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and swept-source OCT based on an angiography scan
for measuring circumpapillary retinal nerve fibre
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ABSTRACT

Background/aims To assess the agreement in
measuring retinal nerve fibre layer (RNFL) thickness
between spectral-domain (SD; Cirrus HD, Carl Zeiss
Meditec, USA) optical coherence tomography (OCT) and
swept-source (SS; Plex Elite 9000, Carl Zeiss Meditec)
OCT using an OCT angiography (OCTA) scanning
protocol.

Methods 57 participants (12 glaucomatous, 8 ocular
hypertensive and 74 normal eyes) were scanned with
two OCT instruments by a single experienced operator
on the same day. Circumpapillary RNFL thicknesses
were automatically segmented for SD-OCT and manually
segmented for SS-OCTA scans. Agreement of global
RNFL thickness, as well as average thickness in four
quadrants was assessed using intraclass correlation
coefficients (ICCs).

Results There was excellent agreement in the inferior
and superior quadrants and the global (all ICC >0.90),
followed by good agreement in the temporal (ICC=0.79)
and nasal (ICC=0.73) quadrants. The ICC values were
similar in the subgroups except within the ocular
hypertension group, where the nasal quadrant was less
agreeable (ICC=0.31). SS-OCTA-derived RNFL thickness
was on average 3 pm thicker than SD-OCT, particularly in
the nasal (69.7+11.5um vs 66.3+9.3 pm; p<0.001) and
temporal (75.6+13.7 ym vs 67.9+12.3 um; p<0.001)
quadrants.

Conclusions RNFL measurements taken with SS-OCTA
have good-to-excellent agreement with SD-OCT, which
suggests that the RNFL thickness can be sufficiently
extracted from wide-field OCTA scans.

INTRODUCTION

Over the past two decades, optical coherence
tomography (OCT) has been widely used to measure
the thickness of retinal tissues with unprecedented
resolution.! Retinal nerve fibre layer (RNFL) is the
anterior-most layer of the inner retina, comprising
of the axons of retinal ganglion cells.” Thinning
of RNFL is a well-established indicator of retinal
ganglion cell axon loss.”™ Specifically, the RNFL
thickness is typically obtained by selecting of a
neuroretinal ring around the optic disc, followed by
a comparison of patient’s RNFL thickness profile
with the normative database. Most commercial

1,3,6,7,8,9

SD-OCT systems acquire the cross-sectional
circumpapillary retina either by reconstructing
the circular scan from the volumetric data of the
raster scan pattern, for example, Cirrus (Carl Zeiss
Meditec, USA), or directly by applying circular
scans centred at the optic disc, for example, RTVue
(Optovue, Inc, California, USA).

In the recent years, some authors have suggested
the OCT angiography (OCTA), a functional
extension of OCT>” as a diagnostic tool for glau-
coma.*! In particular, a reduction in capillary
density in the peripapillary and macular regions
could potentially be a biomarker for early glauco-
matous damage before visual field loss.!' OCTA
scans also carry structural information and in the
case of wide-field imaging contain both the macular
and the optic nerve head (ONH) area. Therefore,
using both the structural (RNFL thickness) and
vascular (capillary density) information from a
single wide-field scan of swept-source (SS)-OCTA
may provide better diagnostic accuracy than either
one alone. However, SS-OCTA operates at longer
wavelengths and lesser light scatters back from
inner retinal structures, resulting in lower signal-
to-noise ratio. This increases the uncertainty for
RNFL thickness layer segmentation and may be
reduce its reliability and reproducibility. Moreover,
SS-OCTA systems are commonly associated with
lower axial resolution, because of longer coherence
length, which could decrease the precision of layer
boundary detection. Therefore, it is worthwhile to
investigate whether one single angiography scan
from a SS-OCTA system can derive similar RNFL
thickness measurement as the SD-OCT.

