Comparative Ophthalmology -
scientific discovery and innovation
create synergies for veterinary and

human medicine
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Human / Animal Relationship




Examples of Benefits

Ophthalmic Genetics

Nature Genetics

// /;-/7‘:,‘\\‘\
¢ (/7\§\X\\X_MU/%,’7) o /'_*'\ )
NL ¢ (T SR

¢
- N

) N~ B = N
D QA NN A
\?//@1\\:\\\\;’ @ Sy o T, Tiee




Examples of Benefits

SCREENING FOR LATE ON-SET PROGRESSIVE RETINAL ATROPHY IN THE ENGLISH SPRINGER SPANIEL DOG

USING A PORTABLE ERG UNIT AND AN AUTOMATED PROTOCOL
12 Galle, L. Dubielzig. R.> Katz. M."
_ 'Department of Veterinary ine and Surgery. University of Missous
3 riment of Ophthalmalogy, Mason Eye Institute, University of
*Depariment of Pathobiclogical Sciences, University consin, Madison, Wi, USA

ERBurm(HMsERB
‘etCorp..Columbia, MO, USA) was used (Fig.1). which had
the capagdity of running a
S AT e S
and b

abundance of RPE apical microvilli. RPE= Retinal pigment
epithelial cells, T=Tapetal

Discussion and Conclusion: The present
study shows that the English Springer
‘Spaniel breed of dog is affected by a late-
onset hereditary generalized refinal disorder
that affects both rod and cone
photoreceptors, with an early involvement of
the inner retina. This disease appears to be
different from the late-onset retinal dystrophy
designated as pred, (progressive rod cone
i degeneration), which affects mainly the
Cbaerved for the sffected cog, which. e : : photoreceptors (7). This study also shows
of results from jel
mmm mws‘m that it is possible to obtain reproducible
e e Results: Four dogs were diagnosed as ffectsd by diagnostic ERGs at different clinical locations
ERGs and ophthalmic studies (Fig.2, Table). Normal in hereditary retinal disease using
ERG recordings obtained in one of the ESS dogs. standardized procedures and a portable
examined twice at age 19 and 22 months, respectively, ERG unit with an automated protocol.
are shown in Fig.3. ERGs in a similarly aged dog
showed mainly reduced cone responses at re-
examination. The process of dark adaptaion was not
markedly different in the 1.5 year-old affected dog
compared to three of the apparently normal dogs, while
scotopic bia rabio was higher in the former {mean = 2.2
in dogs diagnosed as narmal and 7.2 in the 1.5 year-old
affected). Further, OP's were reduced in the affected
dog (Fig. 4). Severe funduscopic changes were found
in 3 dogs. aged 6 1o 10 years, with barely or non-
recordable ERG recordings. Morphology showad

degeneration was obsarvad but also severe inner refinal
changes in both cases. with disorganization of retinal
layering and degeneration of retinal cells (Fig.6).




Examples of Benefits
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Ongoing Results; Pilot Study (3 eyes)

Original Data Presented at ACVO 2008:
Roberts SW and Woods, CW. “The Use of a Novel Porous Implant for Refractory Canine Glaucoma”.
Abstract Presentation; Am. College of Vet. Ophthalmologists 2008; Boston, MA




Implant and SurgicalwApproach ,
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-Create a limbal based flap

Introduce implant through a 3mm incision
*Place implant body adjacent to choroid
*Close sclera
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Innovative Technologies
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Innovators

Laboratory for

Comparative
= Ophthalmology

University of Missouri
College of Veterinary Medicine

Dr. Kristina Narfstrom, DVM, PhD, and Diplomate of the European College of Veterinary Ophthalmology

(ECVOQ), is Professor Emeritus at the University of Missouri-Columbia. She was the Ruth M. Kraeuchi

Missouri Endowed Professor of Veterinary Ophthalmology. She holds adjunct professorships at the Mason

Eye Institute, Department of Ophthalmology, and at the Faculty of Biomedical Engineering at the University

of Missouri-Columbia. Her research work concerns primarily hereditary retinal disease processes of animal

models, including retinal functional testing, using electroretinography. She is also engaged in comparative-.

research concerning treatment modalities for hereditary retinal blinding diseases such as the use g : EW

therapy, stem cell implantation and retinal prosthetics. Narfstrdm is cofounder and scientific director 4// \\\\\ ; A =
RetVetCorp. e




H
M
sERGT
M

///;;7—_:
(=1

G
.




