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EGRET+ – THE EUROPEAN GLAUCOMA RESEARCH 
TRAINING PROGRAM PLUS   
The conventional view of glaucoma is that of an eye disease in which an 
elevated intraocular pressure damages the retinal nerve cells 
mechanically, initially resulting in visual field loss, and ultimately in 
blindness. However, recent insights have indicated that this classic view is 
far too simplistic: rather than being a disease restricted to the eye, 
glaucoma involves both intraocular pressure and intracranial pressure 
and it damages neural tissue in both the eye and the brain. Up to 65 
genes with widely varying functions have been implicated in glaucoma 
and striking resemblances have been found with two other major 
neurodegenerative disorders, Alzheimer’s and Parkinson’s disease. 
Glaucoma is thus vastly more complex than previously assumed. 

The aim of EGRET+ has been to teach 15 young researchers in how to: 

a) acquire new, quantitative knowledge on glaucoma and the aging 
visual system; 

b) apply this new knowledge to boost innovation in glaucoma care in 
both the public and private sectors. 

At the Closing Symposium “Progress in understanding glaucoma”, the 
EGRET+ consortium will present their latest research and developments 
towards better diagnosis and treatment of glaucoma. Research from 
different disciplines will be covered: genetics, basic science, 
psychophysics, neuroimaging, and epidemiology.  

	

	www.egret-plus.eu 
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PROGRAM  

December 12th, 2019 | ‘t Kasteel, Groningen |the Netherlands  

08.30 – 09.00   Registration (Entrance Hall) 

 

09.00 – 09.15  Opening (Congress Room) 

  Chair: prof. Nomdo Jansonius 

09.15 – 10.15  Keynote Lecture: “Measuring glaucoma progression”  

prof. David Garway-Heath (University College London, UK)   

10.15 – 10.40   Coffee Break (Grand Café) 

10.40 – 11.05  “The neurophysiology of glaucoma – from retina to cortex” 

prof. Michael Hoffmann (Otto v. Guericke University 

Magdeburg, DE)     

11.05 – 11.30  “An in-depth look at glaucoma” 

prof. Frans Cornelissen (University Medical Center Groningen, 

NL) 

11.30 – 11.55 “Big data and eye movements for improving glaucoma care” 

prof. David Crabb (City University London, UK)  
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11.55 – 13.25  Lunch Break (Grand Café) + Poster Session 1 

  Chair: prof. Frans Cornelissen 

13.25 – 13.50  “Glaucoma: from gene to function” 

prof. Arthur Bergen (Amsterdam Medical Center, NL) 

13.50 – 14.15 “Intracranial pressure: the data without the headache” 

prof. Paul Avan (University Clermont Auvergne, FR)   

14.15 – 14.40 “Self- and 24h measurement of intraocular pressure with an 

implantable sensor – clinical experience and scientific findings” 

dr. Lars Choritz (Otto v. Guericke University/Implandata, DE)  

14.40 – 16.10  Coffee Break (Grand Café) + Poster Session 2 

16.10 – 16.35 “Combining visual and cognitive measures with Ocusweep 

device to assess fitness to drive with elderly people” 

Markku Leinonen, M.D. Ph.D (Ocusweep, FI) 

16.35 – 17.00 “Glaucoma: fragile and fractal” 

prof. Nomdo Jansonius (University Medical Centrum Groningen, 

NL) 

17.00 – 18.00   Closing + Drinks (Grand Café) 
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KEYNOTE LECTURER – PROF. DAVID GARWAY-HEATH 
 
 

 

 

Professor David (Ted) Garway-
Heath, International Glaucoma Association 
Professor for Glaucoma and Allied Studies at the 
University College London Institute of 
Ophthalmology and Consultant Ophthalmic 
Surgeon at Moorfields Eye Hospital has been 
appointed president of the European Glaucoma 
Society (EGS).  

In addition to his clinical work, Professor Garway-Heath leads research in Visual 
Assessment and Imaging at the Biomedical Research Centre for Ophthalmology of 
the UK National Institute for Health Research (NIHR). He is an NHIR Senior Investigator, 
a position awarded in recognition of his contribution to patient and people-based 
research. 

His work is focused on establishing outcomes to evaluate care quality across Europe, 
harmonizing ophthalmology training, and mentoring the younger generation of 
Glaucoma specialists who will be taking the Society forward. 
 
Professor Garway-Heath said: "I will build on the current strong and innovative 
leadership in pursuit of the patient-focused EGS vision to promote the best possible 
well-being and minimal glaucoma-induced visual disability in individuals with 
glaucoma." 



 

EGRET+ Closing symposium, December 12th 2019 

7 

Poster Sessions 

The poster sessions will be in Room 1.12 (take the stairs down from the 
Grand Café). There are two sessions, each covering different topics 
within the broad range of EGRET+ Glaucoma Research. Poster abstracts 
can be found at p. 8 – 24. 

