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ABSTRACT

Introduction: To evaluate the agreement
between trend-based analysis and qualitative
assessment of the retinal nerve fiber layer
(RNFL) thickness for glaucomatous progression
on spectral-domain optical coherence tomog-
raphy (SDOCT).
Methods: Retrospective review of 190 eyes from
103 patients with glaucoma or suspected glau-
coma that underwent SDOCT imaging during
four consecutive clinic visits. Trend-based pro-
gression was characterized by a significantly
negative slope. Progression by qualitative anal-
ysis was determined by review of raw SDOCT
B-scans.
Results: The slope was significantly greater in
those with progression than without progres-
sion for both trend-based and qualitative anal-
ysis (p\0.001). However, the qualitative
grading classified a significantly greater pro-
portion of eyes as progressing compared to
trend-based analysis in both the superotempo-
ral (ST) (23.2% vs. 10.5%, p = 0.001) and infer-
otemporal (IT) RNFL (27.4% vs 8.4%,
p\0.001). The trend-based and qualitative

classifications of progression showed poor
agreement in both the ST (kappa = 0.0135) and
IT RNFL (kappa = 0.1222). The agreement
between trend-based and qualitative analysis
was lower for eyes with artifacts (ST = 58.11%;
IT = 68.7%) than those without artifacts (ST =
80.2%; IT = 74.8%). Moreover, among eyes
with artifacts, there was no significant differ-
ence in slope between those qualitatively cate-
gorized as progressing versus not progressing
(p[ 0.05).
Conclusions: Poor agreement was found
between a trend-based and qualitative analysis
of change in RNFL on SDOCT. Careful qualita-
tive review of SDOCT imaging may identify
specific areas of glaucoma progression not cap-
tured by trend-based methods, especially in the
presence of artifacts. Such an approach may also
prove useful for detecting glaucoma progression
in a clinical setting when there are few data
points available.
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Key Summary Points

Why carry out this study?

Artifacts in automated segmentation may
be present on 20–50% of spectral-domain
optical coherence tomography (SDOCT)
scans of the retinal nerve fiber layer
(RNFL), and have the potential to
adversely impact the accuracy of trend-
based analysis for glaucoma progression
detection.

Qualitative review can assess for the
presence of such artifacts and enable
clinicians to correct errors as well as
evaluate whether progression has truly
occurred.

The objective of this study was to
determine whether trend-based analysis
agrees with qualitative assessment of the
RNFL profile and raw B-scan from SDOCT,
and to identify whether artifacts may
potentially explain any disagreement.

What was learned from the study?

Glaucoma progression by qualitative
versus trend-based SDOCT analysis
showed poor agreement.

More eyes were detected as progressing by
qualitative than by trend-based analysis,
particularly in the presence of artifacts.

Careful qualitative review of SDOCT
imaging may identify specific areas of
glaucoma progression not captured by
trend-based methods, especially in the
presence of artifacts.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14680812.

INTRODUCTION

Glaucoma is a progressive optic neuropathy
characterized by loss of retinal ganglion cells
that results in specific patterns of thinning of
the retinal nerve fiber layer (RNFL) and neu-
roretinal rim over time [1]. In early disease
stages, such changes in the structure of the
optic nerve precede detectable visual field loss
[2, 3]. Early intervention by reduction of
intraocular pressure may help to prevent vision
loss from glaucomatous progression [4, 5].

Spectral-domain optical coherence tomogra-
phy (SDOCT) has become the de facto tech-
nique for analyzing glaucomatous structural
changes in the RNFL, due to its reliability and
reproducibility [2, 4, 6]. In particular, if the
superotemporal (ST) or inferotemporal (IT) cir-
cumpapillary RNFL thickness is low relative to
normative values, suspicion for early glaucoma
is raised [7–10]. Although defining early glau-
coma based on characteristic changes in the
RNFL on SDOCT has become routine in clinical
practice, there are still no agreed-upon guideli-
nes for detection of glaucomatous progression
over time.

