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OBJECTIVES: To assess the agreement in evaluating optical coherence tomography (OCT) variables in the leading macular diseases
such as neovascular age-related macular degeneration (nAMD), diabetic macular oedema (DMO) and retinal vein occlusion (RVO)
among OCT-certified graders.
METHODS: SD-OCT volume scans of 356 eyes were graded by seven graders. The grading included presence of intra- and
subretinal fluid (IRF, SRF), pigment epithelial detachment (PED), epiretinal membrane (ERM), conditions of the vitreomacular
interface (VMI), central retinal thickness (CRT) at the foveal centre-point (CP) and central millimetre (CMM), as well as height and
location of IRF/SRF/PED. Kappa statistics (κ) and intraclass correlation coefficient (ICC) were used to report categorical grading and
measurement agreement.
RESULTS: The overall agreement on the presence of IRF/SRF/PED was κ= 0.82/0.85/0.81; κ of VMI condition was 0.77, that of ERM
presence 0.37. ICC for CRT measurements at CP and CMM was excellent with an ICC of 1.00. Height measurements of IRF/SRF/PED
showed robust consistency with ICC= 0.85–0.93. There was substantial to almost perfect agreement in locating IRF/SRF/PED with
κ= 0.67–0.86. Between diseases, κ of IRF/SRF presence was 0.69/0.80 for nAMD, 0.64/0.83 for DMO and 0.86/0.89 for RVO.
CONCLUSION: Even in the optimized setting, featuring certified graders, standardized image acquisition and the use of a
professional reading platform, there is a disease dependent variability in biomarker evaluation that is most pronounced for IRF in
nAMD as well as DMO. Our findings highlight the variability in the performance of human expert OCT grading and the need for AI-
based automated feature analyses.
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INTRODUCTION
Accurate identification of optical coherence tomography (OCT)
biomarkers is essential for an adequate performance of anti-
vascular endothelial growth factor (anti-VEGF) therapy in
exudative macular diseases, a task that is not only time-
intensive, but subjective and prone to error [1]. Reading centres
(RC) have therefore become important players in the conduct of
clinical trials, not only for patient eligibility, but also for
standardized data acquisition and independent image grading
[2–4]. As defined in the standard operating procedures, RC
graders are trained, certified and continuously supervised by
experienced graders or clinicians, thereby achieving a high
degree of standardization.
Particularly fluid-related features have led to controversial

discussions in human expert assessments. The FLUID study tested
the hypothesis that residual subretinal fluid (SRF) in a flexible
treatment regimen in patients with neovascular age-related
macular degeneration (nAMD) does not entail inferior visual
outcomes than when all SRF is resolved. Spectral-domain SD-OCT
images in that study were assessed by both RC and on-site
investigators, leading to noticeable disagreements in the

assessment of intraretinal fluid (IRF) and SRF [5]. Furthermore,
post-hoc analyses of the FLUID study using artificial intelligence-
based precision tools demonstrated that there was no quantitative
difference in SRF between SRF-tolerant and SRF-intolerant treat-
and-extend regimens [6].
Even among retina specialists, there is significant disagreement

in identifying patients with retinal fluid or referable retinal disease,
when assessed by OCT [7, 8]. In an analysis of the Comparison of
Age-Related Macular Degeneration Treatment Trials (CATT), both
clinicians and RC personnel assessed over 6000 OCT scans for the
presence of macular fluid, resulting in a disagreement of 27.9% [1].
These examples highlight a considerable variability in OCT image
assessment, with potentially sight-threatening implications for the
patients.
Although the human performance of OCT grading has been

subject to numerous studies in the past, there are distinct
characteristics to all of them, limiting a meaningful comparison of
their outcomes. While there is a larger body of such studies
focusing on nAMD [2, 9–14], there is little literature on the
reproducibility of assessing OCT changes in diabetic macular
oedema (DMO) [15–17] or macular oedema due to retinal vein
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occlusion (RVO) [18–20]. With many of these studies dating back
around a decade, the most widely used OCT was time-domain TD-
OCT. More recent studies compared TD- with SD-OCT [10, 18] or
applied SD- or swept source OCT only [9, 15, 17]. Importantly,
there is no study that included all three retinal diseases and
assessed OCT grading agreement in the most commonly used SD-
OCT imaging devices.
Due to rapid advances of artificial intelligence (AI) in

