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The Big Picture

Why perform electrophysiologic
testing on glaucoma patients?

b - Delivers objective functional data not

offered by any other technology

Clinically relevant information that can
improve patient care

Minimal disruption to normal patient flow
Small investment in space and training
Billable procedure

Visual Evoked Potential

An objective measure of visual function

”
. that assesses the electrical activity of the

cerebral cortex while the subject views

@ standardized visual stimuli



Types of VEP

» Pattern VEP (“conventional” VEP)
— Checkerboards and gratings

- Steady state vs transient
* Transient; Pattern reversal rate < 3 Hz (slow)

|- Flash VEP
— Limited clinical use (low vision)
* Multifocal VEP (mfVEP)

— Localized regions of the VF are tested &
analyzed

» Short-duration transient VEP (SD-tVEP)

Diopsys NOVA-LX
Fixed Protocol SD-tVEP

Stimulus

— 32x32 checkerboard pattern

— 1 Hz (reversal every 0.5s)

— Low Contrast (15%), High Contrast (85%)

Fixed Protocol

— “Warm-up” (8s)

= Low Contrast (15s)

— High Contrast (15s)
— Repeat for fellow eye

Electroretinogram

* A non-invasive, objective measure of
the retinal electrical activity in
response to standardized visual
stimuli
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SD-tVEP
Short Duration, Transient VEP

Short duration = Rapid test
administration (=1 min)

Modifications to shorten the exam time

— More efficient signal
acquisition technique

— Automated signal
processing (eg.
VEP-Extractor ™)

Diopsys NOVA-LX
pattern VEP
stimulus. Slow
pattern reversal
generates a transient
VEP

Types of ERG

Pattern ERG (pERG)
— Transient
- Steady state

Full-field flash ERG
Multifocal ERG (mfERG)
Photopic negative response (phNR)



Pattern ERG

* Assess ganglion cell function in the macula
» Contrast reversal checkerboard or grating
» Tests macular region

+ Stimulus size 15°

Pattern ERG

» Steady state pERG (SS-pERG)
— Rapid stimulus reversal
— Generates a sinusoidal-like waveform
— Direct, objective measure of RGC function
— Ideal for glaucoma assessment

SS-pERG Waveform

Diopsys NOVA-pERG
| Fixed Protocol Contrast Sensitivity

¢ Stimulus
— 64 horizontal bar pattern
— Reversing at 15 rps

— High contrast (85%), low
contrast (15%)

Fixed Protocol

— High contrast (85%) - 25s
— Low contrast(15%) - 25s
— Repeat for fellow eye

{h
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Pattern ERG

Transient vs steady state pERG depends on the
temporal frequency

Reversal rate PERG
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Steady State pERG

Diopsys® NOVA pERG

— Fixed protocol
* Concentric Fields, Contrast
Sensitivity
* Steady state pERG

+ All test parameters are
standardized

+ Normative database
— Manual

Intuitive, icon-driven

Patient - test ribbon
test sequence
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OVA Vision Testing A Codes & Reimbursement
System : .

— CPT: 95930 (0U, $130 Medicare

— Seizure disorders allowable)

(M S
— Flickering e . J"'*‘ — ICD-9: 377.14 - Cupping of the optic disc

stimulus has — ICD-10: HA47.23X (1,2,3) Glaucomatous

{nc_)tential tol optic atrophy
rigger a.seizure
g8 * ERG

— CPT: 92275 (OU, $ 148 Medicare
allowable)

— 1CD-9: 365 - Glaucoma
— |CD-10: H40

VEP Interpretation

N75/P100/N135 Waveform
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VEP Interpretation \ VEP Interpretation

Reliability Index
— Time line running from left to right
LATENCY

(ms) — Signal analysis detects artifacts (blinking

and movements) and excessive noise
» Up tick = noise, Down tick = artifact
* Small tick = good signal

Le olvnlooo-oll-'IIOVBS%

He Rl e 100%

DICPSYS NOVA-LX
o8

VEP Inte rp retation ' . == = ‘ PATIENT & EXAM INFO

oo soau

SIGNAL QUALITY

Reliability Index y { | ; &

— Low reliability U v /AR ! L VA A VEP WAVEFORMS
¥’ : i | Grey: Low Contrast

indicates difficulty FEETRTTION 2 ] Bold: High Contrast
with signal averaging - Rehab\\\'i\l = =

