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V
ariation in the morphology of the foveal avascular zone 
(FAZ), the space located at the center of the macula that 
lacks capillary plexuses,1,2 has been implicated in numer-
ous pathologies such as diabetic retinopathy, albinism, 
sickle cell retinopathy, foveal hypoplasia, central serous 

chorioretinopathy, choroidal melanoma, and other systemic dis-
eases, especially those involving microvasculature disorders.3-5

OCT angiography (OCTA) is a noninvasive modality that 
can be used to map the capillary network and the FAZ in high 
resolution without the need for dye injection.6-8 It can rapidly 
capture 3D images of the choroidal and retinal vasculature.9,10

Furthermore, the OCTA algorithm known as split spectrum 
amplitude decorrelation angiography (SSADA) can be used to 
detect erythrocyte movement.11 This novel technology allows 
study of the normal retinal vasculature in vivo with better 
depth resolution than was previously possible.9

The main objectives of the study we describe here were to 
measure FAZ metrics in healthy Latino volunteers using OCTA 
and to collate and analyze the data obtained to determine any 
correlation between FAZ metrics and age and sex among the 
studied population.

 M E T H O D S 
This observational cross-sectional study included 365 eyes of 

185 adult (> 20 years old) Latino volunteers who were recruit-
ed over a 3-month period at six Latin American eye centers.

When this study was performed, there were no reports 
in the literature regarding FAZ metrics in healthy Latino 

individuals; thus, the sample design was based on the mean 
superficial FAZ area reported by Coscas et al (0.28 mm2).2 
Recently, single-center studies performed in Latin American 
countries have been published, although they do not 
encompass as many countries as the study described here.

The inclusion criteria for the present study were healthy 
adult volunteers older than 20 years who signed the 
informed consent form. The exclusion criteria were BCVA 
worse than 40 letters on the ETDRS chart and any refrac-
tive error greater than ±3.00 D; a history of ocular diseases 
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such as diabetic retinopathy, glaucoma (average retinal 
nerve fiber layer thickness outside normal limits), AMD, 
myopic degeneration, cataract, idiopathic macular hole, 
uveitis, or central serous chorioretinopathy; intraocular 
surgery in the past 6 months or laser eye surgery in the 
past 3 months; presence of systemic diseases or conditions 
such as pregnancy, diabetes mellitus, smoking, hyperten-
sion, carotid and/or cardiovascular disease; and the use 
of sildenafil, treatment with chloroquine, etc., that could 
affect OCTA results. The presence of any ocular condition 
(such as severe dry eye) that could prevent the acquisition 
of reliable OCTA images was also an exclusion criterion. 
Furthermore, images with a signal-to-noise ratio (signal 
strength index [SSI]) worse than 6/10 were excluded.

After it was verified that a volunteer met the inclusion 
criteria, both pupils were dilated for the OCTA procedure.

FAZ measurements were done on a full retina slab based 
on full retinal vasculature. The metric determinations 
obtained were area, perimeter, and acircularity index (AI; 
the ratio between the measured perimeter and the perime-
ter of a circular area of the same size) of the FAZ (Figure 1). 

 R E S U L T S 
Among the 365 eyes evaluated, 230 (63%) were from 

female and 135 (37%) were from male volunteers. Mean 
age was 39 (range, 20–86) years. Demographic data are dis-
played in Table 1 and FAZ metric distribution is described 
in Table 2. 

Mean FAZ area (± standard deviation [SD]) in the whole 
study population was 0.31 (0.11) mm2; mean FAZ perimeter 
was 2.20 (0.43) mm; and median FAZ AI was 1.12 (1.10–1.15). 

Among female participants, the mean FAZ area was 
0.34 (0.11) mm2; mean FAZ perimeter was 2.29 (0.41) mm, 
and median FAZ AI was 1.13 (0.38). Among males, FAZ 
area was 0.27 (0.11) mm2; mean FAZ perimeter was 
2.06 (0.42) mm; and median FAZ AI was 1.13 (0.05).

The area and perimeter of the FAZ were both larger in 
the female participants, indicating a dependent relation-
ship between FAZ and sex (P = .00). No correlation was 
found between FAZ area or perimeter and age (Figure 2).

FAZ AI demonstrated a direct positive correlation with 
age (P = .00, r = .20); however, no correlation was found 
between FAZ AI and sex (Figure 3).

Figure 1. FAZ measurements were performed on a full retina slab based on full retinal vasculature.

