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Optical coherence tomography angiography in glaucoma
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Abstract: Assessment of the vasculature within the optic nerve, peripapillary superficial retina, macula, 
and peripapillary choroid can be determined in glaucoma using optical coherence tomography angiography 
(OCTA). Decreased perfusion within the pre-laminar layer of the optic nerve has been correlated with 
glaucoma severity. The peripapillary superficial retinal vessel density allows diagnosis and detection of 
glaucoma progression in a manner similar to the peripapillary retinal nerve fiber layer (RNFL) thickness. 
Furthermore, decreased peripapillary vessel density of the intact hemiretina or unaffected eye of 
glaucomatous eyes suggests that vascular changes can occur prior to detectable visual field damage. The 
accuracy for glaucoma detection of the macular ganglion cell (MGC) thickness compared to macular vessel 
density has differed among studies. Several studies have reported reduction of macular vessel density as well 
as its ganglion cell thickness. Results of studies evaluating the parapapillary choroid have shown a greater 
prevalence of choroidal microvasculature dropout in glaucomatous eyes with a parapapillary gamma zone, 
which is associated with central visual field defects or glaucoma progression. It remains unclear whether the 
reduced vessel density in glaucoma is a primary event or secondary to glaucomatous damage. Further studies 
are warranted to elucidate this question.
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Introduction

Glaucoma is a progressive optic neuropathy, characterized 
by both structural and functional visual defects. While 
functional damage can be assessed by visual field testing, 
structural damage can be detected by thinning of the 
retinal ganglion cell layer and retinal nerve fiber layer 
(RNFL) using optical coherence tomography (OCT) (1). 
In developed countries, glaucoma remains undiagnosed 
in 50% of those affected, while in developing countries, 
this number can reach as high as 90% (2). Therefore, early 
detection of glaucoma and improved glaucoma diagnosis 
are critical. However, early diagnosis of glaucoma is not 

straightforward. Disagreement between structural and 
functional tests have often been reported, as in the Ocular 
Hypertension Treatment Study (3) and European Glaucoma 
Prevention Study (4)] and both structural and functional 
assessments need to be considered (5). 

OCT measurements of the optic disc and macula are 
important structural tests for glaucoma diagnosis. Regional 
macular ganglion cell (MGC)/inner plexiform layer 
thickness decreases in glaucoma (6) and performs as well as 
regional RNFL outcomes for detection of early glaucoma. 
Combining the measures from the two algorithms 
improves glaucoma detection (7,8). Since both mechanical 
and vascular theories have been proposed in glaucoma 
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pathogenesis, vascular assessment is an important area to 
study in addition to evaluating structural and functional 
defects. Disturbance of vascular autoregulation and 
decreased optic nerve head (ONH) perfusion play important 
roles in glaucoma (9-12). Several studies have reported an 
association between reduced ocular perfusion pressure (the 
difference between IOP and mean arterial pressure) and 
the development and progression of glaucoma. A three-
fold increased risk of glaucoma development between low 
ocular perfusion pressure and prevalence of glaucoma has 
been reported, with a linear relationship between the two  
(10,13-16). Therefore, evaluating optic nerve vascular 
supply could help assess glaucoma development and 
progression.

Blood supply to the ONH

Branches of the ophthalmic artery supply the ONH. The 
short posterior ciliary arteries arise from the ophthalmic 
artery and surround the optic nerve. The prelaminar ONH 
region is supplied by the peripapillary choroid, which 
provides blood through the scleral short posterior ciliary 
arteries and the recurrent choroidal arteries. The circle of 
Zinn and Haller, a rich vascular circle, supplies the lamina 
cribrosa (LC), which is also supplied by branches from the 
short posterior ciliary arteries either directly or through 
the circle of Zinn and Haller. The vascular supply of the 
retrolaminar region arises from the pial network of vessels 
and from the central retinal artery (17,18).

