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Purpose: The aim of this study was to assess the effects of age, gender, axial length and retinal
thickness on the vascular density in a normal population using the Optovue optical coherence
tomography angiography (OCT-A).

Methods: A total of 209 eyes of 209 healthy subjects were scanned using the OCT-A on an
outpatient basis. Patients were 20—75 years of age. The built-in software covered a 3x3 mm
circle centered at the macula. The circle was divided into five sectors: a 1 mm central foveal
circle and an upper, lower, nasal and temporal sector each spanning 1-3 mm away from the
central circle. The vascular density (VD) at the superficial capillary plexus was measured, which
spanned from the inner limiting membrane to the inner plexiform layer.

Results: The fovea was the least dense area (32.5%5.9%), and the temporal area was the
densest (52.4%t 4.4%). Similarly, the fovea was the thinnest part of the retina (237.8+£20.7 um);
however, the nasal sector was the thickest (308.5+15.1 um). We found a correlation of the retinal
thickness (=0.541, P<<0.001) with VD only at the fovea. Similarly, males had a greater density
at the fovea (P=0.002). All regions significantly and negatively correlated with age even after
adjusting for axial length. The age sees a decline in the density after the fifth decade where the
variability also seems to increase.

Conclusion: This study provides normative data for the Pakistani population. Additionally,
it demonstrates that VD is affected by the retinal thickness at the fovea and the density begins
to decline after the fifth decade.
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Introduction

Spectral domain optical coherence tomography (SD-OCT) has revolutionized retinal
imaging providing fine structural details in a matter of seconds. A refinement of this
technology, the OCT angiography (OCT-A), provides detailed information of the
vascular networks within the retina and choroid. The current gold standard to review
vessel and capillary pathology is fluorescein angiography (FA); however, this technique
has some key drawbacks when compared to the OCT-A.

The OCT-A is a non-contact and non-invasive method of detecting blood flow using
amplitude or phase decorrelation.! It can provide three-dimensional volumetric data of
both blood flow and tissue structure, which help localize the exact depth and location
of the lesion. The FA, on the other hand, is an invasive procedure that provides two-
dimensional data without any depth resolution.? Therefore, pathology can be obscured
by dye leak, hemorrhage and opacities.> Additionally, it can cause nausea, vomiting and
anaphylactic shock. However, FA has two distinct advantages to the OCT-A; it provides
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dynamic visualization with a wide field of view, which can
help locate lesions that can be missed with the newer modality.?
The Avanti RTvue XR (Optovue, Inc., Fremont, CA,
USA) provides volumetric data that can be used to calculate
the vascular density (VD): the percentage of area covered by
the vessel in a particular area. These data can help quantify
ischemic areas and neovascularization. However, for these
data to be applicable, we must observe the normal vessels
in non-pathologic eyes and view the effects of demographic
variables. A limited number of studies have viewed this and,
therefore, we wanted to observe the effects of age, sex, axial
length and retinal thickness on VD. Additionally, no study
has provided normative data in the Pakistani population.
Previously, we have carried out similar studies in which
we quantified the layers of the peripapillary retina* and the
epithelium of the cornea using wide 9 mm maps.’

Methods

We carried out a prospective and cross-sectional study at the
two centers of the Hashmanis Hospital, Karachi, Pakistan. Writ-
ten informed consent was obtained from each participant, and
the study was approved by the ethics committee of the Hash-
manis Hospital in agreement with the Declaration of Helsinki.

Inclusion/exclusion criteria

One eye of each healthy patient between the age of 20 and
75 years was included. We performed the following exami-
nations: autorefraction (KR-800; Topcon Medical Systems,
Inc., Fukuoka, Japan), best-corrected visual acuity (BCVA)
with a Snellen chart, IOP with an air-puff tonometer (Reichert
7CR; Reichert Inc., Depew, NY, USA), dilated fundus and
slit lamp examinations, axial length measurement (Wavelight
OB-820; WaveLight, Erlangen, Germany) and an OCT-A
(Optovue, Inc.).

A Ring diameters (mm): 1.00. 3.00

Figure | An example of the superficial capillary network.