Figure 2. Area and perimeter of the FAZ were both larger in the female participants than in the males. No correlation was found between FAZ area or perimeter and age.
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 D I S C U S S I O N 
The main objective of our study was to describe the FAZ 

metrics of a healthy Latino population; however, other 
important findings were revealed after statistical analysis of the 
study data. Based on our results, we can conclude that both area 
and perimeter of the FAZ share a dependent relationship with 
sex. In our study population, the female group had larger mean 
FAZ area and perimeter values than the male group. In addition, 
there was a direct positive correlation between FAZ AI and age, 
but not between FAZ AI and sex. Interestingly, neither the area 
nor the perimeter of the FAZ had any statistically significant 
relationship with age.

We speculate that the variation in the FAZ AIs of the par-
ticipants was due to loss of the terminal capillaries of the 
FAZ, which is expected to occur with aging. Furthermore, we 
theorize that the high natural variability of the FAZ area, due 
to statistical effects, may mask a possible relationship between 
area and age, as Morales et al found that FAZ area increases 
with age in normal individuals.12

Because bad quality images can alter FAZ metrics, images 
with an SSI value of less than 6 were excluded from our FAZ 

analysis. After adjusting the SSI, we found that both FAZ area 
and perimeter conserved their correlations with sex. 

Previous studies have demonstrated that FAZ measure-
ments obtained via OCTA were comparable to those 
obtained using other techniques such as adaptive optics 
scanning and fluorescein angiography.7,13 Coscas et al and 
Carpineto et al have already shown that measured FAZ 
metrics of healthy subjects have excellent reproducibility 
and repeatability; therefore, we did not deem it necessary 
to evaluate interobserver variability.2,14

Although our results are in line with those of some similar stud-
ies, they differ from those of others. Some studies have reported 
that the superficial FAZ and deep FAZ are larger in females.15-17 
Other authors, however, reached the conclusion that there is no 
correlation between superficial FAZ or deep FAZ and sex.12,18

In contrast to the results of our analysis, in which no cor-
relation was seen between area and perimeter of the FAZ and 
age, Rommel et al reported that the size of the FAZ enlarges 
with increasing age.16 Their findings cannot be fairly compared 
with those of our study because our data were taken using a 
full retina slab; hence, we could not differentiate between the 
superficial and deep plexuses.

Our study addresses a query posed in previous articles that 
hypothesized that the size of the FAZ may not be related to 
age.13 Those authors could not confirm their results because 

Figure 3. FAZ AI demonstrated a direct positive correlation with age; no correlation was 
found between FAZ AI and sex.

T A B L E 1.  D E M O G R A P H I C S A N D O T H E R C H A R A C T E R I S T I C S

Argentina Bolivia Chile Colombia Mexico Peru

Sample Size (% of Total Eyes) 365 67 (18.4%) 54 (14.8%) 74 (20.3%) 78 (21.4%) 32 (8.8%) 60 (16.4%)

Female 230 (63%) 41 46 55 40 14 34

Male 135 (37%) 26 82 19 38 18 26

Age, 20–39 212 (58%) 33 42 43 42 12 40

Age, 40–59 106 (29%) 21 10 23 24 16 12

Age, 60 or older 47 (13%) 13 2 8 12 4 8
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of their small sample sizes. Our results definitively showed that 
age was not correlated with the area or perimeter of the FAZ.

In all previously published articles, the deep and superficial 
plexuses were measured and reported separately because 
these measurements were done with experimental or man-
ual software. However, the retina is a 3D structure with four 
plexuses that converge in the fovea to form the perifoveal 
capillary network; therefore, we concluded that FAZ mea-
surements should be obtained by considering the structures 
as a single unit. Accordingly, we measured the FAZ in the 
present study using a single and complete slab of retina.

Another reason for using our method is that practicing 
physicians will use automated commercial software that is 
accessible and practical. 

 C O N C L U S I O N 
Given the fact that variability in FAZ measurements has 

been reported in many ocular pathologies, it is reasonable to 
conclude that our research will contribute to the establish-
ment of a normative database that includes a healthy Latino 
population, which physicians can consult while assessing 
various pathologies.

The limitations identified in our study are recall bias and 
the fact that our sample size does not represent the total 
population of the cities or countries our volunteers came 
from. Equally important, there are multiple OCTA instruments 
on the market, including swept-source and spectral-domain 
devices. Our study was performed using spectral-domain 
OCT with a scanning rate of 70,000 scans per second, whereas 
swept-source devices may be capable of 100,000 scans per 
second. Because spectral-domain OCT can be limited in reso-
lution when compared to swept-source OCT, it can yield dif-
ferent results.  n 
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T A B L E 2. F A Z M E T R I C S A N D C O R R E S P O N D I N G V A L U E S

FAZ Metrics Area Perimeter AI

Mean (± SD) 0.31 (0.11) 2.20 (0.43) 1.13 (0.04)

Median 0.31 2.23 1.12

IQR (25–75) 0.23–0.38 1.93–2.48 1.10–1.15

Abbreviations: IQR, interquartile range.