ophthalmology, the manual and laborious image assessment is
about to be drastically changed and replaced by objective and
automated imaging tools [21]. A prerequisite for the implementa-
tion of such intelligent tools into clinical practice is not only to
prove their non-inferiority to conventional methods, but to
identify the limits of a manual assessment and thereby establish
benchmarks for human diagnostic performance [22].
The aim of this study is to systematically determine the

agreement among OCT-certified graders in assessing the key OCT
features that are relevant for the morphological assessment of
macular diseases and are routinely evaluated both in a clinical
routine and trial setting.

METHODS
Population/dataset
In this post-hoc analysis, we included SD-OCT imaging data of five
randomized multi-centre clinical trials from the Vienna Reading Center
(VRC) imaging database. Patients were affected by nAMD, DMO or branch/
central RVO (BRVO/CRVO) and were equally represented in the dataset
(Table 1). In relation to the number of scans recorded with each OCT
device in the clinical trials, we randomly selected scans taken with Cirrus
HD-OCT (Carl Zeiss Meditec, Dublin, CA, USA, software version 4.5 or later),
Spectralis OCT or HRA-OCT (Heidelberg Engineering, Heidelberg, Germany,
software version 4.0.0.0 or later) and Topcon 3D OCT-1000 or 3D OCT-2000
(Topcon Corp., Tokyo, Japan) (Table 1). While all devices covered a
6 ×6mm area, Cirrus and Topcon volumes comprised 128 b-scans and
Spectralis volumes 49 b-scans; RC fovea-centred scans were used (Fig. 1).
Baseline to month 3 visits (= patients had received a maximum of three
anti-VEGF injections) comprised 70% of all eyes to increase the likelihood
of multiple OCT feature presence.
All patients had to give their informed consent before entering the

respective studies and ethical approval was obtained from each
participating centre’s institutional review board for inclusion in the trials
and consecutive scientific analyses. All patient-identifying data were
removed from image data. The analysis of the data adhered to the tenets
of the Declaration of Helsinki and was approved by the ethics committee
of the Medical University of Vienna (approval number: 1246/2016).

Grading process
Seven OCT-certified and masked graders of the VRC independently
examined all images following a predefined reading protocol in a custom
VRC software. All graders had grading experience on exudative macular
diseases and had received formal OCT training exclusively on nAMD eyes.
Since the goal of this study was to compare the grading performance of
the individual graders, there was no additional supervision during the
grading process. Our graders received no specific harmonization training

for this study to avoid introducing bias and to identify OCT variables that
are most susceptible to reproducibility issues under such conditions.
The graders manually corrected the segmentation lines of the internal

limiting membrane (ILM) and Bruch’s membrane (BM) to acquire retinal
thickness measurements at the CP and CMM. The latter thus included
subretinal fluid (SRF) and pigment epithelial detachment (PED), if present.
It has been shown before that the line correction in our custom software
leads to reliable correlations of thickness measurements across all included
OCT devices [23].
The morphological grading comprised the following OCT parameters:

presence/absence and location (CP; CMM; outside CMM) of IRF, SRF, PED,
macular hole (MH), macular atrophy (MA); visibility of the vitreomacular
interface (VMI) and the condition thereof (e.g., vitreomacular adhesion,
VMA= adhesion is visible in >90% of scans; partial vitreomacular adhesion,
PVMA= adhesion visible in ≤90%; vitreomacular traction, VMT; full
posterior vitreous detachment, PVMA) and epiretinal membrane (ERM). If
present at the CP, the height of IRF, SRF and PED was measured
perpendicular to Bruch’s membrane.

