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Abstract: The disc damage likelihood scale (DDLS) is a tool for classifying glaucomatous
structural changes to the optic disc based on the radial width of the neuroretinal rim at its
thinnest location, or if no rim is present, the extent of absence of the rim. Unlike cup disc
ratio (CDR), the DDLS also considers disc size. Twenty years after its first description, the
aim of this review was to critically appraise evidence for the DDLS and evaluate its role in
current practice. A literature search by two independent authors identified 33 relevant articles
for inclusion. Five studies evaluated reproducibility, 5 diagnostic performance, and 2 studies
examined ability to detect progression. Eleven studies evaluated correlation between DDLS
and other markers of glaucoma. Despite the widespread availability of imaging devices such
as optical coherence tomography (OCT), clinical examination of the optic disc remains an
essential component of glaucoma diagnosis and monitoring. The DDLS provides a reliable
method for semi-quantitative clinical grading of the optic disc in glaucoma, with higher
reproducibility than methods such as CDR.
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Introduction
According to the World Health Organization, glaucoma is the second leading cause
of blindness worldwide, and thus a major public health issue. Globally, over
80 million people are estimated to be affected,’ a figure projected to increase to
114 million by 2040.> Glaucoma is a progressive optic neuropathy, defined by the
presence of a characteristic pattern of damage to the optic nerve head (ONH).’
However, as there is large variation in normal ONH appearance, determining
whether an optic nerve is healthy or damaged can be problematic, particularly in
the early stages of disease. Furthermore, though damage to the optic nerve is
associated with visual field loss, substantial optic nerve damage may occur before
reproducible visual field loss is apparent. When detecting and monitoring glau-
coma, it is thus essential to use information from structural and functional assess-
ments, both to corroborate diagnosis, and monitor for changes over time.
Sophisticated imaging such as optical coherence tomography (OCT) has been
introduced to provide objective, quantitative measures of the ONH and surrounding
tissue. For example, OCT measurements of retinal nerve fiber layer (RNFL) thick-
ness can be compared to a normative database and classified as outside, borderline
or within normal limits. A limitation of imaging is that it may be affected by
artefacts, including scan misalignment, segmentation errors, and artefacts induced

by ocular co-morbidities, such as epiretinal membrane or posterior vitreous
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detachment. In addition, normative databases used by
imaging devices exclude patients with high refractive
error, including high myopes in whom there is a higher
prevalence of glaucoma. Partly due to these limitations,
real world studies examining the ability of imaging device
normative databases to detect glaucoma have reported
sensitivities and specificities of only around 80%."
A further potential problem is that though availability of
imaging devices is increasing, they have not been vali-
dated for use in community case finding settings and are
not always available, especially in low-income countries,
many of which have a high glaucoma prevalence.
Furthermore, though imaging devices provide useful sup-
plementary information to the clinical examination, they
are currently recommended only as an adjunct test. For
example, the recent 5Sth edition of the European Glaucoma
Society Guidelines states that though OCT can be useful
for aiding diagnosis of glaucoma, the diagnosis cannot be
made on the basis of OCT alone.” Clinical examination of
the ONH therefore remains an essential component of the
glaucoma assessment.

In the 1960s Armaly described cup-to-disc ratio (CDR)
as a method of semi-quantitative standardized assessment
of the optic disc. CDR is still commonly used today,
however, it has major limitations, especially as it does
not take account of disc size or focal neuroretinal rim
loss and has high inter- and intra-observer variability. As
CDR is only measured along the vertical or horizontal
meridians, it does not take account of focal neuroretinal
rim loss occurring in other regions of the optic disc.

In 2002 Spaeth described the Disc Damage Likelihood
Scale (DDLS), which measures the width and extent of the
neuroretinal rim at its thinnest location, or if no rim is
present, the extent of absence of the neuroretinal rim. The
DDLS also considers the effect of disc size on the ratio
between the neuroretinal rim and disc diameter. Twenty
years after its introduction, the aim of this review was to
critically appraise evidence for use of the DDLS and
evaluate its role in current clinical practice.

