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Abstract

Purpose To investigate the association between the laminar dot sign (LDS) and the deep optic nerve head (ONH) structure
in eyes with primary-open-angle glaucoma (POAG).

Methods Eighty-four eyes of 84 patients with POAG were prospectively included. All of the patients underwent stereo
optic disc photography (SDP), red-free retinal nerve fibre layer (RNFL) photography, SS-OCT, and standard automated
perimetry. By evaluating the SDP, patients were classified into laminar dot sign (LDS) and non-LDS groups. The deep
structure of the ONH including the anterior prelaminar depth (APLD) and prelaminar tissue thickness (PTT) were
quantitated using SS-OCT. Progression was assessed by structural or functional deterioration during the average 4.3 + 1.2
years of follow-up.

Results The LDS group had deeper APLD (405.47 + 107.55 vs. 302.45 + 149.51, P <0.001) and thinner PTT (74.34 +24.46
vs. 137.29 £40.07, P =0.001) relative to the non-LDS group. By multivariate analysis, thin PTT was significantly asso-
ciated with the presence of LDS (odds ratio =0.939, P <0.001). Structural progression was detected in 45 eyes (84.9%) in
the LDS group and 8 eyes (25.8%) in the non-LDS group. Functional progression was demonstrated in 29 eyes (34.5%) in
the LDS group and 6 eyes (19.4%) in the non-LDS group. The eyes with LDS had a significantly higher risk of glaucoma
progression (y* = 5.00, degree of freedom = 1, P = 0.033).

Conclusions In eyes with POAG, the presence of LDS was associated with thinner prelaminar tissue and faster disease
progression.

Introduction

Glaucoma is a progressive optic neuropathy characterised
by the degeneration of retinal ganglion cells (RGCs) and
their axons. The lamina cribrosa (LC), a complex mesh-
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composed of bundles of RGC axons, astrocytes, capillaries,
and extracellular material [1, 2] Prelaminar tissue thickness
decreases with glaucoma progression [3, 4], which
decrease is known to be associated with mechanical
intraocular pressure (IOP) rise [5-8] and vascular dysre-
gulation [9, 10], the main factors contributing to normal-
tension glaucoma (NTG)-related glaucomatous optic
neuropathy.

Over the past decade, optical coherence tomography
(OCT), a non-invasive in vivo imaging modality, has been
used to view the optic nerve head (ONH) including the LC
[11-14]. Swept-source OCT (SS-OCT), using a longer
wavelength (1050 nm) than does conventional spectral-
domain OCT (SD-OCT), has better tissue penetration and
provides higher resolution imaging of the ONH. Recently,
widely used OCT findings on the LC have had positive
impacts on the diagnosis and management of glaucoma.
However, OCT is not available for every clinician, and,
recent studies comparing imaging techniques such as SD-
OCT, SS-OCT, and others with subjective assessment did
not demonstrate any superiority of the former over the latter
[15, 16].

One classical ONH sign of glaucoma in inspections of
the LC area is the laminar dot sign (LDS) [17]. This is the
representation, by colour-disc photography, of visible grey
pores or fenestrae that develop by the loss of neural tissue
and deep optic disc cupping, exposing the underlying LC
tissue. LDS has been reported to be seen in 29.3% of nor-
mal individuals and 70.8% of open-angle glaucoma
patients, and is associated with larger vertical cup-to-disc
ratio (CDR) and optic disc diameter [18]. However, to the
best of our knowledge, there has been no study comparing
eyes with and without LDS with OCT and the prospective
association with glaucoma progression. Thus, in the present
study, we investigated the structure of the ONH in glau-
comatous eyes with and without LDS by SD-OCT and SS-
OCT and prospectively reviewed the relationship with
glaucoma progression.

