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On the place of leading article

Dr. Janez Faganel Memorial Lectures

Neurology, still a young discipline, seems to enjoy one of its
most active and productive periods. Dealing with the complexi-
ties of the brain and mind it also attracts broader interest. The
dramatic advances in molecular genetics, imaging techniques,
neurochemistry, neurobiology, neuropharmacology, and neu-
roimmunology, have improved our understanding of normal and
abnormal neural structure and function, as well as the outcome
of many neurological diseases.

Slovenia is a rather small country with limited resources and it
would be unrealistic to expect significant activities in each of the
many clinical and basic disciplines of neurosciences. With this in
mind we were honoured when Vivian L. Smith Foundation for
Restorative Medicine, headed by Prof. M. R. Dimitrijevi¢, offered
Lo support us in organising Memorial Dr. Janez Faganel Lectures.
These are dedicated to our late colleague and friend, who was
also one of the closest and most devoted collaborators of Prof.
Dimitrijevi¢. The main concept of these memorial lectures was to
stimulate further development in the different clinical neurologi-
cal disciplines. Each year's lecture is followed by a symposium
on the related topics. Now that we are close to the 10th anniver-
sary of this project, it may be appropriate to recapitulate what
has been done so far and to consider plans for the coming years.
The following is a list of the past Dr. Janez Faganel Memorial
Lectures and the Symposia, including also the one of this year.

1985 P. D. Wall (London, Great Britain): Pain mechanisms.
Brain Injury Satellite Symposium - BISS ‘85

1986 K.-G. Henriksson (LinkOping, Sweden): Muscle pain in
neuromuscular disorders and primary fibromyalgia. Diag-
nostics in Neuromuscular Disorders

1987 J. K. Light (Houston, Texas, U.S.A.): Neurogenic bladder
in patients with spinal cord injury. 2" Yugoslav Symposi-
wum on Neurourology and Urodynamics

1988 E. Stilberg (Uppsala, Sweden): Electromyography - re-

flection of motor unit's physiology in health and disease.
Symposium on Quantitative Electromyography

1989 A. M. Halliday (London, Great Britain): The widening role
of evoked potentials in clinical practice. International
Symposium on Sensory Encephalography

A. M. Sherwood (Houston, Texas, U.S.A.): Brain motor
control assessment. Symposium on Assessment of the Up-
per Motor Neuron Functions

V. Deletis (New York, N.Y., U.S.A)): Intraoperative moni-
toring of evoked potentials - current status and perspec-
tive. Symposium on Neurophysiological Monitoring

E. Rumpl (Klagenfurt, Austria): Neurophysiological evalu-
ation of severe head injury patients. International Sympo-
sium on Evaluation and Treatment of Severe Head Injury
H. Ikeda (London, Great Britain): Mammalian retinal neu-
rotransmitters - as seen through the eyes of a neurophys-
iologist. Symposium on Neurophysiological Evaluation of
the Visual System.

1990

1991

1992

1993

We are proud of having been able to host so many distinguished
neuroscientists and we certainly appreciate their kind willingness
to be our guests. We are also happy that Dr. Janez Faganel Me-
morial Lectures have become a tradition and that they have con-
tributed their part to the development of neurological thinking in
this country. The past lectures covered rather diverse topics and
such is also our future orientation.

The current and future breakthroughs in the neurosciences can
be expected to eventually enable the clinical neurologist to effec-
tively treat the identified biochemical defects by gene transfer, to
stimulate nerve regeneration, to more effectively protect the dis-
eased nervous tissue and to compensate for its dysfunction. We
look forward to future lectures when we may indeed hear more
on the applications of the promising achievements in basic neu-
rosciences to clinical neurology.

This is therefore an invitation to all who are willing to contribute
their ideas and endeavours to the success of the future symposia.

Dr. Janez Faganel Memorial Lecture Scientific Committee
Janez Zidar, Chairman
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Na mestu uvodnika

Spominska predavanja dr. Janez Faganel

Za nevrologijo, e vedno razmeroma mlado vedo, se zdi, da je v
enem od najaktivnejsih in najbolj produktivnih obdobij. Zaradi
tega in pa zaradi predmeta svojega proucevanja, to je sestava in
delovanje moZzganov in ¢lovekovega duha, je delezna tudi
splodne pozornosti. Dramati¢ni napredek genetike, tehnik slika-
nja moZganov, nevrokemije, nevrobiologije, nevrofarmakologije
in nevroimunologije je pripomogel k boljsemu razumevanju se-
stave in delovanja zdravega in bolnega Zivéevia ter izboljsal pro-
gnozo mnogih nevrolodkih bolezni.

Slovenija je majhna drzava z omejenimi sredstvi. Zato bi bilo
nerealisticno pricakovati pomembno aktivnost prav v vsaki od
Stevilnih kliniénih in bazi¢nih vej nevrologkih znanosti. Zaveda-
jo¢ se tega smo z veseljem sprejeli pobudo in pomo¢ za orga-
nizacijo spominskih predavanj dr. Janez Faganel, ki jo je v imenu
Sklada za restavrativno nevrologijo Vivian L. Smith dal njegov
predsednik prof. dr. Milan R. Dimitrijevi¢. Predavanja so po-
svecena nasemu umrlemu kolegu in prijatelju, ki je bil tudi eden
najblizjih sodelavcev profesorja  Dimitrijevica. Glavni namen
spominskih predavanj je bil spodbuditi nadalinji razvoj razli¢nih
klini¢nih nevrologkih disciplin. Vsakoletno predavanje je vedno
spremljal simpozij s sorodno temo. Blizamo se Zze desetemu
spominskemu predavanju, zato je morda ¢as, da pregledamo
opravljeno delo in da se ozremo naprej. Dosedanja spominska
predavanja in  simpozifi, skupaj z letosnjim, so bila sledeca:
1985 P. D. Wall (Londen, Velika Britanija): Mehanizmi bo-
lec¢ine. Satelitski simpozij o poskodbi glave - BISS ‘85
1986 K.-G. Henriksson (Linkoping, Svedska): Midi¢na bolec¢ina
pri Zivéno-miSi¢nih boleznih in pri primarni fibromialgiji.
Diagnostika zivéno-misicnib bolezni

1987  J. K. Light (Houston, Teksas, ZDA): Nevrogeni mehur pri
bolnikih s pre¢no poskodbo hrbtenjace. 2. jugoslovanski
simpozij o nevrourologifi in urodinamiki

1988 E. Stilberg (Uppsala, Svedska): Elektromiografija - pogled
na fiziologijo zdrave in bolne motori¢ne enote. Simpozij o
kvantitativni elektromiografiji

1989  A. M. Halliday (London, Velika Britanija): Rastoc¢i pomen
evociranih potencialov v klini¢ni praksi.  Medwnarodni
simpozij o senzoricni encefalografiji

A. M. Sherwood (Houston, Teksas, ZDA): Ocenjevanje
mozganske funkcije kontrole gibanja. Simpozij o ocenje-
vanju_funkcij zgornjega motoricnega nevrona

V. Deletis (New York, N.Y., ZDA): Medoperativni nadzor
evociranih potencialov - sedanjost in perspektive.  Sim-
pozif o nevrofizioloskem nadzoru

1990
1991

1992 E. Rumpl (Celovec, Avstrija): Nevrofizioloska ocena bol-
nikov s hudo poskodbo glave. Mednarodni simpozij o

ocenjevanju in zdravijenju bude poskodbe moZganov.

1993 H. Ikeda (London, Velika Britanija): Kemi¢ni prena3alci v
mreZnici sesalcev - pogled nevrofiziologa. Simpozif o nevro-

Sfizioloskem ocenjevanju vidnega sistema.

Ponosni smo, da smo lahko gostili toliko pomembnih znan-
stvenikov nevrologov, in cenimo njihovo pripravljenost na
sodelovanje. Z zadovoljsvom ugotavljamo, da so Spominska pre-
davanja dr. Janez Faganel postala tradicionalna in da so po svoje
prispevala k oblikovanju slovenske nevroloske misli. Zelimo pa
si Se bolj Zivega sodelovanja vseh nasih nevrolosko usmerjenih
strokovnjakov. Teme preteklih predavanj so bile raznolike in
taksna naj bi bila tudi prihodnja usmeritev Odbora za pripravo
predavanj.

NaSa in nasih bolnikov pricakovanja in Zelje vsekakor so, da bi
zdajSnja in prihodnja znanstvena odkritja omogodila ucinkovito
zdravljenje biokemicno pojasnjenih okvar s pomodjo presajanja
genov, pospeSevanje regeneracije Zivéevja, ucinkovito zascito
obolelega Zivcevja pred dodatnimi okvarami in kompenzacijo ze
okrnjenih funkcij. Z zanimanjem pricakujemo prihodnja preda-
vanja, v katerih bomo morda lahko izvedeli ve¢ o klini¢ni upo-
rabnosti sedanjih obetajoc¢ih odkritij.

Zakljucujemo s povabilom vsem, ki so voljni s svojimi idejami in
z delom pripomo¢i k uspehu prihodnjih predavanij in simpozijev.

Znanstveni odbor Spominskega predavanja dr. Janez Faganel
Janez Zidar, predsednik
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NEUROPHYSIOLOGICAL ASPECTS OF THE VISUAL SYSTEM

A: THE ROLE OF DOPAMINE IN THE VISUAL PATHWAY
B: ELECTROPHYSIOLOGICAL EVALUATION OF THE VISUAL SYSTEM

FOREWORD

The 9th Janez Faganel memorial lecture and accompanying sym-
posium in 1993 are dedicated to the visual system with special
emphasis on the role of dopamine and other neurotransmitters in
the visual pathway, and on electrophysiological evaluation of the
visual system.

Visual system undoubtedly holds the central position in human
sensory neurophysiology. This judgment arises not only from the
fact that man is primarily a visual being, but also from the vast
research on large areas of central nervous system that are dedi-
cated to processing and interpretation of visual signals. For this
reason, study and evaluation of visual system function combines
rather large number of different scientific disciplines and special-
ties within the field of neuroophthalmology. It was, therefore,
our prime intention, while conceptualising this symposium, to
put emphasise on this multidisciplinary approach to the visual
system. The symposium with its accompanying Proceedings was
therefore an attempt to combine/unite two major approaches to
the research of visual system. In the first part of the symposium,
basic findings were reviewed in the field of neuropharmacology
of the chemical neurotransmission of the signals within visual
system that ultimately reflect themselves in electrophysiological
phenomena. These phenomena can be monitored in health and
disease and provide the basis for clinical evaluation of the visual
pathway, to which the second part of the symposium has been
devoted. It was a great honour for us that the 9th Faganel memo-
rial lecture was accepted and given by Professor Hisako Ikeda
from London, a researcher who has, throughout her outstanding
career, in many ways succeeded to unite both basic and clinical
aspects of vision rescarch. It has been her lifetime belief that
thorough understanding of basic aspects of normal function of
the visual system will eventually bring answers to clinical ques-
tions. The Memorial Lecture is an excellent review of the func-

tion of the neurotransmitters within the retina, the topic to which
she has herself contributed numerous original findings. Her lec-
ture is followed by contributions which outline the rapidly grow-
ing awareness of the role of dopamine in the visual system, espe-
cially of its role in receptive field regulation, and its antagonistic
interaction with retinal melatonin in renewal and degenerative
processes of the retina.

Professor Ikeda also contributed to the second part of the sym-
posium by presenting electrophysiological insight into variety of
diseases, which arises from her data on several thousands of pa-
tients she saw during her long career. Other valuable contribu-
tions outline general anatomical, physiological and technical as-
pects of electrophysiological testing and its rational application
in various clinical situations. There is also a number of clinical
reviews including interesting studies in children, and papers
dealing with topics such as optic neuritis, optic nerve coloboma
and drusen of the optic nerve.

These Proceedings were not intended to be a complete review of
the subject, but to provide researchers and clinicians with the up-
to-date information on the use of electrophysiological methods
and to present some new findings that still await clinical confir-
mation.

We are grateful to the authors who contributed to this volume
and to Mr. Tone Zakelj, Mr. Milos Kogej and Mr. Nacek Zidar for
their help in preparation of the Proceedings. We do hope that the
readers and our distinguished guests will find this volume inter-
esting and helpful in their practice and research.

Martin Strucl,
Jelka Brecelj,
Mearko Heawlina
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NEVROFIZIOLOSKI VIDIKI VIDNEGA SISTEMA
A: VLOGA DOPAMINA V VIDNI POTI
B: ELEKTROFIZIOLOSKO OCENJEVANJE VIDNEGA SISTEMA
PREDGOVOR

Deveto spominsko predavanje dr. Janez Faganel in simpozij sta
posvecena vidnemu sistemu s posebnim poudarkom na vlogi
dopamina in drugih nevrotransmiterjev v vidni progi ter na
elektrofizioloskem ocenjevanju vidnega sistema.

Vidni sistem ima brez dvoma osrednje mesto v senzori¢ni nev-
rofiziologiji pri ¢loveku. Ta ugotovitev ne izhaja samo iz dejstva,
da je ¢lovek predvsem vizualno bitje, temve¢ tudi iz podatkov o
obseznih predelih osrednjega Zivéevia, ki je namenjeno obdelavi
vidnih podatkov. Zato preucevanje in ocenjevanje vidnega siste-
ma zdruZuje kar nekaj specialnosti in disciplin v okviru nev-
rooftalmologije. Multidisciplinarni pogled na vidni sistem smo
hoteli poudariti tudi pri organizaciji simpozija in snovanju
pricujocega zbornika, ki sta poskus sinteze dveh razli¢nih pristo-
pov v raziskovanju in ocenjevanju vidnega sistema. Prvi del sim-
pozija povzema nevrofarmakoloska spoznanja o mehanizmih
kemi¢nega prenosa vzburjenja pri zdravem in okvarjenem siste-
mu, kakor se odraZzajo v elektrofizioloSkih pojavih. Le-ti se lahko
posnamejo pri zdravem ali bolnem organizmu in so tako osnova
za klini¢no ocenjevanje vidne poti, kar je vsebina drugega dela
simpozija.

V posebno ¢ast nam je, da je spominsko predavanje sprejela
prof. Hisako lkeda iz Londona, raziskovalka vidnega sistema,
katere obsezno delo je pravzaprav posveceno sintezi osnovnih in
klini¢nih spoznanj. Vse njeno obseZno Zivljenjsko raziskovalno
delo je prezeto s prepri¢anjem, da bo razumevanje osnovnih
vidikov delovanja vidnega sistema prej ali slej omogocilo odgo-
vore na klini¢na vprasanja. Spominsko predavanje je odli¢en pre-
gled delovanja nevrotransmiterjev v mreZnici, kjer je tudi sama
prispevala veliko relevantnih spoznanj. Njenemu predavanju sle-

dijo prispevki, ki poudarjajo vlogo dopamina v vidnem sistemu
predvsem pri nadzoru receptivnih polj in njegovo zaviralno vlo-
go v soucinkovanju z melatoninom na obnovitvene in degenera-
tivne pojave v mreznici.

S predstavitvijo svojih izkusenj pri elektrofizioloskem testiranju
vidnega sistema pri ve¢ tiso¢ bolnikih je prof. Tkeda pomembno
prispevala wdi k drugemu delu simpozija. Ostali prispevki
obravnavajo anatomske, fizioloSke in tehnicne vidike elektro-
fizioloSkega testiranja in njegovo smotrmo uporabo pri razli¢nih
klini¢nih stanjih. Poleg tega je v tem tematskem sklopu tudi nekaj
klini¢nih pregledov, ki vkljucujejo elektrofizioloske preiskave pri
otrocih ter obravnavajo aktualne teme, kot sta kolobom in druze
opti¢nega Zivca.

Zbornik seveda ne more biti sploSen pregled podrocja, temvec
podaja raziskovalcem in klinikom nekaj aktualnih sporocil o
uporabi elektrofizioloskih metod, hkrati pa predstavlja nekaj
novih spoznanj, ki Se ¢akajo klini¢ne potrditve.

Zelimo se zahvaliti predvsem avtorjem tega zbornika, urednistvu
Zdravniskega vestnika, ki je ljubeznivo sprejelo ponudbo za ob-
javo, ter ne nazadnje tudi Tonetu Zaklju, Milosu Kogeju in Nacku
Zidarju za pomo¢ pri pripravi zbornika. Upamo, da bodo nasi
ugledni gostje in predvsem bodo¢i bralci nasli v prispevkih ko-
ristna sporocila in pobude za nadaljnje raziskave in klini¢no upo-
rabo elektrofiziolodkih metod za ocenjevanje vida.

Martin Strucl,
Jelka Brecelj,
Marko Hawlina
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The 9th Dr. Janez Faganel Memorial Lecture

9. spominsko predavanje dr. Janez Faganel
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MAMMALIAN RETINAL NEUROTRANSMITTERS

AS SEEN THROUGH THE EYES OF A NEUROPHYSIOLOGIST

NEVROTANSMITERJI V MREZNICI SESALCEV
PRIKAZ Z NEVROFIZIOLOSKEGA STALISCA

Hisako Ikeda

Vision Research Unit of Sherrington School, UMDS, The Rayne Institute, St. Thomas’ Hospital, London SE1 7EH, Great Britain

Key words: benzodiazepine; dopamine; y-aminobutyric acid;
clutamate; glycine

Abstract - The lecture considers the functional role of endo-
penous neurotransmitters in the mammalian retina, elucidated
by the use of selective transmitter receptor antagonists in electro-
physiological experiments. Firstly, the glutamatergic pathway
which relays the visually-evoked excitation of the photoreceptors
to the bipolar and the ganglion cells is discussed. Consideration is
also given to an important role of NMDA receptors on the gangli-
on cells which are silent under normal physiological conditions,

Introduction

I became interested in retinal neurotransmitters through ob-
servation of patients coming to our electrodiagnostic clinic. I no-
ticed that many systemic diseases or diseases of other parts of the
body, as well as a variety of drugs used for treating them, affect
retinal function. As a first step in understanding the problem, we
began to ask the question what are the chemical substances
which are essential for retinal neurones to function normally?
Since we are neurophysiologists, our question was directed to-
wards neurotransmitters. Thus, which neurotransmitters initiate
visual excitation and inhibition of different classes of retinal cells?
The list of neuroactive substances localized in the retinal cells
indeed consists of all those substances which are found in differ-
ent parts of the body as well as in other parts of the nervous sys-
tem. It includes acetylcholine, all known excitatory and inhibito-
ry amino acids, as well as different amines and a long list of pep-
tides. It is interesting that whenever new peptides are found in
other parts of the body, they are also found in the retina. How-
ever, in order that a substance may be considered as a neuro-
transmitter, it must at least satisfy the following seven criteria:

. Localization in cells

. Release following visual stimulation

. Evidence for deactivation following stimulation

. The presence of synthetic and degradative enzymes

. Specific receptor binding

0. Agonist action

7. Selective receptor antagonist action.

R e

but become active in the presence of excessive glutamate, e.g. un-
der ischaemic conditions. Secondly, the functional significance
of GABAergic and glycinergic pathways which mediate visual in-
hibition of ON- and OFF-ganglion cells respectively, is considered.
Reference is also made to the clinical relevance of benzodi-
azepine receptors linked with GABA, receptors. Thirdly, the
dopaminergic pathways acting at different levels in the retina are
reviewed. Finally, empbhasis is placed on the interdependence and
interactions between all these neurotransmitters, and on bow
normal retinal function depends upon a delicate balance, which
is maintained by these neurochemical controls.

The last two concern the functional role of the transmitter, there-
fore evidence must come from neurophysiological experiments.
This is indeed the primary subject of this 9th Janez Faganel lec-
ture. The title of the lecture which I am greatly honoured to give
today, in memory of the eminent Slovenian neurophysiologist, is
thus “Mammalian retinal neurotransmitters - as seen through the
eyes of a neurophysiologist”.

Methods of elucidation of neurotransmitter
action in the retina

To elucidate the action of a neurotransmitter in the retina, two
types of experiments must be performed (listed as 6th and 7th of
the criteria for neurotransmitters above). The first is to study the
effect of applied transmitter agonists, and the second, to study
the transmitter receptor antagonists on electrical responses of the
retinal neurone concerned. Of the two, the antagonist study is
more important than the agonist study. This is because, whilst
applied agonists activate their receptors whether the transmitter
candidate is released on them or not, selective receptor antago-
nists block the action of naturally released transmitter on the par-
ticular receptor. In this lecture, I have put emphasis upon the
studies of antagonists, since these are essential for understanding
the functional role of a particular endogenous transmitter in the
retina.

Abbreviations: APB, amino-d-phosphonobutyrate; CNQX, G-cyano-2, 3 dibydroxy-7-nitroquinoxaline; CPP, (+) -2, 3-carboxypiperazin-d-yl propyl-l-phospbonate; DNQX,
6-Tdinitroguinoxaline-2, 3-dione; LGN, lateral geniculate nucleus; NBQX, 2, 3 dibydro-6-nitro-7-sulfanoyl-benzo (F) quinoxaline; NMDA, N-methyl-D-aspartate: NPC

12626, 2-amino-4, 5-(1, 2-cyclobexyl)-7-phosphonobeptanate.
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How can actions of transmitter agonists and antagonists on spe-
cific retinal neurones be studied? The retina, which is part of the
CNS, is a thin tissue of less than 0.4 mm thick but it is packed
with many different classes of cells. It consists of three hierarchi-
cally organized cell layers, the photoreceptors (rods and cones),
the bipolar cells and the ganglion cells. There are two synaptic
layers: the outerplexiform layer between the photoreceptor and
the bipolar cell layers, and the innerplexiform layer between the
bipolar and the ganglion cell layers. In addition, there are two
principal types of retinal interneurones: the horizontal cells at the
outerplexiform layer and the amacrine cells at the innerplexiform
layer. There is a third type of retinal interneurone called the in-
terplexiform cells, which have the cell bodies in the innerplexi-
form layer, and send their processes to the outerplexiform layer.
The electrical responses of each of the different classes of the
retinal cells are complex.

When drugs are applied to the whole retina by intravenous or
intravitreal injection, we cannot determine which cells the drugs
are acting upon, or via which synapse they change the electrical
response of retinal cells under recording. To study the transmitter
actions at the horizontal cells, we have, therefore, used intracel-
lular recording from the horizontal cells in isolated retinae where
drugs are introduced into the fluid perfusing the retina (1). This
method still cannot distinguish between direct or indirect trans-
mitter actions mediated via other synapses, such as horizontal/
horizontal or interplexiform/horizontal synapse, but permits the
study of photoreceptor/horizontal synaptic transmission with
some degree of certainty, since they receive major inputs from
the photoreceptors. However, a similar perfusing method cannot
be used to study drug actions on retinal ganglion cells or ama-
crine cells, since many synapses are involved in mediating exci-
tation or inhibition of these cells.

Transmitter actions at the retinal ganglion cells were thus studied
with microiontophoretic techniques using multi-barrelled elec-
trodes in optically intact eyes of anaesthetized cats as previously
described (2). A multi-barrelled electrode consists of several pi-
pettes twisted and pulled together. One records somatic spikes
of ganglion cells, one balances the current at the tip, and others
carry agonists and antagonists of the transmitter for highly local-
ized application. Following isolation and classification of the cell
under recording, each of the drugs is iontophoretically applied
onto the cell to analyse its effects on visually-evoked response as
well as spontaneous firing of the cell.

Excitatory transmitter, glutamate and its
receptors

Although acetylcholine qualifies as an excitatory transmitter re-
leased from cholinergic amacrine cells in the mammalian retina
(3), and its action on the ganglion cells via nicotinic receptors
has been demonstrated (4), it is now clear that glutamate is the
main excitatory neurotransmitter in the retina. All the hierar-
chically organized retinal cells, i.e. photoreceptors, bipolar and
ganglion cells, which constitute about 80 % of retinal neurones,
contain glutamate (5, 6). Available evidence is that the photore-
ceptors, when depolarized, release glutamate to the bipolar cells
and the horizontal cells, and similarly, the bipolar cells release
glutamate to the ganglion and amacrine cells.

Glutamate action is mediated by different receptors, the number
of which seems to be increasing (7). However, if one considers
only those receptors whose endogenous actions are testable, us-
ing selective antagonists, they may be classified into two main
types: the NMDA and the non-NMDA receptors, which includes
classical kainate and quisqualate receptors (8). Competitive and
non-competitive antagonists for NMDA and non-NMDA recep-
tors are listed in Table 1 (see the list of abbreviations for full
names). The competitive antagonists block the receptor binding

sites, whilst non-competitive antagonists block ion-channels
which are activated following synaptic transmission. CPP and
NPC are competitive antagonists, while Ketamine and MK801 are
non-competitive antagonists for NMDA receptors. Selective an-
tagonists for non-NMDA receptors, CNQX, DNQX and NBQX
have only become available recently (9, 10).

Glutamatergic synaptic transmission from
the photoreceptors to the horizontal and
the bipolar cells

The photoreceptors are depolarized and release glutamate in the
dark to the horizontal and bipolar cells. They are hyperpolarized
by light, which reduces the release of glutamate (11). The light-
evoked reduction of glutamate release from the photoreceptor
causes transient hyperpolarization of the horizontal cells and the
so-called OFF-bipolar cells. The term “OFF" is applied since
these cells respond (depolarize) when a light stimulus is
switched “off”.

Em (mv)
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CPP " CPP " APY 1 min

Fig. 1. Effects of NMDA receptor antagonists (CPP, and APB) and
a non-NMDA receptor antdagonist (CNQX) on the dark resting
membrane potential and light-evoked byperpolarizations (each
of the down beats on the membrane potential) of a rat horizontal
cell. Note that CNQX at 50 uM hyperpolarizes the horizontal cell
and abolishes the light-evoked responses, whilst higher concentra-
tions of CPP and APB caused no effects, indicating that glutama-
tergic transmission from the photoreceptors to the horizontal cell
is mediated by non-NMDA receptors.

SL. 1. Ucinki receptorskib antagonistov NMDA (CPP, in APB) in
ne-NMDA receptorskib antagonistov (CNQX) na mirujoci mem-
branski potencial v temi in svetlobno izzvanib hiperpolarizacij
(vsak odklon navzdol od membranskega potenciala) pri horizon-
talnih celicab podgane. Razvidno je, da 50 uM CNQX hiperpola-
rizira horizontalne celice in zavre odziv na svetlobno drazenje.
Visje koncentracije CPP in APB niso imele ucinka, kar potrjuje,
da je glutamatergicni prenos od fotoreceptorjev do borizontalnib
celic posredovan prek ne-NMDA receptorjev.

Figure 1 illustrates the response of a rod-driven rat horizontal cell
to different glutamate receptor antagonists. Intracellular record-
ings were made in an isolated retina and drugs perfused in the
media whose temperature was maintained at 35.5 °C. In dark,
the resting potential of the horizontal cells is about -30 to -40 mV,
i.e. they are like the photoreceptors, relatively depolarized. Each
of the down beats that appears in the records is a light-evoked
hyperpolarization of the cell. A selective non-NMDA antagonist,
DNQX at 50 puM, rapidly hyperpolarized the cell membrane and
abolished the light response, whilst the NMDA antagonists, CPP
and APB at much higher concentrations failed to affect the re-
sponse of the horizontal cell. This observation suggests that the
photoreceptors release glutamate as transmitter to the horizontal
cells, and that their light-evoked responses are mediated by non-
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NMDA receptors. Similar electrophysiological evidence for the
OFF-bipolar cells has only been demonstrated in non-mammali-
an retinae (12).

How does then the glutamatergic transmission from dark depo-
larizing photoreceptors to the light-depolarizing ON-bipolar cell
come about? At the receptor/ON-bipolar synapse, glutamate
closes ion-channels (sign inverting), instead of opening them, as
at the conventional (sign conserving) synapse, to the horizontal
or to the OFF-bipolar cells (see Fig. 2). APB is an analogue (ago-
nist) of glutamate, thus mimicking glutamate action. APB, at a
high concentration, has been shown to block the light-evoked
depolarization of the ON-bipolar cells in non-mammalian retinae
(13), as well as in recently isolated rat bipolar cells (14). APB in-
deed abolishes the ERG b-wave which is generated by the ON-
bipolar cells (15). At the APB-sensitive synapse of the ON-bipolar
cells, the light-evoked reduction of glutamate from photorecep-
tors opens channels, as shown in Fig. 2. The effects of glutamate
or APB on the ON-bipolar cells involve unique biochemical cas-
cades, which accounts for their actions (13).

visual stimulus

DARK LIGHT

T ;z 3 (3 v

sign sign
conserving inverting

Fig. 2. Schematic diagrams illustrating the conventional gluta-
mialergic (sign conserving) synapse between the photoreceptors
and the OFF-bipolar cells and the unique “sign- inverting " syn-
apse between the photoreceptors and the ON-bipolar cells. The +
signs indicate depolarization of cells and - signs, hyperpo-
larization. The photoreceptors release glutamate in dark, whereas
light stops the release. Glutamate , opens ion-channels (shown by
a gate sign) of the OFF-bipolar cells, but closes ion-channels of the
ON-bipolar cells. The depolarization of the ON-bipolar cells
is blocked by APB (see text).

Sl 2. Shematski diagrami ilustrirajo konvencionalno glutama-
tergicno (sign conserving) sinapso med fotoreceptorfi in OFF-bi-
polarnimi celicami in izredno “sign inverting” sinapso med fo-
toreceptorji in ON-bipolarnimi celicami. Znaki + oznacujejo de-
polarizacijo celic, znaki - pa njibovo hiperpolarizacijo. Fotore-
ceptorfi sproscajo glutamat v temi, svetloba sproséanje zavre.
Glutamat (oznacen kot crn trikotnik) odpira ionske kanale
(oznacene z znakom vratic) OFF-bipolarnib celic, istoCasno pa
zapira ionske kanale ON-bipolarnib celic. Depolarizacijo ON-bi-
polarnib celic blokira APB (glej tekst).

Glutamatergic transmitters from the
bipolar cells to the ganglion cells

Figure 3 illustrates actions of iontophoretically applied CPP, an
NMDA receptor antagonist, and CNQX and DNQX, non-NMDA
receptor antagonists, on ON- and OFF-type retinal ganglion cells.
These drugs are applied to antagonize endogenously released

glutamate on these cells. The ON-cell is responding to a white
spot, whilst the OFF-cell to a black spot, presented at the recep-
tive field centre. Each upward deflection of the pen is the spike
count during the spot “on”, whilst the downward deflection, dur-
ing the spot “off”. When the spot is “off”, the firing of cells in all
cases is inhibited to virtually zero. CPP (50 mM in a pipette) at an
ejection current of 100 nA failed to antagonize the visually
evoked responses of both the ON- and OFF-ganglion cells. The
selective non-NMDA antagonists (5 mM in a pipette) at 50 nA, on
the other hand, blocked the visual responses of both ganglion
cells. The cell responses slowly returned to their pre-ejection le-
vel.

ON cell OFF cell

*

Fig. 3. Effects of iontophoretically applied NMDA receptor an-
tagonist (CPP) and non-NMDA receptor antagonists (CNQX and
DNQX) on visually-driven response of the cat retinal ganglion
cells. The cells are firing to an optimal spot (bright spot for the ON-
and black spot for the OFF-cell) presented at 1 Hz in the centre of
the receptive field. The period of iontophoretic application of each
drug is indicated by the bar under each trace. The recovery phase
of the histograms showing the effects of CNQX and DNQX is bro-
ken by *, which corresponds to a period of 30-60 s. Note that CPP
(100 nA) caused no effect, whilst CNQX and DNQX (20-50 nA)
suppressed the visual responses of both ON- and OFF-cells, indi-
cating that glutamatergic transmission from the bipolar cells
to the ganglion cells is mediated by non-NMDA receptors.
Sl 3. Ucinki iontoforeticne aplikacije receptorskega antagonista
NMDA (CPP) in ne-NMDA receptorskega antagonista (CNQX in
DNQX) na odzive vizualnega draZenja ganglijskibh celic macke.
Celice se vzdrazijo po drazenju z optimalnim drazljajem (svetla
pega za ON-celice in temna pega za OFF-celice), ki ga prikazu-

jemo s frekvenco 1 Hz v srediscu receptivnega polja. Cas

iontoforeticne aplikacije vsakega od farmakov je oznacen s Crto
pod posnetkom. Faza povrnitve na izhodiscne vrednosti je na hi-
stogramih, ki kazZejo ucinke CNQX in DNQX, prekinjena z zna-
kom * ki ustreza casu 30-60 sekund. Razvidno je, da CPP (100
nA) ni imel nikakrsnega ucinka, medtem ko sta CNQOX in DNQX
(20-50 nA) zavria vidne odzive pri obeh, ON- in OFF-celicab, kar
poment, da je glutaminergicni prenos z bipolarnih na ganglijske
celice posredovan prek ne-NMDA receptorjev.

These experiments on the ganglion cells are consistent with both
ON- and OFF-bipolar cells which upon depolarization release
glutamate to the ON- and OFF-ganglion cells respectively. Fur-
thermore, glutamatergic synaptic transmission from the bipolar
cells to the ganglion cells is mediated by non-NMDA receptors.
The results of the study have been described in detail elsewhere
(16).
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Presence of NMDA receptors on the
ganglion cells and their functional role in
retinal ischaemia

In the previous section, we have shown that NMDA receptors are
not involved in the transmission of the visually-evoked responses
from the photoreceptors, either to the horizontal or to the bipolar
cells, or from the bipolar cells to the ganglion cells. However,
our studies on glutamate agonists suggested that NMDA recep-
tors are present on the ganglion cells (16). Furthermore, some
NMDA receptors are found to be activated in immature cells re-
corded from kittens of 7-9 weeks of age (17) and in the cells of
adult cats which had abnormally high spontaneous firing (18).
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Fig. 4. Comparison of potency of selective non-NMDA antagonists
(CNQX and NBQX) and selective NMDA antagonists (CPP and
MK801) in blocking the spontaneous firing of normal cells and
cells with abnormally bigh spontaneous firing. The mean and
standard ervor of the mean potency were determined from % re-
duction of the firing caused by each drug on each cell. The effects
of CPP and MKS801 were combined (n = 19) to calculate the
NMDA antagonists effect, and those of CNQX and NBQX were
combined (n = 12) to determine non-NMDA antagonists effect.
Note that NMDA receptor activity is apparent in highly spontane-
ous cells, but not in normal cells.

Sl 4. Primerjava med ucinkovitostjo selektivnib antagonistov
non-NMDA (CNQX in NBQX) ter selektivnib antagonistov NMDA
(CPP in MK801) na spontano vzdraznost normalinib celic ter ce-
lic z abnormno visoko spontano vzdraznostjo. Srednja vrednost
in standardna napaka srednje ucinkovitosti sta bili doloceni na
podlagi odstotka znizanja spontane aktivnosti, ki jo je povzrocil
- posamezni antagonist na vsakem od obeb tipov celic. Ucinki CPP
in MK801 so zdruzeni (n = 19) v izracunu ucinka antagoni-
stov NMDA, enako tudi ucinki CNQX in NBQX (n = 12) v prika-
zu ucinka antagonistov ne-NMDA. Razvidno je, da je aktivnost
receptorjev NMDA ocitna pri celicab z visoko spontano vzdraz-
nostjo, ne pa pri normalno vzdraznib celicab.

Figure 4 compares the potency of selective non-NMDA (CNQX,
NBQX) and NMDA (CPP & MK801) antagonists in blocking the
spontaneous firing of normal cells and cells with abnormally
high spontancous activity. The selective NMDA antagonists pro-
duced little effect on the normal cell, suggesting that normally
the NMDA-channels are not active. In contrast, the NMDA anta-
gonists powerfully block the firing of cells with abnormally high
spontaneous firing, indicating endogenous glutamate action on
the NMDA receptors.

Our next question was, whether the NMDA receptor channels
were primarily closed under normal physiological conditions,

but open in response to excess glutamate input, as in early cere-
bral ischaemia (19)? To answer this question, we studied early
electrophysiological changes following acute retinal ischaemia
by recording single or multi-unit retinal ganglion cells (20). Reti-
nal ischaemia was produced photochemically by platelet ag-
gregation in retinal vessels which had been irradiated with
monochromatic green light following an intravenous injection of
Rose Bengal dye (21). We found no physiologically active gangli-
on cells within the irradiated retinal area. However, the ganglion
cells in the area 5°-20° away from the lesion, had abnormally
high spontaneous firing which was hardly altered by visual sti-
mulus. Indeed, NMDA receptor antagonists had a powerful
blocking effect on such abnormally depolarized cells near the
lesion. This is illustrated in Figure 5.
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Fig. 5. Effects of iontophoretically applied non-NMDA antagonist
(CNQOX) and NMDA channel blocker (MK801) on the moderate
spontaneous firing of a normal cell, and on the abnormally
raised firing of a cell near an ischaemic lesion. Note that MK801
bas little effect on the normal cell but a profound effect on the
highly spontaneously active “ischaemic” cell, which suggests that
NMDA receptors which are normally silent are activated under is-
chaemic conditions. The MKS01 currvent used for the normal cell
was 80 nA, and that for the ischaemic cell 10 nA. The CNQX cur-
rent used for both the normal and ischaemic cells was 50 nA and
was effective on both cells.

SL 5. Ucinki iontoforeticne aplikacije antagonista ne-NMDA
(CNQX) in blokatorja kanalov NMDA (MK801) na zmerno spon-
tano aktivnost normalne celice in celice z abnormno zvisano
spontano aktivnostjo zaradi ishemicne lezije. Razvidno je, da
MK801 nima posebnega ucinka na normalne celice, medtem ko
Jje ociten njegov mocan ucinek na zvisano spontano aktivnost
“ishemicne” celice. Ti rezultati kazZejo, da se receptorji NMDA, ki
" s0 normalno tibi, aktivirajo ob ishemicnib pogojib.

Figure 5 shows that an NMDA channel blocker, MK801, had no
effect on the normal cell, but reduced the abnormally high firing
rate of the ischaemic cell to virtually zero. A non-NMDA receptor
antagonist, CNQX 50 nA, on the other hand, blocked the firing of
both the normal and the ischaemic cells. But, of course, the non-
NMDA receptor antagonist blocks visually-driven response of all
ganglion cells (not shown in Fig. 5, but see Fig. 3). Figure 5 thus
presents evidence that normally silent NMDA receptors are acti-
vated by naturally released glutamate under ischaemic condi-
tions. Our histological studies revealed that the retinal areas
where depolarized cells were localized, showed only minor va-
cuolation of ganglion cell layers (20).

To create a more clinically relevant condition, we produced

. thrombosis of several retinal vessels by the photochemical me-

thod (21), and recorded the effects of glutamate blockers on mass
optic nerve responses using an electrode placed at the optic disc.
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Figure 6 shows an example of the result. The top two histograms
in Figure 6 are visually-evoked optic nerve responses taken be-
fore making the lesion. These show that the intravenously inject-
ed ketamine (5 mg/kg) has little effect. Ketamine is a barbiturate,
frequently used for inducing anaesthesia, but it is a well-known
NMDA channel blocker, As the lower left histogram in Figure 6
shows, the lesion resulted in an increase in the spontaneous fir-
ing and masking of the VEP. Ketamine which previously had lit-
tle effect now dramatically suppressed the spontaneous firing,
and unmasked the transient component of the visual firing. This
suggests that the NMDA blocker, ketamine, had some therapeu-
tic action on early retinal ischaemia. Our neurophysiological re-
sults are consistent with previous histological studies of cerebral
or retinal ischaemia in animals, showing that pathological dam-
age caused by ischaemia is reduced, if the retina or the brain had
been pretreated with MK801, another NMDA channel blocker (19).
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Fig. 6. Comparison of the effect of intravenously injected NMDA
channel blocker, ketamine (5 mg/kg), on mass optic nerve firing
to a black spot (25 cd/m?, size 10°) present on a screen of 100
cd/m? determined before, and 5 hours after, a photochemically-
induced retinal vascular lesion. Timing of the visual stimulation
is shown at the bottom. Note that 1) ketamine bad no effect on the
optic nerve firing before the production of the vascular lesion, 2)
the vascular lesion resulted in a significant increase of spontane-
ous firing, hence masking the visually-driven response and 3) ket-
amine at the same dose has profound action on the lesion-in-
duced change in the firing: it suppressed the abnormally bigh
spontaneous firing and unmasked the visually-evoked transient
firing. The experiment suggests NMDA receptor activation in the
ischaemic retina with the possible therapeutic value of NMDA an-
tagonists in combating ischaemic insults.
Sl 6. Primerjava ucinkov intravensko injiciranega blokerja ka-
nalov NMDA, ketamina (5 mg/kg) na skupno vzdrazZenje, regi-
strivano z vidnega Zivca, po draZenju s temno pego (25 cd/m’, ve-
likost 10°) na zaslonu s svetilnostjo 100 cd/m?, izmerjeno pred
Sfotokemicno povzroceno ishemicno lezijo in pet ur po njej. Potek
svetlobne stimulacije je prikazan na dnu slike. Razvidno je, da 1)
ketamin ni ucinkoval na vzdraznost vidnega Zivca pred okvaro,
2) da je lezija povzrocila mocan porast spontane aktivnosti, ki je
tako prekrivala odzive na vidno drazZenje, in 3) ketamin je v
enaki dozi kot pred lezijo mocno zniZal porast spontane ak-
tivnosti po ishemicni leziji in demaskiral vidno vzdrazZenje. Ti re-
zultati kazejo, da pride pri ishemicni okvari mreznice do aktiva-
cije receptorjev NMDA, in nakazujejo mozZnost terapeviske upo-
rabe antagonistov NMDA pri obtocnib motnjab v mreZnici.

The mechanism through which ischaemic challenge leads to ex-
cess glutamate in the retina is not clear. However, a retinal vas-
cular insult is expected to result in a vicious circle of 1) energy
depletion of retinal cells causing osmotic damage and glutamate
leakage, 2) depolarization of cells causing an increase in gluta-
mate release, and 3) loss of glutamate uptake into Miller cells,
causing accumulation of extracellular glutamate. Events follow-
ing ischaemia-induced glutamate accumulation are shown in Fig-
ure 7. A presynaptic cell releases glutamate onto NMDA recep-
tors, as well as onto non-NMDA receptors of a post-synaptic cell.
This will lead to increases in intracellular Ca* and free radicals,
as well as to a decrease in intracellular ATP in the post-synaptic
cells. As the Na* and K* pump depend on ATP, the loss of ATP
results in a loss of K* and an increase of Na* in the cell, causing
further depolarization, hence further release of glutamate and ac-
cumulation of extracellular K*. At the same time, reduction in the
glutamate uptake system leads to accumulation of glutamate in
the extracellular space.

There are several ways one can combat this vicious circle of the
glutamate toxicity. The possible sites at which we can make ther-
apeutic interventions are also indicated in Figure 7. For example,

Fig. 7. Ischaemia-induced depolarization and excess release of
glutamate (Gl of a presynaptic cell, and associated increase in
extracellular glutamate due to loss of glutamate uptake resulting
Sfrom energy depletion and leakage. The chain of events occurs at
the post-synaptic cell, including activations of non-NMDA and
NMDA receptors which cause increases in the intracellular Ca>
and free radicals, and a loss of ATP. The loss of ATP results in re-
duced ATP-sensitive K channel activation, accumulation of ex-
tracellular K and further increase in glutamate release. The five
levels at which the vicious circle of the ischaemia-induced gluta-
mate toxicity may be intercepted, are indicated by * The blockade
of NMDA sites, firstly, at the synapse and, secondly, at the NMDA
receptor-mediated ion channels to prevent subsequent glutamate-
induced abnormalities, is advantageous, since visually-evoked
excitation mediated by non-NMDA receptors would not be affected.

Sl 7. Ishemicno sproZena depolarizacija in pretivano sproscanje
glutamata (Gl iz presinapticne celice in s tem povezano zvisd-
nje ekstracelularnega glitamata, do Eesar pride zaradi ishemije,
ki zavre aktivni transport glutamata nazaj v celice. V postsinap-
ticni celici pride do posledicne aktivacije receptorjev ne-NMDA in
NMDA, ta pa povzroci dvig intracelularnega Ca’ in prostib radi-
kalov in izgubo ATP. Izguba ATP pa prepreci aktivacijo od ATP-
odvisnih K kanalov z akumulacijo intracelularnega K in po-
novnim zvisanjem sproscanja glutamata. Circulus vitiosus ishe-
micne okvare mreznice bi bilo mogoce prekiniti na petib nivojib,
ki so oznaceni z znakom % z blokado receptorjev NMDA, najprej
na sinapsi in nato na od receptorjev NMDA odvisnib kanalib K,
kar bi preprecilo nadaljnje kopicenje glutamata. Zmanjsanje ko-
picenja in s tem povezane toksicnosti bi labko imelo terapevtski
ucinek in ob tem ne bi prizadelo vidno pogojenega vzdrazZenja.




12

ZDRAV VESTN 1993; 62

we can stop the energy depletion by giving O,, thus increasing
the uptake system. But this is not often possible. We may attempt
to combat the increase in the free radicals, for example, by the
administration of steroids, as used for the treatment of retinal vas-
culitis/uveitis in the inflammatory eye disease. Alternatively, we
may use an ATP-sensitive K* channel activator, such as diazox-
ide, to reduce accumulation of K*, and in turn to reduce glutama-
te release. However, we may suggest that the most effective
method is to stop the vicious circle at the NMDA sites, using ei-
ther NMDA receptors or channel blockers. The NMDA antago-
nists blocked abnormally raised background (spontaneous) firing
of ischaemic ganglion cells, without blocking their visually-
evoked response which is mediated by the non-NMDA receptors
as illustrated in Figure 6.

Summarizing the excitatory transmitter section, we suggest that
all the hierarchically organized retinal cells use glutamate as a
transmitter mediated by the non-NMDA receptors, except that
the transmission from the photoreceptor to the ON-bipolar cells
is mediated by the APB sensitive “sign-inverting” receptors (see
Fig. 2). However, the NMDA receptors are at least present,
though normally silent, on ganglion cells. Such NMDA receptors
are, however, activated in situations in which the retinal cells are
abnormally depolarized, and have to cope with excess glutamate
as in ischaemic attacks.

Inhibitory transmitters, GABA and glycine,
and their receptors

As in many other parts of the CNS, best established inhibitory
transmitters of the retina are GABA (22) and glycine (23). Both
GABA and glycine have selective receptor agonists and an-
tagonists, as listed in Table 1. Glycine has a single well-estab-
lished receptor and strychnine is a powerful competitive an-
tagonist, although recently strychnine-insensitive glycine sites,
linked with the NMDA receptors, have been proposed (24).

In our agonist studies, we found that GABA, and glycine had a
powerful action on the retinal ganglion cells in a selective way
(2). GABA and muscimol (GABA . agonist) inhibited the ON-cell
response, whilst glycine inhibited the OFF-cell response. The

Tab. 1. Newrotransmitters, their receptors and selective agonisis
and antagonists referred to in the text.
Tab. 1. Nevrotransmiterji, njihovi receptoryji in selektivni agonisti
in antagonisti, ki so obravnavani v tekstii.

