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Abstract 

Objective: To describe the main uses of angiography by optical coherence tomography (OCT-A) in glaucoma, its main 

characteristics and potential uses as a diagnostic tool described in the literature. 

Study design: Literature review 

Methods: Review of medical literature using PubMed and Scopus between 2013 and 2017. 

Conclusions: Changes at papillary, peripapillary and macular capillary levels may lead to a more accurate and even an 

early diagnosis of glaucoma, leading us to think about possible earlier findings in the OCT-A compared to classical 

changes in the visual field and optical coherence tomography (retinal nerve fiber layer). Additionally, its potential use in 

the detection of progression should be evaluated, allowing a better monitoring of the disease.  
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Abbreviations: OCT-A: Optical Coherence 
Tomography Angiography; AF: Fluoresce Angiography; 
MRI: Magnetic Resonance Imaging; ONH: Optic Nerve 
Head; SSADA: Split-Spectrum Amplitude Decor Relation 
Angiography; OMAG: Optical Micro Angiography; 
OCTARA: OCT Angiography Ratio Analysis; OHT: Ocular 
Hypertension; RNFL: Retinal Nerve Fiber Layers; VF: 
Visual Field; MD: Mean Deviation; VFI: Visual Field Index; 
mGCC: Macular Ganglion Cell Complex; cpRNFL: 
Circumpapillary Retinal Nerve Fiber Layer; ZAF: 
Avascular Foveal Zone; CVFDs: Central Visual Field 

Defects; OCT-SD: Spectral Domain Optical Coherence 
Tomography; CCG: Ganglion Cell Complex; PAC: Primary 
Angular Closure; PACG: Primary Angle Closure Glaucoma; 
RGCs: Retinal Ganglion Cells; LC: Lamina Cribrosa; cpVD: 
Circumpapillary Vessels Density; ST: Superior-Temporal; 
IT: Inferior-Temporal 
 

Introduction 

     Glaucoma is a chronic, progressive and multi factorial 
disease. It is still unclear whether a reduction in the 
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retinal and optic disc blood flow may be the first 
detectable alteration, or if, on the other hand, once there 
is a reduction in the nerve fiber layer of the retina, 
deterioration in the blood vessels is consequently 
generated. Perhaps people with migraine tend to develop 
more glaucoma.  
 
     Fluoresce in angiography – AF has been the gold 
standard in the diagnosis of retinal diseases, it allows the 
evaluation of the retinal vasculature, while the doppler 
evaluates greater caliber vessels [1-6]. Even the use of 
magnetic resonance imaging (MRI) has been postulated as 
an imaging method to evaluate perfusion of the optic 
nerve head (ONH), however it has low resolution, long 
acquisition time, and relatively high cost [7]. 
  
     Recently, angiography by optical coherence 
tomography (OCT-A) has shown comparable results to 
those described with fluoresce in angiography [8]. The 
main advantages of the OCT-A are no need of contrast 
medium, faster image acquisition time, precision, and a 
good resolution; In addition, it allows the evaluation of 
retinal vessels both structurally and functionally, leading 
recent studies towards evaluating its possible diagnostic 
value in ocular hypertension and glaucoma [9].  
 
     The acquisition of OCT-A images is achieved through 
the addition of multiple A-scan images with which B-scan 
images, subsequently making a correlation of several of 
these scans with successive explorations that are 
obtained sequentially in the same location; the OCT-A 
image is generated, which allows us to evaluate the 
vascular changes of the retina [3,4,6,7,10-12]. This is 
possible thanks to several protocols such as; the Split-

spectrum amplitude decor relation angiography (SSADA), 
optical micro angiography (OMAG), OCT angiography 
ratio analysis (OCTARA) among others.  
 

Reduction of Capillary Density In Glaucoma 

     The reduction of the vascular density can be a good 
indicator and predictor of glaucomatous pathology 
[14,15]. Recent studies focus on the retinal and choroidal 
vessel density, offering potential to assist in the diagnosis 
and progression of glaucoma severity. The vessels are 
evaluated mainly in three areas: the disc vessels, the 
peripapillary area and the macular area. Most of these 
studies agree that a reduction in vessel density in all areas 
is found, but the area of greatest diagnostic value and that 
correlates best with glaucoma damage, is the 
peripapillary area; although these studies differ on where 
the measurement around the disk should be taken [16-
18].  
  
