CLINICAL SCIENCE

Association of OCT Angiography Parameters With
Age in Cognitively Healthy Older Adults
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James R. Burke, MD, PhD; Dilraj S. Grewal, MD; Sharon Fekrat, MD

BACKGROUND AND OBJECTIVE: To evaluate the as-
sociation of changes in retinal anatomy and micro-
vasculature with age and sex in cognitively healthy
older adults.

PATIENTS AND METHODS: Cross-sectional study
of cognitively healthy subjects aged 50 years and
older who underwent optical coherence tomog-
raphy angiography (OCTA) to estimate the asso-
ciation between age and sex with ganglion cell
layer-inner plexiform layer (GC-IPL); central sub-
field thickness (CST); subfoveal choroidal thick-
ness (CT); foveal avascular zone (FAZ) size; and
superficial (SCP), deep (DCP), and whole capillary
plexus (WCP) vessel density (VD) and perfusion
density (PD) measured in the ETDRS 3-mm and
6-mm circle and rings.

RESULTS: Among 141 older adults (72.9% female;
median age: 69 years), 282 eyes were imaged. Fe-
males had a greater CT, GC-IPL thickness, and FAZ
size and a lower CST than males. After controlling
for sex, both CT (P = .001) and GC-IPL thickness (P
< .001) decreased with age, whereas FAZ size and
CST did not. There was a reduction in VD and PD
in SCP, DCP, and WCP with age in the 3-mm circle,
3-mm ring, and 6-mm circle (all P < .05).

CONCLUSIONS: There is a significant reduction in
both VD and PD, as well as decreased choroidal and
GC-IPL thickness associated with aging, even be-
yond the fifth decade, in cognitively healthy adults.

[Ophthalmic Surg Lasers Imaging Retina. 2020;51:706-714.]
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INTRODUCTION

Decline in vision and cognition with healthy aging
is a major public health concern as the aged popula-
tion grows. Since the older population is often dis-
proportionately affected by retinal pathology with
an exponentially increased prevalence of age-related
macular degeneration and glaucoma, it is important
to recognize normal age-related retinal structural
and microvasculature changes in older cognitively
healthy adults in order to be able to detect true retinal
microvascular pathology.?

Prior studies have reported variable findings re-
garding the impact of age on foveal avascular zone
area and retinal microvasculature vessel (VD) and
perfusion densities (PD).27 One of the reasons for
this variability is that quantitative values from the
different optical coherence tomography angiography
(OCTA) devices are not interchangeable since each
device utilizes its own proprietary algorithm for flow
detection and segmentation.®® Measurements taken
with the same machine and technique, however, are
thought to be relatively consistent and reliable.%1°
There remains a need for standardization of analyti-
cal methods and normative databases for each de-
vice and determination of age-related changes in the
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Figure 1. 3 mm x 3 mm (A) and 6 mm x 6 mm (D) optical coherence tomography angiography scans of the superficial capillary plexus
with the different regions analyzed using the Early Treatment Diabetic Retinopathy Study grid sectors — the 3-mm circle (B), 3-mm ring

(C), 6-mm circle (E), 6-mm inner ring (F), and 6-mm outer ring (G).

older population as prior studies have focused on
mostly younger populations.

The goal of our study was to evaluate the relation-
ship of age and sex on retinal structure and microvas-
culature in eyes of cognitively intact, healthy, older
(> 50 years) adults in an effort to understand changes
in these parameters with normal aging.

PATIENTS AND METHODS

This cross-sectional study was conducted at the
Duke University Medical Center between July 2017
and June 2018 (Clinicaltrials.gov NCT03233646).
Institutional review board approval was obtained
through the Duke University School of Medicine in
Durham, North Carolina. Written informed consent
was obtained from all participants. The study ad-
hered to the tenets of the Declaration of Helsinki.

