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Multifocal electroretinogram (mfERG) is an objective examination method that evaluates local retinal
function by partially stimulating the retina using hexagonal patterns that randomly alternate between
black and white. It is used for definitive diagnosis of retinal diseases and assessment of patients' visual
function. However, conventional mfERG systems using liquid crystal on silicon (LCOS) or digital light
processing (DLP) projectors emit divergent light, which presents two major challenges: (DIn cases with
severe refractive errors (projected to affect about 10% of the world population by 2050), light is refracted
and scattered by the cornea and lens, significantly reducing the amount of light reaching the retina. @
In cases with ultra-low vision and unstable fixation (currently affecting about 3% of the world population),
the intended local retinal areas cannot be properly stimulated. For these reasons, cases (O and @
cannot be evaluated using conventional mfERG, despite their continued high risk of blindness. Without
updates to mfERG technology, there are concerns that by 2050, approximately 10% of the global

population (about 1 billion people) may be unable to undergo this examination.

To address these challenges, this research and development project focused on developing and
establishing the concept for a retinal scanning mfERG system that is unaffected by refractive errors and
eye position. To achieve this goal, the project established three research objectives: a) Development of a
performance evaluation prototype for the retinal scanning mfERG. b) Development of an eye-tracking
system that measures subject eye position using anterior segment images captured by infrared cameras.
¢) Conducting comparative verification tests between the retinal scanning mfERG and conventional
mfERG to verify that the retinal scanning system can accurately evaluate local retinal function without

being affected by refractive errors.

Research Development 1: Development of Retinal Scanning Multifocal Electroretinogram (mfERG)
Performance Evaluation Prototype

In fiscal year 2024, we successfully developed a prototype of the retinal scanning mfERG by extracting
vertical synchronization signals from narrow-beam RGB laser modules and inputting them into the
retinal potential recording device.

Furthermore, the retinal scanning mfERG prototype adopted skin electrodes for recording retinal



potentials. Conventional contact lens electrodes, with their large diameter of 21mm, posed significant
burden on subjects and made examining children particularly challenging. In contrast, skin electrodes
enable minimally invasive measurements for both children and adults, and their use reduced
examination time by approximately 3 minutes compared to contact lens electrodes, thus contributing to

reduced burden on healthcare workers.

Research Development 2: Development of Eye Tracking System

In the initial phase of development, we successfully expanded the imaging field of view of the infrared
camera by improving the pupil detection algorithm from infrared camera footage and optimizing the lens
meter. The eye tracking system achieved real-time detection with a sampling rate of 30Hz and a pupil

detection error rate below 5%.

Research Development Item 3: Comparative Verification Tests between Retinal Scanning mfERG and
Conventional Systems

As predicted from light attenuation tests using model eyes at the research proposal stage, the retinal
scanning mfERG showed significantly larger amplitudes in peripheral retina compared to conventional
systems. Furthermore, when evaluating mfERG waveform amplitude attenuation due to myopic
refractive error, conventional systems showed significant amplitude attenuation with increasing myopia
(central, R =-0.458, P < 0.001; paracentral, R =-0.286, P = 0.004; peripheral, R =-0.237, P=0.017), while
the retinal scanning mfERG showed no amplitude attenuation due to myopia (central, R = 0.028, P =
0.781; paracentral, R = -0.089, P = 0.378; peripheral, R = 0.026, P = 0.796). Linear mixed-effects model
analysis revealed significantly different slopes between retinal scanning mfERG and conventional
systems regarding the effect of refractive errors (P < 0.001). These results demonstrate that the retinal
scanning mfERG can accurately evaluate local retinal function without being affected by refractive

errors, thus achieving our research and development goal of establishing the concept for a medical device.