     In addition, it has been found that the diagnostic 
capacity of the detection of vascular alterations increases 
significantly with the severity of glaucoma. Kumar et al. 
evaluated the spacing of small and large caliber vessels in 
patients with different glaucoma severity, they found that 
normal eyes have higher vessel density, fewer spacing 
between large and small vessels (compared to patients 
with advanced stages of glaucoma) [2].  
 
(Figure 1) Image of a patient with advanced glaucoma in 
which a reduction in vascular density in the superficial 
layer of the retina is observed by OCT-A, and the 
corresponding visual field and OCT of the patient's optic 
disc. 

 

 

Figure 1: A 47-year-old patient with glaucoma secondary to steroid use. The images show a decrease in capillary density 
in different regions. (a) Optical disk (b) peripapillary (c) macular (d) its images corresponding to the RNFL and CCG by 
OCT (Nidek RS-3000 Advance) (e) computarized visual field (Humphrey 750i). 
    
      In case control studies, a reduction in vascular density 
and consequently a reduction on perfusion of ONH and 

the peripapillary area, is reported in patients with 
glaucoma compared with controls. These vascular 
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changes are also detectable in patients with ocular 
hypertension (OHT); in whom there is a significant 
reduction of capillaries in different retinal areas, without 
changes in the visual field or RNFL [19-21]. 
 

Correlation between OCT-A and the Visual Field  

     The functional deterioration in glaucoma is evaluated 
fundamentally by means of the visual field (VF). It has 
been found that the reduction of capillary density in 
different layers of the retina correlates with the 
localization of the visual field defect and have a strong 
association with the visual field loss expressed as mean 
deviation (MD) and visual field index (VFI). 
  
     In addition, as a potential marker of the severity of 
glaucoma, an association between changes in the visual 
field and the reduction of the microvasculature of the 
peri-papillary deep layer has been observed [20,22-25]. 
In a case report study, the focal micro vascular reduction 
was reproducible on the side corresponding to the defects 
in the VF in most eyes with POAG, The reduction in the 
thickness of the RNFL was significant; not only in the 
corresponding location of the VF defects, but also in the 
non-corresponding locations, suggesting that the vascular 
alterations could be more related to the campimetric 
defects, than with the structural defects (RNFL).  
 
     This is concordant with results shown by 
Yarmohamma di, et al. who evaluated patients with 
glaucoma with visual field involvement of a single hemi 
field, a decrease in the peri-papillary and macular 
vascular measurements was found, as well as the 
thickness of the nerve fiber layer in the circumpapillary 
retina (cpRNFL) and macular ganglion cell complex 
(mGCC) in the affected hemiretins [26]. On the other 

hand, areas of lower vascular density could be detected, 
even in the intact hemi retinas of the eyes with glaucoma, 
compared with peripapillary and macular regions of 
healthy eyes. These findings suggest that vascular changes 
may precede the detectable changes in VF in the peri-
papillary and macular regions of the apparently normal 
hemiretins of glaucomatous eyes.  
 
     Akagi, et al. suggested that OCT angiography could 
provide new structural parameters that can potentially be 
used to diagnose glaucoma in early stages, demonstrating 
a reduction in vessel density in patients with pre 
perimetric glaucoma compared with control patients 
without glaucoma [27].  
 
     Kwon, et al. evaluated whether there is an increase in 
the diameter of the avascular foveal zone (ZAF) or if there 
is an alteration on the shape with OCT-A [28]. They 
evaluated patients with glaucoma who had central visual 
field defects (CVFDs) and reported that the area of the 
ZAF was higher in the group with CVFDs and the vessel 
density on this area was lower than in the group with 
peripheral defects. Concluding that the eyes of GPAA with 
CVFDs confined to a single hemi field had a larger and less 
regular ZAF area than those of the group with peripheral 
defect in the visual fields [23]. The correlation between 
the camp metric defects and the vascular density by 
means of OCT-A, tries to define if with this new tool it is 
possible to predict the place where a defect will be 
generated in the visual field.  
 
(Figure 2) Structure-function correlation is found; the 
visual field defect not only corresponds well with the 
RNFL and the CCG, but also with the location of a lower 
vascular density area. 