Vessel density measurements

Vessel density, defined as the percentage area occupied by 
the vessels inside the ONH can be evaluated noninvasively 
using optical  coherence tomography angiography  
(OCTA) (19), as well as the peripapillary retina (20), 
peripapillary choroid (21) and the macula (22) (Figure 1).  
OCTA enhances our understanding of the role of ocular 
blood flow in glaucoma. Different OCTA devices employ 
different methods of vessel density measurement. While 
AngioVue (Optovue Inc., Fremont, CA), Spectralis 
angiography module (Heidelberg Engineering, Germany), 
and Swept-Source OCT Angio (Topcon Corporation, 
Tokyo, Japan) are based on split-spectrum amplitude-
decorrelation angiography techniques (19), a combination 
of amplitude and phase-variance algorithms (Optical 
microangiography, OMAG) is used by AngioPlex (Zeiss 
Meditec Inc., Dublin, CA) (23). 

ONH OCTA

OCTA studies have qualitatively assessed the microcirculation 
within the optic disc and attempted to quantify the vascular 
density. The initial report on OCTA imaging in glaucoma 
used a split-spectrum amplitude-decorrelation algorithm 
and reported that preperimetric glaucoma patients had 
significantly reduced ONH perfusion compared to normal 
eyes (19). A dense microvascular network of the ONH had 
dropped out in subjects with glaucoma (24). Using an OCT-
based OMAG prototype system, glaucomatous eyes also 
had significantly lower ONH perfusion in the pre-laminar 
layer. Significant correlations between ONH perfusion and 
disease severity as well as structural changes were detected 
in glaucomatous eyes (25). 

Microvasculature dropout in the optic disc was further 
evaluated based on the visualization of the anterior LC in 
horizontal B-scans. Both eyes with true microvasculature 
dropout and pseudo-microvasculature dropout had severe 
OCTA signal loss on the temporal side of the optic disc 
in en face images. If the anterior LC portion was not 
well visualized in that area, it was defined as pseudo-
microvasculature dropout and if it was well visualized 
in the OCTA signal loss area, it was defined as true 
microvasculature dropout. Obviously, true microvasculature 
dropout was associated with a larger cup-to-disc ratio, 
worse visual field mean deviation, and higher prevalence 
of focal LC defects (26). There was no difference in optic 
disc perfusion defects detected with OMAG comparing 
high tension and normal tension glaucoma eyes with similar 
levels of visual field damage (27).

Peripapillary vessel density

The peripapillary retina was defined variably from the 
circular region or whole square area centered on the 
ONH, or more commonly, the circumpapillary area of a  
700-mm-wide elliptical annulus centered on the ONH, 
when the area of the ONH was excluded (Figure 2). In 
addition, segmentation of the peripapillary slabs differs 
from total peripapillary retinal slabs to superficial slabs 
within the RNFL thickness (radial peripapillary capillaries, 
RPC) which are the superficial capillary bed suppling 
the retinal ganglion cell axons (28). Peripapillary vessel 
density and flow index in glaucomatous eyes were lower 
than those in normal eyes and both were highly correlated 
with the visual field index (20,29,30) (Figure 2). In another 
study, sectoral association between visual field loss and 
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peripapillary vessel density showed a strong correlation in 
the superotemporal and inferotemporal sectors. Of note, 
vessel density correlations were similar to the correlation 
between RNFL thickness and visual field loss (31).

Peripapillary vessel density for glaucoma detection 

The ability of peripapillary vessel density to detect glaucoma 
progression has been compared to that of RNFL thickness. 
While in one study, the areas under the receiver operating 
characteristic (ROC) curve of the peripapillary vessel density 
for discriminating between glaucomatous and normal eyes 
was 0.93 (better than peripapillary RNFL thickness) (29), 
Chen et al. (32) reported that RNFL thickness and macula 

ganglion cell complex (mGCC) thickness had higher areas 
under the ROC curve in normal vs. glaucomatous eyes (0.95 
for both) compared to peripapillary vessel density (0.89). 
Yarmohammadi et al. (33) compared RNFL thickness 
and peripapillary retinal OCTA vessel density in healthy, 
glaucoma suspects, and glaucoma patients and found that 
the whole peripapillary image vessel density performed 
as well as RNFL thickness for discriminating these three 
categories. The whole image vessel density also had 
significantly better diagnostic accuracy than circumpapillary 
vessel density for differentiating between glaucoma patients 
and healthy groups (33). Peripapillary vessel density 
also demonstrated a progressive stepwise decrease from 
control eyes throughout worsening glaucoma stages (34). 