Collaboration




Non-communicative Patient




Electroretinogram -
Definition
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Electrophysiology of

PATIENT P10, SESSION NO. 1, ISCEV REPORT
[P10S04TO100A] 7Sep 2005 15:30:56
Rods 10 med.s/m"2 10@2S
SESSION NO. 1, ISCEV

. .
intensity : 10 mecd.s/m~2
flashes: 10 each 2 s
data : 20 ms - flash - 180 ms
1 [P10S04TO200A] 7Sep 2005 15:31:32

Std R&C 3cd.s/m*2 4@10S
SESSION NO. 1, ISCEV
intensity : 3000 mcd.s/m"2
flashes : 4 each 10 s

data : 20 ms - flash - 180 ms

[P10S04TO300A] 7Sep 2005 15:33:06
Hi-Int R&C 10 cd.s/m"2 4@20S
SESSION NO. 1, ISCEV

intensity : 10000 mcd.s/m~2

flashe: each 20 s

data : 20 ms - flash - 180 ms

[P10S04TO400A] 7Sep 2005 15:43:48
Cones 30cd.s/m"2 32@.5 30cd/m~2 B
SESSION NO. 1, ISCEV
intensity : 30000 mcd.s/m"2
flashes : 32 each 0.5 s
id: [ROYAL] data: 20 ms - flash - 180 ms
backgroun: 00 mcd/m”2 (600 s adaptation)
[P10S04TO500A] 7Sep 2005 15:43:58
Flicker 3cd.s/m"2 128@30Hz
SESSION NO. 1, ISCEV
" intensity : 3000 mcd.s/m”2
5) flashes: 128 eachO's
id: [ROYAL] data: 0 ms - flash - 33 ms

[P10S04TO600A] 7Sep 2005 15:44:06
Hi Flicker 30cd.s/m”"2 128@30Hz
SESSION NO. 1, ISCEV

intensity : 30000 mcd.s/m”2

flashe: 28 eachOs

] data: 0 ms - flash - 33 ms




standing potential
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Selective Rod- and Cone-ERG Responses in Retinal Degenerations
Digital Journal of Ophthalmology 1998 Volume 4, Number 10




HUMAN VISUAL ELECTRODIAGNOSTICS

A Guide To Procedures copyright by ISCEV Publications
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* not helpful during active phase but rather to monitor the recovery F 4 ‘ b
** to exclude other conditions associated with nystagmus
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Changing Paradigms
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ERG in Research
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Rod Dark Adaptation

— 50

W — | 0

1. TH 1 PO1S02T01004A AVG blu S ~ | M1: 59.28 mS, 56.53 u¥
2. TH 2 PO1502TOZ200A AVG red S —|M2: 78.82 mS, 243.58 u¥
3. TH 3 PO1S02T0300A AVG blk S v |MD: 19.55 m3, 187.04 u¥

X[1 :1) Y[l :1] Center: [ 75.67, 143.90)

Xgainup [ [ Y gain up
Xgaindown [ | [ Y gain down

-9.69[m5]  287.44 [uv]




Abnormal Rod Only B wave
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-18.85[mS]  56.97 [uv]




Scientific literature

ISCEV 2006
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Commercial opportunity
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Comparison of two electroretinography systems used in dogs:
the HMsSERG and the RETlcom

MB Jeong,1 WG Son,1 YW Park,1 SA Park,1 KM Seo,1 CP Moore2 and K Narfstrém2

Dept of Veterinary Surgery and Ophthalmology, Seoul National University, Korea,

2Dept of Veterinary Medicine and Surgery, University of Missouri-Columbia, USA

Purpose. To compare two different
electroretinography (ERG) instruments used on
the same animal in a clinical practice.