Our inclusion criteria were as follows: refraction between
SDand—6 D, BCVA >0.8 and IOP <22 mmHg. Our exclu-
sion criteria were as follows: hypertensive patients or those
on hypertensive therapy, diabetics or those on anti-diabetic
drugs, any history of cataract, vitreoretinal disease, visual
field loss as seen by the Donders test, glaucoma, ocular
hypertension, amblyopia, evidence of systemic disease and
lactation or pregnancy. Additionally, any patient on systemic
or topical medications was excluded. Finally, images with a
quality index of >7/10 were used, as recommended by the
manufacturer; any scan with a low quality was repeated.

Each eye was dilated using 1% tropicamide and scanned
by an experienced operator. All included eyes were screened
for retinal or optic disc diseases by ophthalmologists using
a dilated fundus examination. Additionally, an expert in
glaucoma screened patients using color fundus photographs;
patients with evidence of optic disc neuropathy, optic nerve
abnormality or other retinal diseases were excluded.

Scan protocol
We used the Avanti RTVue XR machine with AngioAnalytics
software version 2016.10 using the split-spectrum ampli-
tude decorrelation angiography (SSADA) algorithm. The
machine scans at 70,000 scans per second using an 840 nm
superluminescent diode with an axial resolution of 5 um.
The superficial capillary plexus (SCP) was measured,
which spanned from the inner limiting membrane (ILM)
to the lower border of the inner plexiform layer (IPL). The
measurements were made in an Early Treatment Diabetic
Retinopathy Study (ETDRS) circle measuring 3x3 mm
centered at the fovea using an image size of 6x6 mm HD.
The center was the fovea, and the outer circles were 1-3 mm
apart in four zones. These zones were the superior, inferior,
nasal and temporal as seen in Figure 1A. Figure 1B shows the
measurement area with the signals produced by the vessels.

Notes: (A) En face view showing the plexus with the 3x3 mm ETDRS sectors. (B) Measurement of the plexus from the ILM to the lower border of the IPL. (C) An example

of the non-flow area measurement at the fovea.

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; ILM, inner limiting membrane; IPL, inner plexiform layer.
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VD can be defined as the percentage of a particular area
that is occupied by vessels.® The software takes a binary
image of the vessels using an en face image from the eye
and calculates the number of pixels occupied. Additionally,
the non-flow area at the fovea was calculated, as shown in
Figure 1C. Both VD and non-flow area were automatically
provided by the AngioAnalytics software.

Terminologies

Several terminologies have been used to describe the different
plexuses within the retina depending on the method used. This
study used the term SCP to define the plexus spanning from the
ILM to the lower border of IPL. The same terms define the deep
capillary plexus (DCP) to span from the inner nuclear layer
(INL) to the outer plexiform layer (OPL). However, recently a
study published using the projection resolved OCT (PR-OCT)
has proposed new terminologies for these plexuses due to
advances in the algorithm.” This study has managed to segment
all four plexuses within the retina, as histologically proven.®®
Therefore, they suggested a rename for the terms SCP and
DCP to superficial and deep vascular complexes (SVC; DVC).
The SVC is subdivided into the retinal peripapillary capillary
plexus (RPCP) and the superficial vascular plexus (SVP).
Likewise, the DVC is divided into the intermediate capillary
plexus (ICP) and DCP.” The studies discussed in this article
use these terms and therefore required clarification.

Image artifacts

The machine takes two consecutive OCT-A volume scans
centered at the fovea. These images are observed for dif-
ferences using the SSADA algorithm (decorrelation), and a
flow signal is produced in the areas of dissimilarity. Every
B-scan contained 304 A-scans: two of these scans were taken
in 3 seconds. The AngioVue software (Optovue, Inc.) with
its built-in motion correction technology was used to reduce
motion artifacts.

We looked for the following several types of motion arti-
facts: the characteristic straight white lines with a matching
break in the en-face image, lateral displacement of fragments
and duplication of the vasculature. Additionally, blink lines
were observed, which were seen as straight dark lines across
the image. We also looked for proof of image artifacts: this
included segmentation errors and projection artifacts with
vessels clearly appearing in a deeper location than expected.
Ifany evidence of artifacts were found, the scan was repeated.

Optic nerve head protocol
The optic nerve head protocol was used to quantify the aver-
age retinal nerve fiber layer (RNFL) thickness, cup/disc ratio

and the rim area. The scan utilized a circle with a diameter
of 3.45 mm centered at the optic nerve head; 13 circular
scans and 12 radial lines were obtained. The algorithm, then,
quantifies these values automatically, which were used to
exclude any subtle pathology. If there was a signal strength
index of <40 or any evidence of misalignment, the eye was
rescanned using the same protocol.