Figure 1 Optical coherence tomography angiography (OCTA) depicts vessels inside the optic nerve head (A, arrow), as well as the 
peripapillary retina (B), peripapillary choroid (C) and the macula with 1 and 3 mm circles around the fovea (D).
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Vessel density was higher in normal eyes and decreased 
successively in glaucoma suspects, mild glaucoma, and 
moderate to severe glaucoma eyes; the association between 
visual field mean deviation with peripapillary vessel density 
was stronger than that between visual field mean deviation 
with RNFL and optic nerve rim area (35). Flow density 
and disappearance angle of the RPCs were significantly and 
independently correlated with RNFL and visual field values 
in glaucoma eyes suggesting that angle of RPC dropout is 
another index in evaluating the optic disc (36). Similarly, 
significant reductions in radial peripapillary vessel density 
which were correlated with sites of RNFL decrease and 
visual field loss in glaucoma were found using custom built 
speckle variance OCT-A (37).

Peripapillary vessel dropout in intact visual field

While several previously noted OCTA studies investigated 
vessel density values in the affected visual field, some studies 
evaluated vessel density measurements in the unaffected 
hemisphere or unaffected contralateral eyes of glaucoma 
eyes with the aim of exploring whether vascular defects 
occur before or after structural defects in early stages of 
glaucoma. Akagi et al. found reduced peripapillary vessel 
density of eyes with glaucoma at the corresponding area 
of the inferior field defects in both high myopia and low 
myopia. Reduced vessel density was not observed in the 

intact field of eyes with glaucoma. A decreased “inside 
disc” vessel density of abnormal visual field was also seen 
only in glaucomatous eyes without high myopia, but not in 
unaffected field of those eyes (38). On the other hand, other 
studies have shown vessel density dropout in the retinal 
and peripapillary regions corresponding to unaffected 
hemifields of glaucoma eyes with single-hemifield visual 
field defects. Yarmohammadi et al. showed that mean 
peripapillary vessel densities in the intact hemiretinas 
were lower than in healthy eyes. In this study, both the 
RNFL and peripapillary and macular vessel densities had 
lower values in the affected hemiretinas compared with 
perimetrically unaffected hemiretinas in glaucomatous eyes. 
Of note, vessel densities of both peripapillary and macular 
locations in the intact hemiretinas of glaucomatous eyes 
were lower compared with healthy eyes (39). Although the 
extent of peripapillary vessel dropout and RNFL thinning 
in perimetrically intact regions of glaucomatous eyes 
varied in different sectors in another study, they reach the 
same conclusion that vascular changes precede functional 
decline in intact visual field (40). Likewise, Chen et al. 
showed significantly lower peripapillary vessel density in 
the apparently intact hemiretina of glaucomatous eyes 
compared to normal eyes using OMAG algorithm despite 
the fact that there was no difference in RNFL thickness (41).  
Not only the vessel density but optic nerve rim area and 
mean RNFL thickness in unaffected eyes of patients with 

Figure 2 Peripapillary vessel density measured in circumpapillary area of elliptical annulus centered on the optic nerve head in healthy 
normal eyes and primary open angle glaucoma (POAG) eyes. Vessel densities are expressed in numbers, defined as the percentage area 
occupied by the vessels. 

Healthy control POAG
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glaucoma were also lower than in healthy controls (42). 
Another study investigated inter-eye peripapillary vessel 
density asymmetry in healthy, glaucoma suspect, and 
glaucoma eyes for early detection of glaucomatous damage. 
Glaucoma suspect eyes had significantly higher asymmetry 
of peripapillary vessel density compared to normal eyes 
despite a lack of significance between asymmetric structural 
parameters of glaucoma suspects and controls (43). While 
the above mentioned studies suggested vascular changes 
before detectable visual field damage, debate remains 
whether impairment in blood flow is a result or a cause of 
glaucoma.