Method

A search of PubMed was performed on 28th June 2021
using the search term ((“disc damage likelihood scale™)
OR (DDLS)) OR (“disk damage likelihood scale”), search-
ing across all fields for articles up to this date. This
resulted in 166 articles, the titles and abstracts of which
were reviewed by the two authors independently to iden-
tify those relevant to the DDLS in glaucoma, in the

English language. 33 articles were identified, of which 3
were review articles, 5 evaluated the performance of
DDLS as a diagnostic tool, 11 evaluated correlation
between DDLS and other structural and functional mar-
kers of glaucoma, 2 evaluated the ability of DDLS to
detect glaucoma progression, and 5 evaluated the reprodu-
cibility of the DDLS. Other studies focused on topics
including development of computer image analysis algo-
rithms for automatic measurement of DDLS. A summary
of studies is shown in Table 1.

The Optic Nerve Head in Glaucoma
The importance of being able to detect glaucomatous
changes to the ONH was emphasised in the Ocular
Hypertension Treatment Study (OHTS), which showed
a higher proportion of patients developed ONH changes
as the initial manifestation of glaucoma, compared to
visual field endpoints.® The neuroretinal rim has
a honeycomb structure, reinforced with glial cells, in par-
ticular the processes of astrocytes. Unlike other conditions
that cause optic atrophy in which hypertrophic gliosis is
observed, in glaucoma, glial compensation for the lost
axons fails. Therefore, cupping is observed in glaucoma
and arteritic acute ischemic optic neuropathy, while flat
and pale discs without cupping is more common with
milder optic nerve head ischemia, such as non-arteritic
acute ischemic optic neuropathy, or other retrolaminar/
retina-based optic nerve damage.’

The ratio between cup and disc depends to a large
degree on optic disc size, with large variability in optic
disc size observed between individuals, ranging from
0.80 mm’

population.® Optic disc size is also affected by refractive

to almost 6.00 mm® in a Caucasian
error and ethnicity.

Progressive optic disc changes noted on clinical exam-
ination, or on observation of stereoscopic photographs,
have been proposed as the best reference standard for
The Optic  Disc
Assessment Trial reported that ophthalmologists had

glaucoma  diagnosis.’ European
a lower accuracy of classifying eyes as healthy or glauco-
matous from stereoscopic photographs (80.5%)" com-
pared to imaging devices, including Heidelberg Retina
Tomograph (HRT) 1 (Heidelberg Engineering GmbH,
Heidelberg, Germany) (89.8%) and GDx (GDx-variable
corneal compensation (VCC) (Carl Zeiss Meditec AG,
Jena, Germany) (92.3%). There was also considerable
variation in intra-observer agreement, with kappa ranging
from —0.13 to 1.0. Imaging devices have their own
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Table | Summary of Studies Examining the DDLS lIdentified in the Literature Search

Authors Year Summary of Findings

Buller, et al”® 2021 | Evaluation of DDLS used by optometrists for monitoring patients in community shared care scheme.

Bouacheria, et al’® | 2020 | Evaluation of computer image analysis algorithm enabling automatic measurement of DDLS.

Formichella, et al’”* | 2020 | Significant correlation was reported between thinner OCT RNFL thickness and higher DDLS. Higher first visit
discharge rate found in patients with lower DDLS referred by community optometrists to glaucoma clinic.

Kumar et al*? 2019 | Evaluation of computer image analysis algorithm enabling automatic measurement of DDLS.

Kara-José, et al*’ 2017 | DDLS had good ability to differentiate between glaucomatous and healthy eyes, performing better than OCT RNFL
thickness and SAP MD.

Lutaka, et al’’ 2017 | DDLS was significantly correlated with visual field index but less so with MD and PSD.

Dervisevic et al’® 2017 | DDLS was correlated with visual field loss. Tilted discs had significantly higher DDLS scores.

Waisbourd et al®® | 2016 | Evaluation of reproducibility of optic disc grading using photographs obtained by a hand-held fundus camera using
DDLS and CDR.

Kitaoka et al”' 2016 | Evaluation of associations between the DDLS and various morphological parameters of the optic nerve head using
a stereo fundus camera.

Zhang et al** 2016 | DDLS had the highest specificity for predicting a relative afferent pupillary defect (RAPD).

Ekici et al* 2015 | Structural measures including DDLS were not informative with regards to visual related performance or visual
related quality of life.

Pahlitzsch et al*' 2015 | DDLS was significantly correlated with HRT Moorfields Regression Analysis in preperimetric primary open angle glaucoma.

Han et al” 2014 | DDLS obtained using 3D optic disc photography showed moderate agreement with that obtained by glaucoma specialists.

Chandra et al”’ 2013 | Evaluation of correlation between CDR and DDLS with RNFL and global visual field indices.