Transmitter Receptor Agonist Antagonist
Glutamate NMDA NMDA CPP
NPC
Ketamine
MK 801
non-NMDA Kainate NBQX
Quisqualate CNQX
DNQX
“sign-inverting”  APB
GABA GABA, Muscimol Bicuculline
GABA, Baclofen Phaclofen

Benzodiazepine Benzodiazepine RO 15-1788

Flurazepam

GABA, Midazolam (Flumazepil}
Glycine Glycine Glycine Strychnine
Dopamine D, SKF 38393 SCH 23390

L-flupenthixol
D, Bromocriptine L-sulpiride
LY 141865
D,
D,

GABA and glycine actions suggested that GABA | receptors were
on the ON- and glycine receptors on the OFF-ganglion cells. But
was endogenous GABA or glycine released onto these receptors?
Our studies using the selective GABA_ and glycine receptor an-
tagonists demonstrated that the answer was yes. As shown in Fig-
ure 8, bicuculline, a GABA, receptor antagonist, blocked the
post- excitatory inhibition and increased the firing level altogeth-
er of the ON-cell, but did not affect the OFF-cell. The opposite
was the case with the glycine antagonist, strychnine. Strychnine
antagonised the OFF-cell, but not the ON-cell. A receptive field
of the ganglion cells consists of an excitatory centre and inhibit-
ing surround which is annulus shaped. We have also shown that
the surround inhibition of the ON-cells to bright annulus is
blocked by bicuculline, whilst that of the OFF-cells to black an-
nulus, by strychnine (2). These experiments, therefore, suggest
that visual inhibition of the ON-cells is mediated by GABA, re-
ceptors, whilst that of the OFF-cells, by glycine receptors.

CONTROL BICUCULLINE RECOVERY RECOVERY

CONTROL STRYCHNINE

o . J‘j‘xm ;L h ’J\* a h

108pikas sac
lu'..a'.‘

Fig. 8. Effects of the iontophoretically applied GABA , receptor an-
tagonist, bicuculline, and glycine receptor antagonist, strych-
nine, on the response of an ON- and an OFF-cell to an optimal

spot (a bright spot to the ON-cell and a black spot to the OFF-cell)
at the centre of the receptive field. Note that bicuculline increased

Siring and abolished post-excitatory inbibition of the ON-cell by

antagonizing endogenously released GABA on GABA, receptors,
whilst strychnine bad similar effects on the OFF-cell by antago-
nizing naturally released glycine.

Sl. 8. Ucinki iontoforetske aplikacije receptorskega antagonista
GABA , bicuculina, in antagonista glicinskib receptorjev, strib-
nina, na odzive ON- in OFF-celic na optimalno vidno draZenje
(svetla pega v sredini receptivnega polja za ON- in temna pega za
OFF-celice). Razvidno je, da bicuculin zvisa vzdraznost in
prepreci post-ekscitatorno inhibicijo ON-celic prek inhibicije en-
dogenega sproséanja GABA na receptorje GABA,. Stribnin pa
ima podobne ucinke na OFF-celicah prek antagoniziranja na-
ravnega sproscanja glicina.

Consider that a bright object on a dark background excites the
ON-cells and inhibits the OFF-cells, whilst a dark object on a
bright background excites the OFF-cells and inhibits the ON-
cells. Thus, if the ON- and OFF-cells use the same inhibitory
transmitter, there would be confusion in contrast detection. Al-
though visual excitation of both ON- and OFF-cells is mediated
by glutamatergic transmission, it may be important for contrast
vision that the two types of ganglion cells use different inhibitory
transmitters. As schematically shown in Figure 9, the ON- and
OFF-cells are indeed separated anatomically by the level at
which dendritic branching occurs (25), and in keeping with our
physiological data, glycine receptors have been localised at the
level of OFF-cell stratification (23).

Interestingly, the pharmacological separation of GABA and gly-
cine for ON- and OFF-cell pathways is a distinct feature of gan-
glion cells in the area centralis (the equivalent of the human
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fovea), where important visual contrast detection is made, whilst
it is less pronounced in cells in the peripheral retina or (26) im-
mature retinae (27).

Dendritic Transmitter
branching input
in IPL

a
ON-cells T m GABA

d Giycine

OFF-cells

Fig. 9. Schematic description of the GABA input to the ON-gangli-

on cells with dendritic branching at the b-sublamina, and the gly-

cine input to the OFF-ganglion cells with dendritic branching at

the a-sublamina of the innerplexiform layer. The separate GABA

and glycine inputs to the ON- and OFF-ganglion cells respectively
is a distinct feature of the area centralis of the cat retina.

Sl 9. Shematicni prikaz ucinka GABA na ON-ganglijske celice, ki

se dendriticno razvejijo v b-sublamini mreZnice, ter ucinka glici-

na na OFF-ganglijske celice, ki se razvejujejo v a-sublamini

notranje pleksiformne plasti. Loceni GABA in glicinski receptoryji

na pripadajocib ON-in OFF-ganglijskib celicab so posebna zna-
Cilnost srediscnega predela mreznice pri macki.

Flurazepam RO 15-1788

ON-
cell
-
60—
OFF-
cell
[
Rgs!

Fig. 10. Effects of an iontophoretically applied benzodiazepine
agonist, flurazepam and its competitive antagonist, RO15-1788,
on ON- and OFF-retinal ganglion cell-firing to an optimal spot (a
white spot for the ON- and a black spot for the OFF-cell) presented
at 1 Hz in the centre of the receptive field. The period of ionto-
phoretic application of each drug is indicated by the bar under
each trace. Note that flurazepam (40 nA) suppressed, whilst
RO15-1788 (100 nA) increased the firing of the ON-cell, but nei-
ther drug had any effect on the OFF- cell. The effect of RO15-1788
suggests the presence of endogenous benzodiazepine ligand on
the ON-ganglion cell.

SI10. Ucinki iontoforeticne aplikacije benzodiazepinskega ago-
nista, flurazepama, in njegovega kompetitivnega anlagonisla,
RO15-1788, na vzdraznost ON- in OFF-celic mreznice po
drazenju z optimalnim draZljajem, prikazanem s frekvenco 1 Hz,
v centru pripadajocega vidnega polja. Razvidno je, da flu-
razepam (40 nA) zavira, RO15-1788 (100 nA) pa zveca vzdraz-
nost ON-celic, medtem ko nobena od obeb substanc ni imela
ucinka na OFt-celice. Ucinek RO15-1788 kaZe na prisotnost en-
dogenega benzodiazepinskega liganda na ON-ganglijskib ce-
licah.

Are benzodiazepine receptors present in
the mammalian retina?

Having found that GABA is an important synaptic transmitter at
the retinal ganglion cells, we may ask “Are there any ben-
zodiazepine receptors in the retina?” Benzodiazepine receptors
are linked with the GABA  receptors, and are known to potenti-
ate GABA actions in the CNS (28). Benzodiazepine agonists are
flurazepam and Midazolam, and a selective antagonist is RO15 -
1788 (Fluzampil). The details of our studies on retinal ben-
zodiazepine receptors have been described elsewhere (29).
Flurazepam was found to inhibit and the benzodiazepine recep-
tor antagonist, RO15 - 1788, to raise the firing level of the ON-
cells but not that of the OFF-cells. This is illustrated in Figure 10.
There are, thus, some benzodiazepine receptors upon the ON-
ganglion cells which have GABA, receptors. Furthermore, since
the selective benzodiazepine receptor antagonist applied on its
own increased the firing of ON-cells, the benzodiazepine recep-
tors on these cells appeared to have endogenous benzodi-
azepine ligand released on them. This may imply that there are
natural tranquillisers in the retina, and that they have inhibitory
actions on the ON-ganglion cells. This also means that therapeu-
tic benzodiazepines, which cross the blood retinal barrier, could
bind to the benzodiazepine receptors linked with the GABA re-
ceptors on the ON-ganglion cells, and may exert an inhibitory
action. This may be a contributory factor for the reported reduc-
tion in visual functions following systemically applied benzodi-
azepines (30).

Possible functional pathways of the
principal excitatory and inhibiting
transmitters in the mammalian retina

The previous three sections have considered the glutamatergic
pathway from the photoreceptor to the ganglion cells via the bi-
polar cells, and the inhibitory pathways from the GABAergic and
glycinergic amacrine cells to the ganglion cells. The diagram
shown in Figure 11 summarizes the principal neurotransmitters
and their post-synaptic receptors on different classes of cells in
the mammalian retina.

The photoreceptors depolarize and release glutamate in the dark,
whereas light hyperpolarizes them, and inhibits the release. The
actions of glutamate released from the photoreceptors are direct-
ly transmitted to the horizontal and the OFF-bipolar cells via a
conventional synapse with non-NMDA receptors. The glutamate
actions of the photoreceptor to the ON-bipolar cells are, how-
ever, mediated by the APB-sensitive (sign-inverting) receptors at
which glutamate closes ion-channels, making the ON-bipolar
cells depolarize to light (Fig. 2). The dark depolarizing OFF-bipo-
lar and the light depolarizing ON-bipolar cells release glutamate
to the non-NMDA receptors of the OFF-and ON-ganglion cells
respectively, to elicit visually-evoked action potentials. The
NMDA receptors on the ganglion cells, which are activated under
excess glutamate accumulation, are also indicated in Figure 11.
Both the OFF- and ON-ganglion cells also contain glutamate as a
neurotransmitter (5), and their glutamatergic transmission to the
OFF- and ON-LGN (lateral geniculate nucleus) cells has been
studied using microiontophoretic technique in the LGN (31, 32).
It appears that the LGN cells possess both NMDA and non-
NMDA receptors.

The inhibitory pathways arise from the GABAergic and the gly-
cinergic amacrine cells. But their release of transmitter is trig-
gered by the bipolar cells. The OFF-bipolar cells release glutama-
te to depolarize the GABAergic amacrine cells, although it is not
known which type of glutamate receptors is on these cells. The
GABAergic amacrine cells then exert GABA action on the ON-
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ganglion cells via the GABA, receptors. There are also benzodi-
azepine receptors, which are linked with the GABA, receptors
on the ON-ganglion cells, The ON-bipolar cells, on the other
hand, release glutamate to depolarize the glycinergic amacrine
cells (again the receptor type is not known), which exerts glycin-
ergic action on the OFF-ganglion cells via the strychnine-sensi-
tive glycine receptors.

The weak glycine release on the ON-cells and GABA release on
the OFF-cells present in the peripheral (20) or immature retinae
(27), although their functional significance is not certain, are

%

© <4 44qmo0E

Ganglion

Glul Glu

Fig. 11. Possible functional pathways of the principal excitatory
and inbibitory transmitters from the photoreceptors to the ON-
and OFF-retinal ganglion cells. The transmitter released, and the
types of receptors upon each type of retinal cells are indicated.
Note that all glutamatergic transmission, except at the ON-bipolar
cell, is mediated by non-NMDA receptors, whilst the ON-bipolar
cell has the APB-sensitive “sign-inverting ” receptor. Glutamate in-
puts to NMDA receptors, which possibly function under excess
glutamate, are shown in dashed lines. The glycinergic amacrine
cell receives glutamate from the ON-bipolar cell, and releases gly-
cine to the OFF-ganglion cell, whilst the GABAergic amacrine cell
receives glutamate from the OFF-bipolar cell, and releases GABA
to the ON-ganglion cell. Weak GABA, and GABA,, inputs to OFF-
ganglion cells in peripheral retinae are shown in thin lines. Possi-
ble benzodiazepine (Benzo) ligand released onto benzodi-
azepine receptors linked with GABA, receptors on the ON-cell is
shown in a thin dashed line.

SLo11. Slika prikazuje mozne funkcijske poti glavnib ekscita-
tornib in inhibitornih nevrotransmiterjev od fotoreceptorjev do
ON- in OFF-ganglijskib celic mreznice. Prikazani so posamezni
transmiterji in tipi ustreznib receptorjev na posameznih tipih ce-
lic v mreZnici sesalcev. Razvidno je, da vsa glutamatergicna pot,
razen na ON-bipolarnib celicab, poteka prek ne-NMDA receptor-
Jev, medtem ko ON-bipolarne celice delujejo prek na APB-
obcutljivega “sign-inverting” receptorja. Mesta delovanja glu-
tamata na receptorjib NMDA, ki se verjetno aktivirajo ob stanjib s
prebitkom glutamata, so prikazana s Ertkano Erto. Glicinergicne
amabkrine celice dobivajo glutamat od ON-bipolarnib celic in
sproscajo glicin na OFF-ganglijske celice. GABAergicne amakrine
celice pa sprejemajo glutamat od OFF-bipolarnib celic in spro-
§¢ajo GABA na ON-ganglijske celice. Sibki vplivi GABA, in GABA,
na OFF-ganglijske celice v periferifi mreZnice so prikazani s
tanko ¢rto. MoZni benzodiazepinski (Benzo) ligand, spros¢en na
benzodiazepinske receptorje, ki so vezani na receptorje GABA,

na ON-celicah, so prikazani s tavko Crtkano Crio. '

shown by thinner lines in Figure 11. There is also weak but de-
finite GABA, input to the OFF-ganglion cells which make the
ganglion cell firing more transient (28).

The diagram in Figure 11 does not include the complex inter-
neurone network which may modify and/or regulate the major
excitatory and inhibitory pathways. These pathways of the hori-
zontal, amacrine and interplexiform cells may contain amines
and peptides, although their physiological functions are still
largely undetermined.

Possible dopaminergic pathways in the
mammalian retina

As mentioned above, Figure 11 ignored pathways of the ama-
crine or the interplexiform cells containing other transmitters
than the excitatory and inhibitory amino acids. An important
neuroactive substance, which cannot be ignored in the retina,
however, is dopamine. Dopamine has satisfied all the criteria for
being a retinal neurotransmitter for some time (33), and it is per-
haps the most studied substance in the retina. Dopamine is of no
exception for its multiplicity of receptors as listed in Table 1. D,
and D, receptors are well established, and their selective agonists
and antagonists are available, although D, and D, with their dif-
ferent affinity to D, agonists are proposed (34), which makes
dopamine researchers busy for the next decade. D, receptors are
particularly interesting for the retina, as their presence was de-
monstrated in the photoreceptors using RNA probes. No selec-
tive antagonists for D, and D, to study their endogenous actions
are available at present.

Figure 12 summarizes possible dopaminergic pathways. Dopa-
mine is contained in a class of the amacrine and the interplexi-
form cells located in the innerplexiform layer. For many years
dopaminergic amacrine cells were believed not to make direct
synaptic contact either with the bipolar cells or with the ganglion
cells (33). However, recent anatomical studies of the mammalian
retina (35) indicate that the dopaminergic cells receive inputs
from cone-driven bipolar cells, and a physiological study using
APB (36) suggests that these cells are ON-bipolars in the mud
puppy retina. (I, therefore, entered the input from the ON-bipo-
lar cell to the dopaminergic cell with a question mark in Fig. 12).
Intracellular recordings from the dopaminergic amacrine or the
interplexiform cells are still required in order to determine if
glutamate is the transmitter which depolarizes the dopaminergic
cells. The dopaminergic interplexiform cells provide inputs not
only to the horizontal cells but also to the photoreceptors (37).
Physiological and biochemical evidence also suggests that
dopamine together with melatonin (synthesized in the photore-
ceptor) have a reciprocal role in the promotion of the photore-
ceptor renewal processes (38), as well as in dark and light adap-
tive modulations (39) at these outermost retinal layers. Thus the
dopaminergic pathway to the photoreceptor outer segments and
pigment epithelium are shown by dotted lines in Figure 12.
Anatomical studies also suggest that the dopaminergic amacrine
cells are pre-synaptic to the glycinergic as well as to the GABAer-
gic amacrine cells (40, 41).

Dopaminergic actions have been demonstrated at different levels
of the retina (42). We have also studied the D, receptor-mediated
dopamine action on the horizontal cells of the rat (43), and the
D, receptor-mediated action of dopamine in relation to melaton-
in at the pigment epithelium (44). These studies will be reported
at the dopamine section of this symposium.

A striking factor of the dopaminergic pathway is that, although
the dopaminergic cells are only found in the inner plexiform lay-
er, the D, and D, receptors are scattered throughout the retina,
from the pigment epithelium to the ganglion cells (45). In this
respect, I wish to draw your attention to the fact that the pre-
sence of widespread distribution of the dopamine receptors in
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the retina, whether or not natural dopamine release is there, has
clinical relevance, because the dopamine receptors can be acti-
vated by all dopaminergic drugs which cross the blood/retinal
barrier. The evidence for this is apparent from our study which
showed that iontophoretically applied dopamine depressed all
types of retinal ganglion cells, whilst its receptor antagonists ap-
plied alone had no effects on them (46), which suggests that
there is no endogenous dopamine. Thus, therapeutic dopaminer-
gic agonists, such as bromocriptine, lysuride, and apomorphine,
could activate the dopamine receptors throughout the retina,
whether or not they are normally active. Many of the anti-psy-
chotic drugs, such as phenothiazine, on the other hand, inhibit
endogenous dopamine actions in the retina.

Amacrines /

Interplexiform

Fig. 12. Possible dopaminergic pathway in the mammalian reti-
na. The dopaminergic, interplexiform and amacrine cells receive
inputs, probably from the ON-bipolar cells. A question mark was
added to the pathway, since the evidence is not available for the
mammalian retina. The dopaminergic cells feed the horizontal
cells, the photoreceptors and possibly the pigment epithelium.
They also feed the GABAergic and the glycinergic amacrine cells.
The principal excitatory and inbibitory patbways to the ON-and
OFF-ganglion cells (as shown in Fig. 10) are drawn in thin lines.
The horizontal cell outputs to the photoreceptors and to the bipo-
lar cells are omitted for clarity.
SL 12, MoZne dopaminske poti v mreZnici sesalcev. Dopaminer-
gicne, interpleksiformne in amakrine celice sprejemajo signale
verjetno od ON-bipolarnib celic. Znak vprasaj je dodan, ker do-
kazi o tem za mreznico sesalcev $e niso na voljo. Dopaminergicne
celice kontaktirajo horizontalne celice, fotoreceptorje in morda se
pigmentni epitelij. Prav tako so v stiku z GABAergicnimi in glici-
nergicnimi amakrinimi celicami. Najvaznejse ekscitatorne in in-
hibitorne poti na ON- in OFF-ganglijskib celicab (kot je prikaza-
no v sliki 10) so oznacene s tankimi rtami. Eferentni stiki bori-
zontalnib celic s fotoreceptorji so zaradi preglednosti izpusceni.

All neurotransmitter and neuromodulator
systems interact

In this lecture I have discussed the actions of glutamate, GABA,
benzodiazepine, glycine and dopamine separately so far. But the
Sinal point which I wish to emphasize is that no neurotransmitter
in the intact nervous system acts independently, and that neuro-
transmitters and neuromodulators interact in a complex manner
to maintain a delicate balance.

For example, if the amount of glutamate increases or decreases
in the retina, the levels of all transmitters released from the in-
terneurones, i.e. horizontal and amacrine cells which receive in-
puts from the photoreceptors and/or the bipolar cells, would al-
ter accordingly. Thus glutamate interacts with GABA, acetylcho-
line, glycine and dopamine. Similarly, the dopaminergic actions
should interact with the glutamatergic, as well as with the GABA-
ergic and glycinergic transmitter pathways. The dopaminergic
amacrine cells innervate the glycinergic and the GABAergic ama-
crine cells which synapse with the glutamatergic ganglion cells
(Fig. 11). The dopaminergic interplexiform cells feed the hori-
zontal cells, which in turn contact both the glutamatergic pho-
toreceptors and the bipolar cells (Fig. 11). In addition, the recip-
rocal relationships between dopamine and melatonin have been
shown to play a significant role in the process of the photorecep-
tor renewal as mentioned above (38). Thus, the normal retinal
function is dependent upon this delicate neurochemical balance.
Any drugs applied exogenously to the normal retinae may upset
this balance, and hence impair retinal function, although such
drugs can have therapeutic effects on abnormal retinae.

Conclusions

At the beginning of the lecture, I have listed neuroactive sub-
stances found in the mammalian retina. Of these, acetylcholine,
glutamate, GABA, glycine and dopamine are now qualified reti-
nal neurotransmitters, therefore I described the functional role of
glutamate, GABA, and glycine in detail, and referred briefly to
benzodiazepine, which is linked to GABA, receptors, and to the
possible multiple function of the dopamine pathway. Finally, im-
portance was placed upon the interdependence of all these reti-
nal transmitters.

The substances which are only partially qualified as neurotrans-
mitters include aspartate, taurine, adrenaline, noradrenaline, se-
rotonin and, to this category, substance P and somatostatin from
the long list of peptides may now be added (47, 48). For all other
peptides, their localization in the amacrine cells still appears to
be the only factor by which they qualify, at this time, as a possi-
ble retinal transmitter. Future electrophysiological studies on
amacrine cells using selective receptor antagonists will throw
light on their functional role.
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NEVROTANSMITER]JI V MREZNICI SESALCEV. PRIKAZ Z NEVROFIZIOLOSKEGA STALISCA
Hisako Ikeda

Izvle¢ek - Prispevek obravnava viogo endogenib nevrotransmiterjev v mreznici sesalcev, prikazanib z uporabo selektivnib recep-
torskib antagonistov v elektrofizioloskib poskusib. Najprej je prikazana glutamatna pot, po kateri se prenasa vidno vzdraZenje s fotore-
ceptorskib na bipolarne in ganglijske celice. Pri slednjib je posebej izpostavijen pomen receptoriev NMDA, ki so v normalnib
okolis¢inah neaktivni. Aktivira jib Sele cezmerna kolicina glutamata, ki se spros¢a ob nekaterib patoloskib procesib, kot npr. ob ishe-
micnib stanjib mreznice. Nato prispevek obravnava pomen GABA-ergicnib in glicinergicnib poti, ki posredujejo inbibicijske signale na
ganglijske celice tipa ON in OFF. Pri tem je omenjen tudi klinicni pomen benzodiazepinskib receptorjev, povezanib z receptorji GABA .
Viretjem delu prispevka je prikazana vioga dopamina na razlicnib celicnib nivojib v mreZnici, posebej pri aktivaciji receptorjev D1 na
horizontalnib in amakrinib celicab v regulaciji velikosti receptivnib polj in s tem kontrastne senzitivnosti ter regulaciji svetlobnega
vzdraZenja vidnega sistema. Prikazan je pomen delovanja dopamina na receptorje D, pri ritmicnib procesib obnavljanja fotorecep-
torskib celic. Nasteti so mozni klinicni ucinki aktivacife obeb tipov receptorjev ter ucinki dopaminergicnib zdravil. V zakljucku je po-
dan pregled medsebojnib ucinkov in interakcij med vsemi obravnavanimi nevrotransmiterji. Pravilno ravnovesje med njimi je pogoj
normalnega delovanja mreznice.

Klju¢ne besede: benzodiazepini; dopamin; gama amino-maslena kislina; glicin; glutamat
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The role of dopamine in the visual system

Vloga dopamina v vidni poti
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THIRTY-FIVE YEARS OF DOPAMINE RESEARCH

PETINTRIDESET LET RAZISKOVANJA DOPAMINA

Dusan Sket

Institute of Pathophysiology, University of Ljubljana School of Medicine, Zaloska c¢. 4, 61105 Ljubljana, Slovenia

Key words: dopamine; history of medicine; receptors

Abstract - The fascinating progress made in 35-year history of
dopamine is reviewed in brief. The milestones of dopamine re-
search are: determination of dopamine content in the brain
structures (1957-58); discovery of low concentrations of dopa-
mine in basal ganglia of parkinsonian patients (1960); introduc-
tion of histochemical fluorescence methods for demonstration of
catecholamines in nerve cells (1962-64), followed by localization
and morphological characterization of dopamine-containing
nerve cells; first single unit recordings of dopamine-innervated
neurons in mammalian brain (1965-67); first steps in develop-
ment of dopamine-dependent bebavioural models (1967-71); do-
pamine-stimulated adenylate cyclase assay (1971-72); introduc-

The dopamine story began in 1957 with a suggestion given by
Blaschko (1), an eminent biochemist, who already in 1939 postu-
lated the sequence of enzymatic steps in the synthesis of cate-
cholamines from their aminoacid precursor tyrosine. He assumed
that dopamine, a chemical precursor of noradrenalin and adren-
alin, might have physiological function in the brain. His assump-
tion was supported by the discovery of high dopamine concen-
trations in the basal ganglia, reported in the same year (2, 3, 4).
After it became evident that dopamine, not noradrenalin, was
highly concentrated in certain regions of the basal ganglia (5),
the question arose, whether dopamine could have specific neu-
rotransmitter function in the brain. The report on low dopamine
concentrations in basal ganglia in the brains of patients with Par-
kinson's disease, written by Ehringer and Hornykiewicz in 1960
(6), suggested that the changes in dopamine concentrations in
the brains might have caused the disease.

However, in order to prove the role of dopamine in physiologi-
cal functions, as well as in disease, several important steps had to
be made. First, dopaminergic neurons had to be visualized, their
biochemical and physiological functions discovered and, finally,
dopamine receptors recognized as specific entities.

The visualization of dopaminergic neurons became possible with
the discovery of histofluorescent methods for demonstration of
monoaminergic cell bodies, nerve fibers and nerve terminals in
the central nervous system (formaldehyde fluorescence method
by Falck et al. 1962 (7); glyoxylic acid fluorescence method by

Abbreviations: D) receptor, dopamine receptor; PET, positron emission tomography

tion of radioactive ligands into studies of dopamine receptor bind-
ing in vitro (1975); classification of dopamine receptors as D,
and D, receptors (1979); the first clinical positron emmission to-
mographic study of 11C-chlorpromazine binding (1979); first
Sunctionally active transplants of fetal dopamine cells in animals
(1979); implantation of human fetal dopaminergic cells to par-
kinsonian patients, with limited clinical improvement (1988-
1990); studies of dopamine regulation of gene expression started
in the eighties; molecular biology of dopamine receptors (1988-
93): cloning studies bave identified two subtypes of D, and four
subtypes of D, receptors. Progress in dopamine research improuv-
ed our understanding of brain functions and opened up new
therapeutic possibilities for several neurological and psychiatric
illnesses.

Lindvall and Bjorklund in 1974 (8)). In 1963, the first dopamine
containing neurons in mammals were visualized in the retina of
rabbits (9) and rats (10). The dopamine-containing nerve bodies
in the mesencephalon were first demonstrated by Dahlstrém and
Fuxe (11). Progress in electron microscopy, immunohistochemis-
try and immunocytochemistry markedly supported the advances
in knowledge about dopamine systems. Soon it has been shown
that the brain contains several distinct dopaminergic neuronal
systems. They have been classified as:

1. Ultrashort systems (among them are the above mentioned
dopaminergic interneurons of the retina, represented by
interplexiform amacrine-like neurons).

2. Intermediate-length systems include the tuberohypophysial
dopamine neurons, the incertohypothalamic neurons and the
medullary periventricular group.

3. Long-length systems, including the nigrostriatal, mesocortical
and mesolimbic dopamine projections (12, 13).

First ideas about dopamine receptor mechanisms were formed
after the discovery of dopamine-stimulated adenylate-cyclase
system. Kebabian and Greengard (14) and Kebabian et al. (15)
showed that dopamine increased the adenylate cyclase activity in
homogenates of nervous tissue. Brown and Makman (16) de-
scribed the adenylate cyclase stimulated by dopamine in ho-
mogenates of calf and rat retinas. The adenylate-cyclase stimulat-
ing activity was attributed to the dopamine receptors (17). The
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dopamine-sensitive-adenylate-cyclase model of synaptic recep-
tors allowed speculation about the biochemical mechanisms of
dopamine action in the brain. The adenylate cyclase in rat striatal
homogenates, or in the calf retina, became an important model
for studies of mechanisms of action of dopaminergic agonists
and antagonists. It became apparent that a whole class of anti-
psychotic agents competitively inhibited the dopamine-stimulat-
ed adenylate cyclase in a dose-dependent manner (17). How-
ever, it soon became clear that the correlation between clinical
potency of antipsychotic agents and the inhibition of dopamine-
stimulated adenylate-cyclase activity was rather weak. For exam-
ple, haloperidol, a very potent antipsychotic drug, only weakly
inhibited this enzyme (17).

The anomalous behaviour of haloperidol was the keystone in the
elaboration of the new idea about two kinds of dopamine recep-
tors (18, 19).

Few years after the discovery of dopamine-stimulated adenylate
cyclase, the radioligand binding methods were developed and
introduced into the studies of dopamine receptors as well (20,
21). Antipsychotic drugs inhibited the binding of *H-haloperidol
to striatal nerve cell membranes in direct relation to their clinical
potencies (22). In these assays the anomaly of haloperidol disap-
peared. Soon it became clear that some effects of dopamine or of
dopaminergic drugs cannot be explained by their binding to the
adenylate-cyclase-coupled receptor. The need to give a name to
the two types of dopamine receptors was stressed by Spano (23),
and both were finally named by Kebabian and Calne (24): the
adenylate-cyclase-linked receptor as D, receptor, and pituitary
dopamine and haloperidol binding site, not linked to the stimula-
tion of adenylate cyclase, as D, receptor. Both receptors were
later found to be widely distributed in different parts of the brain,
and were discovered also in the retina (25).

As mentioned above, the D, receptor first seemed not to be con-
nected with adenylate cyclase. But as soon as the selective D,
antagonist benzazepine SCH23390 was synthesized (26), it was
possible to demonstrate that D, receptor stimulation in fact de-
creased the adenylate-cyclase activity. In homogenates where
both receptors were present, this effect was overridden by
stronger D, receptor mediated stimulation of adenylate cyclase
(27). Autoreceptors have important role in regulation of
dopamine turnover. The presynaptically localized dopamine au-
toreceptors are of the D, type, and were first described by Carls-
son (28). They regulate the release and synthesis of dopamine by
a negative feedback mechanism (13). The presence of autorecep-
tors on soma and dendrites of dopaminergic neurons was dem-
onstrated by Aghajanian and Bunney (29).

The electrophysiological studies on dopamine-innervated mam-
malian neurons in the brain started in mid-sixties (30, 31, 32).
The electrophysiological responses of postsynaptic dopamine-
target neurons have been studied after iontophoretic application
of dopamine, or after stimulation of dopaminergic nuclei. The
single unit extra- or intracellular recordings of dopamine-inner-
vated neurons demonstrated inhibition in most cases, but in
some cases also facilitation of nerve cell firing (33). However, the
electrophysiological data may not reflect the actual physiological
function of dopamine released from dopamine neurons. The pre-
vailing hypothesis suggests that the role of dopamine is neuro-
modulatory, i.e. modulating the effects of other neurotransmitters
on target cells (33). The electrophysiological properties of
dopamine neurons were to be explored later (34). The new
patch clamp technique introduced by Neher and Sakmann (35)
became an important tool in studies of dopamine-receptor-regu-
lated ionic channel permeability. D, receptors may, in parallel
with inhibiting adenylate cyclase and modulating the inositol
phosphate production, inhibit the Ca* entry through voltage-
sensitive Ca* channels and enhance potassium conductance (13,
36). D, receptors may, on the other hand, activate the facilitation
calcium channels via a cAMP-dependent mechanism (37).

In parallel with biochemical and electrophysiological research,
behavioural pharmacology of the dopamine system yiclded im-
portant information about physiological role of dopamine recep-
tors in the brain. Randrup et al. (38) first described the ampheta-
mine-induced stereotyped behavior in rats. Soon it became clear
that the amphetamine-induced behavior depended on the intact
function of dopaminergic neurons in basal ganglia and that it
could be interrupted by antipsychotic drugs (39). Ernst (40) was
the first to suggest that D-amphetamine induced stereotyped be-
havior by causing a release of endogenous dopamine, and that
apomorphine acted as an agonist on the dopamine receptors.
The introduction of new behavioural models (for example cy-
cling behavior induced by dopaminergic agents after unilateral
lesion of the median forebrain bundle (41)) helped to under-
stand better the functioning of long length dopamine systems.
Already in 1979, the first clinical PET study in psychiatry was
published by Comar and coworkers (42). They showed images
obtained with "C-chlorpromazine in schizophrenic patients, and
thus demonstrated i vivo the distribution of the radioligands
bound to the dopamine receptors in the human brain. This tech-
nique was significantly improved during the past decade, and
today different subtypes of dopamine receptors, their gross distri-
bution, total number of binding sites and affinity can be deter-
mined in precisely localized regions of the living human brain
(43). Up to now, most PET-scan studies of dopamine receptors
have been performed for patients with schizophrenia.

The first transplants of fetal nigral cells which survived and pro-
duced behavioural dopaminergic effects in rats and monkeys
were described by Bjorklund and Stenevi (44) and by Perlow et
al. (45). First case reports on therapeutic effects of human fetal
nigral cells transplanted into the brain of parkinsonian patients
were published in late 1980's (46, 47, 48). In these early trials, the
clinical improvement was modest. Moreover, important ethical
questions related to neural transplantation of fetal tissue emerged
(49).

With the introduction of radioligand binding methods and the
synthesis of specific D, and D, receptor agonists and antagonists,
with the introduction of receptor autoradiography, with the de-
velopment of more sophisticated behavioural analyses, with the
introduction of in situ microperfusion techniques, and with the
development of PET studies of neuroreceptors in humans, the
knowledge about the dopamine systems and receptors increased
considerably.

In the late eighties, new important steps were made in the
studies of dopamine receptors. New methods, allowing identifi-
cation and localization of receptor subtypes, appeared with
¢DNA cloning and in situ hybridization. The dopaminergic re-
ceptors were found to be members of the large family of G pro-
tein coupled receptors (13). Recent cloning studies produced
classification of dopaminergic receptors into D family with D,
and D, subtypes, and D, family with D,., D, D, and D, subtypes
(50, 51, 52, 53, 54, 55, 56). The receptors of the D, family still
represent a class of receptors with adenylate-cyclase-stimulating
properties but they differ in their affinity for dopamine (D, recep-
tor having ten times higher affinity for dopamine than D, recep-
tor), as well as in the polypeptide chain length. The receptors of
D, family do not stimulate adenylate-cyclase activity, some of
them even inhibit it. They have different polypeptide chain
lengths and different characteristics regarding their affinities for
dopamine, haloperidol and clozapine, as well as different ami-
noacid sequence homology in membrane-spanning domains
compared to D, receptor (13, 57, 58). An alternative classifica-
tion has been proposed too (59): D, receptor family with D, D |
and D, subtypes and D, receptor family with D,,, D, and D,
subtypes. Four subtypes express GTP sensitivity of agonist bind-
ing and two subtypes (D, . and D, ) are GTP insensitive/non-cy-
clase coupled, and apparently linked to a signal-transduction me-
chanism, which is independent of coupling with G-protein (59).




SKET D. THIRTY-FIVE YEARS OF DOPAMINE RESEARCH

21

The functional importance and distribution of different receptor
subtypes in different brain regions are fast-moving fields, and
great interest has been paid to the molecular genetic studies of
psychiatric illnesses. Studies of genetic varieties of D, receptors
in the human population (60) revealed at least seven polymor-
phic forms of the D, It is possible that the genetic disposition to
schizophrenia is linked to the presence of particular subtypes of
dopamine receptors in susceptible individuals (61). The genetic
polymorphism of receptors may be linked to different responses
to neuroleptic drugs (62).

Decades of research have been devoted to the study of short-
term signalling events involved in dopamine neurotransmission.
In the recent years, rapid expansion of studies of gene expres-
sion controlled by dopamine receptors turned the attention of re-
searchers towards the mechanisms through which dopamine ex-
erts its long term effects in the nervous system. Dopaminergic
receptors regulate, via the second messengers, the induction of
immediate-early genes (for example c-fos). The products of im-
mediate-early genes (for example Fos) regulate transcription of
the target genes (63). Dopamine receptors regulate the following
peptide and peptide mRNA levels in the striatum: enkephalin
(mRNA for proenkephalin), substance P (mRNA for preprotachy-
kinin), dynorphin, substance K (neurokinin A), neurokinin B,
neurotensin, somatostatin (64). Dopamine receptors also regu-
late the synthesis of glutamate decarboxylase in GABAergic neu-
rons of the striatum (65) and of dopamine receptors themselves
(66).

The clinical significance of dopamine studies is based on the in-
volvement of this neurotransmitter in severe neurological and
psychiatric illnesses. Future research of dopaminergic mecha-
nisms should lead to better understanding of patho(phy-
sio)logical processes, as well as to the efficient prophylactic
measures and to the development of treatments and drugs with
more specific effects.
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PETINTRIDESET LET RAZISKOVANJA DOPAMINA

Dusan Sket

Izvle¢ek - Na kratko je prikazan izreden napredek v preteklib 35 letib zgodovine dopamina. Mejniki raziskovanja dopamina so:

dolocitev koncentracije dopamina v posameznib delib moZganov (1957-58); odkritje zniZane koncentracije dopamina v bazalnih
ganglijib bolnikov s Parkinsonovo boleznijo (1960); vpeljava bistokemicnib fluorescencnib metod za prikazovanje kateholaminov v
zivénih celicab; prvo odvajanje potencialov s posameznih, z dopaminskimi kondici oZivéenib Zivénib celic v mozZganib sesalcev (1965-
67); prvi koraki v razvoju od dopamina odvisnib vedenjskib modelov na Zivalib (1967-71); odkritje od dopamina odvisne adenilatne
ciklaze (1971- 72); uvedba radioaktivno oznacenib spojin v in vitro vezavne Studije na dopaminskib receptorjib (1975); razdelitev
dopaminskib receptorjev na tipa D, in D, (1979); prva klinicna raziskava s pozitronsko emisijsko tomografijo glede vezave 11C-klor-
promazina (1979); prvi fm?kctona!no aktivni presadki fetalnib dopaminskib celic pri Zivalib (1979); zacetek presajanja cloveskib fe-
talnib dopaminergicnib celic bolnikom s Parkinsonovo boleznijo, z razmeroma majbnim klini¢nim izboljSanjem (1988-1990); studije
dopaminske regulacije izraZanja genov so se zacele v osemdesetib letib; molekularna biologija dopaminskib receptorjev (1988-93): z
genskim kloniranjem so ugotovili dva podtipa receptorjev D, in Stiri podtipe receptorjev D,. Napredek v raziskovanju dopamina je pri-
speval k boljsemu razumevanju mozganskib funkcij in k moZnostim zdravijenja pri nekaterib nevroloskib in psibiatricnibh boleznib.

Kljuéne besede: dopamin; receptorji; zgodovina medicine
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THE ROLE OF MELATONIN AND DOPAMINE
IN RETINAL RENEWAL AND DEGENERATION

VLOGA MELATONINA IN DOPAMINA PRI OBNAVLJANJU IN DEGENERACIJI MREZNICE

Marko Hawlina]? Hisako Ikeda’
"University Eye Clinic, Medical Centre, Zaloska ¢. 2, 61105 Ljubljana, Slovenia
“Vision Research Unit of Sherrington School, UMDS, The Rayne Institute, St. Thomas’ Hospital, London SE1 7EH, Great Britain

Key words: disc shedding; diurnal rbythm; dopamine; elec-
trorvetinography; hereditary retinal degeneration; melatonin

Abstract - The outer segments of the photoreceptors of the re-
tina are renewed daily by the phagocytosis of discarded outer-
most discs by the retinal pigment epithelium, whilst new discs are
being formed at the inner segments. This process is regulated by
retinal melatonin and dopamine. Derangement in phagocytosis
by the retinal pigment epithelium causes retinal degeneration in
one of the most studied animal model of retinitis pigmentosa, the
RCS rat. Similar mechanisms are also proposed as a possible

Renewal of photoreceptor cells by the
retinal pigment epithelium

Young and Bok (1) were the first to present unequivocal autora-
diographic evidence that the discarded photoreceptor outer seg-
ments are phagocytosed by the retinal pigment epithelium (RPE).
The authors used the term phagosomes for the inclusion bodies
with disc material. During the process of 'disc shedding’, the out-
er segments of rods and cones are ensheathed at their distal ends
by the villous projections, derived by the RPE apical membrane.
The packets of detached outermost discs are then engulfed and
metabolized by the RPE cell (2). Young (3) estimated that in the
monkey retina, each rod manufactured 80-90 new outer segment
discs every 24 hours, and that the number of discs phagocytosed
by an RPE cell daily was about 2,000 in the para-fovea, 3,500 in
the peri-fovea and about 4,000 in the periphery. In the rat, each
rod outer segment contains on the order of 950 discs. These discs
are renewed every 9 to 10 days, representing a daily disc output
of roughly 100 discs per rod. Single epithelial cell is in contact
with some 250 to 300 rods. Therefore as much as 25,000 to
30,000 discs are phagocytosed daily by a single RPE cell (4).

Rhythmicity of the RPE phagocytosis

The phagocytosis of the shed outer segment discs of the photore-
ceptors has been shown to occur in bursts, according to an en-
trained diurnal rhythm that is synchronized by light (5, 6). Al-
though the cellular mechanisms of rod and cone disc shedding

cause of some other clinical conditions, such as Best's vitelliform
dystrophy and some drug related retinopathies. This paper re-
views studies on photoreceptor renewal process with emphasis on
the role of melatonin and dopamine. It also presents our work on
the electroretinography which reflects the divurnal rbythmicity of
the photoreceptor renewal process. Abnormally bigh level of reti-
nal melatonin content that we found in RCS rats is discussed as a
possible causative factor of degeneration. Finally, our results
Srom electroretinography after long-term application of a
dopamine D2 agonist, bromocriptine, are presented in an ai-
tempt of therapeutic approach to this type of retinal degeneration.

appear to be similar, they occur at the opposite times of the day.
The rods shed 1-3 hours after light onset, whilst the cones, soon
after light offset (7, 8). Interestingly, it appears that the pigment
epithelium 'sweeps up’ the retina when the respective type of
photoreceptors are least used: namely rods in the brightness of
the morning, and cones in the dusk of the evening.

The normal rhythm of disc shedding requires alternating periods
of light and darkness (9, 10). Constant light blocks disc shedding,
but it can be followed in an entrained rhythmic fashion for at
least three days in constant darkness (5, 9, 10). Since the disco-
very that photoreceptor disc shedding is a circadian process (5),
substantial attention has been devoted to understanding the re-
gulatory mechanisms that underlie rhythmic events in the pho-
toreceptor-pigment epithelial complex (8).

Melatonin and biological clock in the eye

It has been shown that retinal amines melatonin and dopamine
mediate circadian light signals in the retina and play the modula-
tory role in regulation of outer segment disc shedding (8). The
observation that disc shedding is blocked by reserpine, a drug
which interferes with the pineal circadian rhythm, was the first
suggestion that the pineal hormone melatonin may influence
disc shedding (5). However, subsequent studies have indicated
that pinealectomy has no effect on disc shedding, suggesting that

Abbreviations: DA, dopamine; FOG, electrooculogram; ERG, electrovetinogram; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrabydropyridine; NAT, N-acetyl transferaze; RCS,

Roval College of Surgeons; RPE, retinal pigment epithelium;
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retinal melatonin may be responsible for regulation of disc shed-
ding (11, 12).

The pineal indoleamine, melatonin (5-methoxy-N-acetyltryp-
tamine), has been implicated in the regulation of various neural
and endocrine processes which are cued by the daily change of
photoperiod (13). Besides in the pineal gland, autonomous me-
latonin synthesis has also been shown in the retinal photorecep-
tors (13). In both pineal gland and the retina, melatonin is syn-
thesized from its precursor serotonin and secreted in a diurnal
rhythm with peak levels during the dark period (14). Diurnal
thythms of melatonin synthesis in the presence of light cycles
results from a combination of direct effects of light and darkness
and regulation by a circadian clock (8, 15, 16). A circadian clock
is functionally defined as an oscillator system with the capacity of
persistent rhythmicity, with a period of approximately 24 hours
in the absence of external timing cues (17). In other words, the
phasing of rhythmicity with daily changes will remain the same
as that established by cyclic light and dark, even if the cycle is
removed (e.g. when subjects are kept in constant darkness).
Day-night differences in retinal melatonin content result from cy-
cling of activity of the rate-limiting enzyme in melatonin synthe-
sis, N-acetyl transferase (NAT), which is elevated during the night
and lowered during the daytime (14, 16). The increase of NAT
activity in darkness involves a cyclic AMP-mediated increase in
protein synthesis (18). In Xenopus frog retina, a rhythm of NAT
activity persists in eye cups maintained i vitro, indicating the
presence of a circadian clock in the eye (19). Recently it has been
shown in Xenopus laevis that the biological clock in the retina,
that controls NAT activity, is located within the photoreceptor
cells (20). Besides cycling of NAT activity, photoreceptor termi-
nals of rat retinas have been shown to accumulate 3H-serotonin
in the light, but not in the dark, while newly synthesized N-ace-
tylserotonin and melatonin are released from retina exposed to
dark (21).

The synthesis of retinal melatonin, moreover, appears to be influ-
enced by dopamine. Activation of D2 dopamine receptors sup-
presses the dark-dependent increase in retinal NAT activity (22).
Interestingly, dopamine seems to have no effect on melatonin
synthesis in the pineal gland, where its synthesis is regulated by
norepinephrine release on sympathic beta-adrenergic receptors
(23). Since norepinephrine has no effect on retinal melatonin
synthesis (22), the control of melatonin synthesis in the pineal
gland and that in the retina appear to be neuropharmacologically
separated.

Retinal dopamine

Malmfors (24) was the first to identify catecholamine neurons in
the rat retina and found that dopamine (DA) is the predominant
retinal catecholamine. The intraretinal synthesis of dopamine has
been ascertained by identifying and localizing the enzymes in-
volved in its metabolism (25).

The retinal DA neurons in most species including man are ama-
crine cells and interplexiform cells with their cell bodies situated
in the inner nuclear layer. Amacrine cell dendrites mostly extend
horizontally, whilst interplexiform cell dendrites traverse the reti-
na vertically reaching outer retinal layers. In the rat, as well as in
humans, overall density of dopaminergic neurons is 20-25 cells/
mm?, out of which up to 50 % are interplexiform (26, 27). It has
recently been shown (27) that human dopamine-containing cells
form two plexuses with five concentric zones around the macula,
which indicates specific importance of DA in modulation of reti-
nal function.

Actions of dopamine in the retina are diverse and depend on ac-
tivation of different types of dopamine receptors. Kebabian and
Calne (28) were the first to demonstrate two types of DA recep-
tors, D1 and D2: DI receptor has relatively low affinity (micro-

molar range) for the ligand, and its activation is stimulating ade-
nylate cyclase. D2 receptor, on the other hand, has high affinity
for ligand (nanomolar range), and has either no effect or actual
inhibitory action on adenylate cyclase. Autoradiographic studies
show that D1 receptors are located predominantly in the inner
retina and in horizontal cells (29, 30), while D2 type receptors
have been predominantly shown in the photoreceptor layer (30,
31) and retinal pigment epithelium (32, 33). Recent cloning stu-
dies revealed new subtypes of these receptors, and classified
them into D1 family, with D1 and D5 subtypes, and D2 family,
with D2, D3 and D4 subtypes (34).