 

POSTER SESSION 1       11.55 – 13.25 
“Improving functional tests for glaucoma”  

1. Giorgia Demaria, UMCG 
2. Iris Tigchelaar, OCU 
3. Daniel Asfaw, CITY 

4. Rijul Soans, UMCG 
5. Stephen Kelly, CITY 

 

“Translational genetics in glaucoma”  

6. Valeria Lo Faro, UMCG 7. Philip Wagstaff, AMC

 
POSTER SESSION 2       14.40 – 16.10 
“Improving the assessment of structure in glaucoma”  

8. Shereif Haykal, UMCG 
9. Khaldoon Al-Nosairy, OVGU 

10.  Gokulraj Prabhakaran, OVGU 

 

“Improving intraocular and intracranial pressure assessment in 
glaucoma”  

11.  Jeferson Da Silva, ECHO 
12.  Sandra González Torrecilla, UCA 
13.  Vincenzo Pennisi, IMP 

14.  Jacqueline van den Bosch, IMP 
15.  Konstantinos Pappelis, UMCG 
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1. EVALUATING NEW PERIMETRIC TECHNIQUES IN THE 
ELDERLY . 

G. Demaria1,2, N. M. Jansonius 1,2 

1 Department of Ophthalmology, University of Groningen, University Medical Center Groningen, Groningen, The 
Netherlands; 2 Graduate School of Medical Sciences (Research School of Behavioral and Cognitive 
Neurosciences), University of Groningen, Groningen, The Netherlands 

Purpose: To determine the most suitable technique for the assessment of the visual 
field in the elderly. 

Methods: Observational cross-sectional study with 25 glaucoma patients (G) and 24 
controls (C). The novel tests were divided in two groups: non-motor (EMC, 
EyeCatcher) and motor (FDT, Ocusweep VFT, Ocusweep RT, DAMATO, HFA). 
Participants scored the difficulty, understanding of instructions, and tiredness of each 
device (scores from 0-worse to 10-better) in a feedback questionnaire. We looked at 
the success rate (participants being able to complete the test) for each device. The 
statistical evaluation of the discriminative power (ability to differentiate between G 
and C) of each device, which  scored above 85%, comprised of Mann-Whitney (non-
parametric data). To determine the user friendliness, the three parameters of the 
feedback questionnaires were compared and ranked from worst to best for both 
non-motor and motor categories. 

Results: The HFA, VFT,  FDT, DAMATO and EMC had a success rate above 85% in both 
glaucoma and control groups; the RT and EyeCatcher had a success rate below 85% 
in at least one group. The HFA, VFT, FDT, DAMATO were all able to reliably discriminate 
between glaucoma and controls (Mann-Whitney, p<0.05) – EMC results are pending. 
The FDT and EMC ranked first in their respective category (motor, non-motor) for their 
user friendliness. 

Discussion: The RT and the EyeCatcher had the highest rates of failing, which makes 
them unsuitable devices in a clinical setting. In the motor category, the FDT had 100% 
success rate and scored highest as the least tiring and difficult for both groups, 
making it the ideal choice for a screening device. Especially when considering that: 
both controls and glaucoma scored the HFA, the current gold standard, as the most 
tiring and difficult; the VFT and DAMATO had a success rate below 95%. In the non-
motor category, the EMC scored the highest in all parameters, making it the most 
understandable, least tiring and least difficult for both groups.  
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2. COMPENSATION FOR VISUAL FIELD DEFECTS IN OLDER 
DRIVERS WITH GLAUCOMA  

I.Tigchelaar,1,2,3 M.T. Leinonen1  

1 Ocusweep, Turku, Finland; 2 University of Groningen, Faculty of Behavioral and Social Sciences, Groningen, the 
Netherlands; 3 University Medical Center Groningen, Department of Ophthalmology, Groningen, the Netherlands 

Purpose: The purpose of the study is to find tests that discriminate between safe and 
unsafe drivers using neuropsychological tests and Ocusweep tests for functional 
vision. Fitness to drive is tested with a driving simulator. There will be a focus on 
compensational mechanisms that glaucoma patients may have developed to 
overcome their visual field defects.  

Methods: First, a glaucoma group and a control group will be compared and, using 
normative data from the driving simulator, safe and unsafe drivers will be identified 
based on measures like crashes, the Standard Deviation of the Lateral Position (SDLP), 
reaction times and speed. One glaucoma patient wore an eye tracker during his 
driving simulator ride. A video shows this participant’s fixation points during the drive 
with an overlay of his integrated visual field defect. 

Results: Glaucoma patients experience more comorbidity, self-regulate their driving 
behavior by avoiding certain situations more often and have a higher crash history. 
This difference cannot be explained by driving experience and driving exposure. By 
comparing driving measures such as speed and SDLP, the glaucoma group and 
control group perform similar in the driving simulator.  

Conclusions: In this preliminary analysis, there seems to be no difference between 
glaucoma drivers and controls in driving simulator behavior. This highlights the 
importance for investigating compensational strategies. This can, for example, be 
done by drivers who wear an eye tracker. Next steps include analysis of the 
relationship between severity and location of the visual field defects and driving 
simulator measures.  
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3. EYE MOVEMENTS IN GLAUCOMA WITH ASYMMETRIC 
VISUAL FIELD LOSS: BETWEEN-EYE STUDY 

Daniel S. Asfaw1, Pete R. Jones1, David P. Crabb1 

1 Division of Optometry and Visual Science, School of Health Science, City, University of London, London, England, 

EC1V 0HB. 

Purpose: To investigate whether glaucomatous visual field loss produces measurable 
changes in eye movements. 

