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Repeatability and reproducibility of automatic segmentation of retinal layers in
healthy subjects using Spectralis optical coherence tomography

Repetibilidade e reprodutibilidade da segmentacdo automdtica de camadas retinianas em
sujeitos sauddveis com tomografia de coeréncia éptica Spectralis
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ABSTRACT

Purpose: To evaluate the repeatability and reproducibility of automatic seg-
mentation in healthy subjects using a Spectralis optical coherence tomography
(OCT) system.

Methods: A total of 60 eyes from 60 patients were included in this prospective
study. Spectral-domain optical coherence tomography images were generated
using the Spectralis OCT system. An automated algorithm was used to segment
the macular retina into nine layers and evaluate the thickness of each layer in the
foveal, inner, and outer Early Treatment Diabetic Retinopathy Study (ETDRS) subfield
rings. The eyes were imaged three times by an examiner to assess intraobserver
repeatability and imaged once by a second examiner to assess interobserver re-
producibility. The first scan was used for reference, whereas the second and third
scans were collected using the device's follow-up mode. Intraclass correlation
coefficients (ICCs) of repeatability and reproducibility were analyzed.

Results: The examiners achieved high repeatability and reproducibility for all
parameters. Good agreement was found for all parameters in all ETDRS subdivi-
sions with an ICC of >0.96 for all measurements.

Conclusion: [t is possible to obtain cross-sections from the same location using
the device's follow-up mode, making it virtually impossible to distinguish between
repeated measurements taken with the device by different examiners.

Keywords: Retina; Macula lutea; Tomography, optical coherence; Reproducibility
of results; Image processing, Computer-assisted

RESUMO

Objetivo: Avaliar a repetibilidade e a reprodutibilidade da segmenta¢do auto-
mdtica com tomografia de coeréncia dptica Spectralis em individuos sauddveis.

Meétodos: Foram incluidos neste estudo prospectivo um total de 60 olhos de 60 pa-
cientes. As imagens de tomografia de coeréncia dptica de dominio espectral (SD-OCT)
foram geradas com Spectralis OCT (Heidelberg Engineering, Heidelberg, Alemanha).
Um algoritmo automatizado foi utilizado para segmentar a retina macular em nove
camadas e quantificar a espessura de cada camada em anéis de subcampo ETDRS
fovetais, internos e externos. Os olhos de cada paciente foram imaginados trés vezes
pelo primeiro examinador para avaliar a repetibilidade intra-observador e uma vez pelo
segundo examinador para avaliar a reprodutibilidade entre observadores. A primeira
verificagdo foi definida como a varredura de referéncia, enquanto a segunda e a terceira
varredura foram as varreduras de sequimento e foram realizadas com o uso do modo
de acompanhamento, respectivamente. O coeficiente de correlacdo intraclasse (ICC) de
repetibilidade e reprodutibilidade foi analisado. Repetibilidade e reprodutibilidade das
medidas obtidas foram analisadas utilizando o coeficiente de correla¢do intraclasse.
Resultados: Os examinadores alcancaram alta repetibilidade e reprodutibilidade
paratodos os pardmetros. Foiencontrado um bom acordo para todos os pardmetros
em todas as subdivisées de ETDRS com um coeficientes de correlagdo intraclasse
superior a 0,96 para todas as medicoes.

Concluséo: F possivel obter secoes transversais do mesmo local usando o modo de
acompanhamento, o que torna praticamente impossivel distinguir entre medi¢oes
repetidas do dispositivo independentemente do examinador.

Descritores: Retina; Mdcula litea; Tomografia de coeréncia optica; Reprodutibilidade
dos testes; Processamento de imagem assistida por computador

INTRODUCTION

Optical coherence tomography (OCT) is a well-known tool for the
high-resolution assessment of retinal pathologies. Spectral-domain
OCT (SD-OCT) is a more recent technique that allows the imaging of
ocular structures with faster scan rates than OCT"?. The evaluation
of intraretinal layer thickness is becoming increasingly important for
the diagnosis and monitoring of various ocular diseases®. However,
few studies have assessed the repeatability and reproducibility of
automated total retinal thickness measurements using different
SD-OCT instruments in healthy individuals“® or those with ocular
pathology® .