Adult volunteers who were 50 years of age and
older were recruited from relatives or attendants of
patients from any Duke clinic, from the local com-
munity, or from the registry of control subjects in the
Bryan Alzheimer’s Disease Research Center (ADRC).
On the day of enrollment, subjects underwent Mini-
Mental State Examination (MMSE). Only eyes with
corrected distance visual acuity (VA) of 20/40 or bet-
ter using a standard Early Treatment Diabetic Reti-
nopathy Study (ETDRS) chart were enrolled. Exclu-
sion criteria included a known diagnosis of mild
cognitive impairment, any dementia (including Al-
zheimer’s disease, Parkinson’s disease, among oth-
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ers), neurological disease, stroke, diabetes mellitus,
uncontrolled hypertension, any retinal disease in-
cluding macular degeneration, optic nerve disease in-
cluding glaucoma, refractive errors greater than +6.0
or —6.0 diopters (D), prior intraocular surgery other
than cataract, inability to cooperate with testing, and
other neurologic or age-related ocular conditions that
may impact acquisition and segmentation of OCT and
OCTA images.

Optical Coherence Tomography and Optical Coherence
Tomography Angiography Image Acquisition

OCT and OCTA (Zeiss Cirrus HD-5000 Spectral-
Domain OCT with AngioPlex, software version
10.0.0.14618; Carl Zeiss Meditec, Dublin, CA) images
were obtained by trained imagers (BWP, SPY, ACT)
for both eyes of each subject without pharmacologic
pupillary dilation. Motion-tracking capabilities us-
ing an optical microangiography algorithm for analy-
sis were used.!* Images were excluded if they were
deemed to be poor quality images, which was defined
as a signal strength less than 7/10, presence of motion
artifacts, low resolution or saturation, or poor centra-
tion. The OCT images obtained included the 512 x
128 macular cube and high definition 21-line with
enhanced depth imaging (EDI). The 512 x 128 cube
scan captures data in a 6-mm square grid by acquiring
a series of 128 horizontal scan lines each composed of
512 A-scans using a 47-pm spacing between lines and
1,024 data points per A scan. The 21-line EDI scan
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Figure 2. Scatterplots showing associations between age and choroidal thickness (A), average ganglion cell layer-inner plexiform layer

(GC-IPL) thickness (B), and central subfield thickness (CST) (C).

captures 21 high-definition horizontal scan lines at a
depth of 2.0 mm with eight acquired B-scans for each
line, and each B-scan composed of 1,024 A-scans.
The scan spacing was 0.3 mm between scans, and the
scan length was 9 mm. The individual scans were re-
viewed to verify correct segmentation of the retinal
layers and those with incorrect segmentation were ex-
cluded. The OCTA images were obtained using 3 mm
x 3 mm and 6 mm x 6 mm OCTA scan patterns, both
centered on the fovea.’

Optical Coherence Tomography and Optical Coherence
Tomography Angiography Image Analysis

Central subfield thickness (CST) was measured as
the thickness between the inner limiting membrane
and retinal pigment epithelium (RPE) at the fovea
from the macular cube. Average ganglion cell layer-
inner plexiform layer (GC-IPL) thickness was quanti-
fied within a 14.13 mm? elliptical annulus area cen-
tered on the fovea.!?

Two trained graders (BWP, JHP) independently re-
viewed and graded the subfoveal choroidal thickness
(CT) on the EDI images. The CT was drawn perpen-
dicularly from the outer border of RPE to the inner
border of the sclerochoroidal junction using the soft-
ware’s caliper tool.?31% Values with a difference great-
er than 5% were reviewed jointly by the graders, and
a consensus value was determined. For values with
less than 5% difference, final values were obtained by
averaging the two measurements.

