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Repeatability of Manual Measurement of Foveal Avascular Zone
Area in Optical Coherence Tomography Angiography Images in
High Myopia

Jong Ha Lee, Min Woo Lee, Seung Kook Baek, Young Hoon Lee

Department of Ophthalmology, Konyang University College of Medicine, Daejeon, Korea

Purpose: To analyze the repeatability of manual measurement of foveal avascular zone (FAZ) area in an optical
coherence tomography angiography (OCTA) image in high myopia.

Methods: This study comprised patients with high myopia and controls. Two consecutive FAZ areas of the su-
perficial and deep capillary plexus were obtained using OCTA. The intraclass correlation coefficient (ICC) and
coefficient of variation (CV) were assessed, and univariate and multivariate generalized linear mixed models

were conducted to identify factors related to repeatability.

Results: Thirty eyes with high myopia and 34 eyes of healthy subjects were included in the study. The mean
age in high myopia and control subjects was 55.5 and 60.8 years, respectively, the mean spherical equivalent
was -9.98 and -0.55 diopters, and the mean axial length was 28.0 and 23.9 mm. The ICCs of FAZ area of the
superficial capillary plexus (SCP) were 0.891 and 0.919, while the CVs were 8.8% and 8.5%. In measurement
of the deep capillary plexus, the ICCs were 0.788 and 0.907, while the CVs were 11.2% and 11.0%, which were
acceptable but exhibited lower repeatability than those of SCP. Multivariate analyses showed that older age (p
=0.030) and greater axial length (p = 0.005) were significantly associated with lower repeatability of SCP FAZ
area measurements. In addition, greater axial length (p = 0.044) was a significant factor for lower repeatability

of deep capillary plexus FAZ area measurements.

Conclusions: Manual measurement of FAZ area using OCTA exhibited relatively good repeatability for high my-
opia. Age and axial length affected repeatability and should be considered when analyzing FAZ areas in high

myopia patients.
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High myopia is one of the most common causes of visual
loss and is especially common in Asia. The prevalence of
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myopia is as high as 80% in Asia and 25% in other regions
[1-3]. Severe myopia can increase the risk of glaucoma, ret-
inal detachment, chorioretinal atrophy, and lacquer cracks.
Therefore, high myopia patients, even those without other
ophthalmic diseases, should not be overlooked [4]. In myo-
pia, the sclera and chorioretina are enlarged to reduce the
thickness of the macular choroid, which may result in de-
layed choroidal circulation to induce an ischemic state of
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the outer retina, causing various diseases such as Bruch’s
membrane rupture, localized choroidal atrophy, or choroi-
dal neovascularization [5-7]. Therefore, it is important to
attend conformational changes in retinal microvasculature
in high myopia patients.

Recently, optical coherence tomography angiography
(OCTA) has been developed to enable noninvasive,
high-resolution retinal microvascular measurements.
OCTA visualizes the microvascular flow in the retina by
comparing the signals of successive B-scans at the same
location to show the movement of erythrocytes. Due to its
high axial resolution, OCTA can visualize multiple layers
of micro-retinal vasculature that cannot be analyzed using
fluorescein angiography [8]. In addition, OCTA allows de-
tection and measurement of foveal avascular zone (FAZ)
area, which can be affected by several retinal diseases [9].
Since the FAZ is surrounded by interconnected capillaries,
it is affected by changes in the retinal microvasculature of
the macula, which is one of the most important parameters
in central retinal circulation [10]. Balaratnasingam et al. [11]
reported that the FAZ possesses significant diagnostic and
prognostic value in various retinal diseases, especially for
grading of functional severity of maculopathy due to dia-
betic retinopathy and retinal vein occlusion. Kwon et al.
[12] reported that FAZ area could be a clinical predictor of
VF defect in glaucoma patients. Considering that there are
many high myopia patients with retinal disease and glau-
coma, it is believed that measurement of FAZ area in high
myopia patients may be of clinical use. However, the re-
peatability of FAZ area measurement in high myopia pa-
tients has yet to be reported.

The aim of this study was to analyze the repeatability of
manual FAZ area measurements produced by OCTA when
imaging high myopia patients without maculopathy.