Methods. Retinal function in both eyes of 12
healthy Miniature Schnauzers was evaluated under
general anesthesia using medetomidine (60 pg/kg,
IM) and Ketamine (5 mg/kg, IM). Scotopic and
photopic ERGs were recorded by a compact,
portable mini-Ganzfeld ERG unit (HMSERG, RetVet
Corp Inc., MO, USA) and a contact lens electrode
with a built-in light-emitting diode (LED) stimulator,
part of a commercial ERG equipment (RETIcom,
Roland Consult, Brandenburg, Germany),
respectively, following published Guidelines for
Clinical Electroretinography in the Dog' (Fig.1).
Light intensity used with the two different ERG
equipments is showed in Table 1. The ERG
waveforms, a- and/or b-wave amplitudes and
implicit times of recordings by the two ERG units
were compared. For statistical analysis, a paired
student t-test, and median, and 5th and 95th
percentiles were employed. In addition, the results
were then fitted into a graphical representation of
reference ranges for both ERG systems.

-

Fig. 1. ERGs using the HMSERG (A) and the RETlcom
(B) in Miniature Schnauzers. Note the difference between
the portable LED mini-Ganzfeld stimulator employed in
the HMSERG and the LED with a built-in contact lens

electrode (LED-electrode) used in the RETlcom. The
entire HMSERG unit is shown (A), while for the
RETIcom (B), only the contact lens with the built-in
stimulator is shown.

Table 1 Light stimulation intensity (cd-s/m?)
HMsERG RETIcom
(signal averager) (single flash)
S1
. S2
Lowlight - T53™ 901 | 0.025
intensity —
Scotopi 4
cotopic P
ERG S5
Standard light
intensity (S-ST) 30 e
Higher light
intensity (S-H) 10 79
Light
Adaptation 30 25
(cd/m2)
Single flash (P 3.0 25
Photopic ingle flash ()
ERG 31 Hz flicker
(P-FL) 3.0 25

Results. The waveforms of the ERGs
obtained by the two ERG units were identical
to those of previous studies! (Fig. 2). Except
for the amplitude of the b-wave for scotopic
low light intensity stimulation, the overall
changes of ERG parameters recorded by the
HMSERG unit in response to changes in the
protocol as to light stimulation were very
similar to those recorded by the RETIcom
equipment. This was found most clearly for
the photopic single flash and 31 Hz flicker
responses (Fig. 3 A, B, C, and D). There was
a greater increment in b-wave amplitude and
implicit times recorded by the HMSERG than

those of RETIcom during dark adaptation (Fig.

3 E). Mean b/a ratio for the HMsERG were
higher than those for the RETlcom, but the
differences were not significant (Fig. 3 F). The
results demonstrate that both ERG systems
are comparable. As illustrated in Fig. 4, some
major differences between the two units were
shown by using 95% confidence intervals.

ACVO, Hawaii 2007.

Supported by BK 21 Program for Veterinary
Science and BK 21 Global Internship

HMsERG RETIcom

: K
S /
x £
)
a-wave implicit time )
®« 38R 3 a
"
[

s
y
)
>
b-wave implicit time (ns)

3 8 8

/>

|

Jitude ()

TS s s s s osstosm P PR
Light intensity (cd+s/m’)

s1 s2 s3 s4 S5 SSTSH P PR

Light intensity (cdvs/m?)

