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INTRODUCTION

The blood flow of the optic nerve head  (ONH) is 
supplied by two main sources; the central retinal artery 
supplies the superficial layers of the ONH (nerve fiber 
layer on the surface of the optic disc), and the posterior 
ciliary artery  (PCA) circulation, with possible minor 
contribution from central retinal artery branches supplies 
the deeper layers (the prelaminar, lamina cribrosa, and 
retrolaminar regions).[1] Previous reports indicate that 
different types of optic neuropathies including glaucoma, 
ischemic optic neuropathy and hereditary optic 
neuropathy may be caused by the disorders involving 
the PCA.[1] Two main mechanisms can cause alterations 
in the blood flow to optic nerve head. A vascular event 
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may be the trigger for the disease (such as ischemic optic 
neuropathy, and specific types of glaucomatous optic 
neuropathy). Alternatively, optic neuropathies due to 
non‑vascular etiologies may lead to vascular changes in 
the ONH (e.g., hereditary optic neuropathies). Therefore, 
it is critical that any imaging method used to evaluate the 
role of the ONH microvascular disorders reveal reliable 
information about the microcirculation.

Different methods have been used to detect the ocular 
blood perfusion in clinical practice and experimental 
research. Fluorescein angiography and indocyanine 
green angiography are helpful in the qualitative 
evaluation of retinal and choroidal circulation, however, 
quantitative measurements of the ONH circulation 
cannot reliably be performed with these modalities.[2,3] 
Furthermore, injection of dye may be impractical for 
routine ONH vascular assessment because of the 
invasive nature and certain side effects such as nausea, 
anaphylaxis, etc.[4] Laser Doppler flowmetry, which 
samples capillary flow over a small retinal area, and 
laser speckle flowgraphy, which provides a spot sample 
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of blood velocity have been developed to non‑invasively 
measure the blood flow.[5,6] These modalities provide 
variable results and are not popular for clinical diagnostic 
applications. Magnetic resonance imaging  (MRI) has 
been proposed to quantitatively image ONH perfusion; 
however, there are limitations including low spatial 
resolution, long acquisition time, movement artefacts 
and relatively high cost.[7] Ultrasound color Doppler 
imaging provides hemodynamic measurements of the 
major retrobulbar, retinal and choroidal vessels, but 
due to the limited resolution, it cannot provide precise 
measurements of retinal microcirculation.[8]

The development of optical coherence tomography 
(OCT) has revolutionized the practice and research 
in the field of the retinal and optic nerve diseases. 
OCT provides rapid, simple, precise and non-invasive 
imaging of the structures at the microscopic level. Since 
its first use in human, OCT has evolved significantly in 
speed, resolution, and imaging depth, especially with 
the spectral domain technology.[9,10] In addition to the 
ability of the OCT to show the structural changes in 
the retinal and ONH tissues, recent advances in the 
OCT technology allows functional assessment of ocular 
structures. Doppler OCT has been reported to be able 
to measure total human retinal blood flow around the 
ONH. However, this technology cannot resolve the 
microcirculation of the ONH, because the velocities in 
the small vessels are too low to be accurately measured 
by Doppler shift.[11,12]

Optical coherence tomography angiography (OCTA) 
is a novel technology that overcomes some of the 
limitations associated with previous imaging modalities. 
It uses variations in the intensity and/or phase properties 
of the OCT signals that result from movement of blood 
over multiple B‑scans to generate high resolution 
map of the microcirculation.[12‑14] These decorrelative 
measurement techniques are independent of flow 
orientation and can detect a larger dynamic range of 
flow velocities, allowing for better visualization of the 
capillary bed.[13,15] Swept‑source OCT instruments use 
longer wavelength ranges (around 1050 nm) and faster 
scanning speeds. Therefore, the tissue penetration, 
signal‑to‑noise ratio, and spatial resolution is even more 
improved.[16]

In this article, we performed a comprehensive review 
of the current literature regarding the use of OCTA for 
visualization of the ONH vasculature and discussed 
relevant articles [Table 1].