Materials and Methods

Subjects

This study adhered to the tenets of the Declaration of
Helsinki and was approved by the institutional review
board of Konyang University Hospital (2019-07-026) in the
Republic of Korea. Informed consent was waived due to
the retrospective nature of the study. This retrospective
study involved patients admitted to our retina clinic from
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January 2018 to May 2019. The high myopia group consist-
ed of eyes with an axial length >26.0 mm. The control
group consisted of eyes with an axial length <26.0 mm and
-6.0 diopters (D) < spherical equivalent (SE) <+3.0 D. We
obtained a detailed history, best-corrected visual acuity
(BCVA), intraocular pressure (IOP), SE, and axial length
using the IOL Master (Carl Zeiss, Jena, Germany). The ex-
clusion criteria were history of diabetes, hypertension, any
kind of ophthalmic disease except high myopia, retinal
disease, neuro-ophthalmic disease, BCVA <20 / 25, or IOP
>21 mmHg. We also excluded patients with posterior
staphyloma, diffuse chorioretinal atrophy, vitreous macu-
lar traction, and myopic choroidal neovascularization to
obtain an accurate image and analysis.

FAZ measurements

OCTA was performed using the Spectralis OCT2 device
(Heidelberg Engineering, Heidelberg, Germany). For each
subject, measurements were performed twice with a
S5-minute interval at the initial visit. The Spectralis OCT2
instrument is capable of 70,000 A-scans/s using a light
source centered at 870 nm, with axial and transverse reso-
lutions of 3.9 and 6 um in tissue, respectively. In this study,
a 20 x 15-degree-pattern OCTA scan centered on the fovea
was acquired. En face images of the superficial capillary
plexus (SCP) and the deep capillary plexus (DCP) were vi-
sualized automatically by segmenting two separate slabs
defined by the arbitrary segmentation lines created by the
software of the device. The SCP is defined as the layer
originating from the internal limiting membrane to the in-
ner plexiform layer. The DCP is defined as the layer that
starts from the outer border of the inner plexiform layer
and travels to the outer border of the outer plexiform layer.
Two graders (JHL and MWL) manually outlined the FAZ,
defined as the avascular area in the center of the fovea, and
measured the area using the inbuilt program that provides
measurement of the outlined area. A mean value of two
measurements was used for analysis (Fig. 1A, 1B).

Statistical analysis

To analyze the repeatability of FAZ area measurements
of the SCP and DCP in high myopia patients, the intraclass
correlation coefficient (ICC) and coefficient of variation
(CV) were calculated. ICC is the correlation between two



variables measured at the same time point, with values
ranging from 0 to 1 (<0.40, poor; 0.40—0.59, fair; 0.60—0.74,
good; 0.75-1.00, excellent). The CV (%) was calculated as
100 x standard deviation/overall mean, and a value <10%
represents good repeatability of the measurement. The
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Fig. 1. En face images of (A) the superficial capillary plexus and
(B) deep capillary plexus using a HRA + optical coherence to-
mography angiography instrument in the right eye, showing the
foveal avascular zone area and the manually marked boundary of
the foveal avascular zone area in a high myopia patient.

Table 1. Demographics
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agreement between the two measurements was evaluated
using Bland-Altman plots.

To identify factors affecting the repeatability of FAZ
area measurements, univariate and multivariate general-
ized linear mixed models were used. Statistical analyses
were performed using PASW Statistics ver. 18.0 (SPSS
Inc., Chicago, IL, USA).

Results

Demographics

A total of 64 eyes was included: 30 eyes in the high my-
opia group and 34 eyes in the control group. The mean
age, BCVA, and IOP were 55.5 + 13.5 and 60.8 + 9.8 years,
0.09 £ 0.09 and 0.07 £ 0.07, and 14.0 + 2.1 and 13.3 + 3.6
mmHg, respectively, and they were not significantly dif-
ferent (Table 1). The mean SE was -9.98 + 5.03 and -0.55 +
1.65 D in the high myopia and control groups, and axial
length was 28.0 = 1.6 and 23.9 = 0.9 mm, both of which
were significantly different (both p < 0.001). In the high
myopia group, 10 subjects (33.3%) exhibited peripapillary
chorioretinal atrophy (PPA).

Repeatability of FAZ area measurements in both
groups

The FAZ areas measured by the two graders exhibited
excellent interobserver reproducibility (ICC >0.95, CV
<5%). The first measurements of the mean FAZ areas of
the SCP in the high myopia and control groups were 0.35 +
0.13 and 0.25 = 0.10 mm’, respectively (p = 0.001), and

High myopia (n = 30) Control group (n = 34) p-value
Age (yr) 55.5+135 60.8 +9.8 0.079
Sex, male 9 (30.0) 15 (44.1) 0.183
Laterality, right 16 (53.3) 19 (55.9) 0.519
Spherical equivalent (diopters) -9.98 £5.03 -0.55+1.65 <0.001
BCVA (logMAR) 0.09 +0.09 0.07+0.07 0.174
IOP (mmHg) 14.0+£2.1 13.3+3.6 0.331
Peripapillary chorioretinal atrophy 10 (33.3) 0(0) <0.001
Axial length (mm) 28.0+ 1.6 23.9+0.9 <0.001

Values are presented as mean + standard deviation or number (%).

