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Purpose:
to test a practical implementation of a perimetric strategy that integrates structural
information using the Open Perimetry Interface (OPI).
Methods:
Data from ten healthy participants were collected using the Compass Automated
Perimeter (CMP, CenterVue, Italy) through the OPI. A bespoke Shiny user interface (UI) was
used to import Optical Coherence Tomography (OCT) scans collected with a Spectralis SDOCT (Heidelberg Engineering, Heideberg, Germany) of the macula and the optic nerve head
(ONH) and align them with the fundus image captured by the CMP at the beginning of the
test (Figure 1). The test was performed using a 10-2 grid centred on the fovea of each
participant, aligned with the fovea-ONH axis. The UI also calculated the Ganglion Cell Layer
(GCL) thickness corresponding to each test location, after accounting for GC displacement.
Two perimetric strategies were tested: standard ZEST with population-based prior
distributions, and a Structural-ZEST (S-ZEST), enhanced with individual OCT data to
determine the starting parameters. The starting priors for S-ZEST were modelled using an
independent dataset of glaucoma and healthy subjects. Tests with both strategies were
repeated twice, in random order. All fundus images were aligned with the first test to ensure
spatial consistency of the tested locations. Test-retest variability was quantified with BlandAltman plots. Bootstrap was used to calculate confidence intervals (CIs) and p-values to
compare the widths of the 95%-Limits of Repeatability (LoR). Correlation between GCL
thickness and sensitivity (dB) and the difference in test duration was calculated using linear
mixed effect models. Agreement was quantified with the mean difference between the
results of the two strategies, after averaging the two repetitions.
Results:
95%-LoRs for S-ZEST were similar between the two devices (p = 0.829, Figure 2).
The structure-function correlation was significant for both strategies (p < 0.001), and very
similar between S-ZEST (R2 = 0.24) and ZEST (R2 = 0.23). There was a small but
statistically significant mean difference in sensitivity between S-ZEST and ZEST (0.56 [0.35,
0.77] dB, p = 0.034). S-ZEST was 2.7 [1.2, 3.5] minutes faster than ZEST (p < 0.001, Figure
2).
Conclusions:
S-ZEST significantly reduced testing time without reducing repeatability in healthy
observers. Further testing is required to validate this approach in patients with glaucoma.

Figure 1. Screenshots of the Shiny User Interface.

Figure 2. Comparison of the 95%-LoR (top panels), test duration (bottom left) and structurefunction correlation (bottom right).
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Abstract
Purpose
En face OCT imaging has enabled direct assessment of retinal nerve fibre bundle (RNFB)
reflectance with potential for glaucoma assessment. However, the clinical usability of the
technique remains limited due to the lack of accepted methods to identify reflectance
defects. We recently introduced a novel method for objective detection of RNFB reflectance
defects in en face images - Summary of Multiple Anatomically-Adjusted Slabs (SMAS). This
method aimed to consider variations in individual anatomy and all depths with present
RNFBs below the inner limiting membrane (Figure 1). In this study, we assessed how SMAS
abnormalities relate to conventional measures of glaucoma damage, including
circumpapillary retinal nerve fibre layer (cpRNFL) thickness and the visual field (VF).
Methods
16 participants with early-moderate glaucoma and 29 age-similar controls underwent widefield OCT, cpRNFL scans and standard automated perimetry (SAP) examination (SITAStandard 24-2). En face reflectivity was assessed objectively using SMAS. En face defects
were deemed concordant with cpRNFL thickness when they had at least one cpRNFL
thickness point with p<1%, within ±15° of the predicted insertion on the optic disc. The
proportion of concordant en face defects was measured in each eye. SAP locations with
total deviation p<2% were considered defects. For any SAP location, corresponding
reflectance was deemed abnormal if at least one en face superpixel lying within ±1° was
abnormal. Overall, positive and negative agreement were measured in each participant.
Results
Most en face abnormalities had concordant cpRNFL thickness defects at the mapped sector
(median proportion concordant: 0.85, IQR 0.74 to 0.95). In glaucoma eyes a median of 8.1%
(range 2.4% to 23.7%) of locations showed corresponding defects on both en face OCT and
SAP. SAP had moderate-good raw agreement with en face analysis (median 0.66, IQR: 0.57
to 0.77), with stronger agreement on normal findings compared to defects (0.77, IQR 0.66 to
0.86 & 0.40, IQR 0.24 to 0.47).
Conclusions
Reflectance defects objectively detected with SMAS showed strong concordance with
conventional cpRNFL thickness loss, and good agreement with SAP. All participants had a
number of locations with abnormal reflectivity and function, and the diagnostic capability of
similar criteria to detect early glaucoma deserves further assessment.
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Figure 1
Example of SMAS analysis showing glaucoma defects captured by different slabs at
increasing depth below the inner limiting membrane. The bottom-right deviation map
combines abnormal superpixels (p<0.01) found in any slab.