METHODS

Study participants

Singapore Imaging Eye Network is a clinical cross-
sectional study investigating the effects of vascular
abnormalities in individuals aged 21 years and older
with a variety of eye conditions. A total of 57 partic-
ipants (12 glaucomatous, 8 ocular hypertensive
and 74 normal eyes) were consecutively recruited
from Singapore National Eye Centre, a tertiary
eye care institution in Singapore, from July 2018
to September 2018. Written Informed consent was
obtained from participants.
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Test eyes were classified as glaucomatous, ocular hyperten-
sion (OHT) or normal based on the following criteria. Glau-
comatous eyes had a pathological optic disc appearance and
glaucoma hemifield test outside normal limits. Glaucoma
severity was staged based on the standard automated perim-
etry using the simplified version of Bascom Palmer Glaucoma
Staging System'?: mild glaucoma (mean deviation (MD) =—6
dB), moderate glaucoma (—6.01 to —12.00dB) and severe
glaucoma (MD <—12 dB). Ocular hypertensive eyes were
defined as normal optic disc appearance, normal visual fields
and untreated history intraocular pressure (IOP) (>23 mm
Hg). Normal eyes were defined as individuals who were free
from clinically relevant eye conditions such as glaucoma,
diabetic retinopathy, age-related macular degeneration and
ocular vascular occlusive disorders.

After an interview to obtain demographic, previous medical
and ophthalmic history, each participant underwent stan-
dardised eye examination including measurement of visual
acuity using a logarithm of minimum angle of resolution
chart (LogMAR chart, The Lighthouse, New York, USA),
autorefraction-keratometry, intraocular pressure measure-
ment, retinal photography and OCT imaging (see later
section). All eyes were imaged after pharmacological dilation
(tropicamide 190).

OCT imaging

Both spectral-domain (SD)-OCT and SS-OCT detect the signal
in frequency domain and convert the spectral signal to struc-
tural information by Fourier transform. The SD-OCT uses a
broadband superluminance diode (central wavelength A =840
nm) as the light source, and the spectral fringes are dispersed
by a grating and detected by a linescan camera, which operates
at 68000 A-scans/s. The axial and lateral resolutions in tissue
are Spm and 15pm, respectively. A 6X6mm?” area centred
at the ONH was scanned. Each scan consists of 200 cross-
sectional images, and each image has 200 A-scans. Retinas
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Figure 1

were positioned close to the zero-delay line to ensure high
contrast.

The SS-OCT uses a wavelength scanning laser (A =1050 nm)
as light source, and the spectral information is acquired by a
photodetector. The system operation speed is dependent on
the scanning rate of the swept source (100000 A-scans/s), and
the axial and lateral resolutions in tissue are 6.3 um and 20 um,
respectively. An OCT angiography scanning pattern with an area
of 6x6mm? was centred at the optic disc. Each scan consisted
400 cross-sectional images, and each image consisted of 400
A-scans. In both systems, linescan ophthalmoscope (LSO) eye
tracker was integrated to compensate the artefacts caused by
blinking, bulk motion and involuntary eye motion.

Image processing and RNFL segmentation

For the commercial SD-OCT, a review software (Zeiss Meditec,
Inc) provided automatic on-board circumpapillary RNFL layer
segmentation from a 3.46mm diameter neuroretinal ring
around the optic disc. For the SS-OCT prototype, raw inten-
sity was exported to MATLAB (Mathworks Inc, Natick, Massa-
chusetts, USA), and a custom algorithm was created to acquire
circumpapillary RNFL thickness. First, all the images were
reconstructed into a three-dimensional volume and projected
onto a two-dimensional enface view (figure 1A). The boundary
of the optic disc was then manually delineated, and the centre
of the optic disc was determined by automatically finding the
best ellipse fit of the optic disc boundary. Next, three circump-
apillary cross-sectional scans at diameters of 3.44 mm, 3.46 mm
and 3.48 mm from the optic disc centre (locations indicated by
yellow rings on figure 1A) were extracted from the volume and
averaged into a more smoothed image (figure 1B vs figure 1C).
figure 1E,G shows the zoomed in features of the smoothed
image. Compared with the non-averaged images (figure 1D
and F), the noise was greatly reduced, and RNFL bound-
aries were more visible. Finally, the RNFL boundaries were
segmented manually by a trained grader (TH). The thickness of

Example of circular circumpapillary RNFL extraction from a 6x6 mm volumetric scan obtained from SS-OCT using an angiography protocol.

(A) The boundary of the optic disc was labelled manually (white line), and the centre of the optic disc (white dot) was defined by fitting the optic

disc boundary with an ellipse. Three concentric scans with 3.44mm, 3.46 mm and 3.48 mm diameters from the optic disc centre were extracted and
averaged into (C). The non-averaged single circular scan from 3.46 mm is also displayed (B). Zoomed in features showing lower noise and better RNFL
boundary are shown in figure parts E and G), compared with the non-averaged images (D and F). The global average, as well as quadrant average,
was calculated. OCT, optical coherence tomography; RNFL, retinal nerve fibre layer; SS, swept-source.
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Table 1 Characteristics of participants

Total Glaucoma OHT Normal
No. of participants ~ 57* 9 5 45
No. of eyes 94 12 8 74
Age, years (SD) 62.98(7.38) 61.78(9.31) 56.25(4.26)  63.44 (6.94)
Gender, M/F 34/23* 81 an 23/22
Visual field, dB -238(3.07) -575(3.22) -1.28(3.24) -1.91(3.18)

*Two patients have one eye with glaucoma and the other eye with OHT.

four quadrants as well as the global average were extracted for
further analysis.