BCVA = best-corrected visual acuity; logM AR = logarithm of the minimal angle of resolution; IOP = intraocular pressure.

115



Korean J Ophthalmol Vol.34, No.2, 2020

those of the DCP were 0.43 + 0.15 and 0.33 £ 0.14 mm’, re-
spectively (p = 0.010) (Table 2). The second measurements
of the mean FAZ areas of the SCP were 0.37 = 0.15 and
0.24 + 0.09 mm’ (p < 0.001), and those of the DCP were
0.43 + 0.16 and 0.32 = 0.11 mm”(p = 0.001), respectively.
The ICC of the FAZ area of the SCP was 0.891, and the CV
was 8.8% in the high myopia group, which demonstrated
good repeatability. The ICC of the SCP in the control

group was 0.919 and the CV was 8.5%, also indicating
good repeatability. In measurement of the DCP in the high
myopia group, the ICC was 0.788 and the CV was 11.2%,
indicating less repeatability compared to the SCP mea-
surements. In the control group, the ICC was 0.907 and the
CV was 11.0% in the measurement of the FAZ areas of the
DCP, indicating relatively better repeatability than for the
measurements from the high myopia group. In the high

Table 2. Mean FAZ area of each measurement, ICC, and CV in the high myopia and control groups

First mean FAZ area Second mean FAZ area p-value ICC CV
Superficial capillary plexus
High myopia 0.35+0.13 0.37+0.15 0.359 0.891 8.8
Control 0.25+£0.10 0.24 +0.09 0.650 0.919 8.5
p-value 0.001" <0.001°
Deep capillary plexus
High myopia 0.43+£0.15 0.43+0.16 0.964 0.788 11.2
Control 0.33+£0.14 0.32+0.11 0.257 0.907 11.0
p-value 0.010" 0.001"
FAZ = foveal avascular zone; ICC = intraclass correlation coefficient; CV = coefficient of variation.
"Statistically significant.
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Fig. 2. Bland-Altman plots for agreement between two measurements of the foveal avascular zone (FAZ) area using optical coherence
tomography angiography in the high myopia and control groups. (A) Superficial capillary plexus in the high myopia group, (B) deep cap-
illary plexus in the high myopia group, (C) superficial capillary plexus in the control group, and (D) deep capillary plexus in the control

group.
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myopia group, the ICC and CV of SCP in subjects with
PPA were 0.857 and 11.2%, respectively, and those of DCP
were 0.855 and 13.4%. The ICC and CV of SCP in subjects
without PPA were 0.915 and 7.5%, and those of DCP were
0.873 and 10.1%.

In the Bland-Altman plots, measurements in the DCP
exhibited lager scatter compared to those in the SCP (Fig.
2A-2D).

Factors affecting repeatability of FAZ area measure-
ments

Univariate analysis showed that age (coefficient, 0.01; p
= 0.040), sex (coefficient, 0.07; p = 0.034), PPA (coefficient,
0.12; p = 0.008), and axial length (coefficient, 0.02; p =
0.014) were significant factors affecting the repeatability of
SCP FAZ area measurements, which meant that older age,
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greater axial length, female sex, and presence of PPA were
related to lower repeatability (Table 3). In multivariate
analysis, age (coefficient, 0.01; p = 0.030) and axial length
(coefficient, 0.02; p = 0.005) exhibited significant results.

In terms of repeatability of DCP FAZ area measure-
ments, sex (coefficient, 0.08; p = 0.028), PPA (coefficient,
0.11; p = 0.028), and axial length (coefficient, 0.02; p =
0.049) showed significant results (Table 4). In multivariate
analysis, only axial length exhibited a significant result
(coefficient, 0.03; p = 0.044) (Fig. 3A-3C).

