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Light

Biochemical and ionic changes in 
photoreceptors and RPE

Electrical potentials

Recorded as Electroretinogram

Mass response of the retina to a 
ƭǳƳƛƴŀƴŎŜ ǎǘƛƳǳƭǳǎΧΦΦ



Origin of ERG waveform

Åa-wave :   Photoreceptors

Åb-wave :   Muller cells

Bipolar cells

ÅhtΩǎ:   Amacrinecells a

bhtΩǎ



a

b

ERG  Waveform

Implicit time

Amplitude



Electrode Placement

ÅNeutral

ÅRight Active (+) -
Recording

ÅRight Reference (ς)

ÅLeft Active (+) -
Recording

ÅLeft Reference (ς)



Types of Electrodes Used

Burian-Allen electrode Skin electrodes Jet electrode Gold foil electrode





Light adopted responses (10 mins of light adaptation)

Dark adopted responses (20 mins of dark adaptation)

- Rod response

- Combined response

- Oscillatory potentials

- Single flash cone response

- 30 Hz flicker
ISCEV Recommendation



Nomenclature
(1) Dark-adapted 0.01 ERG (rod response)

(2) Dark-adapted 3.0 ERG (combined rodςcone response) 

(3) Dark-adapted 3.0 oscillatory potentials

(4) Light-adapted 3.0 ERG (cone response) 

(5) Light-adapted 3.0 flicker (30 Hz flicker) 

(6) An additional Dark-adapted 10.0 ERG or Dark-adapted 30.0 ERG response is 
recommended

ISCEV: www.iscev.org



Normal Electroretinogram

a
b

Dark adapted 0.01 ERG Dark adapted 3.0 ERG Bright flash 30 ERG

Dark adapted 3.0 
oscillatory potential

Light adapted 3.0 ERG Light adapted 3.0 flicker



Non standard tests

ÅRed flash ERG- scotopic

ÅOn- off ERG- Orange 200 ms, green background

ÅS-cone ERG- Blue 5 ms, Orange background 



Pattern ERG

ÅContrast response to a checkerboard 

ÅNo contribution from the peripheral retina 

ÅP50 - macular function 

ÅN95 - ganglion cell function 



PERG
ÅAssessment of macular function -P50

ÅAssessment of retinal ganglion cells- N95

ÅComplements VEP- distinguishes between optic neuropathy 
and maculopathy

ÅComplements full field ERG- involvement or sparing of 
macula



Multifocal ERG

ÅMfERGallows for detection of small foci of retinal 
dysfunction

ÅThe retina is stimulated with an assortment of 61 or 
103 hexagonal elements with a central fixation point

Å50% of the elements are illuminated at one point of  
time.





Indications 
ÅAge-related macular degeneration
ÅMacular holes
ÅHydroxychloroquine,Chloroquine, Ethambutol, 

Thiothixenetoxicity 
ÅRetinitis pigmentosa
ÅBranch retinal artery occlusion 
ÅFundus flavimaculatus, {ǘŀǊƎŀǊŘǘΩǎdisease
ÅAcute idiopathic blind spot enlargement



Electrooculogram(EOG)

ÅIt measures the potential between the cornea and 
.ǊǳŎƘΩǎ ƳŜƳōǊŀƴŜ ŀǘ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ŜȅŜΦ 

Å5 millivolts





Å!ǊŘŜƴΩǎ Ǌŀǘƛƻ Ґ [ƛƎƘǘ ǇŜŀƪκ5ŀǊƪ ǘǊƻǳƎƘ

ÅNormal- 2:1 

ÅLess than 1.7 - abnormal.

Å.ŜǎǘΩǎ ŘƛǎŜŀǎŜ



ERG - Reporting

ÅRods more affected

ÅCones more affected

ÅBoth affected :  Rod - Cone / Cone -Rod

ÅNegative waveform



Case 1
Å11 year old male

ÅBlurred vision 

ÅBCVA ς6/9 OU







ERG

EOG





ÅThe probandwas found to have a heterozygous
mutation in the BEST1gene. 

Åsuggesting an Autosomal Dominant inheritance 
pattern

BEST MACULAR DYSTROPHY



BEST MACULAR DYSTROPHY

ÅAD, mutation in the gene BEST1( VMD2) ON 11q13

ÅMost common Mendelianmacular dystrophies- 1 in 10,000 
individuals

ÅThe macular lesions - characteristic of the disease  
άǾƛǘŜƭƭƛŦƻǊƳέ -egg-yolk-like appearance

Å20% develop CNVM in 1 eye

Miller sa,BresnickGH,ChandraSR choroidalneovascularmembrane in Best 
disease.Amj ophthalmol1976;82(2);252-5



STAGES
Åpre- vitelliform stageςsubtle RPE chnages,EOGabnormal

Åvitelliform stage ςround,elevatedyellow macular lesion 
ŘŜǎŎǊƛōŜŘ ŀǎ ŎƭŀǎǎƛŎ ΨŜƎƎ ȅƻƭƪΩ ŀǇǇŜŀǊŀƴŎŜ Řκǘ accumalation
of lipofuscinin RPE

Åpsuedohypopyonςat puberty, yellow material when break 
through RPE and accumlatein subretinalspace with a fluid 
level formation

ÅVitelliruptive-lesion breaks up with pigment clumping and 
early atrophic changes-ΩǎŎǊŀƳōƭŜŘ ŜƎƎ ŀǇǇŜŀǊŀƴŎŜΩ

ÅAtrophy stage-RPE atrophy

ÅCNVM-cnvmdevlopswith subretinalfibrous scar



ÅVisual acuity - 20/20 or better in eyes with undisturbed 
vitelliform lesions till first six decades of life

Åvisual loss occurs -when complicated by nodular 
fibrosis, choroidalneovascularizationor central 
geographic atrophy

ÅHyperopiawith narraowangles may be present

Fishman GA,BacaW,AlexanderKR,etal.visualacuity in patients with best vitelliform macular 
dystrophy.ophthalomolgy1993:100(11);1665-70



Case 2
-10 year old male
-Born out of consanguineous marriage
- Blurred vision, BCVA 6/18(p) OU, Hypermetropicrefractions
- Narrow angles, 

Å.