Numerous clinical studies have used trend-
based analysis to define glaucoma progression,
in which a statistically significant and negative
slope drawn across consecutive follow-up visits
is considered evidence of change [11–15]. While
some commercially available software programs
provide a linear trend line for the change in the
average measures of RNFL over time, some
clinicians will review the output from the
automated segmentation to determine whether
progression has occurred over consecutive vis-
its. Automated segmentation software provides
a two-dimensional linear profile of the circum-
papillary RNFL with a change analysis that
compares the current thickness to the prior or
baseline visit.

However, artifacts can impact the accuracy
of segmentation and may be present on 20–50%
of OCT images [16–18]. Thus, review of the raw
OCT B-scan is important when assessing for the
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presence of progression so that artifacts can be
identified and accounted for. Qualitative
assessments that incorporate review of the
automated segmentation profile as well as the
raw B-scan may possibly be better able to detect
glaucomatous progression than trend-based
methods that assume that the quantification of
RNFL thickness is correct. Moreover, such
qualitative interpretations may be particularly
useful in a clinical setting where the number of
time points available for making a clinical
decision are much shorter than what is optimal
for trend-based analysis.

The objective of this study was to determine
whether trend-based analysis agrees with qual-
itative assessment of the RNFL profile and raw
B-scan from SDOCT, and to identify whether
artifacts may potentially explain any
disagreement.

METHODS

This was a retrospective chart review of con-
secutive patients aged 18 years or older with
glaucoma or suspected glaucoma diagnosis who
presented to a tertiary referral center over a
1-month period between June 1 and June 30,
2019. The study was approved by the Duke
University Institutional Review Board with a
waiver of informed consent due to the retro-
spective nature of the study. The protocol
adhered to the tenets of the Declaration of
Helsinki and was compliant with the Health
Insurance Portability and Accountability Act of
1996 (HIPAA).

All included eyes underwent Spectralis
SDOCT (version 5.4.7.0.; Heidelberg Engineer-
ing) imaging of the circumpapillary RNFL dur-
ing the presenting visit as well as during at least
three prior visits that were spaced from 6 to
12 months apart per the clinical practice pat-
terns. If any SDOCT scans were obtained within
3 months of intraocular surgery or if the patient
had a history of uveitis, the eye was excluded.
Quality of the scans was not considered in the
exclusion criteria; however, all scans had been
previously reviewed by the attending (S.A.) at
the time of image acquisition and repeated if
they were of very poor quality per the clinic’s

protocol. The circumpapillary RNFL thickness
scans were obtained using circular scans with a
diameter of 12� around the optic nerve. The
standard summary printout includes the
straightened profile of the raw scan with delin-
eated boundaries of the RNFL as well as the
global mean and average sectoral thickness
values of the six regions: temporal, nasal,
superotemporal, superonasal, inferotemporal,
and inferonasal. The sectoral average values for
the superotemporal and inferotemporal thick-
ness were recorded for each of the visits.

All images were reviewed by a single experi-
enced grader (S.A.) for any evidence of change
between visits. The reviewer was masked to the
results of the trend-based analysis.

The raw SDOCT B-scans (without segmenta-
tion lines) of the peripapillary retina were
examined for evidence of artifacts and seg-
mentation errors. Since subtle changes in OCT
RNFL thickness may be missed by automated
segmentation software, careful qualitative
inspection of the peripapillary scans was per-
formed to determine whether true progression
had occurred at any time point across the four
scans. Qualitative (true) progression was defined
as a decrease in the RNFL thickness based on
inspection of the raw B-scans by examining all
four scans using a flicker image method and a
change (i.e. red) from the automated segmen-
tation profile. The machine’s software allowed
for the flicker method to be applied to aligned
raw images. A single assessment was provided
for the entire series of four consecutive scans. If
progression was not found during evaluation of
the automated segmentation profile or the raw
B-scan images, then this was considered nega-
tive for progression.