The discovery of the new subtypes of receptors offers an inter-
pretation to the disagreement in the literature regarding the dis-
tribution of D2 receptors, detected by mRNA hybridization and
that by ligand binding. Whilst binding data indicated high con-
centration of D2 receptors on photoreceptors in various mam-
mals, including man (30, 31), molecular cloning of D2 receptors
in human retina by in sitie hybridization method failed to show
any labelling to the photoreceptor layers (35). Cohen et al. (36)
have recently shown by in situ hybridization that D2-like dopa-
mine D4 receptor, linked to the inhibition of adenylate cyclase, is
located on the photoreceptors of the mouse retina. Thus the D4 re-
ceptor may be the one responsible for D2-like ligand binding and
related effects at the photoreceptors and perhaps on the RPE.
Another controversy is related to the mode of action of dopa-
mine on photoreceptors and RPE in regulation of rhythmic meta-
bolic processes, since dopaminergic neurons do not synapse on
photoreceptors or RPE. Recently, Nguyen-Legros et al. (26) de-
scribed sclerally directed processes of dopaminergic interplexi-
form cells that reach the photoreceptor cells in rat and monkey
retina. It has been suggested that dopamine, released from these
processess can diffuse in paracrine fashion through 75-100 pm to
reach the outer segments of photoreceptors and the RPE cells
(26). An alternative pathway has been proposed recently which
suggests that dopaminergic influences on disc shedding and RPE
metabolism are mediated by the processes arising from the cili-
ary nerves that reach the RPE from the choroidal side (37).
Dopamine synthesis, release and turnover in the retina are influ-
enced by diurnal changes in illumination in opposite manner to
those of melatonin (8). The activity of tyrosine hydroxylase, the
rate limiting enzyme involved in the biosynthesis of dopamine,
and the rates of dopamine release and turnover are higher during
the light period (38).

Interactions between the retinal melatonin
and dopamine

Retinal dopamine and melatonin, regarded as chemical analo-

gues of day and night (8), exhibit direct mutual inhibitory inter-

action between them. Functional feedback between retinal dopa-
mine and melatonin is apparent from the following observations:

L. Melatonin, which is synthesized and secreted during the dark
period (8, 21), mediates changes in retinal dopaminergic ac-
tivity through the ability to effectively inhibit dopamine re-
lease in picomolar concentrations (39),

2. Dopamine, which is synthesized and released during the light
period, acts as a feedback neuromodulator of the retinal mela-
tonin synthesis, since activation of D2-like dopamine receptors
reduces NAT activity and the synthesis of melatonin (8, 22).

Role of melatonin and dopamine in
regulation of RPE phagocytosis

It has been suggested that the mode of action of melatonin and
dopamine is to act as paracrine neuromodulators regulating in-
tracellular second messenger cAMP levels in their target cells (8).
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Cyclic changes of melatonin and dopamine in diurnal light transi-
tions convey extracellular signals on respective melatonin and
dopamine receptors on photoreceptors and the RPE to cause
change in cAMP level within these cells, necessary to initiate
phagocytosis (7, 8).

Melatonin has been shown to increase cAMP level (40), while
dopamine and D2 agonists reduce it (41). It has been shown that
sustained high or low levels of cAMP inhibit.phagocytosis by the
RPE, and that the change in cAMP level is necessary for the
phagocytosis to be triggered (42). Thus, rhythmic variation of
cAMP level, caused by change in melatonin and dopamine from
night to day levels and vice versa, may be responsible for bursts
of disc shedding which occur only at light-transition periods (8,
42) (Fig. 1). Since precise interaction between melatonin and
dopamine in modulation of intracellular cAMP levels appears to
be essential in regulation of disc shedding and phagocytosis, we
investigated some aspects of these mechanisms in the inbred
strain of rats with defective RPE phagocytosis.

ROD SHEDDING

CONE SHEDDING

dopamine

melatonin

TRIGGER

TRIGGER

DARK LIGHT DARK

Fig. 1. Schematic presentation of divrnal bursts of disc shedding

with larger peak representing rod shedding approximately 1-3

hours after light onset and smaller peak of cone shedding 1-2

hours after light offset. Shedding appears to be triggered by

change in melatonin (which is bigh in the night) and dopamine

(which is high in the daytime) levels at the light transition peri-
ods. Adapted after La Vail (5) and Besharse et al. (8).

Sl 1. Shematski prikaz dnevnega ritma obnavljanja mreZnice

kaze vecfi vrb fagocitoze vrbnjib diskov palicic (rod shedding) 1-

3 wre po prebodu noci v dan. Manjsi vrb predstavija fagocitozo

diskov cepkov (cone shedding), 1-2 ure po prebodu dneva v noc.

Fagocitozo sproZi (trigger) sprememba nivoja melatonina (ki je

visok ponoci) in dopamina (ki je visok podnevi). Prirejeno po: La
Vail (5) in Besharse s sod. (8).

Animal model of impaired RPE
phagocytosis - the RCS rat

It has been shown that the pigment epithelium in a strain of RCS
(Royal College of Surgeons) rats does not phagocytize outer seg-
ment discs (43). This autosomal recessively inherited retinal de-
generation in pigmented RCS rats occurs approximately 7-10
days later than in albino RCS rats, and proceeds as follows (44):
At birth and during the first two weeks the RCS rat retina is histo-
logically normal, Gradually, rod outer segments elongate, and
debris composed of detached discs, which was not cleared by
the RPE, starts to appear at the surface of the pigment epithelium
on about postnatal day 20-22. The outer segment zone becomes
thicker and the first pyknotic photoreceptor nuclei appear at
about 25-27th day. From this age until about day 60-70, the outer
segments progressively disintegrate, and the outer segment zone
is replaced entirely by a debris zone composed of whorls of out-
er segment membranes, pigment epithelial cell processes, and
invading RPE cells. Gradually, debris and entire outer nuclear
layer is cleared by invading macrophages and migrated melanin-

laden RPE cells. Finally, atrophied outer retinal layers, with the
inner retinal layers remaining relatively intact show the retinal
appearance which is not unlike to the clinical picture seen in
patients with advanced retinitis pigmentosa.

Gradual reduction of electroretinogram (ERG) a- and b-wave,
presented by the RCS rats, is accompanying retinal degeneration
from around 25th postnatal day until 60-70th day until the re-
sponses are virtually eliminated (45). However, the pigment epi-
thelial response measured in albino RCS rats by electrooculo-
gram (46) showed transiently supernormal amplitudes around
15-18th day. In agreement with this early study by Arden and
Ikeda, we have found that the c-wave amplitude is also super-
normal in dystrophic rats between 17-24th day of age, while a-
and b-waves show no difference (Fig. 2). We were therefore in-
terested to investigate the rhythm of the ERG c-wave in prede-
generate retina during the peak time of disc shedding and RPE
phagocytosis.

Dystrophic Control
Age
A M 17-18 _.I\/-\
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b < b €
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soouv| 500 vV
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Fig. 2. Examples of ERGs obtained from dystrophic and control
rats of three different age groups (in days). Each trace is an aver-
age of responses obtained from three rats. Note that the c-waves of
the dystrophic rats aged 17-18 days and 22-24 days are signifi-
cantly larger and more prolonged than those of their respective
controls, while the a- and b-waves of the control and dystrophic
rats show no difference. Statistic values: c- wave amplitude be-
tween 17-24 days, mean * standard error of the mean; dys-
trophic: 720.7 £+ 43.3 pV, n = 6; control: 497.3 + 69.2 uV,
n==0; p<0.05(47). Note that the ERG of dystrophic rats 30-
32 days old is already greatly reduced compared to that of control
rats of the same age. From Hawlina et al. (47), with permission.

Sl. 2. Primeri elektroretinogramov pri distroficnib in kontrolnib
podganah v treb starostnib skupinab (v dnevib). Vsak posnetek je
povprecje odzivov treb Zivali. Razvidno je, da je c-val distroficnib
podgan, starih 17-18 dni in 22-24 dni, pomembno visji in podalj-
san kot pri kontrolnih Zivalih, medtem ko se a-val in b-val ne raz-
likufeta pomembno. Statisticne vrednosti: amplituda vala ¢ med
17.-24. dnem, srednja vrednost + standardna napaka; distro-

ficne Zivali: 720.7 + 43.3 uV, n = 6; kontrolne Zivali: 497.3

£ 69.2uV, n==0 p<0.05(47). Glej ERG 30-32 dni starib
distroficnib podgan, ki je Ze mocno niZji kot pri kontrolni skupini
enake starvosti. Iz: Hawlina s sod. (47), z dovoljenjem.

Rhythm of the ERG c-wave at the peak of
rod disc shedding reflects abnormal
phagocytosis in RCS rat retinas

Electrically, RPE cells in a single layer, held together by tight

junctions, exhibit a high resistance, responsible for generation of
the standing potential of the eye and the c-wave of the elec-
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troretinogram (48). Since RPE phagocytosis is a process involving
dynamic interaction between RPE and photoreceptor outer seg-
ments, we investigated how the ERG c-wave (the light-evoked
trans-pigment epithelial potential that depends on the integrity of
the RPE and photoreceptor outer segments) reflected the circadi-
an rhythmicity of disc shedding and RPE phagocytosis in dys-
trophic RCS rats and in their heterozygous controls. We therefore
developed a method for ERG recording in rats (49) and recorded
the ERG during morning transition period, starting 0.5 hours be-
fore expected light-on time, and ending 2 hours after it.

We found that, while the ERG c-wave of the control rats showed
a distinct amplitude reduction, 1-1.5 hours after expected light-
on time (consistent with the peak time of rod disc shedding and
phagocytosis), the ERG c-wave of the dystrophic rats was signi-
ficantly less reduced (Fig. 3 B). In contrast, confirming the find-
ing of Sandberg et al. (50), no difference in the diurnal rhythm of
the ERG b-wave was found between the dystrophic and the con-
trol rats (Fig. 3 A).
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Fig. 3. Rbhythm of ERG b-and c-wave amplitude in dystrophic and
control rats during morning transition period, recorded 0.5
hours before expected light onset and 2 bours after it. In (A), tran-
stent reduction of b-wave amplitude 1-1.5 hour after expected
light onset show no difference between the both strains which in-
dicates that the rbythmicity of disc separation may be preserved
in dystrophic rats before degenerative changes occur. In contrast,
the ERG c-wave rhythm (B) is significantly less pronounced in
dystrophic rats than in controls (Control: 35.1 %; Dystrophic:
21.0 %; p < 0.05), which may reflect early defect in phagocyto-
sis. See explanation in Fig. 4. From Hawlina et al. (47), with per-
mission.

Sl 3. Ritem ERG b-vala (A) in c-vala (B) pri distroficnib in kon-
trolnib podganah, posnet pol ure pred pricakovanim nastopom
svetlobe in dve uri po njem. Slika (A) prikazuje prebodno
znizanfe amplitude b-vala wro do uro in pol po pricakovanem
nastopu svetlobe, ki ne kaZe statisticno pomembnib raziik med
obema skupinama. To kaze na obranjen ritem v locitvi diskov
pred razvojem degenerativnib sprememb. Slika (B) pa kaZe
statisticno pomembno manjse zniZanje amplitude c-vala pri
distroficnib Zivalib, kar labko odseva zgodnje abnormnosti v
Sagocitozi. (Kontrolne: 35.1 %; distroficne: 21.0 %; p < 0.05).
Glej razlago ob sliki 4. Iz ref. 47, z dovoljenjem.

Our interpretation of results in Figure 3 B is shown in Figure 4:
During the process of ingestion of the detached discs, c-wave in
control rats is reduced due to a) transient decrease of the RPE
apical membrane resistance (and therefore decrease in ratio be-
tween apical and basal RPE membrane resistances that decreases
c-wave) during the passage of the detached discs into the RPE
cells and due to b) photoreceptor membrane disruption during
disc detachment. Since in dystrophic retinas ingestion by the RPE
does not occur, the RPE apical membrane resistance remains un-

changed and does not affect the c-wave. The c-wave may then
only be passively reduced due to disruption of the photoreceptor
membranes during disc detachment. Since no differences were
found in dystrophic and control rats in the rhythm of the b-wave
during peak of disc shedding (Fig. 3 A), disc detachment proba-
bly occurs alike in both strains before degeneration takes place
(47, 50).

Our results are consistent with well known fact that the early ab-
normality in the RCS rats is located in the RPE rather than in the
photoreceptors (43). More importantly, these findings also show
that abnormal RPE phagocytosis may be detected at very early
stages of degeneration by abnormal rhythm of the ERG c-wave
and by its supernormal amplitudes, which may be important for
early diagnosis of certain clinical conditions.
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Fig. 4. Schematic interpretation of the differences in the rbythm of
the c-wave amplitude shown in Fig. 3 B. In normal control reti-
nas, c-wave is ‘actively’ (viewed from the RPE origin) decreased
during passage of photoreceptor discs through the RPE apical cell
membrane. Disruption of RPE apical membrane transiently de-
creases the ratio between apical and basal RPE membrane resist-
ances (Rap/Rba), and reduces the c-wave (designated as ‘active’).
In addition, c-wave is also passively’ reduced due to photorecep-
tor membrane disruption and K' leak at light stimulation during
disc detachment (designated as ‘passive’). The sum of both reduc-
tions is reflected in larger c-wave reduction of the control rats ap-
proximately 60 minutes after expected lights-ON time. In dys-
trophic retinas, no passage of the discs through the RPE apical
membrane occurs, therefore the c-wave may only be passively’
reduced due to reduced photoreceptor response.

SL 4. Shematicna razlaga razlik v ritmu amplitude ERG c-vala
med kontrolno in distroficno mreznico v sliki 3 B. Pri kontrolni
mreznici (NORMAL) se zaradi preboda fotoreceptorskib diskov
skozi apikalno membrano pigmentnega epitelija zniZa razmerje
upornosti med apikalno in bazalno membrano (Rap/Rba), zara-
di Cesar se zniza c-val (active). Poleg tega se zaradi disrupcije .
membrane fotoreceptorjev pri odluscenju diskov in ubajanja K
med svetlobnim draZenjem c-val tudi ‘pasivno’ zniZa (passive)
zaradi zniZanja fotoreceptorskega odziva. Vsota obebh zniZanj
odseva upad amplitude pri kontrolnib podganab. Pri distroficnib
podganab (DYSTROPHIC), kjer do fagocitoze ne pride, ostane
upornost apikalne membrane nespremenjena. Upad amplitude c-
vala okrog 60 minut po pricakovanem casu razsvetlitve (ON) gre
tako zgolj na racun zniZanja fotoreceptorskega odziva.
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Abnormally high melatonin content in the
dystrophic RCS retinas - a possible
causative factor of degeneration?

since, as discussed previously, retinal melatonin may serve as a
prime circadian signal in the regulation of RPE phagocytosis with
direct synchronizing effect on dopamine release (8), we won-
dered if melatonin level in dystrophic RCS rat retinas with defec-
tive RPE phagocytosis was different from that in control retinas
prior to retinal degeneration.

Retinal melatonin content in dystrophic and heterozygous con-
trol RCS rats (aged 20-24 days) was, therefore, determined in
dark adapted retinas 3-4 hours after morning and evening light
transition times using the radioimmunoassay method (47). We
found that retinal melatonin content was almost twice as high in
dystrophic RCS rats compared to the age matched heterozygous
controls in both time points measured (Fig. 5).

A Melatonin: day time B Melatonin: night time
_|‘ i ‘IIZU

Melatonin content [pg/mg protein]

Control Conlroi

Dystrophic

Dystrophic

Fig. 5. Content of melatonin (mean + standard error of the
mean) determined in 10 control and 10 dystropbic rat retinas
isolated during subjective daytime (10 AM to noon) (A) and in 10
control and 8 dystrophic retinas isolated during subjective night-
time ( 10 PM to midnight) (B). Note that the mean melatonin con-
tent of the dystrophic retina is significantly bigher (Student’s t-
test: p < 0.05) in both A and B. Dystrophic: 74.0 = 11.5 (A),
S4.4+ 18.5 (B); Control: 39.9 + 4.0 (A),42.5 + 9.8 (B). From
Hawlina et al. (47), with permission.

Sl 5. Vsebnost melatonina (srednja vrednost + standardna na-
paka), izmerjena pri 10 kontrolnib in 10 distroficnib mreznicab,
odvzetib v temi med subjektivnim dnevom (10b-12b) (A), in 10
kontrolnimi in 8 distroficnimi mreZnicami, odvzetimi med sub-
Jektivno nocjo (22h-24h) (B). Glej pomembno zvisan nivo mela-
tonina v distroficnib mreznicab (Studentov t-test: p < 0.05)
tako v A, kot v B. Distroficne: 74.0 £ 11.5(A), 84.4 + 18.5(B);
Kontrolne: 39.9 + 4.0 (A), 42.5 + 9.8 (B) Iz: Hawlina s sod.
(47), z dovoljenjem.

This finding opened several questions regarding the possible
causes and consequences of excessive retinal melatonin level.
Since its synthesis is cAMP dependent (18), melatonin level can
be elevated due to conditions that elevate cAMP in the photore-
ceptors, such as defective phosphodiesterase function (51).
Moreover, melatonin itself also elevates cAMP in the photorecep-
tor-pigment epithelial complex (48). Indeed, an increase in cyclic
nucleotides has been universally described in early stages of reti-
nal degenerations in RCS rat and some other species including
humans (52, 53).

As described previously, melatonin has been shown to be a po-
tent inhibitor of dopamine release in the retina (39). Thus, exces-
sive melatonin level might block dopamine release on D2-like
receptors which would normally reduce cAMP (22, 41). This
would abolish the feedback loop for intracellular cAMP homeo-
stasis and result in excessive cAMP formation. In photoreceptors,

MELATONIN/DOPAMINE
DISBALANCE

TcAMP P

|~ MELATONIN

N

ARYL ACYLAMIDASE

WITHIN THE EYE MELATONIN

RECEPTOR MEDIATED
INHIBITION OF
DOPAMINE RELEASE

S5-METHOXYTRIPTAMINE

BLOODSTREAM

DA SYNTHESIZING CELL

Fig. 6. Schematic interpretation of possible mechanisms which
may cause inhibition of phagocytosis by the RPE cells in the
RCS rat. Raised melatonin (47) that diffuses freely to melatonin
receptors (M) on DA synthesizing cells (8) inhibits dopamine re-
lease on D2 receptors (dysfunction shown by crossed on figure)
on the photoreceptor cells (39), causing deficiency in cAMP re-
ducing mechanism (36). This causes a loss of negative feedback
loop in the regulation of cAMP. Consequent increase in cAMP for-
mation may in turn activate NAT and melatonin synthesis (18)
thus establishing a vicious cycle. On the RPE cells, overactivated
melatonin receptors and non-activation of D2 receptors (crossed
on figure) causes cAMP accumulation and inbibition of the
phagocytosis (40, 42, 57, 58). Some of the potential causes of in-
creased melatonin level may be decreased number of D2 recep-
tors (54) and insufficient PDE activation (crossed on figure) (51,
54), or a defect in enzymatic reduction of melatonin within the
eye (55).

Sl. 6. Shemati¢na razlaga mebanizmov, ki labko zavrejo fagoci-
tozo fotoreceptorskib diskov v RPE pri distroficnib mreZnicah
RCS. Zvisan nivo melatonina (47), ki prosto difundira do mela-
toninskib receptorjev (M) na dopaminergicnib celicab (8) (DA
synthesizing cell), inbibira spros¢anje dopamina na D2 recepior-
je (prekrizani na sliki) na fotoreceptorjib (39), s cimer se
onemogoci mebanizem za znizanje cAMP (36). S tem pride do
Sunkcionalne izgube negativne povratne zveze v regulaciji cAMP.
Posledicno zvisanje cAMP zopet aktivira NAT in sproZi nadaljnjo
sintezo melatonina (18) in s tem vzpostavi circulus vitiosus, Cez-
merna aktivacija melatoninskib receptorjev in odsotnost aktiva-
cije receptorjev D2 na pigmentnem epiteliju (prekrizani na sliki)
sprozi cezmerno sintezo cAMP, ki labko zavre fagocitozo (40, 42,
57, 58). Nekateri mozni vzroki za zvisanje nivoja melatonina so
zniZanje Stevila receptorjev D2 (54) in nezadosina aktivacija fos-
Sfodiesteraze (PDE, na sliki prekrizano) (51, 54), ali okvara v en-
cimski degradaciji melatonina v ocesu (55).
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this would, in turn, induce NAT and melatonin synthesis (18) and
further inhibit dopamine release, thus creating a vicious circle.
The question here is whether the D2 receptor mediated cAMP
reduction is impaired only due to excessive melatonin, or prima-
ry abnormality lies in D2 receptors themselves. In keeping with
the later possibility, Reading (54) found decreased D2 receptor
density and decreased D2 receptor-mediated phosphodiesterase
activation in the retina of 2-3 weeks old RCS rats, without change
in physical nature of the receptors prior to retinal degeneration.
Since reduction of cAMP in photoreceptors is mediated through
D2-like receptors (41), abnormally low population of these re-
ceptors could indeed cause cAMP increase and induce NAT. An-
other possibility for genetic defect expression which would in-
crease melatonin level may involve recently described enzymatic
pathway for degradation of melatonin within the eye (55). This
discussion is summarized in Figure 6.

Following our finding that melatonin content in RCS rat retinas is
abnormally elevated (47), Hankins and Ikeda (56) have found
that the endogenous dopamine release at horizontal cells was
indeed blocked in dystrophic retinas before the onset of retinal
degeneration. Furthermore, electrophysiological behaviour of
dystrophic retinae showing the lack of endogenous dopamine
release was mimicked by application of melatonin in control reti-
nas. This experimental evidence support the hypothesis that in
dystrophic retinae, endogenous dopamine release may indeed
be blocked by excessive melatonin.

The loss of feedback control in maintenance of rhythmic balance
of cAMP level within photoreceptor/RPE complex, caused by ele-
vated melatonin level, may therefore lead to inhibition of phago-
cytosis. In keeping with this suggestion, it has been shown that
melatonin and cAMP inhibited RPE phagocytosis in culture (57).
Furthermore, it has recently been shown that photoreceptor disc
ingestion is effectively inhibited by nanomolar concentrations of
the drugs that increase intracellular cAMP in the RPE, which sug-
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gests that phagocytosis may be extremely sensitive to cAMP level
(58). We therefore wondered whether pharmacologically induced
reduction of melatonin synthesis by the photoreceptors could
have some therapeutic effects in RCS rat RPE function.

Dopamine D2 agonist prolongs the survival
of RCS rat retinas

Before the interrelation between melatonin and dopamine was
discovered, Bubenik and Purtill (59) demonstrated by histology
that a dopamine D2 agonist, bromocriptine, slowed-down the
progress of degeneration in the RCS rat retinae.

Since recently described melatonin receptor antagonist (60) was
not available, and since it has been shown that a D2 agonist, bro-
mocriptine, reduced the activity of the rate limiting enzyme for
melatonin synthesis, NAT, by 067 % (22), our question was,
whether bromocriptine may also prolong the functional survival
of RCS rat retinas, measured by the electroretinography.

To answer this question, we recorded ERGs from dystrophic RCS
rats after daily intraperitoneal treatment with bromocriptine, or
vehicle, starting at 12th day of age following the same dosage
regimen as Bubenik and Purtill (59). We found, that bromocrip-
tine indeed enhanced ERG of dystrophic RCS rat retinas after the
28-31 days of treatment compared to the control rats receiving
vehicle solution (measured at the age of 40-43 days). This was
most pronounced in the c-wave (Fig. 7 B) and less in the b-wave
(Fig. 7 A). Although consistently larger, the differences in a-wave
amplitude were not statistically significant. Latencies of the a-, b-
and c-waves of the bromocriptine-treated rats were consistently
shorter than in vehicle-treated rats, which suggested that retinal
function after bromocriptine treatment may be faster, but differ-
ences were not statistically significant except in c-wave elicited
by maximal light intensity (data not shown).

1400 C-wave amplitude-CO 40

amplitude [uV]

=C=@romocriptine
=&~ Vehicle

0 T
-30 -25 20 15 1.0 05 0.0
relative intensity [log U]

Fig. 7. ERG b-wave (A) and c-wave (B) (mean + SEM) in dystrophic retinas after 28-31 days of treatment with bromocriptine record-
ed at the age of 40-43 days (DY 40). Note significantly bigher amplitudes (*, Student’s t-test, p < 0.05) comparing to vehicle-treated
controls. ERGs were recorded in 10 rals per group with five light intensities, -3.0, -2.0, -1.0, -0.5 and maximal light intensity, -0.0 loga-
rithmic units (log U), corresponding to 13,000 lux. Delails on the recording method are described in references 47 and 49.
SL 7. ERG b-val (A) in c-val (B) (srednja vrednost + standardna napaka srednje vrednosti) pri distroficnib mreZnicab po 28-31 dneb
dajanja bromokriptina. Glej statisticno pomembno visje amplitude v primerjavo s skupino, ki je prejemala nosilno raztopino (*, Stu-
dentov t-test, p < 0.05). ERG je bil posnet pri 10 podganab v vsaki skupini s 5 jakosti svetlobe, -3.0, -2.0, -1.0, -0.5 in z maksimalno
Jakostjo, -0.0 logaritmicnib enot (log U), ki ustreza osvetlitvi 13.000 luksov. Podrobno je metoda opisanav referencab 47 in 49.

Our electrophysiological results are in agreement with the histo-
logical findings of Bubenik and Purtill (59). However, they raise
the questions regarding possible mechanisms of bromocriptine
action in preserving the RCS rat retinal function, as reflected by
the ERG?
Bromocriptine is a predominantly D2-agonist (22). It may be pos-
sible that bromocriptine substituted endogenous dopamine ac-
tion on D2-like receptors on photoreceptor cells to reduce cAMP
and melatonin synthesis, and thus disinhibited endogenous
“dopamine release. Secondly, by activation of D2-like dopamine
receptors on the RPE cells, it may have caused change in cAMP
level, and thus perhaps triggered phagocytosis by the RPE. This

assumption would require electron microscopical confirmation.

The mode of action of bromocriptine may therefore be in restor-
ing the balance between melatonin synthesis and dopamine
release. This assumption may be supported by the following
findings (8): Inhibition of rate limiting enzyme of melatonin syn-
thesis, NAT, was found to be associated with D2 mediated reduc-
tion of cAMP in the NAT containing cells. Accordingly, dopamine
blocks the rise in NAT activity, in concentrations far lower than
those needed to increase retinal cAMP by D1 receptor activation
Pharmacological analysis further showed that NAT activity is
suppressed by selective D2 agonists such as bromocriptine,
LY 171555 and apomorphine, but not by the D1 selective agonist,
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SKF3839-A. Furthermore, the inhibitory effects of dopamine are
antagonized by the D2 selective antagonists spiroperidol and
metoclopramide, but not by the selective D1 antagonist
SCH23390.

Our results suggest that D2 dopamine agonists may have a thera-
peutic effect in the hereditary retinal degeneration in RCS rats,
and open a question, whether the disbalance between retinal
dopamine and melatonin may have a causative role also in clini-
cally known conditions of retinal degenerations. In this respect it
is interesting to note that the changes observed in the ERGs of
Parkinsonian patients and normal subjects receiving dopamine
antagonist haloperidol, prompted Cavallacci et al. (61) to specu-
late, that dopaminergic system may be defective also in patients
with retinitis pigmentosa. After treatment with L-DOPA, the au-
thors reported 30 % overall improvement of the visual field in
the group of 487 patients. However, these rather sensational re-
sults have never been confirmed by any follow-up study.-Never-
theless, regarding to above more recent knowledge, this treat-
ment might not have been completely unjustified, although L-
DOPA mainly promotes dopamine synthesis and not its release.
However, although the degeneration in RCS rats cannot be sim-
ply equated with retinitis pigmentosa, it would seem of clinical
interest to test the effects of dopamine D2 agonists and melato-
nin antagonist in very early stages of the disease.
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Dopamine and melatonin affect
susceptibility to light

Modulation of retinal dopamine and melatonin also seems to
have important effects on regulation of light sensitivity of the
retina, and may participate in pathophysiology of light-induced
retinal damage. Malmfors (24) noted that animals treated with re-
serpine, a catecholamine depletor, turned from the light and
closed their eyes. Photophobia, also observed in psychiatric pa-
tients treated with dopamine antagonists (62), may be associated
with recently described dopamine D1 receptor-mediated func-
tion in regulation of receptive field size by electrotonically cou-
pling of rod-driven horizontal cells in mammalian retina (63).

On the other hand, Bubenik and Purtill (59) also found that exo-
genous melatonin accelerated retinal degeneration in albino rats
exposed to bright light, while treatment with bromocriptine pro-
tected the retina from light-induced effects. These results have
been recently confirmed (64, 65). In accordance with this, our
data in bromocriptine treated control rats show retinal potentials
of significantly lower amplitudes (Fig. 8 A and B), mimicking ef-
fect of a neutral density filter in the ERG b-wave (Fig. 8 A). In
part, this apparent protective effect may be related to the ability
of D2 agonists to reverse melatonin-evoked melanosome aggre-
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Fig. 8. ERG b-wave (A) and c-wave (B) (mean + SEM) in normal beterozygous retinas dfter 28-31 days of treatment with bromocrip-
tine recorded at the age of 40-43 days (CO 40) with five light intensities as described in Fig. 7. Note that responses are of significantly
lower amplitudes than in the vebicle treated group (%, n = 5 per group, Student’s t-test, p = 0.02). Parallel slope of reduction of the b-
wave (A) in bromocriptine treated group comparing to controls mimicks the effect of a neutral density filter. This may be in agreement
with the assumption that D2 mediated mechanisms contribute to long-term light adaptation (8) and that D2 agonists may bave protec-
tive effect on light-induced damage (59, 64).
Sl. 8. ERG b-val (A) in c-val (B) (srednja vrednost + standardna napaka srednje vrednosti) pri normalnib beterozigotnib mreZnicah
po 28-31 dneb dajanja bromokriptina. ERG je bil posnet pri petib podganab v vsaki skupini s petimi jakostmi svetlobe, kot je opisano ob
sliki 7. Razvidno je, da so amplitude pomembno niZje kot pri kontrolni skupini, ki je prejemala nosilno raztopino (%, Studentov t-lest,
p = 0.02). Paralelni potek krivulje zniZanja b-vala pri skupini, ki je prejemala bromokriptin, ponazarja ucinek filtra nevtralne gos-
tote. To je v soglasju z domnevo, da dopaminski D2 receptorji sodelujejo pri dolgotrajni adaptaciji mreznice na svetlobo (8) in da uteg-
nejo imeti agonisti D2 zascitni ucinek na mreznico pred okvarami, povzrocenimi s svetlobo (59, 64).

gation in the RPE and choroid, and make the protective pigment
layer thicker or “light-adapted” and thus less susceptible to light
(8, 33, 66). These findings suggest that derangement of balance
between retinal melatonin and dopamine may be associated with
abnormal long-term light adaptation and may participate in light-
induced retinal damage.

Dopamine depletion and antagonists cause
abnormal retinal function

There is a number of studies showing abnormal retinal function
in Parkinson’s disease, suggesting that retinal dopamine neurons
are also affected (67). Ellis et al. (68) have demonstrated that
both rod and cone mediated ERGs are subnormal in patients with
Parkinson’s disease, but normalized after administration of L-
DOPA. Economou and Stefanis (69) have reported abnormal

EOG in patients with Parkinson’s disease, which indicates that
also the function of the RPE is affected. However, the sufficient
function of remaining retinal dopaminergic neurons in this dis-
ease seem Lo prevent more severe abnormalities, such as lipofus-
cin accumulation in the RPE after 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPTP, drug that induces a model of Parkinson’s
disease (70)).

Another body of evidence for the involvement of the dopaminer-
gic metabolism in retinal function comes from the studies of
drug-induced retinopathies. Besides chloroquine, thioridazine
(Melleril) is the drug that most often causes retinopathy (62, 71).
Thioridazine and related phenotiazines are dopamine antago-
nists which are commonly used for treatment of psychiatric dis-
orders. These drugs bind to melanin in the RPE, and may remain
in the cell for prolonged periods after cessation of intake (62,
71). “The retinopathy is usually heralded by a complaint of
blurred vision. The characteristic pigmentary retinopathy caused
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by thioridazine begins with coarse black pigmentary stippling
throughout the posterior fundus, while severe retinopathy may
be indistinguishable from retinitis pigmentosa (62, 71). Although
higher doses are more likely to cause retinopathy, there is no
uniform safe dosage limit, suggesting that in some patients the
threshold of retinopathy may be lower. Regular fundus and visu-
al field examinations and occasional electrophysiological tests
are, therefore, necessary (62, 71). Although the mechanism of
this retinopathy has not yet been conclusively determined, the
toxic action of dopamine antagonists may involve interference
with melatonin synthesis and disregulation of disc shedding and
phagocytosis. In keeping with this assumption, it has recently
been shown that endogenous dopamine depletion caused by in-
traocular administration of alpha-methyl-para-tyrosine, a selec-
tive inhibitor of the enzyme for biosynthesis of dopamine, in-
creases retinal melatonin level and reduces the electrophysiolo-
gical responses of the RPE (72). In addition, disturbances of disc
shedding have recently been implicated also in some other pa-
thological conditions of the pigment epithelium such as Best's
vitelliform dystrophy (73).

In conclusion, recent experimental data on the role of melatonin
and dopamine in the retinal function have revealed several po-
tentially important clues to the pathophysiology of inherited and
acquired retinal degeneration. In perspective, pharmacological
means that will enable effective and accurate cyclic modulation
of dopamine and melatonin and their respective second messen-
ger systems within the particular layers of the retina may offer
some important therapeutic modalities that await clinical confir-
mation.
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VLOGA MELATONINA IN DOPAMINA PRI OBNAVLJANJU IN DEGENERACIJI MREZNICE
Marko Hawlina, Hisako Tkeda

Izvledek - Zunanji seamenti fotoreceptorskib celic mreznice se vsakodnevno obnovijo v procesu fagocitoze odluscenib vrbnjib di-
skov v pigmentnem epiteliju mreZnice, medtem ko ob vznoZju zunanjib segmentov nastajajo novi. Ta proces regulirata melatonin in
dopamin. Okvara procesa fagocitoze povzroca eno najbolj raziskanib recesivno podedovanib degeneracij mreZnice pri posebni vrsti
podgan tipa RCS, ki jo uvrscajo med eksperimentalne modele pigmentne retinopatije. Podobni vzrocni mebanizmi so verjetni tudi pri
nekaterib drugibh boleznib, kot npr. pri Bestovi viteliformni distrofiji in nekaterib, z medikamenti povzrocenib retinopatijab. V prispev-
kit je podan pregled literature o procesu obnavljanja fotoreceptorjev, s poudarkom na viogi melatonina in dopamina. Predstavljeni so
nasi izsledki o elektricnib odzivib pigmentnega epitelija pri podganab RCS, ki odsevajo nenavzocnost fagocitoze in izgubo njene
dnevne ritmicnosti se pred razvojem degenerativnib sprememb. Pri tef vrsti Zivali smo nasli tudi abnormno visok nive melatonina, ki
Je obravnavan kot moZni vzrocni dejavnik degeneracije. V zadnjem delu pa so predstavljeni nasi rezultati elektroretinografije po
dolgotrajnejsi aplikaciji dopaminskega D2 agonista, bromokriptina, ki zavira sintezo melatonina, kot poskus terapevtskega pristopa k
tej vrsti degeneracije mreznice.

Kljuéne besede: dedna degeneracija mreZnice; dnevni ritem; dopamin; elektroretinografija; melatonin; obnavljanje fotoreceptorskib
diskor
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DOPAMINE PATHWAYS IN THE OUTER MAMMALIAN
RETINA - AND ABNORMALITIES EXPRESSED
IN HEREDITARY RETINAL DYSTROPHY

DOPAMINERGICNI MEHANIZMI V ZUNANJIH PLASTEH MREZNICE SESALCEV IN OKVARE PRI
PRIROJENI DISTROFIJI MREZNICE

Mark Hankins, Hisako Ikeda
Vision Research Unit of Sherrington School, UMDS, The Rayne Institute, St. Thomas’ Hospital, London SE1 7EH, Great Britain*

Key words: dopamine; horizontal cell; melatonin; neurotrans-
mitter; rat retina

Abstract - The dopaminergic pathway affecting rod-driven
horizontal cells bas been studied, both in the normal pigmented
rat and the Royal College of Surgeons (RCS) rat with bereditary
retinal dystrophy during the period preceding photoreceptor loss.
In the normal retinae, dopamine (2-10 uM) depolarizes horizon-
tal cells and reduces the light response to full-field stimulation,
whilst the D1 antagonist, SCH 23390 (10 uM), byperpolarizes
horizontal cells and enhances the full-field light response. These
results reveal an endogenous dopamine pathway, mediated by
D1 receptors, which regulates bhorizontal cell response. In the pre-

Introduction

Abnormalities and deficits expressed in retinal dopamine path-
ways have implications for a number of clinical conditions,
which may include Parkinson’s disease, age related degeneration
and hereditary retinal dystrophy. One clear demonstration of the
importance of retinal dopamine pathways is the visual dysfunc-
tion expressed in patients with Parkinson’s disease. Various visu-
al deficits have been ascribed to Parkinson’s patients, including a
delay in the visual evoked potential (1). Direct evidence for a
retinal involvement came from an electroretinographic study
which showed that Parkinson’s patients had reduced and de-
layed ERG b-wave response patterns, which were normalised
following L-dopa therapy (2). Indeed, measurements of the post-
mortem retinal dopamine content of Parkinson’s patients yielded
levels which were typically half those found in their age-matched
controls (3). However, the precise mechanism and localisation of
the deficits at the neuronal level have yet to be resolved. The
importance of dopamine pathways in the regulation of retinal
function has led us to examine their significance at the outer
mammalian retina, using the rat as a model system. The rat retina
has been the subject of extensive anatomical and biochemical
studies, and has been shown to contain all the cellular dopamine
components found in higher primate retinae.

degenerate retina of the RCS rat, SCH 23390 bad no effect on the
horizontal cells, though they were depolarized by exogenous
dopamine. Thus, there appears to be a significant reduction of
endogenous dopamine release in these retinae, though the
dopamine receptors are normal. Furthermore, SCH 23390 bad no
effect on horizontal cells in control retinae when applied in the
presence of melatonin (200-500 nM). Thus, in the period preced-
ing photoreceptor cell loss, the RCS retina expresses a functional
abnormality involving dopaminergic pathways. Since the mela-
tonin content of the RCS retina bas been reported to be bigh, we
propose that abnormalities in the dopamine/melatonin system
generate a functional deficit in the retina of the RCS rat.

The DA-containing cells have been described in many vertebrate
retinae, including human, and appear to be restricted to two ana-
tomical classes of inner retinal neurones, the amacrine cells and
the interplexiform cells (4, 5); although the anatomical distinc-
tion between the two categories remains unclear (6). Measure-
ments made on the rat retina suggest that there are 18-24 DA-
containing cells per mm? half of which appear to be of the inter-
plexiform type (7). This sparse, yet apparently influential popula-
tion of dopaminergic neurones, has a well defined morphology
and connectivity, consistent with a role in the regulation of reti-
nal sensitivity (See reviews 5 & 8). In general terms, the DA-inter-
plexiform cells in mammalian retinae receive synaptic inputs at
the inner plexiform layer (IPL) from amacrine and bipolar cells.
In response to light stimuli, they release dopamine primarily at
the outer plexiform layer (OPL) onto horizontal cells and bipolar
cells (see 8). However, the most recent studies suggest that they
also release dopamine at the IPL onto the AIl amacrine cells,
whilst the distal processes of the DA-cells reach as far as the pho-
toreceptor outer segments (9, 10).

The effects of DA are mediated by membrane receptors which
have been broadly divided into two categories, the D1 and the
D2 types (11). Recent receptor cloning studies have, however,
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demonstrated that the D2 receptors are a heterogeneous group
with sub-classes identified as D2S, D2L, D3, and D4 (12).
Dopamine receptors occur on virtually all morphological classes
of neurones throughout the retina, and this is reflected in electro-
physiological studies on a broad-range of species, primarily non-
mammalian, which reveal a multiplicity of DA effects on the
light-evoked responses of retinal cells (Recent reviews: 5 & 8).
Perhaps the most clearly established of the DA-mediated synap-
tic mechanisms is the uncoupling of cone- driven horizontal cell
gap-junctions (13). Recent studies in our laboratory have there-
fore examined the principal influence of dopamine upon the
rod-driven horizontal cells in the rat retina (14). Here, we will
provide an overview of the basic properties of the dopamine sys-
tem at the OPL of the normal rat retina.

The Royal College of Surgeons (RCS) rat is an extensively studied
animal model of hereditary retinal dystrophy, in which an auto-
somal recessive defect is manifested as an apparent reduction in
the phagocytosis of rod outer-segments. In this model, the pho-
toreceptors begin to degenerate in around 24 days, and the ani-
mal eventually becomes blind in around 60 days (15). In an ana-
tomical study, Bubenik and Purtill (16) first reported that the
photoreceptor degeneration in the case of the RCS rat could be
reduced by treatment with dopamine agonists, but was also exa-
cerbated by melatonin. Furthermore, recent studies showed that
at the predegenerate stage in the RCS rat retinal melatonin levels
are high (17); from which the authors concluded that dopamine
pathways may be abnormal in these animals. We have, therefore,
examined the dopamine pathway of these animals electrophysio-
logically, at the horizontal cell level, during the stages preceding
retinal degeneration.

Methods

Preparation: Adult pigmented rats (PVG 90 - 120 days), or both
homozygous and heterozygous pigmented dystrophic (RCS 17 -
24 days) rats, were dark adapted (1-3 hours) prior to experi-
ments. The animals were anaesthetised with urethane (1.5 g/kg
I.P.) prior to enucleation under dim-red light. The eyeball was
hemisected, the neural retina separated from the pigment epithe-
lium, and placed photoreceptor side up in a superfusion cham-
ber. The preparation was superfused with a physiological solu-
tion of the following composition: NaCl - 124 mM, KCI - 2.6 mM,
MgSO, - 1.3 mM, CaCl, - 1 mM, NaHCO, - 26 mM and D-glucose
- 15 mM (analar gmde reagents). This :-.olunon was gassed with
95 % O,, 5 % CO, (titrated to pH 7.8 with NaOH), and delivered
to the recording chamber at a rate of 5 ml.min” and at a temper-
ature of 35.5 + 0.25 °C. Normal superfusate, or a combination of
various drug containing perfusates were selected by a six way
valve.

Light Stimulus Parameters: Full-field light or combinations of
spots and annuli of various sizes were used to stimulate the reti-
na (520 nm, E_ 0.2 uW.cm?). The stimuli were focused onto the
preparation from above, via the dissecting microscope, and were
presented for 100-1000 ms and at intervals of 5-10 s. The stimulus
intensity was controlled by neutral density filters.

Electrophysiological Methods: The principal methods have been
described previously (14, 18). Glass microelectrodes were pro-
duced from 1.2 mm fibre-containing glass using a Livingston
puller. These were filled with 3 M KCl, and had resistances in the
range 100 - 180 M Ohms. Electrode potential was monitored
using an Axoclamp 2A. Rod-driven horizontal cells were identi-
fied according to standard light response characteristics includ-
ing sensitivity and receptive field properties (14).

Drugs: Drugs used in these studies were obtained from the
following sources: dopamine, melatonin, ascorbate - Sigma; SCH
23390, L-sulpiride - Research Biochemicals Incorporated (USA).

All dopamine containing solutions contained 200 uM ascorbate as
an antioxidant. This concentration of ascorbate had no effect on
the electrophysiological responses of horizontal cells (n = 12).

Results

Effects of dopamine and selective dopamine antagonists
on horizontal cells in the normal adult (PVG) retina

In the course of these studies, recordings were made from a total
of 63 rod-driven horizontal cells in normal PVG retinae. The
mean dark-resting membrane potential for these cells was -27 +
3.7 mV (mean = 1 SEM). The light-driven responses of these cells
are characterised by a slow, maintained hyperpolarization
known as the S-potential. The S-potential response of these cells
represents the light-evoked reduction in glutamate release from
photoreceptors (18). When dopamine is applied to these cells (2-
10 uM), it evokes a depolarization (2-22 mV), which is accom-
panied by a clear reduction (10-60 %) in the light evoked re-
sponse to a full- field stimulus. These effects were observed in 23
of 24 cells examined, and the typical dose dependent effects of
dopamine are illustrated in Figure 1A.

The effects of selective dopamine antagonists on horizontal cells
were examined in a total of 24 PVG horizontal cells. The D1 an-
tagonist SCH 23390, at 10-100 uM concentrations, hyperpo-
larized horizontal cells (5-20 mV) and enhanced their light-
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Fig. 1. The dose-dependent effects of (A) dopamine and (B) the
D1 antagonist SCH 23390 upon the dark-resting membrane
potential (Em, mV) and light-evoked responses of rod-driven hor-
izontal cells in the rat retina. Each downward deflection on the
resting potential is a hyperpolarizing light response to a full-field,
520 nM, light stimulus. Drugs are applied at the times indicated
by the bars beneath each recording. (A): 2 uM and 10 uM
dopamine (DA) result in dose-dependent depolarizations, ac-
companied by a reduction in the light response. The effects of
dopamine are rapidly reversed following washout. (B): 10 uM
and 100 uM SCH 23390 (SCH) evoke dose-dependent hyperpo-

Iarzzanons accompanied by a marked enhancement of the

light response.
SL. 1. Slika prikazuje od doze odvisne ucinke dopamina (A) in D1
antagonista SCH 23390 (B) na mirujoci membranski potencial v
temi (Em, mV) in na svetlobno izzvane odzive horizontalnih ce-
lic v mrezZnici podgane. Vsak odklon navzdol od mirujocegsa po-
tenciala predstavlja biperpolarizacijo po svetlobnem drazeﬂju
(520 nM) s celim poljem. Cas aplikacije farmakov je oznacen pod
vsakim posnetkom. (A): Dodatek 2 pM in 10 uM dopamina (DA)
povzroci depolarizacijo borizontalnib celic, ki je odvisna od
doze. Depolarizacijo spremlja upad amplitude odzivov na svet-
lobno draZenje. Ucinki dopamina se po odplaknjenju bitro izgu-
bijo. (B): 10 uM in 100 uM SCH 23390 (SCH) povzroci od doze
odvisne biperpolarizacije, ki jib spremlja povecanje odzivov na
svetlobno draZenje.
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evoked response to a full-field stimulus in a dose dependent
manner (Fig. 1B), and these effects were observed in all 20 cells
studied. In contrast, the D2 antagonist L-sulpiride (100 uM) had
no effect on either the dark resting potential or the light response
of any of the 18 cells studied (not illustrated, though see Fig. 4A).
The pharmacology of the exogenous DA-evoked effects was ex-
amined by co-application of dopamine and the selective D1 and
D2 antagonists. The results of these experiments are illustrated in
Figure 2. Both the depolarization and the reduction in light re-
sponse were reversed by the D1 antagonist SCH 23390 (Fig. 2A;
10 uM; n = 8), but unaffected by the D2 antagonist L-sulpiride
(Fig. 2B; 100 uyM; n = 7).

