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Abstract

Purpose: To evaluate the association between optical microangiography (OMAG) measurements
and progressive ganglion cell-inner plexiform layer (GCIPL) loss in primary open angle glaucoma
(POAG).

Design: Prospective case-series

Methods: Sixty-three eyes of 38 POAG patients were studied for at least 2 years and with at
least 3 optical coherence tomography (OCT) examinations. Only those hemifields with mild to
moderate functional damage at baseline (106 hemifields) were included in the analysis. OMAG
imaging was performed at the baseline visit. Effect of clinical parameters (age, gender, central
corneal thickness, presence of disc hemorrhage, mean and fluctuation of intraocular pressure),
baseline mean deviation (MD), retinal nerve fiber layer (RNFL) and ganglion cell inner plexiform
layer (GCIPL) thickness and baseline OMAG measurements (peripapillary and macular perfusion
density [PD] and vessel density [VD]) on the rate of change of GCIPL thickness was evaluated
using linear mixed models.

Results: Average (£ standard deviation) MD, quadrant RNFL and sector GCIPL thickness of the
analyzed hemifields respectively at baseline were —5.2+2.8 dB, 94.5+20.0 um, and 72.4+8.7 um
respectively. Peripapillary PD and VD in the quadrant were 43.1+7.0% and 17.0+2.6 mm/mm?
respectively. Macular PD and VD in the quadrant were 37.2+6.9% and 15.1+ 2.6 mm/mm?
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respectively. Rate of sector GCIPL change was —0.97+0.15 pm/year. Multivariate mixed models
showed that lower peripapillary PD (coefficient: 0.04, p=0.01) and VD (coefficient: 0.09, p=0.05)
were significantly associated with faster rate of GCIPL loss.

Conclusions: Lower baseline peripapillary OMAG measurements were significantly associated
with a faster rate of GCIPL loss in mild to moderate POAG.

INTRODUCTION

Optical coherence tomography (OCT) angiography is a relatively recent, non-invasive,
dye-less technology which enables visualization of the blood vessels of the optic nerve
head (ONH) and retina.! OCT angiography (OCTA) achieves blood vessel visualization by
using software algorithms that analyze the variation in the OCT signal caused by moving
particles within the vessels, such as red blood cells.! There are several different algorithms
that are commercially available for OCTA including split spectrum amplitude-decorrelation
angiography (SSADA, RTVue-XR SD-OCT, Optovue Inc., Fremont, CA),2 3 OCTA ratio
analysis (OCTARA, DRI OCT Triton, Topcon, Japan)* and optical microangiography
(OMAG, Cirrus HD-OCT, Carl Zeiss Meditec Inc., Dublin, CA).>~7 Irrespective of the
type of algorithm applied, one prominent OCTA feature in eyes with glaucoma is the
reduction of superficial vessels in the peripapillary and macular regions.? 811 A few studies
have evaluated the association between baseline superficial vascular parameters measured
using OCTA and the risk of primary open angle glaucoma (POAG) progression.12-16 Some
studies found no association between the density of superficial vessels at baseline, and
visual field (VF) progression.13: 14 Results of studies evaluating the association between
baseline OCTA parameters and progressive retinal nerve fiber layer (RNFL) thinning have
been contradictory. Although lower densities of superficial vessels in the peripapillaryl2: 16
and macularl2 regions were found to be associated with faster RNFL thinning in few
studies, others found no association between these parameters.13-15 The difference in

these study results can have several possible explanations, including the use of different
OCTA algorithms to delineate the retinal vasculature. While most of the studies used the
SSADA algorithm,12:13. 15 gne study used OCTA ratio analysisl and another used optical
microangiography.16

There only have been few reports describing the association between OCTA parameters
and progressive macular inner retinal (ganglion cell-inner plexiform layer, GCIPL)
thinning. Two studies, one using SSADA and another used the OCTARA algorithm,
found no association between superficial macular vessel density and progressive GCIPL
thinning.1# 15 However, the utility of OMAG measurements in predicting progressive
GCIPL thinning in POAG previously has not been described. The purpose of the

present study was to evaluate the association between baseline OMAG measurements and
progressive GCIPL loss in POAG patients.