Peripapillary vessel involvement in different types of 
glaucoma

Several studies have studied the peripapillary vasculature 
measurements in different glaucomas. Area under the 
ROC curves of peripapillary vessel density of temporal and 
inferotemporal sectors were similar in open angle glaucoma 
(OAG) and in primary angle closure glaucoma (PACG). 
Diagnostic accuracy of vessel density measurements 
were comparable to RNFL thicknesses in both OAG and 
PACG (44). Zhu et al. (45) found lower vascular density 
in the parafoveal and peripapillary regions with more 
vessel dropout in the latter than in the former area in eyes 
with PACG than normal eyes. In PACG eyes, the vessel 
density in the peripapillary area correlated closely with the 
IOP, suggesting superiority of peripapillary vessel density 
compared to parafoveal vessel density in the management 
of PACG. Vessel densities in primary angle closure (PAC) 
without glaucoma were similar to those of controls; however, 
the superotemporal RNFL was significantly thinner in 
the PAC group, suggesting earlier reduction of structural 
markers in PACG compared to retinal vessel dropout (46).  
We previously found lower vessel density and higher 
RNFL thickness at one week after acute PAC compared to 
contralateral unaffected eyes. After 6 weeks, vessel density 
in the affected eyes was significantly lower than values at  
1 week which showing decreasing peripapillary vessel 
density over 6 weeks after the PAC attack compared with 
controls. On the other hand, the initial increase in RNFL 
thickness was followed by a subsequent decrease (47). 
Normal-tension glaucoma eyes also showed a decreased 
perfused peripapillary capillary density compared to 
normal eyes. It appears that vessel density declines as 
glaucoma progresses; open-angle glaucoma patients 

had lower vessel density than normal-tension glaucoma 
patients (48). 

Exfoliation syndrome (XFS) is associated with vascular 
pathology and leads to obliterative vasculopathy. Some 
studies have recently compared the peripapillary superficial 
vasculature in exfoliation, exfoliation glaucoma (XFG), and 
POAG with various results. We previously demonstrated 
a decreased superficial capillary density in exfoliation 
compared with controls (49). We (49) and another study (50) 
also showed XFG eyes had lower vessel values compared 
with POAG eyes after adjusting for age and stage. Park 
et al. (51) found reduced superficial peripapillary vessel 
density in the inferonasal and nasal sectors of eyes with 
XFG compared to POAG. Two recent studies showed that 
XFG eyes had a similar level of peripapillary and superficial 
macular vessel densities compared with open angle 
glaucoma eyes (52,53).

Peripapillary vessel evaluation in high myopia

Evaluation of the optic disc is difficult in highly myopic 
eyes for detection of glaucoma. We found a progressive 
decrease in vessel density from controls to myopia without 
glaucoma to glaucoma without myopia (54). In addition, 
vessel density correlated well with visual fields in both 
highly and non-highly myopic glaucoma eyes (38). Lee et al.  
also (55) showed reduction in peripapillary vessel density 
measurements in the outer area (3–6 mm around optic 
nerve) in highly myopic eyes than in non-highly myopic 
eyes and in glaucomatous eyes compared to unaffected eyes, 
suggesting that myopic changes might affect the outer area 
around the optic disc, but not the inner region (<3 mm).  
While the average outer macular vessel density was 
different between normal and glaucomatous eyes in both 
non-highly and highly myopic eyes, inner macular vessel 
density was not. Therefore, using a vessel density ratio 
defined as average outer macular vessel density divided by 
average inner macular vessel density, the inferior vessel 
density ratio had the highest discriminating performance 
for glaucoma in both highly and non-highly myopic eyes in 
contrast to the superior vessel density ratio. Another study 
showed a stronger correlation of peripapillary vessel density 
than RNFL thickness with visual fields in patients with 
highly myopic glaucoma, but not in the eyes without high 
myopia suggesting usefulness of peripapillary vessel density 
for following glaucoma progression in eyes with high  
myopia (56).
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Peripapillary vasculature with and without excluding large 
vessels

Finally, peripapillary vessel density measurement varies in 
different studies from including large and small vessels to 
only small vessels for vessel density calculation (Figure 3). 
In one study, we excluded large vessels and measured only 
small peripapillary vessel densities in glaucomatous eyes (57). 
Holló (58) prospectively compared all peripapillary vessels 
(large and small vessels) and RNFL thickness measurements 
over two year period in normal, ocular hypertensive, and 
glaucoma eyes and did not show progressive vessel density 
dropout, whereas about one third of glaucoma eyes had 
progressive RNFL loss. Then, they re-measured small 
vessels after excluding the large peripapillary vessels and 
progressive capillary dropout was demonstrated in a small 
percent of glaucoma eyes (59). Not only does small vessel 
density measurement assist to detect glaucoma progression, 
the association between visual field mean deviation and 
vessel density was highest for measures of ONH when large 
vessels were removed. Peripapillary small vessel density was 
also associated with the severity of visual field damage in 
severe OAG (60).

