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Purpose:
Damage to retinal neuron structure and function occurs concurrent or prior to diabetic
retinopathy (DR).1 Diabetic mice models reveal differential morphological and physiological
damage to ON and OFF retinal ganglion cells, suggesting ON cells are more susceptible.2
We used contrast increment and decrement gratings as novel perimetric stimuli to infer ON
and OFF cell function. We hypothesised that the relative difference between increment and
decrement contrast sensitivity (CS) would be greater in people with diabetes compared to
controls.
Methods:
Fifty-two people with diabetes (type 1 and type 2) (mean age = 34.8 years; range 18 - 60)
and forty-eight age-matched controls (35.4 years) participated. Vertically oriented Gabor
stimuli (3 c/deg, 10°x 10°of visual angle) with a sinewave component modulated at positive
or negative phases of the sinusoid were presented on a gamma-corrected Display++ LCD
monitor. Gabors were presented with rapid onset then contrast ramped over 200
milliseconds.3 CS was measured at 4 locations (foveally, 15° superior, inferior, and nasal)
and presented in an interleaved manner. Central fixation was required, and one eye was
tested.
Similar to standard perimetry, ‘seen’ responses were collected via button press and contrast
thresholds returned using a staircase procedure (one-up, three-down decision strategy).
Results:
For those with diabetes, 32 had no DR, 12 had mild and 8 had moderate non-proliferative
DR. Comparisons between increment and decrement CS showed a between group effect,
F(1, 97)=4.04, p=0.047; however, there was no interaction between groups and contrast
type (p=0.53) suggesting a functional reduction for both contrast polarities. There was an
interaction between location and group, F(3, 291)=3.24, p=0.022, with the largest CS

difference foveally. Relatively few people with diabetes fell outside the 95% limits of control
CS (increment=5; decrement=8).
Conclusion:
Evaluating increment or decrement CS as indices for ON and OFF cell function revealed
non-selective functional consequences of diabetic retinal neuron damage. Further study is
required to determine whether CS loss relates to future DR progression.

Figure 1: (A) increment and decrement Gabors; (B) illustration of stimulus locations for a left
eye
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Initial OCTA vessel density loss is associated with faster visual field loss in
glaucoma

Takashi Nishida1, MD, PhD; Sasan Moghimi1, MD; Jo-Hsuan Wu1, MD; Aimee C. Chang1, MD;
Alberto Diniz-Filho2, MD; Alireza Kamalipour, MD, MPH; Linda M. Zangwill1, PhD; Robert N.
Weinreb1, MD
1 Hamilton

Glaucoma Center, Shiley Eye Institute, Viterbi Family Department of

Ophthalmology, University of California San Diego, La Jolla, California
2 Department