ÅSub-retinal lipofuscin 
deposits, predominantly 
outside the macula, 

ÅAccumulation of fluid 
within and/or beneath 
the neurosensory retina  

Autosomal 
recessive 
bestrophinopathy
(ARB)



ÅReduced 

ERG amplitudes 

ÅAbsence of 

light rise in EOG 



ÅThe probandwas identified with homozygous mutation 
in BEST1gene. 

ÅThe ǇǊƻōŀƴŘΩǎunaffected sibling had normal  genotype 

ÅUnaffected parentswere heterozygous carriers for this 
mutation.

Genetic test results



ÅPrimarily of recognizing choroidal 
neovascularization and hastening its regression 
with anti-VEGF therapy

Åcaution  against playing contact sports

ÅProtective eyewear is recommended for all sports.



Case 3
10 years old female

VA-BE 6/60



Pedigree



ÅAnterior Segment examination OU - WNL

ÅFundus        Autoflourescence OCT 



Cone Rod dysfunction



ÅType 3 {ǘŀǊƎŀǊŘǘΩǎ

Type 1 ςNormal full field ERG - Progression nil

Type 2 ςOnly Cones affected -20 % chance of progression

Type 3 ςCone and rodesaffected -80 % chance of progreesion



ÅCharacterisedby accumulation of lipofuschin in the 
RPE cells  specifically  -A2E(bisretinoid)which is the 
major component of lipofuschin

ÅAlso  on the inner leaflet of the photoreceptor 
outer-segment disc membranes.





ÅFovea- Normalor non specific 
mottling.

ÅLater stages may show oval area 
of fovealatrophy -

ΨōŜŀǘŜƴ ōǊƻƴȊŜ Ω appearance

ÅVarying degree of yellow

white flecks

ÅCan have

.ǳƭƭΩǎ ŜȅŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ



Case 4

Å22 year /Male, c/o Diminution of vision in both eye since childhood 

ÅBCVA OU: 6/36 ,N 18

ÅH/O photophobia

ÅBoth eye Funduswas normal 



Subfovealinterdigitationzone cavitation



ACHROMATOPISA



CONE DYSTROPHY

CLASSIFICATION

ÅEarly onset, Stationary
- Complete and incomplete 
achromatopsia
- Blue cone monochromatism

ÅLater onset, Progressive
- Cone dystrophy 
- cone-rod dystrophy
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Case 5 
- 8 year male
- Blurred vision
- OU vision ς6/36, normal anterior segment 



X-LINKED JUVENILE 
RETINOSCHISIS



X-LINKED JUVENILE RETINOSCHISIS

ÅMost common juenvileonset retinal degeneration
in males-prevalancebetween 1 in 15000 and 1 in 
30000

.

Cart wheel appearance 



Vitreous veils



ERG 

ÅDiagnostic  with the typical 
ǿŀǾŜ ŦƻǊƳ ōŜƛƴƎ άƴŜƎŀǘƛǾŜέ 

Å¢ƘŜ άōέ ǿŀǾŜ ŀƳǇƭƛǘǳŘŜǎ ŀǊŜ 

ǊŜŘǳŎŜŘ Σ άŀέ ǿŀǾŜ ŀƳǇƭƛǘǳŘŜǎ 
are maintained at a  near 
normal level 

Åb/a ratio is < 1.0                                                                             



MANAGEMENT

ÅGenetic counselling

ÅPharmacological ςtopical dorzolamide

ÅLaser-as adjuvant  or preventive treatment

ÅTreatment ςSurgery is recommended for vitreous 
hemorrhageand retinal detachments

GeneadMA,FishmanGA,WaliaS.efficacyof sustained topical dorzolamide therapy for cystic macular  lesions in pateintswith x-linked 
retinoschisis Arch Ophthalmol2010;128:190-7



Case 6
ÅVISION:

RE LE RE LE

6/9 6/9 N6 N6

VISION/DISTANCE VISION/NEAR

ÅCOMPLAINTS:

ÅNight vision problem and history suggestive 
of tunnel vision









Choroideremia





Gyrate atrophy





ÅDeficient OAT (Ornithine Amino Transferase)

ÅIncreased Serum Ornithine level

ÅDietary management
ÅArginine deficient diet

ÅVitamin B6 500 ς100 mg/day



BENIGN FLECKED RETINA



Case 7
H/O night vision problem
BCVA ς6/6, N6







Congenital stationary night blindness

Fundus albipuctatus



Case ς8
26 year old male
Low vision since chldhood

ÅVISION:

VISION/DISTANCE VISION/NEAR

RE LE RE LE

6/24 6/24P N6 N6

ÅCOMPLAINTS:

ÅBlurring of vision for distance 