The aim of this study was to investigate the repeatability and
reproducibility of automatic segmentation of nine intraretinal layers
in healthy subjects using a SD-OCT system.

METHODS
SUBJECTS

This study followed the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of Afyon Kocatepe Uni-

versity. Healthy subjects (28 males, 32 females) who were admitted
to the ophthalmology department for regular ophthalmological
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examinations with no history of ocular disease except for refractive
errors were included, and each signed an informed consent form.
The exclusion criteria were ocular surface disorder, corneal disease,
previous corneal surgery, contact lens wear, history of ocular trauma
or inflammation, and systemic disease.

MEASUREMENT DEVICE

Retinal OCTimaging was performed using the Spectralis OCT sys-
tem (Heidelberg Engineering GmbH, Heidelberg, Germany). Segmen-
tation of the retinal layers from each SD-OCT scan was performed
using the built-in Spectralis mapping software the Heidelberg Eye
Explorer (version 6.0). Spectralis segmentation software was used to
obtain the following thickness measurements: total retinal thickness
(Retina), retinal nerve fiber layer (RNFL), ganglion cell layer (GCL),
inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform
layer (OPL), outer nuclear layer (ONL), and retinal pigment epithelium
(RPE). The automatic segmentation tool of the posterior pole scan
also provides the thickness of the inner retinal layer (IRL), measured
from the internal limiting membrane to the external limiting mem-
brane (ELM), and that of the outer retinal layer (ORL), measured from
the ELM to the Bruch membrane (Figure 1). The Spectralis mapping
software generates automated retinal thickness measurements based
on analyses of the central, inner ring, and outer ring subfields as
defined by the Early Treatment Diabetic Retinopathy Study (ETDRS)"2.

MEASUREMENT TECHNIQUE

Measurements were taken according to the guidelines of the
respective device manufacturers. Before imaging, all eyes were
subjected to an ocular examination including visual acuity testing,
auto-refraction, intraocular pressure, and ophthalmoscopic exami-
nation. After enrollment, all eyes were imaged without mydriasis.
Three repeated measurements were performed within a short pe-
riod of time on the same day by a single examiner (EC) to test the
intraobserver repeatability. The first examination was marked as the
reference in the follow-up mode, a special feature of the Heidelberg
SD-OCT system that allows scanning of the same part of the retina
during follow-up visits. SD-OCT imaging was also performed once
by another examiner (MCS) on the same day to test interobserver re-
producibility. The thicknesses of all layers within the central ETDRS
zones of 0-1000 and 1000-3000 um (inner ring) and 3000-6000 um
diameter (outer ring) were recorded for each scan (Figure 2).

STATISTICAL ANALYSIS

All of the statistical analyses were performed by Statistical Package
for the Social Sciences software (version 17.0 for Windows; SPSS Inc.,,
Chicago, IL, USA). Descriptive statistics are shown as mean + standard
deviation. The intraobserver repeatability was measured with three
OCT images obtained by the same operator, while the interobserver
reproducibility was measured with two OCT images obtained by two
different operators. The overall mean thickness and intraclass correla-
tion coefficients (ICCs) were calculated to evaluate the repeatability

Figure 1. Segmented view of the retinal layers created using the Heidelberg Spectralis
automatic segmentation analysis program.
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and reproducibility of the thickness measurements. The overall mean
thickness of the nine intraretinal layers along the central macular
6-mm scan length was determined as the mean of the three mea-
surements by the same examiner. The paired ICCs were analyzed to
evaluate the agreement of the thickness measurements between the
two SD-OCT instruments.

RESULTS

Sixty volunteers (28 men, 32 women) aged 20-40 years (mean
age, 30.26 + 6.31 years) participated in this study. Table 1 shows the
repeatability and reproducibility of the thickness measurements for
intraretinal layers measured using the Spectralis OCT system. There
were no significant differences among the three thickness measu-
rements obtained by the same examiner. ICCs obtained for the in-
traobserver repeatability and interobserver reproducibility tests were
>0.964 for the entire retina and for all of the intraretinal layers in all
of the subfields (Table 1).

