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Abstract
Background/objectives To investigate the agreement between optical coherence tomography angiography (OCT-A) and
non-mydriatic retinal camera (NMRC) in estimating the optic nerve head (ONH) parameters and evaluate the associations
between peripapillary vessel density (VD) with ONH parameters assessed by both devices.
Methods The OCT-A and NMRC images of 262 participants (138 eyes were diagnosed with POAG, 63 were glaucoma
suspect, and 61 were healthy subjects) were screened retrospectively. The vertical cup-to-disc ratio (VCDR), cup-to-disc
area ratio (CDAR), rim area (RA), disc area (DA), and cup volume (CV) were recorded using both devices. Peripapillary VD
data were also recorded using OCT-A. The intraclass correlation coefficient (ICC) and Bland–Altman plots were obtained to
investigate the agreement between the devices. Age- and intraocular pressure (IOP)-corrected associations between the VD
and ONH parameters measured by the two devices were analyzed using linear regression models.
Results ICC revealed excellent agreement for VCDR and CDAR, but poor agreement for RA, DA, and CV (ICC= 0.801,
0.793, 0.445, 0.298, and 0.527, respectively). The Bland–Altman plots showed poor agreement for VCDR and CDAR with a
large span of limits of agreement (0.500 and 0.528, respectively) and significant proportional biases (P < 0.05). VD was
found to be strongly associated with the VCDR and CDAR measurements of both devices (P < 0.001), but the associations
were stronger for the measurements of NMRC.
Conclusions The disagreement between the devices should be considered in clinical practice. The associations between the
VD and ONH parameters proved once again the importance of the ONH parameters in terms of the management of
glaucoma patients.

Introduction

The diagnosis of open-angle glaucoma is based on intraocular
pressure (IOP), optic nerve head (ONH) parameters, and visual
field (VF) analysis. The investigation of ONH is an important

part of glaucoma diagnosis and management [1]. Estimating
the cup-to-disc ratio (CDR) is one of the reference parameters
for diagnosing glaucoma and is also a main indicator for
assessing glaucomatous changes over time [2, 3]. Therefore, it
is essential to carefully document CDR. Non-mydriatic retinal
camera (NMRC) is a helpful tool for evaluating ONH para-
meters [4]. However, evaluating CDR using slit-lamp biomi-
croscopy and stereoscopic photography remains subjective with
moderate to high intra- and inter-observer variability [5, 6].

Optical coherence tomography angiography (OCT-A), as
an extension of the OCT, allows measuring and quantifying
the macular and peripapillary areas, and provides vessel
densities along with structural information. It is well estab-
lished with previous studies that OCT-A has excellent
repeatability and reproducibility [7–10]. In addition, the
reduction of the vessel density (VD) and blood-flow index in
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glaucomatous eye is well documented by numerous studies
[11, 12]. The aim of this study was to compare the morpho-
logic findings of ONH including CDR measured by NMRC
with OCT-A and their associations with peripapillary VD.

Materials and methods

The data obtained from the present study were acquired
with the approval of the Institutional Clinical Research
Ethics Committee of Health Sciences University, Gulhane
Medical Faculty, and the study was completed in agreement
with the principles of the Declaration of Helsinki. The study
was designed retrospectively. Patients with a diagnosis of
primary open-angle glaucoma (POAG), glaucoma suspect
(GS), or healthy subjects (HS) that presented to our glau-
coma clinics between 2018 and 2019 and had complete
ophthalmological examination including visual acuity,
intraocular pressure, slit-lamp biomicroscopy, and non-
dilated fundoscopy along with the VF testing (Humprey
Field Analyzer II, Carl Zeiss Meditec, Inc), OCT scans of
the RNFL (Spectralis, Heidelberg Engineering, Heidelberg,
Germany), OCT-A scans (Angiovue, Optovue Inc., Fre-
mont, CA, USA), and NMRC (Nonmyd WX; Kowa
Optimed Inc., Japan) images at the same visit were
screened. The diagnosis of the POAG and GS were made in
accordance with the European Glaucoma Society’s Termi-
nology and Guidelines for Glaucoma textbook [1].
Increased IOP (>21 mmHg), presence of acquired char-
acteristic glaucomatous changes of the ONH, presence of
glaucomatous VF defect, and open angle were the features
of the POAG. GS diagnosis was made with the presence of
at least one suspicious changes in VF, ONH, and RNFL,
and with normal or increased IOP. The exclusion criteria
were age under 18 years, refractive error of >±3 diopters,
presence of any other ophthalmological pathology that
could confound the assessment results (e.g., diabetic or
hypertensive retinal diseases, amblyopia, optic nerve
anomalies, optic neuropathies other than POAG, and age-
related macular degeneration), OCT-A signal strength of
<70, and poor NMRC quality.