Baseline demographic and clinical data were
also collected, including sex, race, age, baseline
ST and IT RNFL thickness, and glaucoma type
and stage based on International Classification
of Diseases (ICD)-9 and ICD-10 codes.

Statistical Analysis

Progression was assessed and compared between
the ST and IT RNFL sectors using quantitative
trend-based analysis and qualitative subjective
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analysis of the SDOCT B-scans. Trend-based
progression was characterized by a linear slope
that was statistically significantly negative
(p\ 0.05) by ordinary least squares regression
(OLS) which was performed for each eye. Gen-
eralized estimating equations were used to
compare the difference in the slope for those
that progressed and did not progress by either
definition of progression, i.e. trend-based anal-
ysis or qualitative analysis. In addition, the
linear slopes from OLS were compared among
those with and without progression by either
the trend-based or the qualitative definition,
stratified by the presence or absence of artifacts.
The agreement between quantitative trend-
based and qualitative definitions of progression
was assessed using the kappa statistic. Finally,
the difference in the proportion categorized as

progressing by trend-based versus qualitative
analysis was determined with estimation of a
bootstrapped 95% confidence interval to
account for more than one eye in study sub-
jects. All statistical analyses were conducted in
Stata 15.1 (StataCorp). A p value\ 0.05 was
considered statistically significant.

RESULTS

A total of 190 eyes from 103 patients with
glaucoma or suspected glaucoma diagnoses
were included in the study. Table 1 shows the
baseline demographic and clinical characteris-
tics of the study cohort. The mean age at base-
line was 72.3 years (range 36–100). The median
follow-up times at the second, third, and fourth
clinic visits were 11, 20, and 30 months,
respectively. Of 190 eyes, 5 (2.6%) were sus-
pected of having glaucoma, and 64 (33.7%) had
mild, 80 (42.1%) moderate, and 41 (21.6%)
severe glaucoma. The most common diagnosis
was open-angle glaucoma (50.5%), followed by
normal-tension (18.95%) and chronic angle-
closure glaucoma (17.9%).

Table 2 displays the slope of change in RNFL
in the ST or IT sectors by each method. The
slope in those with and without progression
based on trend-based analysis was -3.33 � 2.36
vs. -0.41 � 3.32 lm/year in the ST RNFL
(p\ 0.001) and -4.16 � 2.25 vs. -0.94 �
3.51 lm/year in the IT RNFL (p\0.001). The
slope in those with and without progression
based on qualitative assessment of the raw B-
scan was -2.35 � -0.22 vs. -0.22 � 2.62 lm/
year in the ST RNFL (p\0.001) and -2.68 �
4.29 vs. -0.66 � 3.03 lm/year in the IT RNFL
(p\ 0.001).

Artifacts were present in 38.9% (74/190) of
the ST RNFL and 35.3% (67/190) of the IT RNFL
eyes with glaucoma or suspected glaucoma
diagnoses. Among those eyes with artifacts, the
slope in those with and without progression
based on trend-based analysis was -3.31 � 1.52
vs. -0.40 � 2.36 lm/year (GEE P\0.001) in the
ST RNFL and -5.13 � 2.83 vs. -0.19 � 2.85 lm/
year (GEE P\0.001) in the IT RNFL (Table 3A).
Among those eyes without artifacts, the slope in
those with and without progression based on

Table 1 Baseline demographic and clinical characteristics

Age, years, mean (SD) 72.2 (13.4)

Female sex, n/N (%) 57/103 (55.3%)

SDOCT RNFL, mean lm (SD)

ST RNFL sector 89.8 (28.7)

IT RNFL sector 87.3 (31.0)

Glaucoma stage, n/N (%)

Suspected 5/190 (2.63%)

Mild 64/190 (33.68%)

Moderate 80/190 (42.11%)

Severe 41/190 (21.58%)

Glaucoma type, n/N (%)

Open-angle glaucoma suspected 2/190 (1.05%)

Narrow-angle glaucoma suspected 3/190 (1.58%)

Open-angle glaucoma 96/190 (50.5%)