METHODS

This report was an analysis of participants included in a prospective longitudinal study
designed to evaluate optic nerve structure, vasculature and visual function in glaucoma
(Narayana Nethralaya Glaucoma Progression Study, NNGPS) conducted at Narayana
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Nethralaya, a tertiary eye care center in Bengaluru, South India. The detailed methodology
of NNGPS has been described earlier.16 Participants in NNGPS include normal subjects,
patients with different subtypes of glaucoma and glaucoma suspects, who are serially
evaluated clinically and with functional and imaging tests every 6 to 12 months. All
participants from the study who met the inclusion criteria described below were enrolled
in the current report. The methodology adhered to the tenets of the Declaration of Helsinki
for research involving human subjects. Written informed consent was obtained from all
participants and the study was approved by the Ethics Committee of Narayana Nethralaya.

Baseline and follow-up examinations consisted of a comprehensive eye examination
(including review of medical history, best-corrected visual acuity (BCVA), slit-lamp
biomicroscopy, Goldmann applanation tonometry, gonioscopy, and dilated fundus
examination using a 90-diopter (D) lens), stereoscopic optic disc photography, OCT imaging
with Cirrus HD-OCT (model 5000), and visual field (VF) examination with standard
automated perimetry.

Inclusion criteria for all participants were age =18 years, corrected distance visual acuity
of 20/40 or better and refractive error within £5 D sphere and £3 D cylinder. Exclusion
criteria were presence of any media opacities that prevented good quality OCT and OCTA
scans, or any retinal or neurological disease (other than glaucoma) which could confound
the evaluation. For the current study, only those POAG patients with at least 2 years of
follow-up and a minimum of 3 HD-OCT scanning sessions were included. Eyes were
classified as having glaucoma if they showed characteristic glaucomatous VF damage and
optic disc changes (defined below). Eyes that underwent any intraocular surgery during the
follow-up (cataract, glaucoma or combined cataract and glaucoma surgery) were excluded
from the analysis.

All participants underwent a baseline VF examination using the Humphrey Field analyzer
3 (model 860, Carl Zeiss Meditec Inc., Dublin, CA), and the Swedish interactive threshold
algorithm (SITA) standard 24-2 program was performed. VVFs were considered reliable if
the fixation losses were less than 20%, and the false positive and false negative response
rates were less than 15%. The VF was considered glaucomatous if the glaucoma hemifield
test result was outside normal limits, pattern standard deviation was abnormal at p<5%
level, or =3 test points in a cluster on pattern deviation probability plot were abnormal at
p<5% with at least one point abnormal at p<1%. Visual sensitivity loss quantified by mean
deviation (MD) was used to determine the severity of functional damage. In addition to the
overall MD of the field, MD of both the superior and inferior hemifields as provided on
the Glaucoma Workplace (software version 3.5, Carl Zeiss Meditec Inc., Dublin, CA) were
used in the current analysis. Superior and inferior VF hemifields were evaluated separately
for inclusion and VF hemifields with MD worse than =12 dB were excluded to ensure the
ability to detect progressive GCIPL thinning without reaching the measurement floor.

