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Abstract

PURPOSE—To compare optical coherence tomography angiography (OCTA) measured macular
vessel density and spectral domain optical coherence tomography (SDOCT) measured macular
ganglion cell complex (GCC) thickness in primary open-angle glaucoma (POAG) eyes with and
without focal lamina cribrosa (LC) defects.

METHODS—In this cross-sectional, case-control study of patients with POAG, 46 eyes of 46
patients with LC defects and 54 eyes of 54 patients without observable LC defects were included.
OCTA and SDOCT imaging were performed on the same day by the same operator. Perimetry and
swept-source OCT testing used to identify LC defects were conducted within 6-months of OCTA
and SDOCT testing. Global and local parafoveal vessel density (pfVD) and macular ganglion cell
complex (MGCC) thickness were compared between study groups.

RESULTS—Glaucoma severity was similar between groups (SAP MD = -5.63 dB and -4.64 dB
for eyes with and without LC defects, respectively; P = 0.40). Global and local measured pfVD
was similar between groups (all P = 0.11). GCC focal loss volume (GCC-FLV) was higher in eyes
with LC defects than eyes without LC defects (7.2% and 4.97%, respectively; P = 0.03). In
addition, GCC-FVL was topographically related to defect location in LC defect eyes.
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CONCLUSIONS—AIthough OCTA macular vessel density was not significantly different
between eyes with and without LC defects, focal GCC loss in eyes with LC defects was different.
This highlights the importance of not relying solely on vessel density measurements for
determining macular changes for diagnosing and detecting glaucomatous progression.
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INTRODUCTION

The pathogenesis of primary open angle glaucoma (POAG) is not fully understood but there
is consistent evidence that both mechanical and vascular factors are involved.! Intraocular
pressure (I0P), the most important risk factor for the development of POAG can cause
mechanical stress on the posterior structures of the eye, notably the lamina cribrosa (LC) and
adjacent tissues.2 The sclera is perforated at the lamina, the weakest point in the eye wall,
where retinal blood vessels and retinal ganglion cell axons exit the eye. IOP—induced stress
may result in compression, deformation, and remodeling of the LC with consequent
mechanical axonal damage 3 and disruption of retrograde delivery of essential trophic
factors to retinal ganglion cells (RGC).2

Vascular factors also have a role in the pathogenesis of glaucoma. Glaucomatous optic
neuropathy can occur in individuals with 0P within the normal range. In such patients,
other risk factors such as abnormally low cerebrospinal fluid pressure in the optic nerve
subarachnoid space resulting in a large pressure gradient across the lamina® or vascular
dysfunction and decreased ocular perfusion pressure®® may be causative factors and are
under further investigation. With the recent introduction of optical coherence tomography
angiography (OCTA) which has good reproducibility,’ it is now possible to qualitatively and
quantitatively assess retinal microvaculature at different retinal layers. 8-16

In healthy eyes, the LC has a smooth, curvilinear anterior surface that is flat or that slopes
slightly upward as it approaches the laminar insertion. In contrast, some glaucomatous eyes
have thinning and posterior displacement of the LC17:18 or localized irregularities of the
anterior LC.1920 These focal LC defects likely represent localized loss of laminar tissue and
correlate spatially with glaucomatous optic nerve head (ONH) structural changes
[neuroretinal rim loss, optic nerve head pit and retinal nerve fiber layer (RNFL) defects],
21,2223 glaucomatous visual field loss® 22 and ONH vascular changes such as ONH
hemorrhage. 23:24.25

Results indicate that compression, extension, or shearing of axons within the LC leads to
axonal damage in the optic nerve head 23 and loss of RGCs. 26:27 For years, glaucoma was
considered to affect primarily the optic nerve head and corresponding peripheral visual field.
However recent evidence has shown that early glaucoma also is associated with damage to
RGCs in the macula that can be demonstrated during testing of the central visual field. 28.29

Recently, a topographic association between focal LC defects and deep layer peripapillary
microvasculature dropout has been observed.3? We have reported that OCTA deep layer
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ONH peripapillary vessel density is significantly lower in POAG eyes with focal LC defects
compared to eyes without focal LC defects with a similar severity of glaucoma (defined by
MD) and similar RNFL thickness.31 However, the extent of macular defects in glaucomatous
eyes with and without focal LC defects has not yet been demonstrated. The purpose of the
current study was to compare OCTA macular vessel density and macular thickness between
POAG eyes with and without focal LC defects.