Normal-tension glaucoma 36/190 (18.95%)

Chronic angle-closure glaucoma 34/190 (17.9%)

Secondary glaucoma 19/190 (10.0%)

SDOCT spectral-domain optical coherence tomography,
RNFL retinal nerve fiber layer, ST superotemporal, IT
inferotemporal, SD standard deviation
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trend-based analysis was -3.35 � 3.08 vs. -0.41
� 3.80 lm/year (GEE P = 0.005) in the ST sector
and -3.84 � 2.06 vs. -1.37 � 3.78 lm/year
(GEE P\ 0.001) in the IT sector (Table 3B).

Among those eyes with artifacts, the slope in
those with and without progression based on
qualitative analysis was -0.49 � 3.05 vs. -0.95
� 2.13 lm/year (GEE P = 0.473) in the ST
quadrant and -0.14 � 3.40 vs. -0.62 �
2.95 lm/year (GEE P = 0.629) in the IT quadrant
(Table 3A). Among those eyes without artifacts,
the slope in those with and without progression
based on qualitative analysis was -4.80 � 5.54
vs. 0.15 � 2.78 lm/year (GEE P\0.001) in the
ST quadrant and -4.15 � 4.10 vs. -0.68 �
3.09 lm/year (GEE P\0.001) in the IT quad-
rant (Table 3B).

Table 4 shows the difference in proportion as
well as the agreement between trend-based and
qualitative analysis for identifying glaucoma
progression. The trend-based criteria classified
10.5% (20/190) of all eyes with progression in
the ST RNFL, whereas the qualitative grading
classified 23.2% (44/190) of all eyes as truly
progressing (bootstrap p = 0.001). The agree-
ment between the trend-based and qualitative
classifications was 71.58% for the ST RNFL, with
a low kappa of 0.0135 (p = 0.42). Similarly, in
the IT RNFL, the trend-based criteria classified
8.4% (16/190) of all eyes with progression,
whereas the qualitative grading classified 27.4%
(52/190) of all eyes as truly progressing (boot-
strap p\ 0.001). The agreement between the
trend-based and qualitative classifications for

Table 2 Comparison of RNFL slope (lm/year) in eyes with and without progression by either trend-based analysis or
qualitative analysis

Trend-based analysis GEE
P value

Qualitative analysis GEE
P valueWith progression Without progression With progression Without progression

ST sector -3.33 � 2.36 -0.41 � 3.32 \ 0.001 -2.35 � -0.22 -0.22 � 2.62 \ 0.001

IT sector -4.16 � 2.25 -0.94 � 3.51 \ 0.001 -2.68 � 4.29 -0.66 � 3.03 \ 0.001

RNFL retinal nerve fiber layer, GEE generalized estimating equations, ST superotemporal, IT inferotemporal

Table 3 A Comparison of RNFL slope (lm/year) in eyes with and without progression by trend-based analysis and by
qualitative analysis in SDOCT scans with artifacts. B Comparison of RNFL slope (lm/year) in eyes with and without
progression by trend-based analysis and by qualitative analysis in SDOCT scans without artifacts

A

Trend-based analysis GEE
P value

Qualitative analysis GEE
P valueWith progression Without progression With progression Without progression

ST sector -3.31 � 1.52 -0.40 � 2.36 \ 0.001 -0.49 � 3.05 -0.95 � 2.13 0.473

IT sector -5.13 � 2.83 -0.19 � 2.85 \ 0.001 -0.14 � 3.40 -0.62 � 2.95 0.629

B

Trend-based analysis GEE
P value

Qualitative analysis GEE
P valueWith progression Without progression With progression Without progression