 

 
Figure 2: OCT Angiography (Nidek RS-3000 Advance) of a 38-year-old patient with a diagnosis of pigmentary glaucoma, 
with asymmetric damage, presenting a greater decrease in capillary density, optical coherence tomography parameters 
and defects of the visual field in left eye. Images a) right eye b) left eye. 
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Correlation of RNFL and Retinal Vessel Density  

     The second aspect that has great importance in the 
diagnosis and monitoring of glaucoma is the thickness of 
the retinal nerve fiber layer. Structural defects detected 
by spectral domain optical coherence tomography (OCT-
SD) could correlate well with alterations at the vascular 
level and could anticipate RNFL glaucomatous damage. 
Lee et al. studied the circulation of the peri-papillary 
retina using the OCT-A centered on the head of the optic 
disc in 98 eyes with POAG with RNFL localized defects, 
and 45 eyes of healthy controls. A decrease in 
microvasculature density of the peripapillary retina was 
identified in 100% of the eyes with POAG at the site of 
glaucomatous damage with an excellent topographic 
relationship with the RNFL defect area, while none of the 
healthy eyes exhibited a reduction in the vasculature. 
These findings suggest that a decrease in the 
microvasculature identified on OCT-A probably 
represents the secondary loss of capillaries, which occurs 
combined with the loss of RNFL. 
 
     Because RNFL and GCC thickness measurements by 
OCT-SD have become important for the assessment of 
glaucoma; for their reliable values and good correlation 
with different stages of glaucoma, it seems to be 
important to evaluate how much concordance exists 
between these findings and those reported by the OCT-A 

[29]. It has been reported that the density of vessels in the 
entire field is as good as the thickness of RNFL to 
differentiate healthy patients from those with glaucoma.  
 
     In a cross-sectional study, the diagnostic capabilities of 
optic nerve head (ONH), peripapillary, and macular vessel 
density measurements were compared in optical 
coherence tomography angiography in eyes with POAG 
and layer thickness of peripapillary RNFL and of the 
macular ganglion cell complex (CCG) [30]. It was found 
that the density of the vessels in OCT- A of the ONH, 
peripapillary and macular regions in GPAA were 
significantly lower than the thickness of the peripapillary 
RNFL and the macrometric measurements of the CCG 
thickness, respectively. Rao, et al. indicated that, as 
expected, the diagnostic capability of vessel density and 
structural measures increased with the severity of 
glaucoma. Wang, et al. found that flow rates and vessel 
density values decreasing were good indicators of eye 
damage in POAG, especially in severe stages; in addition 
they reported that there was a close correlation between 
vessel flow and density index, MD, thickness of RNFL and 
GCC, suggesting that angio-OCT may also be useful to 
monitor progression of POAG [31].  
(Figure 3) Lower vascular is observed in the most 
superficial layer of the retina by OCT-A in a right eye due 
to advanced glaucoma [32]. 

 

 

Figure 3: A 64-year-old POAG. Angio-OCT (Nidek RS-3000 Advance) presents a decrease in peri-papillary vascular 
density in the temporal-inferior region which shows concordance with the findings at the optic disk and the inner retinal 
complex IRC in the OCT and the defect in the visual field in the upper hemi field. 
 
     We found only a single study that evaluates patients 
with primary angular closure (PAC) and primary angle 
closure glaucoma (PACG) in relation to OCT-A findings. 
Rao, et al. reported that the density of the vessels in all 
regions of patients with PAC was statistically similar to 
that of control eyes, while RNFL thickness in the superior-
temporal sector were significantly lower in the eyes with 
PACG compared to control eyes. These results may 

suggest that a high IOP affects the RNFL measurements 
before affecting the vessel density. An interesting finding 
of this study was the variability in the diagnostic capacity 
of the peripapillary RNFL and the vessel density through 
the different stages of PACG.  
 
     In the early stages of VF loss, the sensitivity of 
peripapillary RNFL thickness was better than the vessel 



Open Access Journal of Ophthalmology 

 

 
Gomez Goyeneche HF, et al. Optical Coherence Tomography Angiography in 
Glaucoma: Literature Review and Case Report. J Ophthalmol 2017, 2(4): 
000131. 