OPTICAL COHERENCE 
TOMOGRAPHY ANGIOGRAPHY IN 
THE HEALTHY OPTIC NERVE HEAD

Although fluorescein angiography can provide useful 
information about the larger vessels of the optic 

disc, a high resolution image of the papillary and 
peripapillary microvasculature cannot be practically 
obtained. Spaide et  al[17] obtained spectral domain 
OCTA images from the ONH of 12 healthy subjects 
and compared the peripapillary capillary network with 
images obtained by fluorescein angiography. They 
reported that the radial peripapillary capillary network 
could not be visualized by fluorescein angiography, 
whereas the network was readily visualized in OCTA 
images.

OCTA images allow the peripapillary vascular 
network to be easily evaluated in different layers. In 
normal eyes, a dense microvascular network with no 
focal capillary dropout can be observed around most 
healthy optic discs [Figure 1]. Falavarjani et al[18] showed 
that in retinal nerve fiber layer (RNFL) and full thickness 
retinal slabs, the peripapillary capillary network was 
more visible immediately adjacent to the border of the 
disc and around the major vascular arcades, and its 
clarity decreased centrifugally toward the periphery. 
The capillary network was less visible in the ganglion 
cell layer, inner nuclear layer and choriocapillaris slabs.

Mase et  al[19] analyzed the features of the radial 
peripapillary capillary network, located in the RNFL, 
using wide‑field montage OCTA in 20 healthy human 
eyes. They found the radial peripapillary capillary 
densities decrease centrifugally at 0.5, 2.5, and 5 mm from 
the optic disc edge and correlated significantly with the 
RNFL thickness.

Chen et  al [20] evaluated the repeatability and 
reproducibility of measurements of blood perfusion 
in the ONH using optical microangiography based 
OCTA (Carl Zeiss Meditec Inc., Dublin, California) 
in 10 healthy eyes. ONH perfusion was quantified as 
flux, vessel area density, and normalized flux within 
the ONH for the prelaminar, lamina cribrosa, and 
the full ONH. They found high repeatability and 
inter‑observer reproducibility in all three layers using 
three metrics.

Figure 1. Optical coherence angiography of the optic nerve 
head of a glaucomatous disc (left) and a healthy disc (right). 
In addition to the general reduction in the visibility of the disc 
and peripapillary microvasculature in the glaucomatous disc, 
focal areas of vascular attenuation are visible (arrows).
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Table 1. Summary of the articles evaluated optical coherence tomography angiography of the optic nerve head

Author and year Design Study subjects Instrument type Findings

Jia et al,[12] 2012 Prospective 
case series

4 pre‑perimetric 
glaucoma and 
4 normal eyes

Swept‑source Whole image: flow index was 
reduced by 35% and vessel 
area was reduced by 34% in the 
pre‑perimetric glaucoma group
Temporal ellipse of the disc: 
both flow index and vessel 
density reduced by 57% in the 
pre‑perimetric glaucoma group

Spaide et al,[17] 
2015

Prospective 
case series

12 normal eyes Spectral‑domain Peripapillary capillary network 
was visible completely around the 
nerve head by OCTA but not with 
fluorescein angiography

Falavarjani et al,[18] 
2016

Cross‑sectional 
observational

3 eyes with optic 
disc edema, 
2 eyes with 
pseudo‑edema, 
16 eyes with 
optic atrophy, 
and 12 healthy 
eyes

Swept‑source Increased or decreased visibility 
of peripapillary capillaries in disc 
edema, decreased visibility in optic 
atrophy
Significant correlation of the vessel 
density and nerve fiber layer 
thickness

Mase et al,[19] 2014 Prospective 
case study

Twenty eyes 
of 20 healthy 
subjects

Spectral‑ domain OCTA can visualize the expansion 
of the radial peripapillary capillary 
network, which is distributed to 
the superficial peripapillary retina 
relative to the RNFL thickness 
and this vascular network may be 
primarily responsible for RNFL 
nourishment