NMRC imaging

ONH was photographed twice by a glaucoma expert (MTK)
and analyzed by two glaucoma experts (MTK and ACY)
who were blinded to the patients’ clinical data and OCT-A
scans. Kowa 3D NMRC (Nonmyd WX; Kowa Optimed
Inc., Japan), which is the stereoscopic fundus camera was
used to take non-mydriatic fundus stereographs and both
right and left parallactic images simultaneously through a
single optical system handling light paths in two directions.
[13] Kowa 3D NMRC can display a depth map, which

shows the depth of the disc separated by color, a 3D display
of the optic disc, diagnostic parameters. In accordance with
the algorithm provided by Kowa Optimed Inc., all mea-
surements were conducted after correcting for magnification
by refractive error, axial length, and corneal curvature. After
photographs were taken, two images with binocular parallax
were obtained then, two images were automatically super-
imposed on the monitor by built-in software, and a stereo-
scopic 3D image was generated using polarized 3D glasses.
The examiner stereoscopically observed the outline of the
optic disc displayed on a monitor. The edge of disc is
plotted using a computer mouse, and the cup is selected in a
similar way, to determine their extent. After that, all other
analysis was automatically performed by built-in software.
The vertical CDR (VCDR), cup area to disc area ratio
(CDAR), rim area (RA), disc area (DA), and cup volume
(CV) values were recorded for both photographs after the
images were analyzed.

The patients were divided into three groups according to
the DA measurement of NMRC: small (area < 1.6 mm2),
medium (area= 1.6–2.0 mm2), and large (area > 2.0 mm2)
optic discs. [14]

OCT-A ONH scanning

OCT-A scans were obtained using an AngioVue OCT-A
system (Optovue Inc., Fremont, CA, USA). This device has
an A-scan rate of 70,000/s using a light source of 840 nm.
En face images were acquired focusing the ONH (4.5 × 4.5
mm) using the Angio Disc QuickVue module. Each scan
consisted of 400 × 400 A-scans with two following B-scans
at each fixed location. To reduce motion artifacts, each scan
comprised one orthogonal horizontal and vertical scan.

The device provides data on anatomic Bruch membrane
opening (BMO)-based neuroretinal rim and ONH, retinal
nerve fiber layer thickness (RNFLT), and peripapillary VD
in a single scan. After scanning, VCDR, CDAR, RA, DA,
and CV values along with the small VD of the whole retinal
peripapillary capillary plexus (RPCP) were recorded.

Statistical analyses

Quantitative variables were described as mean and standard
deviation, and qualitative variables as percentages. The test-
retest variability of the two NMRC photographs of each
subject was calculated using the Kappa measure of agree-
ment method. The paired t-test was used to compare the
results obtained from the two devices. The magnitude of the
disagreement between the two raters of NMRC images and
between the NMRC and OCT-A data was estimated as the
mean absolute differences in the VCDR, CDAR, RA, DA,
and CV values. The inter-rater variability of the NMRC
and the agreement between the corresponding NMRC and
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OCT-A data was calculated with the intraclass coefficient
(ICC) [15]. Absolute ICCs based on the mixed model
analysis of variance were used in the present study. An ICC
value of <0.4 was accepted to indicate poor agreement,
0.4–0.75 represented fair to good agreement, and a value of
>0.75 indicated excellent agreement [14, 16]. The ICC
calculations were executed before and after the subjects
were classified as having small, medium, and large optic
discs. The ICC calculations were also performed after the
subjects were divided into POAG, GS, and HS groups. The
Shapiro–Wilk test was used to determine whether the dif-
ferences between the corresponding NMRC and OCT-A
data were normally distributed. Bland–Altman plots were
used to assess the agreement between NMRC and OCT-A
in ONH parameters. One-sample t-test was performed
for the differences before the Bland–Altman plots
were created [17]. Linear regression analyses were under-
taken to determine the significance of proportional
biases. To analyze the associations of ONH parameters with
the small VD of RPCP, after checking the collinearity, age-
and IOP-corrected multiple regression models were created.
The regression results revealed coefficients (B), 95% con-
fidence interval, and P values. Statistical analyses were
conducted using SPSS v. 21 (SPSS, Inc., Chicago, IL,
USA). A P value of <0.05 was considered statistically
significant.

