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Convolutional Neural Networks for
Spectroscopic Analysis in Retinal
Oximetry

DamonT. DePacli™, Prudencio Tassou®, Martin Parent’, Dominic Sauvageau ™" &
Daniel C. Cota™

Retinal oximetry i anon-invasive technique to irsestigate the hemodynamics, vasculature and health
of the eye. Current technigues for retinal oximetry have been plagued by quantitatively inconsistent
measurementsand this has greathy limited thesr adopticn in dinical envirorments. To become dindcally
redevant adimetry measurements must become reliable and reproducible aoross studies and locations.
To this end, we have developed a convolutional neural network algorithm for multi-wavelength
aximetry, showing a greatly improved caloulation performance in comiparison to previows |y reported
techniques. The algorithen is calibration free, performs sensing of the four main hemoghobén
conformations with no prior knowledge of their charactesistic absorption specira and, due to the
convolution:based caloulation, is invariable to spectral shifting. We show, herein, the @imartic
performance improvements in using this algorithm to deduce effective axygenation (50y), aswell as the
added functionality o acourately measure fractioral cxpgenation (S0L). Furthesmaore, this repert
compares, for the first time, the relative performance of several previowsly reported multi-wavelength
aximetry algorithms in the face of controlled spectral variations. The improved ability of the algorithm
toacourately and independently measune hemoglobin concentrations offers a high potential tood for
disease diagnosis and monitoring when applied to retinal spe ctrosoopy.

Hetinal oximetry is & non-invasive technelogy drawlng considerable attemtion 1o the medical Seld due o ns
abibity to glve unprecedented informatbon on the vasoalature bealib of the eye. There is comsiderable evidence
that malhznction of the vasoslabare on the retina can resalt in, or be an indication of, serbous eye dissases soch as
dizhetic retinopathy (DR}, retinal vessel ooclusions™ ', glencoena ', retinizls plgmenbosa' ™, retinopathy
of presnaturity” and age refated maoslar degeneration (AR, Recently, retlzal oximsiry has even shown the
possibility of non-invastrely manitoring some neurodegenerative diseases', This being said, the abumdance of
mesearch performed using retimal oximeters has not yet laated] imito full deplho in clindcal setlings

dur ta the semd-quantitative nature of measurements camsed by the comples optical properties of the hinlogizal
tiswuwes on the retina™ 7.

Retimal oimeters typlcally rely an either twa, three or smulti-wavelength enalysis. Pew-wavelength [<4) tech-
nilgees have a long history and kave been improved on greatly over the vears™ " howeves, the genenal method
is similar. Briefly, few-wavelength techniques regquire images acquired on and off Isosbest] lengihs for poy-
genated and decaygenated hemoglobin and & user-calibrated optical density ratlo (ODR) method 1o provide
oximetry measurements on lrge blood vessels™ ™ ‘Whille the technbgue has Aowrished in scademba, in recent
wears the measurement integrity of the technique has been questioned in terme of geantitative eproducibility.
Speaifically, commercilly available two-wavelength imaging oximeters have displayed inconsistent oxygenation
measurements comsed by blond vessel sizes'”, scatbering and cataract variations” ™ and flash intensities™, Monte
Carlo simalations on the error inherent to two-wavelengih relinal oximetry has alss shown the importance of
proper calibration® as well a8 the pussible errors causs by vessel diameter and melanin concentration in the
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