Chen et al,[20] 2016 Prospective 
case series

Ten eyes from 
10 healthy 
volunteers

Spectral‑domain OCTA provides a noninvasive 
method to visualize and quantify 
disc perfusion in human eyes 
with excellent repeatability and 
reproducibility, which may add 
additional insight into ONH 
perfusion in clinical practice

Jia et al,[21] 2014 Observational, 
cross‑sectional

24 normal 
subjects and 
11 patients with 
glaucoma

Swept‑ source The disc flow index was reduced by 
25% in the glaucoma group
Sensitivity and specificity were both 
100% using an optimized cutoff
The flow index was highly 
correlated with pattern standard 
deviation

Akagi et al,[22] 2016 Prospective 
observational 
case series

60 eyes with 
primary open 
angle glaucoma 
and 21 normal 
eyes

Spectral‑domain Reduce peripapillary vessel 
densities at the corresponding 
location of the visual field defect

Lévêque et al,[23] 
2016

Cross‑sectional 
observational

50 glaucoma 
patients and 30 
normal subjects

Spectral‑domain Total and temporal disc vessel 
density reduced by 24.7% and 
22.88% compared with the control 
group
Significant correlation between rim 
area, nerve fiber layer thickness, 
ganglion cell layer thickness, visual 
field mean deviation, and visual 
field index and the temporal vessel 
density and total vessel density

Contd...
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Table 1. Contd...

Author and year Design Study subjects Instrument type Findings

Liu et al,[24] 2015 Prospective 
observational

12 glaucomatous 
and 12 normal 
eyes

Spectral‑domain Peripapillary flow index and vessel 
density were significantly lower in 
glaucomatous eyes.
Peripapillary flow index and vessel 
density were highly correlated 
with visual field pattern standard 
deviation in glaucomatous eyes.

Wang et al,[25] 2015 Prospective 
cross‑sectional 
observational

62 eyes with 
glaucoma, and 
20 normal eyes

Spectral‑ domain Disc flow index and vessel 
density were significantly lower 
in the glaucoma eyes and were 
significantly correlated with the 
severity of glaucoma.

Yarmohammadi  
et al,[26] 2016

Observational 
cohort 

261 eyes from 
37 glaucoma 
suspect, 
104 glaucoma, 
23 healthy 
patients

Spectral‑domain Age‑adjusted mean vessel density 
was significantly lower in glaucoma 
eyes compared with glaucoma 
suspects and healthy eyes.
Age‑adjusted area under curve 
was highest for whole image 
vessel density (0.94), followed by 
nerve fiber layer thickness (0.92) 
and circumpapillary vessel 
density (0.83) for differentiating 
glaucoma from normal eyes.

Yarmohammadi  
et al,[27] 2016

Observatıonal, 
cross‑sectional 
study

153 eyes from 
31 healthy 
participants, 
48 glaucoma 
suspects, and 
74 glaucoma 
patients 

Spectral‑domain Compared with glaucoma eyes, 
normal eyes demonstrated a denser 
microvascular network within the 
RNFL.

Suh et al,[28] 2016 Cross‑sectional, 
case‑control 
study

82 patients 
with primary 
open‑angle 
glaucoma with 
and without 
focal lamina 
cribrosa 
defects (41 eyes 
in each group)

Spectral‑domain In eyes with similar severity of 
glaucoma, OCTA‑measured vessel 
density was significantly lower 
in POAG eyes with focal lamina 
cribrosa defects than in eyes 
without a defect.

Rao et al,[29] 2016 Cross‑sectional 
study

48 eyes of 
33 healthy control 
subjects, 63 eyes 
of 39 patients 
with POAG 
and 49 eyes 
of 32 patients 
with PACG 
underwent 
OCTA

Spectral‑domain Diagnostic ability of peripapillary 
vessel density parameters of OCTA, 
especially the inferotemporal sector 
measurement, was good in POAG 
and PACG.