@o Em mV
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Fig. 2. Effects of a D1 antagonist, SCH 23390 (A) and the D2 an-
tagonist L-sulpiride (B) on the exogenous DA-evoked effects upon
horizontal cells. Note that in (A) the effects of dopamine (DA) are
reversed by the subsequent addition of 10 uM SCH 23390 (SCH);
whilst in (B) 100 uM L-sulpiride (L-sulp) has no effect upon the
DA-evoked response.
SL 2. Ucinki D1 antagonista, SCH 23390 (A) in D2 antagonista,
L-sulpirida (B) na borizontalne celice, predbodno izpostavijene
dodatku dopamina. Kot je razvidno iz (A) so ucinki dopamina
(DA) prepreceni z dodatkom 10 uM SCH 23390 (SCH), medtem
ko (B) dodatek 100 uM L-sulpirida (L-sulp) ni imel nikakrsnega
vpliva na odzive, predbodno povzrocene z dopaminom.

Effects of dopamine upon horizontal cell receptive fields
Previous studies in non-mammalian retinae have demonstrated
the effect of dopamine on the radial electrotonic coupling be-
tween adjacent cone-driven horizontal cells (13, 19). Such effects
will modify the receptive field properties of horizontal cells. One
method for studying this phenomena is to present the cells with
alternating stimuli consisting of a central spot or an annulus sur-
round. Initially, the stimuli are manipulated in intensity, so as to
evoke approximately equal amplitude light responses, then
dopamine is applied whilst presenting alternate spot and annulus
stimuli. One such experiment is illustrated in Figure 3; depolari-
zation of the cell by dopamine was accompanied by a rapid and
selective reduction in the annulus response (A), compared to that
evoked by a central spot (C) (Fig. 3A). Therefore, when the ratio
of A/C response is displayed (Fig. 3B), there is approximately a
50 % reduction during dopamine application. Thus, the cell re-
sponse to the annulus, namely that to light presented outside the
dendritic field, is greatly reduced. We have observed similar re-
sponses in all 12 cells examined by this method. Our previous
studies (14), using receptive field plots generated by light spots
displaced left and right of centre, have also shown that dopamine
significantly sharpens the receptive field profile (reduction in cell
coupling), whilst D1 antagonists broaden the receptive field (in-
crease cell coupling).

The dopamine pathway in the predegenerate retina of the
RCS rat

Having established the properties of the dopamine pathway af-
fecting horizontal cells, we examined these phenomena in the
retina of the RCS rat at postnatal days 17-24, namely the period

which precedes photoreceptor degeneration. Recordings were
made from age-matched groups of control (RCS-rdy*p*) and dys-
trophic (RCS-p*) progeny which were raised under identical con-
ditions. Dopamine and dopamine antagonists were applied to a
total of 24 control and 24 dystrophic retinal horizontal cells. The
results of these studies are illustrated by two typical recordings
from age-matched animals in Figure 4.

®0 EmmV

Figure 3. (A): The differential effect of dopamine on the horizon-
tal cell response to peripheral or central light stimuli. The cell is
stimulated alternately by a central spot (100 um diameter) and
an annulus (internal diameter 150 pum, external diameter 4
mm), both centred on the recording electrode. Central spot stimu-
lation C” is denoted by the open arrow and that by the annulus A’
by the filled arrow. Note that 10 uM dopamine (DA) depolarizes
the cell, and selectively reduces the amplitude of the annulus re-
sponse. (B): A plot of the concurrent changes in the annulus/cen-
tral (A/C) ratio, showing the rapid and selective loss of surround
sensitivity evoked by dopamine, and its subsequent recovery.

Sl. 3. Slika (A) prikazuje razlicen ucinek dopamina na odziv
horizontalnib celic na periferno in centralno svetlobno draZenje
mreznice. Celice smo draZili izmenjaje z draZljajem v obliki tocke
(premer 100 um) ter kolobarja (notranji premer 150 pm, zunanji
premer 4 mm), oba draZljaja pa sta bila centrivana na snemalno
elektrodo. Centralno tockovno drazenje 'C’ je prikazano z odprto
puscico, drazenje s kolobarjem ‘A’ pa s polno puscico. Razvidno

Je, da 10 uM dopamin (DA) depolarizira celico in selektivno

zniza amplitudo odziva na draZenje s kolobarjastim drazljajem,
ne pa tudi odzivov na tockovno draZenje. (B): Slika prikazuje ra-
zlike socasnib sprememb med draZenjem s tockastim in kolobar-

Jastim draZljajem, izraZeno kot razmerje (A/C). Viden je selektiv-

ni upad obcutljivosti okolice centra, ki ga povzroci dodatek
dopamina, in povratek na osnovne vrednosti po prenehanju do-
dajanjea.

Dopamine (10 uM) consistently depolarized horizontal cells in
both control (Fig. 4A; n = 23 of 24 cells) and dystrophic (Fig.
4B; n = 24 of 24 cells) retinae. The effects of dopamine, like
those in the adult PVG retina, were associated with a reduction in
the light-evoked response to full-field stimulation. Thus,
dopamine receptors are present in both normal and dystrophic
retinae. Horizontal cells from both control and dystrophic ani-
mals were, like the PVG retina, unaffected by the D2 antagonist
L-sulpiride (100 uM; Fig. 4A & 4B). However, the application of
the D1 antagonist SCH 23390 did reveal a significant difference.
Whilst cells from the control retinae were hyperpolarized, and
the full- field light evoked response enhanced by 10 pM SCH
23390 (10 puM, n = 13 of 14 cells), cells recorded in the dys-
trophic retinae were unaffected by SCH 23390 at either 10 or 100
UM concentrations (n = 15). This suggests there is a significant
reduction in endogenous retinal dopamine release in the dys-
trophic animals, in which the retinae are destined to degenerate.
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Fig. 4. A comparison of the effects of dopamine and dopamine
antagonists on horizontal cells recorded in retinae isolated from
heterozygous control (A) and bomozygous dystrophic (B) RCS
rats (PD 22). Note that in (A) 10 uM SCH 23390 hyperpolarizes
the cell and enhances the full-field light response, 100 uM I-
sulpiride bas no effect, whilst 10 uM dopamine depolarizes the
cell and reduces the light response. In (B) neither 100 uM SCH
23390 nor L-sulpiride bas any effect on the cell, whilst 10 uM
dopamine depolarizes the cell and reduces the light response.

Sl 4. Primerjava med ucinki dopamina in dopaminskib antago-
nistov na horizontalne celice mreZnic kontrolnib beterozigotnib
podgan (A) ter homozigotnib distroficnib (B) RCS podgan starosti
22 dni. Iz slike (A) je razvidno, da 10uM SCH 23390 hiperpolari-
zira celico in ojaci odziv na draZenje s celim poljem. Dodatek
100 uM L-sulpirida nima ucinka, medtem ko 10 UM dopamin de-
polarizira celico in zniZa odziv na svetlobno drazengje.

Potential involvement of melatonin in the regulation of
dopamine release

Given the proposal that retinal dopamine release is modulated by
melatonin (20) and that the endogenous retinal melatonin content
is abnormally high in the retina of the RCS rat at the predegenerate
stage (17), we examined the effect of exogenous melatonin appli-
cation to heterozygous control RCS retinae in relation to endo-
genous dopamine release, assessed by the effect of the D1 antago-
nist, SCH 23390. We found that melatonin (200-500 nM) abo-
lished the response to SCH 23390 in the retinae of the control RCS
rat (Fig. 5; n = 6). Thus, in the presence of exogenous melatonin,
endogenous dopamine release appears to be significantly re-
duced, which indicates that the application of excess melatonin
mimics the condition found in the dystrophic retina.

Discussion

We have demonstrated the principal effects of dopamine path-
ways upon horizontal cells in the outer mammalian retina.
Dopamine applied to the retina in uM concentrations depolarized
rod-driven horizontal cells, an effect which was clearly accompa-
nied by a reduction in the amplitude of the light evoked re-
sponse to full-field (whole retinal) stimulation. We have also
established that endogenous dopamine is released upon hori-
zontal cells, since the D1 antagonist hyperpolarizes horizontal
cells and enhances their responses to full-field stimuli. The ef-
fects of dopamine on horizontal cells are mediated by D1 and
not D2 receptors, since they were antagonised by SCH 23390, not
by L-sulpiride.

Retinal horizontal cells summate electrical signals over large
areas of the retina, much wider than that of their dendritic (pho-
toreceptor driven) field. This property gives rise to the so called
S-space (21), which originates from the extensive electrotonic
coupling between adjacent horizontal cells. Previous studies in
lower vertebrates have established that the coupling between

10pM SCH |
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10 UM SCH

Fig. 5. Melatonin inhibits the borizontal cell response to SCH
23390 in the beterozygous control RCS retina. This figure is a re-
cording from a single horizontal cell. (A): Shows the control re-
sponse to 10 uM SCH 23390 (SCH). (B): 5 minutes after the appli-
cation of 200 nM melatonin, the response to SCH is reduced. (C):
15 minutes after the application of melatonin, the response to
SCH is abolished. (D). Note that following 25 minutes of washout,
the response to SCH returns.

SL. 5. Melatonin inbibira odziv horizontalnib celic na SCH 23390
v kontrolni mreznici. Slika (A) prikazuje odziv kontrolne
mreznice na 10 uM SCH 23390 (SCH). Slika (B) kaZe zniZanje
odziva kontrolne mreznice na SCH 23390 pet minut po dodatku
200 nM melatonina. Slika (C) prikazuje popolno odsotnost odzi-
va mreznice na SCH 15 minut po dodatku melatonina, ki pa se
25 minut po prenebanju dodajanja melatonina spet povrne.

cone-driven horizontal cells is regulated by dopamine (13, 19).
Here we have demonstrated that dopamine clearly affects the
coupling between adjacent rod-driven horizontal cells, since our
studies using central spot and surround annuli showed that
dopamine selectively reduces the response to surround stimuli,
which are mediated by photoreceptors outside the horizontal cell
dendritic field (Fig. 3). Since horizontal cells provide the sur-
round input to bipolar cells (22), dopamine pathways must have
a critical role in the initiation of centre-surround organisation in
the mammalian retina, thus deficiencies in retinal dopamine ac-
tivity should be reflected by a reduction in spatial contrast sensi-
tivity. Consistent with the wide spread distribution of retinal
dopamine receptors, it is apparent from recent studies that there
exist multiple DA-regulated cellular mechanisms, and therefore
numerous sites of action for released dopamine within the retina.
In Table 1, we have summarised the currently established sites of
action for dopamine in the mammalian neural retina.

DA-antagonists block the activity of endogenous dopamine re-
leased onto the particular receptors of cells under study. Thus,
our finding in the predegenerate RCS rat, that SCH 23390 failed to
affect the horizontal cell response, suggests that there is a signifi-
cant reduction in the level of endogenous dopamine release in
these retinae compared to their age matched heterozygous con-
trols (Fig. 3). Previous studies have shown that retinal dopamine
levels in the RCS rat at 14 and 30 days are normal, with no signifi-
cant differences between the dystrophic and control retina (24).
In addition, we have recently examined the dopamine contain-
ing cells in these retina, and found them to be normal (Hankins
and Tkeda, unpublished observation). This suggests that the
pharmacological differences we have observed between control
and dystrophic retinae, at the predegenerate stage, can only be
explained by a reduction in dopamine release and not by the ab-
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sence of DA cells or a reduction in retinal dopamine content.
Since horizontal cells generate the receptive field surround of
retinal bipolar cells, we can conclude that spatial visual proc-
essing will be abnormal in the predegenerate RCS retina. How-
ever, given the numerous DA-regulatory mechanisms outlined in
Table 1, we would predict there to be other functional abnor-
malities in these retinae.

Tab. 1. The established effects and sites of action of dopamine at
the cellular level in the mammalian retina.

Tab. 1. Ucinki in prijemalisca delovanja dopamina na celicnem
nivoju v mreznicah sesalcev.

Mode of Action
Nadin delovanja

Site of Action
Mesto udinka

Photoreceptors Reduction of the light sensitive pool of cAMP; via D4 re
ceptor; (29)
Znizanje na svetlobo obcutljivega poola cAMP; prek D4 re

ceptorjev; (29)

Fotoreceptorji

Horizontal cells Modulates the electrotonic coupling of rod driven horizon-
tal cells; via D1 receptor; (14)
Modulacija elektrotoniénega stika (coupling) horizontalnih
celic prek D1 receptorjey; (14)

Horizontalne celice

Amacrine cells Affects the coupling of All amacrine Cells; via D1 receptor;
9

Amakrine celice Vpliv na stik AIl amakrinih celic prek D1 receptorjev; (9)
Ganglion cells Silent DA-synapses, active in early development; via D2 re
ceptor; (23)

Tihe DA-sinapse, ki so aktivine v zgodnji fazi razvoja; prek
D2 receptorjev; (23)

Ganglijske celice

The obvious question arises as to the mechanism which under-
lies the reduction in endogenous dopamine release in the dys-
trophic retina. Our finding that exogenous melatonin abolished
the response to SCH 23390 in control retinae (Fig. 5) is consistent
with melatonin acting as a potent inhibitor of endogenous
dopamine release (20). Furthermore, our results provide support
for the prediction of a dopamine deficiency in the RCS rat by
Hawlina et al. (17), who reported abnormally high retinal mela-
tonin content in these retinae.

It has been suggested recently that retinal DA-release may repre-
sent a critical paracrine signal for slow light-adaptation, initiating
a number of discrete regulatory processes, and that this mecha-
nism also involves an interaction with melatonin (8, 25). In the
retinae of numerous species, including man, melatonin synthesis
is confined to photoreceptors and to some cone bipolar cells
(26). The level of melatonin synthesis governs the level of release
(27), whilst the synthesis of melatonin is clearly linked to the
light/dark state of the photoreceptors, since the activity of N-
acetyltransferase (NAT), one of the rate limiting synthetic en-
zymes, is dependent on intracellular calcium and cyclic AMP
(28). Whilst melatonin is an inhibitor of retinal dopamine release
(20), dopamine, through its action at the D2 or D4 sites on pho-
toreceptors, inhibits melatonin synthesis (28, 29). These observa-
tions are consistent with dopamine and melatonin functioning in
contra-regulatory roles in slow-light adaptation. It is tempting to
speculate that abnormalities in the retinal dopamine/melatonin
system may have a role in conditions such as retinitis pigmento-
sa, where deficits in adaptation are commonly described.

The site of the primary abnormality in the RCS retina appears to
be located at the retinal pigment epithelium (30). However, it is
possible that early abnormalities in the photoreceptors result in
an increase in melatonin synthesis. Assuming that this excess
melatonin were released, it would inhibit retinal dopamine re-
lease (20). Such an imbalance in the retinal melatonin-dopamine
system would be further exaggerated by feedback, since the re-

duction of retinal dopamine release would disinhibit the synthe-
sis of melatonin, via a reduction in D2 receptor activation at the
photoreceptors (28).

Selective melatonin antagonists have been described (31), and
clearly it would be of interest to examine whether such agents
reverse the abnormalities in dopamine pathways in the dystro-
phic retina. It remains to be resolved whether the dopamine ab-
normalities are causative, although they precede the photorecep-
tor loss in the RCS retina, which may suggest that it is a primary
phenomenon. This question would be best resolved by examin-
ing whether melatonin antagonists retard or arrest the degenera-
tive process in vivo, which may be expected since melatonin it-
self has been shown to exacerbate photoreceptor cell loss in the
RCS rat (16).
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DOPAMINERGICNI MEHANIZMI V ZUNANJIH PLASTEH MREZNICE SESALCEV IN OKVARE PRI PRIROJENI DISTROFIJI MREZNICE
Mark Hankins, Hisako Ikeda

Izvledek - Vprispevku so prikazani dopaminergicni mebanizmi, ki so vkljuceni v delovanje borizontalnib celic med pali¢nicami
pri normalnib pigmentiranib podganah ter pri podganah RCS (Royal College of Surgeons) s prirojeno distrofijo mreznice, v obdobju se
pred razvojem degenerativnib sprememb fotoreceptorskib celic. V normalni mreznici depolarizira dopamin (2-10 uM) horizontalne
celice in zmanjsa odziv na svetlobno drazenje s celim poljem, medtem ko antagonist D1 SCH 23390 (10 uM) biperpolariziva horizon-
talne celice in ojaci elektricni odziv na svetlobno draZenje. Ti rezultati odkrivajo endogeno funkcijo, pri kateri dopamin prek
dopaminskib receptorjev D1 uravnava medsebojno spajanje horizontalnib celic (coupling) in s tem doloca velikost receptivnih polj v
mreznici. Nasprotno pa SCH 23390 v distroficni mrezZnici podgan RCS se pred nastopom degenerativnib znakov ni imel nobenega
ucinka na odziv horizontalnib celic, tudi ce so bile le-te predbodno depolarizirane z dodatkom dopamina. Ti rezultati kazejo, da gre
v distroficni mreZnici za pomembno zmanjsanje endogenega sproscanja dopamina, ceprav so dopaminski receptorji normalni. Na-
dalje SCH 23390 ni vec ucinkoval na normalne, kontrolne mreznice po dodatku elsogenega melatonina (200-500 nM), kar kaZe na
to, da melatonin blokiva normalno sproséanje dopamina in tako simuliva situacijo pri distroficnib mreZnicab. Ti rezultati kaZejo, da
gre v Casu pred nastopom degenerativnib sprememb v distroficni mreZnici za pomembno funkcijsko okvaro v sproscanju dopamina.
Ker je nivo melatonina, ki mocno zavira sproscanje dopamina, v distroficnibh mreznicah po porocilib v literaturi zvisan, rezultati te
studije potrjujejo domnevo, da gre pri distrofiji mreZnice podgan RCS za funkcijsko okvaro v spros¢anju dopamina zaradi blokade =
melatoninom.

Kljuéne besede: dopamin; borizontalne celice; melatonin; nevrotransmiter; podganja mreZnica
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SEEING NOT JUST WATCHING:
POSTSTRIATE COGNITIVE PROCESSING
OF VISUAL SIGNALS

VIDETI, NE LE GLEDATI: KOGNITIVNO PROCESIRANJE VIDNIH SIGNALOV

Zvezdan Pirtosek! Geoff Barrett? Andrew J. Lees”

' University Institute of Clinical Neurophysiology, Medical Centre, Zaloska c. 7, 61105 Ljubljana, Slovenia
?The National Hospital for Neurology & Neurosurgery, Queen Square, London WCIN 3BG, Great Britain

Key words: attention; eveni-related potentials; Steele-Richard-
son-Olszewski syndrome; visual processing

Abstract - Visual information leaving the retina travels
along the retinotectal and geniculostriate pathways to the prima-
ry visual cortex. In post-striate areas visual signals are further
processed in the posterior parietal lobe (spatial location and sen-
sorimotor transformations) and in the inferotemporal cortex
(perceptual identification of non-spatial features). Relevant sig-
nals are selected by attentional mechanisms in these posterior
brain areas. More sustained and sopbisticated attention activates
the anterior attentional modules in right prefrontal areas. Pa-

Central processing of visual information

In this article we will describe how visual signals can be cogni-
tively shaped once they leave the retina, and some of the impair-
ments resulting from localized lesions along the poststriate visual
pathways. The electrophysiology of visual selective attention will
be briefly outlined, and some findings in the Steele-Richardson-
Olszewski syndrome presented to illustrate how an event related
potentials (ERPs) paradigm can add to the understanding of this
neurological disease.

Visual information leaving the retina travels along the retinotectal
and the geniculostriatal pathways to the primary visual cortex.
Further processing occurs beyond the striate area, and the brain
creates a perfect visual image of the surrounding world. There is
some evidence, however, that visual information can be sensibly
organized already on the subcortical level. Neurophysiological
recordings from the mammalian superior colliculi point to the
role of this primitive structure in the early evaluation of visual
stimuli, as well as in consequent visuo-motor transformation (1):
if the visual stimulus is interpreted as “threatening”, an uncrossed
descending pathway is used to trigger an avoidance and defence
motor behaviour with accompanying autonomic changes. If the
visual stimulus is interpreted by the collicular neurons as “non-
threatening”, a crossed descending pathway activates ocular sac-
cades to pursue and possibly approach the object. Goodin et al.
(2) have described a patient with a homonymous hemianopsia
after surgical removal of one occipital lobe. The P100 wave
(thought to be generated in striate cortex) was absent, but the

tients with Steele-Richardson-Olszewski syndrome (SRO) present
clinically with a prominent attentional disorder. Reaction time
studies suggest that covert orienting of visual attention is im-
paired in the vertical plane in this syndrome, and that the lesion
responsible is located in midbrain retinotectal pathways. We used
event-related potentials to study orienting of visual and auditory
attention in a group of patients with SRO. Inability to switch at-
tention was found in both modalities, and orienting of attention
was impaired in the borizontal plane. These data provide evi-
dence that the disorder of attention in SRO is global and associat-
ed with anterior attentional modules.

patient was able to generate a long-latency P300 potential in re-
sponse to stimuli presented in the blind hemifield; the authors as-
cribe the visual processing in this patient to the older retinotectal
pathways. In a disorder called the Steele-Richardson-Olszewski
syndrome (SRO) there is a prominent involvement of subcortical
structures, especially in the basal ganglia and in the midbrain. In
fully developed disease, patients present with parkinsonism and a
conspicuous impairment of vertical gaze. Even before this gaze
disorder occurs, the blank expression, staring and lack of reaction
to changes in the visual field, observed in the patient by their fami-
ly, indicate impaired orienting of visual attention. This disorder of
attention is said to be due to a severe denervation of the retinotec-
tal pathways in the SRO syndrome (3).

It is the activity of poststriate structures in occipital, parietal, tem-
poral and prefrontal lobe that adds a decisive cognitive perspec-
tive to visual information (Fig. 1). Two anatomically separate
pathways lead from the primary visual cortex (4): dorsal (to the
posterior parietal lobe) and ventral (to the inferotemporal cor-
tex). The former is phylogenetically and ontogenetically older. It
informs us about the spatial location of the object, its motion and
its structural characteristics in view of our possible interaction
with the object. Jumping on a slowly departing train does not
need much processing of colours, it does depend however on an
exact computation of the position and structure of the moving
stairs by the neurons in the parietal lobe. Rich connections of this
lobe with the midbrain and the pre-motor regions of the frontal

Abbreviations: DILPF, dorsolateral prefrontal: EOG, electrooculogram; ERPs, event-related potentials; PET, positron emmission tomagraphy; SRO, Steele-Richardson-

Olszewski
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lobe will provide the necessary ocular control, and enable appro-
priate limb movements. Standing now safely on the departing
train, we can gaze at the Slovenian landscape: dark green forests,
white churches with baroque copper-beaten cupolas, snowy Al-
pine peaks, approaching and then sinking again in the mist of an
early morning. Neurons in the inferotemporal cortex show strik-
ing sensitivity to all these forms, patterns, colours, and they
maintain their selective responsiveness across a wide range of
optical and perspective transformations, quite independently
from the momentary viewpoint. This visual coding is important
for learning, recognition, and unlike the coding in parietal lobe,
it is not action-oriented. The dorsal and ventral pathways may
differ in the degree by which they reach consciousness. The ac-
tion-relevant parietal system, which is closely connected with the
more archaic subcortical structures and has evolved earlier than
the temporal one, does not always need full access to conscious-
ness; e.g. during a saccadic eye movement we are not aware of a
target changing its position, and yet we adjust and point to the
target with a near-perfect precision. However, ventral occipito-
temporal and dorsal occipitoparietal systems do cross-communi-
cate and both in turn project to areas in the superior temporal
sulcus, adding to a network of polymodal sensory neurons.

Fig. 1. Areas, important in post-striate visual processing and at-
tention (1 = dorsolateral prefrontal cortex, 2 = posterior parietal
cortex, 3 = inferotemporal cortex ).

SL 1. Podrocja, pomembna v posistriatni obdelavi vidnib infor-
macij (1 = dorzolateralna, 2 = posteriorna parietalna, 3 = infero-
temporalna mozganska skorja).

Visual processing along the two post-striatal pathways can be
impaired in some disorders. Patients with a lesion of the posteri-
or parietal lobe can present a picture of ataxia (arguably called
“optic ataxia”): they have no problems recognizing objects, but
have difficulties positioning their fingers and adjusting grasp for
accurately handling objects. Some patients with lesions of the
occipitotemporal area suffer from visual agnosia. They are un-
able to describe common objects, their predicament being in
some cases remarkably selective (e.g. an inability for colour dis-
crimination with damage to the lingual and the fusiform gyri).

Attention and visual processing

The responsiveness of different neurons to space, colour, speed
or shape, would serve no useful purpose, unless there was a way
to select only the relevant features. When you try to spot a friend
in a crowd, you do not actively process all colours, all faces and
every street sign. You concentrate on a red pullover, search for
the familiar facial features and ignore street signs. This filtering is
made possible by the mechanism of attention. Attentional modu-
lation occurs in many parts of the extrastriate visual system, but
seems to be spatially biased: whatever we attend to, be it colour

or location, we attend to it in a certain space. Spatial attention
can therefore be associated with the ventral temporal, as well as
with the dorsal parietal system and in their interplay the parietal-
collicular system may indeed be the “source” of a spatial signal
responsible for filtering out irrelevant information in the occipito-
temporal stream,

These posterior attentional mechanisms can therefore efficiently
select the required visual features. But for the purposeful, goal-
oriented behaviour of a human being there is a need for an even
higher module of attentional control, which is more effortful (at-
tending to more features as opposed to a single one), more sus-
tained (vigilance), modality independent and socially sensitive.
This attentional module is located in the anterior, more recently
developed regions of the brain (5) - the dorsolateral prefrontal
cortex (DLPF) having a particularly important role. Again, clinical
observation of patients with lobar lesions can give us a clue
about the anterior attentional mechanisms: a patient with a pari-
etal lesion may well have a unilateral neglect, but if validly cued
targets are presented to the damaged hemisphere, his attention is
normal and sustained. On the other hand, patients with frontal
lesions have great difficulty maintaining goal-oriented motor and
cognitive programs. They are easily distracted by the ongoing
sensory events and have problems with social interactions. There
is also an anatomical reason as to why the DLPF cortex could
have a role in the highest-level attentional mechanisms: because
it is strategically placed in important loops connecting cortical
and subcortical structures (prefrontal cortex - caudate nucleus -
thalamus - prefrontal areas) (6). In this circuitry the thalamus pro-
vides ongoing sensory information, so that mnemonic traces can
be generated, and current sensation is matched with previous
emotional (limbic system, ventral striatum) and social (prefrontal
lobe) experiences, so that appropriate saccadic and cognitive/at-
tentional behaviour can be planned.

Electrophysiology of visual attention

The neurophysiological basis of visual selective attention can be
studied with ERPs (7). Visual ERPs are voltage fluctuations re-
corded over posterior scalp, generated by the time-locked post-
synaptic discharges of large populations of neurons processing
the visual information. Modulation of these waves by attention
can be observed by asking the patient to attend to particular fea-
tures of the signal (shape, location, colour etc.). ERPs are simul-
taneously recorded for attended and non-attended stimuli, but
are averaged separately. Analysis of the averaged responses can
be simplified by using difference waveforms, where ERPs of an
attended stimulus are subtracted from the ERPs of the identical
stimulus when it is not attended (8). It is not entirely clear how
soon after stimulus presentation ERPs are modulated by atten-
tion: there are reports of attention-related changes in the b-wave
and after-potential of the electroretinogram (9), but these have
been disputed (10). Clear modulation of the ERPs starts at about
100 ms after stimulus presentation. In Mangun'’s studies (7) the
main attention-sensitive components include the P1 (100-140
ms), N1 (160-200 ms), P2 (220-250 ms) and N2 (260-300 ms). The
P1 wave seems to be of cortical origin, but its attention-related
changes can reflect activity of the earlier cortical or even thalamic
structures. Spatial attention increases the amplitude of P1, N1, P2
and N2 without any change in latencies or waveforms, which is
consistent with a mechanism of sensory gating. In contrast, at-
tending to colour generates new slow negative ERPs components
(“selection negativity”), beginning at about 150 ms and probably
originating in different brain regions than the components elicit-
ed by attention to spatial location. The selection negativity is
much larger in response to attended colour stimuli when they
appear on the attended compared to unattended side, which
may indicate location to be an early gating mechanism for further
visual processing of colour.
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A study of attention in Steele-Richardson-
Olszewski syndrome

Introduction

We used ERPs to study attention in disorders affecting the
dopaminergic system. Results in patients with the Steele-Richard-
son-Olszewski syndrome will be discussed here. This disease of
the elderly is characterized by impairment of balance, axial rigi-
dity, bradykinesia, pseudobulbar palsy with dysarthria and dys-
phagia, progressive dementia with prominent frontal signs and a
characteristic supranuclear gaze palsy, usually predominant in
the vertical direction. Typical pathological features of neuronal
loss, distinctive neurofibrillary tangles and gliosis occur in the
basal ganglia, tectum and periaqueductal grey matter. Conven-
tional neuropathological techniques suggest that cortex is much
less affected (11). PET (positron emmission tomography) studies
have confirmed a decrease of glucose metabolism in subcortical
areas, and also revealed a profound hypometabolism in frontal
lobes (12). Although impairment of vertical gaze in Steele-Rich-
ardson-Olszewski was well established, Rafal et al. (3) drew at-
tention to abnormalities of orienting of visual attention as a sali-
ent component of the clinical picture; even when patients are still
able to move their eyes, they are reluctant to do so, and behave
as though blind. In a series of elegant reaction time experiments,
they studied covert orienting of attention in SRO patients, and
compared them to patients with Parkinson’s disease. They found
that Steele-Richardson-Olszewski patients were slower moving
attention in the vertical, but not in the horizontal plane. In view
of prominent pre-tectal lesions in this disease, they stressed the
importance of midbrain retinotectal pathways, not only for con-
trolling eye movements, but also for orienting attention.

Subjects and methods

We have studied a group of SRO patients electrophysiologically,
using methods for covert visual and auditory selective attention.
Nine patients, five men and four women, whose mean age was
08.7 years, performed the visual task, and eight of them, five men
and three women (mean age 67.8 years) performed the auditory
task. They were compared to equal groups of age-matched
healthy controls (mean age 68.8 and 68.0 years, respectively).
Because of the clinical and PET evidence of frontal cortical in-
volvement, which is not supported by the conventional neuropa-
thology, we used paradigms of reasonably “effortful” attention
(attending to two features) that are more likely to reflect the ac-
tivity of the frontal attentional mechanisms; these mechanisms
should also regulate attention in different modalities. For the vi-
sual selective attention task, the subjects were presented with ei-
ther a red or green square to either the left or right of a central
fixation cross. The four possible colour/field combinations had
probabilities of 0.25. Stimulus duration was 1 s and the interstim-
ulus interval was 1.5 s. There were 4 runs of 150 stimuli. The tar-
get varied between runs in the following order: red square on the
left, red square on the right, green square on the right, green
square on the left. Subjects were instructed to fixate the central
cross, and focus their attention to the chosen colour and side,
and to ignore non-targets. They were asked to press a button
each time they detected a target stimulus. The total analysis time
was 900 ms, which included a pre-stimulus interval of 120 ms,
and the electrical activity was sampled at 3.75 ms per ordinate. In
the auditory selective attention task tone pips of 1.5 kHz and 1.2
kHz were delivered randomly to either right or left ear through
headphones. Each of the four possible pitch/ear combinations
was presented with equal probabilities of 0.25. There were 150
stimuli per run, and in each of the four runs the target tone was
varied in the following order: low pitch tone in the left ear, low
pitch tone in the right ear, high pitch tone in the right ear, or high
pitch tone in the left ear. Tone duration was 50 ms and rise/fall

time was 10 ms. If subjects could not distinguish between the 2
stimuli, the frequency of the 1.2 kiHz stimulus was reduced in 0.1
kHz steps until a reliable distinction could be made in both ears,
On occasion it was also necessary to increase stimulus intensity
to achieve this aim. The interstimulus interval was 1 s. The total
analysis time was 640 ms, which included a pre-stimulus interval
of 80 ms, and the electrical activity was sampled at 2.5 ms per
ordinate. Subjects were instructed to focus their attention on the
chosen pitch and ear combination, and to ignore non-targets.
They were asked to press a button each time they detected a tar-
get stimulus. Speed and accuracy were emphasized equally in
the instructions for both attentional tasks.

Electrophysiological signals were recorded by means of Ag/AgCl
electrodes fixed by collodion to the scalp. Electrode resistance
was kept constant below 5 kOhms. EEG activity was recorded at
F3, Fz, F4, C3, Cz, C4, P3, Pz and P4 referred to linked earlobes.
An electrode placed between Fz and Cz served as ground. Eye
movements were recorded with electrodes above and lateral to
the right eye. Activity in the scalp electrodes was later corrected
for EOG (electrooculogram) artefact, using the technique de-
scribed by Gratton et al. (13). Stimulus presentation, data acquisi-
tion and response recording were controlled by a PDP 11/34
computer interacting with an Acorn BBC model B computer.
Stimulus duration was controlled by a Digitimer D 4030 signal
generator.

Subjects were presented with a number of practice trials at the
start of the recording, so as to make sure that they understood
the task and were responding correctly.

Results

Age-matched controls showed a prominent modulation of brain-
waves by attention in both visual and auditory modalities. This
effect is seen clearly in the difference waveforms (Fig. 2, 3). In
the patient group there is practically no difference in waveforms
when auditory and visual stimuli are either attended or ignored,
even though their behavioural performance was accurate for the
trials contributing to the average waveforms (Fig. 4, 5).

Conclusion

Results showed that these patients have a global, widespread
impairment of orienting of attention. They were severely im-
paired on switching their visual attention in the horizontal plane,

—1 F3
o2
Wm //_____,___1 Fa

-4 C3
M

— e, Cz
WM C4
—— /ﬂ/\ 1 p3

,_/ Pz
N — ————2 p4
[5 Y \ﬁ //

1. EOG
?:]zo ms

L 1 1 [l 1 1 1

Fig. 2. Difference waveforms for visual attention task in controls

(group averages): ERPs associated with stimulation of the unat-

tended visual field are subtracted fromt bose for stimulation of
the attended field.

Sl 2. Krivulja razlik za test vidne pozornosti pri kontrolni skupini

(skupinska povprecja): ERP na drazljaje v vidnem polju, na kate-

re naj bi preiskovanci ne bili pozorni, so odsteti od odzivov na
draZljaje, na katere so bili preiskovanci usmerjeno pozorni.
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Fig. 3. Difference waveforms for auditory attention task in con-
trols (group averages): ERPs associated with stimulation of the
unattended ear are subtracted from those for stimulation of the
attended ear.
Sl 3. Krivulja razlik za test slusne pozornosti pri kontrolni skupi-
ni (skupinska povprecja): odzivi ERP na draZljaje v ubo, ki naj bi
ne bilo pozorno, so odsteti od odzivov na drazljaje v uho, kjer so
bili drazljaji pricakovani.
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Fig. 4. Difference waveforms for visual attention task in the SRO

patients (group averages): ERPs associated with stimulation of the

unattended visual field are subtracted from those for stimulation
of the attended field.

Sl 4. Krivulja razlik za test vidne pozornosti pri bolnikib s sindro-

mom SRO (skupinska povprecja): odzivi ERP na draZljaje v vid-

nem polju, na katere naj bi preiskovanci wne bili pozorni, so

odsteti od odzivov na draZljaje, na katere naj bi preiskovanci
bili pozorni.

and this impairment occurred in both visual and auditory moda-
lities. Although lesions in the pretectal area can impair vertical
gaze and vertical orienting of attention by denervating efferent
structures, our data provide evidence that the disorder of atten-
tion is global, and it should be put high in the hierarchy of “ante-

rior” attentional modules, In view of the neuropathological find-
ings (severe changes in the basal ganglia, but relatively mild in
frontal cortex) and the PET studies (profound hypometabolism
of cortical as well as of subcortical regions), we would be in-
clined to locate the impairment of orienting of attention in the
circuitry of cortico-subcortical loops which connect prefrontal
areas with the caudate nucleus.
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Fig. 5. Difference waveforms for auditory attention task in the
SRO patients (group averages): ERPs associated with stimulation
of the unattended ear are subtracted from those for stimulation of
the attended ear.
Sl. 5. Krivulja razlik za test vidne pozornosti pri bolnikib s sindro-
mom SRO (skupinska povprecja): odzivi ERP na draZljaje v ubo,
ki naj bi ne bilo pozorno, so odsteti od odzivov na draZljaje v uho,
kjer so bili draZljaji pricakovani.

References

—

.Dean P, Redgrave P, Westhy GWM. Event or emergency? Two response sys-

tems in the mammalian superior colliculus. TINS 1989; 12 (4): 137-47.

Goodin DS, Shefrin SL, Aminoff MJ. Electrophysiologic correlates of “blindsight”.

In: Barber C, Blum T eds. Evoked Potentials 111, Butterworths, 1987: 351-4.

. Rafal RD, Posner M1, Friedman JH, Inhoff AW, Bernstein E. Orienting of visual

attention in progressive supranuclear palsy. Brain 1988; 111: 267-80.

Goodale MA, Milner AD. Separate visual patways for perception and action.

TINS 1992; 15 (1): 20-5.

5. Pardo JV, Fox PT, Raichle ME. Localization of a human system for sustained at-
tention by positron emission tomography. Nature 1991; 349: 61-4.

6. Alexander GE, DeLong MR, Strick PL. Parallel organization of functionally segre-
gated circuits linking basal ganglia and cortex. Ann Rev Neurosci 1986; 9; 357-81.

. Mangun GR, Hillyard SA. Electrophysiological studies of visual selective atten-

tion in humans. In: Scheibel A, Wechsler A eds, The neurobiolagical founda-

tions of higher cognitive function. New York: Guilford Press, 1990; 271-95,

Barrett G. Clinical applications of event-related potentials. In: Halliday AM ed.

Evoked potentials in clinical testing. 2nd ed. Edinburgh: Churchill-Livingstone,

1993: 589-633.

Eason RG, Flowers L, Oakley M. Central neural influences on the human retina

during selective attention. Physiological Psychology 1983; 11: 18-28.

Mangun GR, Hansen |C, Hillyard SA. Electroretinograms reveal no evidence for

centrifugal modulation of retinal inputs during selective attention in man. Psy-

chophysiology 1986; 23; 156-65.

- Jellinger K. Progressive supranuclear palsy (subcortical argyrophilic dystrophy).
Acta Neuropathol 1971; 19: 347-52.

12. Blin ], Baron JC, Dubois B, at al. Positron emission tomography study in pro-

gressive supranuclear palsy. Arch Neural 1990; 47: 747-52.
13. Gratton G, Coles MGH, Donchin E. A new method for off-line removal of ocular
artifacts. Electroenceph Clin Neurophysiol 1983; 55: 468-84.

[

L

&

-

®

b=

10.

1




PIRTOSEK Z, BARRETT G, LEES AJ. COGNITIVE PROCESSING OF VISUAL SIGNALS 43

VIDETI, NE LE GLEDATI: KOGNITIVNO PROCESIRAN]JE VIDNIH SIGNALOV

Zvezdan PirtoSek, Geoff Barrett, Andrew J. Lees

Izvledek - Izhodisca. Za smiselno dojemanje in obviadovanje okolja je pomembno, da moZgani vidne signale interpretivajo ra-
zumno in selektivno. Strukture v zadajsnjib mozganskib delib (kolikularna jedra, zadajsnji del temenskega in spodnji del sencnega
reznjal igrajo kijucno vlogo pri kognitivni obdelavi vidnib signalov. Selektivnost vidne informacije omogocajo mebanizmi pozornosti,
od katerib preprostefsi potekajo v navedenib strukturab (“zadajsnji mebanizmi pozornosti”). Ko se na okolje odzivamo z bolj zaple-
teno, multimodalno in dolgotrajnejso pozornostjo, pa postaja pomembnejsa vloga desnega prefrontalnega reznja ( “sprednji mebaniz-
mi pozornosti”). Pri sindromu Steele-Richardson-Olszewski so motnje vidne pozornosti pomemben del klinicne slike in jib je mogoce
opaziti, e preden nastopi za bolezen znacilna supranuklearna pareza pogleda v navpicni smeri. Tudi motnje pozornosti so bile
opisane zgolj pri gledanju v tef smeri, zato so jib razlagali z okvarami v mezencefalonu.

Klinicno izkusnjo, da so motnje pozornosti pri teb bolnikib globalne, smo Zeleli potrditi z elekirofiziolosko metodo od dogodka odvisnib
potencialov (“event-related potenciali”); rezultati so pomembni tudi za razumevanfe mesta okvare, ki povzroca motnje pozornosti.

Bolniki in metode. V studijo smo vkljucili devet bolnikov s sindromom Steele- Richardson-Olszewski, pet moskib in stiri Zenske. Njibova
povprecna starost je bila 68,7 let. Primerjali smo jib s skupino zdravib prostovoljcev, katerih povprecna starost je bila 68,8 let.
Preucevali smo slusno in vidno selektivno pozornost, slednjo v vodoravni dimenziji prostora. Bolnikom in zdravim prostovoljcem smo
po slusalkab predvajali visoke ali nizke tone v desno ali levo ubo, nato pa na televizijskem zaslonu kazali rdece ali zelene kvadrate v
desnem ali levem vidnem polju. Zaprosili smo jib, naj se osredotocijo na dolocen signal (npr. na visoke tone levo ali pa rdece kvadrate
desno) in pritisnejo na gumb, ko se ta signal pojavi. Od dogodka odvisne potenciale smo odjemali s povrsSinskimi elektrodami na F3,
F2, Fd, C3, Cz, C4, P3, Pz in P4. “Surove” rezultate smo nato priredili tako, da smo potenciale, dobljene ob nepozornosti, odsteli od
potencialov, dobljenib v popolni pozornosti (“differential waveforms”).

Rezultati. Ko so zdravi prostovoljci usmerili pozornost na izbrani drazljaj, so se njihovi, od dogodka odvisni potenciali ocitno spreme-
nili, potenciali bolnikov pa so ostali nespremejeni. To velja za slusno in za vidno selektivno pozornost v vodoravni smeri.

Zakljucek. Pri bolnikib s sindromom Steele-Richardson-Olszewski ne gre zgolj za relativno Zariscno motnjo vidne pozornosti v
navpicni smeri, ki je seveda zlabka razioZljiva s budimi spremembami v predelu mezencefalona in posledicno prizadetostjo
“zadaj$njib mebanizmov pozornosti”, saj motnja sega tudi v vodoravno razseznost prostora in celo v slub. Tako motnjo se najlaze
razloZimo z okvaro (predvsem desnega) prefrontalnega predela, najverjetneje zaradi prekinjenih povezav z bazalnimi gangliji in la-
lamusom.

Kljuéne besede: od dogodka odvisni potenciali; pozornost; procesiranje vidnib signalov; sindrom Steele-Richardson-Olszewski




UNIX, kakrSnega Se ni bilo!

AIX LIV
ime. V se-
stavi s hardverom

RISC/6000,
je ta operacijski
sistem eden izmed
vodilnih odprtih sis-
temov na svetu, prava

vrhunska racunalni-
Ska arhitektura. Za
raziskave smo namenili milijarde

dolarjev in zdaj vam lahko ponudimo
najvec¢, kar je dobiti v svetu odprtih

sistemov. S tem operacijskim sistemom
in strojno opremo, ki smo jo sami
razvili, je va§ obstojec¢i hardver moc¢
povezati z novimi racunalniskimi
sistemi IBM.

itreje in zanesliveje kot kdaj-

koli boste poganjali svoje naj-
bolj zapletene aplikacije. Tudi
cenovno je naSa vrhunska tehnologija
dostopna. Predvsem pa pomeni varno
nalozbo, kajti poskrbeli smo, da
boste lahko svoje sisteme iz leta v
leto nadgrajevali z naSimi vedno
bolj izpopolnjenimi izdelki.

Vabimo vas, da nas poklicete, in
razlozili vam bomo, kakino
podporo vam lahko nudimo s svojimi
svetovnimi izku$njami na podrocju
odprtih sistemov in z vsem potrebnim
vzdrzevanjem. IBM Slovenija, telefon:
061/ 163-645 in 152-154.




ZDRAV VESTN 1993; 62 45

Electrophysiological evaluation of the visual system

Elektrofiziolosko ocenjevanje vidnega sistema
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SOME ANATOMICAL AND PHYSIOLOGICAL ASPECTS OF
CLINICAL ELECTROPHYSIOLOGY OF VISION

NEKATERI ANATOMSKI IN FIZIOLOSKI VIDIKI KLINICNE ELEKTROFIZIOLOGIJE VIDA

Jelka Brecelj,! Martin Strucl?
' University Institute of Clinical Neurophysiology, Medical Centre, Zaloska 7, 61105 Ljubljana, Slovenia
? Institute of Physiology, University of Ljubljana School of Medicine, Zalodka 4, 61105 Ljubljana, Slovenia

Key words: clinical electrophysiology; electroretinography; visu-
al evoked potentials; visual pathway

Abstract - Selectivity and sensitivity of a visual electrophy-
siological test is closely associated with the possibility of proper

Introduction

A battery of noninvasive electrophysiological methods, including
electrooculogram (EOG) and electroretinogram (ERG) at the reti-
nal level, and visual evoked potential (VEP) at the cortical level,
has been developed for the assessment of the visual system func-
tional status (Fig. 1). The choice of these electrophysiological
visual tests is intricately associated with sensitivity and selectivity
of these methods. To answer appropriately to the question of the
choice of the visual test, we have to appreciate several variables,
which are summarised in Fig. 2 and encompass the characteri-
stics of the visual stimulus, the detection methods properties, and
current knowledge of physiological factors operating in health
and disease.

surface potentials recorded from the cornea (ERG) or scalp
(VEP) are sum potentials (macropotentials) originating from the
electrical activities of cell populations, more or less remote from
the recording electrodes, and thus inevitably subjected to the
laws of volume conduction in the surrounding tissues. The limi-
tation of the methods can readily be apprehended, considering
that the spatial distribution of the potentials provides only ap-
proximate localisation of their generators (2). Aside from these
theoretical and technical considerations, some other factors are
important for obtaining as much information as possible from the
recorded potentials. In the present paper we focus our interest
on the role of stimulus selection as a variable which determines
the selectivity and sensitivity of the electrophysiological visual
tests.