Methods: Fifteen glaucoma patients with asymmetric vision loss (>6dB difference in 
Humphrey Mean Deviation [MD] between eyes) were asked to view 120 images of 
natural scenes. Images were presented sequentially on a computer monitor, and 
were viewed monocularly once with each eye. Patient’s eye movements were 
recorded using the Eyelink 1000 eye-tracker. Eye-movement parameters were 
computed and compared within participants. These included a novel measure: 
saccadic reversal rate (SRR), as well more traditional eye movement metrics such as 
saccade amplitude, fixation counts, fixation duration, and the bivariate contour 
ellipse area (BCEA) of fixation locations. In addition, the relationship between these 
parameters and clinical measures of vision were investigated. 

Results: In the worse eye, average saccade amplitude and BCEA were smaller (! <
0.05), while SRR was greater (! < 0.05) compared to the better eye. There was a 
significant correlation between the inter-eye difference in BCEA, and differences in 
MD values (&'()*+),’.	*ℎ1	 = 0.65; 	!	 = 	0.01), while differences in SRR were associated 
with differences in visual acuity (&'()*+),’.	*ℎ1	 = 	0.64; 	!	 = 	0.01). Furthermore, 
between-eye differences in BCEA were a significant predictor of between eye 
difference in MD (R2 = 0.34, P = 0.01): for every 1 dB in MD difference between eyes 
the BCEA reduced on average by 6.2% (95% confidence interval of 1.6 – 10.3%). 

Conclusion: In glaucoma patients with asymmetric visual field loss, the eye with the 
worse visual field loss had restricted eye movements in spatial extent, and exhibited 
more frequent back-and-forth (“reversal”) saccades. Eye movements recorded 
during passively viewing images could potentially be used as biomarkers for 
worsening VF damage. 

  



 

EGRET+ Closing symposium, December 12th 2019 

11 

4. EYE MOVEMENT-BASED ASSESSMENT OF THE 
PERCEPTUAL CONSEQUENCES OF OPHTHALMIC 
DISORDERS  

R.S. Soans,1,2 A. Grillini,2 T.K. Gandhi,1 R. Saxena,3 F.W. Cornelissen2 
 
1 Department of Ophthalmology, UMCG, University of Groningen, Groningen, The Netherlands; 2 Department of 
Electrical Engineering, Indian Institute of Technology – Delhi, New Delhi, India; 3 Department of Ophthalmology, All 
India Institute of Medical Sciences, New Delhi, India  

Purpose: Assessing the presence of visual field defects (VFD) is essential in the 
diagnosis and management of ocular disorders. Grillini et al., (ETRA, 2018) recently 
proposed an alternative approach to Standard Automated Perimetry to assess the 
consequences of simulated visual field defects. The goal of the present exploratory 
study was to evaluate this approach in a clinical context.  

Methods: During the test, a patient performs a visual tracking task while their eye 
movements (EM) are recorded. EM are intuitive to make and allow for continuous 
response monitoring. The test has two conditions in which the dot either moves in a 
continuous random walk (“smooth”) or additionally moves with sudden positional 
displacements (“displaced”). Subsequently, the spatio-temporal parameters of the 
EM are computed for both conditions. We assessed 34 Indian patients (23 male, age 
range: 17-66 yrs, mean age: 37.7 yrs) who were diagnosed with various ocular 
disorders (Primary Open Angle Glaucoma), patients who were either suspected/at risk 
to have glaucoma, optic atrophy, advanced glaucomatous neuropathy and 
hemianopia) and 15 controls (9 male, age range: 23-45 yrs, mean age: 26.6 yrs). The 
test compares a patient’s performance to that of a normative control population 
(previously assessed in the Netherlands (age range: 30-80, 8 observers per decade, 4 
male) using a modified Z-score for all the spatio-temporal parameters. 
 
Results: The spatio-temporal parameters for EM of Indian patients were different as 
compared to healthy Indian and Dutch people. Because the dot could also jump 
unexpectedly to the side of the screen, we were able to identify patients who had 
vision loss in the edges, in addition to the centre, of their fields of view. 
 
Conclusions: We conclude that the new test has clear potential as a screening tool in 
clinical practice and that eye movements can reveal the perceptual consequences 
of ophthalmic disorders.   
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5. PROGRESSION FROM OCULAR HYPERTENSION TO 
VISUAL FIELD LOSS IN THE ENGLISH HOSPITAL EYE 
SERVICE 

S. R. Kelly,1 A. P. Khawaja2, S. R. Bryan1, A. Azuara-Blanco3, J. Sparrow4,5, D. P. 
Crabb1 

1 Optometry and Visual Science, School of Health Sciences, City, University of London, London, UK; 2 NIHR 
Biomedical Research Centre for Ophthalmology, Moorfields Eye Hospital and University College London, UK; 3 
Centre for Public Health, Queen’s University Belfast, Belfast, UK; 4 Bristol Eye Hospital, Population Health Sciences, 
University of Bristol, Bristol, UK; 5 The Royal College of Ophthalmologists’ National Ophthalmology Database Audit, 
London, UK 

Purpose: There are more than one million NHS visits in England and Wales each year 
for patients with glaucoma or ocular hypertension (OHT). With the ageing population 
and an increase in optometric testing, the economic burden of glaucoma-related 
visits is predicted to increase. We examined the conversion rates of OHT to primary 
open-angle glaucoma (POAG) in England and assessed factors associated with risk 
of conversion. 

