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ABSTRACT

Aim and background: Precision of optical coherence tomography (OCT) measurements of the optic nerve head (ONH), retinal nerve fiber layer
(RNFL), and macular ganglion cell layer (GCL) is essential for the diagnosis and monitoring of glaucoma. The purpose of this research was to
evaluate the repeatability and reproducibility of retinal and ONH parameters measured with two identical swept-source optical coherence devices.

Methods: A cross-sectional study was conducted. A total of 30 eyes of 15 healthy subjects were included. Two technicians performed four OCT-
wide protocol scans in the same visit using two identical Triton swept-source OCT (DRI-OCT) instruments. The interdevice and interobserver
reproducibility and the repeatability of both instruments for all ONH, RNFL, and macular GCL parameters were evaluated by the intraclass
correlation coefficient (ICC). Additionally, Bland—Altman test analysis was used for repeatability and reproducibility measurements.

Results: Intraclass correlation coefficient (ICCs) of the ONH, RNFL, and GCL measurements were excellent for repeatability and interdevice
reproducibility (>0.9). Interobserver reproducibility was good for all parameters except for RNFL clock hour 11 (ICC = 0.72). The variability of the
average RNFL was from —4.103 to 4.97 um, with a mean percentage of the difference (PD) of 0.37 + 2.03%. Among GCL parameters, the greatest
variability was found in the inferior sector (PD = —0.88 + 5.39%, limits of agreement (LoA) = —8.345-7.078 um).

Conclusion: Using two identical swept-source OCT instruments for the evaluation of the structural parameters of the ONH, RNFL, and macular
GCL showed high repeatability and reproducibility. This allows the clinician to make a therapeutic decision based on OCT findings coupled
with the clinical evaluation of the patient. When evaluating RNFL clock hours measurements, interobserver reproducibility might decrease.
Clinical significance: The understanding of measurement variability while using different devices and the impact of the observer capturing
the images, is clinically relevant.
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INTRODUCTION

Glaucomais defined as a chronic, progressive, usually bilateral, and
asymmetric optic neuropathy with specific changes in the optic
nerve head (ONH), the retinal nerve fiber layer (RNFL), and the
visual field.! The underlying pathophysiological process is the loss
of retinal ganglion cells (RGC).2 Usually, by the time a glaucomatous
visual defect is detected, approximately 28% of the RGC and 17% of
the RNFL thickness have been irreversibly damaged.>*

As our understanding of glaucoma has evolved, so has the
technology. Optical coherence tomography (OCT) has continued
to add parameters to aid in the detection and management of
glaucoma. Currently, the peripapillary RNFL is a very important
measure for the clinical diagnosis of this entity.>® However, the
detection of macular ganglion cell layer (GCL) damage has recently
been considered essential, and its changes have been regarded as
useful in the early diagnosis of the disease.””°

A new generation of OCT, the swept-source OCT (SS-OCT), was
recently introduced. SS-OCT uses a longer wavelength (usually
1050 nm) compared to spectral-domain OCT (SD-OCT). This not
only enables the evaluation of RNFL and macular thickness but
also allows for high-grade imaging of deeper ocular structures.
Additionally, SS-OCT has the advantage of faster scanning speeds
(100.000-200.000 A-scans/second), which allows the capture of
larger areas in less time.!"
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Agreement between Two Swept-source Optical Coherence Tomography

Consistency in the measurements of retinal and ONH
parameters with the OCT is essential for the diagnosis, follow-up,
and management of glaucomatous and nonglaucomatous optic
neuropathies. Previous studies have focused on evaluating the
reproducibility of these measurements with a single instrument,
assuming that this would be the same with other devices of the
same commercial brand. However, there are no studies that have
compared the degree of agreement between two identical OCT
instruments. The aim of this study was to evaluate the repeatability
and reproducibility of retinal and ONH parameters measured with
two identical SS-OCT devices.