One of the crucial events in the visual sensory physiology was
electrophysiological confirmation of the existence of parallel
subsystems or channels in the primate visual system (3), which
has already become evident in psychophysical studies. Electro-
physiological studies of the visual system at the cellular level
have revealed that the majority of the visual sensory nerve cells
are selectively activated by specific stimulus qualities (colour and

physiological interpretation of the recorded potentials. The pre-
sent paper discusses the importance of choosing anatomically and
physiologically relevant stimulus characteristics in ERG and VEP
recordings. The examples are limited to the recommended stand-
ard ERG and pattern-reversal VEP tests used in our laboratory.

luminance contrast, orientation, movement, ocular dominance
etc.) and are relatively insensitive to diffuse illumination. To re-
veal functional organisation of the visual system, one must find
characteristic light stimulus features, to which each neuron will
give the best response. Ample evidence suggests that this funda-

RETINADS, 7
ANTERIOR

VISUAL
PATHWAY >

Fig. 1. Schematic representation of the visual system and the “de-
tecting ranges” of the noninvasive visual electrophysiological tests
(with permission from ref. 1).

SL. 1. Shema vidnega sistema in “detekcijska obmocja” nein-
vazivnib vidnib elektrofizioloskib testov (z dovoljenjem iz ref. 1).

Abbreviations: EOG, electrooculogram; ERG, electroretinogram; FERG, flash ERG; PERG, pattern ERG ; VEP, visual evoked potential
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mental physiological principle could also be successfully applied
in clinical visual electrophysiology (4).

The introduction of pattern stimulus (i.e. with the presence of
contrast elements in the visual scene) has remarkably improved
the sensitivity of the electrophysiological visual tests.

NONINVASIVE
ELECTROPHYSIOLOGICAL
TESTS
DETECTION STIMULUS
METHOD SELECTION

SENSITIVITY
SELECTIVITY
?

PHYSIOLOGICAL
INTERPRETATION

Fig. 2. Selectivity and sensitivity of the tests as functions of detec-
tion methods, stimulus selection and physiological interpretation.

Sl. 2. Selektivnost in obcutljivost testov kot funkcija metode detek-
cije, izbora drazljaja in fizioloske razlage.

However, it is evident from the multidimensional character of
this stimulus that it has many variations, which are far from being
fully explored. The visual system, for example, can be “kicked”
by a sporadic stimulus to obtain the “transient” responses, or
brought into the “steady state” periodic response with a high
stimulus frequency. The contrast elements in the visual scene can
be alternated with homogeneous visual field of equal net lumi-
nance (pattern on and off responses) or with opponent contrast
(pattern-reversal). A variety of contrast element exists (sinusoi-
dal, bars, squares, hexagonal) in combination with luminance
and colour contrast. The electrophysiological exploration, there-
fore, demands sophisticated methodological approaches. It is
mainly for this reason that only a limited number of these meth-
ods are used in clinical laboratories, but they represent the most
standardised tests at present. At retinal level, these are maximum
response ERG, cone and rode response, pattern ERG, oscillatory
potentials, and high frequency flicker. At cortical level, pattern-
reversal VEP is the most commonly used test in clinical applica-
tion.

In this paper, the characteristics of stimuli used in clinical electro-
physiology are discussed from the anatomical and physiological
point of view. On the experience of the ERG tests and pattern-
reversal VEP used in our laboratory, we present how the stimulus
selection fits the physiological and anatomical properties of the
tested level of the visual system.

Retinal level

The retina provides the visual input to the brain, and is its main
interface with the outside world. Its anatomy and physiology are
relatively well known, and we have also a fairly good idea about
some of the information processing operations performed by the
retina. Vision begins with the excitation of photosensitive mole-
cules contained in the photoreceptor disc membranes. This exci-
tation triggers a cascade of molecular reactions, which convert
packets of electromagnetic energy into neural signals with a re-
markable amplification (5). The light-evoked hyperpolarization
of the photoreceptor membrane is generated at the outer seg-
ment, but it spreads to the synaptic ending, where it is communi-
cated to other retinal cells. The transformation and integration
that occur within the retinal network, as well as at the other le-
vels of the visual system, are best analysed in terms of the recep-

tive fields of the neurons, which are typically organised in the
central part and an opponent surrounding due to the lateral inhi-
bition.

Origin of EOG

A prerequisite for any retinal excitation is a fairly large standing
potential of about 60 mV between the retinal pigment epitheli-
um and the photoreceptor layer, which can be regarded as a bar-
tery of the eye. The standing potential depends mainly on nor-
mal functioning of the retinal pigment epithelium, on cones and
rods, and on their biochemical, metabolic and ionic interactions.
It varies with illumination and can be monitored clinically by
electrooculography (EOG) (0).

Origin of ERG

All transduction and transformation processes are intricately re-
flected in macropotentials originating in the retina. However, in
the retina most of the ERG components are believed to arise from
pigmented epithelial cells (wave a) and from glial cells (wave b)
rather than from neurons (7). It is not yet possible to determine
precisely all the different components of an electroretinogram,
and to decide for every occasion which retinal cells or layers are
abnormal on the basis of ERG alone, but a simplified perspective
on how the various tests can be used to evaluate cellular layers
seems to be justified (Tab. 1).

Tab. 1. Localization of lesions by visual electrophysiological tests.
Tab. 1. Lokalizacija okvar z elektrofizioloskimi testi.

Test
Test

Location
lzvor

EOG

EOG

DC ERG c-wave
DC ERG val ¢
ERG c-wave
ERG val ¢

Retinal pigment epithelum
MreZni¢ni pigmentni epitelij

Receptor layer
Sloj utnic

ERG a-wave
ERG val a

Cone system
Sistem Cepnic

Photopic ERG
Fotopi¢ni ERG

30Hz Flicker ERG
Bliskovni ERG 30 Hz

Rod-isolated ERG
Izolirani ERG pali¢nic

Rod system
Sistern palinic

Miiller cells
Miillerjeve celice

ERG b-wave
ERG val b

Amacrine-bipolar cells
Amakrine bipolame celice

Oscillatory potentials
Oscilacijski potenciali

PERG

PERG
Ganglion cell layer PERG
Sloj ganglijskih celic PERG
Macula PERG
Makula PERG

Focal ERG

Zaris¢ni ERG
Optic tract VEP
Opticni trakt VEP

Clinical aspects of ERG

The surface potentials, evoked by the visual stimulus and record-
ed on the cornea and skin, are basically analysed in terms of ab-
normal latency, amplitude and configuration of the responses. It
is remarkable how much information can be obtained from ma-
cropotentials originating in only half a millimetre thick retinal
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layers. The contribution of each cellular component is, in gene-
ral, dependent on cellular orientation, experimental condition
(light adaptation) and stimulus selection. For a specific clinical
indication one has to choose proper parameters of ERG record-
ings: adaptation, electrodes, recording setting and stimulus selec-
tion: intensity, duration, frequency, spectral composition, diffuse,
local, pattern, check size, contrast, background illumination.
Disadvantage of the variety of stimulus conditions is that it is diffi-
cult to compare ERG parameters among different laboratories and
research groups. Therefore, the efforts towards the standardisation
have become very intense. In our laboratory, we followed the
standard for Clinical Electroretinography, recommended by Inter-
national Standardisation Committee (8). The clinical application of
ERG is comprehensively reviewed elsewhere (9). We shall merely
illustrate some typical clinical applications of ERG. '
Maximal response ERG evoked by bright flash is initiated by the
excitation of the whole population of photoreceptor cells (about
120 millions), only about six millions of which are macular
cones, the rest being paracentral and peripheral rods. The sum
potential, i.e. the complex of graded electrical responses from
cach layer of the preganglionic retina, reflects the overall retinal
function (7). Since the whole retina is excited, maximal response
ERG is an important tool in detection and evaluation of heredi-
tary, as well as acquired disorders, which diffusely affect the dis-
tal retinal layers, such as retinitis pigmentosa. Figure 3 repre-
sents the five standard ERG responses, obtained in a patient with
retinitis pigmentosa, as compared to the responses of a healthy
subject. We could differentiate between the rod and cone medi-
ated response by means of spectral filters that suit different spec-
tral sensitivities of the rods (rod response) and cones (cone re-
sponse), and with frequency modulation (30 Hz flicker ERG) of
the stimuli.

In contrast, diseases of the macula, such as Statgardt’s disease
(Fig. 4), which involve only a small part of the retina, may not
be revealed by the flash ERG (FERG). Furthermore, normal FERG
may be recorded in a retinal disease, such as glaucoma (Fig. 4),
in which the defect mainly involves retinal ganglion cells. In such
cases the pattern ERG (PERG) has proven to be helpful (6, 10).
Moreover, the choice of optimal luminance, size and temporal
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Fig. 3. Standard ERG tests in a bealthy subject and a patient with
retinitis pigmentosd.

SL 3. Standardni ERG testi pri zdravem in pri bolniku s pigmen-
toznim retinitisom.

frequency seems to increase the sensitivity of the PERG as an
objective screening test for early glaucoma (11). Physiological
interpretation of the pattern stimulation, usually consisting of
black and white elements alternating in phase without overall
change in net luminance, lies in antagonistically organised recep-
tive fields of retinal cells in the proximal retinal layers (12). Al-
though it has not been definitely accepted that PERG originates
exclusively in the retinal ganglion cells, there seems to be sub-
stantial clinical and experimental evidence to conclude that it
arises from retinal structures other than those which generate
flash ERG (13).

BB., 8, 32 years P.D., 50 years
Dg.: Degeneratio maculae Stargardt Dg.: Glaucoma chr. simpl. o.u. incip.
v.0.u.1.0
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Fig. 4. Flash ERG (FERG), pattern ERG (PERG) and pattern-

reversal VEP in a patient with Statgard’s disease of the macula
(left) and in a patient with glaucoma (right). Dotted lines exem-
Plify normal responses (with permission from ref. 6).
Sl 4. Bliskovni ERG (FERG), slikovni ERG (PERG) in slikovni VEP
pri bolniku s Statgardovo boleznijo makule (levo) in pri bolniku z
glavkomom (desno). Pikcaste Erte oznacujejo normalne odgovore
(z dovoljenjem iz ref. 6).

Cortical level

There are several pathways from the eyes to the brain. A detailed
discussion of the anatomy of the visual pathways is beyond the
scope of this paper, however, some remarks will be helpful in
the interpretation of VEPs. The dominant pathway in the vision is
the projection from the retina to the lateral geniculate nucleus
and to the primary visual cortex (area 17). The fibres from the
nasal part of the retina of each eye decussate in the optic chiasm,
and reach the primary visual cortex in the contralateral occipital
lobe, while the fibres from the temporal part of the retina of each
eye do not decussate in the optic chiasm, and reach, therefore,
the primary visual cortex in the ipsilateral occipital lobe. The pri-
mary visual area is located in the walls of the calcarine sulcus,
and extends around the occipital pole onto the lateral surface of
the hemisphere. The primary visual area shows a structural reti-
notopic organisation; the macular fibres terminate in the occipital
part of the area 17, whereas the peripheral retinal areas end in
more rostral portions, mainly in the calcarine sulcus. Every re-
gion of the retina is related in a systematic way to striate cortical
regions. The representation of the visual world shows, that a
much larger part of the area 17 is devoted to central vision than
to peripheral vision. Pyramidal cells from the area 17 project to
higher visual areas, such as Brodmann’s areas 18 and 19. These
areas surround the primary visual area in man.
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Pattern-reversal visual stimulus and VEP components

In the clinical VEP work, the pattern-reversal stimulation is still
extensively used. One of the reasons for the wide adoption of
pattern-reversal stimulation was that with a slide projector no
change of the overall mean luminance could be provided easily.
Therefore, much of the clinical information has been gathered
with the pattern-reversal stimulation (14, 15).

Wide field checkerboard reversal stimulation (16 °r) produces
components N70, P100 and N145, which are picked up over the
right and left hemisphere. With the half-field stimulation, the
waves N70, P100, N145 are picked up over the ipsilateral hemi-
sphere, and the waves P75, N105, P135 over the contralateral he-
misphere (Fig. 5). Blumhardt and Halliday (17) have demonstrat-
ed that there is no significant transcallosal contribution to the half-
field response, therefore, half-field responses may be seen as an
activity generated, in each hemisphere, by separately stimulating
the crossed or uncrossed retino-geniculo-calcarine pathway.

If compared with pattern VEP, flash VEP is relatively insensitive
to the effect of visual impairment in clinical testing. The reasons
are a large variability in the waveform and latencies between in-
dividuals, This was demonstrated in the study by Halliday et al.
(18) in patients with acute unilateral optic neuritis. The ampli-
tude of flash VEP correlates poorly with visual acuity. Flash VEP
can be also very often obtained in cases where normal vision is
s0 much impaired that pattern VEP is unobtainable. The reason
for this is the physiological properties of the neurons in the visu-
al system; they are relatively insensitive to diffuse illumination,
while many are activated by stimulus qualities such as contrast.
However, there is no doubt that there are several occasions in
the clinical practice where flash VEP is relevant, e.g. albinism.

Visual evoked potential and cortical organisation

VEP is recorded from the scalp over the occipital cortex. In spite
of several studies describing the origin of VEP components (19),
it may still be said that VEPs are only a scalp representation, and
do not have a simple relationship with the activity recorded in
the underlying structures. In fact, Barrett et al. (20) showed that
components N70, P100, N145 are recorded over the head, ipsi-
laterally to the half-field stimulated, which is at the opposite site
of the activated visual cortex. The so called “paradoxical latera-
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Fig. 5. Responses to pattern-reversal full-field, nasal and temporal
balf-field stimulation in a normal subject (with permission from
ref. 16).

Sl. 5. VEP na drazenje s kontrastno izmenjujocim se slikovnim
drazljajem v celem vidnem polju in v njegovi nazalni ter tempo-
ralni polovici pri zdravem cloveku (z dovoljenjem iz ref. 16).

lization” is a result of the posteromedial orientation of the gene-
rator neurons.

Half-field stimulation of foveal (2 degrees) areas produces a
more symmetrical distribution of the components N70, P100,
N145 than wide half-field stimulation, due to the selection of
generator areas near the occipital pole (21). The relationship be-
tween the anatomical variability of the primary visual cortex (22)
and the variability of the foveal responses can be described fol-
lowing the scheme of hypothetical generator sites (20, 23). If the
representation of the fovea is located on the convexity of the
occipital lobe, VEP response will be well lateralised. When more

Fig. 0. Schematic representation of generator areas following the
scheme of Barrett et al. (20) and waveform distributions to foveal
balf-field responses.

SL. 6. Shematski prikaz podrocja generatorja po shemi Barretia in
sod. (20) in razporeditev valov pri fovealnib odgovorih na
draZenje v polovicab vidnega polja.

HEALTHY SUBJECT
LEFT EYE

Fig. 7. The effect on macular and paramacular components after
occluding central parts (2°, 4° and 6°) of a 0-16° balf-field stimu-
lus presented to a bealthy subject. After occluding 2° of a central
part, a W-shaped waveform (asterisks) is developed over the ipsi-
lateral hemisphere, and paramacular (N105, P135) components
are developed over the contralateral bemisphere (with permission
Sfrom ref. 26).
Sl. 7. Vpliv prekritja centralnib delov (2°, 4° in 6°) polovice
drazilnega polja velikosti 0-16° na makularne in paramakularne
komponente pri zdravem cloveku. Pri zakritju 2° centralnega
dela se razvijejo oblika W (zvezdici) nad ipsilateralno hemisfero
in paramakularni komponenti (N105, P135) nad kontralateral-
no hemisfero (z dovoljenjem iz ref. 26).
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of the foveal representation extends around the occipital pole,
VEP response becomes symmetrically distributed. If the foveal
representation extends far enough around the occipital lobe, the
response may even have a contralateral predominance (Fig. 6).
This model does not imply that pattern-reversal VEP has a striate
origin only, it merely describes the variability of VEP distribution
in healthy subjects. According to the studies of Celesia et al. (24),
striate and exstrastriate areas are the underlying sources of pat-
tern-reversal VEP. Thus, pattern-reversal VEP components
(Fig. 5) have striate and extrastriate origin, while their configura-
tion and distribution may reflect the optic nerve, optic chiasm
and retrochiasmal visual pathway function (25).
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Fig. 8. The W-shaped waveform (asterisks) in the full-field re-
sponse of a patient with a bistory of left eye optic neuritis. Intact
right eve shows normal P100 waveform. “Scotomatous” abnor-
malities are bighlighted in the balf-field responses from the lefi
eye. The P135 component (open arrow) is well defined, while
P100 component is absent or interrupted (P100-P135 interac-
tion, thin arrows). The Friedmann perimetry test revealed relative
scotomata (with permission from ref. 25).
Sl 8. VEP z obliko W (zvezdici) na drazZenje s celim poljem pri
bolniku, ki je prebolel opticni nevritis na levem ocesu. Zdravo
desno oko daje normalno obliko vala P100. “Skotomske” ab-
normnosti so razloZljive v odgovorib na drazenje levega ocesa s
polovico polja. Komponenta P135 (Siroka puscica) je dobro oblik-
ovana, vala P100 pa ni ali je prekinjen (interakcija P100-P135 -
ozka puscica). Perimetrija po Friedmannu je pokazala relativne
skotome (z dovoljenjem iz ref. 25).

Macular versus paramacular optic nerve function

In an acute attack of retrobulbar neuritis, pattern-reversal VEP is
extinguished. With the restoration of the visual acuity, VEP re-
turns to normal amplitude, whereas the latency of P100 may re-
main prolonged. Delayed response is the result of the slowed
conduction velocity in the optic nerve. On the other hand, the
amplitude of pattern VEP, which closely parallells the onset and
subsequent recovery of the visual impairment at the time of an
attack, appears to be a reflection of the degree of conduction
block of the optic nerve fibres.

In healthy subjects, the occlusion of the central part of the visual
field can reduce or extinguish N70, P100, N145 components,
while P75, N105, P135 components may be recordable. The W-
shaped waveform can emerge in some of them when central
field contribution is removed (Fig. 7). The macular-paramacular
paradigm (27, 23), which predicts that some components are
largely macula derived (N70, P100, N145) and others are largely
paramacula derived (P75, N105, P135), has been confirmed in
patients with the absolute central scotomata (28, 29, 30).

Similar effect on macular components was described in patients
with a history of optic neuritis, which resulted in a genesis of the
W-shaped waveform (26). Half-field stimulation revealed an ab-
sence of macular P100 component, or its interaction with the
P135 component, while paramacular N105 and P135 components
were enhanced over the contralateral hemisphere (Fig. 8).
These VEP changes were accompanied with an attenuated or
absent central field response, as well as with a relative central-
field defect demonstrated by Friedmann perimetry. Thus, in pa-

F. M., 33 years
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Fig. 9. Crossed asymmetry pattern is evident in full-field responses
Srom a patient with chiasmal compressive lesion. The P100 com-
ponent (marked with an arrow) is distributed over the right bemi-
sphere in left eye responses and over the left hemisphere in right
eye responses. Waveforms of the temporal balf-field responses are
not present while of the nasal balf-field responses are normal
(P100 is marked with an arrow) (with permission from ref. 16).
Sl 9. Navzkrizna asimetrija VEP levega in desnega ocesa na
drazenje s celim poljem pri bolniku s kompresijsko okvaro biaz-
me: P100 (puscica) je razvidnejsi nad desno moZgansko poloblo
pri drazenju levega ofesa, nad levo pa pri draZenju desnega
ocesa. Na draZenje v temporalnib polovicab vidnega polja odgo-
vorov ni, odgovori na draZenje v nosnib polovicah vidnega polja
pa so normalni (puscica na P100 - z dovoljenjem iz ref. 16).




52

ZDRAV VESTN 1993; 62

tients with a history of optic neuritis, the W-shaped waveform
can be associated with an impaired function of the macular fi-
bres.

Crossed and uncrossed functional fibres in the chiasm
VEP distribution over the scalp can be associated with the
crossed visual pathway (31, 32). In chiasmal compressive lesions,
the full-field crossed asymmetry distribution (33) is associated
with absent or abnormal responses to temporal half- field stimu-
lation, and with normal responses to nasal half-field stimulation.
The dysfunction of the crossed fibres, as revealed by temporal
half-field stimulation, can be consistent with temporal-field de-
fect (nasal retinal fibers - Fig. 9). On the other hand, a dysfunc-
tion of the uncrossed fibres can also be revealed by nasal half-
field stimulation (Fig. 10).

In chiasmal lesions, the use of half-field stimulation can enhance
the sensitivity, as well as distinguish between dysfunctions of the
fibres subserving the temporal and nasal half-fields of vision (35).

ZP., 18 years
FULL-FIELD TEMPORAL HALF-FIELD NASAL HALF-FIELD
STIMULATION STIMULATION STIMULATION
LEFT EYE 6/6
1 \J

L
%

0w -

Fig. 10. VEPs from a patient referred with the right eye visual
symptoms indicating dysfunction of the optic nerve fibres subserv-
ing the temporal and nasal half-fields of vision. Note absent tem-
poral balf-field responses from the symptomatic eye, and delayed
responses from the asymptomatic eye (P100 is marked with an dar-
row at 117 ms). Note also that the major features of the full-field
responses arise from the nasal fields. Nasal balf-field stimulation
JSrom the symptomatic right eye evoked a paramacular wave only
(N105 is marked with an open circle). The visual field examina-
tion showed a defect in the right eye, as well as an initial defect in
the left eye (with permission from ref. 34).
SI. 10. VEP bolnika, napotenega na preiskavo s simptomi, ki so
nakazovali motnjo v delovanju tistib viaken desnega vidnega
Zivea, ki posredujejo temporalno, in tistib, ki posredujejo nazalno
polovico vidnega polja. Na draZenje opazno prizadetega desnega
ocesa s temporalno polovico draZilnega polja ni bilo odzivov, na
levem ocesu (brez simptomov) pa so bili odzivi na tako drazenje
zapozneli (puscica na P100 pri 117 ms). V odzivih na draZenje s
celim poljem se vidi, da jib sestavijajo predvsem odzivi na nazal-
ni del polja. DraZenje z nazalnim delom polja je pri desnem
ocesu vzbudilo samo paramakularni val (kroZec na valu N105).
Preiskava vidnega polja je odkrila okvaro v polju desnega ocesa
in zacetno okvaro v polju levega ocesa (z dovoljenjem iz ref. 34).

Cortical representation of misrouted optic pathway
projections

In albinism, the anatomical studies showed that the majority of fi-
bres from one eye cross at the chiasm and project to the contra-
lateral hemisphere (36). This condition of erroneously decussating
temporal retinal fibres can be picked up in VEP recordings, al-
ready in preverbal children, by means of flash stimulation. The
flash VEP associated with albino misrouting is seen as a reversed
asymmetry distribution. The asymmetry is seen, at a latency of
around 80 ms, as a negativity on the contralateral side of the scalp,
and as a positivity on the ipsilateral side of the scalp to the stimu-
lated eye (37). Thus, for the left eye stimulation, a prominent ne-
gativity is recorded over the right occipital scalp, and a smaller
positive component, at the same latency, is present over the left
occipital cortex. For the right eye stimulation the distribution is re-
versed (Fig. 11). This specific occipital asymmetry is not observed
in normally pigmented controls. This albino asymmetry of the
flash VEP has been suggested to originate from either end of com-
mon dipole generators, which are situated in the medial aspects of
the hemisphere, contralaterally to the stimulated eye (37).

F.F., 3years
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Fig. 11. Flash VEP from an albino subject: difference in occipital
distribution for the two eyes. The reversed left and right eye asym-
metry is also seen in a trace where the difference potential is de-
rived by subtracting the left occipital response from the right one
(trace 4, reversed asymmetry marked with an arrow).

Sl 11. VEP na bliskavico pri cloveku z albinizmom: razporeditev
odzivov po zatilju z enega ocesa je nasprotna razporeditvi z
drugega ocesa. Obrnjena asimetrija (polarnost) je Se bolje vidna,
ko se odziv z leve odsteje od odziva z desne (kanal L-R, puscica).

VEP to pattern stimulation can be reliable in detecting misrouting
in older albino children. However, it seems that pattern onset
stimulation suits better than pattern-reversal stimulation. The rea-
son is that P100 to pattern-reversal stimulation is extinguished
with nystagmus, which is very common in albinos. The onset
stimulus also reveals VEP asymmetry specific for albinism. It is
found for the positive CI component (80-110 ms), which is con-
sidered to reflect primarily local luminance variation in the re-
sponse. The negative CII component reflects contrast mecha-
nisms, and it is, therefore, particularly sensitive to pattern size
and defocus. Because of the foveal hypoplasia and reduced acu-
ity in albinos, it is common to find an absent or relatively weak
CII and identifiable CI component (38).

VEP asymmetries resulting from chiasmal or retrochiasmal path-
way lesions can not be confused with the albino asymmetry. The
pattern-reversal VEP asymmetry in albinos (39) is opposite to the
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crossed asymmetry seen in lesions affecting the crossed optic fi-
bres at the region of the chiasm (33). In albinos, P100 is elicitable
for the right eye stimulation over the right hemisphere, and for
the left eye stimulation over the left hemisphere. In chiasmal le-
sions, P100 is found for the right eye stimulation over the left
hemisphere, and for the left eye stimulation over the right hemi-
sphere (Fig. 9). Thus, cortical representation of VEP in albinos
reflects primarily the activity of the decussating retinal fibres, in
chiasmal compressions, on the other hand, a dysfunction of the
decussating fibres.

VEP diagnostics of retrochiasmal dysfunctions

The sensitivity of pattern VEP in detecting optic tract, optic radia-
tion and occipital cortex dysfunctions is below that of the peri-
metry (31, 40). In fact, VEP changes are also not selective enough
to reveal the exact site of a lesion along the retrochiasmal path-
way. The uncrossed distribution of VEP is associated with ho-
monymous visual field defects, and is characteristic for compres-
sions of the fibres leaving the chiasm posteriorly. It is also associ-
ated with the lesions of the occipital cortex. Extensive hemi-
sphere destruction, which spares the primary visual pathways,
does not appear to affect VEP (41).

Homonymous field defects cause loss of activity, which results in
an asymmetrical distribution of the full-field response. However,
the sensitivity of the full-field stimulation for post-chiasmal le-
sions is rather poor. It can be enhanced by separate stimulation
of each geniculo-calcarine pathway and by comparison of the
activity generated in each hemisphere. When homonymous field
defect is complete (macular splitting), half-field stimulation will
detect abnormality, but when the macula is spared, the detection
rate of the half-field abnormality is low (25, 40).

In neurological practice homonymous hemianopsias are frequent
field defects. If only the periphery of the visual field, or only
small parts of the parafoveal visual fields are affected, VEP will
be indistinguishable from variants in healthy subjects. Normal
VEP does not exclude an organic cause of visual symptoms. It
was obtained also in cortically blind patients (42, 43).

Relevance of the size of pattern elements

The question whether the size of a check has any influence on
the sensitivity of the VEP, may not be easy to answer. At the be-
ginning of pattern stimulation, different sizes of pattern were
used in order to enhance the specificity and sensitivity of detect-
ing visual function abnormality. The use of small, 10 to 30 mi-
nutes, checks, has usually been found to increase abnormality
detection. However, small checks and fields are optimal stimuli
at the fovea, larger checks and fields at the periphery (44).
Physiological mechanisms underlying VEP activity to different
pattern sizes still can not be explained. Whether they are related
to receptive field organisation at the retinal level (ganglion cells)
or at the cortical level is also still the subject of discussion. How-
ever, the receptive field size of the foveal ganglion cells is small-
er compared to parafoveally located ganglion cells. Similar dif-
ference of the receptive field size between the foveal and more
peripheral areas is present in the primary visual cortex. Indeed,
with the appropriate pattern size, we may activate predominantly
different classes of neurons (4).

The size of checks can effect VEP amplitude and latency. A
number of studies pointed out that VEP responses were abnor-
mal when optimal pattern size was used. However, this effect is
more apparent in the retinal pathology, e.g. in maculopathy and
glaucoma (4). In the diagnosis of MS, it is still unclear which pat-
tern size is optimal for detecting VEP abnormalities (45). How-
ever, the strategy for identifying amblyopic eyes in children relies
on the use of different pattern sizes (46). The figure 12 shows
that the change in VEP was evident when the small pattern ele-
ments were used.
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Fig. 12. VEP amplitude and latency differences between the two
eyes are shown only with smaller checks (12).

SI. 12. Razlike v amplitudab in latencab VEP so se pokazale sele
pri manjsi velikosti drazilnib kvadratkov (12°).

Relevance of N70

The most prominent feature of the transient VEP elicited by pat-
tern-reversal stimulation is the major positive component P100.
The preceding negative component N70 is rarely used and de-
scribed, though there are reports (4, 45) suggesting that it might
be a reliable clinical indicator of the visual pathway pathology.
There is also some evidence that it might reflect the activity of
cortical generators distinct from that of the major P100 (4), which
is also in agreement with our experiences. We found that the
N70 amplitude versus the check size curve showing the peak
values for smaller checks differs from that of the P100 (Fig. 13).
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Fig. 13. Dependence of the wave N70 and wave P100 amplitudes

of VEP on the check size of pattern-reversal stimulus (mean am-

plitudes and 2 SE of the mean: N = 12) (with permission from
ref. 1).

Sl 13, Odvisnost amplitud valov N70 in P100 od wvelikosti
kvadratkov v slikovnem drazljaju (srednje vrednosti amplitud in
28D; N = 12) (z dovoljenjem iz ref. 1).

Furthermore, we were able to show that the occlusion of the
stimulus from the central part of the visual field affects differently
N70 and P100 waves (47). In addition, our study of the pattern-
reversal VEP distribution over five electrodes placed in a hori-
zontal row across the occiput, in response to half-field stimula-
tion, showed distinct distribution of the N70 and P100 (48). Thus,
we believe that, with selected stimulus characteristics and mul-
tichannel recording, the N70 may offer additional insight into
clinical VEP diagnostics.
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Summary

We can generally conclude that the noninvasive clinical electro-
physiological measurements allow an assessment of visual func-
tion along the entire length of the visual system. With a cautious
consideration of knowledge about basic physiological visual
processes, we hope to improve the sensitivity and selectivity of
clinical visual electrophysiological tests. The tests assessing the
anterior part of the visual pathway, especially the retinal func-
tion, could be more easily defined in anatomical and physiologi-
cal terms, than those assessing the posterior parts (retrochiasmal)
of the visual system. From a physiological point of view this is
hardly surprising. It is much easier to obtain information from a
well defined retinal network with a finite number of cells en-
gaged in the transduction and further processing of the visual
stimulus than from complex arrays of millions of cortical cells
subserving the higher sensory processes. At present, we may
conclude that the stimulus parameters used for pattern-reversal
VEPs are more empirically than theoretically justified. Therefore,
it is to be expected that the studies concerned with the effect of
stimulus characteristics on the anatomical and physiological dif-
ferentiation of the visual pathway will continue (49). We would
like to draw attention to the pattern onset (38) as well as to the
sinusoidal gratings pattern (4) stimuli, which promise to improve
the electrophysiological differentiation of the visual system.

Acknowledgement, We are grateful to prof, T. S. Prevec for his review of our text.

References

1. Struel M, Electrophysiological basis of diagnostics at different levels of the visual
system. Neurologija 1990; 39: Suppl 1: 203-10.

2. Van Dijk BW, Spekreijse H. Localization of electric and magnetic sources of

brain activity. In: Desmedt JE ed. Visual evoked potentials. Amsterdam, New

York, Oxford: Elsevier, 1990: 57-74. -

. Hubel DH, Wiesel TN, Receptive fields and functional architecture of monkey

striate cortex. | Physiol 1968; 195: 215-43.

. Bodis-Wollner I, Brannan JR, Ghillardi MF, Mylin H. The importance of physiol-

ogy to visual evoked potentials, In; Desmedt JE ed. Visual evoked potentials.

Amsterdam, New York, Oxford: Elsevier, 1990: 1-24.

Baylor DA, Lamb TD, Yau KW. Responses of retinal rods to single photons. |

Physiol 1979; 288: 613-34.

Hawlina M. Clinical application of retinal and cortical evoked potentials, Neu-

rologija 1990; 39: Suppl 1: 211-24.

.lkeda H. Retinal mechanisms and the clinical electroretinogram. In: Halliday

AM, Butler SR, Paul R eds. A Textbook of Clinical Neurophysiology. London:

John Wiley & Sons Lid, 1987: 569-94.

Marmor MF, Arden GB, Nilsson SE, Zrenner E: Standard for Clinical Electroretin-

ography. Arch Opthalmol 1989; 107: 816-9.

Heckenlively JR, Weleber RG, Arden GB. Testing levels of the visual system. In:

Heckenlively JR, Arden GB eds. Principles of practice of clinical Electrophysiol-

ogy of Vision. St Louis: Mosby Year Book, 1991: 485-93.

10. Hawlina M, Strucl M, Stin-Krajnc B, Finderle Z, Brecelj J. Pattern electoretino-
gram recorded by skin electrodes in early ocular hypertension and glaucoma.
Doc Ophtalmol 1990; 73: 183-91,

11. Bach M, Hiss P, Rover ]. Check-size specific changes of pattern electroretinogram
in patients with early open-angle glaucoma. Doc Ophtalmol 1988; 69: 315-22.

12, Kuffler SW. The single cell approach in the visual system and the study of re-
ceptive fields. Invest Ophtalmol 1973; 12: 794-813.

13. Maffei L, Fiorentini A. Electroretinographic response to alternanting gratings
before and after section of the optic nerve. Science 1981: 211; 593-5,

14, Chiappa KH. Evoked potentials in clinical medicine. New York: Raven Press,
2nd ed. 1990: 111-72.

15. Halliday AM. Evoked potentials in clinical testing. 2nd ed. Edinburgh: Churchill-
Livingstone, 1993: 1-357.

16. Brecelj J. VEPs in the assessment of visual pathway lesions. Neurologija 1990;
39: Suppl 1: 225-36.

17. Blumhardt LD, Halliday AM. Hemisphere contributions to the composition of
the pattern-evoked potential waveform. Exp Brain Res 1979; 36: 53-69.

18. Halliday AM, Barrett G, Halliday E, Mushin ]. A comparison of the flash and
pattern evoked potential in unilateral optic neuritis. Wissenschaftliche Zeit-
schrift der Ernst-Moritz-Arndt Universitit. Greifswald 1979; 28: 89-95.

L

ok

AN

=4

f* +}

b

20.
21.
22,

23.

24,

25.

20.

29.

30.

3l

39.

40.

41,

42,

43.

45.

46.

47.

48,

49.

. Harding GFA. Origin of visual evoked cortical potentials components. In: Heck-

enlively JR, Arden GB eds. Principles and practice of clinical electrophysiology.
St Louis: Mosby Year Book, 1991: 132-44,

Barrett G, Blumhardt L, Halliday AM, Halliday E, Kriss A. A paradox in the later-
alization of the visual evoked response. Nature (Lond.) 1976; 261: 253-5.
Brecelj J, Cunningham K. Occipital distribution of foveal half-field responses.
Doc Opthalmol 1985; 59: 157-65.

Brindley GS. The variability of the human striate cortex. | Physiol 1972, 225 1-
3P.

Blumhardt LD, Barrett G, Halliday AM, Kriss A, The effect of field size on the
pattern-reversal visual evoked response (PRVER). Clin Vision Sci 1989; 4; 27-
40,

Celesia GG, Polycin RD, Holden JE, Nickles R], Gatley |S, Koeppe RA. Visual
evoked potentials and positron emission tomographic mapping of regional cer-
ebral blood flow and cerebral metabolism: Can the neuronal potential genera-
tors be visualized? Electroenceph Clin Neurophysiol 1982; 54: 243-56.

Brecelj J. Visual evoked potentials and the localization of visual pathway le-
sions. Spekirum Augenheilk 1991; 5: 114-22.

Brecelj J, Strucl M, Hawlina M. Central fiber contribution to W-shaped visual
evoked potentials in patients with optic neuritis, Doc Opthalmol 1990; 75: 155-
63.

. Blumhardt LD, Barrent G, Halliday AM, Kriss A. The effect of experimental

“scotomata” on the ipsialteral and contralateral responses to pattern-reversal in
one half-field. Electroenceph Clin Neurophysiol 1978; 45: 376-92,

. Halliday AM. Visually evoked responses in optic nerve disease. Trans opthal

Soc UK 1976; 96: 372-6,

Blumhardt LD, Variable effects of pathologic scotomata on wave form of pat-
tern-reversal visual evoked response. Doc Opthalmol 1985; 59: 107-19.

Fukui R, Kato M, Kuroiwa Y. Effect of central scotomata on pattern-reversal vis-
ual evoked potentials in patients with maculopathy and healthy subjects. Elec-
troenceph Clin Neurophysiol 1986; 63: 317-26.

Holder GE. Chiasmal and retrochiasmal lesions. In: Heckenlively JR, Arden GB
eds. Principles and practice of clinical electrophysiology of vision, Mosby Year
Book, 1991 557-64.

. Brecelj J, Strucl M, Skrbec M. Visual evoked potentials in compressive lesions of

the optic chiasm. Neuro-opthalmology 1992; 12: 207-14.

. Halliday AM, Halliday E, Kriss A, McDonald W, Mushin J. The pattern-evoked

potential in compression of the anterior visual pathways. Brain 1976, 99: 357-
74.

. Brecelj J. A VEP study of the visual pathway function in compressive lesions of

the optic chiasm. Full-field versus half-field stimulation. Electroenceph Clin
Neurophysiol 1992; 84: 209-18,

5. Brecelj J. Electrodiagnostics of chiasmal compressive lesions. | Psychophysiol,

in press.

. Guillery RW, Okoro AN, Witkop CJ. Abnormal visual pathways in the brain of a

human albino. Brain Res 1975; 96: 373-7.

. Russell-Eggitt [, Kriss A, Taylor DSL. Albinism in childhood: a flash VEP and ERG

study. Br ] Ophthalmol 1990; 74: 136-40.

. Apkarian P. Methodology of testing for albinism with visual evoked cortical

potentials. In: Heckenlively JR, Arden GB eds. Principles and paractice of clini-
cal electrophysiology of vision. St Louis: Mosby Year Book, 1991: 425-34.
Carroll WM, Jay BS, McDonald W1, Halliday AM, Pattern evoked potentials in
human albinism. Evidence of two different topographical asymmetries reflect-
ing abnormal retino-cortical projections. ] Neurol Sci 1980; 48: 265-87.
Blumhardt L. The abnormal pattern visual evoked response in neurology. In:
Halliday AM, Butler SR, Paul R eds. A textbook of clinical neurophysiclogy.
Chichester: John Wiley & Sons, 1987: 307-42,

Onofry M. Generators of pattern visual evoked potentials in normals and in
patients with retrochiasmatic lesions. In: Desmedt JE ed. Visual evoked poten-
tials. Amsterdam: Elsevier, 1990: 87-113.

Bodis-Wollner I, Atkin A, Raab E, Wokstein M. Visual association cortex and vi-
sion in man: Pattern evoked occipital potentials in a blind boy. Science 1977;
198: 629-31.

Celesia GG, Archer CR, Kuroiwa Y, Goldfader PR. Visual function of the extra-
geniculo-calcarine system in man. Relationship to cortical blindness, Arch Neu-
rol 1980; 37: 704-6.

. Meredith JT, Celesia GG. Pattern-reversal visual evoked potentials and retinal

eccentricity. Electroenceph Clin Neurophysiol 1982; 53: 243-53.

Ghilardi MF, Brannan JR, Bodis-Wollner 1. Clinical applications of pattern visual
evoked potentials. In: Desmedt JE ed. Visual evoked potentials. Amsterdam: El-
sevier, 1990: 121-46.

Barnard WM, Arden GB. Changes in the visual evoked response during and af-
ter occlusion therapy for amblyopia. Child: care, health and development 1979,
5: 421-30.

Brecelj J, Prevec TS. Study of foveal and peripheral visual responses evoked by
pattern-reversal stimulation. In: Barber C ed. Evoked potentials 11. Stoneham
(USA): Butterworths, 1984: 280-6.

Strucl M, Prevec TS, Zidar 1. Effect of stimulus variation on early negative wave
(N70) of pattern shift visual evoked potential. Electroenceph clin Neurophysiol
1985; 61: S120.

Ossenblok P. The sources of the pattern VEP in man. Academisch proefschrift.
University of Amsterdam, The Netherlands, 1992: 1-141.




BRECELJ J, STRUCL M. PHYSIOLOGICAL ASPECTS OF ELECTROPHYSIOLOGY OF VISION 55

NEKATERI ANATOMSKI IN FIZIOLOSKI VIDIKI KLINICNE ELEKTROFIZIOLOGIJE VIDA
Jelka Brecelj, Martin Strucl

IzvleCek - Izhodisca. Avtorja obravnavata neinvazivne elektrofizioloske metode za klinicno ocenjevanje vidnega sistema (elekiro-
retinogram ERG, vidni evocirani potenciali VEP) z vidika nekaterib anatomskib in fizioloskib spoznanj. Ob upostevanju fizioloskib in
anatomskib znacilnosti pri izboru parametrov vidnega draZljaja si obetamo izboljSati obCutljivost in selektivnost teb metod. Ena iz-
med kljucnib fizioloskib ugotovitev je elektrofizioloski dokaz obstoja vzporednib podsistemov vida. Velika vecina nevronov vidnega si-
stema se maksimalno ne vzdraZi z difuzno osvetlitvijo, temve¢ samo z izbranimi lasnostmi vidnega draZljaja. V retinografiji labhko z
ustrezno modulacijo draZljaja prikazemo funkcijo razlicnib slojev mreZnice. V clanku so predstavijeni osnovni retinografski testi ter
slikovni VEP na lastnib primerib in izkusnjab laboratorija. Bliskovni ERG prikazuje globalno funkcijo mreZnice in je zlasti pomemben
za ugotavljanje prirojenib in pridobjenib okvar mreZnice, ki prizadenejo predvsem njene distalne sloje. Posebej je moc prikazati funk-
cifo Cepnic in palicnic. V nasprotju s tem je za prikaz proksimalnib slojev mreznice, predvsem njenega makularnega predela,
ustreznejsi ERG, izzvan s kontrastno strukturiranim drazljajem. TakSen draZljaj, kjer se izmenjujejo temni in svetli kvadratki, je tudi
najveckrat uporabljan za izzivanje kortikalnib potencialov VEP z dobro opisano obliko potencialov in njibovo razporeditvijo na skal-
pu, saj je obcutljivost slikovnega VEP dokazano vecja od obcutljivosti bliskovnega VEP. Slikovni VEP kompleksno zrcali anatomske
znadcilnosti vidne moZganske skorje, predvsem tistega predela, kamor se projicivajo makularni predeli mreZnice. S selektivnim
draZenjem nazalne ali temporalne polovice vidnega polja je mogoce loceno prikazalti funkcije kriZanega in nekriZanega nitja in pri-
rojene anatomske nepravilnosti projekcijskega nitja, kot na primer pri albinizmu. Obcutljivost VEP pri odkrivanju retrobiazmalnib
disfunkcij je manj$a kot pri perimetriji. Velikost kvadratkov je zelo pomeben parameter pri VEP, saj je izbor optimalne velikosti pri
doloceni indikaciji VEP osnovna strategija za povecanje obcutljivosti testa. Ceprav analiza VEP temelji predvsem na ugotavljanju la-
tence in amplitude najveciega pozitivnega vala P100, pa labko ima predbodni val N70 drugacen fizioloski pomen in klinicno po-
membnost.

Zakljucek. Splosno velja, da labko z elektrofizioloskimi testi ocenjujemo delovanje vzdolz celotne vidne poti. S skrbnim upostevanjem
fizioloskib lastnosti vidnega sistema si obetamo izboljsati obcutljivost in selektivnost teh metod. Ugotovimo pa labko, da labko izvide
elektrofizioloskib testov takrat, ko ocenjujemo sprednji pregenikulatni del vidne poti, anatomsko in fiziolosko razloZimo veliko lazje kot
takrat, ko ocenjujemo retrobiazmalni del vidne poti.

Kljuéne besede: elektroretinografija; klinicna elektrofiziologija; vidni evocirani potenciali; vidna pot
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ELECTRODIAGNOSIS
OF THE PRIMARY AFFERENT VISUAL SYSTEM

PAST, PRESENT AND FUTURE

ELEKTRODIAGNOSTIKA PRIMARNEGA AFERENTNEGA VIDNEGA SISTEMA
PRETEKLOST, SEDANJOST IN PRIHODNOST

Hisako Ikeda
Vision Research Unit of Sherrington School, UMDS, The Rayne Institute, St. Thomas’ Hospital, London SE1 7EH, Great Britain

Key words: compressive optic neuropathy; electrooculogram;
electroretinogram; ischaemic optic neuropathy; macular degene-
ration; optic atrophy; optic neuritis; retinitis pigmentosa; rod/
cone functions

Abstract - The experience of recording clinical electrooculo-
gram (EOG), electroretinogram (ERG) and visual evoked poten-
tials (VEP) since the late 1960s is described. As the number of pa-
tients referred to the electrodiagnostic service escalated to reach
4,826, an attempt has been made to overview the paramount
data. In this paper, the following three topics bhave been chosen
Sfrom the data obtained with a simultaneous recording of aver-
aged ERGs and VEPs and the light induced change in the EOG.

Introduction

In 1968, I began to build a single cell recording system for the
visual system of the cat at the Department of Ophthalmology of
the Royal College of Surgeons in London. At the same time, I was
also asked if 1 could record the electrooculogram (EOG) and
electroretinogram (ERG) of patients at the Royal Eye Hospital,
which was an affiliated hospital of the Royal College of Surgeons.
The only equipment available was an old two-channel EEG pen
recorder in the store of an operating theatre. Since the hospital
was headed by Professor Arnold Sorsby, a pioneer of genetic
ophthalmology (1), the Royal Eye Hospital gathered a large
number of patients and their families with hereditary retinal de-
generations dating back to the Victorian era. It was, therefore,
felt that an early screening of affected members of the family by
the electrophysiological technique would be useful.

Although the task was a little formidable, the air of optimism and
confidence in the future was boundless. I somehow managed to
begin a weekly clinical electrophysiological service with the
primitive equipment. I still have a vivid memory of inserting a big
copper plate as a common earth into the back garden of the hos-
pital, where hollyhocks were flowering. The service first includ-
ed measurements of light-induced change in the corneo-fundal
potential, using the method of the EOG and ERG with a contact
lens electrode (2). Soon the very first model of an averaging
computer was purchased with a grant from the Prevention of

Firstly, the use of ERG/VEP ratio for visual prognosis of babies who
showed no visual following. Secondly, the use of ERGs and VEPs
evoked by a 60° dim blue flash delivered at 1 Hz, and those
evoked by a 5° red spot flickered at 30 Hz for the assessment of rod
and cone retinal function respectively. Thirdly, the use of the
ERG/VEP ratios and ERG or VEP delays together with FOG light
rise to differentiate different categories of optic nerve diseases. It is
concluded that simultaneous recordings of ERG and VEP using
non-invasive electrodes, provided that many different stimulating
conditions are used, may play a unique role in elucidating the
JSunctional (physiological) state of the intact buman visual system
in bealth and disease.

Blindness Fund (now called the Iris Fund) to record the visual
evoked potential (VEP). The averager did not have an artefact
rejection facility and 1 had to change the frequency band by
using mini-jumper leads, which involved opening the amplifier
drawer each time.