Materials and methods

This was a prospective longitudinal study designed to
evaluate the structure and visual function of glaucoma based
on the Swept-Source Optical Coherence Tomography Study
of Lamina Cribrosa (SOS-LC), an ongoing prospective
study at Seoul National University Hospital. Participants
were longitudinally evaluated by a regular follow-up visit
protocol, undergoing clinical examination as well as ima-
ging and functional tests. This study’s protocol was
approved by the Institutional Review Board of Seoul
National University Hospital, and its conduct adhered to the
tenets of the Declaration of Helsinki.

Participants

For this study, a total of 84 eyes of 84 primary-open-angle
glaucoma (POAG) patients at an early stage were enroled.
All of the participants visited the Glaucoma Clinic of Seoul
National University Hospital from March 2013 through
October 2016.

The inclusion criteria were as follows: (1) POAG with
mean deviation (MD)>—6 dB in the visual-field (VF)
results; (2) normal-range IOP (<21 mmHg at baseline and
during follow-up); (3) an image quality score of 50 or better
for all SS-OCT images, and a signal strength of 7 or better
for all SD-OCT images.

We defined POAG as the presence of glaucomatous optic
disc changes with corresponding glaucomatous VF defects
and an open angle confirmed by gonioscopic examination.
Glaucomatous optic disc changes were defined as neuror-
etinal rim thinning, notching, excavation, or RNFL defect.
Eyes with glaucomatous VF defects were defined as those
with a cluster of three points with probabilities of <5% on
the pattern deviation map in at least 1 hemifield, including
at least 1 point with a probability of <1%; or a cluster of two
points with a probability of <1% and a glaucoma hemifield
test result outside 99% of age-specific normal limits, or a
PSD outside 95% of normal limits. The VF defects were
confirmed on two consecutive reliable tests (fixation
loss rate <20%, false-positive and false-negative error
rates <25%).

The exclusion criteria were as follows: (1) best-corrected
visual acuity of <20/40; (2) high myopia of spherical
equivalence (SE) <—6.0 dioptres (D); (3) history of surgery
in the study eye; (4) any other ocular disease or any media
opacity that would significantly interfere with OCT image
acquisition; (5) lack of sufficiently high-quality images. For
cases in which both eyes met all of the eligibility criteria,
one eye was randomly chosen as the study eye.

The patients underwent complete ophthalmologic
examinations at baseline, including visual acuity testing,
slit-lamp examinations, IOP measurements using Goldmann
applanation tonometry, stereo optic disc photography
(SDP), red-free retinal nerve fibre layer (RNFL) photo-
graphy (TRC-50IX; Topcon Corporation, Tokyo, Japan),
SD-OCT (Cirrus HD-OCT, Carl Zeiss Meditec, Inc.,
Dublin, CA), SS-OCT (DRI-OCT-1 Atlantis, Topcon,
Tokyo, Japan), and standard automated perimetry (SAP)
24-2 testing (Humphrey Field Analyzer; Carl Zeiss Medi-
tec, Dublin, CA, USA). Additionally, the patients attended
regular follow-up visits, at which time they underwent
clinical examination, disc photography, red-free RNFL
photography, SD-OCT, and SAP. Subsequently, all of the
patients were administered IOP-lowering treatment. The
baseline IOP value was defined as the mean of two mea-
surements before IOP-lowering management was initiated.
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The mean IOP was calculated as the average of IOPs
throughout the follow-up period.

Presence of LDS

The presence of LDS based on independent evaluation of
SDP was determined by two observers (EB and YKK)
masked to all other patient information. If the pore or
fenestration was visible, the observers graded it as LDS
presence, and if not, LDS absence. In cases of disagree-
ment, a third glaucoma specialist (KHP) served as an
adjudicator.

ocT

All of the subjects underwent SD-OCT and SS-OCT imaging
on the same day, in random order. All of these OCT exam-
inations were performed by one experienced technician. With
regard to SD-OCT, the optic disc cube 200 x 200 protocol
was used to measure the ONH and RNFL parameters.

