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Retinal Structure and Function
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Functional Diagnostics
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Functional diagnostics
Colour vision testing

Colour vision:
arrangement test

O Lanthony Panel D-
15 Test

O Roth 28-hue Test

O Farnsworth-Munsell
28 or 100 Test

WEB based evaluation tool: hitp://www.torok.info/colorvision/dir for use.htm
(Dr. Bela Torok)
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O Anomaloscopy

FunctionalDiagnostics
Contrast Vision

VRS KDR
NHCSOF

Pelli-Robson Chart

Mesoptometer
O With and without glare

Hamilton Veale Test

Functional diagnostics
Visual Field testing

Visual field testing
O Static perimetry 30°
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O Kinetic perimetry 90°

Functional diagnostics
Visual Field testing

Visual field testing
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Microperimetry
Central Vision

Eye Movement Compensated




Functional diagnostics:

Dark Adaptation

Functional Diagnostics
Pupillography
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E. Zrenner, The role of

Toxicology (Edrs: FT Fraunfelder, WT Fraunfelder, W.Chambers), Chapter 4 pp.28-38 .Suunders Elsevier, 2008

Surrogate Endpoints

A , according to the FDA is a biomarker
that is  ‘“reasonably likely, based on epidemiologic,
therapeutic, pathophysiologic, or other evidence to predict
clinical benefit.” The best surogate endpoint is a biomarker
that changes along with clinical endpoints.

Csaky et gl 1OVS 2000




Clinical Electrophysiology of the Visual System

Categorization of function tests:

Electroretinogram: sites of action

RPE =) ‘

Electroretinogram (ERG) ghm&'
Visually evoked potentials(VEP) Outer Retina

Multifocal ERG (mfERG)
Pattern ERG (PERG)
Electrooculogram (EOG)

Regions of
light envoked
[K', increase

Inner Retina

. Proximal
Ciliary body The Miller glia cell aligns the K* driven -
refinal currents perpendicularly, creating a
vector directed towards the comea V|
) . nner limiting membrane

Vitreous humor

E. Zrenner, The role of electrophysiology and psychophysics in ocular foxicology. In: Clinical Ocular Toxicology
Edrs: FT Fraunfelder, WT Fraunfelder, W.Chambers), Chaj .28-38, Saunders Elsevier, 2008

Outer Retina:
Origin of the ERG-responses
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Investigating effects on temporal fidelity

of retinal cells

Example: Effects of Zatebradine, an |, channel blocker, 2.5 mg/kg,

on flicker ERG
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Doc Ophthalmol (2009) 118:69-77)

Open circles: control, Filled circles: Zatebradine,
Triangles: 5 hrs after application

Gargini et al, Vision Research 39,1767-1774,1999

Table 1 E»
by this ISC]

nples of specialized types of ERG (not covered
V standard)

Macular or focal ERG

Multifocal ERG (see published guidelines [4])
Pattern ERG (sce published standard [3])

Early receptor potential (ERP)

Scotopic threshold response (STR)

Direet-current ERG

Long-duration light-adapted ERG (on-off responses)
Double-flash ERG

Chromatic stimulus ERG (including S-cone ERG)
Dark and light adaptation of the ERG

Dark-adapted and light-adapted luminance-response analyses
Saturated a-wave slope analysis

Specialized procedures for young and premature infants

Retinoid visual cycle: 11-cis-retinal, is photoisomerized to all-frans refinal and reisomerized to 11-cis-
refinal. Formation of RPE Lipofuscin is almost completely dependent on a normal visual cycle function.
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Assessing the RPE / Photoreceptor complex:

ERG amplitude recovery after bleaching

If retinoid cycle is affected, ,time to reach threshold" during dark
adaptation may be useful , after a bleach of 400 cd/m? ( 30s)
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Messias A, Zrenner E, Tzekov R, McGee D, Peters T, Wilhelm B, Baryluk A, Kubota R, Gekeler F.
Single doses of all-trans-N-refinylacetamide slow down the ERG amplitude recovery after bleaching..

Doc Ophthalmol. 120(2):165-74, 2010

min affer bleach

The Electro-oculogram:

assessing the integrity of the photoreceptor / RPE complex
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Multifocal ERG (mfERG) allows to

Stimulus field
64 independently
Flickering Hexagons

64 local ERGs

Retinitis

normal pigmentosa

Hood DC et al., ISCEV Guidelines for clinical multifocal electroretinography (2007 edition)

Visually evoked cortical Potentials (VEP)

Visual pathway

Flash-VEP Pattern-VEP
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Pattern Reversal

Transient

Retinal imaging

An Advanced
Color photographs - posterior pole

and periphery
Fundus autofluorescence imaging (FAF)
Fluorescence Angiography (FA)

Optical coherence tomography (OCT)
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Patient Reported Outcomes (PRO)

A PRO is a measurement of any aspect of a patient’s
health status that is reported and or scored directly by
the patient, free of interpretation by a physician,
researcher or other person. It is an account of how the
patient functions or feels relative to a health condition or

therapy.

