
"GLAU-TECH"  
Diagnostic précoce et suivi précis du glaucome : nouvelles technologies d'imagerie haute résolution de la rétine in vivo 

Early diagnosis and precise follow-up of glaucoma: new high resolution in vivo retinal imaging technology 
 

Over the past 30 years, two major revolutions in retinal imaging have allowed the resolution of retinal layers, with optical 
coherence tomography (OCT), then retinal cells, with adaptive optics (AO). Among the world leaders in the technical 
development and clinical application of OCT and AO, the Grieve (Vision Institute, Paris) and Rossi (UMPC, Pittsburgh) 
teams have strived over recent years to create parallel high resolution imaging facilities for patient imaging with novel 
technologies, where they have been able to successfully carry out bi-centric clinical imaging projects on patient cohorts 
(Gofas-Salas et al 2022, Grieve et al 2018). Their labs have access to a rare collection of unique equipment, and access 
to cohorts of patients with ophthalmic disease, with ethical approvals in place. 
 
One technology designed and built in the Grieve team in Paris is full field optical coherence tomography (FFOCT) 
(Scholler et al 2020) with a prototype located at the 1520 Hospital-Vision Institute in Paris and a duplicate recently 
installed at UPMC in Pittsburgh. This new technology gives unprecedented 3D micrometric resolution in a compact OCT 
device, providing similar or greater detail to AO devices in a less complex, lower cost setup. Both Grieve and Rossi labs 
have also recently acquired two of the first adaptive optics scanning laser ophthalmoscope (AOSLO) clinical industrial 
prototypes, which give high resolution imaging performance in nerve fibers across the retina, along with cellular 
features that are invisible to other technologies, thanks to its phase contrast mode, designed initially in the Rossi lab 
(Gofas-Salas et al 2022, Rossi et al 2017).  
 
The GLAU-TECH project seeks to recruit a PhD student who will bridge the work at the Paris and Pittsburgh sites on the 
early use of these state-of-the-art techniques on healthy volunteers and patients. The student will benefit from the 
existing close collaboration of the two teams to develop and enhance multimodal image validation protocols and image 
analysis methods in order to evaluate the added value of the new technology in improving patient care. This project 
would represent the fourth such exchange of personnel between the teams, which have been highly successful in the 
past: Elena Gofas: PhD Paris, postdoc Pittsburgh 2021, recruited CR INSERM in the Grieve team; Ysé Borella, 
ophthalmologist, PhD Paris/Pittsburgh 2024; Clémentine Callet, currently in her third year of PhD Paris/Pittsburgh.  
 
During the current shared PhD of Clémentine Callet, we have installed the FFOCT and AOSLO technologies at the two 
sites, and built a database of nerve fiber layer imaging in healthy volunteers. Clémentine has then developed custom 
algorithms to process these images and extract quantitative information about nerve fiber bundle thickness, 
orientation, and reflectivity (Figure). These are parameters in which we expect to see disease-related changes in 
pathologies that effect the optic nerve.  
 
The most common disease affecting the optic nerve is 
glaucoma, which represents the second cause of blindness 
worldwide, with 80 million patients. The current gold 
standard for glaucoma diagnosis and follow up is nerve fiber 
layer thickness measured with OCT, which lacks cellular 
resolution, meaning that by the time fiber thinning is 
detected, irreversible vision loss has already occurred. Our 
hypothesis is that use of high-resolution imaging technology 
could provide earlier diagnosis and more precise follow up 
of this blinding disease, and thereby help to improve 
treatment outcomes. The GLAU-TECH project aims to apply 
FFOCT and AOSLO to glaucoma patients at our Paris and 
Pittsburgh clinical sites, and to develop image processing 
tools to extract quantitative biomarkers. This will facilitate 
translation of these new technologies to make them 
accessible to clinicians in their everyday practice, thus 
bringing the benefit of this high precision tracking of disease 
progression to the patients, potentially helping to preserve 
their sight.   
 
  

Figure: nerve fiber pattern in the retina, imaged with AOSLO with 

automated versus semi-manual tracings (Callet, unpublished 2026) 



The GLAU-TECH project objectives are to: 
i) Record data with the FFOCT and AOSLO devices at both sites in a patient cohort. The inclusion of patients at 

the two sites should allow diverse patient profiles to be accessed.  
ii) Validate the new technology against the gold standard(s) of retinal imaging (OCT, fundus photography) in order 

to understand, with the help of clinicians, the advantages of the higher resolution information. 
iii) Develop software for an image analysis pipeline to extract novel micrometric biomarkers of retinal disease from 

the high-resolution images. This will include a search for nerve fiber, vascular and immune biomarkers. The 
Pittsburgh team in particular have in-house expertise and a suite of software tools including registration 
(Zhang et al 2021) and contrast enhancement (Mecê et al 2021) methods which will be made available to 
the student for the current project. 

iv) Compare biomarkers in glaucoma to age matched controls to draw conclusions on which biomarkers show most 
significant changes. 

v) Automate the calculation of the identified biomarkers on image batches in close to real time, for use in the 
clinical environment by doctors.  

 
We seek candidates with skills in optics instrumentation and programming, and an interest in medicine. The candidate 
will first familiarize him/herself with the technology and its use in Paris, particularly in the case of FFOCT benefitting 
from the knowledge of the inventors of the approach in the Grieve team. The first datasets will be gathered in Paris: 
both retrospective, made available by the Grieve team, allowing an immediate start on the processing and coding steps; 
and prospective, to become comfortable using the machine on human subjects, generate further data, and explore 
which patient profiles should be targeted in Pittsburgh. We will focus in the first instance on glaucoma, but we will not 
exclude the possibility of exploring other conditions which produce inflammatory responses in the retina including optic 
neuropathies (Gofas-Salas et al 2026). 
 
On moving to Pittsburgh, the candidate can continue to acquire data on the Pittsburgh subjects, whilst also continuing 
to develop the processing software. The expertise of the Rossi team on software development for biomarker 
quantification will be key at this stage. On return to Paris, the candidate will complete analysis of the datasets acquired 
and be in a position to publish his/her work on the clinical use of the technology, as well as on the image analysis 
methods developed.  
 

Tasks Year 1 (Paris) Year 2 
(Pittsburgh) 

Year 3 
(Paris) 

1. Learn use of devices    

2. Transmit knowledge of devices    

3. Data collection    

4. Develop image processing and analysis tools    

5. Data analysis to extract biomarkers    

6. Publications and PhD completion    

Blue: Paris, Yellow: Pittsburgh, Green: Both Paris+Pittsburgh 
 
The student who gains his/her PhD through this project will be uniquely equipped to i) understand state of the art retinal 
imaging technology and analysis methods, and ii) be a technical or clinical spokesperson for the adoption of innovative 
technical solutions in medicine. He/she will benefit from the dual support, experience and networking opportunities 
gained at the two sites so that he/she should be highly employable following their PhD training. The results generated 
by GLAU-TECH may help in finding a path forward to identify suitable microscopic biomarkers of efficacy of glaucoma 
treatments, thus improving patient outcomes.  
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