With regard to the SS-OCT meanwhile, to measure the
deep optic nerve parameters, five-line cross-scans (five lines
horizontal and five lines vertical) centred at the optic disc
with 0.25-mm spacing between the cross-lines and 6.0-mm
scan width were performed. A total of 32 A-scans were
averaged for each line of the five cross lines [19]. The SS-
OCT system with its 1050 nm wavelength provided 8 um
axial resolution and 20 pm lateral resolution at a 100,000 A-
scan/s velocity.

Measurement of ONH parameters

To enhance the visibility of the LC configuration on all of
the scan images was restored by adaptive enhancement
was applied according to previous published protocols
[4, 20, 21]. Two experienced ophthalmologists (EB and
YKK) who were blinded to all of the patients’ clinical
information measured all of the parameters using the calli-
per in the SS-OCT’s built-in analysis software (version
9.30). Previous reports indicate that thick retinal vessels can
cause large shadows in the OCT cross-sectional scans,
thereby preventing visualisation of the structures below.
The cross-sectional scan was measured as close as possible
to the centre of the ONH, which was identified as the site
where the trunk of the central retinal vessels extended from
the ONH. The measurements were taken at the closest
temporal side of the trunk of the central retinal vessels. On a
horizontal scan passing the centre of the disc, we marked a
reference line connecting both ends of the Bruch’s mem-
brane opening. Three perpendicular lines were marked at
the centre and at 100 um nasally and temporally, respec-
tively. The anterior prelaminar depth (APLD) was defined
as the distance from the reference line to the anterior
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Fig. 1 Swept-source optical coherence tomography (SS-OCT) scan
of the optic nerve head (ONH) of a glaucomatous eye. In the SS-
OCT B-scan, from the reference line (white horizontal line) connecting
both ends of the Bruch’s membrane opening, three perpendicular lines
were marked at the centre and 100 pm nasally and temporally. The
anterior prelaminar depth (APLD, white vertical line) was defined as
the distance from the reference line to the anterior prelaminar surface
(grey horizontal dotted line). The prelaminar tissue thickness (PTT,
black vertical dotted dash line) was defined as the distance from the
anterior prelaminar surface to the anterior border of the lamina cribrosa
(black horizontal dotted line). The representative value of the para-
meters for each patient was considered as the mean of three mea-
surements obtained.

prelaminar surface. The prelaminar tissue thickness (PTT)
was measured as the distance from the anterior prelaminar
surface to the anterior border of the LC. For each patient,
the representative value of a parameter was considered to be
the mean of three measurements obtained by averaging the
two graders’ measurements. Figure 1 shows the landmarks
used to measure the parameters.

Determination of glaucoma progression

Colour-disc photography, red-free RNFL photography and
VF tests were performed and assessed according to each
patient’s regular 6-month follow-up visit. Progression of
structural changes on disc and RNFL photography and
functional changes on VF tests are as described below.

Structural change was determined by comparing serial
stereo disc photography images of optic disc changes (i.e.,
focal or diffuse narrowing, neuroretinal rim notching,
increased CDR, adjacent vasculature position shift). RNFL
defect change by serial RNFL photography was defined as
the appearance of a new defect or an increase in width or
depth of an existing defect. Disc or RNFL changes were
regarded as structural progression, and each patient was
classified as a structural nonprogressor or progressor
accordingly. Two observers (EB and YKK) masked to all
patient information evaluated the photographs indepen-
dently. In cases of disagreement, a third glaucoma specialist
(KHP) served as an adjudicator.

Functional progression was evaluated by Guided Pro-
gression Analysis (GPA) software using the event-based
algorithm of the Early Manifest Glaucoma Trial criteria
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[22]. “Likely progression” was defined as 3 or more loca-
tions showing significant decreases in visual sensitivity (i.e.,
changes more than the test-retest variabilities) compared
with 2 baseline examinations (separated by approximately
6 months in this study) for at least 3 consecutive tests, with
decreases in visual sensitivity continuing to be detected in
all subsequent follow-up visits. “Possible progression” was
defined as three or more locations showing significant
decreases in visual sensitivity compared with two baseline
examinations for two consecutive tests, again with decrea-
ses in visual sensitivity continuing to be detected in all
subsequent follow-up visits.