Ungar et al* 2012 | Evaluation of the ability of structural assessment of the disc including DDLS to predict glaucomatous visual field progression.

Zangalli et al*® 2011 | Review article of DDLS.

Ichhpujani et al*? 2011 | Magnifier-assisted swinging flashlight method demonstrated as the most sensitive method of determining RAPD in
terms of differences in DDLS and visual field mean deviation.

Majid et al*’ 2010 | Evaluation of the relationship between DDLS, visual field and OCT parameters for the diagnosis of glaucoma.

Henderer et al*® 2009 | When using stereophotographs, DDLS had a higher sensitivity and specificity for detecting glaucomatous change
compared to vertical, horizontal, and maximal CDR.

Bochmann et al*’ 2009 | Evaluation of the interobserver agreement for DDLS showing better agreement than for CDR.

Hornova et al®' 2008 | DDLS correlated well with visual field loss and topographical damage data obtained from HRT.

Spaeth et al® 2006 | Review of known methods of grading optic disc glaucomatous changes including the DDLS.

Danesh-Meyer 2006 | Evaluation of the relationship between the DDLS score and the global and sectoral optic disc (HRT) and VF parameters.

et al*®

Danesh-Meyer 2006 | Evaluation of the diagnostic strength of CDR, DDLS and HRT in patients with glaucoma, glaucoma suspects and

etal' normal controls.

Henderer et al® | 2006 | DDLS editorial.

Henderer et al®® 2003 | Evaluation of the reliability of DDLS versus CDR by determining inter- and intra-observer agreement of optic disc
stereophotographs and in vivo interobserver agreement of patient optic discs.

Bayer et al*® 2002 | DDLS strongly correlated with glaucomatous visual field damage.

(Continued)
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Table | (Continued).

Authors Year

Summary of Findings

Spaeth et al*® 2002

CDR.

Evaluation of the reproducibility of DDLS grading by comparing intra- and inter-observer reliability of DDLS versus

Abbreviations: DDLS, disc damage likelihood scale; CDR, cup-to-disc ratio; OCT, optical coherence tomography; RNFL, retinal nerve fiber layer; SD-OCT, spectral-
domain OCT; MD, mean deviation; PSD, pattern standard deviation; SAP, standard automated perimetry; RAPD, relative afferent pupillary defect; HRT, Heidelberg retinal

tomograph.

limitations including 1) segmentation errors, 2) the limita-
tions of normative databases, which tend to include mainly
Caucasian patients and exclude eyes with moderate to high
refractive errors, and 3) failure to demonstrate optic disc
hemorrhages, an important indicator of increased risk of
progression. OCT also struggles to classify unusual optic
discs due to high myopia, tilted optic discs or peripapillary
atrophy, the same eyes clinicians have difficulty classify-
ing. A study of 2313 eyes scanned with Spectralis OCT
RNFL reported 46% to have at least one image artefact
which further impairs the reliability of OCT
classification.'" In addition, thinning of the RNFL is
observed in other pathologies such as ischemic optic neu-
ropathy, optic disc drusen, Parkinson’s disease and
Alzheimer’s disease and therefore if used inappropriately
can lead to incorrect diagnoses.'”> Imaging devices can
therefore supplement decision-making but direct observa-
tion of the optic nerve head remains an essential compo-
nent of glaucoma assessment.

Cup-to-Disc Ratio (CDR)

Cup-to-disc ratio, which remains the most widely used
method of quantifying disc changes in glaucoma, was
first described in 1967 by Armaly."* CDR is calculated
by recording the cup diameter as a proportion of the total
disc diameter, along either the horizontal or vertical
planes. CDR has become widely used due to its simplicity,

1415 and wide

reasonable correlation with visual field loss,
advocation in many classical ophthalmological textbooks.

CDR, and especially the vertical CDR, allows easy
quantification of optic disc appearance and communication
between colleagues, however, CDR has only moderate
reproducibility and has several serious limitations.
Firstly, as CDR does not consider the size of optic disc,
it is not unusual for healthy patients with large optic discs
and normal visual fields to have a large CDR. Conversely,
patients with small optic discs may develop glaucoma but
have a small CDR. Second, as CDR is measured either

vertically or horizontally, changes to the optic nerve head

outside these regions may occur without any change in
CDR. Therefore, unless change to the optic nerve head
occurs at the poles, or is concentric, the vertical CDR will
not capture these changes.'®

The appreciation of cup size in relation to disc size is

17,18

crucial given the wide variability in disc size and

similar neuroretinal rim area'® among individuals.
Therefore, in eyes with larger disc size, the area of the
cup should be proportionally larger.”® A previous study
reported that the optic nerve fiber count increased signifi-
cantly with larger optic disc size.?! Given that CDR does
not account for disc size, there is a significant overlap in
CDR between normal and glaucomatous discs.”> CDR has
also been reported to be the weakest parameter at distin-
guishing between normal and glaucomatous eyes com-
pared to other quantifiable optic nerve, nerve fiber layer
and visual field measurements.”’

