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Context: inherited retinal diseases (IRD)

Progression of diagnosis technology in the ophthalmology clinics

Structure (Imaging) Visual function

Functional tests have not benefited from such a fast progress
as imaging tests

But they remain necessary to evaluate the benefit for patients
of new treatments such as gene therapy and stem cell
therapy!

Al assisted analysis

OCT angiography

MfERG

SD-OCT UWF imaging Microperimetry

Visual field
Vision electrophysiology
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Context: inherited retinal diseases (IRD)

Night Reduced Low
blindness  visual field  visual acuity
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Choroideremia More than 280 different genes involved
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Source: BRAVO-GIL & al, 2017
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Rods and cones

Physiological properties of photoreceptors

Take advantage of physiological properties to detect a specific class of photoreceptors
Example: rods and L-M cones

Scotopic Mesopic Photopic
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Rods and cones
Daily life

DAILY LI B =

?

Scotopic Mesopic Photopic

Low mesopic conditions are very
frequent ion daily life: walking in
the streets at night, driving at night,
moving in dim room etc
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Rods and cones

Standard equipments for testing visual functions
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Scotopic . Mesopic

Photopic

Tests of visual functions available in
standard clinics are essentially
addressing cones
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Rods and cones
Flash Electroretinography
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Limits of flash electroretinography

Cannot detect local alterations (early stage of disease)

Stargardt : flash ERG

10mnses Va6 Re=0  ERG oscillatory potentials 12m3% Va=S Rei=0
BI stimulated

ERG rod (-250B) 10mn21s Val=8 Re=0  ERG combined: rod+cone
| stimulated Bl stimulated

Ll Need to alter at least 30% of number
Jpm of photoreceptors to have a significant
change of flash ERG

7
E
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Macula = only 11% of cones and 5% of rods

Vision electrophysiology requires well trained technicians
to obtain reliable results
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Limits of flash electroretinography
Multifocal ERG

Stargardt : flash ERG Central deficit in MfERG
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Limits of flash electroretinography

Low sensitivity (advanced stage of disease)

Normal Retinitis pigmentosa Retinitis pigmentosa (advanced stage)

VISION ELECTROPHYSIOLOGY EXAM
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Multifocal ERG

Normal Retinitis pigmentosa Retinitis pigmentosa (advanced stage)

MULTIFOCAL ELECTROPHYSIOLOGY EXAM
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Visual field

White stimulation (size V) — Low mesopic background (0.1 cd/m?2)

Psychophysical tests are much more sensitive than electrophysiology to detect remaining visual functions
Using non standard test parameters (low mesopic level, large stimulus size)

Normal Retinitis pigmentosa Retinitis pigmentosa (advanced stage)

VISUAL FIELD EXAM

VISUAL FIELD EXAM
2D sensitivity map 3D sensitivity map

VISUAL FIELD EXAM
3D sensitivity map 2D sensitivity map 3D sensilivity map

2D sensitivity map
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Evaluation of the contribution of rods and cones

Dark adapted chromatic perimetry

500nm 650nm

Compare sensitivity thresholds
for 500 and 650 nm

If difference > 23 dB : rods
If difference < 3 dB : cones

Relative sensitivity (dB)

3 1/2

350 400 500 600 700 800

10 1/10
Wavelength (nm) 20 1/100

30 1/1000
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Evaluation of the contribution of rods and cones

Dark adapted chromatic perimetry

Normal Retinitis pigmentosa

650nm

n difference
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Compare sensitivity thresholds

for 500 and 650 nm

- Difference > 20 dB : rod mediation
- Difference < 3 dB : cone mediation

Orange area = cones only
White area = no detected response from cones and rods
Gray area = rods and cones responses

A similar approach can be used to obtain

- a specific response of cones (red stimulation
over a dim blue background)

- a specific response of S-cones (blue
stimulation over an amber background)




Full Field Stimulus Threshold (FST)

Doc Ophthalmol
https:#/doi.org/10.1007/s10633-023-09962-7

electrophysiology Vision

psychophysics

ISCEV STANDARDS

ISCEYV and IPS guideline for the full-field stimulus test

(FST)
Full-field (gaaneld) ThFGShOld J. K. Jolly® « J. R. Grigg® - A. M. McKendrick © - K. Fujinami® -
flash of sensitivity A. V. Cideciyan@ - D. A. Thompson® - C. Matsumoto® - R. Asaoka® -

C. Johnson - M. W. Dul - P. H. Artes™ - A. G. Robson®

to light

For patients who cannot perform a reliable visual field
(unstable fixation, low cooperation)
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Full Field Stimulus Threshold (FST)

After dark ada ptatlo N Difference between blue and red threshold gives an estimate
Wlth que 3 nd red Stlm u Iation of the contribution of rods and cones.

IN the RP example, there is no difference meaning that there
are no significant rod responses.

Normal Retinitis pigmentosa (advanced stage)
sensitivity (dB) sensitivity (dB)
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Full Field Stimulus Threshold (FST)

Advantages and limits

FST advantages:
e Can be used on patients with poor fixation
* Provides a single number!

* Even more sensitive than visual field due to
spatial integration properties of rods

FST limits:
* Detects the area of best sensitivity

 Where is change occurring?

Cell density (thousands / mm2)

For gene
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70° 60° 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 60° 70°
Distribution of rods and cones over the retina

therapy or stem cell therapy,

it is important to evaluate evolution at the site of treatment
and for the different classes of photoceptors
The change(s) may not occur at the are of best sensitivity of the retina
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Analysis of kinetics of the visual cycle
Recovery of light sensitivity after bleaching

Delayed responses after bleaching are indication of alterations of the visual cycle

sensitivity (dB) sensitivity (dB)
20 | : 20 T I
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The evaluation of IRDs requires several test which are need as

S m m a r a consequence of their heterogeneity
u y Vision electrophysiology remains very important as it provides
important information for diagnosis: Inner/outer responses,

ON/OFF responses, etc..

Specific Local Kinetic of visual Inner/-outer
photoreceptor  eehonces cascade retina
responses P ON/OFF
Flash
ERG YES NO NO YES
VIO NO YES (cone) NO YES (cone)
ERG
Dark adapted YES YES NO NO
perimetry
FST YES NO NO NO
Dark VES YES (I|.m|ted VES NO
adaptometry locations)
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A multimodal visual function testing solution

MonCvONE-CR++ system

Vision psychophysics and electrophysiology combined

- Standard perimetry

T - Ganzfeld flash ERG
- Pattern ERG and VEP
® - Scotopic chromatic perimetry
- FST

The future of visual function evaluation
in inherited retinal diseases

- Dark adaptometry
- Pupillometry

100%

A testing range that covers the entire
dynamic range of luminance

The device can also generate color
background and stimulations for tests
specific of L-M cones and S-cones.
0%

— Testing dynamic range —
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ake home message

e Standard ophthalmic equipment is not adequate for the evaluation and
follow-up of visual functions in Inherited Retinal Diseases

* Inherited Retinal Diseases are inhomogeneous group of diseases
=>» Need for several different visual function tests including
electrophysiology and psychophysical tests

Thank you !!!
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