OCT scanning was performed using the optic disc cube 200x200 and macula cube 200x200
scan protocols. From the optic disc cube scans, RNFL thickness was calculated along a
circle 3.46 mm in diameter positioned evenly around the center of the optic disc. Average
RNFL thickness over the entire circle as well as the 4 quadrants (temporal, superior, nasal
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and inferior) of 90 degrees each were determined. In the current study, RNFL thickness in
the superior and inferior 90 degree quadrants were analyzed. From the macula cube scans,
GCIPL thickness measurements were calculated within a 14.13-mm? elliptical annulus
centered on the fovea with an inner vertical radius of 0.5 mm and outer vertical radius of

2 mm, stretched horizontally by 20%. The thickness parameters derived from the macula
scan were the average GCIPL thickness across the entire elliptical annulus and the thickness
at six 60-degree sectors (superior, supero-nasal, infero-nasal, inferior, infero-temporal, and
supero-temporal) of the elliptical annulus. In the current study, GCIPL thickness in the
superior and inferior 60-degree sectors alone were used for analysis as these are the sectors
analyzed in the trend-based progression reports on the Glaucoma Workplace. Also, these
are the sectors that closely correspond to the superior and inferior quadrant of the macular
OMAG scans used in the current study (described below).

OCTA of the peripapillary region and the macula was performed by trained technicians at
the baseline visit using Cirrus HD-OCT (software version 10.0.0.14618). The procedure of
OCTA imaging with Cirrus HD-OCT has been detailed previously.”- 16-18 The algorithm
used to achieve blood vessel delineation on Cirrus HD-OCT is the optical microangiography
(OMAG).5 OMAG utilizes both the intensity and phase information from B scans repeated
at the same position to delineate blood vessels.” The peripapillary and macular regions were
imaged using a 6x6 mm cube scan centered on the optic disc and the fovea respectively

as described previously.1”- 18 The 6x6 mm scan pattern has 350 A-scans in each B-scan
along both the horizontal and the vertical directions. Each B-scan is repeated 2 times in the
6x6 mm scan. The manufacturer’s retinal tracking technology was used to reduce motion
artifacts. From the volume scans, retina and choroid were segmented into multiple slabs

and 2-dimensional angiographic images of each slab were generated. In the current study,
angiographic images of the superficial peripapillary and superficial macular slabs were
analyzed. The inner boundary of the superficial retinal slab is the internal limiting membrane
(ILM) and the outer boundary is the inner plexiform layer (IPL). Angiometric software of
the Cirrus HD-OCT automatically calculates 2 parameters from the superficial retinal layer
slab, namely perfusion density (PD) and vessel density (VD) and perfusion density (PD). PD
is defined as the total area of perfused vasculature per unit area in the region of measurement
(measured as %). VD is defined as the total length of perfused vasculature per unit area

in the region of measurement (measured as mm/mm2). The angiometric software, primarily
designed to be used at the macula, calculates the vessel and perfusion density parameters

in the various sectors of the Early Treatment Diabetic Retinopathy Study (ETDRS) grid
placed over the macula (Figure 1a). The same grid was placed on the peripapillary scan

and manually centered on the optic disc as shown in Figure 1b. Angiometric parameters
measured on the 4 outer sectors of the grid, i.e., between the outer 2 circles (temporal,
superior, nasal and inferior sectors), were determined. In the current study, the OMAG
measurements from the superior and inferior outer quadrants (each of 90 degree) of the
baseline peripapillary and macular scans were analyzed.

The dependent variable in the current analysis was the rate of change of GCIPL thickness
over time (defined in the statistical analysis section) measured on the serial macular cube
scans. The follow-up macular cube scans were referenced to the baseline scan using the
manufacturer’s “track to prior scan” option from the time this feature was available.®

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 03.
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When the “track to prior scan” option is selected, the previously saved scanning laser
ophthalmoscopy (SLO) fundus image of the baseline scan is overlaid in the scan pattern box
over the live SLO fundus image matching for the blood vessel branchings; this allows the
repeat scans to be tracked and acquired exactly on the baseline scan.

All the baseline examinations for a particular subject were performed on the same day.
Image quality was assessed for all OCT and OMAG scans. Poor quality images, defined as
those with a signal strength less than 6, and images with motion artifacts and segmentation
errors were excluded from the analysis. Additionally, OMAG images with poor clarity or
local weak signal were also excluded.