Discussion

The term repeatability implies the degree of consistency
between independent measurements obtained with the
same instrument on identical test materials under the same

Table 3. Univariate and multivariate linear mixed models for associations between various clinical parameters and variation in fo-

veal avascular zone area of the superficial capillary plexus

Univariate Multivariate

Coefficient (95% CI) p-value Coefficient (95% CI) p-value
Age 0.01 (0.015 to 0.02) 0.040" 0.01 (0.01 to 0.02) 0.049"
Sex 0.07 (0.01 to 0.14) 0.034" 0.05 (-0.02 to 0.11) 0.130
Laterality 0.14 (-0.05 to 0.08) 0.683 - -
BCVA -0.10 (-0.05 to 0.08) 0.683 - -
(0] 0.01 (-0.01 to 0.01) 0.750 - -
PPA 0.12 (0.03 to 0.20) 0.008" 0.06 (-0.04 to 0.16) 0.206
Axial length 0.02 (0.01 to 0.03) 0.014" 0.01 (0.01 to 0.03) 0.029"

CI = confidence interval; BCVA = best-corrected visual acuity; IOP = intraocular pressure; PPA = peripapillary chorioretinal atrophy.

"Statistically significant.

Table 4. Univariate and multivariate linear mixed models for associations between various clinical parameters and variation in fo-

veal avascular zone area of the deep capillary plexus

Univariate Multivariate

Coefficient (95% CI) p-value Coefficient (95% CI) p-value
Age 0.01 (-0.01 to 0.01) 0.097 0.01 (-0.01 to 0.01) 0.095
Sex 0.08 (0.01 to 0.16) 0.028" 0.06 (-0.01 to 0.14) 0.090
Laterality 0.01 (-0.07 to 0.08) 0.821 - -
BCVA -0.25 (-0.69 to 0.20) 0.278 - -
10P 0.01 (-0.01 to 0.01) 0.943 - -
PPA 0.11 (0.01 to 0.21) 0.028" 0.06 (-0.05 to 0.18) 0.256
Axial length 0.02 (0.01 to 0.03) 0.049° 0.02 (0.01 to 0.03) 0.048"

CI = confidence interval; BCVA = best-corrected visual acuity; IOP = intraocular pressure; PPA = peripapillary chorioretinal atrophy.

"Statistically significant.
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Fig. 3. Scatter plots with linear regression showing correlation with the differences between two consecutive foveal avascular zone area
measurements and significant factors affecting the repeatability of foveal avascular zone area measurements in the linear mixed model.
The differences tended to increase with increasing (A) age and (B,C) axial length.

conditions (i.e., the same operator performing consecutive
measurements). Repeatability is an indicator of the appli-
cability of any instrument as a diagnostic tool in clinical
practice. Repeatability is particularly important to deter-
mine the significance of differences that may be observed
over time or between normal and diseased eyes. Previous
studies have reported high repeatability of OCTA mea-
surements in normal eyes [13-18]. Carpineto et al. [15] re-
ported that the CV of the FAZ area in healthy subjects,
which was measured manually like in our study, was 1.83%
and 1.86% for the first and second observers. The ICC of
the FAZ area in healthy subjects was 0.997 for the first ob-
server and 0.998 for the second observer, which demon-
strates very good repeatability. Guo et al. [13] also reported
that the repeatability assessment of FAZ area measure-
ments, which was measured automatically by the inbuilt
program of the device, yielded CV values of 2.92% and
3.38% and ICC values of 0.997 and 0.996 by the first and
second observers, respectively. Additionally, studies for re-
peatability in pathologic eyes have recently been reported.
Lee et al. [19] reported high repeatability of vessel density,
measured automatically, in retinal diseases of diabetic
macular edema, retinal vein occlusion, epiretinal mem-
brane, and wet age-related macular degeneration. In all
four retinal diseases, the ICC and CV of the full vessel
densities were 0.812 and 6.72%, respectively. Amoroso et
al. [20] also reported high reproducibility for evaluation of
neovascular lesion size and vessel area. The interreader
and intrareader ICC for both areas were 0.98 and 0.98, re-
spectively. However, there has been no study on the repeat-
ability of FAZ area measurements using OCTA in high
myopia patients. To the best of our knowledge, this is the
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first investigation on repeatability of manual FAZ area
measurements using OCTA images in high myopia pa-
tients.

