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LECTURE OUTLINE

* The origin of the ERG and its waveform

» Separating rod & comne responses
* How to record an ERG

»Patient, equipment and protocols
» Factors affecting your recording
* Troubleshooting, limitations and alternatives
* Clinical cases — interpreting your recording




¢ How to record an ERG

LECTURE OUTLINE

»Patient, equipment and protocols
» Factors affecting your recording

* Troubleshooting,

LECTURE OUTLINE.
HOW TO RECORD AN ERG?

* Your patient
* Your equipment

* Your protocols

LECTURE OUTLINE.
HOW TO RECORD AN ERG?

* Your patient




PREPARING THE PATIENT

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

PREPARING THE PATIENT

2. Anesthesia/sedation is mandatory (22?)

Documenta Ophthalmologica 108: 83-92, 2002
0 2002 Kluwer Academic Publishers. Printed ur the Netherlands

Guidelines for clinical electroretinography in the dog

KRISTINA NARFSTROM'. BJORN EKESTEN’. SERGE G. ROSOLEN'
BERNHARD M. SPIESS*. CHRISTINE L. PERCICOT® and RON OFRI®

ISCEV STANDARDS
ines for clinical electroretinography in the dog:
pdate
Mjirn Ehesien  Arsri M. Kesnieoms
x S 1. Peterse Jomes
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Sedation is insufficient for diagnostic ERG recordings (using the longer
type of protocol). The dog must be fully anaesthetized in order to prevent
artifacts through involuntary muscle movement. As the recording may be

Ezra-Elia...& Ofri R 2014




Effects of chemical restraint on
electroretinograms recorded sequentially in
awake, sedated, and anesthetized dogs

Kate S. Freeman, MEM, DVM; Kathryn L. Good, DVM; Philip H. Kass, DVM, PhD:

Shin Ae Park, DVM, PhD: Natalia Nestorowicz, DVM: Ron Ofri, DVM, PhD

Objective—To and compare (ERG) record-
ings in awake, sedated, and anesthetized dogs.
Animals—Six 6-month-old Beagles.
Procedures—A brief ERG protocol for dogs was used. Following T-minute and subsequent
5-minute dark adaptation, mixed rod-cone responses were recorded bilaterally with a hand-
held multispecies ERG device with dogs in each of 3 states of consciousness: awake,
sedated and and 3 {atropine and hydromor
phone, followed by propofol and midazolam and anesthetic maintenance with isoflurane).
Low- and high-frequency noise levels were quantified via Fourier analysis, and the effect of
consciousness state on signal amplitude, implicit time, and noise was analyzed via repeat-
ed-measures ANOVA. I addition, 13 veterinary ophthaimologists who were unaware of the
dogs' consciousness states subjectively graded the ERG recording quality, and scores for
each tracing were compared
Results—ERG amplitudes were highest in awake dogs and lowest in anesthetized dogs:
Implicit times were shortest in awake dogs and longest in anesthetized dogs. Differences
in b-wave amplitudes and a-wave implicit times were significant. Neither low- nor high-
frequency noise levels differed significantly among consciousness states. Furthermore, no
significant differences were identified among observers' scores assigned to ERG tracings.
ions and Clinical Rel hesia and sedation resulted in significant at-
tenuation and delay of ERG responses in dogs. Chemical restraint of dogs had no consis-
tently significant effect on low- or high-frequency noise levels or on observer perception of
signal quality. (Am J Vet Res 2013;74:1036-1042)

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!!!!
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Lin SL et al. 2009

» Anesthesia may also affect dark
adaptation, visual thresholds...




OTHER ANESTHETIC FACTORS

¢ ERG affected by temperature, pO,, pCO,, pH, glucose...

»  Maintain oxygenation, ventilation & body temp.
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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

TompTisse V)
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LID RETRACTION
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LECTURE OUTLINE.
HOW TO RECORD AN ERG?

* Your equipment

EQUIPMENT. I. STIMULATOR.