Statistical analysis

The coefficient of variance (COV) of RNFL thickness was calcu-
lated in four quadrants and the global average. We used a paired
t-test with SEs adjusted for individual clustering to compare
mean circumpapillary RNFL thickness measured by the two
types of OCT machines. Scatter plots and Pearson’s r were used
to examine the correlation between these two types of measure-
ments. We quantified inter-rater reliability using the intracluster
correlation, using non-parametric bootstrapping with indi-
viduals as the resampling clusters to estimate Cls that account
for the correlation of measurements between eyes of the same
individual. Agreement of RNFL thickness was assessed using
intraclass correlation coefficients (ICCs), where ICC values less
than 0.5, between 0.5 and 0.75, between 0.75 and 0.90 and
greater than 0.90 indicate poor, moderate, good and excellent
agreement, respectively.’® The visual representation of agree-
ment was presented using Bland-Altman plots. These analyses
were repeated for each of four quadrants and the global average
across these quadrants. The statistical software, Stata V.15, was
used for all analyses.

RESULTS

Table 1 shows the characteristics of the included participants. A
total of 57 subjects (age: 63.0£7.4 years, range: 46-81 years)
were enrolled into this study, and good quality images were
obtained in 94 out of 116 eyes (right eye=48; left eye=46) from
both machines. As expected, the visual field mean deviation of
the 12 glaucomatous eyes was the worst at —5.75+3.22dB,
where 58% had mild glaucoma (n=7), 33% had moderate glau-
coma (n=4) and only one had severe glaucoma.

Mean RNFL thickness, COV as well as the thickness differ-
ences, ICC values of the two OCT systems are displayed in
table 2. In all participants, the COVs were highest in the nasal
quadrant and lowest in the inferior quadrant for both the
systems. The COVs obtained with SS-OCT was generally lower
than with SD-OCT, except for the temporal quadrant. In the
glaucoma subgroup, both systems detected significantly thinner
RNFL compared with other participants in the global average as
well as in superior, inferior and temporal quadrants (all p<0.05,
unpaired t-test), but no difference was detected in the nasal
quadrant (p>0.79, unpaired t-test). In the glaucoma subgroup,
the quadrant thickness was thickest in superior followed by infe-
rior, nasal and temporal.

Figure 2A-E show the scatter plots of thickness measurements
between the two systems, as stratified by various quadrants.
Both SS-OCT and SD-OCT derived RNFL thickness were highly
correlated (all 7>0.87). However, the correlation was relatively
weak in the nasal quadrant (normal eyes: r=0.76; glaucoma
eyes: r=0.83; ocular hypertensive eyes: 7=0.32).

In all the participants, there was an excellent agreement
between the RNFL-derived thickness measurement from the
SS-OCT and SD-OCT (all ICC >0.90; table 2), except for
the nasal (ICC=0.73) and the temporal quadrant (ICC=0.79;
table 2). In the normal subgroup, there was good agreement
for all four quadrants and the global average (all ICC between
0.71 and 0.90). In the glaucoma subgroup, the agreement
was excellent except for the nasal (ICC=0.76) and temporal
(ICC=0.81) quadrants. In the OHT subgroup, the nasal quad-
rant thickness agreement was poor (ICC=0.31), while the
agreement was good-to-excellent in the other quadrants and
the global average.

Figure 2F-] shows the Bland-Altman plots for comparing the
thickness difference measured by SS-OCTA and SD-OCT. The
mean global RNFL thickness assessed by SS-OCT was 3.0 um
thicker than with a SD-OCT (91.6+13.5 um vs 88.6%=12.5 um;
p<0.001). The difference was mainly found in the nasal and
temporal quadrants, where the thickness measured by SS-OCT
was on average 3.4um (p<0.001) and 7.7um (p<0.001)
thicker in the nasal and temporal quadrants, respectively. In the
normal subgroup, SS-OCT-derived RNFL thickness measure-
ments were significantly thicker than SD-OCT in the nasal and
temporal quadrants, as well as the overall average (all p<0.001).
However, in the glaucoma and OHT subgroups, only values in
the temporal quadrant were significantly different between the
two systems (p<0.05).