of Ophthalmology and Otorhinolaryngology, Federal University of Minas Gerais,

Belo Horizonte, Brazil

Purpose: To evaluate the association between the rate of macular ganglion cell complex (GCC)
thinning and vessel density (VD) loss during initial follow-up and the subsequent rate of visual field (VF)
loss during an extended follow-up period in glaucoma suspects and primary open angle glaucoma
patients.
Methods: In this longitudinal study, 124 eyes (86 primary open angle glaucoma and 38 glaucoma
suspect) of 82 patients followed up for an average of 4.0 years were enrolled from the Diagnostic
Innovations in Glaucoma Study. The rate of GCC thinning and VD loss were derived from macular
whole image GCC and whole image VD values from three optical coherence tomography (OCT) and
OCT angiography (OCTA) scans early during the study. The rate of VF loss was calculated from VF
mean deviation over the entire follow-up period after the first OCT/OCTA visit. Linear mixed-effects
models were used to estimate rates of change.
Results: The mean (95% CI) age at baseline was 69.2 (66.8, 71.6) years, 41 (48.8%) were women,
and 20 (23.8%) were African American. The rate of VD change (95% CI) was -0.80 (-0.88, -0.72)
%/year during an average initial follow-up of 2.1 years. Eyes with rates of VD loss of ≥-0.75 %/year
(n=62) were categorized as fast OCTA progressors and eyes with rates of <-0.75 %/year (n=62) were
categorized as slow OCTA progressors. Similarly, eyes with rates of GCC thinning of ≥-0.87 µm/year
(n=62) were categorized as fast OCT progressors and eyes with rates of <-0.87 µm/year (n=62) were
categorized as slow OCT progressors. The rate of VF loss (95% CI) was -0.15 (-0.29, -0.01) dB/year for
the slow OCTA progressors and -0.43 (-0.58, -0.29) dB/year for the fast OCTA progressors (difference,
-0.28 [95% CI, -0.48 to -0.08] dB/year: P=.006). Whereas, the fast OCT progressor group showed
faster VF MD loss (-0.39 (-0.54, -0.25) dB/year vs -0.19 (-0.33, -0.04) dB/year, difference, -0.20 [95%
CI, -0.41 to 0.00] dB/year: P=.05). The fast OCTA progressor group was associated with the faster
overall rate of VF loss in a multivariable model, after adjusted for including concurrent VF mean
deviation rate (-0.17 (-0.33, -0.01) dB/year, P=.04).
Conclusions: These findings suggest that faster superficial macula VD loss during an initial follow-up
period was predictive of faster concurrent and subsequent rates of VF loss over an extended period.

Table. Factors Contributing to the Rate of Visual Field Mean Deviation Change Over Time by Univariable and Multivariable Mixed Model Analysis
Univariable Model

Factor

β, 95 % CI

Multivariable Model 1

Multivariable Model 2

Multivariable Model 3

Multivariable Model 4

P value

β, 95 % CI

P value

β, 95 % CI

P value

β, 95 % CI

P value

β, 95 % CI

P value

NA

NA

-7.48 (-15.17,
0.22)

.06

-1.73 (-7.86,
4.30)

.57

-8.03 (-15.80, 0.25)

.04

-1.72 (-7.95,
4.50)

.59

Age, per 10 years older

-0.02 (-0.11,
0.07)

.68

-0.02 (-0.12,
0.08)

.71

-0.03 (-0.12,
0.06)

.55

-0.03 (-0.13,
0.08)

.59

-0.03 (-0.13,
0.06)

.46

Gender: Female

0.01 (-0.19,
0.22)

.89

Race: African American

0.13 (-0.11,
0.38)

.28

Self-reported diabetes

0.02 (-0.27,
0.32)

.88

Self-reported hypertension

0.13 (-0.08,
0.33)

.24

Axial length, per 1mm longer

0.06 (-0.04,
0.16)

.23

CCT, per 100 µm thinner

-0.10 (0.18, 0.38)

.48

Mean IOP during follow-up, per 1
mmHg higher

-0.04 (-0.07, 0.01)

.006

-0.04 (-0.10,
0.02)

.16

-0.04 (-0.10,
0.01)

.10

-0.03 (-0.09,
0.02)

.22

-0.04 (-0.10,
0.01)

.12

Concurrent VF MD rate (dB/year)

1.50 (1.08,
1.91)

<.001

1.44 (0.98,
1.89)

<.001

1.51 (1.01,
2.02)

<.001

Follow-up period, per 1 year
longer

-0.03 (-0.20,
0.14)

.75

No. of VF follow-up visits

-0.01 (-0.08,
0.06)

.75

Average SSI, per 1 higher

0.00 (-0.01,
0.02)

.96

-0.19 (-0.33, 0.04)

.01

-0.20 (-0.41,
0.00)

.05

-0.08 (-0.20,
0.04)

.21

Intercept (baseline: slow)

-0.15 (-0.29, 0.01)

.03

Fast - slow

-0.28 (-0.48, 0.08)

.006

Intercept

OCT progressor group
Intercept (baseline: slow)
Fast - slow

-0.14 (-0.29,
0.01)

.06

OCTA progressor group

-0.28 (-0.49, 0.07)