_g-bi-li-tl e
Jro-ty-a-Dk I AMPLITUDE & LATENCY

— Causes include
BAR CHARTS

advanced disease and
patient distraction + ) N o e L v i RELIABILITY INDEX

— According to Diopsys,
a Reliability Index = 5 ] B PARAMETER TABLE
<80% indicates the = BNIEREREIATION
analysis should be interpreted with caution.
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ERG Interpretation \ ERG Interpretation

DISPSYS NOVAERG

pERG Waveforms
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Strip Chart

Frequency
Distribution
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ERG Interpretation

DISPSYS NOVA ERG

Parameter

Magnitude (uV)
MagnitudeD
MagD/Mag Ratio

0.42

SNR (dB) 16

19

3.0

0.3

Artifacts 0

0

0

2

Green = value is within 96% of
the reference population

Yellow = value is within 2% of
the reference population

Red = value is within 2% of the
reference population

ERG Interpretation

* Normal - Similar Magnitude and MagnitudeD

values

Parameter

Magnitude (uV)

MagD/Mag Ratio

SNR (dB)

Artifacts

A MagD/Mag Ratio of <0.50 is highly
suggestive of pathology

Data Table

Maghnitude

He Amplitude (V)

MagnitudeD

Waveform Recording in Waveform Recording out of
Phase Phase

SD-tVEP in Glaucoma

Effect of glaucoma on VEP

Correlation between glaucoma severity
and VEP abnormality

Prognostic significance of VEP
abnormality



VEP in Glaucoma

How is VEP latency affected by glaucoma?

A Comparison between Multifocal and
Conventional VEP Latency Changes Secondary to
Glaucomatous Damage

Tomas M. Grippo," Donald C. Hood,>* Fabio N. Kanadani," Isaac Ezon,'
Vivienne C. Greenstein,*" Jeffrey M. Liebmann,*> and Robert Ritch'®

“Contrary to previous reports, prolonged
VEP delays were present in a minority of
patients with glaucoma.’

Grippo, et:al 10VS: 2006;47:5331

VEP in Glaucoma

Glaucoma

Sensitivity and Specificity of Short-Duration Transient
Visual Evoked Potentials (SD-tVEP) in Discriminating
Normal From Glaucomatous Eyes

Cinthi Pillai," Robert Ritch,'* Peter Derr® Alberto Gonzalez,* Laurie Kopko Cox.*
John Siegfried,’ Jeffrey M. Licbmann,'® and Celso Tello'?

“Low contrast latency showed
the highest accuracy for discrimination...”
Sensitivity: 91.1%, Specificity: 93.3% PPV: 95.3%, NPV: 87.5%
“The fixed protocol may be beneficial as a
singular test in the early detection or diagnosis
of [glaucomal.”
Pillai; et. al 10VS: 2013;54:2847

— Does a single-visit VEP latency abnormality
identify eyes with glaucoma that are more
prone to progression?

HVF Progression  Latency Latency
(dB/yr) Abnormal Normal

21(72.5%)  8(27.5%)
29 (46.7%) 33 (53.2%)
-0.87:0.3  -0.32t0.4

Sponsel;.et. al. Unpublished Data
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60' cVEP VEP alone cannot
+ Control differentiate between
[~ O Glaucoma Suspect normal and glaucomatous
® Glaucoma patients

[~ Few glaucoma
|_patients have
abnormal latency

| Upper limit of
normal

cVEP 80 min. Latency (ms)

Mean Deviation (MD in dB;

Grippo; et.ali [OVS: 2006;47:5331

Low contrast latency
and HVF mean deviation

More severe
VF loss is
associated
with higher
frequency of
Lc latency
abnormality

NOTE: Latency is still “WNL” for.
some pts with moderate glc

-15 -10 5
MD

Pillai, et. al. 10VS.2013;54:2847

SS-pERG in Glaucoma

pERG is abnormal in 52% of glaucoma
suspects and 69% of early glaucoma
patients.