A previous study examining the relationship between
vertical CDR and the estimated number of retinal ganglion
cells found a non-linear relationship, indicating that in
eyes with a large CDR, a large number of retinal ganglion
cells would need to be lost for a small increase in CDR,
providing further evidence that CDR is an insensitive
method for evaluation of progressive neural losses in

glaucoma.**

The Disc Damage Likelihood Scale

(DDLS)

The Disc Damage Likelihood Scale was first described by
Spaeth in 2002.%° The DDLS is based on the radial width
of the neuroretinal rim measured at its thinnest point, with
the radial width of the rim compared to the diameter of the
disc along the same axis. In effect, it is a measure of rim to
disc ratio, rather than cup to disc ratio. Rim to disc ratio is
an intuitive unit of measurement, particularly compared to
CDR, as it emphasizes the importance of examining rim
tissue, rather than focusing on the area of absent tissue, the
cup. When there is no rim tissue remaining, the rim/disc
DDLS then measures the

ratio is zero and the
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circumferential extent of rim tissue absence. The rim is
defined as the width between the outer edge of the disc and
the inner edge of the optic disc, which is the point at which
the surface of the optic disc first dips posteriorly.”®

The original description of the DDLS examined repro-
ducibility of the DDLS compared to CDR when optic disc
photographs were viewed by two glaucoma specialists
using a stereoscopic viewer. To determine intra-observer
agreement, each examiner graded the same batch of photo-
graphs three times on three different sessions. The DDLS
was found to have superior intra- (98% versus 85%) and
inter-observer (85% versus 74%) reproducibility compared
to CDR.

Figure 1 summarizes DDLS staging system. There are
10 stages, extending from 1 to 10, designed to provide
enough granularity to identify change in the disc with
progression of glaucoma but not so much detail to make
utilization of the system difficult. For example, in average
optic discs (1.5-2.0 mm diameter), eyes with a rim/disc
ratio of 0.4 or more would be graded as DDLS stage 1,
while eyes with rim/disc ratios of less than 0.1 would be
graded as stage 5 or higher depending on the extent of
absence of the rim. For example, a disc with absence of
neuroretinal rim over less than 45-degrees would be
graded as stage 6, while absence of neuroretinal rim over
more than 270-degrees would be graded as stage 10. The
calculated stage is increased by 1 when the optic disc is
small (diameter <1.5mm) and decreased by 1 when large
(diameter >2mm). Disc size measurements need to be
corrected for any magnification induced by the lens used
to examine the disc. Figure 2 illustrates real-life examples
of DDLS grading for 3 eyes with small and large optic
discs.

Reliability of DDLS

The reliability of the DDLS has been investigated.
Henderer et al reported that the inter-observer and intra-
observer agreement for the vertical DDLS measurement
was greater than the vertical CDR when optic discs are
assessed using optic disc photographs and inter-observer
agreement was similar between the two methods for
in vivo patient measurements.”® This was confirmed by
Bochmann et al who reported that the inter-observer agree-
ment for DDLS was greater than that for CDR (Cohen’s
kappa 0.902 vs 0.803).”” Bayer et al’® demonstrated
a significant correlation between DDLS and MD (r =
—0.695, p<0.001) and PSD (r = 0.703, p <0.001), signifi-
cantly higher than previously recorded correlation severity