Macular OCTA

Since loss of retinal ganglion cells has been documented 
in glaucoma (61), MGC thickness measurements could 
enhance diagnostic performance for glaucoma (62). 

Furthermore, ganglion cells are supplied by the superficial 
macular vascular complex, the vessel density of which can 
be measured by OCTA. Other macular vascular structures 
visible on OCTA are the intermediate capillary plexus and 
deep capillary plexus (63). 

Superficial and deep macular vessel involvements 

Reduced superficial macular vessel density was not 
demonstrated in pre-perimetric glaucoma (64), in contrast 
to glaucomatous eyes, in which decreased macular vessel 
density has been well documented (32,63,65-75). While 
localized capillary loss was found in the superficial macular 
vessels in glaucomatous eyes without involvement of deep 
macular vessels (63), another study found lower macular 
density in both superficial and deep macular layers in 
glaucomatous eyes than in healthy eyes (65) (Figure 4). It 
seems that different glaucoma severity in various studies 
affect different macular vasculatures.

Macular OCTA for glaucoma diagnosis

Comparing the diagnostic performance of macular and 
peripapillary vessel densities for glaucoma detection has 
shown that among the vessel density parameters, the 
average peripapillary vessel density has higher diagnostic 
performance than the macular region (66). In addition, 
diagnostic value of MGC thickness compared to macular 

Figure 3 Peripapillary vessel density measurement after excluding large vessels (black vessels, A). Segmentation of large peripapillary vessels 
(B) also has been shown. 
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vessel density has been widely studied and results differ 
among studies and remain inconclusive. Some studies 
showed no differences between vessel density and macula 
thickness to differentiate eyes with glaucoma from 
unaffected eyes (32,63). Others suggested that macular 
vessel density has better diagnostic accuracy for glaucoma 
detection compared with MGC measurements. This 
higher value of macular vasculature evaluation was also 
found for discriminating pre-perimetric glaucoma and 
healthy eyes compared with ganglion cell thickness (67). 
A strong correlation of macular vessel density with visual 
field mean deviation compared with MGC thickness and 
a progressive decline in macula vessel density without 
ganglion cell thinning in a longitudinal study of moderate 
glaucoma eyes highlight higher diagnostic performance of 

macular vessel measurement (35,68). Comparing the rate 
of change of MGC thickness and macular vessel density 
also showed that the reduction rate of macular vessel 
density in glaucoma eyes was significantly greater than 
ganglion cell thinning. More rapid macular vasculature 
density decline was observed in over two thirds of the eyes 
with glaucoma. In contrast to lack of association between 
ganglion cell thinning rate and glaucoma severity, the faster 
macular vessel density decrease was associated with severe  
glaucoma (69). A significant difference in macular vessel 
density inter-eye asymmetries between glaucoma suspect 
and healthy eyes also indicates early involvement of the 
macular vessel without MGC thickness asymmetry (43).

By contrast, Rao et al. found a higher diagnostic value of 
MGC thickness compared with vessel density of the macula 

Figure 4 Superficial and deep macular vessels OCTA in healthy and glaucoma eyes. OCTA, optical coherence tomography angiography.
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for glaucoma detection. Specifically, the diagnostic abilities 
of peripapillary RNFL thickness and the MGC thickness 
in OAG were significantly greater than the corresponding 
vessel density (70,71). In another study, the same group 
explored diagnostic abilities of RNFL, MGC, and macular 
and peripapillary vessel density in glaucoma eyes with and 
without disc hemorrhage and found similar diagnostic 
ability of those measures (72). The diagnostic ability of 
MGC thickness for glaucoma detection was better than that 
of macular vessel density of inner retina in another study 
and the strength of the structure-function correlation was 
more for inner macular thickness than inner macular vessel 
density indicating the limited role of macular OCTA in the 
diagnostic evaluation of glaucoma (22). Diagnostic value of 
asymmetric loss of macular perfusion index was also worse 
than MGC thickness for glaucoma detection (73).