METHODS

This was a cross-sectional study of POAG patients enrolled in the Diagnostic Innovations in
Glaucoma Study (DIGS). The DIGS is an ongoing prospective, longitudinal study at the
Hamilton Glaucoma Center, University of California, San Diego, designed to evaluate optic
nerve structure and visual function in glaucoma. Details of the DIGS protocol have been
described previously.32 All methods adhered to the tenets of the Declaration of Helsinki and
the Health Insurance Portability and Accountability Act and were approved by the
Institutional Review Board/Human Research Protections Program at the University of
California, San Diego. Informed consent was obtained from all participants.

Patients with established POAG (as defined below) underwent ophthalmological
examination, including assessment of best-corrected visual acuity (BCVA), slit- lamp
biomicroscopy, IOP measurement with Goldmann applanation tonometry, gonioscopy,
central corneal thickness (CCT) measured with ultrasound pachymetry (DGH Technology
Inc., Exton, PA), dilated fundus examination, simultaneous stereophotography of the optic
disc, and standard automated perimetry (Humphrey Field Analyzer; 24-2 using the Swedish
Interactive Thresholding Algorithm; Carl Zeiss Meditec, Dublin, CA).

Avanti AngioVue (Optovue Inc. Fremont, CA) OCTA imaging and spectral-domain OCT
(SDOCT) imaging were performed on the same day by the same operator. Perimetry and
swept-source OCT (SSOCT, images used to identify LC defects) testing was conducted
within 6-months of OCTA and SDOCT testing.

Inclusion criteria were as follows: patients diagnosed with POAG, aged > 18 years, BVCA =
20/40, with open angles on gonioscopy. Those with systemic hypertension and diabetes
mellitus without diabetic or hypertensive retinopathy were included.

Patients with a history of ocular intervention other than uncomplicated cataract or glaucoma
surgery, intraocular disease (e.g., diabetic retinopathy or non- glaucomatous optic
neuropathy), systemic disease that could have had impact on the study results (e.g., stroke or
pituitary tumor) were excluded. Unreliable visual field (VF) results, or poor quality OCTA,
SDOCT or SSOCT scans were not included in the analyses.

Systolic and diastolic blood pressure and pulse rate were measured with an Omron
Automatic blood pressure instrument (model BP7911T; Omron Healthcare, Inc., Lake
Forest, IL) just prior to OCTA imaging in the same seated position. Mean arterial pressure
was calculated as 1/3 systolic blood pressure + 2/3 diastolic blood pressure. Mean ocular
perfusion pressure was defined as the difference between 2/3 of mean arterial pressure and
I0OP.
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POAG was defined as glaucomatous appearance of the optic nerve head (focal thinning,
notching, or localized or diffuse atrophy of the RNFL) with associated repeatable VF
damage. Glaucomatous VF damage was defined as a Glaucoma Hemifield Test outside of
normal limits or a pattern standard deviation outside 95% normal limits confirmed on two
consecutive, reliable (fixation losses and false-negatives 33% and 15% false-positives) tests.

The AngioVue system (software version 2015.1.0.35) incorporated in the Avanti SD-OCT
system was used to measure vessel density. This system uses a split-spectrum amplitude-
decorrelation angiography (SSADA) method to capture the motion contrast of the red blood
cells to provide a high-resolution 3-dimensional visualization of the vascular structures at
various user-defined layers of the retina at the capillary level 816 The OCTA image is
directly derived from SDOCT B-scans. The SDOCT image consists of a series of B-scans
with two rapid repeats at each B-scan location, and the average of the two repeated B-scans
forms the conventional SDOCT intensity image. The amplitude decorrelation between these
two B-scans forms the OCTA image.8 Because the OCTA tissue thickness measurements
and SDOCT vessel density measurements are obtained from the same B-scans, there is
pixel-to-pixel co-localization between image and therefore post-processing alignment is
unnecessary.

