
Multimodal Optical Diagnosis of Ocular 
and Neurodegenerative Disease

A NEW GENERATION OF MULTIMODAL SYSTEM

The increasing life expectancy of citizens is creating a dramatic 
growth of the number of people suffering from age-related 
degenerative diseases and associated healthcare costs. The 
MOON Project (Multimodal Optical Diagnostics for Ocular and 
Neurodegenerative Disease) addresses this societal challenge 
by applying photonics to diagnose age-related diseases of the 
eye and central nervous system diseases such as Alzheimer’s 
diseases.

THE PROJECT

During this project, an innovative diagnostic platform is developed, combining the strength of complementary 
modalities such as fundus imaging, optical coherence 
tomography, and Raman spectroscopy.
The eye serves as window to the brain, as the retinal neural 
tissue may be similarly and maybe even earlier affected 
by major neurodegenerative diseases as the brain tissue 
itself. First signs of disease may therefore be diagnosed at 
an early stage, even before symptoms appear and when 
treatment is more likely to be possible. The treatment would 
have a huge societal impact on the quality of life of patients 
and their caretakers as well as on the national healthcare 
systems themselves.

THE APPLICATIONS

A new method is developed to enable a reliable and fast detection of aged-related macular degeneration in the 
future. The optical method can provide detailed information on the condition of the retinal tissue. With this eye 
scan, physicians shall be able to detect aggressive forms of AMD sooner and even detect neurodegenerative 
diseases such as Alzheimer’s.
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THE ACHIEVEMENT

Raman confocal imaging of ex-vivo human retina 
sample with a high spatial and spectral resolution 
was performed, revealing details about the retina’s 
molecular composition, i.e. lipids, proteins, nucleic 
acids, as well as strongly localized clusters of 
macromolecules. Figure 1 shows five macromolecular 
clusters used to classify regions in the Raman image 
overlaid with a bright-field image. The orange cluster 
contains Raman bands that can be ascribed to 
carotenoids attributed to fovea region.

For the first time non-resonant Raman spectroscopy 
was used to study ex-vivo human retina samples 
complying with the international laser safety regulations 
[1]. We demonstrated the ability to detect the 
informative Raman spectra at the upper limit of excitation power of 1 mW and integration time of 10 s, for an 
excitation wavelength of 785 nm and exposure spot diameter of 100 μm, conforming with European DIN EN ISO 
15004-2 safety regulations. The spectra acquired under such significantly restricted experimental conditions still 
allowed us to discriminate different regions in the retina [1].

A multimodal platform combining Raman spectroscopy with OCT significantly extended exploratory 
ophthalmology techniques existing currently. Fast OCT imaging is used to identify regions of interest for in-depth 
molecular characterization using Raman spectroscopy. This multimodal platform creates great potential for 
morpho-chemical characterization of human retina, allowing for determination of novel biomarkers for diagnostics 
of age-related degenerative disease.

Figure 2. Image extracted from “How to improve 
the early diagnostics of ophthalmic diseases?” 
on youtube.com (https://www.youtube.com/
watch?v=c2Ud8K7eEsw)

See also reference [2]

Figure 1. A biochemical mapping of human retina sample (a) using 
Raman spectra of corresponding regions (b). The image regions and 
spectra correspondence is given by color code. (For more information 
see DOI: 10.1117/1.NPh.6.4.041106).
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