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EVERYTHING YOU WANTED TO 
KNOW ABOUT ERG BUT WERE 

AFRAID TO ASK

Ron Ofri, DVM, PhD, DECVO
Hebrew University of Jerusalem, ISRAEL

DISCLOSURE
I HAVE TAUGHT ERG COURSES

AND CONSULTED FOR

HMsERG, AnVision & RETevet

THANK YOU!

LECTURE OUTLINE

• The origin of the ERG and its waveform

• Separating rod & cone responses

• How to record an ERG
Patient, equipment and protocols

• Factors affecting your recording

• Troubleshooting, limitations and alternatives

• Clinical cases – interpreting your recording

O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
 
 
 
 



2

LECTURE OUTLINE

• The origin of the ERG and its waveform

• Separating rod & cone responses

• How to record an ERG
Patient, equipment and protocols

• Factors affecting your recording

• Troubleshooting, limitations and alternatives

• Clinical cases – interpreting your recording

LECTURE OUTLINE. 
HOW TO RECORD AN ERG?
• Your patient

• Your equipment

• Your protocols

LECTURE OUTLINE. 
HOW TO RECORD AN ERG?
• Your patient

• Your equipment

• Your protocols

O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
 
 
 
 



3

PREPARING THE PATIENT

1. Prepare in ambient light
• Avoid fundus photography/ophthalmoscopy

PREPARING THE PATIENT
2. Anesthesia/sedation is mandatory (???)

Ezra-Elia…& Ofri R 2014
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BOTTOM LINE
• Not needed for brief recordings in 

animals that can be restrained safely

• Required for long protocols, animals that 
can’t be safely restrained manually
– Be consistent!

ANESTHESIA & ERG.
Be consistent!!!!

• Anesthesia may also affect dark 
adaptation, visual thresholds…

Lin SL et al. 2009
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OTHER ANESTHETIC FACTORS

• ERG affected by temperature, pO2, pCO2, pH, glucose…
 Maintain oxygenation, ventilation & body temp.

Kong & Gouras, 2003 Linsenmeier et al, 1983

SOMETIMES CHEMICAL 
RESTRAINT IS NOT ENOUGH…

PREPARING THE EYE

1. Pupil must be dilated

2. Position eye 
• Sub-conjunctival suture

3. Retract eyelids
• Not with fingers

Gagne AM et al., 2010

Ezra-Elia…& Ofri R 2014
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LID RETRACTION

LECTURE OUTLINE. 
HOW TO RECORD AN ERG?
• Your patient

• Your equipment

• Your protocols

FULL FIELD CONDITIONS

• Ganzfeld sphere/ mini-GF

• Optical diffuser

EQUIPMENT. I. STIMULATOR. 

Bjorn Ekesten
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Stimulator output (flash intensity)  

should be periodically rechecked 

EQUIPMENT. I. STIMULATOR. 

III. ACTIVE ELECTRODES

Contact lens

• Jet
– Check gold foil integrity with slit lamp

Brodie S, 2018
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III. ACTIVE ELECTRODES

CONTACT LENS – THE RM ELECTRODE

• Recessed electrode more durable than the 
Jet gold foil (longer lasting)

• Less likely to fall off 

• Light-scattering prism

III. ACTIVE ELECTRODES

Contact lens

• With “extras”:

Burian-Allen: built-in reference electrode

Built-in LED (Kooijman)

Maehara S et al., 2005

Vet Ophthalmol , 2018
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DTL ELECTRODES

Pereira et al., 2013 Komaromy et al., 2003

FOR SMALLER EYES

Rodent contact lens Cotton tip, gold loop

O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
 
 
 
 



10

III. ACTIVE ELECTRODES

“RULES” FOR ACTIVE ELECTRODE

• Use methylcellulose for conduction
No air bubbles

• Don’t use topical anesthesia

• Make sure electrode did not

“slip” while dark adapting
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INACTIVE ELECTRODES
• Commercial needle electrode
• Silver wire (0.3mm) inserted in 18g needle
REFERENCE/INDIFFERENT ELECTRODE:
• Temporal canthus
GROUND ELECTRODE: 
• Ear pinna, base of tail…
• NOT on forehead, back of skull

ELECTRODE IMPEDANCE

• IMPEDANCE = RESISTANCE IN AC
HMsERG, An-Vision, RETevet & BPM300 have 

built-in meters

• Maintain < 5k 

CLEANING YOUR ELECTRODES

NEEDLE ELECTRODES – Alcohol pads

CONTACT LENS ELECTRODES

1. Rinse gently under tap water

2. Soak 5 min in mild detergent

3. Rinse 5 min under running tap water
– Place in beaker under gently running tap

4. Rinse with DW to avoid spots/deposits

5. Air dry & inspect
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LECTURE OUTLINE. 
HOW TO RECORD AN ERG?
• Your patient

• Your equipment

• Your protocols

What are you asking?

SAMPLE PROTOCOLS
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Rapid yes/no determination of retinal function

DUAL PROTOCOLS. I. “Short”

PRE-OPERATIVE EVALUATION OF 
CATARACT PATIENTS

IS HIDING ? 