Discrepancies in the selection of retinal scan areas for 
vessel density and inclusion of different stages of glaucoma 
may account for different findings regarding the value of 
macular vessel vs. MGC. To assess the diagnostic accuracy of 
6×6 (outer) and 3×3 (inner) mm macular scans, the authors 
found vessel density of the outer area had greater diagnostic 
performance compared with the inner area vessel density to 
discriminate control and mild glaucoma eyes. Outer region 
vessel density had similar diagnostic performance compared 
with the inner area when discriminating between control 
and moderate to severe glaucoma eyes, suggesting the 
difference in diagnostic ability of various macular scans (74). 
Furthermore, it appears that rate of MGC loss and vessel 
density dropout also differ across various stages of glaucoma. 
A study observed that despite the fact that those with early 
glaucoma had higher MGC loss compared to pre-perimetric 
glaucoma, vessel density was not different between them. In 
addition, the extent of the percent loss for the vessels and 
MGC thickness were similar in pre-perimetric glaucoma. 
However, in early OAG, percent loss for vessel density was 
lower than that of MGC thickness, which shows possible 
faster MGC degeneration than vascular damage in early 
glaucoma. Macula vessel density decreased more over time 
than MGC thinning, despite higher baseline MGC loss 
in early glaucoma (75). Comparing early and advanced 
glaucoma macular damage, advanced glaucomatous eyes 
showed the slowest rate of MGC thinning, whereas early 
glaucoma expressed the slowest decrease in vessel density 
of macula (69). In a similar study, the percent reduction 
of macular vessel density was lower than that of MGC 
thickness in early glaucoma eyes, while they were similar in 
pre-perimetric eyes. The diagnostic performance of macular 

vessel density is comparable to that of MGC thickness in 
detecting pre-perimetric glaucoma and early glaucoma (76). 

Macular vessel density and glaucoma progression

Regarding the value of macular vessel density in predicting 
glaucoma progression, one recent cohort study explored the 
association of peripapillary and macular vessel densities at 
baseline with rate of RNFL loss and glaucoma progression. 
Glaucomatous eyes with lower macular vessel density at 
baseline have a tendency to faster progression than those 
with higher values. A more rapid loss of 0.11 μm per year 
in RNFL thickness was seen for each 1% lower baseline 
macular and ONH vessel densities, indicating that OCTA 
vascular density values are a risk factor for progression of 
glaucoma (77). Therefore, measurement of vessel density of 
ONH and macula provides important information for the 
assessment of the risk of glaucoma progression.

Parapapillary choroidal vasculature

Short posterior cil iary arteries,  which supply the 
parapapillary choroid, course through the border tissue of 
Elschnig and sclera to perfuse the prelaminar ONH tissue 
as well (17,18). The prelaminar region of the ONH might 
be supplied by the parapapillary choroid in addition to the 
short posterior ciliary arteries based on in vivo imaging of 
three eyes (78) suggesting importance of the parapapillary 
choroidal microvasculature in glaucoma evaluation. 

The accuracy of OCTA imaging of the parapillary  
choroid was compared to indocyanine green angiography 
and investigated as to whether OCTA accurately images 
impaired parapapillary choroidal circulation. The 
microvascular dropout as a sectoral capillary dropout in 
OCTA was almost equal to the filling defect in indocyanine 
green angiography (79). 

Parapapillary choroidal microvasculature for glaucoma 
diagnosis

Several studies have evaluated parapapillary deep-layer 
microvascular dropout using OCTA in POAG eyes 
(Figure 5) and topographically correlated the findings with 
glaucomatous RNFL loss. Approximately half of the POAG 
patients (53.9%) showed microvascular dropout in OCTA 
in the parapapillary deep layer with a strong correlation 
with RNFL defect proposing primary involvement of deep 
circulation in the pathogenesis of glaucoma (80). Localized 
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microvasculature dropouts in the peripapillary choroid 
have also identified in glaucoma patients adjacent to the 
optic disc with a topographic focal LC defect in addition to 
RNFL defects (21). 