DISCUSSION

Repeatability and reproducibility are very important for assessing
measurement fluctuations for an instrument and when an instru-
ment is used by multiple operators. Measurements of the intraretinal
layers are significant morphometric parameters in the diagnosis of
retinal and neurological diseases as well as for monitoring disease
progression®. In this study, we evaluated the repeatability and re-
producibility of measurements for nine intraretinal layers (RNFL, GCL,
IPL, INL, OPL, ONL, RPE, IRL, ORL) determined by an automated algo-
rithm applied to images obtained using the SD-OCT system with the
follow-up mode. The follow-up mode is also called AutoRescan and
implements active eye tracking to perform OCT scans automatically
on the retina at the same point as in the previous review!?. In our studly,
for both intraobserver and interobserver comparisons, ICCs were
high for all layers. The intraobserver and interobserver test results
indicated that the SD-OCT system produced excellent repeatable
and reproducible measurements for all of the intraretinal layers. The
repeatability of measurements in the present study is consistent with
those in previous reports involving different OCT devices.

Figure 2. 1: central area; 2-5: inner ring: 6-9, outer ring.
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SPECTRALIS OPTICAL COHERENCE TOMOGRAPHY

Previous studies reported a higher degree of repeatability for ma-
cular thickness with Spectralis OCT measurements. Fiore et al. de-
monstrated that the eye tracking mechanism and follow-up function
improved reproducibility, ensuring the same scanning location was
selected on following visits and that moving artifacts were redu-
ced"™. Ctori et al. reported excellent repeatability and reproducibility
for the thickness of each of eight individual retinal layers located
centrally or at 2° or 5° eccentricity away from the foveal measure-
ments obtained using the SD-OCT segmentation software in a young
healthy cohort®, What differentiates our study from previous studies
isits assessment of repeatability and reproducibility in all subdivisions
(wide area) of ETDRS. Debuc et al. reported the repeatability and
reproducibility of thickness measurements for six intraretinal layers
using automated custom software developed for the Stratus OCT
with healthy subjects. They found that ICCs were >0.75 for all layers
except for the OPL and OS/RPE"”. Wang et al. reported the repeatabi-
lity of thickness measurements for nine intraretinal layers determined
by manual segmentation of ultra-high-resolution OCT (UHR-OCT)
images with an axial resolution of approximately 2 um with healthy
subjects. The ICC was >0.90 in most of the intraretinal layers'®. Liu

et al. reported the repeatability and reproducibility of thickness mea-
surements for eight-retinal layers using a custom-built UHR-OCT
instrument (~3 um resolution) and a commercial RTVue100 OCT
(~5 pm resolution) instrument with 20 normal subjects. They found
ICCs of >0.80 for all layers except for the inner and outer segments"?.
Our results are consistent with those of these studies, showing that
the thickness measurements of higher-axial-resolution OCT instru-
ments have better repeatability for all retinal layers.

There are some limitations to the present study. First, it included
only healthy subjects. Diseased retinal structures may vary subs-
tantially among patients, which is likely to increase the frequency
of segmentation errors. Thus, the repeatability and reproducibility
values may be reduced in diseased retinas. In future studies, we
will apply our new method to evaluate a variety of retinal diseases.
However, the purpose of the current study was to determine the
clinical significance of any changes in the repeatability and repro-
ducibility of the intraretinal measurements.

In conclusion, the current study evaluated measurements of re-
tinal layer thickness in the macula area. The measurements obtained
using the follow-up mode of the SD-OCT system demonstrated high
repeatability and reproducibility with excellent ICCs.