Methods: Electronic medical records of 45,309 patients from five regionally different 
glaucoma clinics in England were retrospectively examined. Conversion to POAG 
from OHT was defined by deterioration in visual field (two consecutive tests classified 
as Stage 1 or worse as per the glaucoma staging system 2). Cox proportional-hazards 
models were used to examine factors (age, sex, treatment status and baseline IOP) 
associated with conversion.  

Results: The cumulative risk of conversion to POAG was 17.5% (95% CI: 15.4% – 19.6%) 
at 5 years. Older age (HR: 1.35 per decade, 95% CI: 1.22 – 1.50, P < 0.001) was 
associated with a higher risk of conversion. IOP-lowering therapy (HR: 0.45, 95% CI: 
0.35 – 0.57, P < 0.001) was associated with a lower risk of conversion. 

Conclusions: Less than one fifth of OHT patients managed in glaucoma clinics in the 
UK converted to POAG over a 5-year period, suggesting many patients may require 
less intensive follow-up. Our study provides real-world evidence for the efficacy of 
current management (including IOP-lowering treatment) at reducing risk of 
conversion. 
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6. GENETIC ANALYSIS  OF A DUTCH DISCOVERY COHORT 
SUGGEST ASSOCIATION BETWEEN GLAUCOMA AND 
THE MITOCHONDRIAL VARIANT M.11915G/A IN THE 
MT-ND4 GENE 

Valeria Lo Faro1, Ilja M. Nolte2, Jacoline B ten Brink3, Harold Snieder2, Nomdo M. 
Jansonius1, Arthur A.B. Bergen3,4,5 

1 Department of Ophthalmology, University Medical Center Groningen (UMCG), Groningen, The Netherlands (NL); 
2 Department of Epidemiology, University Medical Center Groningen (UMCG), Groningen, NL; 3 Department of 
Clinical Genetics, Amsterdam University Medical Center (AMC), AMC Amsterdam, NL; 4 Department of 
Ophthalmology, Amsterdam UMC, location AMC, NL; 5 Netherlands Institute for Neuroscience (NIN-KNAW), 
Amsterdam, NL 

Purpose: Primary open-angle glaucoma (POAG) is an optic disc neuropathy 
characterized by the damage of retinal ganglion cells and atrophy of the optic nerve 
head. The vulnerability of the optic nerve is the result of oxidative stress and 
mitochondrial dysfunction. The aim of this study was to determine a possible 
association between SNPs and mitochondrial haplogroups in a Dutch Glaucoma 
cohort. 

Methods: A total of 140 mtDNA single nucleotide polymorphisms (SNPs) were 
genotyped using the Illumina Infinium Global Screening Array-24 700K array set. 
Genetic analysis was performed in a case-control cohort of 734 POAG patients and 
1,418 controls. The variants were classified and analysed as SNPs and haplogroups. 
SNP association was performed using logistic regression. The bioinformatics program 
HaploGrep was used to determine the haplogroup and the Chi square test and 
Fisher’s two-sided exact test were used for haplogroups association.  

Results: We identified that variant m.11915G/A, within MT-ND4 gene, was significantly 
higher among the controls compared to POAG cohort (p=0.025), showing an OR=0.38 
(p = 0.032). No haplogroup appears to be associated with POAG in our discovery 
cohort. 

Conclusions: The present study reinforces the concept that mitochondrial variation 
contributes to POAG pathogenesis. Further genetic and functional studies on a more 
heterogeneous and larger cohorts are still required to highlight the pathophysiological 
mechanisms underlying glaucoma.  
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7.  GENERATING CRISPR-EDITED CELL LINES TO MODEL 
GLAUCOMA AND GANGLION CELL DEVELOPMENT IN A 
RETINAL ORGANOID SYSTEM 

P.E. Wagstaff1, A.L.M.A. ten Asbroek1, M.J.C. Broekhuis2, F.Foijer2, N.M. 
Jansonius3, A.A.B. Bergen1,4,5 

1 Department of Clinical Genetics, Amsterdam UMC, University of Amsterdam, Neurosciences and Reproduction & 
Development, Amsterdam, Netherlands (NL); 2 iPSC CRISPR Facility, European Research Institute for the Biology of 
Aging (ERIBA), University Medical Center Groningen, Groningen, NL; 3 Department of Ophthalmology, University 
Medical Center Groningen, Groningen, NL; 4 Department of Ophthalmology – Amsterdam UMC, University of 
Amsterdam, Amsterdam, NL; 5 Netherlands Institute for Neuroscience (NIN-KNAW), Amsterdam, NL 

Purpose: Glaucoma is a complex genetic disease, that leads to the irreversible 
degeneration of retinal ganglion cells, and subsequently, irreparable loss of vision. In 
vitro models, such as retinal organoids, can be used to study the disease mechanism 
of glaucoma, and any potential therapeutic methods of treating the disease. With 
advances in gene editing, specific glaucoma-causing mutations can be 
incorporated into organoid disease models, such as FOXC1, which is an important 
embryonic and ocular developmental gene, that is consistently associated with 
glaucoma and other optic neuropathies affecting retinal ganglion cells (RGCs). 
FOXC1 is located upstream of ATOH7, which has been shown to be a key gene 
required for RGC development. In this study, we generated a retinal organoid system, 
and created cell lines with either FOXC1 or ATOH7 knockouts to study how FOXC1 
mutations lead to glaucoma. 