Full-thickness retinal scans were deconstructed
into the superficial capillary plexus (SCP), deep capil-
lary plexus (DCP), and whole capillary plexus (WCP).
The inner boundary of the SCP slab was defined as the
internal limiting membrane (ILM) and outer bound-
ary was the inner plexiform layer. The inner bound-
ary of the DCP slab was the inner plexiform layer and
the outer boundary was the outer plexiform layer.
Projection shadows were removed prior to analysis
of the DCP. The WCP slab was defined from the ILM
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to 70 pm above the RPE. The individual OCTA slabs
were reviewed to check for errors in segmentation
of the different capillary plexuses, and those with
segmentation errors were excluded. The SCP FAZ
boundaries were calculated by the software and were
reviewed manually. Inaccurate boundaries identified
on manual review (DSG) were corrected or excluded.

The software quantified the average VD and PD
using an ETDRS grid overlay (Figure 1). VD was de-
fined as the total length of perfused vasculature per
unit area, whereas PD was defined as the total area of
perfused vasculature per unit area. VD and PD were
averaged over the 3-mm ETDRS circle and ring for 3
mm x 3 mm images and the 6-mm ETDRS circle and
rings for 6 mm x 6 mm scans.

Statistical Analysis

All statistical analyses were completed in STATA
15.1 (StataCorp, College Station, TX). ETDRS VAs
were converted to the logarithm of the minimum
angle of resolution (logMAR) scale. Descriptive sta-
tistics of the study subjects, demographic characteris-
tics, OCT and OCTA parameters were assessed in the
SCP, DCP, and WCP. Separate linear generalized es-
timating equations (GEE) were constructed with each
OCT (ie, CST, GC-IPL, CT) or OCTA (ie, FAZ, 3-mm
and 6-mm ETDRS circle and ring PD and VD) param-
eter serving as the dependent variable and either age
or sex as the independent variable. An exchangeable
correlation structure was set to account for when
measurements were obtained on both eyes within a
subject. When necessary, the dependent variable was
transformed (eg, log, cubed) so as not to violate the
assumption of normality. Finally, separate multivari-
ate GEE models for each of the parameters were built
with both age and sex adjusted for in the model. Since
the nature of this analysis was exploratory and not
confirmatory, P values presented are descriptive and
exploratory in nature.
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TABLE 1
Demographic Characteristics

Variables

N = 133 Subjects (254 Eyes)

Age (Years)
Mean * Standard Deviation

Median (Range)

69.2+78
69.8 (51,91.2)

Sex - n (%)
Female
Male

97 (72.9%)
36 (27.1%)

logMAR Corrected Visual Acuity
Mean + Standard Deviation

Median (Range)

0.11 £ 0.1 (20/25)
0.1(0,0.3)
20/25 (20/20, 20/40)

Mean + Standard Deviation

logMAR = logarithm of the minimum angle of resolution

Race
White 110 (82.7%)
Asian 0
Black or African American 5(3.8%)
American Indian or Alaska Native 0
Native Hawaiian or Other Pacific Islander 0
Hispanic or Latino 0
Other/Not Reported 18 (13.5%)
Mini-Mental State Examination Score 29.2 £1.1

(Range: 25-30, Median: 30)

RESULTS

Two hundred and eighty-two eyes of 141 healthy
older adults were imaged. Of the 282 eyes, images
from 254 (90%) eyes of 133 adults were of sufficient
quality to allow SCP image analysis. Twenty-eight
eyes were excluded from SCP analysis due to poor
OCTA image quality, motion artifact, inaccurate seg-
mentation, or poor foveal centration. Good quality
images of the DCP and WCP were available in 215
eyes of 112 subjects, with 39 eyes excluded due to
uncorrectable projection artifact.

Table 1 shows the demographic characteristics of
the 133 study subjects in our study population.

OCT Parameters

The mean and median values of the OCT param-
eters are reported in Table 2A.

Supplemental Table 1 (available at www.Healio.
com/OSLIRetina) displays the univariate GEE analy-
sis for the association of either age or sex with each
of the OCT parameters. For each year of increasing
age, there was a significant decline in CT (Figure 2A)
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(-2.99; P = .003) and GC-IPL thickness (Figure 2B)
(-5059; P < .001). Age was associated with these pa-
rameters after adjusting for sex in multivariate anal-
ysis (Table 2b). CST (Figure 2C) was not associated
with age (all P > .05).