DISCUSSION

In this study, we investigated the agreement of RNFL thickness
measured by SS-OCTA using an angiography protocol versus an
SD-OCT. Our data showed that RNFL measurements taken with
PlexElite have good-to-excellent correlation to Cirrus. However,
there is a systematic difference in the RNFL measurements, espe-
cially in the nasal and temporal quadrants, which indicates that the
measurements between two machines should not be used inter-
changeably. This is in compatible with previous studies indicating
that RNFL thickness values between different OCT instruments
differ'*" and supports the well-known fact that longitudinal
follow-up of patients with glaucoma has to be done with one
specific device. Our results prove that the RNFL thickness can be
well obtained based on a single wide field SS-OCT angiography
scan, which allows for extraction of both structural and vascular
parameters. Combining vascular with structural parameters may
enhance diagnosis and detection of glaucoma progression. The
importance of measuring structural and vascular parameters of the
optic disc at the same instance may also be useful in the clinical
evaluation of vascular conditions such as inflammatory or isch-
aemic optic neuropathy.?%2*

Several studies have previously investigated the repeatability
of OCT devices for measuring RNFL as well as the agreement
between different systems. The intervisit and intravisit repro-
ducibility were good-to-excellent using either time-domain
(TD-OCT), SD-OCT or SS-OCT machines, both in normal
and glaucomatous eyes.'*'* 22 However, the thickness values
measured by different machines are not the same. In partic-
ular, the RNFL measurement as obtained using TD-OCT
(Stratus, Carl Zeiss Meditec) was reported to be thicker than
that obtained using SD-OCT machines.””™"” Comparison
studies between different SD-OCT machines revealed that
Cirrus measurements were on average 4 pm, S pm and 14 um
thinner compared with Spectralis (Heidelberg Engineering,
Heidelberg Germany),” 3D OCT-1000 (Topcon Corpora-
tion, Tokyo, Japan)'® and RTVue.!® We found here that the
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Table 2 Comparison of RNFL thickness measured by two OCT systems, stratified by glaucoma status

SS-0CT SD-OCT
Region Mean (SD) cov Mean (SD) cov Mean difference (95% Cl)* ICC (95%CI)t
Total Inferior 114.1 (24.3) 4.7 113.0 (22.4) 5.05 1.1 (0.7 to 3.0) 0.92 (0.88 to 0.95)
(n=94, n=57) p=0.231
Superior 106.9 (22.3) 4.79 107.0 (20.3) 5.26 —0.1(-1.9t0 1.6) 0.91 (0.87 to 0.94)
p=0.868
Nasal 69.7 (11.5) 6.04 66.3 (9.3) 7.12 3.4(2.0t0 4.8) 0.73 (0.64 to 0.82)
p<0.001
Temporal 75.6 (13.7) 5.52 67.9(12.3) 5.51 7.7 (6.6 to 8.8) 0.79 (0.71 t0 0.85)
p<0.001
Global 91.6 (13.5) 6.78 88.6 (12.5) 7.08 3.0 (2.1t03.9) 0.91 (0.86t0 0.94)
p<0.001
Glaucoma Inferior 77.8(20.9) 3.72 77.8 (21.0) 3.7 —0.0 (-4.6 t0 4.6) 0.95 (0.89 to 0.98)
(n=1 2, n=9) p=0.995
Superior 81.3(23.8) 3.42 80.6 (21.2) 3.8 0.7 (-3.5t04.9) 0.93 (0.78to 0.98)
p=0.707
Nasal 65.0 (13.9) 4.68 63.5(11.6) 5.47 1.5(-4.7t07.7) 0.76 (0.41 t0 0.92)
p=0.596
Temporal 63.7 (15.2) 4.18 56.5 (13.7) 413 7.2(33to1 0.81 (0.65 t0 0.92)
1.1)
p=0.003
Global 71.9 (14.5) 4.97 69.6 (13.6) 5.13 2.3(0.0t04.7) 0.95 (0.89 to 0.98)
p=0.050
OHT Inferior 122.8 (22.1) 5.56 119.1 (18.2) 6.54 3.7(-4.6t011.9) 0.88 (0.13 t0 0.92)
(n=8, n=5) p=0.285
Superior 109.0 (13.2) 8.28 108.3 (16.4) 6.6 0.7 (-6.8t0 8.2) 0.88 (0.64 to 0.96)
p=0.815
Nasal 70.4 (9.6) 7.32 65.8 (9.9) 6.67 4.6 (-7.11016.3) 0.31 (0.00 to 0.61)
p=0.338
Temporal 79.1 (22.3) 3.55 73.2 (19.0) 3.85 5.9 (1.3 to 10.6) 0.94 (0.82 to 0.98)
p=0.024
Global 95.3(12.3) 7.76 91.6 (10.0) 9.12 3.7(-1.0t0 8.4) 0.82 (0.67 t0 0.92)
p=0.092
Normal Inferior 119.1 (19.7) 6.03 118.1 (17.5) 6.74 1.0(-1.2t03.2) 0.87 (0.81 t0 0.92)
(n=74, n=45) p=0.354
Superior 110.8 (20.2) 5.48 111.2(17.3) 6.41 -0.4(-2.5t01.8) 0.88 (0.83 t0 0.91)
p=0.726
Nasal 70.4 (11.3) 6.23 66.9 (8.9) 7.51 3.6(2.2t05.0) 0.76 (0.68 to 0.84)
p<0.001
Temporal 77.2 (11.4) 6.79 69.2 (10.2) 6.77 8.0(6.7t09.2) 0.71 (0.61 t0 0.79)
p<0.001
Global 94.4(10.7) 8.86 91.3(9.7) 9.41 3.1(2.0to 4.1) 0.86 (0.79 to 0.90)
p<0.001