Title
Recovery of a laser retinal damage case observed with adaptive optics retinal imaging and
microperimetry
Purpose
We present a laser eye injury case in which an adaptive optics scanning laser ophthalmoscope
(AOSLO), AO-based microperimetry (AOMP), and AO-based visual acuity (AOVA) were used to
examine and monitor the retinal structure and function after laser exposure to a 1 watt 852 nm
laser beam.
Methods
The laser eye injury subject consented to undergo AOSLO retinal imaging and AOVA shortly
after his clinical eye examinations. During the first visit (17 days after the laser exposure), we
examined and imaged the affected retinal areas with confocal imaging, measured the preferred
retinal locus (PRL), and performed AOVA. A 0.9-degree imaging window was used to assess
retinal structure in the foveal and parafoveal regions. The subject was instructed to fixate on a
blinking red target (λ = 680 nm) within the imaging raster to evaluate fixation stability. The AOVA
was measured with a 4-alternative forced choice, tumbling-E paradigm. At the follow-up visit (4
months after the exposure), in addition to repeating the previously described tests, AOMP was
used to measure retinal sensitivity in the unaffected and affected areas. Test locations were
selected manually by the examiner. With AOMP, we used real-time eye tracking to deliver
3-arcmin stimuli (λ = 543 nm) to targeted areas on the retina within 1-degree eccentricity.
Retinal sensitivity was measured using a yes-no Quest staircase procedure (40 trials per
location).
Results
The AOSLO image showed a 0.75-degree retinal area of irregular border and abnormal
reflectivity slightly inferior to the fixation, which mirrored the shape of the scotoma observed and
reported by the subject. Cone reflectivity was restored in some regions on the second visit and
the previously disrupted areas appeared to be improved. The PRL of visit two showed a more
regular and tighter fixation pattern than visit one. The AOVA was relatively unchanged (20/18 at
visit one and 20/21 at visit two) while the eye motions were similar between the two visits during
the AOVA task. Importantly, AOMP measured at visit two showed that the remaining
hyporeflective areas had similar sensitivity as the normal area with the same eccentricity,
suggesting that they were on a path to near or full recovery.
Conclusions
Laser retinal damage can be visualized and measured with AOSLO and AO-based
psychophysics. Brief exposure to laser beam without eye protection causes structural damage
which can improve from the initial presentation.
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Area Modulation Perimetry Reveals Retinal Ganglion Cell Dysfunction in Early
Glaucoma
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Purpose: A larger area of complete spatial summation (Ricco’s Area, RA) in glaucoma
is hypothesised to represent an enlargement of cortical receptive fields to maintain
input from a constant number of functionally intact retinal ganglion cells (RGCs). In this
study, we investigate if RGC number underlying a RA-scaled stimulus is constant in
observers with and without glaucoma under the adaptation conditions of Standard
Automated Perimetry.
Materials and Methods: RA was estimated through the collection of achromatic areamodulation thresholds for a stimulus of fixed contrast (∆I 3.3 cd/m2, background 10
cd/m2) and duration (195.1 ms) at four diagonal visual field locations (8.8º eccentricity)
in 39 observers with open-angle glaucoma (mean age: 65.3 years, mean MD: -4.3 dB)
and seven healthy controls (mean age: 53 years, mean MD: 0.95 dB). The number of
RGCs underlying each stimulus was estimated from high-contrast peripheral grating