WORKUP OF AMAUROSIS
• Cortical vs retinal blindness

• SARDS vs distal optic neuritis
– Both patients present with acute blindness, dilated and 

non-responsive pupils, and a normal-looking fundus
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“I don’t need an ERG for this.
I use chromatic PLR”

• Workup included bloodwork, CSF, MRI, ERG…

• 0/124 cases worked up with chromatic PLR!

J Sm Anim Pract 2020

DIAGNOSING SARDS/OPTIC NEURITIS

• 120 dogs with SARDS, 20 with neurological disease

– “An ERG to rule out ND is indicated in amaurosis”

• The ERG is normal in optic neuritis, “flat” in SARDS

Kraszewska O et al. 
ARVO 2017

DUAL PROTOCOLS. II. “Long”
Early diagnosis of hereditary retinal diseases

Ofri R. Diseases of the Retina. In Maggs, Miller and Ofri. 

Slatter’s Fundamentals of Veterinary Ophthalmology, 6th ed, 2018.
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“Quick Ret Check”
• Dark adapt for 20 min

• Three flashes (0.01,  3 and 10 cd*sec/m2) to test rod 
and mixed rod-cone response

• Recommended for quick 

evaluation of retinal function 

in wildlife (Labelle et al., 2010)

CONE FUNCTION. GENE 
THERAPHY IN DAYBLIND SHEEP

Light adaptation  (10 min, 30 cd/m2) 

Photopic response & Flicker Fusion Test
10-80 Hz, in 10 Hz increments – 8 CFF tests

Repeated at 1, 2.5, 5 & 10 cd*sec/m2

10 min light adaptation

Flash

10 20 30 40 50 60 70 80
Flicker responses (Hz) 

1 cd*s/m2 2.5 cd*s/m2 5 cd*s/m2 10 cd*s/m2 10 min light adaptation

Flash

10 20 30 40 50 60 7010 20 30 40 50 60 70 80
Flicker responses (Hz) 

1 cd*s/m2 2.5 cd*s/m2 5 cd*s/m2 10 cd*s/m2 
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• How to record an ERG
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FACTORS AFFECTING 
RECORDING

• Stimulating & acquisition protocol

• Stimulating & acquisition equipment

• Anesthesia & pupil size

• Patient oxygenation, temperature, glucose…

• Environment – noise, surrounding light

• Age, Gender & Breed (coming up!!!)

• Retinal pathology…

SPECIES DIFFERENCES
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DARK-ADAPTED RESPONSES

4 MIN 8 MIN 12 MIN

• Responses of Labradors retrievers were consistently lowest

• Ridgeback had highest scotopic responses, Poodles had highest 
mixed and cone responses

EFFECT OF AGE

Young

Adult

Senile
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DARK ADAPTED ROD RESPONSES

• Amplitudes, but not implicit times, decreased 
in mature and hypermature cataracts

SINGLE-FLASH PHOTOPIC (CONE) 
RESPONSE NOT AFFECTED

BUT CONE FLICKER AMPLITUDE…

…is lower in mature and hypermature cataracts
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And once again, age matters!

TAKE-HOME LESSONS

• Post-operatively, all dogs were visual, with normal 
fundus exam, so decrease in advanced cataract likely 
due to stimulus diffusion by cataract
– Maehara et al report increased amplitude post-operatively, 

and similar findings in humans

• Advanced age/cataract may affect your recordings!

Courtesy AM Verbruggen

IMMATURE MATURE
CATARACT CATARACT

O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
O F R I 
 
 
 
 



21

LECTURE OUTLINE

• How to record an ERG
Patient, equipment and protocols

• Factors affecting your recording

• Troubleshooting

POSSIBLE PROBLEMS 
& SOLUTIONS. I

FLAT LINE

• Is amplifier connected to power?

• Are electrodes connected to amplifier?

POSSIBLE PROBLEMS 
& SOLUTIONS. II

NO ERG SIGNAL, LARGE 50 Hz NOISE

• Are all electrodes connected to patient?
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POSSIBLE PROBLEMS 
& SOLUTIONS. III

ERG SIGNAL & SIGNIFICANT 50Hz NOISE

• Place 3 electrodes in saline cup. 

• If noise is gone, your problem is the connection to 
the patient

POSSIBLE PROBLEMS & SOLUTIONS. III

If there is no 50 Hz noise in the saline cup…

• Check electrode impedance & reposition
– Are needle electrodes inserted all the way?

– Too much methylcellulose in active electrode? 

• Check electrodes and cables for small breaks
– Clean/replace all electrodes

POSSIBLE PROBLEMS 
& SOLUTIONS. III

If the 50 Hz noise persists in the saline cup…

• Disconnect other electric equipment in room

• Uncoil all electric cables in room

• Disconnect electric equipment in nearby rooms
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POSSIBLE PROBLEMS & SOLUTIONS. III

If the 50 Hz noise persists in the saline cup…

• Move to a different room

• Shield animal/equipment
Faraday cage

THANK YOU!
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