of visual field loss and rim area®'* or vertical CDR.**
Danesh-Mayer et al investigated the relationship between
DDLS and global and regional functional loss on visual
field testing. Visual fields were divided into 6 sectors
based on the optic disc-visual field map as described by
Garway-Heath et al.®>> Sectoral MD was then calculated
manually using the values of each point on total deviation
plot of the HVF. DDLS was reported to have a strong
correlation with global and all regional visual field mean
deviation (MD) values.*® In this study, DDLS overesti-
mated visual field damage in early glaucoma but under-
estimated visual field loss in advanced glaucoma,
consistent with the known relationship between measure-
ments of structural and functional changes in glaucoma,
where structural changes tend to be detectable prior to
changes that are detectable with conventional perimetry.
Both Kara-Jose and Danesh-Mayer reported that DDLS
was most strongly correlated with the inferotemporal rim
area and that lowest correlation was with the nasal rim
area.’®>’” Hornova et al demonstrated that DDLS scores
correlated well with structural measurements obtained
using an HRT II device (= 0.923 with Moorfields
Regression Analysis and 1=0.807 with Cup Shape
Measure Index) and with visual field loss indices (MD
with r =—0.792; PSD r=0.718). The DDLS also has also
been reported to have greater sensitivity and specificity of
detecting glaucomatous changes over time compared to
CDR using sequential stereo-photographs (DDLS vs ver-
tical, horizontal and maximal CDR; sensitivity: 71.4% vs
63.9%, 66.7% and 47.2%; specificity 70.9% vs 51.1%,
40.4% and 48.9%).%®

In addition, DDLS has been reported have good ability
to discriminate various glaucoma cohorts, outperforming
visual field indices (pattern standard deviation (PSD)), and
average RNFL thickness measured by OCT.>* DDLS per-
formed better at differentiating: 1) glaucoma versus glau-
coma suspect and normal, 2) glaucoma versus normal only
and 3) glaucoma and glaucoma suspect versus normal. In
the analysis of glaucoma versus glaucoma suspect and
normal eyes, DDLS achieved an area under the receiver
operating characteristic curve (AUC) of 0.917, followed
by corrected PSD (0.895), and OCT average RNFL thick-
ness (0.864).%° This echoes the report by Danesh-Meyer
et al who reported DDLS had a greater AUC for detecting
glaucoma (AUC =0.91) than CDR (0.81) and visual field
PSD (0.80)."° Kara Jose et al also reported excellent dis-
criminatory ability of DDLS, with an AUC of 0.92, though
in this analysis vertical and horizontal CDR also
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MAGE LIKELIHOOD SCALE

A Narrowest width of rim (rim/disc ratio) Examples
For small disc For'mec'hum For large disc 1.25mm 1.75mm 2.25mm
DDLS Stage <1.50 mm size disc >2.00 mm optic nerve optic nerve optic nerve
: 1.50-2.00 mm : P P P
1 5] 4 or more .3 or more ‘ ° @
2 4to0.49 3t0.39 2t0.29 Q @ @
B SROFST) 2t0.29 11t0.19 Q @ @
4 2t0.29 1to.19 less than .1 @ @ @
5] 1to.19 less than .1 Biter Ies: tan @ @ .
45 < ’
6 less than .1 Bftas I:;f oy 0 for 46° to 90° @ @ '
0 for less than o o 0for 91° to ‘)
7 450 0 for 46° to 90 180° @ ‘
0for91° to 0for 181° to
o o ‘
8 0 for 46° to 90! 180° 270° . (.
9 0 for 91° to 0 for 181° to 0 for more than
180° 270° 270°
10 0 for more than | 0 for more than
180° 270° \
B Lens Correction factor
Volk 60D X 0.88
Volk 66D X1.0
Volk 78D X1.2
Volk 90D X1.33
Nikon 60D X1.03
Nikon 90D X1.63

Figure | (A) Spaeth’s DDLS staging system stratified according to the optic disc sizes. Table reproduced from the Scottish Intercollegiate Guidelines Network (SIGN).
Edinburgh: SIGN; 2015. (SIGN publication no. 144). [cited March 2015]. Available from URL: http://www.sign.ac.uk. These guidelines are licensed under the Creative
Commons Attribution-Noncommercial-NoDerivatives 4.0 International Licence.” (B) Table of magnification correction factors to accurately calculate disc size.

performed well, with AUCs

of 0.94

and 091 degrees, meaning that the narrowest width of the neuror-

respectively.”> The similar performance of DDLS and etinal rim was measured, similar to the DDLS.