FULL FIELD CONDITIONS
* Ganzfeld sphere/ mini-GF
> Optical diffuser

Bjorn Ekesten




EQUIPMENT. I. STIMULATOR.

Stimulator output (flash intensity)
should be periodically rechecked

Date [ unt
TOMARTE Ei5F

Tash Intersity
Test Reading 1 Reading2 Reading3 divisor Tt val Deviation
ER-FLASH-30000 [ 24000 23800 24200 | 1 30000 -19.8%% ERROR
VER-FLASH-10000 | 8850 8840 8840 110000 -1157% ERROR
ERFLASH-1000 | 4450 4440 4440 | 5 1000 -11.13% ERROR
ER-FLASH-100 895 886 895 | 10 100  -1080% ERROR
VER-FLASH-10 447 43 4 | 50 10 -1233% ERROR
VER-FLASH-A 825 710 B25 | 00 1 2133% ERROR
ground iensty

ER-BKG-30000 TIO0 400 00 | 1 30000 -2200% ERROR
14060 14000 | 1 20000 -2527% ERROR

HI. ACTIVE ELECTRODES

Contact lens

» Jet
— Check gold foil integrity with slit lamp

s

)




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

\ k|

Contact lens w\\r?’a
* With “extras”: -

»>Burian-Allen: built-in reference electrode
»Built-in LED (Kooijman)

.

Maehara S et al., 2005

‘ontrary to popular beliel, chinchillas do not have
1 pure rod retina

hai Sandalon’ | Anna Boykova® | Maya Ross' | Alesey Obolensky” | Eyal Banin®

Ron Ofri’ IQ l" l l 2018




DTL ELECTRODES

Pereira et al., 2013

FOR SMALLER EYES

Rodent contact lens Cotton tip, gold loop
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III. ACTIVE ELECTRODES

“RULES” FOR ACTIVE ELECTRODE
* Use methylcellulose for conduction

»No air bubbles
* Don’t use topical anesthesia

Doc Ophthalmol (2009) 118:101-108
DOI 10.1007/510633-008-9141-x

ORIGINAL RESEARCH ARTICLE

The effect of topical anesthesia on the rat electroretinogram

Shai Sandalon + Ron Ofri

HI. ACTIVE ELECTRODES
“RULES” FOR ACTIVE ELECTRODE

R aseTocTEaesthos::

* Make sure electrode did not
“slip” while dark adapting




INACTIVE ELECTRODES

* Commercial needle electrode
* Silver wire (0.3mm) inserted in 18g needle
REFERENCE/INDIFFERENT ELECTRODE:
+ Temporal canthus YN
GROUND ELECTRODE:

» Ear pinna, base of tail...

e NOT on forehead, back of skull

Trpedance

ELECTRODE IMPEDANCE

 IMPEDANCE = RESISTANCE IN AC

»HMSERG, An-Vision, RETevet & BPM300 have
built-in meters

e Maintain <5k Q

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 protocols

What are you asking?

Guidelines for clinical i phy in the dog

KRISTINA NARFSTROM', BJORN EKESTEN?, SERGE G, ROSOLEN
BERNHARD M. SPIESS*, CHRISTINE L PERCICOT® and RON OFRT
College Me Misuwri € [2) "

ISCEV STANDARDS

Guidelines for clinical electroretinography in the dog:
2012 update
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DUAL PROTOCOLS. L. “Short”

Rapid yes/no determination of retinal function

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




“f don’t need an ERG for this.
I use chromatic PLR”

Vot pbetuten ' ST )

Optic neuritis in dogs: 9% cases (1983-2016)

Sars M. Smi
Michael G. Da

Hmns D, Westermeyer, Christopher 1. Marimi, Brian C. Gilger and

. N Carabns e Uiy e of Virsmary Mok, Resgh, NI 7%

Presumed optic neuritis of

non-infectious origin in dogs treated
with immunosuppressive medication:
28 dogs (2000-2015)

L . Cannet axm A S J Sm Anim Pract 2020
* Workup included bloodwork, CSF, MRI, ERG...
* 0/124 cases worked up with chromatic PLR!