Recently, several studies have reported the FAZ area in
high myopia patients. Sung et al. [10] reported that areas of
superficial and deep FAZs were larger in highly myopic
eyes. Superficial FAZ areas were significantly smaller than
deep FAZ areas in both the control and high myopia
groups. The mean area of the superficial FAZ (mm®) and
the area of deep FAZ (mm”) were 0.31 + 0.09 and 0.43 =
0.12 in the high myopia group and 0.25 = 0.05 and 0.34 +
0.07 in the control group, respectively. He et al. [21] also
showed that the area of the FAZ in the superficial layer
was larger in highly myopic eyes. The mean area of the
FAZ (mm®) was 0.39 + 0.13 in the high myopia group and
0.35 + 0.10 in the control group. In a similar manner, the
superficial and deep FAZ areas were larger in eyes with
high myopia. One explanation is that mechanical stretch-
ing of the FAZ by axial elongation may partly account for
the FAZ enlargement. Mechanical stress by scleral stretch-
ing is predominantly loaded onto the posterior pole region
[22]. This can induce decreased regional oxygen demand
in myopic eyes, resulting in enlargement of the FAZ area.

The CVs of the high myopia and control groups were not
very different in both the SCP and DCP. However, consid-
ering that the CV was calculated as 100 x standard devia-
tion/overall mean, and the areas of the superficial and deep
FAZs were larger in the high myopia group, it was deter-
mined that the high myopia group had relatively lower re-
peatability than the healthy subjects even though the CV
was similar in both groups. Additionally, we found high
repeatability, with an ICC of 0.891 and a CV of 8.8% for



the FAZ areas in the SCP, and reasonable repeatability, al-
though relatively lower than that of SCP, with an ICC of
0.788 and a CV of 11.2% of the FAZ areas in the DCP in
the high myopia group. This may be explained by the fact
that the analysis of SCP was more accurate than that of
DCP because of projection artifacts. Projection artifacts
occur in modern practice when the light passing through
the vessel fluctuates over time, illuminating anything pos-
terior to the vessel. Artifactual images of the vessels may
then be seen at deeper locations in the eye than where they
actually exist [23]. Another study also reported that vessel
density measurements of the superficial retinal layer were
more practically efficacious, at least as a diagnostic tool,
than measurements of the deep retinal layer [24].

Our study showed that age was one of the significant
factors affecting the variation in manual FAZ area mea-
surements in the SCP using OCTA images (coefficient,
0.01; p = 0.030) by multivariate analysis. Lee et al. [25] re-
ported difficulty in repeatedly measuring the same macu-
lar area in patients with an unstable gaze. This may be due
to fixation loss or an unstable gaze in elderly patients,
which produces a white line artifact or vessel doubling ar-
tifact in the OCTA image. A white line artifact is a de-
scriptive term for the white line associated with eye move-
ment in OCTA images. Sequential B-scans around the
time of a microsaccade vary substantially and can generate
large decorrelation values, which in turn are manifested as
white lines in en face OCTA images. A vessel-doubling
artifact is defined as a defect related to software correc-
tions for eye motion in which two copies of each blood
vessel are seen in part or in the entire image [23]. Although
images with white lines were excluded before analysis,
fine vessel doubling may have affected the results of this
study.

Axial length was the significant factor affecting the
variation in manual FAZ area measurements in both the
SCP and DCP. Rao et al. [26] reported that axial length
significantly affected repeatability of retinal nerve fiber
layer (RNFL) parameters using OCT. They explained that
this was because of a thinner RNFL in high myopia pa-
tients—the greater variability of OCT in measuring a
thinner RNFL is related to the variability in precise soft-
ware detection of the anterior and posterior borders of the
RNFL. In a similar manner, the fine error in segmentation
of the SCP and DCP may be larger in the high myopia
group. Although there may not be a significant effect of
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axial length on normal individuals, it should be understood
that reliability may be decreased in patients with severe
myopia. In the high myopia group, PPA did not show a sig-
nificant result in multivariate analysis, even though sub-
jects with PPA exhibited relatively lower repeatability than
those without PPA. However, we enrolled subjects with
only focal PPA. Analysis of subjects with more definite
structural change may show different results.

Our study had several limitations. In addition to the
small sample size, other microvascular parameters such as
vessel density or perfusion density were not analyzed. Ad-
ditionally, Lee et al. [25] reported difficulty in repeatedly
measuring the same macular area in patients with low vi-
sion and unstable gaze. Similarly, we did not enroll pa-
tients with posterior staphyloma, diffuse chorioretinal at-
rophy, or myopic CNV because of low image quality.
Analysis of patients with those lesions would be meaning-
ful in the future.

In conclusion, manual measurements of FAZ area using
OCTA images showed relatively good repeatability in pa-
tients with high myopia. Additionally, age and axial length
affected such repeatability and should be considered when
analyzing FAZ area in high myopia patients.
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