resolution acuity (PGRA) thresholds after adjustment for axial length at corresponding
regions of the retina. The relationship between RGC number and glaucoma disease
signal (expressed as the mean difference in contrast energy thresholds between each
glaucoma observer and the control group) was investigated using Passing-Bablok
regression.
Results: RA estimates (median, IQR) were significantly larger in the glaucoma cohort
(0.28 deg2, IQR -0.11-0.89) compared to healthy controls (0.05 deg2, IQR 0.04-0.06,
P<0.001). The number of RGCs estimated to underlie RA (median, IQR) was, however,
not uniform in the glaucoma cohort (37 cells, IQR 3-1599), these values being
significantly larger than those observed in the healthy cohort (14.2 cells, IQR 9.2-18.6,
P=0.01). A statistically significant positive linear relationship was observed between
glaucoma disease signal and RGC number (tau = 0.65, P<0.001).
Conclusions: The number of RGCs estimated to underlie RA is not constant in
glaucoma and is greater than that seen in healthy age-matched control observers. This
likely reflects RGC estimates derived from high-contrast PGRA thresholds including
both healthy and dysfunctional RGCs, while RA will encompass a retinal area where
the cumulative response of all RGCs is equivalent to ~14 healthy RGCs (e.g., 28 cells
will underlie RA if all RGCs functioning at 50% of normal). Area-modulation Perimetry
designed to probe altered spatial summation can identify such RGC dysfunction in
glaucoma.
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Comparing the structure-function relationship between the strategies of SITA standard
and KOWA Smart.
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Purpose: We recently constructed an algorithm to measure visual field (VF) using the
variational Bayes linear regression, which is now implemented in the AP7700 perimetry
(KOWA) as ‘Smart’ strategy. This algorithm enabled a faster VF measurement than SITA
standard without sacrificing the test-retest reproducibility (Murata H, Asaoka R et al.
BJO 2021). The purpose of the current study was to compare the structure-function
relationship between SITA standard and Smart strategy.
Method: VF measurements were conducted using both SITA standard and Smart
strategy in 79 eyes of 57 patients with primary open angle glaucoma [Eye (right / left);
42/37, Age (mean ± standard deviation); 60.8±10.6 years old, Gender (male / female);
28/29],

along

with

Spectral-domain

optical

coherence

tomography

(SD-OCT)

measurement. Structure-function relationship was investigated between mean
threshold value in whole VF and average of entire circumpapillary retinal nerve fiber
layer (cpRNFL) thickness. This analysis was iterated at each of 12 sectors (30 degrees).
The strength of structure-function relationship was evaluated using the second-order
bias-corrected Akaike Information Criterion (AICc) index.
Result: Measurement duration with Smart was 5 minutes and 24 seconds ± 1 minutes
± 30 seconds, which was significantly (p <0.001, linear mixed model) shorter than SITA
standard by 43 seconds in average. In the whole VF, AICc values of SITA standard and
Smart were 608.3 and 604.0, respectively. The relative likelihood Smart had better
structure-function relationship than SITA standard was 88.9 %. With the sector-wise
analysis, SITA standard had better structure-function relationship than Smart in 1
sector (Superior sector), whereas Smart had better structure-function relationship than
SITA standard in 4 sectors (Supero-nasal, Infero-nasal, Inferior, and Infero-temporal),
with the cut-off value of 95% relative likelihood.
Conclusion: Smart strategy has no worse structure-function relationship than SITA
standard at least.