MEeTHODS

We conducted a cross-sectional study in healthy subjects at Centro
Oftalmoldgico Virgilio Galvis in Bucaramanga, Colombia. The study
was approved by the ethics committee of Fundacion Oftalmolégica
de Santander-Carlos Ardila Lulle. Written informed consent was
obtained from all participants before entering the study. Inclusion
criteria were age over 18 years, corrected distance visual acuity of
20/40 or better, a refractive error <5 diopters in spherical refraction
and <3 diopters of cylindrical refraction, normal visual field on
standard automated perimetry, and open-angle based on the
Shaffer grading system. Subjects were excluded if there was the
presence of media opacity that could limit OCT image quality, retinal
or neurologic disease, and any ocular disease other than incipient
cataract, mild blepharitis, or mild dry eye. In addition, subjects
with a history of corneal or intraocular surgery were excluded.
All participants underwent a detailed ophthalmologic evaluation
with a medical history, refraction, and visual acuity measurement
with and without correction, slit-lamp evaluation, Goldmann
applanation tonometry, gonioscopy, dilated fundoscopy, standard
automated perimetry and axial length measurement with an optical
ocular biometer IOL master 700, Zeiss, Germany.

Commercially available SS-OCT (DRI OCT Triton; Topcon
Corporation, Tokyo, Japan) was used for all examinations. This
device uses a central wavelength of 1050 nm with an axial resolution
of 8 um, a transverse resolution of 20 um, and a capture speed
of 100.000 A-scans per second. During imaging, the subject was
instructed to fixate on an internal fixation target with particular
attention to position on the chin rest and headband. OCT was
performed using the 12 x 9mm 3D wide capture protocol with
a resolution of 512 x 256. This protocol allows for the ONH, the
peripapillary RNFL, and the GCL to be obtained in the same capture.

All exams were performed by two trained technicians with two
different Triton swept-source OCT (DRI-OCT) devices in a single
visit. The OCT was taken twice by each technician on each DRI-OCT
instrument, meaning that each eye had eight observations (four by
each technician) to assess repeatability. Reproducibility was assessed
between the DRI-OCT devices (interdevice reproducibility) and
between the two trained technicians (interobserver reproducibility).
After each capture, the subject was asked to rest and blink. Artifactual
images were excluded to avoid poor-quality images. Scans with
image quality under 40 were repeated. Measurements of the average
RNFL thickness, RNFL by quadrants, and 12 clock hours sectors were
considered for the analysis. Likewise, the topographical data of the
ONH was evaluated. Regarding the macular GCL, the scan provides
two different thickness profiles: the between RNFL and the limits of
the inner nuclear layer, including the latter (GCL+) and between the
ILM and the limits of the inner nuclear layer, then also including the
RNFL (GCL++). Both were evaluated.
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Stata/MP 14.1 for Mac was used for data analysis. The sample
size calculation was performed using the SAMPCCI software for
Stata. With four measurements taken for each eye, a power of
80%, and a statistical significance of 0.05, the estimated sample
size was 22 eyes. The distribution of frequencies was determined
with the Shapiro-Wilk test. Mean, and standard deviation (SD)
are shown unless stated otherwise. Repeatability (test-retest
reliability) was tested with estimates of the intraclass correlation
coefficient (ICC) and its 95% confidence intervals (95% Cl) based on
a single-measurement two-way mixed-effects model with absolute
agreement. Reproducibility between the two trained technicians
(interobserver reproducibility) was tested with estimates of ICC
and its 95% Cl based on a mean two-way random effects model
and absolute agreement. Reproducibility between both DRI-OCT,
DRI-OCT 1, and DRI-OCT 2 (interdevice reproducibility) was tested
with estimates of ICC and its 95% Cl based on a single rater, 2-way
mixed-effects model and absolute agreement. ICCs above 0.9
were rated excellent, between 0.9 and 0.8 good, between 0.8 and
0.6 fair, and below 0.6 poor. In addition, Bland-Altman limits of
agreement (LoA) and mean percentage of difference (PD) with
their SD were measured. All tests were made using generalized
estimated equations to avoid the effect of correlation between
both eyes of the same patient.

REesuLTs

A total of 30 eyes of 15 healthy subjects with a mean age of 29.86 £
1.11 years (range, 23-43 years), 60% of them women, were studied.
The mean spherical equivalent was —0.50 + 0.68 diopters (range
from —2.00 to 0). The mean axial length was 23.52 £ 0.77 mm (range
22.45-24.92 mm), and the mean intraocular pressure was 14.33 +
3.11 mm Hg (range 10-23 mm Hg).