*The sandwich estimator that allows for clustering for patient was used to calculate SEs.

tNon-parametric cluster-resampled bootstrapping was used to derive the sampling distribution of ICC estimates.
COV, coefficient of variance; ICC, intraclass correlation coefficient; OCT, optical coherence tomography; SS, swept-source.

PlexElite RNFL thickness was on average 3.0 um thicker than
that obtained by Cirrus, and the difference was mainly due to
the values from the nasal and temporal quadrants where the
RNFL was generally thinner. The exact reasons for the differ-
ential measurements remain unknown. Some likely contribu-
tions may arise from signal strength, laser wavelength, optic
disc centroid, segmentation algorithms and tracking systems.
To complicate matters further, these factors are intimately
inter-related with each other. For example, longer laser wave-
length could result in less scattering in the inner retinal and
may as such be associated with lower signal strength and unre-
liable segmentation. The two systems we have compared here
both used LSO-based eye tracker during acquisition, and scan-
ning areas were identical. However, SD-OCT has a slightly
higher axial resolution as compared with the SS-OCT (5 pm vs
6.3 um in tissue). Lower imaging resolution broadens the layer

edge, which consequently makes the layer appear thicker.
Moreover, we manually delineated optic disc boundary from
PlexElite, which provided accurate optic disc centroid predic-
tion, while the accuracy of the Cirrus automatic optic disc
centroid detection remains an uncertainty. Determination of
the optic disc centroid has been shown important to RNFL
measurement reproducibility and longitudinal follow-ups
especially in the nasal and temporal quadrants,”® which could
potentially contribute to the higher variation observed in these
two quadrants. Differences in the orientation of the optic disc
between scans will cause a shift of four quadrants because their
definition is related to the scanning direction.?” For instance,
anti-clockwise rotation of the optic disc of the right eye would
misclassify part of the superior region into the nasal region
and result in an artificial increase of the RNFL thickness in the
nasal quadrant.
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Figure 2 Scatter plots (A—E) with linear regression analysis and Bland-Altman plots (F-J) of circumpapillary RNFL thickness measurements by SD-
OCT and SS-OCT using an angiography protocol. Black square: glaucoma participants. Red circle: normal participants. Blue triangle: OHT participants.
OCT, optical coherence tomography; RNFL, retinal nerve fibre layer; SD, spectral-domain.