Results

Of the 312 patients screened, 262 (57% female, mean age
59.4 ± 18.3 years) met the inclusion criteria, and only one
eye of each patient (the one with better OCT-A quality) was
enrolled for the statistical analysis. A total of 138 eyes were
diagnosed with POAG, 63 had a GS, and 61 had no-
glaucoma (HS). GSs consisted of 59 eyes with suspected
ONH damages without VF and RNFL defects, and 4 with
RNFL defect without VF defect and ONH changes. The

demographic and clinical data of the subjects were given in
Table 1.

Table 2 presents the mean VCDR, CDAR, DA, RA, and
CV values of OCT-A and NMRC and the results of the
paired t-test. The devices significantly differed from each
other in terms of the DA, RA, and CV measurements (P <
0.001). The difference was the greatest for the CV mea-
surement. The VCDR, CDAR, DA, RA, and CV mea-
surements of the two devices were all positively correlated
(R= 0.711, 0.734, 0.746, 0.445, and 0.262, respectively.)
The correlations were weaker for RA and CV. In accor-
dance with the paired t-test and Pearson’s correlation test
results no further statistical analyses were executed for the
DA, RA, and CV measurements.

The overall mean value of the small VD of RPCP was
48.09%. This parameter was calculated as 46.06% for the
subjects with a DA of <1.60 mm2, 48.94% for 1.60–2.00
mm2, and 48.12% for >2.00 mm2. There was no significant
difference according to the disc sizes (P > 0.05, ANOVA).
The mean small VD values of RPCP of the POAG, GS, and
HS were 46.18%, 51.01%, and 52.60%, respectively.
The VD of POAG was significantly lower than that of GS
(P < 0.001, post-hoc Tukey, ANOVA) and NG (P < 0.001,
post-hoc Tukey, ANOVA). There was no significant dif-
ference between the GS and HS (P= 0.674, post-hoc
Tukey, ANOVA).

Agreement between NMRC and OCT-A

The reliability of the measurements of two NMRC images
was excellent (κ= 0.902 and P= 0.764 for the VCDR and
κ= 0.856 and P= 0.632 for the CDAR). Excellent agree-
ment in VCDR and CDAR estimates was observed between
the two raters of the NMRC data (ICC= 0.891 for CDAR
and 0.875 for CDAR). The results of ICC analyses are
presented in Tables 3 and 4. There was an excellent
agreement for the VCDR and CDAR measurements
between the two devices (ICC= 0.801 and 0.793, respec-
tively). The agreement was greater for the larger ONHs in

Table 1 Demographic and clinical data of the study subjects.

POAG
patients

GS HS P

Age (y. ± SD) 60.1 ± 19.2 58.9 ± 18.5 59.5 ± 18.8 0.721

Female (n/%) 78/56.5 36/57.1 35/57.3 0.542

BCVA (LogMAR ±
SD)

0.73 ± 0.32a 0.00 ± 0.00 0.00 ± 0.00 <0.001

IOP (mmHg ± SD) 15.2 ± 6.4 14.3 ± 4.3 14.1 ± 3.7 0.254

VF (MD ± SD) −4.18 ± 3.12a −0.12 ± 2.7 0.21 ± 1.4 <0.001

The significant P values expressed with bold style.

POAG primary open-angle glaucoma, GS glaucoma suspect, HS
healthy subjects, SD standard deviation, BCVA best corrected visual
acuity, IOP intraocular pressure, VF visual field, MD mean deviation.
aThe reason of the significance among groups.

Table 2 Mean values of the OCT-A and NMRC measurements of the
ONH parameters.

OCT-A NMRC P

VCDR (SD) 0.57 (0.17) 0.53 (0.13) 0.078

CDAR (SD) 0.31 (0.17) 0.30 (0.14) 0.988

RA, mm2 (SD) 1.44 (0.46) 1.92 (0.49 <0.001

DA, mm2 (SD) 2.03 (0.46) 2.81 (0.58) <0.001

CV, mm3 (SD) 0.16 (0.17) 0.32 (0.39) <0.001

The significant P values expressed with bold style.

OCT-A optical coherence tomography angiography, NMRC non-
mydriatic retinal camera, VCDR vertical cup-to-disc ratio, CDA cup-
to-disc area ratio, RA rim area, DA disc area, CV cup volume.
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all corresponding measured parameters (Table 3). The
agreements were also greater for the POAG patients than
GS and HS (Table 4).