ST sector -3.35 � 3.08 -0.41 � 3.80 0.005 -4.80 � 5.5 0.15 � 2.8 \ 0.001

IT sector -3.84 � 2.06 -1.37 � 3.8 \ 0.001 -4.15 � 4.1 -0.68 � 3.1 \ 0.001

RNFL retinal nerve fiber layer, GEE generalized estimating equations, ST superotemporal, IT inferotemporal
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the IT RNFL was 72.36%, with a low kappa of
0.1222 (p = 0.02). Qualitative analysis detected
a greater proportion of eyes as progressing than
trend-based analysis among those with artifacts

than among those without artifacts (Table 4B,
4C). The agreement between trend-based and
qualitative analysis was lower among those eyes

Fig. 1 The left panels show consecutive retinal nerve fiber
layer change profiles over time which were generated by
automated segmentation. The middle panels show the raw
optical coherence tomography B-scan images. The right
panels show the trend line and p value. In the left panels,
the superotemporal area of red suggests possible progres-
sion by the change profile. However, close inspection of
the raw B-scan in the middle panels reveals an epiretinal
membrane that subsequently resolves (red arrows), sug-
gesting that there is not true progression in the super-
otemporal quadrant according to qualitative analysis. The
right superior panel demonstrates the trend line which is

significantly negative for the superotemporal quadrant
(p = 0.01). Thus, the superotemporal quadrant is miscat-
egorized with progression if relying on trend-based analysis
from automated segmentation, for it is shown to have false
progression by qualitative analysis. In the middle panels,
the yellow arrows highlight an area of true progression in
the inferotemporal quadrant that is also seen in the change
profile in the left panels. However, the right bottom panel
shows that the trend-based analysis was not significantly
negative in the inferotemporal quadrant (p = 0.07). This
was an example of a false negative for progression if relying
on trend-based analysis

Ophthalmol Ther (2021) 10:629–642 635



with artifacts (ST 58.11%; IT 68.7%) than those
without artifacts (ST 80.2%; 74.8% IT).

Figure 1 shows an example where the ST
RNFL profile from automated segmentation

Fig. 2 The top left panels show a change in the profile of the
superotemporal nerve fiber layer between the first and themost
recent visit, concerning for possible progression. The bottom
panel shows a significantly negative slope by trend-based

analysis. However, the raw optical coherence tomography
B-scans in the upper right panels demonstrate that this change
is due to a decrease in traction from the epiretinal membrane
(red arrows), and is thus an example of false progression
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suggests progression (red change) and has a
significantly negative slope by trend-based
analysis. However, close inspection of the raw
OCT B-scan reveals that this is an example of
false progression due to an epiretinal membrane
that subsequently resolves. In the IT RNFL of
the same eye, the slope is not significantly
negative even though there is a real change in
the RNFL on both the change profile and the
raw OCT B-scan. Figure 2 also demonstrates
false progression by trend-based analysis
because of fluctuation in the ST RNFL thickness

due to an epiretinal membrane. Figure 3 shows
false progression that occurs in both the ST and
IT RNFL due to release of vitreous traction.

DISCUSSION

Accurate detection of progression is critical to
the timely management of glaucoma progres-
sion so that appropriate therapy can be initiated
to slow or even halt the disease process. Over
the past decade, OCT has risen to the forefront

Fig. 3 The left panels show a red area of change in the
retinal nerve fiber layer profile of the superotemporal and
inferotemporal quadrants. The bottom right panel also
shows a significantly negative slope by trend-based analysis.