Methods: We first developed a versatile system of generating retinal organoids, that 
reduced the lengthy amount of time it typically takes to generate RGCs from 2 
months to just 28 days. We then performed in depth sequencing and analyzed our 
retinal organoid system for the expression of a range of known glaucoma genes to 
see which the best gene to focus on would be, deciding on FOXC1. To generate 
these knockout cell lines, a ribonucleoprotein complex consisting of Cas9 protein and 
the guide RNA of choice were electroporated into the H1 stem cell line (WiCell). 
Confirmation of CRISPR gene editing was achieved with the T7 endonuclease test. 
Clones with the best-looking editing for each gene were taken forward and 
sequenced, before western blots were carried out to confirm a gene knockout. 

Results: We were able to generate a rapid and reproducible method of general 
retinal organoids, that showed similar gene expression to the in vivo developing 
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retina. Using CRISPR, we generated 2 knockout lines to take forward for 
characterization using our organoids system. 

Conclusions: The next stage of this project will focus on how FOXC1 and ATOH7 
mutations affect RGC development in retinal organoids. 
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8. FIXEL-BASED ANALYSIS OF VISUAL PATHWAY WHITE 
MATTER IN PRIMARY OPEN-ANGLE GLAUCOMA 

S. Haykal,1 B. Ćurčić-Blake,2 N.M. Jansonius,3 F.W. Cornelissen1 

1 Laboratory for Experimental Ophthalmology, University of Groningen, University Medical Center Groningen, 
Groningen, The Netherlands; 2 Department of Biomedical Sciences of Cells & Systems, University Medical Center 
Groningen, Groningen, The Netherlands; 3 Department of Ophthalmology, University of Groningen, University 
Medical Center Groningen, Groningen, The Netherlands 

Purpose: White matter (WM) degeneration of the visual pathways in primary open-
angle glaucoma (POAG) is well documented, but its exact pathophysiology remains 
unclear. To date, glaucomatous WM degeneration has been exclusively studied using 
diffusion tensor imaging (DTI) only. However, DTI measures lack direct biological 
interpretation, and the approach itself suffers from multiple technical limitations. Fixel-
based analysis (FBA) is a novel framework for studying WM degeneration, overcoming 
DTI's technical limitations and providing biologically meaningful metrics. FBA measures 
fiber density (FD), representing early microstructural changes, and fiber-bundle cross 
section (FC), representing late macrostructural changes. In this study, we use FBA to 
study glaucomatous degeneration of the pre-geniculate optic tracts (OTs) and post-
geniculate optic radiation (ORs) in POAG. 

Methods: Cross-sectional case-control study with 12 POAG patients and 16 controls. 
Diffusion-weighted images were acquired. FBA was used to produce a population 
template, and probabilistic tractography was used to track the OTs and ORs in 
template space. Finally, FD and FC of the tracts of interest were compared between 
the two groups. 

Results: Compared with the controls, the OTs of the patients exhibited a significant 
(FWE-corrected P < 0.05) decrease in FD and FC, whereas their ORs exhibited a 
significant decrease in FD but not in FC. 

Conclusions: FBA provides sensitive measures to assess WM changes in glaucoma. 
Our findings suggest that the OTs of glaucoma patients exhibit signs of more 
advanced WM degeneration compared with the ORs. This potentially implicates 
anterograde trans-synaptic propagation as the primary cause of glaucomatous 
spread along the visual pathways. 
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9. INTERACTION OF INTRAOCULAR PRESSURE AND 
GANGLION CELL FUNCTION IN OPEN ANGLE 
GLAUCOMA  

Al-Nosairy K. O.1, van den Bosch J., Pennisi V.1, Thieme H.1, Mansouri K2,3, 
Choritz L.1, Hoffmann M. B.1,4  

1 Department of Ophthalmology, Otto-von-Guericke University Magdeburg, Germany; 2 Glaucoma Research 
Center, Montchoisi Clinic, Swiss Vision Network, Lausanne, Switzerland; 3 Department of Ophthalmology, University 
of Colorado, Denver, US; 4 Center for Behavioral Brain Sciences, Magdeburg, Germany  
 
Objective: To test the feasibility of simultaneous steady-state pattern 
electroretinogram (PERG) and intraocular pressure (IOP) measurements with an IOP 
sensor and to test a model for IOP manipulation during lateral decubitus positioning 
(LDP) and its impact on the PERG.  
 
Methods: 15 control and 15 glaucoma participants (on medication) participated in 
the study, eight with an intraocular IOP sensor (EyeMate, Implandata) in the right eye 
(GLAIMP) and 7 without sensor and with glaucoma in the left eye (GLALE). We tested the 
feasibility of simultaneous IOP and PERG recordings by comparing PERGs with and 
without simultaneous IOP-read out in GLAIMP. To manipulate IOP, all participants 
(controls, GLAIMP and GLALE) were positioned in the following order: sitting1 (S1), right 
LDP (LDR), sitting2 (S2), left LDP (LDL) and sitting3 (S3). For each position, 5 minutes after 
positioning, PERG amplitudes and the IOP were determined with the Icare® TA01i 
Tonometer in all participants who were not implanted with an IOP sensor.  
 
Results: Electromagnetic intrusions of IOP sensor readout onto simultaneous steady- 
state PERG-recordings had, due to different frequency ranges, no relevant effect on 
PERG amplitude measures. IOP was increased during LDR vs S1 in the lower eyes of 
both the sensor patients and the controls. A corresponding ganglion cell dysfunction 
manifested on PERG was found in the above groups during LDP.  
 