Statistical analyses

We used the SPSS v23 (SPSS Inc., Chicago, IL, USA) for
all analyses. The graphs were produced using Microsoft
Excel (Microsoft Corp., Redmond, WA, USA). First, the
Shapiro—Wilk test was utilized to test for normality. We used
descriptive statistics to calculate the mean and SDs. The
Pearson correlation coefficient was used to observe a correla-
tion between the VD and the retinal thickness; this was also
used to correlate the foveal retinal thickness and the non-flow
area. An independent ¢-test was used to observe difference in
gender. A linear regression test was used to view the effects
of age and axial length. Finally, a partial correlation was
used to calculate an adjusted P-value. A P-value of <0.05
was considered significant.

Results

Patients

The OCT-A was performed on a total of 209 healthy patients
(106 males and 103 females). The mean age for the popula-
tion was 39.6+13.2 years. Parameters including spherical
equivalent (SE), IOP, systolic blood pressure (BP), diastolic
BP, disc area, rim area, cup/disc ratio and RNFL thickness
were recorded (Table 1).

VD and retinal thickness

The VD and thickness were measured by sector, as outlined
in Table 2. The density of the whole image was 48.7%13.6%.
The temporal sector had the highest density of 52.4%14.4%,
whereas the fovea had the lowest density of 32.5%15.9%; the
lowest density in the parafoveal area was the inferior sector
with 50.9%14.9%. The thickest area was the nasal sector with
a thickness of 308.5+15.1um, and the thinnest area was the
fovea with a thickness of 237.8+20.7 um; the thinnest loca-
tion in the parafovea was temporally with 294.9£16.1 um.
A significant moderate positive correlation was seen of den-
sity and thickness at the fovea (=0.541, P<<0.001). There
was no such correlation elsewhere.

Foveal non-flow area
When evaluating the non-flow area at the fovea, females had
a significantly larger zone (P<<0.001). Females had a mean
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Table | Patient demographics

Age group (years)

20-29 30-39 40-49 50-59 60+
Number 54 60 41 31 23
Gender (M/F) 26/28 22/38 25/16 18/13 15/8
SE —1.2+1.6 0.2+9.5 0.0£1.5 0.6£1.5 0.5x1.4
IOP 14.6+2.4 15.313.0 18.6+2.9 14.4+2.9 15.313.0
Systolic blood pressure, mmHg 112.1+8.7 115.0+11.0 120.3+13.7 115.9£14.4 110.8+18.7
Diastolic blood pressure, mmHg 74.416.1 76.317.6 77.516.2 81.7£9.7 79.6£10.0
Disc area 2.1+0.3 2.0+0.3 2.1+0.5 2.1+04 2.2+04
Rim area 1.4+0.3 1.310.3 1.240.2 1.310.3 1.240.2
Cupl/disc ratio 0.310.1 0.3£0.1 0.310.1 0.310.1 0.4£0.1
RNFL thickness, um 100.4£8.8 98.617.2 98.0£13.0 95.6£9.0 94.6£7.7

Note: Data presented as meantSD.

Abbreviations: |OP, intraocular pressure; F, female; M, male; RNFL, retinal nerve fiber layer; SE, spherical equivalent.

area of 0.3+0.1 mm?, whereas males had a mean area of
0.2£0.1 mm?. Additionally, there was a significant nega-
tive correlation with the foveal retinal thickness (r=—0.433,
P<0.001) and foveal VD (r=—0.738, P<<0.001). However,
this area was not affected by age (=0.120, P=0.133) or axial
length (=0.115, P=0.098).

Gender

We found no differences among the genders when evaluat-
ing age (P=0.222), IOP (P=0.342), axial length (P=0.353)
and refractive error (P=0.632). Stratification of VD by gen-
der showed statistical significance at the fovea (P=0.002).
In males, the VD at the fovea was 33.8%%5.8%, and in
females, it was 31.2%5.8%. No significant differences were
found in other sectors or in the whole image. All relevant
data are available in Table 3.