Female sex was associated with an increased CT
(40.5; P = .018) and GC-IPL thickness (46,992; P =
.043), but decreased CST (-18.4; P < .001). Females
had a thinner CST (-18.8; P < .001), even after con-
trolling for age (P < .001).

Superficial Capillary Plexus

The mean and median values of the OCTA of the
SCP parameters are reported in Table 3A. Table 3B
displays the univariate and multivariate GEE analysis
for the association of either age or sex with each of
the OCTA 3 mm x 3 mm and 6 mm x 6 mm SCP pa-
rameters. The FAZ area was not associated with age
in either univariate or multivariate analyses (all P >
.05). Females had a larger FAZ area (0.39; P < .001),
even after controlling for age (all P < .001). Both VD
and PD in both the 3-mm and 6-mm ETDRS circle and
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TABLE 2A
OCT Parameters in Normal Eyes of Adults 50 Years of Age or Older

Mean * Standard Deviation

Median (Range)

Central subfield thickness (um) 2643 +24.6
264 (193-349)

Choroidal thickness (um) 2741 +£97.7
265 (62-629)

GC-IPL thickness (um) 77276
77.5(31-92)

OCT = optical coherence tomography; GC-IPL = ganglion cell layer-inner plexiform layer

TABLE 2B
Generalized Estimating Equations of the Multivariate Association Between Age or Sex and
OCT Parameters

Age (Years)

Sex (F vs. M)

Beta Coefficient (95% Cl), P Value

Beta Coefficient (95% Cl), P Value

Central subfield thickness (um)

-0.23 (-0.72 t0 0.26); P = .36

-18.8 (-27.2t0 -10.4); P < .001

Choroidal thickness (um)

-2.8 (-4.7 to -0.86); P = .005

35.4 (2.4-68.5); P=.036

GC-IPL thickness? (um)

Dependent variable underwent °cubic transformation.

-4,819 (-7,289 to -2,350); P < .001

OCT = optical coherence tomography; GC-IPL, ganglion cell layer-inner plexiform layer; F = female; M = male; Cl = confidence interval

37,863 (-4,744 to 80,470); P = .082

rings were similar among males and females (all P >
.05). Age was associated with VD and PD in the 3 mm
x 3 mm circle and ring after adjusting for sex in mul-
tivariate analysis (all P <.001); age was not associated
with the VD and PD in the 6 mm x 6 mm circle or
rings and was only associated with PD in the 6-mm
circle after adjusting for sex in multivariate analysis
(P =.025) (Table 4B).

Deep Capillary Plexus

The mean and median values of the OCTA DCP
parameters are reported in Table 3a. Table 3b dis-
plays the univariate and multivariate GEE analysis
for the association of either age or sex with each of
the OCTA DCP parameters. Female sex was associ-
ated with decreased PD in the 3-mm circle (—0.0147;
P = .035), VD in the 3-mm circle (-0.92; P = .027),
and VD in the 3-mm ring (-0.91; P = .046). After ad-
justing for age in multivariate analysis, sex was as-
sociated with VD in the 3-mm circle and 3-mm ring
(all P < .05). Sex was not associated with PD or VD
in the 6-mm parameters.
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For each year of increasing age, the following pa-
rameters significantly decreased: PD in 3-mm circle
(=0.0014; P < .001), VD in 3-mm circle (-0.078; P =
.001), PD in 3-mm ring (-0.002; P < .001), VD in 3-mm
ring (—0.085; P = .001), PD in 6-mm circle (-0.002;
P < .001), VD in 6-mm circle (-0.099; P < .001), PD
in 6-mm inner ring (—0.0028; P < .001), VD in 6-mm
inner ring (-0.11; P < .001), PD in 6-mm outer ring
(-0.002; P<.001), and VD in 6-mm outer ring (—0.098;
P <.001). Age was associated with all of these param-
eters after adjusting for sex in multivariate analysis
(Table 3B).