We used peripapillary vessel density from the images acquired with a 4.5 x 4.5 mm? field of
view centered on the optic disc. The ONH OCTA scanning protocol consists of a merged
Fast-X volume of 304 horizontal B-scans of 304 A-scans per B-scan and a Fast-Y volume of
304 horizontal B-scans of 304 A-scans per B-scan. Macular vessel density measurements
were calculated from 3 x 3 mm? scans centered on the fovea. The macula OCTA scanning
protocol consists of a merged Fast-X volume of 304 horizontal B-scans of 304 A-scans per
B-scan and a Fast-Y volume of 304 horizontal B-scans of 304 A-scans per B-scan. For both
regions, segmentation was performed using the OCT intensity B-scans. Peripapillary vessel
density measurements were calculated in a slab from the ILM to the posterior border of
RNFL. Macular superficial vessel density measurements were calculated in a slab from the
ILM to the posterior border of the IPL.

Circumpapillary vessel density (cpVD) was calculated under a 750 um wide elliptical
annulus extending from the optic disc boundary. Global (360°) vessel density measurement
and eight sectoral (45° per sector) vessel densities measurements were assessed for analysis.
Parafoveal vessel density (pfVD) was measured in an elliptical annulus with an inner
diameter of 1 mm and outer diameter of 2.5 mm centered on the fovea (Figure 1). Global
(360°) vessel density and four sectoral (90° per sector) vessel densities were assessed for
analysis

The Avanti SDOCT system was used for imaging macular thickness. Avanti SDOCT has an
A-scan rate of 70 kHz and a light source with a center wave length of 840 nm. The macular
ganglion cell scanning protocol was used to measure the macular ganglion cell complex
(mGCC) thickness. Software provided mGCC analysis parameters investigated were global
loss volume (GCC-GLV) and focal loss volume (GCC-FLV).33 The mGCC scanning
protocol consists of a 7 x 7 mm? raster scan composed of 1 horizontal B scan of 933 A-
scans and 15 vertical B scans of 933 A-scans per B-scan. This protocol measures retinal
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thickness from the internal limiting membrane (ILM) to the inner plexiform layer (IPL)
posterior boundary. Macular GCC thickness measurements consist of the ganglion cell layer,
IPL, and RNFL. Good-quality images were defined as scans with a signal strength index >
37 without segmentation failure or artifacts (missing or blank areas).

Trained graders reviewed the quality of all OCTA scans using a standard protocol
established by the UCSD Imaging Data Evaluation and Analysis Center. Poor-quality scans
were excluded from the analysis if one of the following criteria were met: (1) signal strength
index of < 48; (2) poor-clarity images; (3) local weak signal caused by artifacts such as
floaters; (4) residual motion artifacts visible as irregular vessel patterns or disc boundary on
the enface angiogram; and (5) RNFL segmentation failure.

As described previously,3! focal LC defects were identified from SSOCT (DRI-OCT;
Topcon, Tokyo, Japan) optic disc scans. A 3-dimensional raster scan consisting of 256 serial
horizontal B-scans over a 12 mm x 9 mm cube centered on the posterior pole (wide- field
protocol) was acquired, and serial en face images were obtained from the 3-dimensional data
set. After excluding poor-quality images (poorly focused, clipped or quality score < 50) and
eyes with poor LC visibility (< 70% visibility of the anterior laminar surface within the
Bruch’s membrane opening), two masked independent observers (M.H.S. and P.I.C.M.)
reviewed images to identify focal LC defects and discrepancies in identification were
resolved by consensus. Images were excluded from the study if consensus could not be
reached.