Finally, segmentation errors were considered as a major
contributor to the RNFL thickness differences when comparing
one machine to another.'” *® This factor is, however, not easily
assessed because manufacturers usually do not reveal their
algorithms or enable segmentation check in greater details.
Nowadays, many automatic retinal layer segmentation algo-
rithms have been developed, but it is difficult to determine
which algorithm is preferable because of the lack of a gold
standard. Even though previous studies showed a strong varia-
tion of absolute RNFL thickness values among different OCT
systems, their performance for glaucoma diagnosis appears to
be relatively similar.?’ * Nevertheless, some patients may have
RNFL thickness within normal limits when evaluated with
one specific device and abnormal values when measured with
another device. Moreover, inherent anatomical differences
between study subjects lead to variability, misclassification®'
and difficulty in accurate segmentations, for example, in diag-
nosing glaucoma in patients with myopic disc changes.****

The advantages of the SS-OCT system with higher acquisi-
tion speed and better signal roll-off is obvious as it allows the
scanning of a larger field of view including the optic disc and
fovea in one shot without compromising the sampling density.
Conventionally, the RNFL thickness using SD-OCT is evalu-
ated from a single circle around the optic disc, but wide-field
scan could be more effective in determining the RNFL thick-
ness progression.’* In addition, wide-field scanning enables
the ganglion cell analysis from the fovea together with RNFL
measurements to better understand the relation between the
loss of macular ganglion cells and their axons.*

Some limitations need to be recognised in this study. First,
the small sample size of glaucoma subgroup (12 eyes). Also,
majority of our patients with glaucoma had mild to moderate
glaucoma. We only had one patient with severe form of glau-
coma, which is associated with pronounced thinning of the
RNFL thickness. Given the low ICC value in the nasal quad-
rants (mostly thinner) in the present study, consistency may
be worse in advanced cases. Second, as discussed above, we
applied different segmentation approaches on the two systems.
Therefore, differences may either be a result from hardware or
software. Last, the manual segmentation was done by a single-
trained grader, and this may inadvertently introduce system-
atic error in segmentation.

In conclusion, there was overall good-to-excellent agree-
ment of RNFL thickness measured by SS-OCT and SD-OCT
systems. The agreement was least in the nasal quadrant of
the OHT subgroup. RNFL thickness measured by the two
machines are, however, not interchangeable. The data do indi-
cate that wide-field OCTA scans can be used in the future for
evaluating RNFL thickness in patients with ONH disease.

Author affiliations

'Singapore Eye Research Institute, Singapore National Eye Centre, Singapore,
Singapore

“SERI-NTU Advanced Ocular Engineering (STANCE) program, Singapore, Singapore
*Academic Clinical Program, DUKE-NUS Medical School, Singapore, Singapore
“Changi General Hospital, Singapore, Singapore

*Institute of Health Technologies, Nanyang Technological University, Singapore,
Singapore

®Department of Ophthalmology, Lee Kong Chian School of Medicine, Nanyang
Technological University, Singapore, Singapore

"Department of Ophthalmology, Yong Loo Lin School of Medicine, National University
of Singapore and National University Health System, Singapore, Singapore
®Department of Clinical Pharmacology, Medical University of Vienna, Vienna, Austria
°Center for Medical Physics and Biomedical Engineering, Medical University of
Vienna, Vienna, Austria

Contributors LS, MA and RH conceived the idea; BT, JC, TH and DWKW conducted
the data analysis; AL and YLT collected the data; AL conducted the statistical analysis;
BT prepared the first draft; all authors contributed to the data interpretation; all
authors contributed to the final version of the manuscript.

Funding This work was funded by grants from the National Medical Research
Council (OFIRG/0048/2017, NMRC/CG/C010A/2017, NMRC STaR/0016/2013),
Singapore.

Competing interests None declared.

Patient consent for publication Obtained.

Ethics approval This study was approved by the SingHealth Centralized
Institutional Review Board and conducted in accordance to the Declaration of
Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jacqueline Chua http://orcid.org/0000-0002-6474-5293

978 Tan B, et al. Br J Ophthalmol 2020;104:974-979. doi:10.1136/bjophthalmol-2019-314706


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6474-5293

Clinical science

Leopold Schmetterer http://orcid.org/0000-0002-7189-1707

REFERENCES

1

2

3

Fujimoto JG, Drexler W, Schuman JS, et a/. Optical coherence tomography (OCT) in
ophthalmology: introduction. Opt Express 2009;17:3978.

Harwerth RS, Wheat JL, Fredette MJ, et al. Linking structure and function in glaucoma.
Prog Retin Eye Res 2010.

Leung CKS, Yu M, Weinreb RN, et a/. Retinal nerve fiber layer imaging with
spectral-domain optical coherence tomography: patterns of retinal nerve fiber layer
progression. Ophthalmology 2012.

Jonas JB, Dichtl A. Evaluation of the retinal nerve fiber layer. Surv Ophthalmol
1996;40:369-78.