Lee et al,[30] 2016 Cross‑sectional 
study

98 POAG 
eyes having 
a localized 
RNFL defect 
and 45 healthy 
control eyes

Spectral‑domain Decreased parapapillary 
microvasculature of the retina 
determined by OCTA was found 
at the location of retinal nerve fiber 
layer defect in POAG patients.

Contd...
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Table 1. Contd...

Author and year Design Study subjects Instrument type Findings

Scripsema et al,[31] 
2016

Retrospective 
review

40 POAG, 
26 NTG, and 
26 normal patients 
were included

Spectral‑domain Color maps showed that POAG and 
NTG patients had a reduction of 
perfused capillaries that progressed 
in size when comparing early, 
moderate, and severe glaucoma 
groups.

Akil et al,[32] 2016 Prospective 
observational 
study

20 POAG, 
20 pre‑perimetric 
glaucoma, and 
16 normal eyes

Swept‑ source There was a stepwise decrease 
in vessel density from normal 
to pre‑perimetric glaucoma to 
glaucoma patients suggesting that 
retinal vascular changes develop 
early in glaucoma.

Wang et al,[27] 2014 Prospective 
observational

59 eyes of 
35 patients 
with multiple 
sclerosis, 
21 normal eyes

Swept‑source The disc flow index of the multiple 
sclerosis with optic neuropathy 
group was reduced by 12.5% 
compared to control eyes. A higher 
percentage of multiple sclerosis 
with optic neuropathy eyes had 
abnormal disc flow index compared 
to control patients.

NTG, normotensive glaucoma; OCTA, optical coherence tomography angiography; POAG, primary open angle glaucoma; PACG, primary 
angle closure glaucoma; RNFL, retinal nerve fiber layer

OPTICAL COHERENCE 
TOMOGRAPHY ANGIOGRAPHY 
IN GLAUCOMATOUS OPTIC 
NEUROPATHY

Figure 1 shows OCTA of the optic disc from a patient with 
glaucomatous optic neuropathy. Jia et al[12] developed 
a specific algorithm for OCTA called split‑spectrum 
amplitude‑decorrelation angiography  (SSADA). The 
algorithm is based on the variation of reflectance 
amplitude which is sensitive to motion and flow in all 
directions. They used a swept light source with a central 
wavelength of 1050 nm and an axial resolution of 5.3 µm. 
They recruited 4 pre‑perimetric glaucoma patients and 
four normal subjects in order to obtain ONH blood 
flow with OCTA. They targeted two regions, the whole 
disc and a temporal ellipse area within the disc, for 
comparison between two groups. By excluding the major 
superior and inferior branches of the retinal vessels on the 
temporal side, they focused on the ONH microvascular 
beds. They found that in early glaucoma the reduction 
of ONH microvascular flow was much more dramatic 
than that of whole ONH circulation. They suggested that 
quantification performed on microvascular perfusion 
might be sensitive for detecting ONH circulatory changes 
in early glaucoma patients.

In a separate study, Jia et  al[21] compared the optic 
disc perfusion between 24 normal subjects and 
11  patients with glaucoma using SSADA technology. 
They demonstrated that OCTA can detect reduced disc 
perfusion in a group of patients with early glaucoma 

with 100% sensitivity and specificity. They emphasized 
that this reduction in flow index is not a result of rim 
loss or cupping in glaucomatous eyes, and they showed 
a strong link between the disc flow index and the visual 
field pattern standard deviation.

Akagi et  al[22] investigated the characteristics of 
the ONH microvascular structure using OCTA in 60 
eyes with primary open angle glaucoma (POAG) with 
hemifield visual field defects and compared the results 
with 21 normal eyes. They found the peripapillary vessel 
densities to be significantly reduced at the corresponding 
location of the visual field defects in both non–highly 
myopic and highly myopic glaucomatous eyes compared 
with the normal eyes. The microvascular reduction was 
associated with visual field defects significantly in the 
peripapillary retina and partially in the optic disc.