A laminar disinsertion or hole, violating the normal U- or W-shaped contour of the anterior
laminar surface present on at least two consecutive scans, >30 mm in depth, and 2100 mm in
diameter, was defined as a focal LC defect. 19:21.22.23.25 | order to differentiate hypo-
reflectivity due to vascular shadowing or true LC defect, the en face images were compared
with the stereoscopic optic disc photographs.

LC defect location was identified in terms of eight 45-degree sectors corresponding to the
sectors on the SDOCT Avanti and AngioVue instruments (Figure 2). An 8-sector circle was
placed around the ONH on the SSOCT enface image after registering its location with that
of the AngioVue cpVD circular diagram by matching the location of the vessels. In subjects
with LC defect over two neighboring sectors, the one sector with the larger defect was
included in the analysis.

As described previously,3! one eye was randomly selected if both eyes of each patient were
free of focal LC defects or had focal LC defects. In order to increase sample size, the eye
with the focal LC defect was included if a patient had one eye with and one eye without a
focal LC defect. Subjects without a focal LC defect were matched to those with defects for
VF mean deviation (MD) by frequency matching to minimize the influence of the glaucoma
severity on LC defect, cpRNFL thickness, and vessel density. Specifically, patients with
focal LC defects were matched to patients without LC defect in 3 severity bins based on VF
MD: early POAG (MD > -6 dB), moderate POAG (MD from —6 dB to —12 dB) and
advanced POAG (MD < -12 dB).
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STATISTICAL ANALYSES

RESULTS

Clinical characteristics, OCTA vessel densities and SDOCT thicknesses were compared
between glaucomatous eyes with and without focal LC defects. The normality assumption
was assessed by inspecting histograms. An independent samples Student’s t-test was used
for group comparison for normally distributed variables, the Mann-Whitney test or
Wilcoxon test was used for continuous non-normal variables, and the chi-square test was
used for categorical variables. All statistical analyses were performed with JMP Pro version
12 (SAS Institute Inc., Cary, NC). The alpha level (type | error) was set at 0.05.

After frequency matching for severity of POAG by VF MD, 46 eyes of 46 patients with
focal LC defects and 54 eyes of 54 patients without LC defects were included in the
analysis. As reported previously, there was an excellent interobserver agreement in
determining the presence of the LC defect in this study population (Kappa = 0.84; 95%
confidence interval, 0.76-0.91; P < 0.001).31 Demographics and ocular characteristics of the
study groups are summarized in Table 1. The two study groups were comparable in terms of
age, race, systemic and ocular characteristics, and glaucoma disease severity (as defined by
average RNFL thickness in addition to VF MD).

Table 2 presents the OCTA measured macular vessel densities and SDOCT measured
macular thickness in eyes with and without LC defects. Eyes with and without a focal LC
defect had similar macular OCTA vessel densities (51.62% and 50.86 %, respectively; P=
0.363) and mGCC thickness (80.79 pm and vs 81.33 um, respectively; P=0.817). In
contrast, there was a higher GCC-FLV in eyes with LC defect compared to eyes without one
(7.21% vs 4.97%, respectively; P=0.032).

Of the 46 eyes with LC defects, 29 had defects in only the inferotemporal region, 7 had
defects in only the superotemporal region and 10 eyes had defects in both the inferotemporal
and superotemporal regions. In subgroup analyses of eyes with (39 eyes) and without LC
defects in the inferotemporal region, the only significantly different parameter in terms of
macular thickness and vessel density was GCC-FLV [7.34% + 5.60% (5.49%, 9.18%) vs
5.15% =+ 4.74% (3.93%, 6.36%), P=0.040]. Subgroup analyses of 17 eyes with a LC defect
in the superotemporal sector with the eyes without a defect in that sector showed no
statistically significant differences in terms of macular vessel density and thickness.