DIAGNO

NG SARDS/OPTIC NEURITIS

Acute blindness in dogs: Sudden acquired retinal degeneration
syndrome versus neurological discase (140 cases, 2000-2006)

Keith W Neard Woxrt® and Nancy B Conrril*

* 120 dogs with SARDS, 20 with neurological disease
— “An ERG to rule out ND is indicated in amaurosis”
e The ERG is normal in optic neuritis, “flat” in SARDS

SARDS with flat ERG

i ; n= Kraszewska O et al.
[ N S ARVO 2017

DUAL PROTOCOLS. II. “Long”

Early diagnosis of hereditary retinal diseases

Table 15-6 | Onset of O ioral, and Elect i Signs of Inherited
Retinal Dystrophies and Degenerations

152 y1s
‘Alaskan malamute Normal looking fundus
American cocker spanlel 3.5 yrs
Bull Mastift 6 mos mos
Cardigan Welsh corg! red3 616 wks 6.8 wks 36 wks
Collle rea2 6 wis 6 wks 2wks
Dachshund (miniature longhalied)  cra 612 mos 6 mos 4.9 mos
Dachshund (shorthaired) ad 3yrs rs 5 wks
English cocker spaniel pred 48yrs 35y 12 mos
German shorthaired pointer ) Normal looking fundus 810 wks swks
Irsh setter rcdl 12-16 whs 68 wks 3.6 wiks
Labrador retriever pred 46 yrs 35yrs 1.5 yrs
Masti (Old English) PRA 6 mos 6 mos 12 mos
Miniature schnauzer PRAA 12 yrs 612 mos 68 wks
Norwegian elkhound erd 612 mos 6 whs 56 wks
] 618 mos 6 mos s
PRA 1.25y1s 7y1s 9 mos-1.5 yrs
it bullterrier ad2 3.6 mos 8 wks 7 wks
Poodle (toy and miniature) prcd 35y 35yrs 69 mos
Portuguese water dog prcd 36yrs 35y 1.5 yrs
XLPRAT 1521 24y 6 mos
Siberian husky XLPRAT 15215 2415
Tibetan terrier PRA 10-18 mos 612 mos 10 mos

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
e Three flashes (0.01, 3 and 10

and mixed rod-cone response

* Recommended for quick

evaluation of retinal function

in wildlife (Labelle et al., 2010)

cd*sec/m?) to test rod

WILEY

Treatment with chloroguine is retinotoxic in captive African
penguins (Speaiscus demersus). Attenuation and recovery of
electroretinographic responses

Mayn Ress' | Nl AvmiMagen® | Oren W'er’ | Aval Berkowits’ | Rom Ofri'

5711 UdJik

CONE FUNCTION. GENE

THERAPHY IN DAYBLIND SHEEP
: ‘

Flicker cone function in normal and day blind sheep:

man achromatopsi:
o
W potsiy|
S I

» Light adaptation (10 min, 30 cd/m?)

»Photopic response & Flicker Fusion Test
»>10-80 Hz, in 10 Hz increments — 8 CFF tests

»>Repeated at 1, 2.5, 5 & 10 cd*sec/m?

Flash
lFIkker responses (Hz)

WITTIT lmum lmmu luwuw

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

LECTURE OUTLINE
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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!!!)