An unforeseen problem, however, was that the number of pa-
tients referred to the electrodiagnostic service escalated, particu-
larly following the amalgamation of the Royal Eye Hospital and
St Thomas' Hospital in 1974. It reached 5,135 at the end of June
1993, when I terminated the service. About one third of these
patients have also been seen more than once. Whilst I was able
to write reports on individual patients to the referring consult-
ants, [ never had time to overview the mounting set of data, as
my time was occupied by our research programme, grant appli-
cations and teaching. But in the January 1992, as my time of re-
tirement approached, I began the analysis of 4,826 patients’ data.
The data in hand are vast and complicated. I therefore proposed
for this lecture, to limit the data of discussion to those which are
obtained from the simultaneous recording of the ERGs and VEPs
and to the EOG, and to address the following three questions:
i.e. 1. assessment of visual prognosis of babies with no visual fol-
lowing, 2. differential measurement of rod and cone mediated
retinal function in chorioretinal diseases, and 3. electrodiagnosis
of different categories of optic nerve diseases.

Abbreviations: BLOA, bilateral optic atrophy; comp., compressive; EOG, electrooculogram; ERG, electroretinogram; FERG, flash-evoked ERG; FVEP, flash-evoked VEP; isch.,
ischaemic; MD, macular degeneration; ON, optic neuritis, Onp. optic newropathy; PERG, pattern-evoked ERG; PVEP, pattern-reversal visual evoked potential; RP, retinitis

pigmentosa; VEP, visual evoked potential
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Electrodiagnostic tests

In Figure 1, the sites of generation of the four electrical potentials
discussed in the lecture, i.e. the EOG light rise, the flash and pat-
tern-evoked ERGs and the VEP, are indicated.

Figure 1 shows the hierarchical organisation of three principal
cells of the retina. The interneurons, the horizontal and inter-
plexiform and amacrine cells are omitted and the macular and
the peripheral retina are shown separately. At the macula, the
photoreceptors are mainly cones and one to one, or an even
greater increase of connectivity occurs from the photoreceptor to
the bipolar, and from the bipolar to the ganglion cells (3). Ef-
fectively, therefore, over 60 % of the optic nerve fibres are those
arising from the maculae, eventually occupying the major por-
tion of the visual cortex. At the peripheral retina, on the other
hand, many photoreceptors converge to a small number of bipo-
lars and again to even fewer ganglion cells.

PERIPHERY

e CHOROID 5|

MACULA

PIGMENT

cortical area

Fig. 1. Hierarchical neural organisation of the peripberal and the

macular region of the retina, and the site of generation of the

EOG light rise and the F- and P- ERGs. The VEP is generated at the

visual cortex (not shown but indicated by *), which illustrates

that the visual cortex receives a disproportionately greater num-
ber of optic nerve fibres arising from the maculae.

Sl. 1. Hierarhicna organizacija obrobnega in makularnega pre-
dela mreZnice in mesto izvora svetlobnega porasta EOG ter na-
stanka FERG in PERG. VEP izvira v vidni mozZganski skorji (ni
prikazana, vendar oznaceno z zvezdico), ki sprejema nesoraz-
merno vecje stevilo vlaken vidnega Zivca iz malkule.

EOCG light rise originates at the junction of the pigment epitheli-
um and at the photoreceptor outer segments, which contain visu-
al pigments (4, 5). The EOG is recorded between electrodes
placed on the medial and lateral canthi of each eye. A patient is
asked to look rhythmically between the fixation light spots
placed 30° apart on a screen. The horizontal eye movement of a
constant amplitude is made, first in the dark and then in the light
when the screen is brightly lit. In a normal eye, dark adaptation
causes a decrease in the potential, and light adaptation, on the
other hand, an increase. This light-induced rise in the potential
expressed as a percentage (4) is a measure of the integrity of the
pigment epithelium and photoreceptors (5, 6).

Flash-evoked ERG (FERG) consists of two major components; a-
wave and the b- wave. The a-wave arises from the photorecep-
tors and reflects extracellular current flow caused by light-
evoked hyperpolarization of the photoreceptors. The b-wave
originates from the light depolarising ON-bipolar cells (7).

Pattern-evoked ERG (PERG) is generated at the inner retina
which involves light depolarising ON- and dark depolarising
OFF-cell pathways, (8, 9).

Visual evoked potential (VEP) is the field potential of the ¢lectro-
encephalogram (EEG) recorded at the scalp over the visual cor-
tex at the occipital pole. Since many optic nerve fibres are the
axons of the ganglion cells carrying information from the retinal
maculae, the visual cortex receives a disproportionately large
projection from the maculae (Fig. 1). VEP, therefore, mainly re-
flects responses of the cortical cells to the retinal macular inputs.
A small number of peripheral ganglion cell fibres eventually go
to the small peripheral areas of the visual cortex. However, using
a wide scalp electrode distribution and different visual field sti-
mulation techniques, elegant demonstrations of VEPs associated
with a variety of field defects due to intra-cranial lesions are in-
deed possible (10).

Simultaneous recording of flash or pattern ERGs and VEPs. Both
F- and P-ERGs are recorded with adhesive skin electrodes under
the lower lid of each eye, as shown in Figure 2 left. As monocu-
lar stimulation is always used, the electrode on the stimulated
eye is the positive electrode and that on the covered eye is the
negative. VEPs were recorded between an electrode placed on
the scalp over the visual cortex and another over the frontal lobe
(Fig. 2 right). The other electrode over the frontal lobe is used as
a common ground. The method is non-invasive and exactly the
same recording conditions may be used for patients of all ages.
Figure 2 also shows examples of FERG and flash evoked VEP
(FVEP) averaged 100 responses evoked with a bright flash at a
stimulation rate of 4Hz, and PERG and PVEP obtained after aver-
aging 150 responses to a high contrast (0.9) checkerboard pat-
tern of 44' of arc squares, phased reversed at 2 Hz (i.e. 4 rever-
sals/s). The responses were obtained from a normal subject.

Test procedure. The following sequence of stimuli was used on
each patient. Firstly, PERG and PVEPs were evoked with mono-
cular stimulation of contrast (0.9) reversal (4 Hz) of checkerboard
patterns with square sizes of 60', 44', 28' and 15'. The total stimu-
lation area was 30° for the 60' and 44' square patterns, whilst it
was 15° for the 28' and 15' square patterns. Following the com-
pletion of the recordings of PERG and PVEPs, the pupils of pa-
tients were dilated with cyclopentolate hydrochloride BP (1 %
W/V) eye drops, and one eye was occluded. The FERG and
FVEP were then evoked by 4, 10, 20 and 30 Hz flash from the
open eye. The intensity of the flash was approximately 5.5 log
units above the human scotopic threshold and subtended the vis-
ual angle of 60°. Following the 30Hz stimulation of the bright
flash, a deep narrow red filter (Kodak No. 29) was interposed
together with a diaphragm of 5° to the flash, to stimulate macular
cones at 30 Hz.

After the red flicker stimulation, all lights in the room were
switched off and the eye patch was transferred in the dark to the
previously opened eye from the other eye which had been dark
adapted by the eye patch. The ERGs and VEPs were then record-
ed from the second eye with a 1 Hz blue flash using a tricolour
blue filter with the transmission band of 340-530 nm (peak,
475 nm). The intensity of the blue flash was 2.5 log units above
the human scotopic threshold. Following this, exactly the same
sequence of flash stimulations that had been used for the first eye
was followed, starting from bright 4 Hz flash to 30 Hz red spot
flicker.
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The eye patch was then transferred in the dark to the other eye,
re-exposing the first eye to obtain an ERG and VEP with the dim
blue flash. The whole recording procedure took approximately
30 min. Only the recordings of flash evoked responses were pos-
sible, however, from babies and from some adult patients with
severe cataracts or haemorrhages.

ERG

Flash

4Hz

Pattern I o

Reversal

B ._J\/
—_— N —

+ 00
Fig. 2. A diagram showing the electrode arrangements for the si-
multaneous recordings of the ERGs and VEPs using averaging
technique, and examples of simultaneously recorded FERG and
FVEP evoked by a bright flash (4 Hz) and PERG and PVEP evoked
by contrast reversal (4 reversal/s) of a checkerboard pattern con-
sisting of 44' squares obtained from a normal subject. For both
ERGs and VEPs, positive potentialis shoun as an upward and
negative potential as a downward deflection.

Sl 2. Razporeditev elektrod pri bkratnem snemanju ERG in VEP s

tehniko povprecevanja. Primeri bkrati posnetib FERG in FVEP,

pobujenib z bliskom (4 Hz), ter PERG in PVEP, pobujenib s sliko-

vnim drazljajem (4 izmenjave/s) v obliki sabovnice z velikostjo

kvadratkov 44 minut vidnega kota pri normalnib osebah. Tako
za ERG kot za VEP je pozitivnost prikazana navzgor.

T 1

R i R

Analysis of ERGs and VEPs. For both FERG and FVEP, the re-
sponse amplitudes were measured from the preceding negative
trough to the major positive peak. The FERG peak, i.e. “the b-
wave implicit time” occurs at about 35-45 ms, and the major
positive peak of FVEP, at about 120 ms, when evoked by the
bright flash of 4 Hz in normal subjects. From the amplitude
measurements, the ratio of ERG and VEP amplitudes, i.e. ERG/
VEP, was obtained. The ratio is used as an index of retinal com-
ponent, relative to a post-retinal component.

Inclusion and exclusion of data. The first stage of the data analy-
sis was to read available clinical notes, examine electrophysio-
logical results on each of 4,826 patients, and classify each into
different diagnostic categories. During this process, sadly, the
data from a staggering number of patients (1,890) had to be eli-
minated. The reason for the elimination was due to either (a)
lack of clinical information, (b) “mixed condition” or (¢) “uncer-
tain diagnosis”. The “mixed condition” meant that the patient had
a number of conditions which could affect the retinal or optic
nerve functions, e.g. diabetes, heavy smoking, and the possibility

of compressive lesions. The “uncertain diagnosis” included cases
in which the diagnosis was not established or clinical and elec-
trophysiological diagnosis disagreed. The final analysis was thus
made for 2,936 patients. Of these, 88 were babies under 3 years
of age; 271 were children aged 4-14, and 2,577 were over the age
of 15.

As a control for the adults aged over 15 in this study, the data
obtained from 502 “normal” eyes were used. These consisted of
unaffected eyes of patients with contusion injury or metal sidero-
sis (n = 53), or with optic neuritis (n = 121), and eyes of patients
complaining of some neurological or visual disturbances, but all
investigations, including the ERGs and VEPs, were normal (n =
328). The mean visual acuity was 6/5.4 (excluding visual acuities
recorded from patients with clearly hysterical blindness), and the
mean age (+ SEM) of patients whose eyes were included 35.1
(+ 0.7). Similarly, the control data for the children aged 4-14
were obtained from 39 “normal” eyes of children with monocular
injury or hysterical blindness (mean age 8.3 + 0.7; visual acuity
6/5.2, excluding the acuity of “hysterical” blindness). Only three
“normal” babies under the age of 3 were examined.

The FERG/FVEP ratio may be used as a
prognostic index for babies with no visual
following

The first topic of this lecture chosen from the results of the ana-
lysis, concerns electrodiagnosis of babies. Up to the early 1970's,
the EOG and ERGs of babies were investigated under general
anaesthesia using an EOG machine built in Holland (11). The
baby's eyes were held by contact lens and were displaced along
the horizontal axis at a constant angle by an electromechanical
device to record the EOG. The same apparatus was also used for
recording the ERG by replacing the EOG contact lens to an ERG
type. We recorded many babies’ EOG and ERGs in the early 70's
in this way (12). However, the visual-evoked cortical responses
were not very successful under anaesthesia, due to the slow high
amplitude EEG o-wave, contaminating the light-evoked respons-
es. There was also the ethical question of whether or not one
should anaesthetise babies for diagnostic investigation. The de-
velopment of simultaneous recordings of ERG and VER, using
averaging techniques, simplified these problems with the record-
ings from babies.

All the babies under the age of 3 referred to us showed little or
no signs of visual following. Birth asphyxia was the highest refer-
ral condition (32 %) followed by cerebral lesion (29 %) which
included cerebral palsy, hydrocephalus, microcephalus, cephali-
tic cysts and meningitis. Severe ocular abnormalities (17 %),
including strabismus and nystagmus, were also fairly common
referral conditions, and so were prematurities with some stormy
postnatal events (12 %). Some babies were thought to have pale
discs (7 %) and one had retrolental fibroplasia. We have, in ad-
dition, seen 3 normal babies as controls.

To obtain ERGs and VEPs from the babies, we followed the ba-
by’'s eye with a bright flash and used intermittent averaging, so
that only those responses when the baby’s eye and the flash
were more or less coincidental were averaged. The analysis of
the simultaneously recorded FERGs and FVEPs obtained from 85
babies with no visual attention revealed no clear cut difference in
the ERG/VEP ratio between different referral conditions. How-
ever, all such babies produced significantly subnormal ERG and
VEPs: with the amplitudes of the VEPs being proportionately
smaller than that of the ERGs. The mean and SEM of ERG/VEP
ratios of the babies with no visual following was thus 3.8(+ 1.2),
which is very high compared to the ERG/VEP ratios obtained
from three normal babies (0.2, 0.3 and 0.5).

An encouraging result emerged however from the analysis of 12
babies on whom follow-up studies have been made: babies who
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initially showed the ratio between 0.2-1.0, even if the amplitudes
of the responses were very low, later developed good vision,
whilst those babies who showed high ERG/VEP ratio (over 4.0)
had poor visual prognosis, regardless of the response ampli-
tudes. Figure 3 illustrates this. ERGs and VEPs obtained from a
baby with good visual prognosis (Baby A) are shown in Figure
3A, whilst those from a baby with poor visual prognosis (Baby B)
in 3B. For each baby, the initial recording results were shown on
the left, and the responses recorded on follow-up studies on the
right of Figure 3.
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Fig. 3. Simultaneously recorded ERGs and VEPs evoked by bright
flash of 4 Hz (top traces in each case) and 30 Hz (bottom traces
in each case) obtained from A) a baby who showed good visual
prognosis and B) a baby who showed poor visual prognosis. Note
that the ERG/VEP ratio of the baby A is low at the initial recording
(3 montbs), and that all responses show an increase at follow-up
study (2 years), whilst the ERG/VEP of the baby B is initially (9
months) very bigh, since the VEP is very small, and that it shows
little change in the follow-up study.

SL. 3. Hkrati posneti ERG in VEP, pobujeni z bliskom 4 Hz (v vseb
primerib zgoraj) in 30 Hz (v vseb primerib spodaj) A) pri otroku z
dobro in B) pri otroku s slabo prognozo vida. Razmerje ERG/VEP
pri otroku A je pri zacetnem posnetku (3 mesece) nizko in vsi
odgovori se povecajo pri ponovnem snemanju (2 leti), medtem ko
Je razmerje ERG/VEP pri otroku B v zacetku (9 mesecev) zelo vi-
-soko, saj je VEP zelo majhen in se le malo spremeni pri ponovnem
snemanju.

The baby A was 3 months old at the initial recording. He was
born prematurely by emergency caesarian section, cord around
him and scalp/face laceration. He developed convulsions and
hypomagnesaemia. His eyes were diverged and had floppy
movements and he showed no visual attention or following
signs. His ERG/VEP ratio was 0.3 and both ERGs and VEPs fol-
lowed 30 Hz flicker (Fig. 3A left). When we saw this baby again
at age 2, he was visually retarded and general development was
delayed. His epilepsy had been controlled by phenytoin. The
amplitudes of both ERG and VEP had increased since the initial
recording, and ERG/VEP ratio was 0.6 (Fig. 3A left).

The baby B with poor visual prognosis was 9 months old at the
initial recording. He was prematurely born, and was showing no
visual following responses, although a CT scan was normal. He
also showed some pyramidal signs and was thought to have pale
discs. His development was generally delayed. In keeping with
the optic atrophy, he had good ERGs, but VEPs were minute
(Fig. 3B, left). The ERG/VEP ratio was 7.0. We followed him up

every 2 years, since the parents could not come to terms with the
prospect of their baby being blind. When last seen at age 7, he
was still grossly handicapped, had limited speech and learning
difficulties, although the parents thought that he could see the
light and his mother. The ERGs had improved, but there were
still no signs of measurable VEPs (Fig. 3B right). The reason for
the baby’s bilateral optic atrophy was never established.

Our analysis of another 10 babies on whom we made follow up
studies confirmed the observations made on the two babies
shown in Figure 3. These results suggest that the ERG/VEP ratio
in simultaneously recorded FERGs and FVEPs, regardless of the
amplitudes of the potentials, may have some prognostic value for
babies with no visual following. Of course, for electrophysiolo-
gists who use the evoked potentials as a research tool to eluci-
date development of the visual system and diagnosis of paediat-
ric diseases, there are many excellent reviews available (e.g. 13).

Assessment of rod and cone mediated
retinal functions by averaging technique

The second topic of this lecture is concerned with the problem of
how to overcome the difficulty in assessing the rod retinal func-
tion with the averaging method which, by the nature of the tech-
nique, leads to light adaptation of the eye. The PERG, PVEP and
bright FERGs and FVEPs reflect mainly cone-mediated retinal
functions. An assessment of rod functions, however, is requested
quite frequently for early diagnosis of retinitis pigmentosa, night
blindness, diabetes, sickle cell anaemia, zinc deficiency, and
more recently, melanoma associated retinopathy. The deter-
mination of the ERG dark adaptation curve and scotopic ERG
thresholds in the dark adapted eye, using a corneal ERG elec-
trode, is the most accurate method for meeting this request (9,
14).
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Fig. 4. Simultaneously recorded ERGs and VEPs evoked by dim
blue flash (1 Hz), bright white flash (4 Hz) and 5° red spot flicker
(30 Hz) obtained from A) a normal subject and B) a patient with
cutaneous melanoma. Note that the blue flash ERG and VEP are
abolished, and that the positive b-wave is absent in the bright
Sash ERG in B, which suggests that rod ON-bipolar function is se-
lectively lost in the case of cutaneous melanoma.
Sl. 4. Hkrati posneti ERG in VEP, izzvani z zasencenim modrim
bliskom (1 Hz), belim bliskom (4 Hz) in rdeco bliskavico 5° (30
Hz) pri A zdravem in B pri ¢loveku s koznim melanomom. Pri B
ERG in VEP na modro svetlobo nista izzivna, pa tudi pozitivnega
vala b v bliskovnem ERG ni, kar nakazuje, da je pri koZnem
melanomu selektivno prizadeta funkcija ON-bipolark.
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As the simultaneous recording of averaged ERG and VEPs be-
comes a popular technique, I have made an attempt to measure
rod retinal functions using the averaging method and lower lid
ERG electrodes. It appears that the use of the 1 Hz dim blue
flash, as described in “Test procedure”, meets the requirement.
The blue flash evoked rod type ERGs with b-waves with an im-
plicit time of 80 - 100 ms, and VEPs with a peak time at about
135-140 ms in normal eyes as shown in Figure 4A.

To illustrate that the blue flash may evoke a rod mediated ERG,
the ERGs and VEPs obtained from a patient with metastatic cuta-
neous melanoma are shown in Figure 4B. Patients with metasta-
tic cutaneous melanoma have been found to contain antibodies
that react with rod bipolar cells in their sera and present with
sudden onset of night blindness (15, 16). Our patient was a 60-
yvear-old male who had had a lump on the left groin for a year,
and complained of visual disturbance particularly at night. In this
patient with cutaneous melanoma, the blue flash failed to evoke
any ERGs, and the white flash produced an ERG with no b-wave,
which is generated by the rod driven ON-bipolar cells (7),
whereas the cone driven flicker ERGs were intact (Fig. 4B).

Can the blue flash and the red flicker differentiate diseases of rod
and cone mediated retinal function? To answer this, the ampli-
tudes of ERGs and VEPs evoked with the blue flash, and those
evoked with the red spot flicker, and their ERG/VEP ratios of
patients with macular degeneration, MD, and those with retinitis
Tab. 1. Subclassification of macular degeneration (MD) and

retinitis pigmentosa (RP) in adult patients.

Tab. 1. Nadaljnja razvrstitev makularne degeneracije in (MD) in
pigmentne retinopatije (RP) pri odraslib bolnikib.

MD n (eyes) age va EOG %
n (o¢i) starost  visus
4. Best's dystrophy 42 39.6 6/25 174.8 included
Bestova distrofija vkljuéeni
b.  Stargardt degeneration 22 34.0 6/24 177.8 included
Stargardtova degeneracija vkljuceni
¢, “Hereditary” degeneration 58 321 6/24 182.6 included
“Dedna” degeneracija vkljudeni
d. Isolated MD 60 36.2 6/18 1974 included
lzolirana MDD vkljuceni
e MD with EOG T 42 396 625 1748  included
MD z EOG T vkljuceni
Cone dystrophy 28 375 0/38 190.8 excluded
Distrofija ¢epnic izkljuceni
¢, Fundus flavimaculatus 36 30.5 6/20 193.2 excluded
Fundus flavimaculatus izkljuceni
h.  Senile MD 42 39.6 6/25 174.8 excluded
Senilna MD izkljuceni
L gt ned 236 364 621 2057
Skupaj vkljuceni = RS ' ’
RP
a.  Typical RP 147 36.0 6/16 133.0 included
Tipicna RP vkljuceni
h.  Unilateral affected eye 11 40.0 6/27 96.0 included
Prizadeto oko vkljuceni
¢, Unilateral unaffected eye 11 40.0 0/6 273.8 excluded
Zelravo oko izkljuceni
d. Segmental RP 13 47.1 /7 158.0 excluded
Segmentna RP izkljuceni
e, Sine pigmento 14 37.2 6/22 125.0 excluded
Sine pigmento izkljuceni
f.  Usher's syndrome 4 33.0 6/10 121.1 excluded
Usherjev sindrom izkljuceni
L (g 158 380 6/20 1145

Skupaj vkljuceni

pigmentosa, RP, were determined. Sub-classification of the pa-
tients with MD and those with RP included or excluded from the
analysis, is shown in Table 1. Table 1 also gives information on
the number of eyes, mean age and visual acuity of the patients,
together with mean EOG light rise (SEMs are not given in the ta-
ble for clarity). The mean age with its SEM ranging from 0.8 to
4.2 is comparable across groups, suggesting that comparison of
mean values of the data is justifiable. SEMs for the mean EOG
light rises of all the different diagnostic categories listed in Tables
1, 2 and 3 ranged from 3.8 to 8.6. The control eyes (described
under “Inclusion and exclusion of data”, mean age 35.1 + 0.7)
showed the mean EOG light rise of 286 (+ 4.1 %).

C. ERG/VEP O Blue Flash
Ratio O Red Flicker
1.5
1.0
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Fig. 5. Mean (+ SEM) amplitudes of simultaneously recorded
ERGs and VEPs evoked by A) dim blue flash and B) red spot flick-
er and C) their ERG/VEP ratios obtained from normal adults, pa-
tients with retinitis pigmentosa (RP) and those with macular
degeneration (MD). Note that the blue flash ERG is markedly re-
duced in RP and that the ERG/VEP ratio is higher for the blue
than for the red in MD, whilst it is lower for the blue than for the
red in RP.
SI. 5. Srednje amplitude in standardne napake srednjib vrednosti
(+ SEM) bkrati posnetib ERG in VEP, izzvanib z A zasenceno
modro svetlobo, B rdeco bliskavico in C razmerja ERG/VEP pri
normalnib odraslib osebab in pri bolnikib s pigmentno retinopa-
tijo (RP) ter makularno degeneracijo (MD). ERG, izzvan z za-
senceno modro svetlobo, je opazno zmanjsan pri RP, razmerje
ERG/VEP je vecje za modro kot za rdece pri MD, medtem ko je pri
RP to razmerje nizje za modro kot za rdece.

Figure 5 shows the mean amplitude (+ SEM) of ERGs and VEPs
evoked by A) dim blue flash and B) red spot flicker and C) ERG/
VEP ratios obtained from normal adults and patients with RPand
those with MD. In Figure 5A, a marked reduction of blue flash re-
sponse is seen in the RP, but not in the MD group. Thus the blue
flash ERG/VEP ratio of RPis 0.16 (+ 0.1), whilst that of normal
and MD are 1.4 (% 0.2) and 1.5 (+ 0.2) respectively. Figure 5B
shows that the macular cone ERG evoked by 5 © red spot flicker
is reduced in both RP and MD group, reflecting that the mean
visual acuity of the RP group is as poor (6/20) as that of the MD
group (0/21). Consequently, the red flicker ERG/VEP (Fig. 5C)
ratio for both RP and MD groups was 0.3 ( + 0.11), whilst the
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mean normal value was 0.6 (+ 0.08). Consistent with this, both
RP and MD groups showed amplitude reduction, as well as slight
delays in PVEPs. But these delays are already apparent at the
ERG stage, which indicates that the primary lesion is in the reti-
na.

The above results in adult patients suggest that the blue flash and
the red spot flicker distinguish abnormalities of rod and cone
mediated retinal function. Measurement of rod ERG and macular
cone ERG is, however, particularly important for an early diagno-
sis of hereditary retinal degeneration. Figure 6 thus plots the data
obtained from children aged between 4 and 14 in the same way
as those of adults shown in Figure 5. Table 2 lists the sub-classi-
fication of the children with MD and with RP, as well as their
mean age, visual acuity and EOG light rise.

Children normally produce proportionately larger VEPs than
adults. Figure 6 shows that the ERG/VEP ratios for the normal
eyes (n = 39) of children (aged 4 - 14) is 0.7(+ 0.1) for blue and
0.5 (+ 0.2) for red flicker stimuli. A striking difference emerged
for children with RP and MD. The children with signs of MD
showed an ERG/VEP ratio of 0.9 (+ 0.1) for blue, but only 0.7
( £ 0.05) for red (Fig. 6C), suggesting a selective loss of macular
cone function as shown by the loss of red flicker ERG (Fig. 6B).
The ERG/VEP ratio of the children with RPis, on the other hand,
0.1 (£0.05) for blue flash and 0.6 (+ 0.1) for red flicker (Fig. 6C),
indicating a selective loss of retinal rod function, as apparent by
the marked loss of blue flash ERG (Fig. 6A). Thus the simultane-
ous recording of averaged ERG and VEP, evoked by a fairly
broad band blue flash at the intensity of 2.5 log units above the
human scotopic threshold, seems to allow us to detect early ab-
normalities of rod function.
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Fig. 6. Mean (+ SEM) amplitudes of simultaneously recorded
ERGs and VEPs evoked by A) dim blue flash and B) red spot flick-
er and C) the ERG/VEP ratios of the normal children (ages 4-14
years), the children with retinitis pigmentosa (RP) and macular
degeneration (MD). Note the marked loss of the blue flash in RP
and of the red flicker ERG in MD.
SL. 6. Srednje amplitude in standardne napake srednjib vrednosti
(+ SEM) bkrati posnetib ERG in VEP, izzvanih z A zasenceno mo-
dro svetlobo, B rdeco bliskavico, in C razmerja ERG/VEP pri nor-
malnib otrocib (4-14 let), pri otrocib s pigmentno retinopatijo
(RP) in makularno degeneracijo (MD). Pri RP je izgubljen ERG
odgovor na modre, pri MD pa na rdece bliske.

An additional comment may be made upon the electrodiagnosis
of RP and MD. Both adults and children with RP or hereditary
MD have subnormal EOG light rise: the subnormality is sig-
nificantly greater for RP than for hereditary MD, and greater for -
adults than for children, as expected for the progressive heredi-
tary diseases. The observation also suggests that both MD and kP
involve an abnormality of the pigment epithelium and photore-
ceptor integrity at an early stage. However, there was a group of
patients, (54 eyes, 27 patients) who showed clinically similar MD
to others but had normal EOG light rise (296 + 7.3 %, e of MDin
Table 1). Their visual acuities were better (6/16) than the low
EOG group (6/33 with mean EOG light rise, 183.7+ 5.1 %, a,b,c
& d of MD in Table 1). In addition, the mean EOG light rise of
children with isolated MD was within normal limits (263 =
8.6 %, ¢ of MD in Table 2). These observations raise the ques-
tion as to whether macular degenerations with high EOG and
those with low EOG represent two etiologically different groups,
or the same disease at different stages of development.

Tab. 2. Subclassification of macular degeneration (MD) and
retinitis pigmentosa (RP) in children.
Tab. 2. Nadaljnja razvrstitev makularne degeneracije in (MD) in
pigmentne retinopatije (RP) pri otrocib.

MD n (eyes) age va EOG %
n (o) starost  visus
a.  Stargardt degeneration 18 11.9 6/17 180.1 included
Stargardtova degeneracija vkljudeni
b, “Hereditary” degeneration 14 10.7 6/36 178.6 included
“Dedna” degeneracija vkljuceni
¢ Isolated MD 36 9.0 6/12  236.1 | included
Izolirana MD vkljuceni
d.  Cone dystrophy 8 10.0 6/24 186.7 excluded
Distrofija Cepnic izkljuceni
Total included ; , -
Skupaj vkljuceni o8 101 6/18 223.7
RP
a. Typical RP = included
Tipi¢na RP = 8 &1 1580 e
b.  Segmental RP 2 12 /7 170 excluded
Segmentna RP izkljuceni
¢, Usher's syndrome 2 9 6/12 120 excluded
Usherjev sindrom izkljudeni

Electrodiagnosis of different categories of
primary optic nerve diseases

The last of the three topics of this lecture concerns electrodia-
gnosis of the primary optic nerve disease. The primary optic
nerve disease was the largest referral diagnostic category of adult
patients (29.1 %), followed by primary chorioretinal cases
(23.0 %) of adult patients (n = 2,936) who had been included in
the analysis. This category included optic neuritis, ischaemic and
compressive optic neuropathies and bilateral optic atrophies. Ta-
ble 3 lists the subclassification of these different categories of pri-
mary optic nerve diseases, indicating which group had been in-
cluded in the present analysis. The most common referral catego-
ry was optic neuritis, whereas ischaemic or compressive optic
neuropathies and bilateral optic atrophies were smaller in num-
bers.
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Tab. 3. Subclassification of optic neuritis (ON), compressive
(Comp. Onp.) and ischaemic (Isch. Onp.) optic neuropathy and
bilateral optic atrophies (BLOA).

Tab. 3. Nadalinja razvrstitev opticnib nevritisov (ON), kompre-
sivnib (Comp. Onp.) in ishemicnib (Isch. Onp.) opticnib nev-
ropatij in obojestranskib atrofij vidnega Zivca (BLOA)

ON n (eyes) age va EOG %
n (odi)  starost  visus
a ON with MS 460 9.8 6/8 255.0 included
ON in MS vkljuceni
b. ON only 84 322 6/15 276.6 included
Samo ON vkljuceni
e, ON with retinal vasculitis 45 34.0 6/26 240.9 excluded
ON in retinalni vaskulitis izkljuceni
Total included i ]
Skupno vkljuéeni 344 386 6/9 265.2
Comp. Onp.
a.  Comp. Onp. 50 377 6/27 277.3 included
Comp. Onp. vkljuceni
b.  Optic Nerve Meningioma 11 40.0 6/27 302.1 included
Meningiom vidnega Zivca vkljuceni
¢, Exophthalmus 48 45.6 6/21 2299 excluded
Eksoftalmus izkljuceni
d.  Glaucoma 40 58.3 6/12 254.5 excluded
Glavkom izkljudeni
Total included o
Skupaj vkljudeni 61 38.1 6/27 2818
Isch. Onp.
4. Isch. Onp. 46 44.0 6/38 239.0 included
h.  Carotid artery disease 19 59.0 6/14 185.2 excluded
Bolezen karotidne arterije izkljuceni
BLOA
a.  Leber’s atrophy 34 29.7 6/54 2459 included
Leberjeva arrofija vkljuceni
b, “Familial” atrophy 24 31.7 6/30 249.0 included
“Familiarna™ atrofija vkljuceni
. Isolated atrophy 16 31.3 6/20 290.0 included
Izolirana atrofija vkljuceni
d. West Indian 26 46.6 6/37 227.8 excluded
Zahodno indijska izkljuceni
Total included : . . ) )
74 30.7 6/39 250.4

Skupaj vkljuceni

The question was whether we could differentiate different cate-
gories of optic nerve diseases, using the simultaneous recording
of ERGs and VEPs. This was the question which, in 1978, we had
attempted to answer (17). But at that time, the ERGs and VEPs
were separately recorded: FERGs were recorded using the cor-
neal contact lens electrode (6), and PVEPs were recorded using
the method described by Halliday et al. (18).

Figure 7A compares mean amplitudes and SEM of FERGs and
FVEPs evoked by (A) bright flashes of 4 Hz, B) those of 30 Hz,
and C) PERGs and PVEPs evoked by a 44" arc square checker-
board pattern, obtained from the control eyes and from the af-
fected eyes of patients with the optic neuritis (ON), compressive
optic neuropathy (Comp.Onp.), ischaemic optic neuropathy
(Isch.Onp.) and bilateral optic atrophy (BLOA). The control data

were obtained from the same normal subjects, from whom the
data shown in Figure 5 had been obtained. The control ERG/VEP
ratios for the bright flash of 4 Hz and 30 Hz were 7.7 (x 0.1) and
2.4 (£ 0.01) respectively, and that for the pattern-reversal 0.3
(+ 0.01). Only the data for the three stimulating conditions are
shown for simplicity, and since these three conditions revealed
the effects of the optic nerve diseases most clearly. Because
60 % of optic nerve fibres arise from the retinal macular, usually
cone mediated visual functions are predominantly affected in
optic nerve diseases. Thus, highly reproducible FERGs and
FVEPs of large amplitude, evoked by bright flashes of 4-30 Hz,
as well as the PERGs and PVEPs, were found to be suitable for
assessing the optic nerve diseases.
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Fig. 7. Mean (+ SEM) amplitudes of simultaneously recorded
ERGs and VEPs evoked by A) bright flash of 4 Hz and B) bright
flash of 30 Hz and C) a checkerboard pattern-reversal obtained
from normal subjects and patients with different categories of op-
tic nerve diseases. Note that all categories of optic nerve diseases
show a loss of VEP. The loss is smallest in the optic neuritis (ON)
and greatest in bilateral optic atrophy (BLOA).
Sl. 7. Srednje amplitude in standardne napake srednjib vrednosti
(+ SEM) bkrati posnetih ERG in VEP, izzvanibh z A) bliskom 4 Hz,
B) bliskom 30 Hz in C) s sabovnico pri normalnib osebah in bol-
nikib z razlicnimi kategorijami Zivénib bolezni. Pri vseh katego-
rijab Zivénib bolezni je prizadet VEP. Prizadetost VEP je naj-
manjsa pri opticnem nevritisu (ON) in najvecja pri bilateralni
optiéni atrofiji (BLOA). Comp.Onp. - kompresivna opticna atrofi-
Jja, Isch.Onp. - ishemicna opticna atrofija.
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C. Pattern Reversal

Figure 7A shows that there is a slight reduction in the F- and
PERGs of the four categories of optic nerve diseases, but striking
reductions in the amplitudes are found for VEPs, particularly for
the 30 Hz flicker VEPs. This suggests that the temporal resolution
of the visual system is greatly reduced in the optic nerve diseas-
es. The greater loss of the VEP amplitudes compared with ERGs
is furthermore, demonstrated by the elevation of the ERG/VEP
ratios as shown in Figure 8A. The effect is greatest in the category
of BLOA and least in ON. This may be due to the axonal damage
being probably less in ONthan in other categories. A similar find-
ing was made in our early study (17).

It might be thought that compressive lesion of the optic nerve
could cause a more severe loss of optic nerve function than that
caused by ischaemia alone, since it would also lead to ischaemia.
Isch.Onp., however, seems to cause a similar if not slightly great-
er increase in the ERG/VEP ratio and visual deficit than
Comp.Onp. (Fig. 8A, Table 3).

Whilst there is no doubt that PERG and PVEPs have significant
diagnostic values, it is interesting and encouraging that the global
flash stimulation can also distinguish the optic nerve disease
from the primary retinal disorders. The FERG/FVEP ratio for the
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bright 4 Hz flash for MD and RP was 0.8 (+ 0.2) and 0.3 (£ 0.1)
respectively, whilst that for the normal eye, 1.1. The ratio of optic
nerve diseases ranged from 7.5(+ 0.1) in ONto 2.6 (+ 0.4) in
BLOA. Similarly, the bright 30 Hz flash ERG/VEP ratio for MD and
RPwas 2.4 (+0.4) and 0.6 (£ 0.07) respectively, whereas that for
optic nerve disease from 4.0 (+ 1.0) to 6.5 (+ 1.2).
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Fig. 8. A) the ERG/VEP ratios for the responses evoked by bright
flash of 4 and 30 Hz and by pattern-reversal of normal subjects
and patients with optic neuritis (ON), compressive optic neuropa-
thy (Comp.Onp.), ischaemic optic neuropathy (Isch.Onp.) and
bilateral optic atrophy (BLOA). Note that a bigher ERG/VEP ratio
implies a lower VEP amplitude relative to ERG amplitude, and
that the deviation is greatest for BLOA. B) the ERG and VEP peak
latencies of the responses evoked by a bright flash (4 Hz) and by a
high contrast pattern (4 reversal/s) of normal subjects and pa-
tients with different categories of optic nerve disease. Note that the
ERG and corresponding VEP are joined by a line so that the
length of the line may represent a retino-cortical time. The lines
Jor both F- and P-evoked responses of all categories of optic nerve
disease are longer than those of the normal subjects, those of ON
being the longest.

SL. 8. A) razmerja ERG/VEP za odgovore, izzvane z bliskom 4 in
30 Hz in sabovnico pri normalnib osebah in pri bolnikibh z
opticnim nevritisom (ON), kompresivno opticno nevropatijo
(Comp.Onp), ishemicno opticno nevropatijo (Isch.Onp.) in pri bi-
lateralni opticni atrofiji (BLOA). Visje razmerje ERG/VEP pomeni
relativno niZjo amplitudo VEP glede na ERG. Variabilnost odgo-
vorov je najvecia pri BLOA. B) Latence vrbov ERG in VEP, izzva-
nih z bliskom (4 Hz) in visoko kontrastnim slikovnim drazZljajem
(4 izmenjave/s) pri normalnib osebah in bolnikibh z raznovrstni-
mi Zivcnimi boleznimi. Latence ERG in VEP so povezane s crtami,
ki labko tako prikazujejo retino-kortikalni as. Crte tako za
bliskovno kot slikovno izzvane odgovore pri razlicnib boleznib so
daljse kot pri zdravib osebah. NajdaljSe so pri ON.

Figure 8B, compares the peak latencies of the F- and P-ERGs and
VEPs of different categories of optic nerve diseases. It appears
that the ERG timing is not affected in optic nerve diseases,
whereas all categories of optic nerve disease show delay in VEPs.
FVEP delay does not seem to distinguish between the different

diagnostic conditions, but the PVEP seems to show that the delay
is greatest in ON, followed by the BLOA group. Isch.Onp., which
showed slightly greater VEP amplitude loss than Comp.Onp. now
shows slightly less delay than Comp.Onp. VEPs do not distin-
guish between Isch.Onp. and Comp.Onp. It is interesting, that
EOG light rise is slightly subnormal in fsch.Onp., whilst normal
in all other categories of optic nerve diseases (Table 3). This may
suggest that [sch.Onp., at least in some cases, also involves
chorioretinal ischaemia.

To conclude this section, although the results are not so clear as
in the first two topics, the following may be said: 7. All categories
of the primary optic nerve diseases show an increase in F- and P-
ERG/VEP ratios. The increase is greatest in BLOA 2. All catego-
ries of primary optic nerve disease show a delay in both F- and
P-VEPs, but the delay in PVEPs is greater than that in the FVEPs,
and greatest in ON. 3. Isch.Onp. and Comp.Onp. reveal similar
ERG and VEP profiles, whilst EOG light rise is normal in
Comp.Onp., but subnormal is Isch.Onp.

Epilogue

I have described some early days of electrodiagnosis and also
conveyed my faith in the currently used non-invasive method of
simultaneous recording of F- and P-ERGs and VEPs, emphasising
the importance of using different stimulating conditions. My cho-
sen three messages from the analysis are: 1) The ERG/VEP ratio
may be useful for making visual prognosis of babies with no
visual following, 2) A 1 Hz dim blue flash and 30 Hz red spot
flicker may be used to differentiate rod and cone-mediated reti-
nal functions 3) The simultaneous recording of ERG/VEP togeth-
er with the EOG light rise data may differentiate different catego-
ries of optic nerve diseases.

Over many years [ have studied the electrical responses of neu-
rones at different stations of the visual and also pupillary path-
ways in different animals and in different animal models of di-
seases. I have also recorded ERGs from animals ranging from the
snake to the monkey. In all this basic research, we were able to
control the variables scrupulously. The recordings from patients
in which no such controls were possible gave me food for
thought for my basic research.

My final message for the future is a belief that electrophysiologi-
cal assessment of the visual pathway, regarded as a “window of
the central nervous system”, is important, since it may reveal bio-
chemical and physiological abnormalities which precede patho-
logical changes. Studies of the nervous system in situ will contin-
ue to be necessary, even if great advances are made in the mo-
lecular biological field and in our knowledge of membrane pro-
perties of isolated or cultured cells.
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ELEKTRODIAGNOSTIKA PRIMARNEGA AFERENTNEGA VIDNEGA SISTEMA. PRETEKLOST, SEDANJOST IN PRIHODNOST
Hisako Ikeda

Izvledek - Predstavijene so izkusnje klinicnega snemanja elektrookulograma (EOG) elektroretinograma (ERG) in vidnib evo-
ciranib potencialov (VEP) od leta 1968. S stevilom pacientov, napotenib na elektrodiagnosticno testiranje, ki se je povzpelo na 4826,
predstavija to delo poskus ovrednotenja najpomembnejsib podatkov. Iz meritev na osnovi so¢asnega snemanja ERG in VEP in s svetlo-
bo izzvanib sprememb v EOG so bile izbrane tri teme: prva je prikaz uporabe razmerja ERG/VEP za prognoziranje vida pri dojenckib
brez znakov vidnega zaznavanja; druga je uporaba ERG in VEP, izzvanib z modrimi (60°, 1 Hz) in rdecimi bliski (5°, 30 Hz), za
ocenjevanje delovanja palicnic in Cepnic; tretja tema je uporaba razmerij ERG/VEP in zakasnitev ERG ali VEP, kot tudi sprememb
EOG za razlikovanje raznib kategorij bolezni vidnega Zivca.

Socasno snemanje ERG in VEP z neinvazivnimi elekirodami in v razli¢nib pogojib draZenja labko da dragocene podatke o funkcio-
nalnem stanju vidnega sistema zdravega in bolnega cloveka. '

Klju¢ne besede: elektrookulogram; elektroretinogram; funkcija palicnic/Cepnic; ishemicna opticna nevropatija; kompresijska
opticna nevropatija; makularna degeneracija; opticna atrofija; opticni nevritis; retinitis pigmentosa
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VISUAL EVOKED POTENTIALS IN NEUROLOGY:
CLINICAL APPLICATIONS
IN PRE- AND POST-CHIASMAL LESIONS

VIDNI EVOCIRANI POTENCIALI V NEVROLOGI]JI:
KLINICNA UPORABNOST PRI PRE- IN POSTHIAZMALNIH OKVARAH

Klaus Lowitzsch
Department of Neurology, Acad. Hospital Ludwigshafen of University Mainz, D-6700 Ludwigshafen/Rhein, Germany

Key words: central nervous diseases; chiasmal lesions; eye disor-
ders; multiple sclerosis; optic nerve lesion

Abstract - Pattern-reversal visual evoked potentials (VEP)
are often superior to ophthalmological examination, since they
detect clinical as well as subclinical lesions of the visual path-
ways. VEP is affected by a great variety of neuroophthalmological
lesions.

While retinal and optic disc involvements usually don't delay
VEP, optical nerve and chiasmal lesions change latency and
shape of VEP.

Several central nervous system (CNS) disease processes lead to seg-
mental demyelination, which causes delays in conduction, in-
creases temporal dispersion, as well as conduction blocks, which

Introduction

Visual evoked potentials (VEP) have been introduced into clinical
medicine in the 1960s by Ciganek (1) using flash-stimulation, and
in the 1970s by Halliday (2) using contrast stimulation by pattern-
reversal. This method is often superior to ophthalmological
investigation, since it detects clinical as well as subclinical lesions
of the visual pathways. Therefore, during the past 20 years, several
syndromes have been investigated in clinical neurology including
retinal and ophthalmological diseases (Tab. 1, 2).

The fovea and the periphery of the retina differ in their neuro-
anatomic structure: centrally we find the greatest concentration
of cones, the greatest resolution and color recognition ability,
and the greatest sensitivity to contrast, but little sensitivity to
movement; the number of related ganglion cells diminishes to-
ward the periphery and so does the resolution ability. Vision is
100 % in the fovea and drops to 50 % at 2.5 degrees, 33 % at 5
degrees, and 20 % at 10 degrees from the center.

Accordingly, VEP is triggered centrally (in the fovea) primarily by
small pattern checkerboard shift. The most amplitude-effective
pattern increases in size paracentrally and eccentrically. Periph-
erally, VEP is triggered primarily by luminance. As in peripheral
nerves, there are CNS disease processes that lead to a segmental
demyelination, cause delays in conduction and increase tempo-
ral dispersion and conduction blocks. Disease processes that in-
volve neuronal or axonal degeneration affect the conduction sys-

is visualized by VEP alterations. On the other band, neuronal or
axonal degenerations are mostly demonstrated by a decrease of
VEP amplitude.

The main indication for VEP is the suspicion of a demyelinating
process somewhere along the visual pathway, particularly in the
pregenicular segment. Additional important indications are optic
disc changes, possible pressure on the optic nerve or chiasma, as
well as toxic or traumatic optic nerve lesions.

Retrogenicular processes along the visual patbway, however, are
much more difficult to capture, therefore multichannel record-
ings and balf-field stimulation bave to be additionally applied.
In some systematic disorders and berveditary diseases the pre-
genicular parts of the visual system may be affected, therefore VEP
is very important to clarify differential diagnosis.

Tab. 1. Indications for VEP in pregenicular visual pathway lesions.
Tab. 1. Indikacije za VEP pri pregenikulatnib okvarabh vidne proge.

Eye Optic disk changes (prominence inflammation,
papilledema, STP, glandular disc, atrophy)
Amblyopia, refraction abnormality
Retinal disease (+ ERG)

Oko Spremembe papile (vnetje, edem, 5TP,
grozdasta papila, atrofija)
Slepota, motnje refrakcije
Bolezni mreznice (+ ERG)

Optic nerve Optic neuritis/neuropathy

Compression injury
Ischemic injury
Toxic optic neuropathy

Opticéni Zivec Opticni nevritis/nevropatija
Kompresijska poskodba
Ishemi¢na poskodba

Toksicna optifna nevropatija

Chiasma, tract Demyelination (e.g. by MS)
Compression (neoplasms)

Opticochiasmatic arachnitis

Hiazma, proga Demielinizacija (npr. zaradi MS)
Kompresija (neoplazme)

Opti¢no-hiazmati¢ni arahnitis

Abbreviations: CNS, central nervous system; ERG, electroretinogram; MS, multiple sclerosis; ON, optic neuritis; VEP, visual evoked potential
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tem to a lesser degree. The latency of VEP may still be within
normal range, although the amplitude is clearly reduced.