Age

A negative correlation of age with VD was found in the
whole image (r=—0.302, P<<0.001). Similarly, the effect of
age on VD also negatively correlated with each sector: fovea
(r=—0.215, P=0.004), superior (r=—0.233, P=0.008), inferior
(r=—0.204, P=0.001), temporal (=—0.175, P=0.028) and

Table 2 Vessel density and thickness by sector

nasal (r=—0.145, P=0.003). Table 4 highlights the pertinent
data. Figures 2 and 3 depict data supporting this negative cor-
relation. The mean VD was seen to be steady till the age of
50 years after which a decline can be appreciated. Consistent
with this, the SD was seen to increase after 50 years of age.

Axial length

Table 5 summarizes the effect of axial length on VD. No
significant correlation was found in the whole image or any
of the five sectors.

Discussion

The aim of this study was to evaluate the relationship between
the effects of demographic variables and retinal thickness on
VD. We focused on examining the macular VD at the SCP
in the normal population of Pakistan and establish normative
values in this group.

VD and retinal thickness

Our analysis concluded that there is a significant positive
correlation of density and retinal thickness at the fovea. Previ-
ous studies have scrutinized the relationship between central
retinal thickness and the foveal avascular zone (FAZ)!'*'? and

Table 3 Stratifying vessel density by gender

Sector Density | Thickness | Correlation | P-value Male Female P-value
(%) (um) (N=106) (N=103)
Whole image | 48.7£3.6 Whole image 48.514.1 48.9£3.0 0.494
Foveal 32.5%£5.9 | 237.8+20.7 | 0.54I <0.001 Foveal 33.845.8 31.245.8 0.002
Superior 51.2+48 | 308.1+142 | -0.021 0.764 Superior 51.1+4.5 51.4£5.1 0.714
Inferior 50.9+4.9 | 305.8+14.5 | -0.030 0.668 Inferior 50.745.2 51.1+45 0.718
Temporal 52.4+4.4 | 294.9%l16.1 —0.023 0.742 Temporal 52.5+4.6 52.3+4.2 0.534
Nasal 51.4+4.5 | 308.5+15.1 —0.025 0.723 Nasal 51.245.0 51.6+3.9 0.515

Notes: Data presented as meantSD. Bold values indicate statistical significance.

Notes: Data presented as meantSD. Bold values indicate statistical significance.
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Table 4 Effect of age on vessel density

Regression R-value | P-value | Adjusted P*
equation
Whole image | 52.0-0.08" age | 0.302 <0.001 | <o0.00I
Foveal 36.4-0.09°age | 0.215 0.002 0.004
Superior 54.6-0.08" age | 0.233 0.001 0.008
Inferior 53.9-0.07>age | 0.204 0.003 0.001
Temporal 54.7-0.05* age | 0.175 0.011 0.028
Nasal 53.4-0.05"age | 0.145 0.037 0.003

Notes: *Adjusted for axial length. Bold values indicate statistical significance.

the relationship between FAZ and VD."*"!¢ However, only a
few have reported a relationship between both entities.'”
A study carried out by Fujiwara et al highlighted that retinal
thickness has a stronger correlation with the FAZ as com-
pared to VD."” They discovered that the retinal VD shows
only slight variation among individuals and, therefore, has
little effect on the FAZ area when compared to the retinal
thickness.'s

We found the densest area to be the temporal sector, in
contrast to the outcome of Coscas et al; !¢ they found the highest
density in the superior and inferior sectors. Additionally,
their mean VD for the whole image was 52.58%+3.22%,'¢
whereas ours was 48.7%%3.6%. Gadde et al'* also had
similar contrasting findings, and their densest area at the
level of the SCP was the inferior sector. Campbell et al’
explained that VD of the SCP decreases with distance from
the optic nerve along the maculopapillary axis due to thin-
ning of the surrounding ganglion cell layer. They further
emphasized that it is histologically proven that the superficial
vascular complex is densest in the peripapillary region.’
Further research is required to evaluate the variability of
these measurements.

Moreover, on evaluating VD in glaucoma patients, Akil
et al® found a significant correlation between RNFL thick-
ness and VD. Thus, they theorized that RNFL thickness
proved to be a predictor of VD at the optic nerve head; they
observed the entire capillary network from the ILM to the
OPL.? Similarly, Mase et al" established an overall signifi-
cant correlation between VD and thickness; they analyzed
the density of the RPCP. This study suggested that due
to the positive correlation between the RNFL thickness and
the density of the RPCP, this network was responsible for
nourishing the RNFL."