Figure 1 presents the scatter plot of OCT-A against NMRC
for VCDR and CDAR, as well as the Bland–Altman plots of
these parameters. The one-sample t-test results were insig-
nificant in relation to differences (P= 0.193 for the CDAR
and 0.095 for the VCDR). The Bland–Altman plots showed
the mean bias ± SD between the measurements of VCDR
and CDAR assessed by OCT-A and NMRC as 0.038 ± 0.128
and −0.0001 ± 0.135, respectively. The limits of agreement
(LOA) were−0.212–0.288 for VCDR, and−0.264–0.264 for
CDAR. The slopes of the VCDR and CDAR regression lines
were calculated as 0.30 and 0.31, respectively, indicating that
OCT-A tended to produce higher rates than NMRC in larger
VCDR and CDAR, and vice versa. The linear regression

analyses of proportional bias were statistically significant
(P < 0.001 for VCDR and P= 0.012 for CDAR). The wide
spans of LOA (0.500 for VCDR and 0.564 for CDAR) and
the statistically significant proportional biases suggested poor
agreement between the two devices.

Associations with the VD of RPCP

In the multivariate analysis of the VD of global RPCP, we
created a model in which we searched for the associations
with the age, IOP, VCDR, and CDAR (of the OCT-A
device). In this model, we excluded the CDAR due to
collinearity with the VCDR, therefore, we created a similar
model in which we included CDAR instead of VCDR. The
results of these two regression models are given in Table 5.
The VCDR and CDAR of OCT-A were found to be
strongly associated with the small VD of RPCP (B=
−23.051 for VCDR and −20.700 for CDAR).

Discussion

The evaluation of the ONH parameters is of paramount
importance in glaucoma management [3, 18–21]. There are
numerous methods to investigate the morphological find-
ings of ONH to identify early glaucomatous changes [22].
Stereophototography has been widely used for decades and
was once considered as a gold standard technique for this
purpose. NMRC, which is a stereoscopic fundus camera
used to take non-mydriatic fundus stereographs, can display
a depth map that shows the depth of the disc separated by
color, provides a 3D display of the optic disc, and auto-
matically calculates diagnostic parameters [20, 23–26].
OCT-A, as an extension of the OCT technology, is rela-
tively new in the ophthalmology practice and has recently
started to be used at an increasing frequency in glaucoma
management. Previous studies on OCT-A described
reduction in VD and the flow index of ONH, peripapillary
area, and macular region [12, 27–32]. In the present study,
we first investigated the morphological findings of ONH
using OCT-A and NMRC, and then compared the results
obtained from these two devices. Secondly, we explored the
associations between peripapillary VD based on the ONH
parameters assessed by these methods.

The agreement between OCT-A and NMRC was found
to be poor in the present study. Even though ICC revealed
excellent agreement between NMRC and OCT-A in terms
of VCDR and CDAR (ICC= 0.801 and 0.793, respec-
tively), the Bland–Altman plots showed poor agreement
with a wide span of LOA (0.500 and 0.528, respectively)
and statistically significant proportional bias values. Our
results were similar with the previous studies which
investigated the agreement between OCT and stereoscopic

Table 3 Intraclass correlation coefficient (ICC) between OCT-A
and NMRC.

ICC 95% CI (lower/upper bounds) P

VCDR

Total 0.801 0.724/0.854 <0.001

<1.60 mm2 0.709 0.538/0.817 <0.001

1.60–2.00 mm2 0.785 0.532/0.901 <0.001

>2.00 mm2 0.807 0.531/0.902 <0.001

CDAR

Total 0.793 0.728/0.843 <0.001

<1.60 mm2 0.648 0.443/0.778 <0.001

1.60–2.00 mm2 0.688 0.333/0.855 <0.001

>2.00 mm2 0.844 0.770/0.894 <0.001

The significant P values expressed with bold style.

OCT-A optical coherence tomography angiography, NMRC non-
mydriatic retinal camera, VCDR vertical cup-to-disc ratio, CDAR cup-
to-disc area ratio.

Table 4 Intraclass correlation coefficient (ICC) between OCT-A
and NMRC.

ICC 95% CI (lower/upper bounds) P

VCDR

POAG 0.764 0.566/0.880 <0.001

GS 0.678 0.528/0.779 <0.001

HS 0.431 0.027/0.672 0.020

CDAR

POAG 0.770 0.546/0.884 <0.001

GS 0.656 0.508/0.760 <0.001

HS 0.511 0.149/0.721 0.006

The significant P values expressed with bold style.