Kashani AH, Chen C-L, Gahm JK, et al. Optical coherence tomography angiography:
a comprehensive review of current methods and clinical applications. Prog Retin Eye
Res 2017,60:66—-100.

Ang M, ACS T, Cheung CMG, et al. Optical coherence tomography angiography: a
review of current and future clinical applications. Graefe’s Arch Clin Exp Ophthalmol
2018.

Chua J, Tan B, Ang M, et a/. Future clinical applicability of optical coherence
tomography angiography. Clin Exp Optom 2018:1-10.

Rao HL, Pradhan ZS, Weinreb RN, et a/. Optical coherence tomography angiography
vessel density measurements in eyes with primary open-angle glaucoma and disc
hemorrhage. J Glaucoma 2017.

Wan KH, Lam AKN, Leung CK-S. Optical coherence tomography angiography
compared with optical coherence tomography macular measurements for detection of
glaucoma. JAMA Ophthalmol 2018;136:866.

Chung JK, Hwang YH, JM W, et al. Glaucoma diagnostic ability of the optical
coherence tomography angiography vessel density parameters. Curr Eye Res 2017.
Yarmohammadi A, Zangwill LM, Diniz-Filho A, et al. Peripapillary and macular
vessel density in patients with glaucoma and Single-Hemifield visual field defect.
Ophthalmology 2017;124:709-19.

Spaeth GL, Shields MB. The stages of glaucoma. Am J Ophthalmol 2006.

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients
for reliability research. J Chiropr Med 2016;15:155-63.

Arthur SN, Smith SD, Wright MM, et al. Reproducibility and agreement in evaluating
retinal nerve fibre layer thickness between Stratus and spectralis OCT. Eye
2011;25:192-200.

Vizzeri G, Weinreb RN, Gonzalez-Garcia AQ, et al. Agreement between spectral-
domain and time-domain OCT for measuring RNFL thickness. Br J Ophthalmol
2009;93:775-81.

Huang J, Liu X, Wu Z, et al. Macular and retinal nerve fiber layer thickness
measurements in normal eyes with the Stratus OCT, the Cirrus HD-OCT, and the
Topcon 3D OCT-1000. / Glaucoma 2011;20:118-25.

Hood DC, Raza AS, Kay KY, et al. A comparison of retinal nerve fiber layer (RNFL)
thickness obtained with frequency and time domain optical coherence tomography
(OCT). Opt Express 2009;17:3997.

Seibold LK, Mandava N, Kahook MY. Comparison of retinal nerve fiber layer
thickness in normal eyes using time-domain and spectral-domain optical coherence
tomography. Am J Ophthalmol 2010;150:807-14.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Faghihi H, Hajizadeh F, Hashemi H, et al. Agreement of two different spectral domain
optical coherence tomography instruments for retinal nerve fiber layer measurements.
J Ophthalmic Vis Res 2014;9:31-7.

Huang Y, Zhou L, Zhangbao J, et a/. Peripapillary and parafoveal vascular network
assessment by optical coherence tomography angiography in aquaporin-4 antibody-
positive neuromyelitis optica spectrum disorders. Br J/ Ophthalmol 2018;103:789-96.
Balducci N, Morara M, Veronese C, et al. Optical coherence tomography angiography
in acute Arteritic and non-arteritic anterior ischemic optic neuropathy. Graefe’s Arch
Clin Exp Ophthalmol 2017.

Spain R, Liu L, Zhang X, et al. Optical coherence tomography angiography

enhances the detection of optic nerve damage in multiple sclerosis. Br J Ophthalmol
2018;102:520-4.

Mwanza J-C, Chang RT, Budenz DL, et al. Reproducibility of peripapillary retinal nerve
fiber layer thickness and optic nerve head parameters measured with Cirrus HD-OCT
in glaucomatous eyes. Invest Ophthalmol Vis Sci 2010;51:5724-30.

Budenz DL, Chang RT, Huang X, et al. Reproducibility of retinal nerve fiber thickness
measurements using the Stratus OCT in normal and glaucomatous eyes. /nvest
Ophthalmol Vis Sci 2005;46:2440-3.

Langenegger SJ, Funk J, Toteberg-Harms M. Reproducibility of retinal nerve fiber layer
thickness measurements using the eye tracker and the retest function of spectralis
SD-OCT in glaucomatous and healthy control eyes. Invest Ophthalmol Vis Sci
2011;52:3338-44.