Conclusions: The LDP changed IOP and PERG measurements more in the lower eye. 
IOP manipulation by LDP is a promising model for studying the interaction of IOP and 
ganglion cell function.    
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10. BRAIN ACTIVITY IN INPUT DEPRIVED V1 IN 
GLAUCOMA – (NO) EVIDENCE OF PLASTICITY? 

GR. Prabhakaran1, K. Al-Nosairy1, C. Tempelmann2, H. Thieme1, MB. Hoffmann1,3 

1 Visual Processing Laboratory, Department of Ophthalmology, Otto-von-Guericke University, Magdeburg, 
Germany; 2 Department of Neurology, Otto-von-Guericke University, Magdeburg, Germany; 3 Center for 
Behavioral Brain Sciences, Magdeburg, Germany 
 
Purpose: Brain activity in input-deprived primary visual cortex (V1) of patients with 
visual field (VF) defects could be interpreted as bottom-up cortical plasticity. In 
contrast, fMRI studies in congenital macular degeneration (MD) and retinitis 
pigmentosa (RP) showed that these abnormal cortical signals in the lesion projection 
zones (LPZ) of V1 depend on the task performed. We studied the scope of such task-
dependent responses in glaucoma, a prevalent eye disease and a leading cause of 
blindness. 
 
Methods: We performed 3T fMRI in patients with extensive VF defects due to 
advanced glaucoma (n=5), RP (n=2) and healthy controls (n=7). Participants viewed 
contrast patterns drifting in 8 directions alternating with uniform gray and performed 3 
tasks: (1) Passive viewing (PV), (2) 1-Back task (OBT) and (3) Fixation-dot task (FDT). 
During PV, they passively viewed the stimulus fixating on a central dot, whereas they 
reported a succession of same two motion directions for the OBT and a change in the 
fixation color for the FDT task. 
 
Results: During PV, both patients and controls showed positive responses in intact V1, 
but negative responses in LPZ. Importantly, during the OBT condition, we observed in 
both glaucoma and RP, strong positive responses in the LPZ, which was absent in the 
control’s simulated LPZ. Interestingly, only 2 patients had positive shift in LPZ responses 
during FDT.  
 
Conclusions: Our study showed activity in the deafferented visual cortex in glaucoma 
not only to be exclusively task-related as for MD and RP, but also depend on the 
nature of task. These findings support and extend earlier studies, indicate a lack of 
bottom-up plasticity, and suggest higher order plasticity in the visual system of these 
patients. We believe that these insights are of importance for the development of 
treatment and rehabilitation schemes in glaucoma.  
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11. OTOACOUSTIC EMISSIONS PROBE PLACEMENT 
CHECKING: A STEP FORWARD FOR NONINVASIVE 
INTRACRANIAL PRESSURE MONITORING 

J.J. Da Silva,1,2  G. Gerenton,2 F. Giraudet,1 N.M. Jansonius,3 P. Avan1 

1 Laboratory of Neurosensory Biophysics, University Clermont Auvergne, Clermont-FD, France; 2 Echodia S.A.R.L, 
Clermont-FD, France; 3 Department of Ophthalmology, University Medical Center Groningen, Groningen, 
Netherlands 

Purpose: The intracranial pressure (ICP) monitoring by distortion product otoacoustic 
emissions (DPOAE) has been reliably hinted noninvasive measurements. Since this is a 
relative measurement, an individual baseline is required which should not be 
changed during or between measures. However, this reference is sensitive to probe 
positioning and (even slight) variations in the ear’s impedance. The aim of this study is 
to propose a method of probe positioning and air leak detection (PPLD), to provide 
more reliable measurements and allow the probe repositioning without changing the 
baseline. 

Methods: Seventeen individuals (ages: 28 - 53 years old) were included in this study. 
We compared two DPOAE devices (commercial vs. with PPLD) in two test sessions, so 
that each device was used for both ears. In each session, three tests were performed 
(T1, T2 and T3), each in three different positions (45°, 0° "supine position" and -10°) to 
induce ICP variation. We compared the reproducibility of measurements and the 
efficiency of the usually applied phase correction algorithm in two cases: without 
probe replacement (between T1 and T2) and with probe replacement (between T2 
and T3).  

Results: The correlation between the tests was significant (p<0.0001) for all cases 
tested. The PPLD increases the robustness, providing more coherent values in all 
analyses. The greatest difference was found in the analysis without correction, with 
probe replacement: R2 = 0,737 (commercial) and R2 = 0,976 (with PPLD). 

Conclusions: We can conclude that PPLD is an effective tool to guide the user on the 
correct positioning of the probe and to return it to its reference position. 
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12. NON-INVASIVE INTRACRANIAL PRESSURE 
MEASUREMENTS TESTING HYDROCEPHALUS PATIENTS.  

Gonza ́lez-Torrecilla, S.1, Sakka, L.2 & Avan, P.1 

1 Neurosensory Biophysics Department, University of Auvergne, Clermont-Ferrand, France; 2 Neurosurgery 
Department, University Hospital Clermont- Ferrand, France  

Purpose: Our past research on healthy subjects shows that by using air-pressure in the 
ear canal (Peec) to offset the change in ear absorbance due to the action of 
intracranial pressure (ICP) on cochlear fluids, it is possible to obtain direct noninvasive 
readouts of ICP. The goal of this study is to apply the method to patients in whom 
invasive ICP measurements are available.  