OCT-A optical coherence tomography angiography, NMRC non-
mydriatic retinal camera, VCDR vertical cup-to-disc ratio, CDAR cup-
to-disc area ratio, POAG primer open-angle glaucoma, GS glaucoma
suspect, HS healthy subjects.
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photography [14, 33]. In addition, we investigate whether
there was any agreement between the two devices in terms
of RA, DA, and CV; however, we found the agreement to
be poor even in relation to VCDR and CDAR. Chan et al.
compared three different devices: OCT, Heidelberg retina
tomography (HRT), and stereoscopic photography. They
reported that the disagreement in the CDR measurements
between these modalities altered the five-year risk estima-
tion of glaucoma progression in untreated ocular hyper-
tension eyes [33]. Chan showed the importance of the same
device we used for the management of GSs, emphasizing
that it could alter treatment decision. Mwanza et al. also
determined that OCT and stereoscopic photography had
disagreement concerning the horizontal and vertical CDR

measurements [14]. Both Chan’s and Mwanza’s studies
suggest that the cause of this disagreement could be related
to the different disc margin determination, and the assess-
ment of ONH in stereoscopic photography relies on defin-
ing the visible disc margin by an expert; on the other hand,
the OCT devices they used in their studies, similar to our
OCT-A device, recognize BMO, which is accepted as the
true anatomical outer border of the neuroretinal rim as the
disc margin. Reis et al. also described that the disc margin
detected on photographs fell outside BMO in all sectors but
the inferotemporal sector where the opposite situation was
observed. Also the fact that the RA and CV measurements
differ between two devices means that the delineation of the
cup and the margin between the cup and rim is different.

Fig. 1 The scatter and Bland-Altman plots of the study subjects.
Scatter plot of OCT-A against NMRC for VCDR (column a, top) and
CDAR (column b, top) and the Bland–Altman plots for the agreement
between OCT-A and NMRC for the VCDR (column a, bottom) and
CDAR (column b, bottom). Scatter plots were given with the

regression line and the 95% limits of agreements Bland–Altman plots
were given with the mean of the difference, 1.96 SDs, and the
regression lines. OCT-A optical coherence tomography angiography,
NMRC non-mydriatic retinal camera, VCDR vertical cup-to-disc ratio,
CDAR cup-to-disc area ratio, SD standard deviation.

The agreement between optical coherence tomography angiography and non-mydriatic retinal camera in. . . 963



This proves that selecting different algorithms that deter-
mines the disc margin, visible or BMO based, would alter
all ONH parameters calculations.

The analyses of ICC revealed that disc size was very
important for the agreement between the devices. The
agreement was inferior in smaller optic discs and better for
the larger ones. Jayasundera et al. and Correnti et al.
reported similar results in their comparison of HRT, ste-
reoscopic photography, and digital stereoscopic optic disc
camera [34, 35]. This could be the reason why the agree-
ment between the two devices in terms of the VCDR and
CDAR measurements was better for the POAG patients
than GSs and HS.

The main and most important outcome of this study was
that the ONH parameters assessed by OCT-A were found to
be closely related to the peripapillary VD independent of
age and IOP. Enders et al. investigated the association
between the ONH parameters assessed by OCT with VD,
and they also found out that CDR and VD were strongly
and negatively correlated [36].

The first limitation of this study is that comparing ONH
parameters between NMRC and OCT-A could cause
potential bias because only the OCT-A could calculate the
BMO-based neuroretinal rim, however we performed this
study because we also aimed to investigate the relation of
peripapillary VD with ONH parameters, which is calculated
with different algorithms. In this study we found associa-
tions between the VD and the ONH parameters, but it is
also essential to search for the associations of the VF
changes with the vessel densities. Lastly, using sectoral VD
data and stratifying patients into subgroups in accordance
with the severity of the glaucoma should be kept in mind
while planning future studies in this matter.

In conclusion, in this retrospective study, we found that
there was disagreement between NMRC and OCT-A in
terms of the ONH measurements, including VCDR and

CDAR. The agreement was better in larger disc sizes and
patients with POAG. The measurements of the ONH
parameters obtained from OCT-A were closely related to
the peripapillary VD. Future prospective follow-up studies
are needed to provide a better understanding of the altera-
tions of VD through the changes in ONH parameters, which
could be detected by NMRC and OCT-A.

Summary

What was known before

● OCT-A is a new technology for the assessment of the
VD and in glaucoma, OCT-A is very helpful to manage
the patients.

What this study adds

● OCT-A could also give reliable information about the
ONH parameters. But the data of the different devices
such as NMRC should not be used interchangeably.
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