Leveque et al[23] reported the use of a spectral domain 
OCTA instrument to measure ONH perfusion in 
43 patients with open angle glaucoma, seven patients 
with angle‑closure glaucoma and 30 normal subjects. 
They showed a significant difference in ONH vascular 
density between glaucoma and normal patients in the 
total disc and temporal vascular areas, with a decrease 
of ONH perfusion as compared with controls by 24.8% 
and 22.9%, respectively. They also observed a significant 
correlation between ONH perfusion and structural and 
functional glaucoma damage.

In a prospective observational study, Liu et  al[24] 
evaluated OCTA images from 12 glaucomatous and 12 
age‑matched normal eyes. Peripapillary flow index and 
peripapillary vessel density in glaucomatous eyes were 
significantly lower than those in normal eyes and were 
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highly correlated with visual field pattern standard 
deviation in glaucomatous eyes.

Wang et al[25] performed a prospective, cross‑sectional 
observational study on 62 eyes with open angle glaucoma, 
and 20 normal control eyes. They found a decrease in the 
disc flow index and vessel density in the glaucomatous 
eyes, which was correlated with the severity of glaucoma 
damage. Furthermore, their analysis showed that altered 
flow index and vessel density were correlated with visual 
field mean deviation, RNFL thickness and ganglion cell 
layer thickness. Altered flow index and vessel density 
values were also found to be good indicators of eyes 
with open angle glaucoma, especially in severe stages 
of the disease.

Yarmohammadi et al[26] evaluated peripapillary 
retinal vasculature in 23 healthy subjects, 37 glaucoma 
suspects, and 104 glaucoma patients. They demonstrated 
that the vessel density measured in the RNFL was 
statistically different among the three groups. They 
found that age‑adjusted mean vessel density was 
significantly lower in open angle glaucoma eyes 
compared with glaucoma suspects and healthy eyes 
and vessel density had diagnostic accuracy similar 
to RNFL thickness measurements for differentiating 
between healthy and glaucoma eyes. The same group 
evaluated the association between vessel density 
measurements using OCTA and severity of visual field 
loss in POAG eyes.[27] They found that decreased vessel 
density was significantly associated with the severity of 
visual field damage independent of the structural loss. 
They concluded that OCTA is a promising technology 
in glaucoma management, potentially enhancing 
the understanding of the role of vasculature in the 
pathophysiology of the disease.

Suh et al[28] investigated 82 POAG patients with and 
without focal lamina cribrosa  (LC) defects  (41 eyes of 
41 patients in each group) matched by severity of visual 
field damage to assess whether vessel density measured 
by OCTA is reduced in glaucomatous eyes with focal 
LC defects. They showed that OCTA measured vessel 
density was significantly lower in POAG eyes with focal 
LC defects than in eyes without LC defect. The reduction 
of vessel density was also found to be spatially correlated 
with the location of the LC defect.

Rao et  al[29] evaluated the diagnostic ability of 
peripapillary vessel density measurements on OCTA 
in POAG and primary angle‑closure glaucoma (PACG), 
and to compare these with peripapillary RNFL thickness 
measurements. In this cross‑sectional study, 48 eyes of 
33 healthy control subjects, 63 eyes of 39 patients with 
POAG and 49 eyes of 32 patients with PACG underwent 
OCTA and RNFL imaging with spectral domain OCT. 
They found that the diagnostic ability of peripapillary 
vessel density parameters of OCTA, especially the 
inferotemporal sector measurement, was good in 
POAG and PACG. Diagnostic abilities of vessel density 

measurements were comparable to RNFL measurements 
in both POAG and PACG.

Lee et al[30] investigated the topographic relationship 
between the decreased parapapillary microvasculature 
and RNFL in POAG. The vascular impairment was found 
as an area of decreased density of the microvascular 
network of the retina in all POAG eyes and exactly 
coincided with the RNFL defect.