Statistical analysis
The calculation of inter- and intragrader agreement for a specific feature
was based on images where all graders agreed that image quality was
adequate for assessment.
Intergrader agreement for qualitative measures was determined by means

of the generalized Cohen’s kappa coefficient for multiple raters and its 95%
confidence intervals (CI): presence/absence and the location of IRF, SRF, PED,
MH, MA, ERM and condition of the VMI. A kappa coefficient between
0.01–0.20 was described as slight agreement; 0.21–0.40=fair;
0.41–0.60=moderate; 0.61–0.80=substantial; 0.81–1.00=almost perfect
agreement [24]. The agreement of retinal thickness measurements and
feature heights was described with the intraclass correlation coefficient (ICC):
less than 0.50=poor agreement; 0.50–0.75=moderate; 0.75–0.90=good;
above 0.90=excellent agreement [25]. Intergrader agreement for ordinal
data (degree of posterior vitreous detachment, PVD) was assessed using
Kendall’s Coefficient of Concordance (Kendall’s W): 0.5–0.7=moderate
agreement; 0.7–0.9=strong agreement; 0.9–1=unusually strong agreement.

Table 1. Descriptive characteristics of the study cohort. 70% of eyes had received three or fewer anti-VEGF injections.

nAMD DMO RVO Total cohort

Patients, n (%) 69 (33.3) 69 (33.3) 69 (33.3) 207

Eyes, n (%) 97 (27.25) 138 (38.76) 121 (33.99) 356

≤3 injections, n (%) 70 (72.16) 96 (69.57) 84 (69.42) 250 (70.2)

>3 injections, n (%) 27 (27.84) 42 (30.43) 37 (30.58) 106 (29.8)

Cirrus scans, n (%) 44 (26.04) 66 (39.05) 59 (34.91) 169

Spectralis scans, n (%) 48 (28.07) 66 (38.6) 57 (33.33) 171

Topcon scans, n (%) 5 (31.25) 6 (37.5) 5 (31.25) 16

n number, nAMD neovascular age-related macular degeneration, DMO diabetic macular oedema, RVO retinal vein occlusion.
Italic values denote ≤3 injections eyes treated with three or fewer injections, >3 injections eyes treated with more than three injections.

Fig. 1 An ETDRS grid was centred on the foveal centre-point (CP)
by the reading centre for comparability of feature localization
among all graders. Manual correction of the inner limiting
membrane (ILM) and Bruch’s membrane (BM) were performed to
generate retinal thickness measurements at the CP and the central
one millimetre subfield (CMM). As seen here, retinal thickness thus
included subretinal fluid and a pigment epithelial detachment, if
present. The star marks intraretinal cystoid fluid.
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We further examined the intergrader agreement separately for each OCT
device (Spectralis, Cirrus, Topcon), the three diseases (nAMD, DMO, RVO)
and treatment stage (≤month 3; >3 months).
For the assessment of intragrader agreement, graders re-evaluated 10%

of all images. The latter were randomly selected, re-numbered, and the
graders were not informed about the inclusion of duplicates in the dataset.
Due to their skew distributions, log2-transformed values of the continuous
variables (retinal thickness measurements and feature heights) were used
for statistical analysis. OCT features present in less than 5% of all scans
were excluded from the analysis. Statistical analyses were performed using
the software SAS 9.4 (SAS Institute Inc., 2016. Cary, NC, USA).

RESULTS
Three hundred fifty-six eyes (49.1% left eyes) from 207 patients were
selected for inter- and intragrader agreement assessment (Table 1):
97 eyes with nAMD, 138 eyes with DMO and 121 eyes with BRVO/
CRVO. The randomly selected scans comprised 169 Cirrus scans
(47,5%), 171 Spectralis scans (48%) and 16 Topcon scans (4,5%).

Intergrader agreement

1. Feature presence/location (Table 2A, B). There was almost
perfect agreement in the assessment of overall IRF, SRF and
PED presence, substantial agreement for VMI, and fair
agreement for the grading of ERM. There was substantial to
almost perfect agreement in locating IRF, SRF and PED at
the CP, CMM and outside the CMM (kappa: 0.67–0.86).

2. Retinal thickness/feature height (Table 2A). Segmentation line
corrections of the ILM and BM resulted in excellent
agreement between all graders for retinal thickness values
both at the CP and CMM (both ICC: 1.0). The agreement of
grading IRF-, SRF-, and PED height at the CP was comparable
with an ICC of 0.92 (excellent), 0.85 (good) and 0.93
(excellent), respectively.

3. Vitreomacular interface status. There was fair agreement
between graders in assessing conditions of the VMI (kappa:
0.25; CI: 0.18–0.31), but moderate agreement in assessing
the degree of PVD (Kendall’s W: 0.58).