Retinal diseases primarily affect the amplitude and may even a
complete disappeareance of VEP, whereas optical nerve and
chiasma involvements change the shape and latency of VEP. The
principal indication is the suspicion that there may be a demyeli-
nating process somewhere along the visual pathway, particularly
in the pregenicular segment. Even in optic disk changes, how-
ever, differential diagnostic information may be obtained. Addi-
tional important indications are possible pressure on the optic
nerve, chiasma, and optic pathway (Tab. 1).

Retrogenicular processes along the course of the Gratiolet optic
radiation and in the occipital cortical fields are much more diffi-
cult to capture, so that multichannel recordings and half or quad-
rantic visual field stimulation must be used. In some systemic dis-
orders the pregenicular parts of the visual system may be affect-
ed, which is very important in the differential diagnosis of several
diseases (Tab. 2).

Tab. 2. Indications for VEP in special groups of diseases.
Tab. 2. Indikacije za VEP pri posebnib skupinab bolezni.

Cerebral systemic diseases
Sistemske bolezni moZganov
Demyelinating diseases (MS, leukodystrophies)
Demielinizacijske bolezni (MS, levkodistrofija)
Storage diseases
Bolezni kopicenja
Neuro-lues, sarcoidosis, neuro-borreliosis
Nevrolues, sarkoidoza, nevroborelioza
Metabolic diseases
Presnovne bolezni
Inflammatory and vascular diseases
Vnetne in Zilne bolezni
Chorea, Parkinsonism
Horea, parkinsonizem
Spinal systemic diseases
Sistemske bolezni hrbtenjace
Congenital ataxias
Kongenitalne ataksije
Funicular myelosis
Funikularna mieloza
Spastic spinal paralysis
Spasti¢na spinalna paraliza
(Chronic) myelopathy
(Kroni¢na) mielopatija
Spinal muscular atrophy
Spinalna misicna atrofija
Neuropathies
Nevropatije
Genetic optic neuropathy
Dedne nevropatije vidnega Zivca
Genetic polyneuropathy
Dedne polinevropatije
Reduced levels of consciousness
Zoiena zavest
Coma
Koma
(Epilepsy)
(Epilepsija)
Psychiatric illness
Psihiatri¢ne bolezni
Cortical blindness (psychogenic)
Kortikalna slepota (psihogena)
Dementia
Demenca

Diseases of the eye

Optic disc changes. From a differential diagnostic point of view,
prominence of the optic disc may be due to inflammatory, vascu-
lar-degenerative, obstructive, or tumescent causes. We studied 62

patients with papilledema of varying severity and found normal
amplitude, latency, and shape in the contrast VEP in all cases. In
spite of considerable bulging (4 to 5 diopters), VEP remained
normal (3). Minor clinical changes occur only after an extended
period of time, or with chronic edema, when chronic increase in
pressure causes minor damage in the optic nerve fibers in the
area of the optic disc. VEP is, therefore, useful in distinguishing
between papillitis and choked disc in cases of papilledema of
unknown origin.

In glandular optic disc, VEP showed widening and reduction in
amplitude, but normal latencies representing an involvement of
neuronal elements in the parafoveal region, with consecutive
axonal degeneration (3).

Papillitis corresponds to an anterior optic nerve neuritis, and it is
less frequent than the retrobulbar neuritis. The VEP changes are
the same as those described in ON.

Pseudopapillitis is a vascular-ischemic degenerative change of
the optic disc. Morphologically, it resembles a papillitis, and it is
linked to vision loss amounting to amaurosis. In contrast to in-
flammatory papillitis, VEP changes occur only when there is con-
siderable vision loss.

Amblyopia is a loss of vision without identifiable anatomic
changes, and usually occurs in one eye as a consequence of vi-
sual deprivation during the critical period, e.g. refractive error or
strabismus during infancy. If this problem is recognized early, it
is treatable (i.e. with vision training).

The patient usually has one normal and one amblyopic eye,
which allows comparison via VEP. As a rule, the amplitude in the
amblyopic eye is reduced. The extent of the visual disturbance
can be determined by varying the size of the stimulus pattern and
by evaluating the amplitudes in VEP (4). The VEP in the ambly-
opic eye is primarily generated in the area between 3 and 6 de-
grees,

Glaucoma. Cappin and Nissim (1975) were the first to study 21
patients with visual field defects and glaucoma. VEP was abnor-
mal if the disturbed visual field quadrants were stimulated selec-
tively. In 38 eyes suffering from different glaucomatous stages (0-
2 after Aulhorn) we could demonstrate, in a combined ERG-VEP
study, a differential affection of retinal and neuronal elements
(5).

Diseases of the optic nerve

Optic neuritis. The clinical manifestations of optic neuritis (ON)
include vision and color perception loss, and primarily central
visual-defects. Parallel to loss of vision, the pattern-reversal VEP
shows a reduction in amplitude, as well as a delay due to the
conduction defect. This delay in latency remains as a permanent,
demonstrable defect even after recovery of normal vision, and
can be observed in about 95 % of isolated ON, while the shape
is maintained. Occasionally, the contour specific P1-N2- P2 com-
plex is spread out that a P3 is mistaken for a P2, or a paramacular
P135 is considered to be a delayed P100 (“Pseudodelay” - Halli-
day (6)) by comparison, the fall-out rate in strobe VEP is definite-
ly lower, at the 40 to 80 % level (7).

In a small percentage of about 5 to 10 %, the contrast VEP is
normal in spite of obvious ON in history and clinical examina-
tion. It seems that in these cases probably 50 % of the fibers
serving the macula are not affected. In some of these cases, how-
ever, a pathologic interocular difference (> 7.5 ms) can be seen.

Multiple sclerosis. The frequency of pathologic VEP findings in
large groups depends on diagnostic classification and duration of
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the disease. In our group of more than 500 patients, as well as in
a cumulative sample of 30 groups with almost 3,000 patients,
VEP was pathologic in 84 % of definite multiple sclerosis (MS),
62 % of probable MS, and 36 % of questionable MS (8).
Demonstration of optic nerve or chiasma involvement, therefore,
is important for diagnosis and follow-up. The discovery of clini-
cally asymptomatic (silent) foci is particularly important, since
proof of such spread allows a positive diagnosis in about 30 %
of suspected MS cases (7, 8, 9, 10, 11, 12). However, peripheral
visual field defects due to periphlebitis, uveitis or rather optic
neuritis, demonstrated by the computerized static perimetry
(“Octopus™), can not be shown by VEP, since VEP measures pri-
marily macular function (13).

Newrosyphilis. In secondary and tertiary lues, the optic nerve and
the chiasma are frequently involved in a type of perineuritis with
the development of papilledema. More than 50 % of the eyes
show VEP changes, even though there are no changes in the se-
ropositive latent lues (14, 8, 12).

Inflammatory diseases. In chronic meningitis with basal promi-
nence, the optic nerve and chiasma can be directly or indirectly
involved, and show VEP changes (15). In temporal arteritis, the
optic nerve can become ischemic to the point of amaurosis, so
that VEP can provide an important monitoring function (15, 16).

Compression of the optic nerve by an intraorbital mass or by an
optic glioma can lead to unilateral reduction in amplitude, mild
delays in latency, and in most cases, a definite dissociation of the
shape of VEP. These can frequently occur before any visual field
defects can be demonstrated (17, 18).

Direct or indirect trauma to the optic nerve frequently produces
a transient or permanent loss of vision, depending on the severi-
ty of the contusion. In such cases, particularly in sleeping or un-
conscious patients, the flash VEP represents a good function test
of the visual system.

Endocrine orbitopathies can also produce indirect optic nerve
compression and corresponding VEP changes (18).

The anterior ischemic optic nerve neuropathy of the elderly in-
cludes axonal damage with central and paracentral visual field
loss, but not focal demyelination. This leads to a significant re-
duction in amplitude and a broadening of VEP, without any de-
lay in latency (19). Loss of macular P100 response frequently un-
convers normal paramacular subcomponents (P135), and simu-
lates a delay in latency (20).

Toxic optic nerve neuropathy caused by chronic tobacco and al-
cohol abuse (tobacco- alcohol amblyopia), with bilateral vision,
color perception disturbances, as well as central and paracentral
scotoma (21, 22), produces a low-amplitude VEP (23). The
Myambutol amblyopia is a typical example of toxic optic neuro-
pathy. VEP can be used as a screening technique for identifica-
tion of subclinical optic nerve lesions (11, 24).

Lesions of the chiasma

Compression of the chiasma (or optic tract) by a neoplasm of the
sella, or by a craniopharygioma, usually produces bilateral VEP
changes, such as wave dissociations, decreases in amplitude, and
a delayed-onset increase in latency (25, 26, 27). By separate sti-
mulation of the nasal and temporal hemiretina, the losses of sym-
metry can be frequently demonstrated even without additional
horizontal leads. The craniopharyngioma is the most common
neoplasm at the base of the skull in childhood, and produces a

compression of the anterior visual pathway. This neoplasm can
produce changes in VEP, even before visual disturbances or vi-
sual field losses can be detected subjectively. 15' VEP ist the most
sensitive parameter, since the maculopapular bundle is apparent-
ly the first one to respond to pressure. Postoperatively, both the
vision and VEP recover, as we were able to show in children
who had craniopharyngiomata surgically removed (28).

Central visual pathway disturbances

Localized hemispheral processes

Vascular processes. Unilateral vascular processes produce VEP
asymmetry only when there are also perimetrically detectable
visual field defects. At that time, decreases in amplitude, mild
changes in shape, and later, slight delays in latency appear (29).

Neoplasms and multiple sclerosis. Neoplasms and hemispheral
foci in MS affect VEP, which depends on the localisation and ex-
tent of the perifocal edema. Most of the literature references are
anecdotal in nature (16).

“Cortical blindness”. In older persons, extensive geniculocal-
carine lesions, primarily of vascular origin, or more rarely, neo-
plasms, inflammatory processes or central demyelination result
in acute blindness. A partial basilar thrombosis, a saddle embolus
at the division of the basilar artery, or softening or bleeding in
the (left) parieto-occiptal region can also lead to cortical blind-
ness. In contrast to acute retinal or optic nerve ischemia the pu-
pillary light reflex is maintained. The VEP findings are not con-
sistent (11) and range from isolated loss of early components to
complete disappearance of all VEPs.

Diffuse cerebral processes

Vascular dementias. Diffuse vascular processes do not affect
VEP significantly, and amplitude variations remain within normal
range. In presenile dementias, Wright et al (30) found prolonged
P3 components only after strobe stimulation, but normal P2 la-
tency after pattern shift stimulation. Similar findings were report-
ed in patients with senile dementia (31). In these patients, the
P100 latencies were within normal range, whereas the later com-
ponents, N130, P165, and P220, showed mild delays.

Alzheimer dementia. In most studies, the flash VEP shows abnor-
malities first, especially with prolongation of the later compo-
nents N130, P165, N220, while the pattern-VEP remains normal
for a long time. (16).

Parkinson’s disease. The latency delays observed in patients with
Parkinson’s disease regress under L-dopa therapy (32). It is as-
sumed that the dopaminergic cells in the inner plexiform layers
of the retina are affected by the disease process, but respond to
L-dopa therapy (33). It seems, therefore, that at least a part of the
visual evoked potentials delays and interocular differences have
a retinal origin (34).

Huntington's chorea. Ellenberger et al (35) found decreased am-
plitudes without latency delay in 17 of 18 patients (strobe stimu-
lation), other groups found the same responses following televi-
sion pattern shift stimulation (36, 37). Our studies also showed
the predominance of amplitude reduction. It is possible that VEP
may be useful in identification of family members at risk (38).

Migraine. The findings following strobe stimulation on patients
with migraine are not consistent. Gastaut and Regis (39) found
no appreciable changes, whereas others found some variations
in individual components, or amplitude changes in classic mi-
graine patients, even in migraine-free periods (40, 41).
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Epilepsy. Particularly in the light-sensitive forms of epilepsy, in-
creased amplitude of one or more components were found (39,
42, 11). Kooi and Marshall (43) identified a surface-positive wave
of 80 to 100 ms, and a negative wave of 100 to 120 ms, which
demonstrated increases in amplitude.

Systemic illness. Neurologic and medical systemic illness can af-
fect the optic nerve, so that VEP can be used as a screening tech-
nique. Some examples shall be presented.

Sarcoidosis. Sarcoidosis is a generalized granulomatous disease
that involves multiple systems and leads to visual and neurologic
symptoms in 50 % of all cases. (44). The optic nerve can be in-
volved as papilledema, papillitis, retrobulbar neuritis, or as optic
nerve atrophy. Primary ocular manifestations (e.g. uveitis, glau-
coma, keratoconjunctivitis) are seen in more that 75 % of the
cases (45). In a group of 50 sarcoid patients, Streletz et al. (46)
found latency and amplitude changes in 30 %. More recently,
other researchers found the changes in 40 % of the patients they
examnied (47, 48). Using the STIR-technique (MRI), one can
visualize papilledema and uveitis (49).

Vitamin B, , deficiency and pernicious anemia. A funicular mye-
losis and a B, deficiency syndrome can produce not only poly-
neuritis, but also subclincal involvement of the visual system. In
recent publications there are many reports on delays in latency in
VEP, which largely dissappear after therapy (50, 51, 52, 53).

We were also able to show VEP delays in patients with perni-
cious anemia. The almost common finding was a symmetrical P2
delay of 2 to 4 SDs in the presence of normal ophthalmologic
findings (11).

Alcobol damage. Chronic alcoholism leads not only to a poly-
neuropathy, cerebellar ataxia, and cirrhosis of the liver, but to
optic nerve damage as well, which can be demonstrated by de-
layed VEPs (54, 55).

Hereditary diseases. Optic nerve atrophy is of great differential
diagnostic importance in hereditary degenerative diseases of the
CNS. The differentiation between MS and other inflammatory-de-
myelinating diseases is frequently difficult, particularly if the
symptoms in the chronic progressive stages of the disease are
asymmetrical.

Friedreich’s ataxia. About 60 % of the patients show reduced
amplitudes and moderate delays in latency in VEP, presumably
because of axonal damage (56, 57, 16).

Hereditary spastic paraplegias. Although after an appropriately
long observation period, the diagnosis of MS can be made in
about 20 % of the cases (31 % at autopsy) (58), VEP changes
occur more frequently (i.e. in 25 to 90 % (11)). A symmetrical
impairment with only moderate delay in latency suggests a sys-
temic disease, whereas an asymmetrical, obvious delay in latency
favors MS.

Charcot-Marie-Tooth disease. Optic nerve atrophy is a rare ac-
companiment of neural muscle atrophy, and VEP delays are rare-
ly seen. More common are reductions in amplitude and broaden-
ings of VEP (57, 59, 60).
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VIDNI EVOCIRANI POTENCIALI V NEVROLOGIJI: KLINICNA UPORABNOST PRI PRE- IN POSTHIAZMALNIH OKVARAH

Klaus Lowitzsch

Izvle¢ek -  Clanek podaja pregled klinicne uporabnosti slikounib vidnib evociranib potencialov (VEP) v nevrologiji. VEP je pogosto
obcutljivejsi v odkrivanju klinicnib in subklinicnib okvar vidnega sistema kot oftalmoloske preiskave. Nanj vpliva veliko Stevilo
nevrooftalmoloskib okvar. Medtem ko prizadetost mreZnice in opticnega diska obicajno ne poveca zakasnitve VEP, pa okvare
opticnega Zivca in hiazme spremenijo njegovo latenco in obliko. Razlicni procesi v osrednjem Zivcevju privedejo do demielinizacije, ki
upocasni prevajanje, poveca casovno disperzijo in povzroci blok prevajanja, kar se odraZa v spremembab VEP. Na drugi strani pa se
aksonska degeneracija v glavnem odraza v zmanjsani amplitudi VEP. Glavna indikacija za VEP je sum na demielinizacijski proces
vzdol? vidne poti, posebej v pregenikulatnem predelu. Nadaljnje pomembne indikacije so spremembe papil, verjeten pritisk na opticni
Fivec in hiazmo, kakor tudi toksiéne in travmatske okvare opticnega Zivca. Veliko teZje pa je odkriti retrogenikulatne procese vzdolz
vidne poti, kjer moramo uporabiti veckanalno zapisovanje in draZenje ocesa loceno v polovicab vidnega polja. Pri nekaterib sistem-
skib in dednib okvarab, kjer je labko prizadet pregenikulatni del vidnega sistema, je VEP zelo pomemben pri diferencialni diagnozi.

Klju¢ne besede: bolezni osrednjega Zivéevja; hiazmalne okvare; multipla skleroza; ocesne bolezni; okvare opticnega Zivca




wo KER SE INFEKCLIE
MED SEBOJ
RAZLIKUJEIO ...

‘,AAJ'

Amoksiklay
N  Kilimicin’ .j

’ ugeggrmggnreﬁ!}z: /
%e Abaktal ..."

pefloksacin

za ekonomiéno zdravijenje hujsih infekci], ki jih povzroéajo vetkratno
odpomni sevi bakteri]

n
kemiénih izdelkov, d.d.

SODOBNA OBLIKA, EVROPSKA KAKOVOST IN
ZAGOTOVLJEN SERVIS SO RAZLOGI,

DA POSTANETE LASTNIK
BARVNEGA TELEVIZORJA ZNAMKE GORENJE,
PROIZVAJALCA ELEKTRONIKA d.o.o.
1z Velenja, Partizanska 12

ELEKTR&%




ZDRAV VESTN 1993; 62: Suppl 1: 73-78

73

MULTIMODAL EVOKED POTENTIALS AND CENTRAL
MOTOR LATENCIES IN EVALUATION OF PATIENTS
WITH OPTIC NEURITIS

MULTIMODALNI EVOCIRANI POTENCIALI IN CENTRALNE MOTORICNE LATENCE
PRI BOLNIKIH Z OPTICNIM NEVRITISOM

. Miro Denislic
University Institute of Clinical Neurophysiology, Medical Centre, Zalogka c. 7, 61105 Ljubljana, Slovenia

Key words: central motor latencies; evoked potentials; multiple
sclerosts; optic neuritis

Abstract - Background. Optic neuritis (ON) is a frequent vi-
sual disorder in patients with multiple sclevosis (MS). After pro-
longed follow-up one third of patients with ON may develop de-
myelinating disease. The aim of our study was to evaluate clinical
silent lesions of CNS occurving in patients with ON. The finding of
silent lesions supports the possible diagnosis of MS.

Method. 15 patients with ON and 26 with possible, probable or
definite MS were included. In ON patients, evoked potentials and
transcranial cortical stimulation were performed. In the second
group, visual pathway was assessed using visual evoked potentials.

Introduction

Optic neuritis (ON) is an acute inflammatory neuropathy, de-
fined as a condition causing a relatively rapid onset of visual fail-
ure, without signs of a toxic, vascular or compressive etiology, in
cases where the local retinal lesions have been excluded (1).

Clinical features

Eye pain most commonly precedes the onset of visual symptoms,
though sometimes may occur simultaneously or subsequently.
The pain is localised in the involved eye, or spreads to the su-
praorbital region, and it is occasionally accompanied by unilate-
ral or generalised headache. The intensity of pain varies and may
cause severe disability. It is often manifested, or even aggravated,
by eve movements. Although the optic nerve is pain-insensitive,
its covering of meninges contains pain fibres of trigeminal origin
(1). The pain is produced by stretching of the meninges sur-
rounding the swollen optic nerve. Recently Lepore (2) supported
the hypothesis that the pain of the optic nerve inflammation is
caused by traction of the origins of the superior and medial recti
on the optic nerve sheath at the orbital apex. The eye pain re-
flects neither severity nor origin of the optic neuropathy. The fre-
quency of pain varies between 20 and 87 % of cases (3). Oc-
casionally, the tenderness of the eyeball is the main symptom of
ON. The severity or duration of pain does not influence the prog-

Results. In all patients with ON, delayed latencies of the wave
P100 were recorded, while acoustic brain stem evoked potentials
were abnormal in 20 %, and somatosensory in 13 % of patients.
Delayed central motor latencies were noticed in 40 % of the pa-
tients. In 9 patients (56 %) with possible or probable MS, electro-
physiological involvement of clinically unaffected eye was evalu-
ated. Delayed visual evoked responses, indicating electrophysio-
logic dysfunction of unaffected optic nerve, were found in only 3
patients (19 %) with definite MS.

Conclusions. Visual evoked potentials are a very sensitive method
in detection of optic nerve impairment, while neurophysiological
evaluation of corticospinal pathway turned out to be the most
sensitive method in discovering clinically silent lesions in CNS.

nosis of vision recovery, and it usually decreases before the vi-
sion recovery is achieved.

The vision

The most prominent visual symptom of ON is a blurred vision.
The onset of visual failure is often demonstrated as being sudden
after waking up, and progressive deterioration of vision is noted.
The maximum loss of the visual acuity is achieved in 3 to 7 days
after the onset, exceptionally, progression for more than two
weeks has been reported (3). The degree of visual acuity loss
varies from none at all to a complete loss of light perception.
Severe impairment of the visual acuity has been noted in 92 %
(4). The degree of visual impairment usually depends on the pe-
riod from the onset to the point when the patient was presented
to the doctor. Colour vision failure and abnormal contrast sensi-
tivity are often associated with the visual acuity deficit. Immedi-
ately after the optic nerve involvement, the normal optic disc is
described in 50 % (3). Occasionally, complete loss of disc mar-
gins, sign of papillitis, or, more commonly, subsiding of disc
swelling have been described. Rarely, haemorrhages have been
reported (5). Vascular abnormalities and/or exudation of cells
into the media were reported in about 25 % of patients with ON.
Fluorescein leakage, perivenous sheathing, cells in the vitreous

Abbreviations: ADM, abductor digiti minimi; BAEP, brainstem auditory evoked potential: CML, central motor latency; CNS, central nervous system; CSF, cevebrospinal flu-
il MEP, motor evoked potential: MRI, magnetic resonance imaging; MS, nudtiple sclevosis; ON, optic newritis; SSEPs, somatosensory evoked potentials; TA, tibialis anterior;

VEP, visual evoked potential
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and the anterior chamber were described (6). After attacks of
ON, pallor of the disc develops. The ON recurrence rate of 10 %
within one year has been reported (1, 7). The probability of re-
covering normal vision decreases with each recurrence (5, 8).
Shortly after recovery of ON, or preceding the attack, brief flash-
es of light produced by eye movements, either in a dark room or
with the eyes closed, may occur (movement phosphenes). Phos-
phenes usually persist for approximately six weeks, a period si-
milar to other transient symptoms of multiple sclerosis (9).

The visual field abnormality is a common feature of ON, whereas
permanent field deficit persists rarely (10). Central scotomas
were observed in 83 %, while bitemporal hemianopia or altitudi-
nal defects occurred rarely - 6.6 % and 9 % (4).

After an initial attack of ON, regularly good visual acuity with a
mean interval of two months from the onset has been reported
(11). However, slow recovery of vision may continue in some
cases for up to 12 months from the onset (12). The improvement
of visual acuity has been reported in 24 % (13), 59 % (12, 14)
and 80 % (10) of the cases. This discrepancy is most likely due
to the retrospective nature of the studies. Similar results are re-
ported in recovery of contrast sensitivity and colour vision (15).
However, it is important to remember that any single test can not
sufficiently represent the complexities of vision, and that the as-
sessment of visual acuity is an inadequate indicator of recovery
in ON (13, 16). Therefore, more than a single test in evaluation of
a visual function has been recommended (10).

The pupils

In ON patients, the affected pupils are often moderately en-
larged. The involvement of the afferent arc of the pupillary light
reflex has been supposed. This observation explains the Marcus
Gunn reaction, which consists of pupillary dilatation of the af-
fected eye (3). Namely, when the light torch is rapidly switched
to the involved eye, the illuminated pupil is dilating, meanwhile,
on the healthy pupil, consensual constriction is observed. It is
interesting that this phenomenon may persist even after full re-
covery of ON. Temporary blurring of vision provoked by exer-
cise has been recognised as Uhthoff’s phenomenon (3). This ef-
fect is common during the recovery stage. Similar effect has been
described during menstruation, increased environmental tempe-
rature, eating of hot meals, smoking and after taking a hot bath.
The illusion that a pendulum swinging in one plane is describing
an ellipse is reported as Pulfrich’s effect (17). The three pheno-
mena described may promote the demonstration ‘of the optic
nerve involvement.

Optic neuritis and multiple sclerosis-

ON is a common presenting feature of multiple sclerosis (MS).
Relationship between ON and MS is still obscure. Involvement of
the optic nerve may be an initial manifestation of MS, but recur-
rent episodes of ON may influence the risk of the development
of MS (18). The incidence of MS after ON varies from 13 % to 85
% in American and European studies (18-21) and from 10 % to
27 % in Japanese studies (4). After a prolonged follow-up study
(11.6 years), 57 % of the patients with ON developed signs of the
demyelinating disease. On the life table method of analysis, the
probability of developing MS reached 75 %, 15 years after the
initial attack of ON (18). MS is most likely to develop within the
first 5 years after ON. Several different factors promote and influ-
ence the outcome in patients with ON. The role of age, sex, cere-
brospinal fluid (CSF) changes (22. 23), and HLA system (1, 22-
24) has been discussed. Simultaneous bilateral ON has lower risk
of MS than the sequential occurrence, but obviously decreases
incidence in childhood (1).

ON causes abnormal responses in visual evoked potentials
(VEPs) recording. After ON, almost all patients have a delayed re-
sponse, which could be one of the first symptoms of MS, but

parallel to optic nerve lesion, several lesions may develop in
various parts of the central nervous system (CNS). In clinical
praxis, several neurophysiological methods have been deve-
loped to demonstrate silent lesions in CNS, and to confirm the
presence of demyelination. They are non-invasive, not (oo ex-
pensive and provide very important specific information (25).

Patients and methods

Our study examined 15 patients, 12 females and 3 males, mean
age 29 years (range 20-37 years), with definite idiopathic ON ac-
cording to the accepted diagnostic criteria (1, 27), and 26 pa-
tients, 18 females and 8 males, mean age 35 years (range 18-52
years), classified as having possible or probable MS according to
McAlpine's criteria (27). They were complaining of relatively
rapid visual loss, and none of them had either systemic disease
or visual pathway compression. Due to the decrease of the visual
acuity, the patients were first referred to ophthalmologists. After
the diagnosis of ON, neurological assessment was started. No
neurological symptoms or signs were found on clinical examina-
tion.

Six patients experienced previous visual alteration, and their
ophthalmological examination revealed bilateral optic nerve in-
volvement.

Visual evoked potentials (VEPs), brainstem auditory evoked po-
tentials (BAEPs), and somatosensory evoked potentials (SSEPs)
were recorded 1 to 9 months after the initial attack of the ON.
Pattern-reversal VEPs with checker-board stimulation at 2 Hz
were recorded. Five recording electrodes over the occipital re-
gion, 5 cm above the inion, were used. Reference electrode was
Fz. Full- and half-field stimulation was performed (28, 29). The
P100 wave latency was analysed and compared with the values
of a control group of 24 healthy subjects with a mean age of 32
years (range 22-44 years).

BAEPs were recorded using monoaural stimulation at 5 Hz with
electrodes on the earlobes and reference on Cz. The latencies of
typical waves NI1-N5, interpeak latencies and amplitude ratio
N1 : N5 were calculated. The control group consisted of 33
healthy subjects with a mean age of 30 years. Recordings were
made by Medelec Sensor equipment.

SSEPs were obtained by submaximal electrical median nerve
stimulation at wrist, with 2 Hz. Electrodes were placed at the
Erb's point, over the C7 process, and on the scalp over the con-
tralateral parietal cortex. The analysis time was 50 ms, filters
10 Hz - 5 kHz. Waves latencies and central conduction time
(N13-N20) were recorded by Medelec-Sensor. The control group
consisted of 30 subjects, mean age 30 years.

Results of 2.5 SD above the mean normal values were considered
abnormal.

The motor cortex was stimulated using a high voltage stimulator
(Digitimer 180) with maximal intensity 750 V. Stimuli applied
were of 60-70 % of the maximal intensity. Electrodes were placed
according to previously described technique (30). Motor evoked
potentials (MEPs) during slight voluntary contraction were re-
corded from the abductor digiti minimi (ADM) on the upper
limbs and from tibialis anterior (TA) muscle on the lower limbs
(Medelec-Sensor). At least two motor responses were averaged.
By subtracting mean latency, obtained to cervical (at the C7 le-
vel) and lower thoracic region stimulation (at the Th12 level),
from the mean cortical latency, the so called central motor laten-
cy (CML) was calculated. It was measured from the stimulus arte-
fact to the onset of the response. Normal values of CMLs were
calculated in 21 volunteers (11 males and 10 females), mean age
32 years (range 23-44 years).

Motor cortex response was considered abnormal when no re-
sponse could be elicited or when the CML exceeded upper limits
of the normal range in at least one muscle.
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Results

Table 1 shows summarised personal data and results of visual,

Tab. 2. Central motor latencies of 15 patients with optic neuritis.
Tab. 2. Centralne motoricne latenice pri 15 bolnikib z opti¢nim

! nevritisom.
acoustic and somatosensory evoked potentials.
For G patients the history of previous visual acuity disorders was _ ]
evaluated. In these cases, bilateral abnormal VEPs were record- ~ Patient . ABIE _ e .
. . i number right left right left
ed. Simultaneous bilateral occurrence of the ON was diagnosed 1k
only in one patient. tevilka desno levo desno levo
In two cases (number 2 and 10), VEPs of the unaffected eye
showed delayed P100 latencies. ; :-g ;‘g :?ge :T:‘
Recorded CMLs are listed in Table 2. 3 0.0° 64 T 18.6°
4 4.4 3.4 12.0 12.0
5 5.6 6.0 16.4* 16.0°
Tab. 1. Personal data and results of multimodal evoked poten- 6 4.8 4.4 144 13.6
tials. . 7 4.6 5.3 12.4 13.4
L . , . ) 8 56 6.4 18.0 20.4*
Tab. 1. Klini¢ni podatki in vrednosti multimodalnib evociranib 9 46 44 13.0 114
potencialov. 10 6.4 5.4 17.8* 16.4°*
11 5.0 5.2 10.9 11.2
12 5.2 8.8* 11.6 11.6
Patient Sex Age at ON VEP BAEP SSEP 13 5.6 4.4 11.6 11.2
Bolnik Spol Starost* 14 6.8° 4.8 9.8 10.6
15 6.4 58 12.3 11.9
1 D.A, m 37 A N N
2 B.D. f 25 A N N ADM, abductor digiti minimi; TA, tibialis anterior
3 JM. m 26 A N N * abnormal recording; %e, equivocal;
4 M.D f 37 A N N Upper normal limit for ADM is 6.5 ms and for TA 15.4 ms.
5 J -K-_ f 35 A A '\ *, patoloski zapis; ‘e, mefno patoloski zapis
6 RT. f 26 A N o Zgornja meja normale za ADM fe 6,5 ms in za TA 15,4 ms
7 R.Z. f 35 A N N :
8 KA. f 34 A N N
9 S.M. f 20 A N N . . )
10 7L f 30 A N A Motor evoked responses after cortical, cervical and lower thora-
11 K.V. f 35 A N N cic cord stimulation are presented in Figure 1. In the last traces,
12 KJ. m 34 A N N M-waves after the ulnar nerve stimulation at wrist and the pero-
;j EJT ' ; gg i : : neal nerve stimulation at the capitulum fibulae were recorded.
15 MB. f 30 A A N Scattering of CMLs in normal subjects and in patients is presented

[ female; m, male: A, abnormal: N, normal; ON, optic neuritis; VEP, visual evoked
potential; BAEP, brain stem auditory evoked potential: SSEP, somatosensory evoked
potential

[ Zenska; m, moski; A, patolosko; N, normalno; *, starost bolnika ob diagnozi
opticnega nevritisa; VEP, vidni evocirani potenciali; BAEP, akusticni potenciali
mozganskega debla; SSEP, somatosenzoricni evocirani potenciali

in Figure 2.

Seeking for clinically silent demyelinating lesions in the CNS,
BAEP showed abnormalities in 3 patients (20 %), while SSEP
was altered in two cases (13 %).

Among 16 patients with probable and possible MS, 14 patients
did not report the history of ON. Despite the neglect of optic

A B
CML - right ADM CML - left TA
—
i s | l 117111
J I ‘ 4
imv ] ¥ 5 smv I
28 360 | ]
A | & ! : _
€ i ) i Thiz Tho . I -/\ ; |
om 7 _— =%} [emv
sT” pC? /\\ Sk ' g"? —:11’ g T
+—FTh2 [ 146 | \L~] f _—_ - M:ﬂf
L 43 4 o 4
- l\ - | T
I \ T ] \; [ IN _—-‘
5mv \t[ | ' ]
JM. 1610087 s, | JM. 161087 L _&5__ | H

CML ADM upper normal limit 6.6 ms

CML TA upper normal limit 15.5 ms

Fig. 1. Motor evoked responses in J. M. with optic neuritis. Traces were recorded from the abductor digiti minimi (4) and tibialis ante-
rior muscles (B). Calculated central motor latencies are 9.0 ms and 18.6 ms respectively. (upper trace - cortical stimulation; middle
trace - cervical (thoracic) stimulation of spinal cord; lower trace - M-wave).

Sl 1. Motoriéni evocirani odzivi pri bolniku J. M. z opticnim nevritisom. Odzive smo odvajali z misic abductor digiti minimi (A) in
tibialis anterior (B). Izracunana centralna motoricna latenca je 9,0 ms oziroma 18,6 ms. (zgornji zapis - draZenje skorje; srednji
zapis - draZenje v vratnem (prsnem) delu brbtenjace; spodnji zapis - val M),
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nerve involvement in 5 patients (31 %), the delay of P100 wave
was detected (Tab. 3). Meanwhile, 10 patients with definite MS
(33 %), without history of ON, had abnormal latency of P100
wave, In patients with known history of ON the latencies of P100
wave were significantly delayed.

upper normal limit

+HHE 4+

5 H

~ADM TA
(n=30) (n=30)

Fig. 2. Scattering of CMLs in the group of bealthy subjects and in
patients.

SL. 2. Razsoj centralnib motoricnib latenc pri zdravib preiskovan-
cib in bolnikib.

Tab. 3. VEPs in MS patients with and without optic neuritis.
Tab. 3. VEP pri bolnikib z MS in opticnim nevritisom ali brez njega.

Multiple With ON Without ON

sclerosis z ON brez ON

Multipla Delayed Normal Delayed Normal Total

skleroza Zakasnjen  Normalen  Zakasnjen  Normalen Skupaj
P100 P100 P100 P100 N

Possible

MoZna 2 0 5 9 16

Probable

Verjetna

Definite 6 1] 3 1 10

Zanesljiva

Discussion

Clinical neurological assessment of our patients revealed no ab-
normalities.

VEPs were abnormal in all cases. It is interesting that we ob-
tained positive history of a previous alteration of the visual acuity
of the other eye in 6 patients (40 %). All these patients showed
bilaterally delayed VEPs. In two cases (13 %), clinically silent in-
volvement of the optic nerve was observed. Only in one patient
(7 %), simultaneous bilateral affection was noted. It seems that
VEPs are the test of choice in detecting the optic nerve dysfunc-
tion. Additionally, central and peripheral half-field stimulation is
recommended for a more reliable identification of macularly and
paramacularly derived components (31).

In the group of possible and probable MS, clinically silent optic
nerve lesion was detected in 31 % of patients (32). All patients
with positive history of ON showed abnormal values of P100
wave latencies, which indicates that VEPs are highly sensitive in
evaluation of optic nerve involvement. However, the previous
study revealed normal VEP latency after ON in only 10-15 %
(33). The modern technique of magnetic resonance imaging
(MRI), including the contrast injection of gadolinium, provides
more reliable means for discovering acute optic nerve lesions.
Leakage of gadolinium across the blood-optic nerve barrier was
described as consistent finding in the acute optic nerve lesion.
This abnormal finding was associated with abnormal visual acu-
ity and colour vision, retroocular pain, an afferent pupillary de-
fect (Marcus Gunn phenomenon), and reduced amplitude of the

P100 component of VEP. The leakage of gadolinium reflects in-
flammation which plays important role in the conduction block
and clinical deficit (34). It seems that gadolinium enhanced le-
sions in the patient’s CNS represent acute MS plaques, while le-
sions without enhancement may signify the process which began
long ago and will probably lead to development of MS (35).
BAEPs provide very useful information about the brainstem audi-
tory pathway, and are in this respect close to MRI. In some stu-
dies, BAEP recordings revealed even greater sensitivity (44 %)
than MRI (39 %). BAEPs were abnormal in 21 % of patients
without clinical signs of the brainstem lesion (36, 37). Clinically
silent lesions were demonstrated in 5 % to 15 % of patients (28,
39). In our study 20 % of patients showed abnormal BAEPs.
Our findings obtained by SSEP recordings after median nerve
stimulation (13 %) correspond well to published results which
showed detection of clinically silent lesions in 12-13 % of pa-
tients (38, 40). Stimulation of the peroneal or tibial nerves, on the
other hand, was found to be less successful (41).

However, calculating CMLs after electrical motor cortex stimula-
tion, at least one CML was abnormal in 6 patients (40 %) and in
one (7 %) the recording was equivocal. Abnormal were mainly
the CMLs from the TA muscles, while those from the ADM were
abnormal less frequently, only in 2 cases (number 12 and 14).
Transcranial electrical motor cortex stimulation was well tolerat-
ed by all patients. However, they were often complaining be-
cause of the long evoked potential procedures. Definite motor
responses were recorded and CMLs could be calculated in all
cases. Higher sensitivity was obtained in recordings from the leg
muscles, presumably due to anatomically longer corticomotor
pathway. The increase of CML is most probably due to slowing
of the conduction of the largest diameter fibres of the pyramidal
tract (42). Prolonged CML was the most prominent feature re-
corded in MS, while in patients with a motor neuron disease
motor responses in limb muscles are often absent (42-44). This
finding is in agreement with reports in the literature. Close corre-
lation of CMLs in leg muscles with signs of an upper motor neu-
ron disturbance was described, while, in the upper limb muscles,
higher proportion of subclinical silent lesions was detected (44).
CMLs were measured particularly in cases of definite and proba-
ble MS, providing a useful parameter to assess the fast corticospi-
nal fibres. Therefore, motor cortex stimulation permitted selec-
tive and direct assessment of the corticospinal tract (45). Thresh-
old of stimulation tends to increase in degenerative and demyeli-
nating disorders, and for this reason they require higher stimulus
intensity. Transcutaneous magnetic stimulation of the motor cor-
tex, which produces depolarisation of pyramidal cells by mag-
netic field, is more comfortable, painfree and preferred in clinical
praxis. Comparison of these two methods is difficult due to stim-
ulation of different neural structures (43, 46).

MRI is a very sensitive technique in detecting demyelinating le-
sions in CNS. Seeking for demyelinating lesions in CNS, MRI re-
veals abnormalities in ON in a much higher proportion than
MEPs or CML measurements (47, 48). The last studies reflect fre-
quency of silent lesion in CNS, confirmed by MRI, lower than in
previous reports, but still high - 44 to 48 % (49, 50). The conver-
sion rate of ON to definite MS varies between 35 % to 38 % after
follow-up of more than 12 years (50, 51). However, MEPs and
CMLs are very useful neurophysiological parameters in evalua-
tion of the patients with ON. These methods are available in
many laboratories, and provide an easy way to demonstrate the
disturbance of the long motor and sensory pathways in CNS. It
has to be stressed that the diagnosis of MS is still clinical, and that
the subject with MRI-confirmed demyelinating lesion in CNS is
not destined to develop MS (52). It is quite possible that in the
majority of ON patients with positive MRI findings, the brain le-
sion will always remain clinically silent and never produce symp-
toms of demyelinating disease (49). Measurement of CML has ap-
parent advantage to MEPs in detecting demyelinating lesions.
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Motor cortex stimulation was confirmed to be the most sensitive
neurophysiological method in discovering corticomotoneuron
dysfunction. Finally, diagnosis of MS is still clinical and depends
on the demonstration of multiple demyelinating lesions in CNS.
Since not every patient with ON develops MS, it is important to
rule out the lesions outside the optic pathway.

CMLs and MEPs provide an early relevant diagnosis of the demy-
elinating disease, evaluating a silent paraclinical lesion (53). In
spite of higher sensitivity of MRI, neurophysiological assessment
indicating functional disorder in CNS plays an important role in
evaluation of the patients with ON.
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MULTIMODALNI EVOCIRANI POTENCIALI IN CENTRALNE MOTORICNE LATENCE PRI BOLNIKIH Z OPTICNIM NEVRITISOM

Miro Denislic¢

Izvlecek - Izhodisc¢a. Bolniki z multiplo sklerozo (MS) v poteku bolezni zelo pogosto prebolijo opticni nevritis (ON). Raziskave so
pokazale, da priblizno tretjina bolnikov z ON kasneje zboli za multiplo sklerozo. Namen nase Studije je bil odkrivanje klinicno tibib .
okvar v osrednjem Zivcevju pri bolnikib z optiénim nevritisom. Ugotovljene tibe lezife namrec dokaj zanesljivo napovedujejo, da bo
bolnik zbolel za MS.

Metode. V raziskavo smo vkljucili 15 bolnikov z ON in 26 z mozno, verjetno oz. zanesljivo obliko MS. Pri skupini bolnikov z ON smo
opravili preiskavo evociranib potencialov in elektricno draZenje motoricne skorje. Pri drugi skupini bolnikov smo z vidnimi evocira-
nimi potenciali ocenili delovanje vidne poti.

Rezultati. Pri vseb bolnikib z ON smo ugotovili abnormno podaljSane latence vala P100, akusticni evocirani potenciali so bili ab-
normni pri 20 % bolnikov, somatosenzoricni pa pri 13 %. Podaljsanje centralne motoricne latence smo izmerili pri 40 % bolnikov z
ON. Pri devetih bolnikib (56 %) z moZno oz. verjetno obliko MS smo ugotovili elektrofiziolosko prizadetost klinicno zdravega vidnega
Zivca. Zakasnjene vidne odzive, ki so pokazali elektrofiziolosko prizadetost klinicno zdravega ocesa, smo nasli le pri treb bolnikih
(19 %) z zanesljivo obliko MS.

Sklepi. Vidni evocirani potenciali so izredno obcutljiv kazalnik okvare vidnega Zivca, pri odkrivanju tibib okvar osrednjega Zivcevja
pa se je pokazala kot najobcutljivejsa metoda nevrofizioloska preiskava kortikospinalne proge.

Klju¢ne besede: centralne motoricne latence; evocirani potenciali; multipla skleroza; opticni nevritis
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THE ELECTROOCULOGRAM, ELECTRORETINOGRAM
AND PATTERN-REVERSAL VISUAL EVOKED POTENTIALS
IN JUVENILE X-LINKED RETINOSCHISIS

A MODEL FOR CURRENT DEVELOPMENT IN CLINICAL VISUAL ELECTRODIAGNOSIS

ELEKTROOKULOGRAM, ELEKTRORETINOGRAM IN VIDNI EVOCIRANI POTENCIALI
PRI JUVENILNI, NA KROMOSOM X VEZANI RETINOSHIZI
MODEL ZA RAZVOJ KLINICNE ELEKTRODIAGNOSTIKE BOLEZNI VIDA

Demetrios Papakostopoulos, Robert M. L. Doran, Nicola K. Ragge

Electrodiagnostic Department, Bristol Eye Hospital, Lower Maudlin Street, Bristol BS1 2LX, Great Britain

Key words: electrooculogram; electroretinogram; visual evoked
potentials; X-linked retinoschisis

Abstract - The purpose of this investigation was to establish
the electrophysiological profile of juvenile X-linked retinoschisis
and to investigate the latency of pattern-reversal visual evoked
potentials in this condition. Eight patients with juvenile X-linked
retinoschisis were examined with a battery of visual electrodia-
gnostic tests including electrooculogram (EOG), electroreti-

Introduction

X-linked retinoschisis is a rare inherited degenerative disease of
the neuroretina which presents in boys during the first decade (1,
2, 3). The condition is slowly progressive and may lead to signi-
ficant visual disability in later life. Occasional complications,
such as vitreous haemorrhage, may cause more severe visual loss
at an earlier stage.

The predominant clinical features of the condition include large
retinal cysts, abnormal retinal pigmentation, vitreous veils, and
microcystic degeneration of the retina within the fovea. The dia-
gnosis may be made on ophthalmic examination, if the charac-
teristic foveal changes are seen.

Electrophysiological tests are useful in confirmation of the dia-
gnosis, together with the finding of a consistent X-linked pedigree.
The typical electrodiagnostic features are a decrease or absence
of the “b” wave of the electroretinogram (ERG), while the “a”
wave and the electrooculogram (EOG) remain normal (4, 5).
These ERG findings have been obtained by using corneal elec-
trodes, which involves superficial ocular anaesthesia and usually
uniocular examination. We have previously reported that stand-
ardised ERG recordings are obtainable with skin electrodes in
central serous retinopathy, cone dystrophy, multiple sclerosis
and retinitis pigmentosa (6, 7, 8). Skin electrodes have the advan-
tage that they allow bilateral simultaneous ERGs and pattern-
reversal visual evoked potentials (PVEP) to be obtained at the
same session. Using these techniques, abnormal latencies in
PVEPs have been demonstrated in the above mentioned condi-
tions.

The pathology of X-linked retinoschisis principally consists of
cleavage and cyst formation within the inner plexiform and gan-

nogram (ERG) to white and blue flashes of light, and pattern-re-
versal visual evoked potentials (PVEP). Skin electrodes were used
Sor all recordings. The EOG light/dark ratio and the “a” wave of
the ERG were within, or close to the normal range, but the “b”
wave of the ERG to white and blue flashes of light was absent from
all patients. The PVEPs were abnormally delayed in all cases. This
should be attributed to intraretinal disturbance of visual infor-
mation processing, and be considered as another electrophysio-
logical index of the disease.

glion cell layers of the retina (9, 10, 11). This generated the hy-
pothesis that increase in PVEP latency might also be observed in
this retinal condition. We report our results of combined testing
of ERG, EOG and PVEP, obtained using skin electrodes through-
out, in eight patients with clinical signs and genealogical evi-
dence of X-linked retinoschisis.

Materials and methods

Case reports

Cases 1 and 2. Brothers M.E. and R.E.