CDR in this study may have been due to CDR being Ungar et al reported that both higher vertical cup-to-

measured at its longest diameter, not fixed at 90 and 180  disc ratio and DDLS were predictive of glaucomatous
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Figure 2 Examples of DDLS gradings for 3 eyes, with small (A) and large (B and C) optic disc diameters. For example (A), the thinnest width of the rim is approximately |/
7th (0.14), the diameter of the optic disc in the same Meridian, which for a small optic disc, is equivalent to a DDLS of 3. For example (B), there is no rim over approximately
130 degrees, which for a large optic disc, is equivalent to a DDLS of 6. Care however must be taken in myopic eyes, to differentiate temporal sloping of the rim from absence
of rim tissue. For example, (C), the thinnest width of the rim is approximately '/4 the diameter of the optic disc, which for a large disc is equivalent to a DDLS of Ob.

visual field progression, with CDR having a higher odds
ratio (3.2 vs 2.2-fold on Glaucoma Progression Analysis
(GPA) and 2.2 vs 1.8-fold on VFI). However, the confi-
dence ratios for DDLS were tighter supporting the greater
intra- and intergrader reproducibility of DDLS compared
to CDR.*> A significant correlation between DDLS and
HRT-GPA has also been reported in pre-perimetric glau-
coma, reinforcing its utility in the early stages of disease.*'

Kumar et al described a novel automated fundus image
technique for glaucoma

processing pre-screening

comparing cup-to-disc and rim-to-disc ratio and reported
greater sensitivity (0.97 vs 0.92), specificity (0.97 vs 0.91),
and accuracy (0.97 vs 0.91) of rim-disc based assessment
compared to cup-to-disc-based assessment.*> Ichhpujani
et al reported that a relative afferent pupillary defect
(RAPD) was detected with a sensitivity of 84% when the
difference in DDLS scores between the two eyes is greater
than 2 using standard swinging flashlight test.** Similarly,
Zhang et al found that although IOP, DDLS, and MD
asymmetries had similar sensitivities for identifying the

Clinical Ophthalmology 2021:15

e 4065

Dove:


https://www.dovepress.com
https://www.dovepress.com

Cheng and Tatham

Dove

presence of an RAPD (0.49, 0.47, 0.56), DDLS had the
greatest specificity of 0.86 (0.73 for IOP and 0.78 for
MD).*

Limitations of DDLS

The DDLS is not without its limitations. Given its reliance
on detection of the point of maximal focal change to the
neuroretinal rim, it is not well suited for describing new
areas of notching, as only the rim sector of greatest
damage is used. In addition, it is less useful in eyes with
atypical rims, for example highly myopic eyes or those
with tilted discs. In addition, as structural changes from
glaucoma occur along a continuum, categorizing eyes into
one of ten groups introduces arbitrary boundaries. Grading
using the DDLS also relies on the expertise of the obser-
ver, though the higher levels of inter-observer variability
with DDLS compared to CDR, suggest that once trained in
the technique, high levels of agreement can be obtained.

Similar to other structural measurements, DDLS is
a surrogate for more patient-focused endpoints. There are
very few studies examining the relationship between
DDLS and patient-reported outcome measures. Ekici
et al reported stronger correlation between quality-of-life
measures and contrast sensitivity and visual field mean
deviation, than with DDLS, however, the study included
patients with a narrow range of DDLS scores and did not
include any patients with DDLS scores of 9 or 10, those
most likely to have impaired vision-related quality of
life.*’

Is DDLS Relevant Even in the World

of Advanced Imaging Techniques?

The availability of advanced imaging technologies such as
OCT raises the question whether the DDLS has a role in
modern glaucoma management. Though OCT imaging is
useful in aiding detection and monitoring of glaucoma,
there are several reasons why clinical examination of the
optic nerve head remains essential. First, is its importance
in excluding non-glaucomatous causes of optic neuropathy
and other causes of visual field loss. Imaging such as OCT
classifies eyes as normal, borderline or outside normal
limits based on comparisons to normative databases, and
although further diagnostic information can be gleaned
from visualization of the raw scans, OCT alone does not
provide a definitive diagnosis.* Without clinical examina-
tion, important features such as disc pallor or optic disc
hemorrhages are likely to be missed. Other important

factors are artefact, and the limitations of imaging norma-
tive databases, which exclude eyes with high refractive
error or ocular comorbidities, and which may not capture
differences in ocular characteristics between people of
different ethnicity. OCT measurements are also less use-
ful in moderate to advanced disease due to the floor effect,
below which RNFL measurements show no further
decline, despite further glaucomatous neural loss. Though
there is considerable variation between individuals, for
average RNFL thickness, the floor can be reached in an
eye with a visual field mean deviation of only —15dB. The
floor effect occurs primarily due to presence of residual
tissue including blood vessels and glial cells.***