Parapapillary choroidal microvasculature in β-zone and 

γ-zone parapaillary atrophy 

The relationship between peripapillary deep choroidal 
vessel dropout and β-zone parapaillary atrophy and γ-zone 
parapapillary was further investigated (81,82). Parapapillary 
atrophy is divided into a β-zone, which is a region that 
contains Bruch’s membrane and the underlying choroid, 
and a γ-zone, which is an area without Bruch’s membrane 
and choroid (82). While the primary results showed that 
vessel dropout location involved either the γ-zone, β-zone, 
or combination of both (81), other studies explored the 
proportion of vessel dropout in different zones. In eyes 
containing only a γ-zone, microvascular loss involved the 
γ-zone, while in eyes with both β- and γ-zones, microvascular 
dropout was confined within both zones. OAG eyes with 
microvascular dropout had larger areas of β- and γ-zones 
than eyes without microvascular dropout, indicating 
that γ-zone is associated with more severe functional 
and structural glaucomatous optic nerve damage (82).  
Pre-perimetric OAG eyes with microvasculature dropout 
in β-zones was also associated with a thinner RNFL, 
worse visual field, and higher prevalence of focal LC 

defect (83). Another study found that glaucomatous eyes 
with γ-parapapillary atrophy had a significantly higher 
percentage of parapapillary deep vessel dropout than those 
with β-parapapillary atrophy with Bruch’s membrane (75.7% 
versus 40.8%) and microvasculature dropout was correlated 
with the presence of and wider γ-zone atrophy (84). 
Furthermore, the correlation between parapapillary deep 
vasculature dropout and decreased peripapillary choroidal 
thickness was present only in the POAG eyes with a  
γ-zone (85). Eyes with focal γ-parapapillary atrophy localized 
to the inferior or superior hemi-retina had shorter axial 
lengths, smaller Bruch’s membrane opening areas and 
higher prevalence of focal LC defects (86). 

Clinical implications of parapapillary choroidal 
microvasculature

Choroidal microvasculature dropout may present a 
potential vascular factor for both central visual field defect 
and glaucoma progression. 

Because of high prevalence of vessel dropout in eyes with 
γ-parapapillary atrophy, it is assumed that the vessel dropout 
is associated with central visual field defects. It is asserted 
that the location of microvascular dropout is topographically 
associated with visual field defects in glaucomatous eyes 
(87,88) and that this vessel dropout correlates with worse 
visual field mean deviation even after adjusting for focal LC 
defects and extent of axonal loss (88). Therefore, more than 
ninety percent of eyes with choroidal vessel dropout show 

Figure 5 Parapapillary choroidal microvasculature: Left panel shows healthy eye parapapillary choroidal microvasculatures (green arrows). 
Right panel shows microvasculature dropout in glaucoma (yellow arrows).
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parafoveal visual field defects as opposed to only 39% of 
eyes without deep-layer vessel dropout (89).

Choroidal microcirculation focal loss was also linked 
with progressive RNFL loss (90). In fact, deep vessel 
dropout is associated with prior visual field progression 
after controlling for known risk factors related with 
visual field progression, including disc hemorrhage, 
focal LC defects, width of the β-parapapillary atrophy 
with Bruch’s membrane, and IOP. Faster progression of 
visual field defects in eyes with deep-layer vessel dropout 
indicates the clinical importance of parapapillary deep 
vessel measurement as a significant structural marker for 
progressive glaucomatous damage. It is recommended that 
absence of deep vessel loss is highly predictive of stable 
disease, whereas the existence of dropout does not assure 
visual field defect progression (91). In other words, given 
the association of baseline deep vessel dropout within 
the parapapillary β-zone with glaucoma progression 
as measured by visual fields, careful follow up of these 
glaucoma eyes is reasonable (92). 

In conclusion, OCTA can provide an assessment of the 
vasculature within the optic nerve, peripapillary superficial 
retina, macula, and parapapillary choroid in glaucoma. 
The peripapillary superficial retinal vessel density allows 
diagnosis and detection of glaucoma progression as well as 
the peripapillary RNFL thickness. Decreased peripapillary 
vessel density of the intact field or unaffected eyes of 
glaucomatous eyes indicates that vascular changes may 
occur prior to detectable visual field damage. Vessel density 
measurement at the macula is reduced in glaucomatous 
eyes and can be used for detecting progression with 
MGC analysis. The higher frequency of choroidal 
microvasculature dropout in glaucomatous eyes with a 
parapapillary gamma zone is also associated with central 
visual field defects or progression of glaucoma. 
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