           Copyright© Gomez Goyeneche HF, et al. 

 

 

5 

density, not supporting their hypothesis that the 
reduction of vessel density occurs after structural changes 
in PACG, and is likely secondary to the loss of retinal 
ganglion cells (RGCs) and their axons. However, in more 
advanced stages of glaucoma (MD in VF between -20 to -
30 dB), the diagnostic capacity of the peri-papillary vessel 
density seems to be better than the peri-papillary RNFL 
thickness. The limited usefulness of traditional OCT in 
advanced glaucoma has been attributed to the floor effect, 
with the RNFL and GCC thickness showing few changes 
with the increasing severity of glaucoma. Measurements 
of vessel density may devoid the floor effect and may be 
better at detecting progression in advanced glaucoma.  
  

Defects at the Level of the Lamina Cribrosa and 
its Relationship with OCT-A 

     Among the possible theories postulated in the 
glaucoma damage, it has been said that the lamina 
cribrosa could play an important role in the 
pathophysiology of glaucoma [33]. Hee Suh, et al. in their 
study of 82 patients with POAG, 41 with focal defect of 

 lamina cribrosa (LC) and 41 without defect, measured of 
the circumpapillary vessels density (cpVD) by means of 
Angio OCT. The cpVD in the RNFL were significantly lower 
in the glaucomatous eyes with focal defects of the LC 
compared with the eyes without defects, while the 
severity of the glaucoma did not differ between the 2 
groups. The lowest cpVD was more pronounced in the 
superior-temporal (ST) and inferior-temporal (IT) sectors 
and also showed a topographic correlation with the LC 
defect.  
   
     In another study OCT angiography detected flow from 
all the depths of the disc from the internal surface to the 
LC which had a dense vascular network in the normal eye 
and a slightly attenuated in the eye with glaucoma [34]. 
The disk flow rate in the glaucoma group was 25% lower 
compared to the normal group.  
 
(Figure 4) Image of an OCT angiography of a patient 
showing a decrease in vascular density at the level of the 
cribriform plate [35]. 
 

 

 

Figure 4: A 55-year-old patient with advanced glaucoma. Image shows marked decrease in capillary density at the 
cribriform platein OCT (Nidek RS-3000 Advance) a) Severe decrease in retinal sensibility in the visual field (Humphrey 
750i) of the right eye and b) mild decrease in the left eye. 
  
     Chen, et al. evaluated the differences between 
perfusion in the optic nerve head (ONH) in healthy 
patients and those with glaucoma using the optical 
coherence tomography angiography technique based on 
optical microangiography (OMAG). They reported that 
OMAG provides a highly reproducible and non-invasive 
method to visualize and quantify the perfusion of ONH in 
normal and glaucomatous eyes. The ONH perfusion 
measurements detected by OMAG were significantly 
lower in glaucomatous eyes than in normal eyes within 
the prelaminar layer and strongly correlated with 
functional and structural changes in glaucomatous eyes. 
Their results show that OMAG may be able to add more 
information about ONH perfusion and its relation to the 
stage of disease in glaucoma.  

Future Perspectives 

     Studies are required to standardize the parameters of 
the findings provided by OCTA, so that it can be used for 
glaucoma diagnosis and progression OCT angiography 
may also be useful for evaluating neurodegenerative 
diseases, such as Alzheimer's, due to the vascular 
component within their pathophysiology, which has been 
seen to compromise even the retina, showing vascular 
changes in doppler, with reduction of the lumen and 
deposits of amyloid-β in the vessels. As in glaucoma and 
Alzheimer's, OCT-A may help us understanding the blood 
flow role in other neurodegenerative diseases such as 
Parkinson's, schizophrenia and multiple sclerosis [36-40]. 
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Conclusion 

     There is a correlation between alterations of the visual 
field and vascular changes in the corresponding retina 
and it is possible to differentiate the stages of glaucoma 
through OCT-A.  
 
     Although the findings of these studies are promising, it 
has not yet been possible to clearly elucidate whether the 
vascular alterations precede the structural changes or 
vice versa. Longitudinal studies are required to 
understand the future role of OCT angiography in 
glaucoma and to find the vacuum of knowledge that 
complements along with the visual field and the OCT-DS, 
the diagnosis and follow-up of patients with glaucoma. 
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