Gabriele ML, Ishikawa H, Wollstein G, et al. Optical coherence tomography scan
circle location and mean retinal nerve fiber layer measurement variability. /nvest
Ophthalmol Vis Sci 2008;49:2315-21.

Lee KH, Kim CY, Kim NR. Variations of retinal nerve fiber layer thickness and ganglion
cell-inner plexiform layer thickness according to the torsion direction of optic disc.
Invest Ophthalmol Vis Sci 2014;55:1048-55.

Buchser NM, Wollstein G, Ishikawa H, et al. Comparison of retinal nerve fiber layer
thickness measurement bias and imprecision across three spectral-domain optical
coherence tomography devices. Invest Ophthalmol Vis Sci 2012;53:3742-7.
Moreno-Montafiés J, Olmo N, Alvarez A, et al. Cirrus high-definition optical coherence
tomography compared with Stratus optical coherence tomography in glaucoma
diagnosis. Invest Ophthalmol Vis Sci 2010;51:335-43.

Chen H-Y, Chang Y-C, Wang I-J, et al. Comparison of glaucoma diagnoses using
Stratus and Cirrus optical coherence tomography in different glaucoma types in a
Chinese population. J Glaucoma 2013;22:638-46.

Chua J, Schwarzhans F, Nguyen DQ, et al. Compensation of retinal nerve fibre layer
thickness as assessed using optical coherence tomography based on anatomical
confounders. Br J Ophthalmol 2020;104:282-90.

Ang M, Wong CW, Hoang QV, et al. Imaging in myopia: potential biomarkers, current
challenges and future developments. Br J Ophthalmol 2019;103:855-62.

NYQT, CCA'S, Jonas JB, et al. Glaucoma in myopia: diagnostic dilemmas. Br J
Ophthalmol 2019;103:1347-55.

Wu Z, Weng DSD, Thenappan A, et al. Comparison of widefield and Circumpapillary
circle scans for detecting glaucomatous neuroretinal thinning on optical coherence
tomography. Trans/ Vis Sci Technol 2018;7.

Tan O, ChopraV, Lu AT-H, et a/. Detection of macular ganglion cell loss in glaucoma by
Fourier-Domain optical coherence tomography. Ophthalmology 2009;116:2305-14.

Tan B, et al. Br J Ophthalmol 2020;104:974-979. doi:10.1136/bjophthalmol-2019-314706

979


http://orcid.org/0000-0002-7189-1707
http://dx.doi.org/10.1364/OE.17.003978
http://dx.doi.org/10.1016/S0039-6257(96)80065-8
http://dx.doi.org/10.1016/j.preteyeres.2017.07.002
http://dx.doi.org/10.1016/j.preteyeres.2017.07.002
http://dx.doi.org/10.1001/jamaophthalmol.2018.1627
http://dx.doi.org/10.1016/j.ophtha.2017.01.004
http://dx.doi.org/10.1016/j.jcm.2016.02.012
http://dx.doi.org/10.1038/eye.2010.178
http://dx.doi.org/10.1136/bjo.2008.150698
http://dx.doi.org/10.1097/IJG.0b013e3181d786f8
http://dx.doi.org/10.1364/OE.17.003997
http://dx.doi.org/10.1016/j.ajo.2010.06.024
http://dx.doi.org/10.1167/iovs.10-5222
http://dx.doi.org/10.1167/iovs.04-1174
http://dx.doi.org/10.1167/iovs.04-1174
http://dx.doi.org/10.1167/iovs.10-6611
http://dx.doi.org/10.1167/iovs.07-0873
http://dx.doi.org/10.1167/iovs.07-0873
http://dx.doi.org/10.1167/iovs.13-12380
http://dx.doi.org/10.1167/iovs.11-8432
http://dx.doi.org/10.1167/iovs.08-2988
http://dx.doi.org/10.1097/IJG.0b013e3182594f42
http://dx.doi.org/10.1136/bjophthalmol-2019-314086
http://dx.doi.org/10.1136/bjophthalmol-2018-312866
http://dx.doi.org/10.1167/tvst.7.3.11
http://dx.doi.org/10.1016/j.ophtha.2009.05.025

	Comparison of a commercial spectral-­domain OCT and swept-­source OCT based on an angiography scan for measuring circumpapillary retinal nerve fibre layer thickness
	Abstract
	Introduction
	Methods
	Study participants
	OCT imaging
	Image processing and RNFL segmentation
	Statistical analysis

	Results
	Discussion
	References