Statistical analyses

The Wilk—Shapiro test was used to determine the distribu-
tion of numerical data. The normally distributed data were
compared by independent ¢ test and the non-normally dis-
tributed data were compared by Mann—Whitney U test. The
categorical data were analysed by chi-squared test. For
validation of the agreement on LDS presence, ONH mea-
surement, and determination of structural progression, the
Kappa value and intra-class correlation coefficient (ICC),
respectively, was calculated. Univariate logistic regression
analysis was performed to evaluate the factors associated
with LDS and glaucoma progression. Variables with a P
value less than 0.10 in the univariate analysis were entered
into the multivariate analysis. A backwards-elimination
process was used to develop the final multivariate model.
Data was presented as odds ratio (OR) with 95% confidence
interval (CI). Statistical analyses were performed with the
Statistical Package for Social Sciences version 21.0 for
Windows (SPSS, Inc., Chicago, IL). A 2-sided P values <
0.05 were considered statistically significant.

Results

The study involved 84 POAG patients who had been fol-
lowed up for 4.3 = 1.2 years. The mean age was 58.9 = 11.1
years (range 34 to 81), and 39 of the subjects were men
(46.4%). The SE was —1.27 £2.30 D (—6.00 to 2.75); axial
length, 23.76 £ 1.12mm (21.76 to 26.29); baseline IOP,
143 +£2.6 mmHg (10 to 19); mean IOP 12.8 £2.2 mmHg
(10 to 19); MD, —2.16 £ 1.84 dB (—5.92 to 1.66). Based on
SDPs, 53 subjects were classified as LDS and 31 as non-
LDS. The demographic characteristics of the LDS group
and non-LDS group are summarised in Table 1. Agreement
on the presence of LDS and the determination of structural
progression between the two graders was represented by a
Kappa value of 0.778 (P <0.001) and 0.772 (P <0.001),
respectively. The ICCs measured for confirmation of inter-
examiner agreement were 0.991 for APLD and 0.981 for

PTT. There were no significant inter-group differences in
demographic variables of age, sex, IOP, spherical equiva-
lence, axial length, optic disc haemorrhage, parapapillary
atrophy, follow-up period, and functional parameters.

Comparison of ONH structure between LDS and
non-LDS glaucomatous eyes

Table 1 shows the ONH parameters measured by SS-OCT
and SD-OCT. Eyes with LDS had significantly deeper
APLD (P<0.001) and thinner PTT (P<0.001). In eyes
with LDS, the APLD was 405.5 + 107.6 um and the PTT
was 74.3 +24.5 um; in eyes without LDS, the APLD was
302.5 + 149.5 um and the PTT was 137.3 £40.1 um. In eyes
with LDS, the average CDR, vertical CDR, rim area, disc
area, and cup volume were 0.75 +0.06, 0.76 £ 0.07, 0.90 +
0.19 mm?, 2.17 +0.42 mm?, and 0.52 +0.22 mm>, respec-
tively, and in eyes without LDS, 0.58 +0.13, 0.56 £0.17,
1.08 £0.29 mm®, 1.75+0.38 mm?, and 0.22+0.15 mm’,
respectively (all P<0.05). The SS-OCT/SD-OCT para-
meters of RNFL thickness demonstrated no significant
inter-group difference (Supplementary Table 1).

Possible factors associated with LDS in glaucoma

Table 2 and Supplementary Table 2 present the factors
associated with LDS in glaucomatous eyes, as determined
by univariate and multivariate logistic regression analyses.
By multivariate analysis, only thin PTT was significantly
associated with the LDS in glaucoma (OR =0.939, P=
0.001) (Table 2). The other SD-OCT parameters showing
significant association with LDS in the univariate analysis
presented no such association in the multivariate analysis.