Frequency of pERG Abnormalities in Glaucoma Suspects
and Early Manifest Glaucoma

Amplitude Interocular
and Phase amplitude
Y Abnormality asymmetry

Glaucoma
Suspects 12% 6% 14%

Early Manifest 0 0, 0,
Glaucoma 17% 8% —15A

Amplitude Phase
Abnormality  Abnormalit.

Ventura LM; et al, pERG abnormality. and glaucoma. Ophthalmology. 2005 Jan;112(1):10-9;



pERG Clinical Applications

1. Early glaucoma detection and prediction
of future VF/OCT NFL loss

2. Evaluate treatment efficacy

Prediction of VF Loss

* Bode et al. 2011

* Evaluated pERG in 120 ocular OHT eyes followed for
a mean of 10.3 years

* The pERG amplitude detected
glaucoma 4 years before VF
defects occurred

Bode SF, et al. pERG in glaucoma suspects: new findings from:a:longitudinal study.
Invest Ophthalmol Vis Sci: 2011 Jun 16;62(7):4300-6.

4 Case 1

| 47yo HE

CC: Referred to glaucoma clinic because of
large optic cups OU

Oc Hx: Unremarkable.

Fam Hx: Non-conbributory

Med Hx: Good health

Refraction:

— 0D +0.50 DS 20/20-1
—0S Plano 20/20-1
I0P: 16/16 @ 4:53p. (visit #1)
10P: 20/18 @ 4:50p (visit #2)
SLE: White & Quiet OU

Gonio: D40r, 1+ pigment OU
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| Earlier Detection of Glaucoma
and Prediction of OCT Loss

+ Banitt et al. 2013

- Followed 201 glaucoma suspect eyes for at
least 4 years with status OCT and SS-pERG

= It took ~ 2 years to lose 10% of the initial pERG
amplitude, whereas it took ~ 10 years to lose
10% of the initial NFL thickness

— The time lag between pERG
amplitude and RNFL thickness to
lose 10% of their initial values is
about 8 years

Banitt MR, ‘et al. Progressive loss of RGC function precedes structural loss by several
years in glaucoma suspects. Invest Ophthalmol Vis Sci. 2013 Mar 28,54(3):2346-52;

i, : .
I \ 1 Evaluation of Treatment Efficacy
& pERG Amplitudes Before and After IOP Reduction in
Normal, Mild Glaucoma, and Severe Glaucoma Eyes

] Before
[ After

N

=
L

PERG ampitude (uV)
e
&

I

1
Normal Glaucoma  Glaucoma
Controls ~ Noorminor  Severe
field loss field loss

Ventura LM, et al. Restoration of RGC function. in early glaucoma after intraocular
pressure reduction: a:pilot study. Ophthalmology. 2005 Jan;112(1):20-7,
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ONH and RNFL OU Analysis:Optic Disc Cube 200x200 0D @ | ® 0S

=)
‘/\ 29yo HM
: | « CC: Angle recession glaucoma 0S x 4 years

HPI: Taken off meds 1-2 years ago. Blunt
trauma with blow out fracture 0S 2010.

Fam Hx: Unremarkable
MH: HTN

Case 2

Refraction
0D -3.75-1.25x175 20/15-2
0S -3.75-2.50x002 20/20-2
10P: 23/30 @ 9:58a. (visit #1)
10P: 14/24 @ 2:07p. (visit #2)
SLE: White & Quiet OU
Gonio: D40r OD, E45r with angle recession 0S
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ONH and RNFL OU Analysis:Optic Disc Cube 200x200 OD @ @ OS I 5' |
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Parameters Difference | Remarks

Ampitude Low Cantrast V.
Ampinudo High Cortrast v
Latancy Low Contrast ms

08 Delayed

* Started on Lumigan 0S

* I0P: 19/19 @ 2:08p (on PGA)

(TN TN -
- L1 .

1o S

Parameters

Ampltude Low Canirast V.
Amgituta High Coctrast
Latarcy Low Contrast ms

10



. “Potential” for Electrodiagnosis
in Glaucoma Diagnosis and
Management

* PRO
— Objective measure of visual function
— Potential prognostic value
— Evaluate treatment efficacy
— Rapid, simplified test administration
— Comparison to healthy subject reference range
CON

— More research is needed to fully establish its
role in glaucoma diagnosis and management
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