In this study, the least dense area was calculated to be
the fovea, conceivably because the centripetal branching
arrangement of the SCP terminates around the FAZ.’

VD and gender

Upon stratification of VD by gender, our results showed
statistical significance at the fovea. At par with our conclu-
sion, Yu et al*! concluded in their study that parafoveal VD
was not associated with gender. They proposed that the
capillary-free zone is larger in females, which explains the
statistical significance at the fovea;?! this study agrees with
this theory. Some researchers disagree; however, Coscas
et al'® found a higher VD in females, especially after the
age of 60 years. They theorized that this finding was due to
adelay in vascular aging in women. On the other hand, Wang
et al*? found a higher density in males. This topic requires
further evaluation before a definite conclusion can be made.

VD and age

Furthermore, this study shows a decrease in VD after the fifth
decade of life with a corresponding increase in measurement
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Figure 2 The effect of age on the mean vessel density.
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Figure 3 Variability of the density as a function of age.

variability. Supportive to this conclusion are studies carried
out by Garrity et al and Iafe et al that reported a reduction of
0.22%" and 0.26%? in VD per year of age in the SCP, respec-
tively. However, these studies also showed a corresponding
increase in FAZ area with age;" the present study does not
show any correlation of these two variables. Yu et al?! dis-
cussed a similar relationship between VD and age, but their
study only measured the vessel area density at the parafoveal
area whereas our study takes into account all five sectors.

Coscas et al'® reiterated that there is indeed increased
variability in VD with age and suggested that this may be in
association with a decrease in the FAZ area due to age-related
atrophic changes in macular vessels. Likewise, Wang et al*
discovered an association with greater density of the SCP at
a younger age, corresponding to a physiologic loss in retinal
vascularity with increasing age. Therefore, further research
should be conducted to effectively study the reasoning behind
this phenomenon.

VD and axial length
This study concluded that there is no significant effect of
the axial length on the VD at the level of the SCP. Although

Table 5 Effect of axial length on vessel density

Regression equation | R-value | P-value | Adjusted
Pa

Whole 52.2-0.14% axial length | 0.041 0.555 0.180
image

Foveal 15.140.74% axial length | 0.125 0.072 0.174
Superior | 52.7-0.06" axial length | 0.013 0.851 0.353
Inferior 50.9+0.00* axial length | 0.000 0.996 0.463
Temporal | 56.1-0.15% axial length | 0.036 0.606 0.375
Nasal 49.9+0.45° axial length | 0.009 0.895 0.739

Note: *Adjusted for age.

previous studies have explored the relationship between
thickness,***2° macular volume?’ and FAZ area'"'> with axial
length, there is limited research regarding correlation of VD
and axial length. A study by Wang et al** discovered that
macular VD was not dependent on axial length.

Advantages and limitations

Our sample size of 209 individual eyes was relatively larger
than those of other studies. For example, Garrity et al"
included 152 eyes from 95 individuals, whereas Coscas et al'®
used 135 eyes of 70 subjects. We selected a group of healthy
individuals to emphasize the primary need to establish corre-
lations of VD in non-diseased persons. Alongside, we used
a wide range of age groups with a proportionate distribution
of subjects per age group and gender.

Limitations of this study include a cross-sectional study
design with people of limited ethnic backgrounds, belong-
ing to only one city of Pakistan. Furthermore, we analyzed
only the SCP. Also, the various artifacts associated with
OCT-A"?%? may have affected the interpretation of our
images due to the use of automated measurements.

Image magnification has been shown to significantly
influence the foveal VD and the non-flow measurements.*
However, the parafoveal and whole image VD do not seem
to be significantly affected by this phenomenon presumably
due to a uniform network of vessels at this location. This
study did not correct the magnification according to the AL,
and this may have induced subtle errors and, therefore, the
data within the fovea must be looked at with caution. It must
be noted, however, that most of our data (164 eyes; 78.1%)
were within an AL range 0f22.28-24.71 mm, which does not
seem to be significantly affected by image magnification.*
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Conclusion

This study demonstrates that at the fovea, macular VD
positively correlates with retinal thickness. Additionally, age
and macular VD negatively correlate within every sector.
Moreover, beyond the fifth decade of life, VD falls with a
corresponding increase in variability. Therefore, these factors
must be considered when assessing the effect of demographic
variables on macular VD at the level of the SCP.
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