; F
Ditiicon
v z6

Fig. 2. Representative ERG waveforms recorded by
the two ERG units. Scotopic ERGs (A and B; E and F)
and photopic ERGs (C and D; G and H) are shown.
Scotopic low intensity responses (A and E), which was
subdivided into S1, S2, S3, S4, and S5 (from bottom to
top in A; from top to bottom in E), scotopic standard
intensity responses (blue line in B; upper line in F), and
scotopic higher intensity responses (red line in B; lower
line in F); Photopic single flash response (C and G) and
31 Hz flicker response (D and H). The light stimulus is
shown by the vertical dashed line for the HMSERG,
while the light stimulus is shown at the beginning of
each recording for the RETlcom.
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Fig. 4. Graphical illustration of the reference ranges
depicting ERG differences between the HMSERG (a
solid line) and the RETIcom (a dotted line) using the
median set at 100% and 95 % confidence intervals.
Amplitude and implicit time values on the y-axis for the
a- and b-waves, respectively, are shown as percentages
of the values obtained by the two ERG units.
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Fig. 3. The comparison of mean (£SEM) amplitude (A,
C, and E) and implicit times (B, D) of a- and b-waves
recorded by the HMsERG (a solid line) and the
RETIcom (a dotted line). The b/a ratio for the two
ERG equipments are shown in F. The changes in a-
and b-wave amplitude and implicite time parameters
obtained during a recording session using both ERG
units are very similar in ERG responses except for
amplitudes of the b-wave for scotopic low light intensity
stimulation.

Conclusions. Both ERG units are
appropriate for routine veterinary clinical
use. It is recommended, however, to
establish ERG system-specific reference
ranges for each laboratory and clinic
using a 95% confidence interval in order
to obtain reliable results especially when
evaluating hereditary retinal
degenerative disease processes.

Reference.

1.Narfstréom, K., Ekesten, B., Rosolen, S.G.,
Spiess, B.M., Percicot, C.L., Ofri, R., 2002.
Guidelines for clinical electroretinography in the
dog. Documenta Ophthalmologica 105, 83-92.



Jeong M-B?, Seeliger M?, Galle L3, Vaegan®*, Seo K-M', Narfstrom K3

'Dept of Veterinary Surgery and Ophthalmology, Seoul National University, Korea
2Retinal Diagnostics Research Group, Dept of Ophthalmology I, University of Tuebingen, Germany
3Dept of Veterinary Medicine and Surgery, University of Missouri-Columbia, USA

4School Of Optometry, University of New South Wales and VisionTest Australia, 187 Macquarie St., Sydney, Australia
ERG System TOR

Background: Objective evaluation of retinal function is often
needed in the clinical and research environment. We studied
normal cats and cats affected with different stages of inherited rod
cone degeneration’ to evaluate the efficacy for obtaining a
diagnosis with a new portable mini-Ganzfeld ERG unit, using it in
parallel with a conventional table-top Ganzfeld ERG. Previous
studies, with large ERG equipment and extended protocols, have
shown that a significant reduction in scotopic high intensity a-wave
amplitude®* together with a corresponding increase in b/a wave
ratio is diagnostic for early stage feline rod cone degeneration®.

I
Methods: Eleven affected cats in different stages of
disease (S2 - S4; early (A), moderate (B) and advanced
(C)), and four normal controls were anesthetized using a
combination of medetomidine (0.09 mg/kg, IM) and
ketamine (5 mg/kg, IM) and studied using the protocol
recommended by ISCEV for diagnostic ERGs® in
humans. Cats were dark-adapted overnight and prepared
under red lights. Scotopic ERGs were first obtained using
a conventional tabletop unit (ERG System TOR, Global
Eye Program, Rejmyre, Sweden). Before light
adaptation, the units were switched and the small,
portable ERG (Handheld multispecies ERG; HMSERG,
RetVet Corp. Inc., Columbia, MO) was used, with the
ISCEV protocol, followed by photopic recordings using
the larger unit. A- and b-wave amplitude and implicit
times were evaluated along with waveform shape, b/a-
wave ratios and oscillatory potentials (OPs). The latter
were obtained from responses to high intensity stimuli
under scotopic conditions through digital filtering at 100 to
300 Hz. The table shows light stimulation parameters

HMsERG

ERG System TOR

Light stimulation parameters and mean ERG a- and b-wave amplitudes (uV) +SD for the HMSERG and for the ERG System TOR,

respectively, in early stage of feline rod cone degeneration.

Ci

: Narfstrom K;

ps patent
application for the HMSERG through RetVet Corporation, Inc.