The association between peripapillary vessel density in the same sector as the defect was
evaluated. In eyes with a LC defect in the IT sector, IT circumpapillary vessel density was
correlated with inferior macular vessel density (R?=0.293, P=0.0004) and inferior average
macular thickness (R?=0.165, P=0.011). Although eyes with a ST LC defect were correlated
with the corresponding area of macula thickness (i.e. superior average macular thickness
(R2=0.573, P=0.0004)), the topographic relationship was not significant for macular vessel
density (Table 3).

J Glaucoma. Author manuscript; available in PMC 2019 April 01.
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DISCUSSION

This study compared macular vessel density measurements in POAG eyes with and without
focal LC defects using OCTA. Macular vessel density parameters (wiVD, pfVD) in POAG
eyes with and without focal LC defect were not significantly different. Until now, there has
been sparse information of the utility of OCTA vessel density in POAG with and without LC
defect, especially with regards to macular vessel density. This study now offers some novel
insights into the impact of LC defects on macular vessel density.

Previous work has shown that focal LC defects and impaired ocular hemodynamics may be
etiologically related and inseparable in glaucomatous optic nerve injury. 3* Further our
group recently showed that OCTA peripapillary vessel density was significantly lower in
POAG eyes with focal LC defects compared to eyes without LC defects. In addition,
reduction of peripapillary vessel density was spatially correlated with the location of the LC
defect.3! In the current study, macular vessel density parameters (wiVD, pfVD) were not
significantly different in POAG eyes with and without focal LC defects.

For this study, the sample size was larger than in our earlier study.3! Assuming a similar
difference in measurements between groups and a similar variability within groups for
circumpapillary OCTA vessel density measurements, we would have had 80% power to
detect a significant change with 48 eyes per group. In a recent study, 3° the standard
deviation of pfVD in glaucoma eyes was smaller than the standard deviation of cpVD; this
suggests that our calculated power is conservative. The pfVD standard deviation in the
previous study was actually almost identical to that of the current study3® (both 4.2%). A
difference of 2.8%3° would be detectable with 90.8% power; a sample size of 39 eyes per
group would have been sufficient for 80% power. A 3.8% difference with this variability
estimate3! would be detectable with 99.6% power. To detect a smaller difference between
groups of 2.5%, 49 eyes per group would be needed with 80% power. In this study, the
difference in pf\VD between eyes with LC defect and without was substantially smaller than
what would have been expected from previous studies (0.79%). Moreover, with such a
magnitude of difference, it is not likely to be clinically meaningful even if there were a large
enough sample for this difference to be statistically significant given the variability of the
measurement.

In terms of macular vessel density in glaucomatous eyes, our result is different from reported
in other studies, because we did not find any difference between study groups. Reduced
macular vessel density has been reported in the perimetrically intact hemiretinae of
glaucoma eyes with a single-hemifield defect.3> A recent study by Liu et al.38 compared
OCTA retinal vasculature measurements between nonarteritic anterior ischemic optic
neuropathy (NAION) and open angle glaucoma (OAG) with altitudinal hemifield visual field
defects. The NAION group demonstrated a marked decrease in cpVD while the OAG group
demonstrated a significant decrease in pf\VD.

One possible explanation for the observed lack of association between the presence of LC
defects and parafoveal vessel density defects is that the effect of the LC defect is more
localized with ONH vessel density. Loss of structural support of the laminar beams due to
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the focal LC defect may directly or indirectly influence the local retinal microvasculature. 23
Conversely, impaired vascular supply to the laminar beams may lead to the focal disruption
of the laminar structures.

The microcirculation of the retina and choroid are end-arterial systems without anastomoses.
37 The central retinal artery (CRA) supplies the retinal circulation while the short posterior
ciliary arteries (SPCAs) supply the choroidal circulation. In a recent study by Yu et al.,.38 a
close inter-relationship of the blood supply to the ONH, retina, and choroid was
demonstrated. With fluorescent probes perfused via either the CRA or the SPCAs, they
demonstrated that appeared blood can flow between the retinal and the choroidal
vasculature. This suggests that blood flow via either the CRA or SPCAs can supply the
vasculature in the retina, choroid, and the ONH, indicating extensive potential collateral
pathways. The existence of an interplay between the blood supply to the ONH, retina, and
choroid can explain why the vascular damage in the glaucoma eyes with focal LC defects is
more localized around the optic nerve and there was no widespread damage that involve the
macular vessel density according to our study.