A large number of studies have examined the ability of

4856 summarized in

imaging tests to detect glaucoma,
a Cochrane Review.”’ The review highlighted that the
majority of studies used a case-control design which is
likely to overestimate accuracy. To overcome this limita-
tion, Bannister et al examined performance of imaging
devices, including HRT, OCT and GDx-enhanced corneal
compensation in a clinical setting. HRT MRA had highest
sensitivity (87%, 95% CI 80.2-92.1%) but lowest specifi-
city (63.9%, 95% CI 60.2-67.4%) whilst GDx had the
lowest sensitivity (35.1%, 95% CI 27.0-43.8%) but high-
est specificity (97.2%, 95% CI 95.6-98.3%). The authors
concluded that due to the imperfect results, automated
imaging technologies are best utilized as adjuncts in glau-
coma diagnosis and not relied on solely as a means of
diagnosis as some patients with severe glaucoma may be
missed.”®

The Bruch’s membrane opening minimum rim width
(BMO-MRW) is a relatively new metric which measures
the minimum thickness of nerve tissue at the Bruch’s
membrane opening.’”%° Initial reports suggested that
BMO-MRW is equivalent and potentially slightly super-
ior compared to RNFL thickness®®®'"®* for glaucoma
detection. However, a recent study showed RNFL thick-
ness (AUC = 0.89) performed better than BMO-MRW
(AUC = 0.75) at identifying preperimetric glaucomatous
optic nerve damage in eyes suspected of having glau-
coma, whose final diagnosis was determined by observa-
tion for change over time.”' The poorer performance of
BMO-MRW may have been due to a larger proportional
decline in BMO-MRW with age, potentially leading to
smaller differences in BMO-MRW between glaucoma-
and healthy
Alternatively, RNFL thickness may have performed bet-

tous eyes in older populations.

ter as eyes are often deemed to be suspicious of glaucoma
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based on appearance of the neuroretinal rim, rather than
RNFL. In such circumstances, RNFL thickness is likely
to provide additional complementary diagnostic informa-
tion compared to BMO-MRW, which is a further measure
of the rim. DDLS gradings and OCT measurements of
RNFL thickness may be similarly complementary, asses-
sing neuroretinal rim tissue and RNFL respectively.
A further limitation of BMO-MRW is that it is affected
by disc size, being thickest in small optic discs, it there-
fore does not account for optic disc size unlike
DDLS.>%*

Unfortunately only a few studies have compared per-
formance of the DDLS to imaging technologies (Table 1).
Danesh-Meyer et al found the DDLS had superior ability
than HRT-II to differentiate patients with glaucoma and
suspected glaucoma from healthy controls, with an AUC
of 0.95 compared to only 0.68 for the HRT-II Moorfields
regression analysis'® and 0.84 for CDR. Suggested expla-
nations for a stronger correlation between DDLS and
visual field loss compared to HRT and visual field loss
included the inclusion of blood vessels within the neuror-
etinal rim in HRT and that HRT does not consider disc
variations  including  disc  tilting,  peripapillary
color variation and disc size.*® A study comparing DDLS
scores to OCT reported strong positive correlation between
CDR measured using OCT (r= 0.657, p <0.001), and
strong inverse correlation with the average (r = —0.620,
p < 0.001) and inferior (r= —0.620, p <0.001) RNFL
thickness,”” however a difficulty of comparing diagnostic
ability of different structural tests is the choice of reference
standard, which should be independent of the tests
evaluated.

Further limitations of imaging devices include the fre-
quent introduction of new technology, potentially leading
to loss of backward compatibility and obsolescence.®
Reports have also shown the lack of interchangeability of

data between devices,“”67

and imaging devices remain
unavailable in many settings, such as primary care or low-
income countries. Due to the limitations of imaging

devices, the DDLS clearly remains a valuable tool.

Optic Disc Photography and Clinical

Examination

Optic disc photography was the original imaging modality,
providing a means to capture baseline optic disc images,
and through serial imaging, observe for progressive
changes over time. Photography also provided an excellent

method of capturing optic disc hemorrhages, an important
risk factor for progression. However, photographs are lim-
ited due to the difficulty of accurate assessment of disc
size and due to variable image quality.?>**%3 Interpretation
of optic disc appearance also depends on expertise of the
observer, with evidence that agreement between observers
in identifying optic disc changes from stereophotographs
is only slight to fair.®®