4. Comparison between OCT devices (Table 2C). Slightly higher
intergrader agreement was observed in assessing the
presence of IRF, PED, VMI, ERM and IRF/SRF height in
Spectralis scans, compared to Cirrus scans. There was almost
no difference between devices for retinal thickness mea-
surements and PED height. Topcon scans were under-
represented (<5%) and are thus not part of this sub-analysis.

5. Comparison between treatment stages (Table 2C). There were
no major differences in grading the OCT parameters before
or after the completion of the anti-VEGF loading phase
(= before or after month 3).

6. Comparison between diseases (Table 3). There were no
differences in assessing retinal thickness, but moderate
(nAMD), good (RVO) and excellent (DMO) agreement in
assessing SRF height.

IRF presence was graded with substantial agreement in nAMD
and DMO, and almost perfect agreement in RVO. While in nAMD
no macular hole was identified, less than 5% of eyes with DMO/
RVO were affected by this feature. An incidence of more than 5%
for MA was seen in nAMD eyes (6.9%) and DMO eyes (5.4%) with
moderate and slight grading agreement between graders,
respectively.
Figure 2 shows example images that led to obvious disagree-

ments between the graders.

Intragrader agreement
Intragrader agreement was calculated based on the re-grading of
37 eyes by the same expert. All graders showed excellent

agreement in assessing retinal thickness and feature heights
(ICC: 1.00). While the presence of IRF, PED and VMI conditions was
graded with substantial up to almost perfect agreement (kappa:
0.77–1.0), the presence of SRF and ERM was graded ‚reproducibly‘
with kappa values between 0.70 and 0.89. Two graders had
moderate intragrader agreement when grading the presence of
SRF (kappa: 0.56) and one grader re-graded the presence of ERM
with fair agreement (kappa: 0.28).

DISCUSSION
The goal of this study was to systematically assess the
agreement of individual human grading experts in evaluating
both qualitative as well as quantitative OCT markers in a large
representative set of eyes affected by nAMD, DMO or macular
oedema due to RVO, a task that is routinely performed in clinical
routine and trial settings. As the presence of retinal fluid impacts
functional loss as well as treatment decisions in all three
diseases, they were the primary focus of this study. Although IRF
and SRF might appear similar in nAMD, DMO and RVO, there is
no study comparing their actual gradability between the three
conditions: interestingly, our results show an obvious difference
in the agreement on IRF presence in nAMD (kappa 0.69), DMO
(0.64) and RVO (0.86). Such levels of disagreement among
certified human experts are surprising, especially in an
optimized setting that features standardized image acquisition
following defined study protocols and a user-friendly platform
for professional image grading.
In RVO, the higher relative agreements on IRF presence

correspond to previously published results in TD-OCT of
76%–83% [19] and 84% [20]. Typically, large cystoid spaces in a
substantially thickened retina affect the ganglion cell- as well as
inner- and outer nuclear layer and are seen sub- or parafoveally,
making them overall more easily identifiable [26]. This is in
contrast to the often subtle hyporeflective spaces in nAMD that
might be confused with “pixel voids”, a term that was described as
a cyst-like appearance of hyporeflectivity in hyporeflective retinal
layers due to low signal intensity, in the absence of actual cystoid
changes [1, 2]. The reduced consistency in grading IRF in nAMD
might be due to the association of numerous other structural
alterations, many of them being degenerative in nature, whereas
in RVO, IRF occurs as an acute spreading of fluid into an otherwise
unaltered retina. Depending on the underlying lesion type in
nAMD, there is additional variability in retinal fluid localisation and
extension [27]. In a post-hoc analysis of 270 TD-OCT scans from
the CATT, DeCroos et al. assessed the reproducibility between two
independent grading teams and found kappas of 0.48, 0.8 and
0.75 for the detection of IRF, SRF and sub-RPE fluid, respectively
[2]. In another retrospective case series with AMD eyes, four
independently trained retina specialists were asked to grade 112
SD-OCT images and reached agreements of 0.62, 0.82 and 0.60 for
the detection of IRF, SRF and PED, respectively, producing similar
results as those in our AMD cohort [9]. When comparing the
detection of macular fluid between ophthalmologists and a RC,
major causes of disagreements were found to be thinner retinas,
smaller fluid pockets and greater decrease of retinal thickness at
the foveal centre [1]. Keenan et al. confirmed these findings in a
recent follow-on study of the AREDS 2 trial. It compared the
performance of retina specialists in assessing retinal fluid in SD-
OCT images to a deep learning-based algorithm and reported an
accuracy of 0.81, a sensitivity of 0.47 and a specificity of 0.97. It
was found that IRF was significantly more often missed by the
graders when appearing in the absence of SRF or if the mean
retinal fluid volume and number of b-scans showing fluid was
lower [7]. One may assume that the same factors might also
complicate the grading of IRF in DMO [28]. Albeit comparable to
nAMD, a kappa of 0.64 for the detection of IRF in DMO was
nevertheless surprising. Worse reproducibility might also be due
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to small focal oedemas off the macular centre that are more easily
missed, especially when overshadowed by hard exudates.
In contrast to the difficult task of IRF assessment, more consistent