Macular thickness measurements also were compared in these two study groups. They were
not statistically different between eyes with LC defect and those without for most
measurements. Only GCC-FLV (%) was different between the two groups, but the relatively
high p-value (p=0.032) combined with the lack of significant differences between other
variables suggests that this could be an artefact of multiple comparisons. Moreover, a recent
longitudinal study suggests that at least in some eyes, macular microvascular dropout is
detectable before GCC thinning. 31. However, given that a number of studies suggest that
GCC-FLV is one of the most reliable predictors for glaucoma progression in SDOCT
measurements, 3% 40 it is perhaps worth investigating this relationship further with a larger
sample size. In the current study, we were able to identify and recruit only a limited number
of eyes with localized lamina cribrosa defects. This is not surprising as a recent study
identified only 20 eyes with localized LC defects from a sample of 182 glaucoma eyes
(6.6%) using swept-source OCT. 41

One possible explanation for such a phenomenon if it does exist is that the focal structural
loss may be a more reliable indicator of early glaucoma damage than diffuse thinning, which
is more likely to be a normal anatomical variant.#? Furthermore, the macular GCC is
mapped over a wider area (7 x 7 mm?) than macular vessel density measurements (3 x 3
mm?) which may allow for a more sensitive detection of focal loss. Finally, focal loss that
involves the macula may be a common pattern of glaucoma damage and may be reflective of

the increased vulnerability of the inferotemporal disc and inferior macula or superior visual
ﬁe|d_19,21,29

Subgroup analysis in eyes with LC defects localized to ONH inferotemporal sectors showed
that the inferotemporal peripapillary vessel density is associated with vascular (wiVD,
pfVD, inferior hemifield and inferior vessel density) and thickness (nGCC, GCC-FLYV,
GCC-GLV) parameters. In eyes with LC defects localized to ONH superotemporal sectors,
superotemporal peripapillary vessel density was associated with macular thickness
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parameters but not macular vessel densities. One possible explanation for this topographic
association, could be the concept of macular vulnerability zone in glaucoma. 2829

This study has several possible limitations. First, the identification of focal LC defects was
based on subjective observation and it is sometimes challenging to visualize the deep ONH
structures. However, this limitation was addressed at least in part by having two graders
determine the presence of LC defects and the excellent interobserver agreement in
determining the presence of the LC defect (kappa = 0.84). Secondly, two different devices
were used for image acquisition, so some may argue that they cannot be accurately related in
terms of LC defect location and vessel density. The current SDOCT (Avanti) in which
OCTA (AngioVue) software is incorporated does not have an enhanced depth imaging
technique to image LC, so it was necessary to use another instrument for LC imaging that
allows detailed analysis of the laminar structure. Therefore, SSOCT was used for the lamina
analysis. However, the OCTA image is directly derived from SDOCT B-scans. SSOCT and
SDOCT images were aligned by matching the large vessels, so it is unlikely that there is a
significant error in evaluating the topographic relationship between vessel density and focal
LC defects. Finally, this study was cross-sectional and non-interventional and because of
that, we could not detect any cause and effect relationship. Also, we were not able to
evaluate the potentially confounding impact of anti-glaucoma drops, BP-lowering
medications, and systemic conditions on the vascular measurements. Therefore, despite the
absence of differences in BP, IOP, or MOPP measurements between our study populations,
one cannot dismiss the effect of these factors on vascular measurements. Effects of ocular
and systemic conditions and the use of medications on vascular measurements is a topic for
further studies.