A potential advantage of the DDLS is that it forces the
grader to observe for specific features, which may improve
reproducibility of the assessment compared to unstructured
optic disc grading. Few studies have evaluated this, how-
ever, Waisbourd et al investigated the utility of nonmy-
driatic monoscopic disc photographs for diagnosing
glaucoma and demonstrated that the intra-observer and
inter-observer agreement between optic disc grading
using monoscopic disc photographs and optic disc biomi-
croscopy was only moderate, both for CDR (0.71 and 0.69
interclass correlations) and DDLS (0.65 and 0.67 inter-
class correlations).®” The results from this study demon-
strate weaker intra-observer and inter-observer agreement
compared to previous studies, perhaps due to poorer image
quality — monoscopic images do not allow 3D evaluation
of discs and undilated pupils affect illumination of the disc
and therefore picture quality, impairing picture grading.
The assessment of optic discs using monoscopic disc
photographs relies on the course of small vessels and
shadowing of adjacent structures and therefore is more
susceptible to subjective findings.”® This is in contrast to
stereoscopic images which allow direct visualization of
depth.

In the Glaucoma Stereo Analysis Study, a semi-
automated analysis of stereophotographs of the optic
nerve head where an investigator marked the contour
lines in stereophotographs was used to measure DDLS.
In agreement with other studies, this method showed
a correlation between DDLS and MD (r = —0.267, p=
0.001), PSD (r = 0.233, p=0.001) and CDR (r=0.381,
p=0.001).”" It is unclear if the poorer correlations reported
here is due to the use of stereophotographs using
a prototype analysis software. Good agreement (weighted
kappa value 0.59 = 0.003) between DDLS stages obtained
by stereophotographs using the prototype software and by
a glaucoma specialist was reported previously.”> This
study also included patients with myopic glaucomatous
discs defined as tilted appearing discs with temporal cres-
cent peripapillary atrophy (n=96, 51.3%), in which
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measurement of the DDLS may not be accurate as the rim
may not be as distinct.

Use of DDLS in Primary Care

The DDLS has been recommended for use in glaucoma
case finding schemes and referral guidelines. For example,
the Scottish Intercollegiate Guidelines Network (SIGN)
glaucoma guidelines recommend that information regarding
DDLS is included in all referrals from community optome-
try to hospital glaucoma clinics.”” The aim was to reduce
the number of false positives among patients referred for
specialist assessment, while also minimizsing the risk of
patients with glaucomatous optic disc changes being
missed. Though the guidelines also made other recommen-
dations and led to the provision of pachymeters to commu-
nity optometrists across Scotland, an evaluation of false
positive referral rates found a 33.5% reduction in the pro-
portion of patients discharged at their first visit to the
glaucoma clinic following introduction of the guideline.”
Though this suggests improved accuracy of case finding
when the DDLS is used, the study did not examine char-
acteristics of individuals not referred to the hospital eye
service, meaning the effect of the guidelines on false nega-
tive referrals is not known. However, a further study of
glaucoma referrals in Scotland found the first visit discharge
rate was lower in patients with higher DDLS scores,
decreasing from 50% in those with a DDLS of 3, to 0%
in those with a DDLS >6.”* No patients with a DDLS of
less than 4 were diagnosed with glaucoma at their first visit.
This study though was limited by the small number of
patients in which DDLS had been recorded. Despite
DDLS being stipulated as essential information to include
in referrals, only 65 of 618 (10.5%) consecutive referrals to
the glaucoma clinic included DDLS information, suggesting
a lack of awareness of the value of DDLS among commu-
nity optometrists who have a front-line role in opportunistic
glaucoma case detection in the UK.

Conclusion

Evidence suggests that the DDLS is a more accurate and
reliable method of detecting glaucoma and monitoring glau-
comatous disc changes compared to the CDR. The DDLS
provides enough granularity to allow early changes in the
optic disc to be identified in a method that is easy to under-
stand and apply with minimal training. Advanced imaging
solutions allow objective recording of disc changes and
several studies have shown good correlation with DDLS.
However, imaging methods such as OCT are limited by

potential future obsolescence and high cost. Further limita-
tions mean that although imaging solutions can help supple-
ment the clinician in identifying and monitoring glaucoma,
they cannot yet replace clinical examination. Optic disc and
retinal nerve fiber examination remains an essential compo-
nent of glaucoma diagnosis and monitoring, with the DDLS
providing a reproducible method for categorizing structural
changes from glaucoma. Despite the increasing use of ima-
ging devices, the DDLS remains a useful method of docu-
menting the glaucomatous optic nerve head.
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