Structural and functional progression

The study eyes had a median number of 7 (range, 4-11)
tests of SDP and RNFL photography and 7 (range 4-12)
tests of the visual field during the follow-up period. Table 2
shows the results on progression. Significant progression
was detected in the LDS group compared to non-LDS group
(structural only, P<0.001; functional only, P =0.025,
structural and functional, P =0.010). In the LDS group of
53 patients, 45 (84.9 %) had structural progression, 23 (43.4
%) demonstrated VF progression (15.1% likely progression,
28.3% possible progression), and 22 (41.5 %) had both
structural and functional glaucoma progression. In the non-
LDS group of 31 patients, 8 (25.8 %) had structural pro-
gression, 6 (19.4 %) demonstrated VF progression (12.9%
likely progression, 6.5% possible progression), and 5
(16.1 %) had both structural and functional glaucoma pro-
gression. The rate of VF progression was faster in the LDS
group, but the difference was not statistically significant
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Table 1 Comparison of

demographic and clinical Total LDS Non-LDS P value
characteristics between patients (n=89 (n=33) (n=3D
inth and without laminar dot Demographic variables
SIEn- Age (years) 589=+11.1 59.60 £ 11.39 57.65+10.75 0.52%*
Male, n (%) 39 (46.4) 22 (41.5) 17 (54.8) 0.24°
Baseline intraocular pressure (mmHg) 143+£2.6 14.1+£2.6 14.6+2.6 0.28%
Mean intraocular pressure (mmHg) 12.8+£2.2 12724 129+2.1 0.66*
Spherical equivalence (D) —1.27£2.30 —1.00£2.02 —1.80+2.75 0.37*
Axial length (mm) 2376 +1.12 23.66+1.13 23.93+1.13 0.49*
Optic disc haemorrhage, n (%) 22 (26.2) 13 (24.5) 9 (29.0) 0.65"
Parapapillary atrophy, n (%) 73 (86.9) 47 (88.7) 26 (83.9) 0.08"
Follow-up period (years) 4.34+1.16 4.53+1.17 4.00 = 1.09 0.10*
SS-OCT (Deep ONH parameters)
APLD (um) 367.5+133.5 405.5+107.6 302.5+149.5 <0.001*
PTT (um) 97.6+43.5 74.3+24.5 137.3+40.1 <0.001*
SD-OCT (2D-plane ONH parameters)
Average CDR 0.69+0.13 0.75 +0.06 0.58+0.13 <0.001*
Vertical CDR 0.69+0.15 0.76 +0.07 0.56+0.17 <0.001*
Rim area (mm?) 0.97+0.24 0.90+0.19 1.08 +0.29 0.002*
Disc area (mm?) 2.02+0.45 2.17+£0.42 1.75+0.38 <0.001*
Cup volume (mm?®) 0.41+0.25 0.52+0.22 0.22+0.15 <0.001*
Visual field parameters
MD (dB) —2.16£1.84 —2.20+1.84 —2.10+1.86 0.86*
PSD (dB) 4.14£2.48 3.97+2.48 4.43+2.50 0.37%*
VFI (%) 94.31 +4.68 94.34£4.73 94.26 +4.67 0.99%*

Mean = standard deviation.

Comparison between LDS and non-LDS group was performed by *independent -test, iMann—Whitney U
test, and "Chi-square test. Values with statistical significance are shown in bold.

LDS laminar dot sign; SS-OCT swept-source optical coherence tomography; SD-OCT spectral-domain
optical coherence tomography; ALPD anterior prelaminar depth; P77 prelaminar tissue thickness; SD-OCT
spectral-domain optical coherence tomography; CDR cup-to-disc ratio; MD mean deviation; dB decibels;
PSD pattern standard deviation; VFI visual-field index.