However, qualitative assessment of the raw optical coher-
ence tomography B-scans in the upper right panels demon-
strate that the change is due to a release of vitreous traction
(red arrows) and is thus an example of false progression
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of available imaging modalities for glaucoma
not only because it is highly reproducible but
also because it can identify subtle structural
changes in the peripapillary RNFL that may
precede corresponding detectable visual field
loss [11]. Although SDOCT is the most widely
adopted modality for monitoring structural
changes in glaucoma, there is no consensus as
to the best way to determine whether glaucoma
progression has in fact occurred. Trend-based
methods have been widely utilized to define
progression in clinical studies. However, a trend
line can be adversely impacted if the RNFL
thickness measurements quantified by auto-
mated segmentation software are not correct.
Artifacts are often present on SDOCT, and can
adversely impact the precision of automated
segmentation and thus the accuracy of quanti-
fied RNFL thickness measurements [16–18].
Application of qualitative methods can help to
ensure the accuracy of SDOCT segmentation by
inspecting the raw B-scan for artifacts. More-
over, qualitative assessment of the scan can
afford detection of glaucoma progression even
when there are only a small number of follow-
up scans available, as is often the case following
an intervention performed in clinical practice,
whereas trend-based methods may be better
suited to detection of progression when there is
longer follow-up available. In our study, we
found that there were significantly more eyes
detected as progressing by qualitative than
trend-based analysis. Some of this difference
may be explained by the presence of artifacts,
since qualitative methods can detect progres-
sion even in the presence of artifacts. Thus,
application of qualitative review of the raw
B-scan to SDOCT interpretation may improve
the ability to accurately diagnose glaucoma
progression.

Discrepancies in qualitative and quantitative
methods of RNFL analysis may occur if quali-
tative methods are better suited to detecting
patterns of change that are typical of glaucoma.
Wu et al. [19] recently reviewed 409 eyes for
glaucoma progression by a qualitative method
for widefield OCT versus conventional quanti-
tative global circumpapillary RNFL thickness. In
their study, quantitative methods missed cases
with characteristic patterns of glaucomatous

damage, whereas qualitative methods missed
cases if there was a general reduction in RNFL
thickness but not characteristic patterns. In
other words, qualitative methods were more
likely to detect patterns of glaucomatous pro-
gression that were missed when relying on
global RNFL thickness parameters. Moreover,
quantitative methods may detect false positives
if a change in global RNFL occurred in the
absence of a typical pattern of change.

Loss of global RNFL is not specific to glau-
coma and can occur in other non-glaucomatous
optic neuropathies as well as normal aging
[15, 20]. Additionally, since we noticed that the
most common cause of loss of global RNFL is
posterior vitreous separation, especially in the
nasal sectors, we did not evaluate the global
RNFL in our study. Rather we focused on the
superotemporal and inferotemporal sectors, as
changes in these locations are most character-
istic of glaucomatous progression, especially in
early disease [7–10]. Nevertheless, we still found
substantial disagreement between the quanti-
tative trend-based and qualitative methods,
with a poor kappa score in both the ST and IT
RNFL sectors. Moreover, qualitative methods
detected a significantly greater proportion of
cases than trend-based methods (p\0.001). In
our study, one possible explanation for this
disagreement is the presence of artifacts which
can impact the quantitative values used for
trend-based analysis. Traditional trend-based
analysis relies on the values provided by auto-
mated segmentation of the RNFL under the
assumption that they are accurate. However,
artifacts have been widely reported in the liter-
ature across different SDOCT platforms. Poor-
quality scans due to errors during image acqui-
sition and subtle retinal pathologies such as
epiretinal membranes and vitreomacular trac-
tion can contribute to segmentation errors
[16–18, 21–25], even in healthy subjects
[25, 26].

In our study, careful inspection of the raw
B-scan images during qualitative review enabled
us to identify artifacts that could affect the
interpretation of progression if relying solely on
the output from automated segmentation.
Artifacts were present on over one third of the
ST (38.9%; 74/190) and IT (35.3%; 67/190)
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RNFL in eyes with glaucoma or suspected glau-
coma diagnoses. Our study suggests that the
poor agreement between trend-based and qual-
itative methods is at least partially explained by
the presence of artifacts, since the agreement
between the two methods was lower among
eyes with artifacts (ST 58.1%; IT 68.7%) than
eyes without artifacts (ST 80.2%; IT 74.8%), as is
seen in Table 4B. This is because trend-based
progression was a binary categorization defined
by a significantly negative slope with a
p value\ 0.05, regardless of the presence or
absence of artifacts.