In conclusion, in POAG eyes with comparable severity of glaucomatous damage, macular
vessel density was similar between eyes with and without focal LC defects. However, a
significant difference was found in GCC-FLV between POAG eyes with and without LC
defects. These results suggest that OCTA and structural measurements of the macula are
complementary, and highlight the importance of not relying solely on OCTA macular vessel
density for determining the possible influence of lamina defects on the macula for
diagnosing and detecting progression of glaucoma.
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Figurel.
Optical coherence tomography angiography (OCT-A) retinal nerve fiber layer vessel density

map of optic nerve head (top) and macula (bottom) and corresponding segmentation that
have been used in this study. cpVD: circumpapillary vessel density, pfVD: perifoveal vessel
density, IN: inferior nasal, NL: nasal lower, NU: nasal upper, SN: superonasal, ST:
superotemporal, TU: temporal upper, TL: temporal lower, IT: inferior temporal, SUP:
superior, TEM: temporal, INF: inferior, NAS: nasal.
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Figure2.
A representative glaucoma eye with lamina cribrosa defect. Top: Lamina cribrosa defect is

seen in horizontal B-scan image of the swept source (SS)-OCT. Middle: Optical coherence
tomography angiography (OCT-A) Vessel density map of the peripapillary retinal nerve fiber
layer (RNFL) (left) and macular superficial layer (right)) illustrating reduced vessel density.
Bottom: optic nerve head thickness map (left) and macular ganglion cell complex (mGCC)
thickness map (right). Note that peripapillary RNFL thickness is within normal limit in all
sectors but mGCC thickness map shows thickness loss.
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Table 1
Demographics and Ocular Characteristics of the Study Population”
| Eyeswith Focal L C Defect (46 Eyes, 46 | Eyeswithout Focal L C Defect (54 Eyes, 54 | P Value
Patients) Patients)
Age (yrs) | 71.45 (67.37, 75.53) | 70.82 (67.99, 73.65) | 0.794**
Gender (male/female) | 16/30 | 33021 | 0.000%
Race, n African American 9 African American 10 0.6567%
Caucasian 7 White 31
White 24 Other 13
Other 13
Self-reported diabetes, n (%) | 6 (13.0) | 1(1.8) | 0.029%
Self-reported hypertension, n (%) | 19 (41.3) | 27 (50.0?) | 0.384%
Spherical Equivalent (D) | -1.13 (-1.73, -0.53) | -0.64 (-1.13, -0.15) | 0.204%
CCT (um) | 533.28 (520.50, 546.06) | 534.04 (523.91, 544.18) | 0.923¥
10P (mmHg) | 14.48 (12.81, 16.16) | 14.27 (13.05, 15.51) | 0.835¥
Axial length (mm) | 24.14 (23.64, 24.66) | 24.03 (23.68, 24.38) | 0.702¥
SBP (mmHg) | 127.02 (122.03, 132.02) | 125.16 (121.04, 129.29) | 0.560¥
DBP (mmHg) | 80.19 (77.04, 83.35) | 717.29 (74.62, 79.97) | 0.160¥
MOPP (mmHg) | 54.78 (52.12, 57.46) | 52.97 (51.12, 54.82) | 0.047¥
VF MD (dB) | -5.63 (~7.47, -3.80) | -4.64 (-6.20, -3.08) | 0.404%
VF PSD (dB) | 5.68 (4.52, 6.84) | 479 (3.80, 3.05) | 0.242"
Disc area (mm?) | 2,03 (191, 2.15) | 2,05 (1.93, 2.18) | 0.782¥
RNFL thickness (um) | 76.14 (72.45, 79.83) | 78.79 (74.65, 82.93) | 0.347¥

N
Unless otherwise indicated, continuous variables are shown as mean (95% CI)

LC: lamina cribrosa; D: diopters; CCT: central corneal thickness; IOP: intraocular pressure; SBP: systolic blood pressure; DBP: diastolic blood
pressure; MOPP: mean ocular perfusion pressure; VF MD: visual field mean deviation; VF PSD: visual field pattern standard deviation; dB:
decibels; RNFL: retinal nerve fiber layer.