(P =0.15). Chi-square test revealed that eyes with LDS had
a significantly higher risk of glaucoma progression (> =
5.00, degree of freedom = 1, P = 0.033).

Factors associated with glaucoma progression

The baseline factors were analysed by univariate and mul-
tivariate models. The factors associated with structural and
functional progression are presented in Table 3. LDS and
disc haemorrhage significantly contributed to glaucoma
progression.

Representative cases

Figure 2 presents representative glaucoma cases with and
without LDS followed for 5 years. The patient with LDS at
the initial exam demonstrated structural and functional
progression (Fig. 2a), while the patient without LDS pre-
sented a stable course (Fig. 2b).

SPRINGER NATURE

Discussion

In the present study, we investigated the deep structure of
the ONH as well as the LDS in glaucomatous eyes using
both SD-OCT and SS-OCT and demonstrated the associa-
tion with glaucoma progression. Eyes with LDS had thinner
PTT, and, during a 4-year prospective follow-up period,
they showed a significant association with structural and
functional progression.

The LDS, first described by Read and Spaeth in 1974, is
a morphologic sign observed under ophthalmoscope and on
disc photography [17]. A previous clinical study on the
LDS reported prevalences of 29.3% in normal eyes and
70.8% in open-angle glaucomatous eyes, the latter asso-
ciated with larger vertical CDR and optic disc diameter
[18]. Also in our study, glaucoma eyes with LDS had sig-
nificantly larger CDR, thinner rim area, larger disc area, and
larger cup volume compared with eyes without LDS. The
difference can be expected to be due to the loss of neural
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Table 2 Factors associated with laminar dot sign.

Univariate Multivariate
Beta Wald  OR (95% CI) P value Beta Wald  OR (95% CI) P value
Demographic data
Age (years) 0.016  0.608 1.016 (0.976-1.058) 0.44
Male 0.537  1.387 1.711 (0.700-4.182)  0.24
Baseline intraocular pressure (mmHg) —0.078 0.75 0.925 (0.776-1.103)  0.38
Mean intraocular pressure (mmHg) —0.038  0.144 0.962 (0.789-1.173)  0.70
Spherical equivalence (D) 0.152  1.608 1.164 (0.921-1.471) 0.21
Axial length (mm) —0.218 0.686 0.804 (0.480-1.347) 0.41
Optic disc haemorrhage —0.230  0.205 0.794 (0.293-2.152)  0.65
Parapapillary atrophy 0.410 0.394 1.506 (0.419-5.417) 0.53
Structural parameters
APLD (um) 0.007 10.247 1.007 (1.003-1.011) 0.001 —0.006 1.193 0.994 (0.984-1.005) 0.28
PTT (um) —0.074 20.915 0.929 (0.900-0.959) <0.001 —0.063 10.266 0.939 (0.903-0.976) 0.001
Average CDR (0.01) 0.221 18.521 1.247 (1.128-1.379) <0.001
Vertical CDR (0.01) 0.176 19.434 1.193 (1.103-1.290) <0.001 0.094 1.694 1.098 (0.954-1.265) 0.19
Rim area (mm?) (0.1) —0.333 8.456 0.717 (0.572-0.897) 0.004 —0.624 1.354 0.536 (0.187-1.533) 0.54
Disc area (mm?) (0.1) 0.279 12.930 1.322 (1.135-1.539) <0.001 0.269 1.668 1.309 (0.870-1.969) 0.20
Cup volume (mm®) (0.1) 0.781 18.356 2.184 (1.528-3.122) <0.001
Functional parameters
MD (dB) —0.028  0.051 0.973 (0.763-1.240)  0.82
PSD (dB) —0.075 0.686 0.928 (0.777-1.108)  0.41
VFI (%) 0.004 0.006 1.004 (0.913-1.104) 0.94

Values with statistical significance are shown in bold.