grading results in our study were found for SRF (nAMD: 0.8; DMO:
0.83; RVO: 0.89). This is not unexpected for a feature that affects an
anatomically predefined space of the retina and therefore shows
less variability in appearance. In nAMD, however, the association of
(heterogeneous) hyperreflective material in the subretinal compart-
ment as well as outer retinal degeneration might complicate the
grading of SRF. Nonetheless, various studies produced comparable

results for the detection of SRF in nAMD with kappas ranging from
0.72 to 0.82 [2, 9, 10, 12]. While less comparable results were found
in a small-scale DMO study [28], there is so far no literature on OCT
grading agreement of SRF in RVO.
As seen in previous studies [2, 10–12, 15, 19], measuring CST

reached excellent agreements between our graders (ICC:1.0),
independent of the disease. While CST is still used as an
anatomical outcome measure in clinical trials, it is neither a
reliable indicator of disease activity nor does it show a meaningful
correlation with visual function over time [29–33]. Pawloff et al.

Table 2. Intergrader agreement on (A) OCT feature presence as well as retinal thickness/feature height for the whole study cohort (all diseases), (B)
feature localization at the centre point (CP), within the central millimetre (CMM) and outside the CMM, and (C) on feature presence and retinal
thickness/feature height with regard to OCT device and treatment stage in the total patient cohort.

A. Feature presence Kappa (CI) n Agreement

IRF 0.82 (0.78–0.86) 352 almost perfect

SRF 0.85 (0.80–0.89) 349 almost perfect

PED 0.81 (0.76–0.85) 350 almost perfect

VMIa 0.77 (0.73–0.80) 354 substantial

ERMb 0.37 (0.32–0.41) 354 fair

MH ° ° °

MA ° ° °

Retinal thickness/feature
height

ICC n Agreement

Thickness at CP 1.00 354 excellent

Thickness at CMM 1.00 354 excellent

IRF heighta 0.92 58 excellent

SRF heightb 0.85 39 good

PED heightb 0.93 36 excellent

B. Feature location CP CMM Outside CMM

Kappa (CI) n Kappa (CI) n Kappa (CI) n

IRF 0.78 (0.73–0.83) 352 0.83 (0.79–0.86) 352 0.81 (0.77–0.84) 352

SRF 0.86 (0.81–0.91) 349 0.85 (0.81–0.89) 349 0.84 (0.80–0.89) 349

PED 0.67 (0.61–0.74) 350 0.77 (0.71–0.82) 350 0.80 (0.75–0.85) 350

C. Feature presence OCT device Treatment stage

Cirrus Spectralis ≤M3 >M3

Kappa (CI) n Kappa (CI) n Kappa (CI) n Kappa (CI) n

IRF 0.78 (0.72–0.83) 167 0.85 (0.80–0.90) 170 0.81 (0.77–0.86) 249 0.83 (0.77–0.90) 103

SRF 0.86 (0.80–0.91) 166 0.83 (0.76–0.90) 168 0.86 (0.82–0.90) 247 0.77 (0.65–0.90) 102

PED 0.79 (0.72–0.87) 167 0.80 (0.74–0.87) 168 0.80 (0.74–0.86) 248 0.82 (0.74–0.90) 102

VMIa 0.73 (0.67–0.78) 168 0.83 (0.77–0.88) 171 0.74 (0.69–0.78) 250 0.84 (0.79–0.90) 104