SPECIES DIFFERENCES

e slemsingy CO1T) 20, 3, 266-270 DO op 1 2414

Scotopic {:Ic(‘lr(n'cliungrzlpil) in lislling cat (Prionailurus viverrinus)
and leopard cat (Prionailurus bengalensis)

Metita Sussadee,*,t Narathip Vorawattanatham,} Anuchai Pinyopummin,§ Janjira Phavaphutanond and
Arce Thavananuphat§

\ -

ARVO Annual Meeting Abstract | May 2007
Dark-Adaptation ERG Recovery in
Different Mice Strains

R.T. Tzek icGee: R. Kubota

[ Author affliations & Notes

Investigative Ophthalmology & Visual Science May 2007, Val.48. 1520. dof

Original Article

A . VS

Normal clinical electroretinography parameters for poodle,
Labrador retriever, Thai ridgeback, and Thai Bangkaew

Metita Sussa Janjirs Phavaphuatanon’, Komchai Korksewrat', Arec Thayanamuphar’ *
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0.riginalt Arti:_l., - JVS

Normal clinical electroretinography parameters for poodie,
Labrador retriever, Thai ridgeback, and Thai Banakaew

Metita Sussadee’”. Janirs Phavaphutanon’, Kornchai Korukacwrar', Aree Thayanamuphar’ *

4 MIN 8 MIN 12 MIN

* Responses of Labradors retrievers were consistently lowest

* Ridg k had highest pic resp Poodles had highest
mixed and cone responses

EFFECT OF AGE

B

J

h 4 W
A L
Young ; i i

Adult

Amplitude (V)

y Vi
A 4 A v
Senile : \/ \f(

Implicit time (msec)

N cterinan
Sclence

st s

B et rmertimegs sphee et e iiog 8 laghet st iog e v
cormeal clextrosde in braihy bragh

P O

ORIGINAL K1 STARCH ARTICLE

A 1

Ag d changes in i aphy
in companion dogs

Micheie ML Salrman * - Natascha Merten - Wajrirch K. Paned.
CGlad Weter © - Alejandrs Viondions - Hase 1), Weste romeyer
Margaret K- Gram O  Natashs J. Oy © - Froya V. Memat’

] e I
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RIGINAL HEPORT WILEY

Retrospective evaluation of pre-surgical
electroretinography results in a mixed-breed canine
population presented for cataract removal surgery

Michaela L. Wegg' Danica Pollant’ | Ron Ofri’

N TETRETIIO

FACTORS AFFECTING
RECORDING

* Retinal pathology... | g -

The lens-coating agent and the clect roretinogram

rato, Rdousl Teekon & Muchuael . Marmon

Abevamica
I u

INAL REPORT WILEY

Retrospective evaluation of pre-surgi
electroretinography results in a mixed-breed canine
population presented for cataract removal surgery

Michaela L. Wegg' Danica Pollard’ | Ron Ofri’

on ERG in dogs with cataract

s

civaMachara, Norihiko Itoh, Shinsuke Wakaiki, Ayako Yamasaki, Keiko Ts
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DARK ADAPTED ROD RESPONSES

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

Scotopic Response

w —_—

SINGLE-FLASH PHOTOPIC (CONE)
RESPONSE NOT AFFECTED

Photopic Response

Amplitude (uV

(D) 80—

BUT CONE FLICKER AMPLITUDE...

...is lower in mature and hypermature cataracts

ne Flicker
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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!

IMMATURE MATURE
CATARACT CATARACT
- :»;::zy;“u LeftEye

Right Eye Lefteye

Courtesy AM Verbruggen




21

LECTURE OUTLINE

* Troubleshooting

POSSIBLE PROBLEMS
& SOLUTIONS. I
FLAT LINE

* Is amplifier connected to power?
* Are electrodes connected to amplifier?

POSSIBLE PROBLEMS
& SOLUTIONS. IT

NO ERG SIGNAL, LARGE 50 Hz NOISE
» Are all electrodes connected to patient?

w

| Pipe sound
20000} sampling rate: 44100 5
10000}

o}

'JWMW

) ® 20000}

arbitrary units

e 0ls

-30000

0G0 2000 ao00 4000
sample
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POSSIBLE PROBLEMS
& SOLUTIONS. 111

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. 111

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. 111

If the 50 Hz noise persists in the saline cup...

* Move to a different room
* Shield animal/equipment

»Faraday cage G

Lite Duty Faraday Bed Canopy Reduces RF EMF Cell Radiation

THANK YOU!