*
Comparison was performed by using the Mann Whitney test.

fComparison was performed by using the chi-square test.

¥ . P
Comparison was performed by using independent samples t test.
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Comparison of Optical Coherence Tomography Angiography Macular Vessel Density and Macular Thickness
between the Primary Open-Angle Glaucoma Subjects with and without a Focal Lamina Cribrosa Defect.

Glaucoma Eyes with Focal L C Defect (46 Eyes, Glaucoma Eyes without Focal L C Defect (54 P Value
46 Patients) Eyes, 54 Patients)

wiVD 49.12 (47.93, 50.30) 48.55 (47.45, 49.65) 0.490
pfVD 51.62 (50.40, 52.84) 50.86 (49.73, 51.98) 0.363
Superior hemifield VD 52.08 (50.85, 53.31) 50.92 (49.79, 52.04) 0.173
Inferior hemifield VD 51.15 (49.85, 52.45) 50.78 (49.59, 51.97) 0.682
Temporal sector VD 50.10 (48.86, 51.34) 50.02 (48.87, 51.17) 0.932
Superior sector VD 52.89 (51.57, 54.21) 51.45 (50.23, 52.68) 0.118
Nasal sector VD 52.25 (50.88, 53.63) 50.84 (49.58, 52.11) 0.137
Inferior sector VD 51.21 (49.79, 52.64) 51.09 (49.77, 52.41) 0.900
mGCC (um) 80.79 (77.40, 84.17) 81.33 (78.23, 84.42) 0.817
Superior Avg (um) 83.82 (80.16, 87.48) 81.98 (78.64, 85.32) 0.463
Inferior Avg (um) 77.77 (73.48, 82.05) 80.67 (76.76, 84.59) 0.323
GCC-FLV (%) 7.21(5.71,8.71) 4.97 (3.60, 6.35)

GCC-GLV (%) 16.47 (13.60, 19.35) 14.96 (12.38, 17.59) 0.442

LC: lamina cribrosa; wiVD: whole image vessel density; pfVD: parafoveal vessel density; VD: vessel density; mGCC: macular ganglion cell
complex; Avg: average; FLV: focal loss volume; GCC: ganglion cell complex; GLV: global loss volume; Continuous variables are shown as mean

(95% CI). The OCT-A parameters between eyes with and without a focal LC defect were compared using independent samples t test.
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Relationship of Optical Coherence Tomography Angiography Circumpapillary Vessel Density in the Same
Peripapillary Sector with LC Defect to the Macular Vessel Density and Thickness.

IT VD (%) in Glaucoma Eyeswith Focal IT LC

Defect (39 Eyes, 39 Patients)

ST VD (%) in Glaucoma Eyeswith Focal ST LC

Defect (17 Eyes, 17 Patients)

R2 P value R2 P value
wiVD 0.189 0.005 0.018 0.610
pfvD 0.150 0.015 0.018 0.607
Superior hemifield VD | 0.051 0.166 0.014 0.648
Inferior hemifield VD | 0.265 0.0008 0.016 0.627
Temporal sector VD 0.164 0.010 0.093 0.231
Superior sector VD 0.044 0.195 0.007 0.746
Nasal sector VD 0.046 0.191 0.0007 0.915
Inferior sector VD 0.293 0.0004 0.006 0.762
mGCC (um) 0.148 0.017 0.421 0.005
Superior Avg (um) 0.023 0.363 0.573 0.0004
Inferior Avg (um) 0.165 0.011 0.066 0.320
GCC-FLV (%) 0.461 <0.0001 0.319 0.018
GCC-GLV (%) 0.406 <0.0001 0.410 0.006

LC: lamina cribrosa; IT: inferotemporal; ST: superotemporal; VD: vessel density; wiVD: whole image vessel density; pfVD: parafoveal vessel
density; mGCC: macular ganglion cell complex; Avg: average; FLV: focal loss volume; GCC: ganglion cell complex; GLV: global loss volume.
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