Table 1. Intraobserver and interobserver agreement for retinal layer thickness

T-al (um) T-a2 (um) T-a3 (um) T-b (um) ICCa1-2 ICCa1-3 ICCa-b
Central
RNFL 1162+ 248 1159+ 251 1169+ 255 1124+ 238 1.000 1.000 0.971
GCL 1374+ 393 1355+ 371 1392+ 398 1343+ 386 0.982 0.989 0.975
IPL 1994+ 331 1990+ 327 1986 £ 3.25 1982+ 3.11 1.000 0.997 1.000
INL 1584+ 452 1569+ 441 1588 £ 449 1583+ 434 0.989 1.000 1.000
OPL 2158 £ 450 2165+ 461 2155+ 457 2154+ 439 0.991 1.000 1.000
ONL 9197+ 951 9184+ 952 9168+ 942 9236+ 951 1.000 0974 1.000
RPE 1622+ 219 1622+ 213 16.10£ 2.19 1622+ 219 1.000 0.985 1.000
IRL 181.07 £22.70 182.36 +£23.26 182.79 £22.88 181.85+22.21 1.000 1.000 1.000
ORL 8591+ 6.04 8464+ 5.18 8482+ 6.04 8434+ 5.71 1.000 1.000 1.000
inner ring
RNFL 1162+ 248 1159+ 251 1169+ 255 1124+ 238 1.000 1.000 0.971
GCL 1374+ 393 1355+ 3.71 1392+ 398 1343+ 3.86 0.982 0.989 0.975
IPL 1994+ 331 1990+ 327 1986 £ 3.25 1982+ 3.11 1.000 0.997 1.000
INL 1584+ 452 1569+ 441 1588 £ 449 1583+ 434 0.989 1.000 1.000
OPL 2158+ 4.50 2165+ 461 2155+ 457 2154+ 439 0.991 1.000 1.000
ONL 91.97 £ 951 9184+ 952 91.68 £ 942 9236+ 9.51 1.000 0.974 1.000
RPE 1622+ 219 1622+ 213 16.10+ 2.19 1622+ 219 1.000 0.985 1.000
IRL 181.07 £22.70 182.36 +£23.26 18279 +22.88 181.85+22.21 1.000 1.000 1.000
ORL 8591+ 6.04 8464+ 518 8482+ 6.04 8434+ 571 1.000 1.000 1.000
Outer ring
RNFL 3587+ 324 36.08 + 3.81 3556+ 3.20 3621+ 342 0.989 0.987 0.971
GCL 3783+ 325 3730+ 3.08 3811+ 346 3785+ 3.30 0.975 0.980 1.000
IPL 3041+ 245 3035+ 234 3045+ 245 3040+ 249 1.000 1.000 1.000
INL 3361+ 201 3358+ 200 3344+ 197 3504+ 232 1.000 0.998 0.964
OPL 2772+ 217 2769+ 210 2757+ 205 2770+ 2.17 1.000 0.996 1.000
ONL 5889+ 6.51 5898+ 6.66 5875+ 649 5883+ 6.51 1.000 1.000 1.000
RPE 1269+ 123 13.03+ 1.25 1288+ 1.23 13.05+ 147 0.979 0.996 0.979
IRL 22218 £10.51 222.78 £10.44 222.10£10.50 22320+ 942 1.000 1.000 1.000
ORL 7717 £ 197 7742+ 279 7847+ 1.86 7675+ 1.78 1.000 1.000 1.000

T-al= mean thickness of first measurement by examiner 1; T-a2= mean thickness of second measurement by examiner 1;T-a3= mean thickness of third measurement by examiner 1;
T-b=mean thickness of first measurement by examiner 2; ICC a1-2= intraclass correlation coefficients of repeatability (T-a1-T-a2); ICC a1-3= intraclass correlation coefficients of repea-
tability (T-a1-T-a3); ICCa-b= intraclass correlation coefficients of reproducibility; RNFL= retinal nerve fiber layer; GCL= ganglion cell layer IPL; inner plexiform layer; INL= inner nuclear
layer; OPL= outer plexiform layer; ONL= outer nuclear layer; RPE= retinal pigment epithelium; IRL= inner retinal layer; ORL= outer retinal layer.
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