Methods: 5 hydrocephalus patients receiving an infusion test were measured by 
wideband tympanometry, as well as 2 patients with intracranial hypertension treated 
by a lumbar puncture (LP) (>90 years). Absorbance tests took place 24 hours before 
and after treatment in sitting and supine positions. During treatment, patients were 
tested only in supine position. A physical model was established to study the ear-
absorbance behavior in relation to ICP and Peec, but also possible confounding 
factors (middle-ear pressure, cochlear hydrops).  

Results: Infusion-test patients under sedation showed a positive middle-ear pressure 
affecting the eardrum and the stapes. LP patients showed split absorbance peaks 
>800 Hz, which the model attributed to an increase in cochlear mass (Lc) due to 
endolymphatic swelling.  

Conclusions: Absolute ICP could not be obtained from these categories of patients. 
The sedating technique in patients receiving an infusion test provokes an increase of 
middle-ear pressure, which acts as a bias for our measures. Moreover, patients 
treated by a LP undergo sudden perilymphatic suction that disrupts cochlear 
mechanics, potentially provoking significant auditory changes.  
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13. EFFECTS OF PHYSICAL ACTIVITY ON INTRAOCULAR 
PRESSURE  

V. Pennisi1, J. van den Bosch1,2, A. Ehmer1, H.Thieme1, L. Choritz1 

1 University Eye Clinic, Otto-von-Guericke University, Magdeburg, Germany; 2 Implandata Ophthalmic Products 
GmbH, Hannover, Germany  

Purpose: The effects of physical exercise on intraocular pressure (IOP) have been 
studies extensively. However, due to technical limitations of commonly used 
tonometry devices, in these studies IOP was measured before and after the exercise 
and little is known about IOP during the exercise. This study aimed to continuously 
monitor IOP variations in glaucoma patients during physical exercise with the help of 
an intraocular pressure microsensor, the eyemate- IO.  

Methods: The study involved 10 participants (6male and 4 female) with existing open-
angle glaucoma, ranging from 67 to 79 years of age, previously implanted with an 
intraocular pressure sensor. The experiment consisted of a ten minute session of 
physical activity on a bicycle ergometer with stepwise increase of power from 0 to 75 
watt in 25 watt increments at two-minute intervals, while continuously monitoring IOP 
variations with the EYEMATE-IO microsensor and an external antenna. A two-minute 
resting period after exercise was also recorded and compared to resting baseline 
before the exercise.  

Results: The average IOP increased from 15.36 mmHg at rest to 18 mmHg at 75 watt 
and returned to 14.38 mmHg during the resting period after the exercise. IOP 
correlated with both heart rate and blood pressure during the experiment. With the 
end of the activity, the average IOP was reduced compared to prior activity (-
0.98mmHg).  

Conclusions: The eyemate-IO sensor allows for continuous non-contact monitoring of 
IOP during exercise, thus opening the possibility of more detailed investigation of the 
effects of exercise on IOP. In our study, IOP and hearth rate as well as blood pressure 
showed similar trends in respect to physical exercise: both increased and decreased 
with the intensity of the activity. Cessation of exercise lead to a decrease of IOP 
below baseline levels. Further studies with larger patient groups are warranted to 
better understand the mechanisms involved.  
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14. EFFECT OF GAZE DIRECTION ON SHORT-TERM 
FLUCTUATIONS IN INTRAOCULAR PRESSURE IN 
GLAUCOMA PATIENTS WITH A NOVEL IMPLANTABLE 
INTRAOCULAR SENSOR 

 J. van den Bosch1,2, V. Pennisi1, A. Invernizzi3, M. Hoffmann1, H. Thieme1, L. 
Choritz1 

 
1 Department of Ophthalmology, University Hospital Magdeburg, Germany; 2 Implandata Ophthalmic Products 
GmbH, Hannover, Germany; 3 Neuroscience Lab, University of Groningen, the Netherlands 

Introduction: The behavior and relevance of short-term fluctuations in intraocular 
pressure (‘IOP’) is unclear due to limitations of current tonometry devices. The 
EYEMATE® system, comprised of an intraocular microsensor and an external hand-held 
device for power supply and readout of measurements, can perform continual 
telemetric IOP recordings in Primary Open angle Glaucoma (‘POAG’) patients. We 
quantified short-term IOP fluctuations in response to gaze direction using this system. 
Also, repetitive eyelid closure was examined to investigate Bell’s phenomenon. 

Methods: Eleven patients implanted with the EYEMATE® sensor were directed to fixate 
at eight diagnostic positions of gaze with an eccentricity of 10°, 20° and 25° 
respectively. Between each position, patients fixated at primary gaze as baseline 
measurement. IOP was measured every 0.1 second using an external antenna 
around the study eye. For every gaze position, mean IOP change compared to the 
preceding primary gaze was calculated. Two-way ANOVA was performed to test the 
effect of gaze direction and circle of eccentricity on mean IOP change. Additionally, 
the median change in IOP during repetitive closing of the eyelid was averaged over 
six patients. 