STATISTICAL ANALYSIS

Descriptive statistics included mean and standard deviation for continuous variables

and percentages for categorical variables. The effect of clinical, VF, OCT and OMAG
parameters on rate of change of sector GCIPL thickness (GCIPL slope) was evaluated

using multilevel linear mixed models with random intercepts and random slopes.20: 21

In this multilevel model, GCIPL sector (level 1) was nested within eye (level 2) and

the eye was nested within subject (level 3). The change in the outcome variable (sector
GCIPL thickness) was explored using a linear function of time, and random intercepts

and random slopes introduced patient-, eye- and quadrant-specific deviations from the
average value. The model accounts for the fact that different sectors and eyes can have
different GCIPL slopes over the follow-up period, while accommodating correlations
between the two sectors and/or both eyes of the same individual because of the nested
design.20: 21 Because the rate of GCIPL change may depend on the disease severity, an
unstructured covariance between random effects was assumed, allowing for correlation
between intercepts and slopes.22 Effects of predictor variables were assessed on the baseline
sector GCIPL thickness (baseline severity), and on the change in GCIPL thickness over
time by introducing interaction terms between time and predictor variables. The clinical
parameters (predictors) investigated for their association with baseline GCIPL thickness and
rate of GCIPL thickness change were the age, gender, presence of hypertension, diabetes,
central corneal thickness (CCT), presence of DH, follow-up duration, mean 10P and the
fluctuation (standard deviation) of IOP during the follow-up. The baseline VF, OCT and
OMAG predictors investigated were the hemifield MD, sector GCIPL thickness, quadrant
RNFL thickness, peripapillary PD and VD, and macular PD and VD. Univariate models
were constructed containing one predictor along with its interaction with time. Predictors
associated with the rate of GCIPL change at P<0.10 in univariate analysis were introduced
into multivariate analysis. Collinearity between predictor variables were evaluated and
predictors which correlated with each other (correlation coefficient of >0.60) were evaluated
in separate multivariate models. Rates of sector GCIPL change were obtained from the
linear mixed models using best linear unbiased prediction (BLUP).23: 24 Statistical analyses
were performed using Stata software version 14.2 (StataCorp, College Station, TX). A p
value of <0.05 was considered statistically significant for the final analysis.

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 03.
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One hundred and six VF hemifields with mild to moderate functional loss from 63 eyes of
38 POAG patients were included in the study. Table 1 shows the baseline clinical, VF, OCT,
OMAG features of the included patients. Table 1 also shows the mean and fluctuation of
IOP during the follow-up duration. Mean follow-up duration was 3.0 + 0.8 years and mean
number of OCT examinations performed during the follow-up was 4.1 + 1.1 (range 3-7).
Mean number of anti-glaucoma medications at baseline was 1.2 + 0.7. One eye had poor
quality optic disc OMAG scan, 10 eyes had poor quality macular OMAG scans and 3 eyes
had poor quality both on disc and macular OMAG scans. OMAG data of these eyes were
excluded while the rest of the data from these eyes were used for the analysis. DH during the
follow-up duration was noted in 6 quadrants of 6 eyes (1 superior and 5 inferior quadrant).
The lens was clear at the baseline visit in 36 eyes, pseudophakic in 7 eyes and showed early
cataractous changes (peripheral cortical changes, nuclear sclerosis grade 1) in 20 eyes. Rate
of change of GCIPL thickness (GCIPL slope) was —0.97 + 0.15 pm/year (p<0.001). Rate of
GCIPL change in the superior sector was —0.90 um/year (95% CI: —1.26 to —0.54) and that
in the inferior sector was —1.03 pm/year (95% CI: -1.39 to -0.67).