ERMb 0.29 (0.22–0.35) 168 0.42 (0.34–0.49) 171 0.34 (0.29–0.40) 250 0.41 (0.32–0.50) 104

MH ° ° ° ° ° ° ° °

MA ° ° ° ° ° ° ° °

Retinal thickness/feature
height

ICC n ICC n ICC n ICC n

Thickness at CP 1.00 168 1.00 171 1.00 250 1.00 104

Thickness at CMM 1.00 168 1.00 171 1.00 250 1.00 104

IRF heighta 0.89 24 0.95 27 0.91 44 0.98 14

SRF heightb 0.85 27 0.88 10 0.84 34 0.93 5

PED heightb 0.94 13 0.94 22 0.92 24 0.94 12

IRF intraretinal fluid, SRF subretinal fluid, PED pigment epithelial detachment, VMI vitreomacular interface, ERM epiretinal membrane, MH macular hole, MA
macular atrophy, CP centre point, CMM central millimetre, CI confidence interval, n number of observations, ICC intraclass correlation coefficient, ≤M3 before
completion of anti-VEGF loading phase, >M3 after completion of anti-VEGF loading phase.
° feature found in less than 5% of images.
aone, btwo graders indicated ‘not received training for this feature’.
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applied a precision AI fluid algorithm to more than 2400 eyes to
assess the correlation of (three-dimensional) retinal fluid volumes
and (two-dimensional) central retinal subfield thickness, demon-
strating a surprisingly low correlation of r= 0.57 in nAMD [32].
With the increasingly important role of retinal imaging in clinical

trials, there has been a growing trend towards centralizing
decisions on patient eligibility and disease monitoring in RCs. To
ensure a high degree of standardization while keeping bias and
variability at a minimum, RCs operate under standards that cover
not only technical aspects, but also image acquisition, interpreta-
tion and documentation. Image gradings are based on clear
feature definitions and are performed by certified graders who
receive a study- and/or disease specific training. Gradings are
often based on a dual reading, where images are assessed by two
independent graders who are supervised by a third more
experienced grader or retina specialist. In our study, no additional
training nor supervision was conducted. Therefore, the results
presented herein do not fully reflect the general reproducibility of
OCT grading at a RC, but more importantly the reproducibility of a
human expert grading in the real-world.
While the employment of any of these RC-specific measures in a

real-world practice might be beneficial for patient and clinician,
their adoption will likely be complicated by cost and time
constraints, as well as the professional training and experience of
the individual clinician: CATT was an important endeavour that
compared the treatment decision by ophthalmologists versus that
of a RC [1]. Any macular fluid, as seen on OCT, mandated the
administration of anti-VEGF injections. Prior to study initiation,
treating ophthalmologists were required to perform an investi-
gator training and pass a knowledge assessment test involving the
interpretation of OCTs. Notwithstanding, there were marked
discrepancies in the identification of macular fluid in 1737 of
6210 visits (=28%), most commonly in visits where the RC
detected macular fluid while clinicians did not. This is of significant
relevance, considering that in nAMD, ophthalmologists prefer to
base their treatment decisions on structural OCT changes rather
than visual acuity or FDA labelling (American Society of Retina
Specialists, 2020. Global Trends in Retina).
The limited reproducibility seen in our and previous studies raises

the question whether OCT image assessment, as we know it, has

reached its maximum potential. Despite the resources available to a
RC, manual gradings remain laborious, and to a certain extent
inconsistent and inefficient: OCT imaging holds information that is
generated by millions of pixels per volume; however, an image
grading that merely assesses qualitative aspects (e.g., feature
presence/absence) or two-dimensional parameters (e.g., CST, feature
height) does not capture the great quantity of available structural data.
Artificial intelligence (AI)-based algorithms are promising tools