The average RNFL thickness was 110.87 + 11.54 pm, being
thicker in the inferior quadrant (145 + 21.95 um). The mean size of
the disc area was 2.09 + 0.33 mm?. Regarding the GCL analysis, the
sector with the greatest thickness in the GCL++ was the inferonasal,
and in the GCL+ was the superonasal, with thicknesses of 121.8 +
10.47 um and 76.09 + 6.64 um, respectively.

Repeatability

The measurements of the peripapillary RNFL in average quadrants
and clock-hour sectors showed excellent repeatability (Table 1).
Likewise, all the morphometric parameters of the ONH showed
high repeatability (Table 1). The ICCs of the GCL+ and GCL++
were also excellent (Table 1). The lower limit of the 95% CI for
the ICC evaluating RNFL, GCL, and ONH showed values above
0.9. Regarding the RNFL, the lowest variability was found in the
average RNFL (PD =0.37 £ 2.03%, LoA =—-4.103—4.97 um), followed
by the inferior quadrant (PD = 0.32 + 2.97%, LoA = —9.444-9.977
pm). Additionally, when evaluating RNFL thicknesses of clock hour
sectors, clockhours 3,4, 5,8,9,and 10 showed the lowest variability.
Morphometric parameters of the ONH showed less variability for
rim area and disc area and greater variability for cup/disc ratio
and rim volume measurements. Regarding the GCL+, the greatest
variability was found in the inferior sector (PD =—-0.88 + 5.39%, LoA
=—8.345-7.078 um). Within the GCL++ sectors, variability was low
with LoA of <3.24 um.

Interdevice Reproducibility

The RNFL, ONH, and macular GCL showed excellent reproducibility
with ICC values above 0.9 for each of the parameters studied
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Figs 1Ato E: Bland-Altman reproducibility plot for RNFL measurements in average and quadrants

(Table 1). Bland-Altman plots for RNFL average and quadrants are
shown in Figure 1. LoA between devices were smaller for average
RNFL, followed by temporal, inferior, nasal, and superior, in that
order.

Interobserver Reproducibility

The parameters of the peripapillary RNFL showed good
reproducibility, with the nasal quadrant showing the lowest ICC with
a value of 0.896 (Table 1). Regarding the thickness measurements
by clock hour sectors, the reproducibility was good except for
clock hour 11, which showed an ICC of 0.721 (95% Cl 0.488-0.859).
Concerning the data of the ONH and macular GCL parameters, the
reproducibility was excellent, with a lower limit of 95% Cl for ICC
above 0.9 (Table 1).

Discussion

Currently, OCT in glaucoma analysis is a tool that not only serves for
diagnosis but also for monitoring the progression of the disease.
Being able to demonstrate the repeatability and reproducibility
of the measurements obtained with this instrument is of vital
importance. These numerical values will allow us to know if the
disease is progressing over time and if the treatment that is being
carried out is keeping the patient stable from a structural point
of view. To know if the measurements of these parameters show
variability when using different devices of the same commercial
brand is of clinical relevance. In the present study, the ability of
SS-OCT to show reproducible data between 2 instruments of the
same commercial brand was evaluated.

Our results showed that repeatability and interdevice
reproducibility of RNFL, macular GCL, and ONH parameters were
excellent. Moreover, interobserver reproducibility of the ONH
and macular GCL was excellent for all the evaluated parameters.
Regarding RNFL measurements, average and quadrant thicknesses
showed good interobserver reproducibility (ICC of >0.8). Several
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reports have demonstrated the reproducibility of RNFL, GCL, and
ONH parameters using SS-OCT with the DRI OCT. Satue et al.'?
investigated the reproducibility of these parameters in healthy
subjects using the 12.0 x 9.0 mm 3D wide protocol. Using the ICCs,
they found that the parameters with the highest reproducibility
were those corresponding to the GCL++ (ICC of >0.90). Unlike our
study, the reproducibility of the RNFL parameters was fair to good,
with ICCvalues ranging from 0.685 to 0.946. This greater variability
was evidenced even considering that the analysis was not carried
out by clock hours but only by six sectors. Regarding the parameters
of the ONH, the morphometric data showed good reproducibility.™?
Lee etal.found that repeatability of the parameters of the GCL+ and
RNFL using the DRIOCT in healthy Korean subjects was excellent.”