Table 2 shows the effect of each predictor on the baseline GCIPL thickness in univariate
analysis. Thinner baseline GCIPL value (greater severity of disease) was significantly
associated with lower spherical equivalent refraction (more myopic), lower MD, thinner
RNFL, and lower OMAG measurements. Table 2 also shows the effect of each predictor
on the sector GCIPL slope. Faster rate of GCIPL loss (more negative slope) was
associated with greater age (coefficient= —0.03, p=0.02), female gender (coefficient= -0.77,
p=0.05), presence of disc hemorrhage (coefficient= —0.93, p=0.03), lower peripapillary
PD (coefficient= 0.04, p=0.01, Figure 2a) and lower peripapillary VD (coefficient= 0.09,
p=0.04, Figure 2b). GCIPL slope was not significantly associated with either the baseline
MD, RNFL thickness, GCIPL thickness, macular OMAG measurements, central corneal
thickness, or the IOP parameters. GCIPL slope was also not associated with changes in the
signal strength of the follow-up macular cube scans.

Table 3 shows the results of multivariate models incorporating the factors found to be
significantly associated with rate of GCIPL change in univariate analysis. As collinearity
was noted between peripapillary PD and VD (correlation coefficient=0.98, p<0.001),
separate multivariate models were built incorporating each of them with the other predictors
found to be significantly associated with rate of GCIPL change on univariate analysis. A 1%
lower peripapillary PD at baseline was associated with a 0.04 pm/year faster rate of GCIPL
loss (p=0.01) in the corresponding sector. Similarly, a Imm/mm? lower peripapillary VD

at baseline was associated with a 0.09 um/year faster rate of GCIPL loss (p=0.05) in the
corresponding sector. Figure 3 is an example of an eye showing baseline peripapillary and
macular OMAG and OCT scans (a-d) along with GCIPL changes in superior and inferior
sectors during the follow-up (e-h).

Multivariate models including age, mean IOP during follow-up, presence of DH, CCT and
baseline MD in addition to OMAG parameters were also constructed, as these factors have
been reported to be associated with glaucoma progression in previous studies. The results

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 03.
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showed that older age (coefficient=—0.03, p=0.01), occurrence of DH (coefficient=—0.77,
p=0.02), baseline peripapillary PD (coefficient=0.04, p=0.02) and VD (coefficient=0.08,
p=0.06) were associated with the GCIPL slope.

DISCUSSION

In the current study, baseline peripapillary OMAG parameters were significantly associated
with progressive GCIPL loss in POAG patients with mild to moderate severity of functional
damage. A 1% lower quadrant peripapillary PD at baseline was associated with a 0.04
um/year faster rate of GCIPL loss (p=0.01) in the corresponding sector. Similarly, a 1
mm/mm? lower peripapillary VD at baseline was associated with a 0.09 pm/year faster
GCIPL thinning (p=0.05) in the corresponding sector. Macular OMAG measurements at
baseline were not associated with GCIPL thinning.

Association between baseline OCTA measurements and progressive GCIPL loss has been
evaluated previously in two studies.}4 15 Lij et al evaluated the association between baseline
OCTA parameters and GCIPL progression in a Chinese population over a mean follow-up
of 29.39 months.1* The OCTA algorithm used was OCTA ratio analysis, an algorithm
which uses the full spectrum of the OCT signal for blood vessel delineation. GCIPL
progression was a binary variable defined as the presence of a negative GCIPL slope

with p value <5%.14 They found that a larger foveal avascular zone (FAZ) area was
significantly associated with GCIPL progression. Superficial capillary densities (without
large vessels) in the peripapillary and macular area were not significantly associated with
GCIPL progression.1* The differences in the results between this and the current study may
be due to the differences in the characteristics of the subjects (disease characteristics and
ethnicity), OCTA algorithm or the definition of the outcome variable. In another study, Ye
et al evaluated the association between GCIPL loss and macular OCTA parameters over a
mean follow-up period of 36.6 months.1> Macular OCTA was performed using 3 mm x 3
mm scan with the SSADA algorithm. Peripapillary OCTA was not performed in this study.
Similar to the results of the current study, Ye et al too found that the baseline macular vessel
density (vessel density on the OCTA device using the SSADA algorithm was similar to PD
on OMAG) was not associated with progressive GCIPL loss (coefficient: 0.0002, p=0.77)
when assessed using linear mixed models. While the current study included eyes with mild
to moderate glaucoma, both the above studies by Li et al and Ye et al included eyes with
advanced severity of glaucoma (MD worse than =12 dB), as well. It is known that the
structural measurements of OCT show a floor effect in advanced glaucoma, although to a
larger extent with RNFL than GCIPL thickness,2>~28 and therefore are less likely to show
further worsening even in progressing eyes.2? In the current study, glaucoma severity was
additionally evaluated hemifield-wise and the hemifields with MD worse than —12 dB were
excluded.