Application of a trend-based definition of
progression could lead to cases of true progres-
sion being missed if the artifact led to artifactual
thickening of the RNFL, thus masking the
underlying progression. Even though the defi-
nition of progression by qualitative analysis was
not based on the RNFL slope values, we also
found that the slope was significantly more
negative among eyes that progressed than those
that did not progress by the qualitative criteria
when there were no artifacts present. However,
among eyes with artifacts, the slope did not
differ significantly between those that pro-
gressed and those that did not progress by
qualitative analysis. Such cases were miscate-
gorized as non-progressors by the trend-based
definition because the RNFL thickness slope
from automated segmentation was not signifi-
cantly negative due to the presence of artifact.
This finding suggests that qualitative analysis
was able to detect additional cases of progres-
sion in the presence of artifacts. This may help
explain why significantly more cases were
detected by qualitative methods than by trend-
based methods. Similarly, in a few cases, the
trend-based analysis overcalled progression
because it only relied on a significantly negative
slope, which could be due to artifactual changes
rather than true progression.

Limitations

This study has several limitations including its
retrospective design. In the absence of a true
gold standard for determining progression on
OCT, we cannot definitively know how many

true cases exist. Comparison to alternative
structural criteria, such as optic disc photos, was
not performed, as the grading of disc photos is
also an inherently subjective process and may
be less sensitive than OCT for glaucoma detec-
tion. Moreover, disc photos are rarely collected
in clinical practice currently. Comparison to
Humphrey visual field data would also not be
useful for verifying true progression since
changes in the OCT can precede changes in the
visual field by months to years. Changes in OCT
RNFL structure and standard automated
perimetry (SAP) have been shown to have poor
agreement for glaucomatous progression
[11, 13]. SAP is also measured on a logarithmic
scale, which makes it less sensitive to small
changes and more difficult to use for verifica-
tion of OCT changes [27].

Unlike the trend-based progression software
in Cirrus, we did not average two RNFL scans to
establish the baseline. Moreover, in this study
the slopes and p values were estimated using
RNFL data from the Heidelberg Spectralis, but
the commercial software does not provide this
analysis. The analysis was also based on only
four time points, but it is possible that longer
follow-up may show that trend analysis is able
to detect more cases of progression since it may
be better suited to data sets with a greater
number of consecutive time points. The quali-
tative evaluation of the raw B-scan also has
certain drawbacks since it was performed by a
single expert grader (S.A.) rather than multiple
graders, and can be prone to subjectivity.
However, despite its subjective nature, qualita-
tive assessment may offer unique advantages
over trend-based analysis, since progression can
be detected in the presence of artifacts or when
there are only a small number of follow-up
studies available, as is often the case in clinical
practice. Moreover, in clinical practice we are
often trying to determine whether progression
has occurred over shorter time intervals rather
than over multiple years of data. This is because
with each diagnosis of progression and assess-
ment of response to therapeutic intervention,
the baseline RNFL should be reset to the time
therapy was escalated. Thus, our study under-
scores that the qualitative approach may be
beneficial when longer-term data are not
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available, as is often the case in the clinical
setting. As AI systems for progression are
developed, training such algorithms on images
labeled with qualitative assessments performed
by expert graders may improve their accuracy.
The fact that qualitative assessment showed
higher detection rates than trend analysis may
also have important implications for its appli-
cation in randomized clinical trials, since it
could decrease the required sample size and
shorten the necessary duration of follow-up
before detection of progression. Future analyses
will include development and application of a
rigorous subjective grading system by multiple
graders, and assessment of the structure–func-
tion relationship by evaluation of visual field
progression.

CONCLUSIONS

In conclusion, we found that there was poor
agreement between qualitative and trend-based
analysis for detection of glaucoma progression
on SDOCT. Moreover, qualitative analysis
detected a significantly greater proportion of
eyes as progressing than did trend-based analy-
sis, which may be partly explained by the ability
to discriminate cases in the presence of artifacts
through careful review of the SDOCT B-scan.
Future studies may also find that trend-based
approaches could be enhanced if combined
with a qualitative review of the raw imaging to
ensure accurate segmentation of the circum-
papillary RNFL.
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