In the present study, we evaluated the repeatability and
reproducibility of the RNFL in average quadrants and clock hours
sectors. Although average and quadrant RNFL measurements
showed good reproducibility, among clock hours, good
interobserver reproducibility was found in all parameters except
for clock hour 11, which showed an ICC of 0.72. Carpineto et al.
found that reproducibility using SD-OCT with Cirrus (Carl Zeiss
Meditec, Dublin, California, United States of America) was reduced
when RNFL was evaluated by clock hours. In their analysis, the RNFL
clock hours corresponding to hour 7 showed ICC values of 0.75 and
0.72 with the two operators who carried out the exams.'* Similarly,
Arthur et al. evaluated the reproducibility of the RNFL parameters
using time-domain OCT with the Stratus (Carl Zeiss Meditec,
Dublin, California, United States of America), finding that when
evaluating the ICC of the average RNFL, quadrants and clock hour
sectors, the parameters that showed the greatest variability were
those corresponding to clock hours. In their study, the sector that
showed the lowest ICC was the one corresponding to clock hour
2 with a value of 0.70."> One possible explanation for this greater
variability in clock hours is the influence of head position during the
capture. Hwang et al. demonstrated that OCT measurements with
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different degrees of head tilt produced an increase or decrease in
RNFL thickness in the clock hour sector.'®

Since its development, OCT technology has evolved through the
years with the capability of obtaining images of higher resolution
with newer devices. SS-OCT offers several advantages for image
acquisition compared to its predecessors, like faster scan speed and
longer wavelength. Despite the technological differences, previous
reports have shown that repeatability and the glaucoma diagnostic
ability of SS-OCT and SD-OCT are similar. Lee et al. found that both
the DRI OCT and Cirrus OCT had excellent repeatability in healthy
subjects for measurements of the RNFL and GCL+, with the exception
of the temporal clock hour sector of the RNFL in the Cirrus OCT.
However, when the repeatability of both instruments was compared,
DRI OCT RNFL measurements showed higher values than the Cirrus.
Interdevice agreement was more variable than intra-device, with
thinner measurements of the GCL+ and thicker measurements of
the RNFL in the DRI OCT compared to Cirrus.” This finding was
previously described in glaucoma patients and healthy subjects
confirming that these measurements are not interchangeable for
clinical purposes.'”’® Although the differences in these parameters
might be related to technology, they could also be related to the
segmentation algorithm. One possible explanation could be that the
DRI OCT measures circumpapillary RNFL closer to the diameter of the
ONH compared to other companies. In general, as the measurement
gets closer to the ONH border, the thickness of the RNFL increases,
which could explain this finding. Moreover, something similar occurs
with the measurements of the macular GCL, where the thickness
decreases as the measurement is further from the fovea. The GCL+
measurement area in the DRI OCT is inside a 6 mm diameter circle
around the fovea in contrast to the 4.8 X 4.0 mm of Cirrus.

To our knowledge, this is the first study that evaluates the
repeatability and reproducibility of SS-OCT with two devices of
the same commercial brand. As limitations, it is worth mentioning
that these results can only be applied to healthy subjects since
we did not include patients with glaucoma or with high ranges
of refractive errors. Another consideration is that these results are
valid only in the context of good-quality OCT images. It has already
been described that as there is a greater fluctuation in the quality
of the OCT images, a relevant reduction in the repeatability of the
images can be observed."

We can conclude that the evaluation of the structural
parameters of the ONH, RNFL, and GCL have high repeatability and
reproducibility even if they are taken by different operators with
different instruments of the same commercial brand.

CLINICAL SIGNIFICANCE

This provides greater confidence for the monitoring of diseases
such as glaucoma, where the reduction of tissue thickness can be a
marker of progression, and in this way, therapeutic approaches can
be taken based on OCT findings together with the clinical evaluation
of the patient. The most reliable RNFL thickness measurements are
those from the average RNFL. Care must be taken when analyzing
RNFL clock hours measurements as interobserver reproducibility
might decrease with these parameters.
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