A plausible reason for the association between lower OMAG measurements and faster
GCIPL loss is the possibility of more rapid retinal ganglion cell (RGC) death in eyes with
lower OMAG measurements. Alternatively, it may be due to the existence of dysfunctional
RGCs that have lower metabolic demand causing reduction in OMAG measurements.12
Strangely, the current study found that a faster GCIPL loss was associated with lower

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 03.
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baseline peripapillary OMAG measurements, but not with macular OMAG measurements.
We speculate that the reduction of peripapillary microvasculature is more specific than
macular microvasculature in glaucoma and that the macular OCTA changes do not provide
information about the risk of glaucoma progression. This may be particularly relevant to the
Indian population as cross-sectional studies have shown that macular OCTA measurements
have a poor ability to differentiate glaucoma from control eyes.18: 30 Future studies should
evaluate if these findings are reproducible in different ethnic populations and when assessed
over longer follow-up durations.

Identification of glaucoma patients at risk of progression is useful in planning

effective management. Rate of macular inner retinal thickness (GCIPL and ganglion

cell complex, GCC) change is a commonly used structural measure of glaucoma
progression.25: 27, 28, 31-34 progressive macular inner retinal thickness loss is associated
with concurrent and subsequent VF progression.2: 33, 35-37 The slope of GCIPL thickness
found in the present study was —0.97 um/year. Most of the previous studies using SDOCT
have reported the slope of overall average, superior and inferior sector GCIPL thickness loss
in glaucoma patients to be between —0.5 to -1 um/year.2> 27. 28, 32,34, 38

The other baseline factors significantly associated with progressive GCIPL loss in the
current study on univariate model were older age, female gender and the occurrence of disc
hemorrhage. Previous studies have also found a significant positive association of glaucoma
progression with older age and disc hemorrhage.12: 14, 39-45

Progressive GCIPL loss in the current study was not associated with the traditional measures
of disease severity at baseline (MD, RNFL thickness or the GCIPL thickness). While a few
previous studies have found an association between GCIPL loss and measures of disease
severity at baseline,14 15 38 few others have found no association between the two.32 35
Progressive GCIPL loss in the current study was also not associated with mean IOP, IOP
fluctuation or CCT. Each of these clinical factors has been reported to be associated with
glaucoma progression in a few previous studies.13: 38-42. 44-48 Ag discussed earlier, the
differences in the results of these studies may be due to the differences in the characteristics
of the subjects, length of follow-up or the definition of the outcome variable. GCIPL loss in
the current study was also not associated with the signal strength of the OCT scan similar to
that reported in a previous study.1®

The current study has a few limitations. Although appropriate statistical methods were used
for the analysis, progression rates of the 2 sectors of the same eye and two eyes of the same
patient could be correlated beyond statistical adjustments. Also, some of the parameters
evaluated for their association with progressive GCIPL loss are common to quadrants (like
IOP and CCT of the same eye) and eyes (like age and gender of the patient), and can

