RPC were 
also demonstrated in AAION by using OCT-A (61,62) 
and OCT-A studies revealed retinal capillary perfusion 
defects corresponding to VF loss in AAION. However, 
OCT-A laminar analysis did not highlight the choroidal/
choriocapillaris perfusion defects seen on fluorescein 
angiography, suggesting that fluorescein angiography is 
more sensitive in detecting choroidal perfusion defects, and 
subtle but potentially visually significant defects in choroidal 
perfusion might be missed using OCT-A (62). 

Conclusions

OCT and OCT-A have allowed for a greater understanding 
of the structural changes that occur in ischemic optic 
neuropathies, and in particular, the evolution of changes in 
optic disc, peripapillary, and macular structures as disease 
resolution occurs. With these advanced imaging methods, 
we have recognized that there may be different risk factors 
for disorders such as NAION than previously thought, and 
further research into the contribution of observed structural 
changes to the onset of this disease may lead to better 
therapeutic interventions. 
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