.008

-0.17 (-0.33, 0.01)

.04

CCT = central corneal thickness; IOP = intraocular pressure; MD = mean deviation; MOPP = mean ocular perfusion pressure; OCTA = optical coherence tomography
angiography; pf = parafoveal; SSI = signal strength index; VF = visual field. Values are shown in β coefficient (95% confidence interval).
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Purpose: The ERG photopic negative response (PhNR) is reduced in glaucoma; generally
detected best using a red stimulus flash on a blue background (R/B). Longer duration flashes
separate the ERG "on" (increment) and "off" (decrement) responses, which also combine to
shape flicker responses in a manner that depends on stimulus frequency, and possibly
also sensitivity to glaucoma. Here we compare brief (4.5 ms) R/B flashes, long (200 ms) R/B
and white-on-white (W/W) flashes, and varied W/W flicker frequencies for their ability to detect
early functional loss in a non-human primate (NHP) model of experimental glaucoma (EG).
Methods: Photopic ERGs were recorded (UTAS BigShot, LKC, Gaithersburg, MD) at an early
stage of unilateral EG (defined by OCT structural changes, PMID: 27564522) in 12 anesthetized
adult rhesus monkeys (Macaca mulatta, 10F/2M ages 4.3-17.1 y) with dilated pupils after 10
min adaptation to 30 cd/m2 blue light, then scotopic ERGs after 20 min dark adaptation. All
photopic stimuli were 560 cd/m2, including 4.5 ms R/B, 200 ms R/B and W/W flashes, and 4.5
ms W/W flicker at 5, 10, 20, 30.3, 40, and 50 Hz; scotopic W flashes ranged -3.6 to 2.4 log cds/m2. Amplitude and implicit time (IT) of a-wave, b-wave and d-wave peaks were measured,
along with PhNR amplitude 65 ms after flash onset and 80 ms after long flash offset. Flicker
amplitude and IT were measured by peak-trough and harmonics by Fourier analysis (latter not
shown). ANOVA and paired t-tests were used for statistical analysis.
Results: Peripapillary retinal nerve fiber layer thickness in EG and fellow control (FC) eyes was
85.6 ± 8.4 and 96.9 ± 8.4 µm, respectively. Significant ERG differences between EG and FC
eyes were found only for the brief R/B and “on” PhNR amplitudes (see Table/Fig); as well, the dwave latency and IT were both delayed by 10-15 ms for R/B relative to W/W long flashes (p <
0.0001), with additional delay of the latter in EG (p<0.05). The brief R/B PhNR had the strongest
correlation to structural damage and highest sensitivity (to detect EG).
Conclusions: During early stages of glaucomatous damage in this NHP model, there appears to
be no benefit in using long flash stimulation paradigms for detecting or monitoring changes in
retinal function; the brief R/B single flash PhNR amplitude was most revealing, most sensitive,
and had the strongest correlation to structural parameters (both RNFL and MRW, latter not
shown). Flicker responses are largely unaffected, scotopic responses not at all. The delayed dwave latency and implicit time for R/B compared to W/W requires further study.
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Purpose:
To investigate achromatic spatial, temporal, and spatiotemporal summation at different central
field locations in participants with age-related macular degeneration (AMD) and age-similar
control participants to identify stimulus parameters that optimise perimetric test sensitivity to
AMD.
Methods:
Twenty participants with dry AMD (mean age, 74.6 years; AMD grade, early: 9, intermediate:
10, late: 1) and 20 healthy controls (mean age, 67.8 years) were recruited and performed a
range of custom, gaze-contingent perimetry tests on a gamma-corrected CRT display with a
uniform 10 cd/m2 background. An area-modulation test with a stimulus of constant contrast
(∆I: 3.63 cd/m2) was used to generate localized estimates of Ricco’s area (RA) at 2.5° and 5°
eccentricity along the 0º, 90º, 180º, and 270º meridians. Contrast thresholds were measured
at the same test locations for stimuli of six different durations (3.7-190.4 ms) with a GoldmannIII stimulus (GIII, 0.43º) and stimuli equal in area to the measured RA estimates. Iterative twophase regression analysis was used to estimate the upper limit (critical duration) of complete