be beyond statistical adjustments. This may be a reason that some of these parameters,
which have been shown to be associated with glaucoma progression in previous studies,
were not statistically significantly associated with GCIPL loss in the current study. Another
limitation is that the area of VF (180°), RNFL quadrant (90°), OCTA quadrant (90°) and
GCIPL sector (60°) used for the analysis in the current study were not exactly similar
topographically. This may also be a reason for not finding an association between measures
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of disease severity at baseline and GCIPL loss. However, the regions considered here are the
ones topographically closest to each other which are automatically reported by the Cirrus-
HDOCT device. Analyzing these regions can help the clinicians better interpret the output
provided by the instrument. Another limitation is that a minimum of 3 OCT examinations
performed over a follow-up period of at least 2 years were used for the detection of the
GCIPL slope. A larger number of OCT examinations and longer duration of follow-up may
have provided a more robust estimate of GCIPL change. Also, the interval between OCT
exams was not uniform. These may have affected the accuracy and precision of the GCIPL
slope estimation. However, GCIPL slope in the current study was estimated using BLUP
instead of the ordinary least square (OLS) regression. BLUPs are shrinkage estimates that
take into account the results obtained by evaluating the whole sample of eyes.23 BLUPs
give less weight to estimates obtained from eyes with fewer measurements and/or large
intra-individual variability and have been shown to be more precise than OLS estimates

in such situations.24 Therefore, the results of the study are less likely to be biased by the
limited number and variable intervals between OCT examinations.

In conclusion, lower baseline peripapillary, but not macular, perfusion and vessel density
measured using OMAG were significantly associated with a faster rate of GCIPL loss in
POAG patients with mild to moderate severity of functional damage. Therefore, OMAG
imaging may provide useful information about the risk of glaucoma progression and the rate
of disease worsening.
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Figure 1.
Optical microangiography scans of the macula (a) and optic disc (b) showing the superficial

layer vasculature in the right eye of a primary open-angle glaucoma patient. The images also
show the Early Treatment Diabetic Retinopathy Study (ETDRS) grid centered on the macula
and optic, and the perfusion density measurements calculated in each sector of the grid. In
the current study, measurements from the superior and inferior outer quadrants (30.9% and
19.1% respectively in figure 1a and 51.1% and 41.0% respectively in figure 1b) of the scans
were used for analysis.

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rao et al.

R2=10%, p<5% - R2=8%, p<5%

GCIPL slope (microns/year)
GCIPL slope (microns/year)

T T T T .

30 40
Peripapillary perfusion density (%)

Figure 2.

10 15 20
Peripapillary vessel density (mm/mm2)

Scatterplots showing the relationship between rate of ganglion cell-inner plexiform layer

(GCIPL) change and baseline peripapillary perfusion density

(a), and peripapillary vessel

density (b) of optical microangiography scan. R2 represents the coefficient of determination

of the relationship.
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Figure 3.
Example of a glaucomatous eye showing baseline peripapillary and macular optical

microangiography (a and b) and optical coherence tomography scans (c and d) obtained on
07-September-2016. Peripapillary retinal nerve fiber layer scan (figure 3c) shows thinning

in both superior and inferior quadrants. Figure 3d also shows the superior and inferior
60-degree sectors along which the ganglion cell-inner plexiform layer (GCIPL) thickness
was measured (74 and 68 microns respectively) in the current study. Figures e-h show the
follow-up scans along with the follow-up dates and the GCIPL thickness measurements

in the superior and inferior sectors. Over a follow-up of approximately 3.5 years, GCIPL
thickness in the superior sector remained stable while that in the inferior sector reduced from
68 microns to 63 microns.
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Clinical features, visual field parameters and optical coherence tomography (OCT) measurements of the
patients with primary open angle glaucoma (106 quadrants from 63 eyes of 38 patients).

Table 1.