Whole Capillary Plexus

The mean and median values of the OCTA WCP
parameters are reported in Table 3A. Table 3B dis-
plays the univariate GEE analysis for the associa-
tion of either age or sex with each of the OCTA WCP
parameters. Female sex was not significantly asso-
ciated with any of the WCP parameters (all P > .1)
in the univariate or multivariate GEE models. Age
was significantly associated with all of the OCTA
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TABLE 3A
OCTA 3 mm x 3 mm and 6 mm x 6 mm Superficial, Deep, and Whole Capillary Plexus
Parameters in Normal Eyes of Adults Aged 50 Years and Older

Superficial Capillary
Plexus

Deep Capillary Plexus

Whole Capillary Plexus

n=254 Eyes

n=215 Eyes

n=215 Eyes

Mean + Standard Deviation

Median (range)

Foveal Avascular Zone (FAZ)

Area? (mm?)

0.25+0.11; 0.24 (0.038,
0.68)

Vessel Density (/mm) in
3-mm ETDRS Circle

20.2+1.6;20.4 (14.2, 23.3)

15.1+2.2;15.2(7.2,20.9)

229+ 1.4;23.2(17.3,25.6)

Perfusion Density in 3-mm
ETDRS Circle

0.365 + 0.026; (0.368 (0.272,
0.462)

0.286 + 0.037;0.289 (0.147,
0.377)

0.391 +0.022; 0.394 (0.309,
0.474)

Vessel Density (/mm) in
3-mm ETDRS Ring

21.3+£1.5;21.5(15.3,24.2)

15.9+24;16.0(6.3,21.7)

21.9+1.4;22.1(16.5,24.4)

Perfusion Density in 3-mm
ETDRS Ring

0.386 = 0.025; 0.388 (0.295,
0.456)

0.302 = 0.042; 0.306 (0.127,
0.398)

0.408 = 0.022; 0.412 (0.325,
0.464)

Vessel Density (/mm) in
6-mm ETDRS Circle

17.9+1.1;18.1 (14.2,20.2)

13.7 £2.76; 14.2 (4.0,18.5)

18.9+£0.81;19.1 (14.0, 20.1)

Perfusion Density in 6-mm
ETDRS Circle

0.440 £+ 0.026; 0.446
(0.34,0.487)

0.296 + 0.067; 0.307
(0.077,0.413)

0.464 + 0.020; 0.469
(0.332,0.492)

Vessel Density (/mm) in
6-mm ETDRS Inner Ring

17.9+1.5;18.3(11.5,20.4)

12.5+3.0;13.0(2.6,17.9)

18.7£1;18.9(13.3,20.5)

Perfusion Density in 6-mm
ETDRS Inner Ring

0.431 +0.037; 0.441
(0.266, 0.479)

0.269 + 0.072; 0.282
(0.047,0.403)

0.447 +0.028; 0.453
(0.305, 0.488)

Vessel Density (/mm) in
6-mm ETDRS Outer Ring

18.2+1.0;,18.4 (14.6, 20.2)

14.2 +2.8;14.5 (4.0, 18.9)

19.1£0.79; 19.3 (14.4, 20.3)

Perfusion Density in 6-mm

0.451 +£0.025;0.458
(0.351,0.496)

0.306 +0.069;0.314
(0.076, 0.424)

0.471+0.019;0.476
(0.341,0.50)

ETDRS Outer Ring

9Dependent variable underwent logarithmic transformation.

OCTA = optical coherence tomography angiography; ETDRS = Early Treatment Diabetic Retinopathy Study

parameters after adjusting for sex in the multivari-
ate analysis (Table 3B).