temporal (using GIII stimulus) and spatiotemporal summation (using RA stimulus).
Results:
Median (interquartile range [IQR]) RA estimates were significantly larger in AMD participants
(2.5°: 0.21 [0.09 – 0.41] deg2; 5°: 0.32 [0.15 – 0.65 deg2]) compared to healthy controls (2.5°:
0.08 [0.05 – 0.13] deg2; 5°: 0.15 [0.08 – 0.22] deg2) at all test locations (all P<0.05). No
significant difference in median (IQR) critical duration was found in AMD participants with the
GIII stimulus (19.6 [9.9 – 30.4] ms) and RA-scaled stimuli (22.9 [13.9 – 40.3] ms) compared
to healthy controls (GIII, 17.0 [11.3 – 24.0] ms; RA-scaled, 22.4 [14.3 – 33.1] ms) at any test
location (all P>0.05). Differences in log energy thresholds between AMD and control
participants (i.e., disease signal) were significantly larger when stimuli scaled to the local RA
were used compared to GIII for all stimulus durations (all P<0.001).
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Conclusions:
Spatial summation is altered in dry AMD, without corresponding changes in temporal
summation. Test sensitivity of gaze-contingent perimetry for the detection and monitoring of
functional deficits in AMD may be improved using stimuli designed to probe deficits in spatial
summation, compared to standard strategies using a GIII stimulus.
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Purpose: To validate the outputs of a model of spatial summation for the macular region in
observers with glaucoma at different disease stages
Methods: One eye from 29 visually healthy subjects < 40 years old, 30 glaucoma patients
and 20 controls, age matched with the glaucoma patients, was tested with a full-threshold
10-2 grid using five different stimulus sizes (G-I to G-V), in a random order, with a Humphrey
Field Analyzer (HFA, Zeiss Meditec, Dublin, CA). Glaucoma patients were stratified based
on the Mean Deviation of a 24-2 test (10 per group) into early (MD > -6 dB), moderate (MD >
-12 dB) and advanced. Estimates of local retinal ganglion cell (RGC) density (10*log10-units,
dB) at each 10-2 test location were generated from GC layer thickness extracted from dense
macular Optical Coherence Tomography (OCT) scans (Spectralis OCT, Heidelberg
Engineering, Heidelberg, Germany). Structural and functional data from the younger healthy
cohort were used to estimate the parameters of a summation model to generate a template.
The template was then used as a link function to estimate the latent RGC count in glaucoma
patients and age matched controls, using a hierarchical Bayesian model. The model
accounted for data censoring at the measurement floor (0 dB). The dynamic range of the
functional and structural estimates of pointwise RGC density was measured by calculating
the 1st and the 99th percentile, in dB. The proportion of variance explained by the template
was compared with alternative modelling assuming only total or partial summation,
calculating 95%-Confidence Intervals (CIs) and p-values via bootstrap. This comparison was
performed excluding the young healthy cohort.
Results: the fitting results are shown in Figure 1. The template explained 95% (95%-CIs: [94,
96]%) of the variance in the data, a significant improvement (p < 0.001) over assuming total
(86 [80, 89]%) or partial summation (90% [87, 92]%) alone. Structural and functional
estimates were positively correlated (all p < 0.0001), but the dynamic range of the structural
RGC density estimates was, on average, 0.6 dB, compared to 5.5 dB of the functional
estimates (Figure 2).
Conclusions: RGC damage of the macula in glaucoma can be estimated from perimetric
data with a summation template. The dynamic range of structural thickness measurements
is likely insufficient to explain the full range of functional loss.

Figure 1. The solid line represents the template, the dashed line indicates total summation.

Figure 2. Dynamic range (DR) and structure-function relationship. Solid line is the identity.
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