Results: Figure (left) shows results of ERG tracings
using the HMSERG and the TOR units, respectively,
in a case of early stage hereditary retinal
degeneration. In affected animals, the mean
amplitude of the scotopic a-wave using 3 (HMsERG)
and 1 cd.s/m? (TOR) respectively, of white light
stimulation was significantly lower already in early
disease: 197 + 82 pV using the HMSERG (p=0.004)
and 116 * 44 pV for the TOR unit, when compared to
results of controls: 559 + 115 uV and 307 + 65 pV,
respectively. Similarly, significant differences
between affected early stage cats and controls were
found for the b-wave amplitudes, although not as
marked (p=0.014 for the HMSERG) when using this
level of light stimulation. For the b/a-wave ratios of
affected cats, these were also significantly increased
(p=0.037 for HMSERG) in early disease compared to
those of normal cats using both units. A- and b-wave
implicit times, were not found to be diagnostic when
comparing early stage affected and normal cats
using either equipment, and 3 and 1 cd.s/m2,
respectively, of light intensity stimulation. OPs were
reduced in affected cats in comparison to those of
normal cats (data not shown) using both instruments.
The ERG waveform shapes obtained using the
portable unit were comparable to those of the
conventional tabletop unit (Figure, left).

Conclusion: The portable mini-Ganzfeld HMSERG
provided results that were remarkably similar to the
conventional tabletop full-field ERG System TOR in
normal and affected animals. Although subject to
further evaluation, this study shows the efficacy of
the portable unit in the diagnosis of generalized
photoreceptor disorders. Additional work is
underway to establish reference ranges using the
portable ERG for research and in the clinical
practice.

References:

1. Narfstrom K. Progressive retinal atrophy in the Abyssinian cat. Clinical characteristics.
Invest Ophthalmol Vis Sci, 1985:26:193-200.

2.Vaegan, Narfstrom K. Optimal discrimination of an Abyssinian cat recessive retinal
degeneration: a short electroretinogram (ERG) protocol is more efficient than a long one.
Clinical and Experimental Ophthalmology, 2004: 32:619-625.

3.Vaegan, Narfstrom K. Amax is the best a-wave measure for classifying Abyssinian cat
rod/cone dystrophy. Doc Ophthalmol, 2005:111 (1):33-38,

4.Kang Derwent J, Padnick-Silver L., McRipley M., Giuliano E., Linsenmeier RA, Narfstrom
K. The gram (ERG) in Aby. cats with hereditary retinal
degeneration. Invest Ophthalmol Vis Sci, In Press, 2006,

5.Hyman J, Vaegan, Lei B, Narfstrom K. of
and heterozygous Abyssinian-crossbred cats with late-onset hereditary retinal
degeneration. Am J of Vet Research, 2005: 66 (11):1914-1921

6.Marmor MF, Holder GE, Seeliger MW, Yamamoto S. Standard for clinical
electroretinography (2004 update). Doc Ophthalmol, 2004: 108:107-114
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Structure and Function
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SLO and OCT

Analysis of topographic features in macular pucker. A, Grayscale SLO image of the fundus in a
subject’s left eye. B, Overlay of the coronal OCT image (color photo C) superimposed on the
SLO fundus image (grayscale photo A) with point-to-point registration. C, Coronal plane OCT
image, in color. The overlay image (B) was used to characterize the macular hole and/or
macular pucker (as in this case) for topographic analysis.

MACULAR HOLES AND MACULAR PUCKER: THE ROLE OF VITREOSCHISIS AS IMAGED s
BY OPTICAL COHERENCE TOMOGRAPHY/SCANNING LASER OPHTHALMOSCOPY jzi\ww
L~

BY Jerry Sebag MD FRCOphth,* Priya Gupta, Richard R. Rosen MD, Patricia Garcia MD, AND e\ { = %7‘
Alfredo A. Sadun MD PhD l\ LIS




Combining Structure and
Function

Kim, Mol Vis 2009; 15:833-843.




Multi-modal Imaging
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