Scripsema et  al[31] compare perfused peripapillary 
capi l lary densi ty  in  POAG, normal  tension 
glaucoma  (NTG), and normal patients using OCTA. 
The comparison between groups indicated that annular 
capillary vessel density for both 3.5‑ and 4.5‑mm scans 
was significantly reduced in both POAG and NTG 
groups compared to normal eyes. Annular capillary 
density was also significantly reduced in the POAG 
group when compared to the NTG group.

Our group[32] conducted a prospective observational 
study which included 20 eyes with POAG, 20 
pre‑perimetric glaucoma eyes and 16 normal eyes. The 
optic disc region was imaged by a 1050 nm wavelength 
swept source OCT system (DRI OCT Triton, TOPCON 
inc. Tokyo, Japan). Vessel density was assessed as ratio 
of the area occupied by the vessels in the optic nerve 
head, in the 3 mm papillary and in the peripapillary 
region, defined as a 700 μm wide elliptical annulus 
around the disc. All vessel density measurements 
showed a stepwise decrease from normal eyes to 
pre‑perimetric glaucoma eyes to glaucoma eyes. 
Furthermore, this difference in vessel density was seen 
in all three of the anatomic sites measured: optic nerve 
head, papillary, and peripapillary regions. The study 
suggested that retinal vascular changes may develop 
early in the glaucomatous process.

OPTICAL COHERENCE 
TOMOGRAPHY ANGIOGRAPHY IN 
OTHER OPTIC NERVE DISEASES

Wang et al[33] performed OCTA to examine the ONH and 
retinal microcirculation changes in 59 eyes of 35 patients 
with multiple sclerosis (MS) with or without a history of 
optic neuropathy (ON) and compared the results with 
21 healthy eyes. Their results showed that the ONH flow 
index of MS + ON eyes was significantly lower than the 
values of the control group and the MS − ON group. They 
also found that the MS + ON eyes had a significantly 
higher percentage of abnormally low ONH flow index 
than the control eyes.

Falavarjani et  al[18] described the optic disc and 
peripapillary microvascular changes in OCTA images 
of 21 eyes of 12  patients with optic disc edema, 
pseudo‑edema and optic atrophy. They reported a 
dilated and tortuous prelaminar capillary network 
with an increase or decrease in the visibility of the 
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peripapillary capillary network in disc edema, and the 
decreased visibility of peripapillary capillary network 
corresponding to the region or sector of RNFL thinning 
in eyes with optic atrophy. Also, they found statistically 
significantly lower vessel density in eyes with optic 
atrophy. Also, a significant correlation was found 
between vessel density and RNFL thickness.

Garcia et al[34] reported application of the OCTA to 
show peripapillary microvasculature in a patient with 
extensive peripapillary nerve fiber myelination.

DISCUSSION

OCTA is a new technology with a great potential for use 
in the clinical setting. Compared with FA and ICGA, the 
current retinal angiographic gold standards, OCTA has 
advantages including that it is fast and non-invasive, 
acquires volumetric scans with simultaneous structural 
and functional information that can be segmented to 
specific depths, and that it provides accurate size and 
localization information. However, there are several 
limitations associated with OCTA imaging. Unlike 
Doppler OCT, which provides absolute volumetric flow 
in microliters/minute, OCTA only yields a flow index 
in arbitrary units. Different types of artifacts may affect 
interpretation and measurements in OCTA images.[35] 
Specifically, flow projection artifact from superficial 
blood vessels prevents clinicians from separately 
measuring superficial and deep ONH flow. In addition, 
since the disc flow measurements calculate both disc 
and retinal circulations they cannot separate PCA and 
retinal circulations.

Despite these limitations, OCTA images can help 
our understanding of the pathogenesis of ONH 
diseases. The results of available studies suggest 
that OCTA images are able to clearly show different 
changes in the microvascular network at the optic disc 
and peripapillary area. In addition, quantification of 
the peripapillary vascular network is now feasible. 
However, further well‑designed studies are needed to 
show the benefit of incorporating the OCTA into clinical 
practice.
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