OR odds ratio; CI confidence interval; D dioptres; ALPD anterior prelaminar depth; P77 prelaminar tissue thickness; CDR cup-to-disc ratio; MD
mean deviation; dB decibels; PSD pattern standard deviation; VFI visual field index.

tissue and deep optic disc cupping in LDS eyes. We
attempted to clarify the deep ONH structure of the LDS by
recent image modalities of OCT providing high-resolution
images. According to three-dimensional parameters of the
SS-OCT, the LDS group had significantly deeper APLD
and thinner PTT. In the univariate model, both APLD and
PTT were associated with LDS; however, the analysis based
on the multivariable model showed a relationship with only
PTT. The other demographic findings, those on age, sex,
IOP, axial length, disc haemorrhage, and parapapillary
atrophy, as well as the functional parameters of the visual
field, had no association with LDS. As expected, we could
indicate that thin PTT is the main morphologic cause of
LDS visibility, and that given its thin structure, we can
observe the LDS under ophthalmoscopy and on SDP.
Many previous studies on PTT have reported the influ-
ence of high IOP on thin prelaminar thickness [6, 23, 24].
To minimise the high-pressure effect, therefore, from our
ongoing prospective study of SOS-LC, patients with
normal-range IOP (<21 mmHg at baseline and during
follow-up period) were enroled. Baseline and follow-up
mean IOP did not show any association with LDS or PTT.
However, IOP-related strain is affected by the three-

dimensional ONH anatomy and features, which can vary
among individuals and result, accordingly, in findings of
non-associations of LC parameters with IOP [25]. Thus,
even though the glaucoma patients included in the present
study had a normal range of IOP, the effect of IOP should
be interpreted with caution. Additionally, further studies
with various values of IOP, including high ones, need to be
conducted.

This study was based on early-glaucoma patients. A
previous study on LC deformation found that deformation
occurs mostly in the early stage of glaucoma [26]. Park
et al. compared LC depth for different stages of glaucoma,
and reported LD posterior displacement mostly in the early-
glaucoma stage, but with no significant difference relative
to the severe stage [27]. Kim et al. found no difference in
LC deformity between mild and moderate-to-advanced
glaucoma, also indicating that LC posterior bowing occurs
in the early stage of glaucoma [19]. Jung et al. reported a
difference in PTT between POAG and NTG, which dis-
crepancy was greater in early glaucoma than in moderate or
severe glaucoma [24].

In the present study, at the baseline exam, structural
parameters (i.e., SD-OCT and SS-OCT parameters) differed
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P value

Structural or functional
OR (95% CI)

Beta

P value

Functional
OR (95% CI)

Beta

P value

OR (95% CI)

Structural
Beta

Table 3 Univariate and multivariate odds ratios and 95% confidence intervals of significant risk factors for each of structural and/or functional deterioration in patients with primary-open-angle

glaucoma.

SPRINGER NATURE

Univariate analysis

<0.001

3.063 (1.290-7.778)
2.714 (1.657-5.905)
1.024 (0.880-1.193)

2.777

0.006
0.16

4.327 (1.528-12.255)
2.154 (0.745-6.231)
0.715 (0.555-0.921)
1.090 (0.982-1.209)

1.465
0.767
—0.336

2.621 13.750 (4.668-40.500) <0.001

Lamina dot sign

0.009
0.76

2.043
0.024

0.007

6.235 (1.770-8.307)
0.045 (0.005-0.404)

2.108

—3.093

Disc haemorrhage

0.009
0.1

0.006

Rim area (mm?)

1.146 (1.039-1.263) 0.006

0.136

1

0.086

0.142 1.153 (1.025-1.297) 0.018

Disc area (mm?)