Good measurements should have unidimensionality,

hierarchical order, and equal interval spacing

armg et gl 1O

2010

Patient Reported Outcomes (PRO)

A PRO would measure any of the following:
Symptoms
Symptom impact and functioning
Disability or handicap
Adverse events
Treatment tolerability
Treatment safisfaction

Health-related quality of life

arma et gl JOVS 2010

PRO: Available insfruments

Activities of Daily Living Scale (ADVS)

Reading, orientation/mobility, finding
objects, social participation, financial
handling.....

Daily Living Tasks Dependent on Vision
(DLTV)

Impact of Vision Impairment (IVI)

Macular Disease Quality of Life
Questionnaire

NEI-VFQ 25 (most common, well-equipped)

Visual Function Index (VF-14)

Low-Luminance Questionnaire
LLQ)

(
Miedziak's instrument

Vision-specific sickness impact
profile (SIPV)

Turano's instrument

Vision-Related Quality of Life
Questionnaire

Retinopathy-Dependent QOL

armg et gl 10!

2010




Relevant studies
Subretinal electronic implants

Ongoing Clinical trials in legally blind patients

Severe EORD_RPESS | 1/l U College, London 1AV 272 WRPEGSDIRPEGS _Up to 3.0XI0% vg_Subret 5y-30y 12 01/2007 to01/2013 e —
LCA2 RPEGS | Children hosp, Philadelphia TAAV2-hRPEG5V2 not given Subret 8y-older 12 09/2007 to 06/2009 ot aurasar area.
Lca2 #pEs | il Chilcren hosp, Philadelphia TAAV2 hRPESSY2 Upto15X10tvg Subret By-older 12 11/2010to

LC) E6S Il Children hosp, Philadelphia TAAV2-hRPEG5V2 not given ubret 3y -older 12 09/2011 to 09/2017

o 65 Pennsyivania TAAV) CB hRPESS ot given ubret 8y older 15 07/2007 to

[ 65 | /il Applied Genetic Technalogies _rAAV2.CEhRPEGS to 60XI0vg_Subret Gy -older 12 12/2008 to 12/2013

o 65 iadassah Hebrew U, lerusalem _rAAV2 CB hRPEGS 1910 v Subret 1 2010

@ E6S. 1/l University hospital, Nantes TAAV 2/4 hRPE6Sp hRPEES pto4.8X1010vg Subret 6y-older 9 10/2011t001/2013

et AD——<VEGFR enzyme USA AV sLTOL 02.0X10% g _intravit Not given 34 12/2009 to 03/2013

Stargardt  ABCAZ /Il Oxford Biomedica “eqlV-hABCAT ot given ubret 18y -older 28 06/2011t0 10/2013

wet AMD | Oxford Biomedica calv-hEA not gven Intravit 50y -older 18 02/2011 to 06/2012

Wet AMD _PEDF_— 1 GenVec AGVPEDFTID not given Intravit 50-older Closed Safety and Efficacy of Subretinal

hEA : human endostatin-angiostatin fusion gene

Implants for Partial Restoration of Vision in Blind Patients (Zrenner)

Upcoming Clinical trials in legally blind patients

Primary Outcome Measures:

O Activities of daily living and mobility significantly improve with implant-ON shown via
activities of daily living tasks, recognition tasks, mobility, or a combination thereof

Pathology Gene Phase Sponsor Vector

Usher 1 MYO7A | Oxford Biomedica eqlV-hMYO7A Secondary OQutcome Measures:

Choroideremia CHM I/ll University of Oxford AAV-hCHM B Visual acuity/light-perception and/or objeci-recognition measured with
ACHM CNGB3 AAV-hCNGB3 FrACT/BALM/BaGA/VFQ-25

arRP MERTK O Patient long term safety and stability of implant function

Courtesy of Dr. Christian Hamel Zrenner et al, Proc. R Soc. B 278: 1489ff, 2011

Functional diagnostics

in subretinal electronic Implants
BalM (basic light and movement test)

BaGA (recognition of stripe patterns)
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Gene therapy dramatically improves rod light sensitivity

Functional diagnostics
in subretinal electronic Implants
Tasks of daily living (more naturalistic scenes) i
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Monitoring of visual function for safety and efficacy in
very low and ultra-low vision patients is difficult

The tools are there, but have to be selected depending
on the cellular target structure

O Psychophysics

O Electrophysiology as surrogate marker

O Retinal Imaging as surrogate marker

O Assessment of Activities of Daily Living (ADL)

O Patient Reported Outcomes (PRO) of visual function

Some of the ongoing studies have developed novel tests
in order fo monitor ultra-low vision changes which,
however, are not yet validated

The author thanks Dr. Difta Zobor, Prof. Dr. Tobias Pefers, Prof, . Barbara