Mean £+ SD Range
Age (years) 59.6 +11.4 40to 82
Gender (male:female) 31:7
Hypertension (n, %) 15 (39.5%)
Diabetes mellitus (n, %) 16 (42.1%)
Spherical equivalent (diopter) -04+17 -5t0 +2.5
Central corneal thickness (um) 534 + 36 451 to 598
No. of glaucoma medications at OCTA visit 1.1+0.6 Oto4
Hemifield (superior : Inferior) 55:51
Baseline hemifield mean deviation (dB) -52+28 -11.9t0-0.2
Baseline quadrant RNFL thickness (um) 94.5+20.0 44 t0 135
Baseline sector GCIPL thickness (um) 724 +£87 49t0 89
Baseline quadrant OCTA measurements
Peripapillary perfusion density (%) 43.1+7.0 19.8t052.2
Peripapillary vessel density (mm/mm?2) 17026 8.31020.3
Macular perfusion density (%) 37.2+6.9 18.6 to 50.5
Macular vessel density (mm/mm?) 151+£26 7910195
Intraocular pressure (IOP) measurements
Mean 10P during follow-up (mm Hg) 156+2.8 10.7t0 23.8
10P Fluctuation (SD) during follow-up (mm Hg) 25+18 0.5t010.1
Disc hemorrhage during follow-up (n, %) 6 (5.7%)
Follow-up duration (years) 3.0+0.38 2.1t05.0
GCIPL slope (um/year) -097+0.15 -13t0-0.7
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dB: decibel; OCTA: optical coherence tomography angiography; RNFL: retinal nerve fiber layer; GCIPL: ganglion cell inner plexiform layer.
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Results of univariate analysis evaluating the effect of each predictive variable on ganglion cell-inner plexiform
layer (GCIPL) thickness measurement at baseline and progressive GCIPL change over time (slope) in primary

open angle glaucoma eyes

Effect on baseline GCIPL thickness

Effect on GCIPL Slope

Coefficient £ SE P Coefficient £ SE P
Age 0.01+£0.10 0.91 -0.03 £0.01 0.02
Gender (Female as ref) -0.80 +3.10 0.80 0.77 £0.40 0.05
Hypertension -3.05+2.34 0.19 -0.15+0.31 0.63
Diabetes Mellitus -0.86 + 2.36 0.71 -0.27 £ 0.30 0.38
Spherical equivalent 1.62 +0.54 0.003 -0.04 +0.07 0.62
Central corneal thickness -0.06 + 0.04 0.09 0.004 +0.01 0.43
Mean deviation 0.57 £ 0.26 0.03 -0.004 + 0.04 0.93
Baseline RNFL thickness 0.27 +0.03 <0.001 -0.01+0.01 0.28
Baseline GCIPL thickness 0.99 +0.02 <0.001 -0.01+0.02 0.70
Peripapillary perfusion density 0.42 +£0.11 <0.001 0.04 £ 0.02 0.01
Peripapillary vessel density 1.16 £0.29 <0.001 0.09 £ 0.04 0.04
Macular perfusion density 0.45+0.11 <0.001 0.02 £0.02 0.25
Macular vessel density 1.27+£0.28 <0.001 0.05 £ 0.05 0.20
Mean 10P during follow-up -0.65+0.39 0.09 0.01 £ 0.05 0.90
10P SD during follow-up -0.79 £ 0.59 0.18 0.07 £ 0.08 0.41
Presence of disc hemorrhage -3.69 +2.88 0.20 -0.93+0.42 0.03
Signal strength of GCIPL scans 0.05+0.28 0.84 0.04 £0.15 0.80

SE: standard error; RNFL: retinal nerve fiber layer; IOP: intraocular pressure; SD: standard deviation.
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Results of multivariate mixed effect models showing the factors associated with the slope of ganglion cell-
inner plexiform layer thickness in primary open angle glaucoma eyes

Model 1 Model 2
Coefficient £ SE P Coefficient + SE P
Age -0.03+0.01 0.007 -0.03+0.01 0.006
Gender (Female as ref) 0.34+0.33 0.31 0.31+0.34 0.36
Presence of disc hemorrhage -0.09 +£0.29 0.76 -0.09 +0.29 0.76
Peripapillary perfusion density 0.04 £ 0.02 0.01
Peripapillary vessel density 0.09 £ 0.04 0.05

SE: standard error.
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