that allow a more precise and objective evaluation of the
continuously increasing imaging data. An automated detection of
retinal fluid is capable of determining not only fluid presence, but
also subtype, location and volume [21]. An accurate assessment of
retinal fluid in exudative diseases is most important, as increasing
fluid volumes at each compartment have been shown to negatively
impact BCVA outcomes, independent of the therapeutic substance
used [34]. Recording compartmental and volume-based parameters
over time will help to identify clinically meaningful thresholds for
retinal fluid and standardize treatment decisions between clinicians.
This is vital for the individual patient, as both under- and
overtreatment should be avoided at any cost. While the translation
of findings from clinical trials to the general population is often
limited by strict inclusion or exclusion criteria, the application of
objective metrics in this setting might mitigate this problem. Most
importantly, because the results of automated feature detection can
be shared by the cloud in real time, study sites could be freed from
the delayed feedback of RCs, thereby enhancing patient enrolment
and study visits. Real-time AI-based feedback at any level of a
randomized clinical trial (e.g., patient screening, monitoring and
final data analysis) substantially saves human and financial resources
and increases the transparency for investigators and sponsors.
While the focus of this study was on exudative changes, the

sample size was too small to come to conclusions on less
frequently seen OCT changes such as epiretinal membranes,
macular holes and macular atrophy. Graders are typically aware of
the underlying condition when grading; it is uncertain whether
the simultaneous presentation of OCT images from different
diseases introduced a grading bias (e.g., a small area of
hyporeflectivity in an eye with nAMD might more readily be
graded as IRF if presented after a consecutive series of eyes with
RVO showing obvious IRF).

Table 3. Intergrader agreement on (A) feature presence and (B) retinal thickness/feature height, separately for each disease.

A. Feature presence nAMD DMO RVO

Kappa (CI) n Kappa (CI) n Kappa (CI) n

IRF 0.69 (0.60–0.78) 95 0.64 (0.48–0.81) 138 0.86 (0.81–0.91) 119

SRF 0.80 (0.72–0.87) 95 0.83 (0.74–0.91) 135 0.89 (0.82–0.95) 119

PED 0.56 (0.45–0.67) 95 ° °

VMIa 0.78 (0.71–0.85) 95 0.79 (0.73–0.85) 138 0.73 (0.67–0.79) 121

ERMb 0.31 (0.21–0.40) 95 0.34 (0.27–0.41) 138 0.42 (0.33–0.51) 121

MH no subject - ° ° ° °

MAb 0.50 (0.30-0.69) 95 0.19 (0.10-0.27) 137 ° °

B. Retinal thickness/feature height ICC n ICC n ICC n

Thickness at CP 1.00 95 1.00 138 1.00 121

Thickness at CMM 1.00 95 1.00 138 1.00 121

IRF heighta 0.98 9 0.87 37 0.96 12

SRF heightb 0.73 14 0.97 10 0.89 15

PED heightb 0.93 36 ° ° no subject -

IRF intraretinal fluid, SRF subretinal fluid, PED pigment epithelial detachment, VMI vitreomacular interface, ERM epiretinal membrane, MH macular hole, MA
macular atrophy, CP centre point, CMM central millimetre, nAMD neovascular age-related macular degeneration, DMO diabetic macular oedema, RVO retinal
vein occlusion, CI confidence interval, n number of observations, ICC intraclass correlation coefficient.
° feature found in less than 5% of images.
aone, btwo graders indicated ‘not received training for this feature’.
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In conclusion, our systematic evaluation of human expert
agreement on OCT biomarkers in nAMD, DMO and RVO found an
SRF agreement that was rather consistent across all three conditions.
However, there was a substantial grading disagreement concerning
IRF in nAMD and DMO. Importantly, any image assessment by a
human, even in the highly standardized setting of a RC, remains
laborious and to a certain degree subjective. Our goal should
therefore focus on the adoption of automated imaging analysis tools
for a more precise, efficient and objective image assessment.
Furthermore, enhanced collaborations of different reading centres in
large-scale clinical studies call for the harmonization and standardi-
zation of grading procedures not only within, but between centres.

Summary
What was known before

● Previous studies have reported on relevant OCT grading (dis-)
agreements for individual macular diseases but lack compar-
ability and are mostly based on outdated imaging techniques.

What this study adds

● This reading-centre-based study is the first to compare SD-
OCT biomarker grading in the most prevalent exudative
macular diseases.

● The observed (dis-) agreements depend on the underlying
disease and are most striking for retinal fluid.

● The consistency of OCT grading by human experts is limited,
even in the most standardized setting.
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