Results: gaze direction towards 25° superior induced the largest increase in mean IOP 
change (4.2 ± 4.36 mmHg) whereas 25° inferonasal induced the largest decrease (-1.4 
±  0.67 mmHg). We observed subject specific responses of IOP in most directions. Two-
way ANOVA revealed a significant effect of gaze direction (P<0.001) and eccentricity 
(P=0.002) and a trend in interaction effect (P= 0.069) on mean IOP change. Post hoc 
testing was in line with these findings. Eyelid closure gave an average median IOP 
change of -1.7 ± 1.06 mmHg.   

Conclusions: this is the first study to record the effect of gaze direction and 
eccentricity on continual IOP in POAG patients. We observed an expected 
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dependence of IOP on vertical gaze direction. We also found unreported asymmetry 
between nasal and temporal gaze directions and inter-subject variability. Bell’s 
phenomenon elicited a drop in IOP. These findings should be taken into consideration 
during conventional tonometry. Future studies could investigate the role of IOP short-
term fluctuations in Glaucoma using a system such as the EYEMATE®. 



 

EGRET+ Closing symposium, December 12th 2019 

24 

15. A FRACTAL-BASED MICROCIRCULATORY MODEL 
PREDICTS RESISTANCE AND BLOOD FLOW IN THE 
HUMAN RETINA: IN VIVO VALIDATION WITH LASER 
SPECKLE FLOWGRAPHY 

K. Pappelis,1 L. Choritz,2 N.M. Jansonius1 

1 Department of Ophthalmology, University Medical Center Groningen, Groningen, The Netherlands; 2 University 
Eye Clinic, Otto von Guericke University Magdeburg, Magdeburg, Germany 

Purpose: 1) to predict retinal vascular resistance and blood flow from minimal input 
and 2) to validate the predictions in human subjects using Laser Speckle Flowgraphy 
(LSFG) 

Methods: Fundus photographs, OCT and OCT-angiography scans, and 
systolic/diastolic blood pressure (SBP/DBP) and IOP  measurements were performed in 
36 subjects. Retinal vascular resistance (RVR) was determined from the central retinal 
artery and vein equivalents, the fractal dimension of the vasculature, and population-
based hematocrit values, according to the Poisseuille law and a fractal-based 
mathematical model. Retinal blood flow (RBF) was calculated as OPP/RVR, where 
OPP is the ocular perfusion pressure. For validation, the mean blur rate (MBR) of large 
vessels inside the optic disc and waveform parameters (heart rate [HR], flow 
acceleration index [FAI], skew, acceleration time index, blowout score/time, 
fluctuation, rising/falling rate) were recorded by means of LSFG. Linear models 
reduced by the Akaike Information Criterion were used to assess the relationship of 
RVR and RBF with the LSFG parameters. 

Results: In the reduced multivariable model, RVR was higher with higher DBP(p<0.001) 
and FAI(p<0.001), as well as lower skew(p<0.001), MBR(p<0.001), and fluctuation 
(p=0.045). RBF was higher with higher skew (p<0.001) and MBR(p<0.001), as well as 
lower FAI(p<0.001) and HR(p=0.026). The R2 of the models was 0.77 and 0.56, 
respectively. RVR correlated with retinal nerve fiber layer thickness (RNFLT) but not 
macular volume (rho=-0.39, p=0.020; rho=-0.24, p=0.15). RBF correlated with macular 
volume, but not RNFLT (rho=0.39, p=0.019; rho=0.21, p=0.22). 

Conclusions: RVR and RBF can be used as surrogates of vascular resistance and 
blood flow. 
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VACANCY: POSTDOC IN COMPUTATIONAL VISUAL 
NEUROSCIENCE AND EYE-MOVEMENTS 

 
The Laboratory of Experimental Ophthalmology (UMCG, Groningen NL) has an 
immediate position available (0.8-1.0 fte) for a postdoctoral scientist with an interest 
in visual neuroscience and eye-movement research. We are seeking someone with a 
computational view on the brain, a track-record in eye-movement research, and 
experience in developing stimuli and analysis software (e.g. Psychtoolbox and 
Matlab-based). You need to be a team player with an interest in both applied and 
fundamental vision research.  
 
Interested? Visit our webpage (www.visualneuroscience.nl) 
or the vacancy page of the UMCG for more details.  
 
Prospective candidates may also contact (please do not use for 
applications): 
 

• Prof. dr. Frans Cornelissen 
e-mail: f.w.cornelissen@umcg.nl  

• Anne Vrijling, MSc 
e-mail: annevrijling@visio.org  

 
 
Application deadline: 6th of January 2020 



THE EGRET+ CONSORTIUM PARTNERS 
 
 
 
 
 

  



 

 

PROGRAM 
December 12th, 2019 | ‘t Kasteel, Groningen |the Netherlands  

(Detailed program on page 4 & 5) 

08.30 – 09.00  Registration (Entrance Hall) 

 

09.00 – 09.15 Opening (Congress Room) 

09.15 – 10.15  Keynote Lecture 

10.15 – 10.40  Coffee Break (Grand Café) 

10.40 – 11.55 PI talks 1-3 

11.55 – 13.25 Lunchbreak + Poster session 1 

13.25 – 14.40 PI talks 4-6 

14.40 – 16.10 Coffee Break (Grand Café) + Poster session 2 

16.10 –17.00 PI talks 7- 8 

17.00 – 18.00  Closing + Drinks (Grand Café) 

 