DISCUSSION

We describe OCT and OCTA parameters acquired
in healthy eyes of cognitively healthy adults 50 years
or older and evaluate the relationship of these mea-
surements to age and sex. In our relatively large study
population of 254 eyes, we found that there is sig-
nificant decline of VD and PD in the superficial, deep,
and whole capillary plexuses as well as decreased
choroidal thickness and GC-IPL thickness with age.
We also found that females have an increased FAZ,
GC-IPL thickness, and CT but a decreased CST, even
after controlling for age. Unique to prior investiga-
tions, we analyzed a group of older adults and also
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evaluated their cognitive status since cognitive im-
pairment is recognized to be associated with micro-
vascular loss.1®

Differences in VD measurements among different
OCTA platforms are well recognized.®'” However,
the majority of prior studies evaluating OCTA pa-
rameters including vessel and perfusion densities in
healthy eyes used other OCTA imaging platforms and
have generally assessed much younger adult popula-
tions.*”8 As imaging technology advances, the avail-
ability of normative values in individuals of different
ages and sexes is paramount to our understanding of
not only pathologic changes but also non-pathologic
changes attributed to age, sex, and racial differences.
Parameters from various imaging devices are not di-
rectly comparable, and even different versions of soft-
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ware in a single imaging device might lead to different
values, making results not directly comparable.?-9:18-21

In our study, females had a larger FAZ area even
after controlling for age. Although some prior studies
have shown no sex-related differences in FAZ area,®*
an increasing number have shown a larger FAZ in fe-
males.52%24 This may be related to the lower CST in
females. We did not observe an association of FAZ
area with age after controlling for sex.2*2?° Both VD
and PD in both the 3-mm and 6-mm ETDRS circle and
rings were similar among males and females.

We found that the VD and PD in the SCP, DCP, and
WCP decreased with age. The association of lower VD
of the SCP and DCP with older age may be explained
by the physiologic age-related loss in vascularity.
Loss of retinal microvasculature in the macula with
increasing age is well recognized, and the macular re-
gion outside the FAZ itself may be more susceptible
to age-related vascular perfusion changes relative to
other regions of the retina. In a large, population-
based study, You et al.?® reported that VD in the SCP
and DCP decreased by 0.13% and 0.22%, respective-
ly, every year after 50 years of age. Yu et al. reported
that VD decreased at an annual rate of 0.4%.%* You
et al. reported 0.116% (South Korean population),
whereas Gadde et al.?” and Rao et al.?® reported an an-
nual decline of 0.2%. There are challenges in directly
comparing our findings with that of other studies in
the published literature due to differences in OCTA
imaging platforms and much younger adult popula-
tions with different racial distributions. In addition,
due to a lack of consensus on standards for vessel and
perfusion density measurements, it is difficult to vali-
date quantification data.

Our study has several limitations. First, we did
not compare select findings with fluorescein angi-
ography or indocyanine green angiography, which
were not obtained. Second, we did not assess any
possible effects attributable to diurnal variation.
Third, we did not perform ocular biometry so we did
not correct for image magnification error induced by
axial length; however, we excluded eyes with refrac-
tive errors greater than +6.0 or —6.0 D, which has
been shown to reduce the magnitude of differences
due to axial length, particularly for VD.? Fourth,
each imaging parameter was individually modeled,
so adjustments were not made for multiple tests as
this was an exploratory analysis. Fifth, this was a
cross-sectional study and subjects were not followed
longitudinally to assess microvascular changes over
time with advancing age. Finally, we excluded un-
controlled hypertension but not individuals with
treated hypertension, and hypertension can result in
decreased vascular density.3°

December 2020 - Vol. 51, No. 12

In conclusion, we found that in a large cohort of
healthy eyes of cognitively healthy subjects 50 years
of age and older, the vessel and perfusion densities
in the superficial, deep, and whole capillary plexus-
es decrease with age, even beyond the fifth decade.
These changes need to be considered when evaluat-
ing microvascular alterations in older adults in order
to distinguish true retinal pathology from expected
changes due to sex differences and normal aging. Fu-
ture studies following such an older healthy cohort
prospectively will allow determination of longitudi-
nal changes in the retinal vascular plexuses with ad-
vancing age and in different sexes and racial groups,
as well as comparison to other imaging devices.
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