Multivariate analysis

0.001

3.151 (1.488-4.868)
3.051 (1.658-4.688)

1.667
1.612

0.031

3.231 (1.115-9.358)

1.173

6.299 (4.146-9.562) <0.001
7.522 (4.342-9.332)

4.238

Lamina dot sign

0.003

0.001

4.338

Disc haemorrhage

OR odds ratio; CI confidence interval.

significantly between eyes with and without LDS, while
functional parameters (i.e., VF data) did not present any
difference. Previous studies have reported a possible
‘structure-function  dissociation’ (i.e., a discrepancy
between structural and functional damage in glaucoma)
[28], as well as the possibility that in glaucoma progression,
structural damage and functional progression might not
always occur sequentially [29-31]. This was also demon-
strated in our study in terms of structural deterioration (by
disc and/or RNFL photography) and functional deteriora-
tion (by GPA software). One functional progressor from
each group of LDS and non-LDS, did not show definite
structural change. While structural change can be indicative
of subsequent functional damage, visual field defect might
not always precede structural deterioration and attention on
both sides are needed [29-31]. However, in the search for
factors associated with glaucoma progression, the presence
of LDS was significantly and prospectively associated with
structural and functional progression. This finding suggests
that LDS can add information to the assessment of disease
progression risk.

The present study has limitations that include a relatively
small sample size and a short follow-up period. Also, only
patients with normal IOP values were included, and neither
a normal population nor a moderate-to-severe glaucoma
group from our ongoing prospective study of SOS-LC was
included. Further studies based on a broader range of
population groups are required. Moreover, although the
presence of LDS was associated with functional progres-
sion, there was no difference in the rate between the LDS
and non-LDS groups. The small sample size and possibility
of different regions and VF test points might have affected
the rate of progression. However, to our knowledge, this is
the first study to compare OCT findings with and without
LDS and their associations with glaucoma progression.

In conclusion, eyes with LDS had thinner PTT and
deeper APLD as viewed under SS-OCT and were sig-
nificantly associated with risk of glaucoma progression.
Knowledge of the ONH’s deep structure and the LDS and
their relationship with glaucoma progression may provide
information relevant to close inspection of the ONH of LDS
patients.

Summary
What was known before

e The laminar dot sign is one classical optic nerve head
sign of glaucoma in inspections of the lamina cribrosa
area. It is the visible grey pores or fenestrae that develop
by the loss of neural tissue and deep optic disc cupping,
exposing the underlying lamina cribrosa tissue.
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Fig. 2 Representative cases with and without laminar dot sign. a
Left eye of a 44-year-old open-angle glaucoma female demonstrated
progressive structural and functional change during a 5 year follow-up.
At the initial exam, her baseline intraocular pressure (IOP) was 16
mmHg, the spherical equivalence (SE) was —5.13 D, and the mean
deviation (MD) was +0.35 dB. (left) Measurement of optic nerve head
(ONH) structure by swept-source optical coherence tomography (SS-
OCT)-acquired image presented anterior prelaminar depth of 422 ym
and prelaminar tissue thickness of 72 um. (right, top) Progressive
inferior disc rim narrowing (right, middle) with corresponding inferior
retinal nerve fibre layer (RNFL) defect widening, (right, bottom) and

What this study adds

e This study evaluated the deep optic nerve head of eyes
with and without laminar dot sign by using optical
coherence tomography, and demonstrated the prospec-
tive association with glaucoma progression.
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progressive visual field defect in the pattern deviation plot (MD of
—2.33dB) was observed. b Left eye of a 47-year-old female demon-
strated no progressive structural or functional change during 5-year
follow-up. At the initial exam, her baseline IOP was 15 mmHg, the SE
was —5.25 D, and the MD was —4.80dB. (left) In the SS-OCT-
acquired image of the ONH structure, anterior prelaminar depth was
198 um and prelaminar tissue thickness was 153 um. (right, top)
Inferior rim narrowing on disc photography, (right, middle), corre-
sponding inferior RNFL defect on RNFL photography and (right,
bottom) visual field defect in pattern deviation plot (MD of —5.02 dB)
appeared stable.
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