1. M.E. d.o.b. 23.02.1971. This boy presented at the age of 3
years with an intermittent left convergent squint, which his
mother had noticed at the age of 9 months. Visual acuities were
R. eye 6/12 and L. eye 6/12 (Sheridan-Gardiner) with normal fun-
doscopy. Three maternal male relatives were reported as having
reduced vision due to progressive retinal disease. The diagnosis
in this case was made at the age of 10 years, when he presented
with a vitreous haemorrhage in the right eye, and it was also no-
ticed that macular stippling and an inferior retinoschisis were
present in the left eye. Further vitreous haemorrhage occurred
the following year in the right eye and eventually cleared leaving
visual acuities of R. eye 6/24, and L. eye 6/18. Electrophysiologi-
cal tests were performed on 31.03.1981 and 28.10.1987.

2. RE dob. 16.03.1974. Case 2 presented at the age of 6 years,
having been referred to the optician with decreased visual acui-
ties on the school eye test. On examination, corrected Snellen
visual acuity was R. eye 6/12 and L. eye 6/12 with +1.00 D

Abbreviations: FOG, electrooculopram; FRG, electroretinogram; PVEP, pattern-reversal visual evoked potential: VEP, visual evoked potential
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spheres. The only ocular abnormality observed was pigmentary
stippling in each macula. Visual acuities remained constant up to
1985, when, on further examination, microcystic changes at the
maculae were noted. Minimal peripheral retinal changes of
“white without pressure” were also seen. Electrophysiological
tests were carried out on 31.03.1981 and 28.10.1987.

Cases 3 and 4. Brothers S.S. and P.S.

3. 88 do.b. 23.09.1978. Case 3 presented at the age of 7 1/2
years with poor visual acuities noted by the optician, who had
prescribed glasses for mild myopia at the age of 5 years. Four
maternal male relatives were registered with visual disability, one
of whom has been independently diagnosed as having X-linked
retinoschisis.

Examination of case 3 showed Snellen visual acuity of 6/18 in
each eye. The fundi showed some retinal hypopigmentation and
clumps of pigmentation in the midperiphery. By the age of 9
years, his visual acuity had decreased to 6/24 in each eye, and he
demonstrated fine foveal schises and extensive bullous schises in
the inferior periphery of both eyes. Electrophysiological testing
was carried out on 24.02.1988. One month later he developed a
left vitreous haemorrhage.

4. P.S. d.ob. 14.02.1981. Case 4 presented at the age of 3 1/2
years with visual acuity on Sheridan-Gardiner of R. eye 6/36 and
L. eye 6/60, but no obvious fundal abnormality was detected. By
the age of 6 years, the visual acuities were R. eye 6/24 and L. eye
6/24, wearing R. eye -1.50 D cyl x 90, L. eye -2.50 DS/+1.50 D cyl
x 90. Fine foveal cysts and large anterior vitreous floaters were
present bilaterally, with a large peripheral cyst present inferiorly
in the right retina. Both eyes also showed posterior embryotoxon
and situs inversus of the optic discs. Electrophysiological tests
were carried out on 24.02.1988.

Cases 5 and 6. Brothers P.T. and S.T.

5. P.T dob. 13.02.1965. Case 5 presented at the age of 12 years
with an extensive inferior and temporal retinal detachment of the
right eye, following a trivial injury with a cricket ball 3 months
previously. Vision in the left eye had been defective since the
age of 5 years, and was thought to be amblyopic. A maternal
uncle with a “retinal condition” died in a home for the blind. On
examination, visual acuities were R. eye 6/60 and L. eye 6/24.
Vitreous condensations were seen in the left fundus at the time.
Two years later, the right retina became completely detached,
and further surgery was unsuccessful. Electrophysiological test-
ing was carried out on 23.12.1977.

6. 5.T. d.o.b. 16.11.1966. Case 6 was referred by his mother at
the age of 11 years because of progressive visual loss. He had
Snellen visual acuity of R. eye 6/60, and L. eye 6/18 with glasses.
Fundal examination showed slightly pale R. optic disc with situs
inversus, normal L. optic disc, bilateral vitreous floaters, and ex-
tensive peripheral retinal degeneration with early pigmentation
and fine cystic change at the maculae. Electrophysiological test-
ing was carried out on 23.12.1977.

7.H.S. d.ob. 20.06.1951. Case 7 presented at the age of 6 years
with a right retinal detachment treated with scleral resection.
Snellen visual acuities at presentation were R. eye 6/36 and L.
eye 0/36. His maternal grandfather lives in a home for the blind.
Further shallow retinal detachment occurred in the R. eye at the
age of 19 years. Fine chronic macular oedema, disc pallor, vitre-
ous fibrosis (extensive in the right and minimal in the left eye)
were all noted at follow-up a the age of 27 years. Electrophysio-
logical testing was carried out on 05.05.1987.

8. P.B.d.o.b. 09.02.1943. Case 8 presented to the opticians at the
age of 7 years with difficulty reading the blackboard at school,
and was prescribed glasses. Gradual deterioration in visual acuity

occurred, and by the age of 42 years his Snellen visual acuities
were R. eye 6/12 and L. eye 6/12. Fundal appearances showed
discrete macular changes with some sub-retinal pigment distur-
bance. A maternal uncle and maternal second cousin (male) both
have severe visual problems. Electrophysiological testing was
carried out on 12.05.1987.

Electrophysiological methods
The procedure followed and the values obtained from normal
control subjects have been previously reported in detail (8).

The electrooculogram. For recording the EOG, the time constant
was 5 seconds, and the upper frequency response 100 Hz (-3 dB).
The ratio of the maximum EOG value, called the light peak (Lp),
after exposure to intense illumination (3000 cds/m?), and the
lowest EOG value after 10 minutes in darkness, called the dark
trough (D), multiplied by 100 (Lp/Dt x 100), were calculated for
each eye separately for eye movements of 30° (12).

The electroretinogram. The ERG was recorded from 5 silver/sil-
ver chloride electrodes, attached periorbitally with collodion.
Two electrodes, one for each eye, were placed infraorbitally.
Another two electrodes were attached to each external canthus,
and one electrode to the bridge of the nose. The amplitude was
such that a 100 puV signal was recorded as a 1 cm pen deflection.
The time constant was 0.3 seconds, and the upper frequency re-
sponse 2000 Hz (-3 dB). Flashes at 1/second were delivered with
an SLE stroboscope lamp, set at intensity 4, and positioned
25 ¢m in front of the subject. '

Averages of the electrical activity following 100 flashes were ob-
tained with a PDP-12 computer. The analysis time (epoch) was
256 ms. The activity preceding each flash for 100 ms was used as
a baseline. All channels were equalised with respect to amplitude
prior to recording by passing a 20 pV pulse through the whole
system.

Subjects were pre-adapted in room illumination for 15 minutes,
and a test trial was carried out with the room light on to provide
familiarisation with the procedure and to check the performance
of the whole system. Averaging started after the sixth flash, when
a steady pupil diameter was established.

Trials contaminated by blinking of eye movements, or any other
activity generating voltages exceeding + 160 UV, were automati-
cally rejected.

During the trial run the position of the subject’s pupils was
marked on the screen of a closed circuit television. The use of an
infrared lamp and camera also permitted the monitoring of the
pupil during darkness.

After the initial run, two averages were recorded, after the room
lights had been switched off. Then followed a period of 5 min-
utes without any light stimulation, and a further two averages
were obtained. The room lights were then switched on again,
and the procedure was repeated.

For a more sensitive examination of dark adaptation, the subject
was light-adapted for 10 minutes at a luminance of 3,000 cds/m’,
A blue filter (Wratten 47B) was positioned in front of the strobo-
scopic lamp, reducing the intensity of the flash by 2 log units.
Again, 2 averages were recorded immediately after switching off
all the lights. A period of 5 minutes rest ensued, and another 2
averages were obtained. Subsequently, 2 minute rest periods al-
ternated with the collection of 2 averages until 10 complete aver-
ages were obtained.

Pattern-reversal visual evoked potentials (PVEPs). The PVEPs
were recorded from 5 electrodes placed at O,, and 5 ¢cm and 10
cm laterally according to the 10-20 system (13). The F, electrode
acted a a reference. The checkerboard was reversed every 496
ms, and averages of 200 reversals were obtained. The reversal
time was 8 ms. The contrast was 95 %, and the luminance of the
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white squares 250 cd/m? Each square subtended 60' of visual
arc, and the whole checkerboard 25° of the visual arc. The analy-
sis time (epoch) was 256 ms.

Normal controls

Twenty-four normal subjects, ranging from 16 years to 54 years
of age acted as normal control subjects for all electrodiagnostic
procedures. In addition, nine children aged between 6 and 13
years were examined with a similar battery of tests (14). The
means of the tests performed were comparable in the adults and
children, however the variability was slightly greater in the chil-
dren. In view of this, reference to normal controls will be made
to adults only throughout.

Results

The EOG, ERG to white light and PVEP were recorded from both
eyes of our 8 patients. The ERG to blue flashes of light during a
30-minute period of dark adaptation was recorded from 6 pa-
tients. The cooperation of all patients was good throughout the
two hour recording session. The normal control data for all tests
in our laboratory are shown in Table 1.

Tab. 1. Normals.

Tab. 1. Zdrauvi.
EOG L/D ratio Mean 237 %
Razmerje EOG svetlo/temno Sr. vr.
Range 186-335 %
Obmocje
SD 36.50
ERG (white light) Mean amp. 10.00 pv
“a" wave
ERG (hela svetloba) Sr. ampl.
val “a"
Dark adaptation Range 6-20.2 pv
Prilagoditev na temo Obmodje
sD 3.40
ERG (white light) Mean amp. 27.30 pv
‘b wave
ERG (bela svetloba) Sr. ampl.
val “h”
Dark adaptation Range 12 - 40
Prilagoditev na temo Obmodije
sD 11.10
ERG (blue light) Mean amp. 30.30 pv
“b" wave
ERG (modra svetloba) Sr. ampl.
val “h”
Dark adaptation Range 20-50
Prilagoditev na temo Obmaodje
sD 9.50
PVEP Latency 100,00 ms
Latenca
Range 90-108 ms
Obmocdje
sD 4,00

The EOG values of our 8 patients can be seen in Figure 1 and in
Table 2. Five of the patients show results within one standard de-
viation (SD) of the normal mean. The other three lie within two
SD of the mean. Of the patients with the lowest EOG ratios, case
7 (142 % for the left eye and 133 % for the right eye) had re-
ceived surgical treatment to a peripheral retinal detachment in
the right eye, as well as photocoagulation to the retina of the left
eye, some sixteen years before the recordings were obtained.
Case 5 (150 % for the left eye and no EOG increase for the right)
had undergone an encirclement procedure for retinal detach-
ment in the right eye three months earlier.
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Fig. 1. Average EOG values (- - -) for left () and right (#) eyes and
their SD (- - -) from 14 normal subjects during darkness (DARK)
and exposure to light (LIGHT), normalised to lowest value (dark
trough). Maximum values during light of 8 patients are shown as *.

Sl. 1. Povprecne vrednosti EOG (Mean) za leve (L.EYE) in desne

(R.EYE) oci in standardne deviacije (- - -) pri 14 normalnib ose-

bah v temi (DARK) in na svetlem (LIGHT), normalizirane na

najnizjo vrednost. Najvecje vrednosti pri osmib bolnikib na sve-
tlobi so prikazane z zvezdicami,
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Fig. 2. Left of figure (NORMALS), superimposed averages of nor-

mal ERGSs to white light in the dark. Right, superimposed averages

of ERG of 6 patients. Note preservation of the “a” wave and extinc-
tion of the “b” wave.

SL. 2. Levo (NORMALS) superponirani povpreceni normalni ERG,
izzvani z belo svetlobo v temi. Desno, superponivani ERG pri
Sestib bolnikib. Val a je obranjen, val b pa izgine.

Figure 2 shows the recordings of the white light ERG in the dark
of normal controls on the left, and of 6 of our patients on the
right. Figures 3a and 3b show the recordings of the white light
ERG in the dark of one patient (case 1) on two occasions six
years apart. Both eyes show a normal “a” wave, while the “b”
wave is absent. The individual values for the “a” and “b” wave for
each patient are shown in Table 2. It can be seen that only two
patients (cases 7 and 8) have amplitude values outside the nor-
mal limits, and both of them have had the condition for at least
thirty years.

Figure 4 shows the results in the six patients who had blue filter
ERG recordings compared with the normal on the left of the figu-
re, where it can be seen that the “b” scotopic wave failed to de-
velop throughout the thirty minute period of dark adaptation.
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Tab. 2. Electrodiagnostic data.
Tab. 2. Elektrodiagnosti¢ni podatki.
Patient
Bolnik S.T. P.T. M.E. R.E. P.B. S.5. P.S. H.S.
R0 L2k 225.00 150.00 193.00 255.00 200.00 155.00 223.00 142.00
Razmerje EOG svetlo/temno L. oko
R. eye 190.00 150.00 157.00 244.00 200.00 173.00 214.00 133.00
D. oko
ERG (white light)
“a" wave ampl. (LV) L. eye 11.40 10.50 8.65 8.90 2.90 10.90 8.05 2.15
ERG (bela svetloba)
Amplit. vala “a” (uV) L. oko
Dark adaptation R. eye 9.40 8.50 9.50 8.90 1.90 9.90 8.75 1.90
Prilagoditev na temo D. oko
ERG (white light)
“b" wave ampl. (uV) L. eye - - ¥ - *
ERG (bela svetloba)
Amplit. vala “b" (uV) L. oko
Dark adaptation R. eye - - " _
Prilagoditev na temo D. oko
ERG (blue light)
“b" wave ampl. (uV) L. eye
ERG (modra svetloba)
Amplit, vala “b" (uV) L. oko
Dark adaptation R. eye - - - - = -
Prilagoditev na temo D. oko
PVEP L. eye 120.00 120.00 120.00 114.00 148.00 158.00 144.00 114.00
Slikovni VEP L. oko
(Latency ms) R. eye 120.00 116.00 118.00 118.00 146.00 156.00 156.00 136.00
Latenca (ms) D. oko
PVEP L. eye 5.00 5.00 12,50 20.50 8.00 9.00 13.50 1.00
Slikovni VEP L. oko
Ampl. (uV) K. eye 3.00 3.00 12.00 19.00 8.00 8.00 13.00 2.00
Amplituda (uv) D. oko

The pattern-evoked potentials to full field stimulation of each eye
of Case 1, recorded from O, and four lateral locations, on two oc-
casions 6 years apart, is shown in Figure 5a and 5b. It is well de-
veloped in amplitude, and assumes the normal spatial distribu-
tion. However, its latency is prolonged by more than three SD
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from the mean of our normal population. The PVEP following
stimulation of one eye of all patients is shown in Figure 6. The
P100 is delayed by more than 3 SD in every case as is also shown
in Table 2, where the latency and amplitude values for each eye
are presented.
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Fig. 3. Superimposed averages of ERG and flash VEP (bottom 3 traces) recorded from left (L) and right (R) eyes, nasion (N) and exter-
nal canthi (EX.C\). O, O, and O, occipital electrodes (10-20 system). 3a shows resuits of tests performed in 1981 and 3b in 1987

SL. 3. Superponirani povpreCeni ERG in bliskovni VEP (spodnji zapisi), posneti na levem (L), desnem (R) ocesu, glabeli (M) in zunanjib
ocesnih kotib (EX.C.); zatilne elektrode O,, O, in O, (sistem 10-20); 3a prikazuje rezultate testiranja v letu 1981, 3b pa leta 1987.
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Fig. 4. Left of figure (NORMALS), across subject average (n = 24)
of normal ERGs to blue flashes of light after 15 minutes of dark
adaptation. Right, superimposed averages of ERG of 5 patients.
Note the extinction of the “b” wave.
Sl. 4. Levo (NORMALS), povprecen (n = 24), normalen ERG na
modri blisk po 15 minutab adaptacije na temo. Desno, superpo-
nirani povpreceni ERG pri petib bolnikib. Vala b ni!

Discussion

The eight cases which have been presented are clear examples
of X-linked retinoschisis according to clinical and genetic criteria.
Electrophysiological findings demonstrated the typical extinction
of the “b" wave of the ERG to white light stimuli, and the preser-
vation of the EOG reaction to light. The finding of reduced “a
wave ERG amplitude in two patients (Cases 7 and 8) should be
expected in view of the long duration of the disease (5). The
noticeably reduced EOG ratios found in Cases 5 and 7 are most
probably associated with the history of retinal surgery and photo-
coagulation. Verification of “b” wave changes in the ERG is pro-
vided by the technique of using blue flashes of light during a 30-
minute period of dark adaptation.

There are no previous reports, to our knowledge, of delayed
PVEPs in juvenile retinoschisis. We have found consistent abnor-
malities in the latency of the P100 component to pattern-reversal
stimulation, without changes in its waveform or spatial distribu-
tion. We believe that this is another characteristic of the electro-
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Fig. 6. Left of figure (NORMALS), across subject average (n = 24)

of PVEP from O, location. Continuous vertical line, mean laten-

cy of the P100. Imemepfed vertical line, 3 SD from the mean.
Right, superimposed averages of PVEP of 8 patients.

Sl. 6. Levo (NORMALS), povprecen (n = 24) slikovni VEP, posnet

na mestu O, Neprekinjena navpicna cria pomeni latenco P100,

prekinjena pa 3 SD od srednje vrednosti. Desno, superponirani
slikovni VEP pri osmib bolnikib.

physiological picture in this condition. We found no correlation
between the extent of the delay in the P100 and the corrected
Snellen visual acuity in our patients. Indeed the patient with the
best visual acuity, i.e. case 8, had severe delay in the P100.
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Fig. 5. Superimposed averages of PVEP from central and lateral occipital locations after stimulation of right eye (left traces) and left eye
(right traces) from one patient in 1981 (5a) and 1987 (5b). Vertical line, mean latency of P100 in normals.

Sl. 5. Superponirani slikovni VEP, posnet na osrednjib in stranskib predelib zatilja po draZenju desnega (levi zapisi) in levega ocesa
(desni zapisi) pri bolniku leta 1981 (5a) in 1987 (5b). Navpicne crte pomenijo srednjo latenco P100 pri normalnib osebab.
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Condon et al. (11) have suggested that the abnormality in the
ERG in retinoschisis is due to a defect in the Miller cells, and in
particular cite this as an explanation of the reduced “b” wave. It
is possible that the Muller cell dysfunction may cause an abnor-
mality in transmission of visual information within the retina,
manifested as a delayed PVEP. Alternatively, the splitting and
cyst formation within the ganglion cell and axonal layers of the
retina, found in pathological examination, may explain the delay.
In either case, the cause of the delay is, therefore, intra-retinal,
which is supported by the lack of published data suggesting de-
myelination of the visual pathways in retinoschisis.

Our results suggest that skin electroretinography is a reliable di-
agnostic tool for X-linked juvenile retinoschisis, and reveal pro-
foundly delayed PVEPs as a typical feature of this condition.

Acknowledgement. The authors wish to thank Mr, J. C. Dean Hart for discussion,
and consultant colleagues from the Bristol Eye Hospital for permission to use their
patients,
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ELEKTROOKULOGRAM, ELEKTRORETINOGRAM IN VIDNI EVOCIRANI POTENCIALI PRI JUVENILNI, NA KROMOSOM X VEZANI
RETINOSHIZI. MODEL ZA RAZVO] KLINICNE ELEKTRODIAGNOSTIKE BOLEZNI VIDA

Demetrios Papakostopoulos, Robert M. L. Doran, Nicola K. Ragge

Izvlecek - Izhbodis¢a. Avtorji so Zeleli dognati, katera merila elektrofizioloskega testiranja so pomembna pri bolnikib z juvenilno,
na kromosom X vezano retinoshizo. Proucevali so tudi spremembe latence vidnib evociranib potencialov na slikovni draZljaj.

Metode. Pri osmib bolnikib (starosti 3 do 12 let) s klinicno potrjeno diagnozo juvenilne, na kromosom X vezane oblike retinoshize so
napravili naslednje elektrofizioloske teste: elekirookulogram (EOG), elektroretinogram (ERG) in vidne evocirane potenciale (VEP). ERG
so izzvali z belim in modrim bliskovnim draZenjem, za VEP pa so uporabili slikovni draZljaj na izmenjavo ¢rno-belib kvadratov. Za
odjem vseb potencialov so uporabljali koZne elektrode.

Rezultati. Pri vseb bolnikib sta bila elektrookulografsko razmerje svetloba/tema in val a ERG v mejabh normalnib vrednosti, medtem ko
vala b ni bilo mogoce izzvati ne z belim ne z modrim bliskovnim draZenjem. Latenca vala P100 VEP na slikovni draZljaj je bila pri
vseh pomembno podaljisana.

Zakljucek. Rezultati testov kaZejo, da je umestno elektrofiziolosko vrednotenje delovanja vida pri juvenilni, na kromosom X vezani
obliki retinoshize. Na nivoju mreZnice so podatki zanesljivi Ze z uporabo koZnib elektrod. Na kortikalnem nivoju pa se je pokazalo, da
so zapozneli odzivi tudi labko znacilnost te bolezni.

Kljucne besede: elektrookulogram; elektroretinogram; na kromosom X vezana retinoshiza; vidni evocirani potenciali
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VISUAL ELECTROPHYSIOLOGICAL TESTING
OF YOUNG CHILDREN

ELEKTROFIZIOLOSKO TESTIRANJE VIDA PRI OTROCIH

Anthony Kriss
Dept. Ophthalmology, Hospital for Sick Children, Great Ormond Street, London WCIN 3JH, Great Britain

Key words: children; electroretinogram; hbemisphere; optic
chiasm; retina; visual evoked potential

Abstract - Recording the skin electroretinogram (ERG) and
visual evoked potentials (VEPs) concurrently in young children is
a simple yet powerful means of assessing visual pathway function.

Introduction

Electroretinographic (ERG) testing with contact lens or other
types of corneal electrodes has a well established place in assess-
ment of retinal function in co-operative subjects (1, 2, 3). Use of
corneal electrodes in young children is more problematical and
not universally adopted, since either the child is made uncon-
scious with a sedative or general anaesthetic (and inevitably ex-
posed to some risk), or alternatively forcible restraint has to be
used almost invariably, while corneal electrodes are inserted and
flash stimuli presented.

Visual evoked potential (VEP) testing has a proven role in assess-
ment of post-retinal visual function (4). Flash stimulation is com-
monly used in paediatric visual appraisal, though it is increasing-
ly recognised that pattern testing can be successfully accom-
plished in children (5, 6, 7); with the accompanying benefit that
pattern stimulation tends to give more accurate information re-
garding the pathological process and the level at which dysfunc-
tion is occurring (4).

Many ophthalmology departments routinely record the ERG but
not the VEP, whereas many clinical neurophysiology depart-
ments do the opposite, and routinely record the VEP but not the
ERG. This article demonstrates that, in young children, there are
strong advantages in recording both the skin ERG and VEP in the
same recording session. We find that a reliable appraisal of cone
and rod function can be obtained from skin ERGs, providing
there is control and due account of physical and physiological
factors which could lead to false interpretation (8). We test under
fully darkened laboratory conditions, and first record transient
responses o pattern-reversal in order to gauge macular pathway
function. After a period of 10-15 minutes in the dark, flash stimu-
lation is performed using bright white flash, and this elicits a
mixed cone/rod ERG. If indicated, red and blue flash stimulation
can then be used to separately gauge cone and rod function re-
spectively (7, 9).

Rod and cone function can be assessed by testing under scotopic
conditions, and using dim blue and red flashes, respectively. Mo-
nocular pattern-reversal stimulation and a common reference
montage incorporating several electrodes placed across the occiput
are important procedures, which will belp identify post-retinal dys-
Sfunction localised to the chiasm or in one posterior hemisphere.

Monocular pattern-reversal stimulation gives reliable clues re-
garding the level of any post-retinal visual pathway dysfunction
(4). Transient pattern-reversal or pattern-onset testing can also
provide an estimate of visual acuity levels when a range of
checksizes is presented (10, 11). Sweeping through a range of
spatial frequencies using steady-state VEPs has been shown to be
a rapid method of gauging visual acuity in infants (12). We have
used sweep VEPs to gauge visual development in infants operat-
ed for congenital cataract (13, 14).

This article presents data from children with visual pathway dys-
function at the retinal, optic nerve, chiasmal and posterior hemi-
sphere levels, in order to highlight the advantage of combined
ERG/VEP recording in paediatric visual assessment.

Retinal disorders

Disorders affecting rod and/or cone function can be detected
using skin ERGs, but it is vital to ensure that the adopted metho-
dology is appropriate for obtaining well-defined responses. It is
essential to have scotopic conditions in order to elicit rod medi-
ated activity. A moderately bright flash (Grass PS22 photic sti-
mulator: intensity 4, 3.7 x 10° candlepower) delivered under
scotopic conditions will elicit a mixed cone/rod ERG, which, on
average, has an a-b amplitude of 25pV in subjects over
6 months of age without retinal disease (9). Red flash (peak
transmission from 670 nm) will elicit a predominantly cone me-
diated ERG, and dim blue (peak transmission 450 nm) will elicit
rod mediated responses (Grass intensity 1, 1.6 x 10* candle-
power). The skin ERG electrode should be very near the eye -
we place the active electrode centrally on the lower eyelid, about
1 cm below the rim. The reference is placed mid-frontally at Fz
(10-20 system), and this is used as a reference for VEP recordings

Abbreviations: ERG, electroretinogram; FVEP, flash visual evoked potential; PVEP, pattern-reversal visual evoked potential; VEP, visual evoked potential
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as well. Figure 1 shows flash ERG/VEP traces of a 15 week old
patient with Leber’s amaurosis, a clinical condition most usually
isolated to the eye in which there is maldevelopment of both rods
and cones. In most patients with Leber’s amaurosis, no flash ERG
or VEP activity is detectable (15). However, a minority have rudi-
mentary perception-of-light or hand-movement levels of acuity,
and will produce attenuated flash VEP activity (but not ERGs). Pa-
tients with some peroxisomal disorders affecting vision (e.g. infan-
tile Refsum’s, Zellweger's) will also produce no ERG and little or
no flash VEP activity, but will also have evidence of neurological
dysfunction, and abnormalities on biochemical testing of blood
(thus distinguishing them from Leber's amaurosis (16)).

I1 Ouv
M F.VEP

% d
bbb

NNy

0 60 120 180 240 285 mS

7TLeber's Am. 7DVM
P.D. 15 weeks

Fig. 1. Flash ERG and VEP testing in a young infant with Leber’s

amaurosis (left) and a bealthy infant of the same age (right). No

visual responses were detectable in the patient (with permission
Sfrom (9)).

Sl 1. Bliskovni ERG in VEP pri otroku z Leberjevo amavrozo

(levo) in pri enako starem zdravem otroku (desno). Pri bolniku

ne moremo izvabiti vidnib potencialov (z dovoljenjem iz ref. 9).

Figure 2 demonstrates the flash ERGs, and VEPs, from a 5-year-
old patient with Laurence-Moon-Biedel. This syndrome is mainly
characterised by obesity, kidney dysfunction, hypogonadism,
mental retardation, polydactyly, and a progressive pigmentary
retinopathy which, in infancy, is not always apparent on fundal
examination. In early childhood, the typical ERG/VEP picture is
that of non-detectable, or very attenuated, ERG activity (both rod
and cone mediated); VEP activity is well preserved, both to flash
and pattern-reversal stimulation, though the latter may be mildly
delayed to small checksizes. A similar electrodiagnostic picture is
observed in Joubert syndrome, which is characterised by cere-
bellar vermis hypoplasia, and clinically associated with infantile
tachypnea, mental retardation, and pigmentary retinopathy (17).
In congenital cone dysfunction (also called rod monochromatism
or achromatopsia), rod mediated activity, evoked by dim blue (or
green flashes) delivered under scotopic conditions, is well-pre-
served. However, cone mediated activity tested with red flash
under scotopic conditions, and with 30/second flicker, is most
commonly not detectable. Delayed flash VEPs can be recorded in
patients with cone dysfunction, However, pattern VEPs are evi-
dent in about 50 % of patients only, and are commonly very at-
tenuated and delayed (Fig. 3).

Optic nerve disorders

Combined ERG/VEP will indicate the visual pathway level and,
in some conditions, the nature of the abnormality. Pattern VEPs
are likely to be detectable when acuity is at good to moderate
levels. In these situations, visual pathway dysfunction due to de-

AB (age: Syrs)
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Fig. 2. Flash ERGs and VEP, and binocular pattern-reversal VEPs
to 25 50', 100" and 200' checks in a 5yr old patient with Lau-
rence-Moon-Biedel syndrome (left) and a control child (right).
Note that no ERG activily is detectable in the patient, but VEP
(macular) activity is relatively well preserved.

Sl. 2. Bliskovni ERG in VEP ter slikovni VEP po binokularnem

draZenju s 25, 50, 100" in 200" velikimi kvadrati pri pet let sta-

rem otroku s sindromom Laurence-Moon Briedel (levo) in pri

zdravem otroku (desno). Pri bolniku ne registriramo ERG aktiv-

nosti, medtem ko je VEP aktivnost (makularna) primerno obra-
njena.

myelination will give a VEP which is markedly delayed but has a
well-preserved waveform; whereas in the presence of compres-
sive or ischaemic abnormalities, the pattern VEP is likely to be
degraded, attenuated and mildly delayed only (4). It is important
to record VEPs to monocular stimulation, since it will help reveal
whether the disease process is affecting the optic nerve, chiasm
or posterior hemisphere. Independent testing of the lateral half-
fields will improve the test sensitivity (4, 18) but it is not likely to
be achieved easily in children under 4 years.

Congenital nystagmus almost invariably occurs when there is
poor vision, or complete blindness, due to abnormalities of the
eye or anterior visual pathway. In infancy, fundal examination of
a patient with congenital nystagmus is often normal, and the na-
ture of the disorder may not be apparent. Combined ERG/VEP
recording is particularly valuable in the investigation of these
patients, as it will suggest whether the disease process involves
the retina and/or the post-retinal visual pathway (7, 9).

A normal ERG and non-recordable VEP (flash or pattern) is indic-
ative of very severe compromise of the post-retinal pathway. Dis-
orders, such as severe optic nerve hypoplasia, and optic atrophy
secondary to compressive (e.g. chiasmal craniopharyngioma, gli-
oma, advanced osteopetrosis) or neurometabolic disease (e.g.
Tay-Sachs disease) processes, will often produce this electrodiag-
nostic picture (7, 19).

1. Optic nerve hypoplasia is not always easy to detect by oph-
thalmoscopic or imaging techniques in young children. The
fundus can appear normal, and detection of the hypoplastic
disc may be subtle and easily missed, particularly if child is
unsedated and has conspicuous nystagmus. The combined
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Fig. 3. ERGs and binocular VEPs to bright white flash, 30/sec flicker, red flash and dim blue flash in 2 siblings with rod monochroma-
tism (lower traces) and a Oyr old normal control (upper traces). Note that no ERG responses are detectable in either patient to cone
[function testing with 30/s flicker and red flash, but rod mediated activity is clearly detectable lo testing under scotopic conditions with
white and dim blue flash (with permission from (9)).
Sl. 3. ERG in binokularni VEP po svetlem, 30-sekundnem, rdecem in zatemnjenem modrem bliskovnem drazijaju pri sorodnib otrocib
z monokromatizmom palicnic (spodnji posnetki) in pri Sest let starem zdravem otroku (zgoryji posnetki). Pri bolnikib po testiranju
delovnaja cepnic s 30-sekundnim in rdecim bliskovnim draZljajem ne registriramo aktivnosti VEP, medtem ko po testiranju delovanja
palicnic pod skotopskimi pogoji z belo in zatemnjeno modro svetlobo zaznamo aktivnost VEP (z dovoljenjem iz ref. 9).

ERG/VEP picture (Fig. 4) usually shows a normal ERG (it is
larger than average in severe cases (20) and very attenuated or
no VEP activity (latency may be marginally increased, though
not in all cases).

TIC NERVE HYPOPLASIA
QELIEDB\!B!&QB 6 patients
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U
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Fig. 4. Group average responses from 6 patients with severe optic
nerve hypoplasia (left) and healthy matched controls (right). Note
that ERGs from the patients are larger than average, and neither
fash (FVEP) nor pattern-reversal (PVEP) activity is detectable.
SL 4. Poupreceni odgovori 6 bolnikov s budo bipoplazijo optic-
nega Zivea (levo) in zdravibh kontrol (desno). ERG je pri bolnikib
veci kot pri zdravib, bliskovni (FVEP) in slikovni VEP (PVEP) pa
sta pri bolnikib s hudo bipoplazijo vidnega Zivca neizzivna.

2. Infantile osteopetrosis. In this condition there is excessive
deposition of bone and narrowing of foramina affecting crani-
al nerves, most notably optic and auditory nerves. Combined
ERG/VEP recording (Fig. 5) is useful in assessing visual path-
way status in this condition. VEP can provide an early sign of
anterior visual pathway compression, and thus indicate the
urgent need for bone marrow transplant, and possibly also
optic nerve decompression, before the frank signs of optic
atrophy are apparent.

Chiasmal abnormalities

Electrophysiological detection of chiasmal anomalies is optimally
accomplished by way of independent left- and right-half field
testing of each eye (4, 18). Although VEPs to stimulation of the
two lateral half-fields tend to have opposite occipital distribu-
tions, they are not exact mirror images, since the neuro-anatomi-
cal arrangement of each hemisphere can be quite different in any
subject. Half-field testing with VEPs is not normally achieved in
young children, as it is not possible to hold their fixation for long
enough throughout the averaging period. )

Nonetheless, a marked occipital asymmetry on monocular testing
which reverses in distribution when the other eye is tested (i.e.
crossed asymmetry), is an important indicator of an anomaly in-
volving optic fibres crossing at the chiasm. The asymmetry is of
greatest significance when there is activity of opposite polarity
on each side of the occipital midline. It is important to use widely
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spaced electrodes, which are at least 4 cm away from the mid-
line, and to adopt a monopolar derivation with the reference at a
midfrontal location. Crossed asymmetry anomalies can be of two
opposite forms:

Inlantlln Osteopetrosis
15.8.91

,/\/\/\«\,w LERG

Bin F.VEP

25991

a
J\(//\/‘\‘ LERG

b
M Bin F.VEP

[0 P I
0 90 1O 270

Fig. 5. Normal mixed cone/rod ERG and flash VEP (arrowed)

Sfrom young infant with infantile osteopetrosis recorded on the 6th

week following birth (15. 8. 1991). Six weeks later (25. 9. 1991),

the ERG was still normal though no consistent flash VEP activity
was detectable.

Sl 5. ERG aktivnost cepnic/palicnic in bliskovna VEP aktivnost

(oznacena s puscico) je normalna pri dojencku z infantilno osteo-

petrozo Sest tednov po rojstou (15. 8. 1991). Sest tednov kasneje

(25. 9. 1991) je ERG aktivnost Se v mejab normale, bliskovna VEP
aktivnost pa ni izzivna.

1. Those associated with compromise of fibres crossing at the
chiasm, which is most commonly seen in children with glioma
or craniopharyngioma. In chiasmal compression, VEP chang-
es following pattern-reversal stimulation are clearer, and thus
more reliable, than those to flash stimulation. Figure 6 shows
the full-field pattern-reversal VEPs of a young boy who had
had a craniopharyngioma removed and was left with a residu-
al bitemporal visual field defect. Note that binocular testing is
not revealing, but monocular testing shows a clear crossed
asymmetry with opposite distributions for the two eyes.

2. Those due to excessive cross-over of fibres at the chiasm,
which uniquely occurs in albinism. The pattern of crossed
asymmetry is opposite to chiasmal compression (Fig. 7). In
infancy, the albino crossed asymmetry is best shown with
flash stimulation (in addition, ERG changes associated with
albinism will also be detected) (21, 22). The vast majority of
albinos have nystagmus and, in these circumstances, it is best
to use large check sizes when using pattern-reversal stimula-
tion, since smaller checksizes are not likely to produce relia-
ble findings. However, albino VEP changes are best demon-
strated with pattern onset stimulation in older children and
adults (23, 24). (Fig. 8).

Unilateral posterior hemisphere
dysfunction

In young children, both pattern and flash VEPs tend to show a
conspicuous occipital asymmetry when there is dysfunction of
one hemisphere involving the post-chiasmal visual pathway. The
main positivity (P100) is seen in the midline and over the hemi-
sphere with the dysfunction, and a negativity with peak latency
around 100 ms is recorded over the opposite hemisphere. This
asymmetry is seen on binocular stimulation, and is the same for
independent stimulation of each eye (called an uncrossed asym-
metry). It is postulated that the P100 distribution appears para-
doxical, since electrodes over the hemisphere with the dysfunc-

RS
Craniopharyngioma
PATTERN REVERSAL
50" checks

Binocular

M/‘/J\/\ L.Occ - MF

/\—/‘\/\-/\ M.Occ - MF
/\/_/\,,—/\ R.Occ - MF

e bbb bbby

o] 90 180 270
msec

L.Eye R.Eye

~ N lm ”“\/\’\
\/\f'\/\./

|

b bbb bbbty Lt bbb b bl il
o] 90 180 270 o] 90 180 270
msec msec

ELASH
M %

Fig. 6. Bi- and monocular PVEPs, and monocular FVEPs in a child
operated for removal of a craniopharyngioma. Full-field monocu-
lar PVEPs show a clear crossed asymmetry suggesting a bitemporal
Jield defect. Note that in this situation binocular stimulation does
not give useful information since there is cancellation due to sum-
mation of activity of opposite polarity in lateral channels.

SL. 6. Bi- in monokularna slikovna VEP in monokularna bliskov-

na VEP aktivnost pri otroku, operirvanem zaradi kraniofaringe-

oma. Monokularni slikovni posnetki VEP po draZenju s celim po-

liem kaZejo navzkrizno asimetrijo, kar je znacilno za bitempo-

ralni izpad v vidnem polju. Binokularna stimulacija zaradi izni-

Cevanja oziroma sumacije aktivnosti na stranskib kanalibh ne
daje dodatnib podatkov.

tion are well placed to pick-up activity produced by dipole gene-
rators of the normally functioning hemisphere (25, 26). We have
demonstrated in several previous studies the sensitivity of VEPs
in hemisphere dysfunction where clinical signs have not been
obvious (27, 28). Figure 9 shows VEP findings from an infant
with a ventricular cyst in the posterior right hemisphere. Eye
movement recordings (smooth pursuit and opto-kinetic nystag-
mus), and VEP studies, showed abnormalities indicative of right
hemisphere dysfunction. Note that VEPs to both pattern-reversal
and flash stimulation were markedly asymmetrical.

Conclusion

Electrophysiological testing has much to offer paediatric neurolo-
gists or ophthalmologists assessing young children who appear
to have poor vision. Recording ERG and VEP activity in the same
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Fig. 7. Full-field monocular pattern-reversal VEPs to 3 degree

checks in a 7yr old patient with oculocutaneous albinism. Note

the crossed asymmetry when comparing VEPs from each eye; the

pattern of asymmetry is opposite to that associated with chiasmal

compression, since in albinism most of the optic nerve fibres aris-

ing from one eye cross over at the chiasm and project onto the
contralateral hemisphere.

SI. 7. Monokularna slikovna aktivnost VEP po draZenju s celim

poljem in s tri stopinje velikimi kvadrati pri sedemletnem otroku z

okulokutanim albinizmom. Navzoca je navzkrizna asimetrija,

vendar je vzorec asimetrije nasproten tistemu, ki ga opazujemo

pri biazmalnib okvarab, saj se pri albinizmu vecina vlaken iz

enega ocesa kriza v hiazmi in projicira nad kontralateralno
hemisfero.
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Fig. 9. Binocular flash (left) and pattern-reversal VEPs (right)

Sfrom an infant with a right occipital lesion. A marked occipital

asymmelry evident on binocular and monocular stimulation is

strongly suggestive of an occipital lesion in the bemisphere over

which the P100 component is paradoxically recorded (see text for
more details) (with permission from (28)).

Sl. 9. Binokularni bliskovni (levo) in slikovni VEP (desno) otroka

z desno okcipitalno okvaro. Okcipitalna asimetrija, ki je vidna

pri monokularni in binokulami stimulaciji, kaze na okcipitalno

okvaro v bemisferi, nad katero paradoksalno registriramo kom-

ponento P100 (podrobnosti so razloZene v besedil) (z dovolje-
njem iz ref. 28).

session, as well as adopting appropriate stimulating techniques
and recording methodology, provide powerful means of identi-
fying the visual pathway level and possible nature of the disease
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Fig. 8. In infancy, flash stimulation is more effective stimulus

mode for detecting albinism. Albinos give ERGSs with enbanced a-

waves, and a crossed asymmetry which is most conspicuous

around 80 ms (arrowed) (with permission from (21))

Sl 8. Pri dojenckib je bliskovna stimulacija najucinkovitefsi

draZljaj za detekcijo albinizma. Albini imajo ERG z zvisanim va-

lom a, in navzkrizno asimetrijo, ki je najocitnef§a 80 ms po
drazljaju (puscica) (z dovolfenjem iz ref. 21).

process. Rod and cone function can be assessed by testing under
scotopic conditions, and using dim blue and red flashes respecti-
vely. Monocular pattern-reversal stimulation and a common re-
ference montage incorporating several electrodes placed across
the occiput are important procedures, which will help identify
post-retinal dysfunction localised at the chiasm or in one poste-
rior hemisphere.
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ELEKTROFIZIOLOSKO TESTIRANJE VIDA PRI OTROCIH
Anthony Kriss

Izvle¢ek -  Vstevilnib oftalmoloskib oddelkib rutinsko snemajo samo elektroretinogram (ERG), medtem ko v oddelkih za klinicro
elektrofiziologijo snemajo le vidne evocirane potenciale (VEP). V preglednem prispevku je prikazano, da so prednosti socasnega sne-
manja ERG in VEP pri otrocib zelo velike. Sistematicno je predstavijeno zelo pomembno novo spoznanje, da labko pri otrocib razmeji-
mo lezije med vec plastmi mrezZnice, vidnim Zivcem, podrocjem biazme in podrocjem vidne proge za hiazmo do primarne vidne
mozganske skorje. Prav tako je tudi prikazano, da Ze posnetki s povrsinskimi elektrodami odkrijejo okvare, ki prizadenejo funkcijo
palicnic in ali epnic. Izbrati je treba le pravo metodo: rdeci filter izvabi ERG, ki ga posredujejo cepnice, modri pa ERG paliénic. Na-
dalje so prikazani primeri prepoznavanja okvar vidnega Zivca ob socasnem snemanju ERG in VEP in selektivno zapisovanje poten-
cialov iz nitja, ki se kriza v biazmi. V zadnjem poglavju so obravnavane enostranske disfunkcije v podrocju vidne proge za hiazmo, ki
se izrazajo z nepravilno razporeditvijo VEP nad vidno mozgansko skorjo.

Zakljucek. Elektrofiziolosko testiranje je labko v veliko pomo¢ pediatricnima nevrologu in okulistu, ki Zelita oceniti stanje vida pri
dojencku ali malcku. Ob socasnem snemanju ERG in VEP in s pravilno izbranimi tebnikami draZenja in snemanja je moZno oceniti
tudi, v kalerem nivoju vidnega sistema je okvara in kaksne narave je.

Kljucne besede: elektroretinogram; mozganska polobla; opticna hiazma; otroci; vidni evocirani potencial
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ELECTROPHYSIOLOGY AS A DIAGNOSTIC AID
IN PEDIATRIC OPHTHALMOLOGY

ELEKTROFIZIOLOGIJA KOT POMOC PRI DIAGNOSTIKI V OTROSKI OFTALMOLOGIJI

Branka Stirn Kranjc,' Jelka Brecelj?

' University Eye Clinic, Medical Centre, Zaloska 2, 61105 Ljubljana, Slovenia
? University Institute of Clinical Neurophysiology, Medical Centre, Zaloska 7, 61105 Ljubljana, Slovenia

Key words: electrophysiology; electrovetinography; pediatric
ophthalmology; visual evoked potentials

Abstract - Background. Electrophysiological studies includ-
ing electroretinography (ERG) and visual evoked potentials
(VEP), which give information about functional integrity of the
visual pathway, got evident impact on clinical pediatric ophthal-
mology.

Methods and results. Recordings of 252 electrophysiological ex-
aminations, performed in the past two years in 85 infants and
young children with various neuro- and ophthalmological disor-
ders, were analysed and compared to the young patients’ clinical
pictures. ERG and VEP signs were more specific to the disease en-
tity in retinal dystrophies, ocular albinism, optic neuritis, chias-
mal and retrochiasmal lesions, while the recordings in hydro-
cephalus, psychomotor retardation, epilepsy, hypoxia and other

Introduction

Assessment of the visual function is a complex task. Electrodia-
gnostic tests add new dimensions to our understanding of nor-
mal and abnormal visual development, and may clarify vague
conditions and help in making diagnoses. They are especially
valuable in preverbal children (1).

Among the wide variety of electrodiagnostic tests in children,
electroretinograms to flash (FERGs) and pattern (PERGs) stimuli,
as well as visual evoked potentials to flash (FVEPs) and pattern
(PVEPs) stimuli are mainly recorded. All these recordings can be
obtained in an alert child, using skin electrodes and no pupil di-
latation. ERG testing provides information about the rod and
cone system functions and can differentiate between them, if
special conditions of the light and dark adaptation, as well as of
different light intensities and color filters are applied. With the
pattern stimulus, the function of the ganglion cell layer can also
be assessed in children. VEP testing evaluates conduction from
the eye to the primary visual cortex (2).

Congenital nystagmus is associated with a variety of visual senso-
ry system, or with the ocular motor system disorders (3). Electro-
physiology should be considered in infants with nystagmus to

neurological disorders, chorioretinal and optic nerve colobomas,
macular lesions, glaucoma or optic nerve trauma were nonspe-
cific but pertinent to the clinical status. Using skin electrodes for
the ERG and VEP testing, without sedation or pupil dilation, reli-
able results were obtained.

Conclusions. Normal ERGs and VEPs indicate well-preserved
JSunction of the retinocortical pathway, still the possibility of a dys-
Sunction in other areas concerned with visual processing, atten-
tion and the eye movement is not excluded.

Electrophysiological evaluation of the visual pathway is mostly
and best performed in research laboratories for several reasons,
such as time consummation, economic constrainits and a scien-
tist’s special training, but in close co-operation with a clinician,
so as to better understand the variety of visual pathway disorders,
especially in children, and to better appreciate the information
that can be derived from such tests.

exclude albinism, cone dysfunction, congenital stationary night
blindness, Leber's congenital amaurosis. The results of electro-
physiological studies in these disorders can improve the clini-
cian’s certainty in diagnosis. They are variable in other, especially
neurological or multisystem disorders, however, the application
of electrophysiological tests in these infants’ conditions is appro-
priate, since the results can be abnormal before the signs of a di-
sease become evident (4). Visual maturation, optic neuritis, glau-
coma, chiasmal and retrochiasmal lesions of the visual pathway
are typical clinical problems where electrophysiology can aid in
prognosis and follow-up, as well as in evaluation of the course of
a disease, of its extent, and/or of therapeutic intervention.

In ophthalmogenetics, electrophysiology can detect carriers for
some diseases like albinism, X-linked and autosomal retinal or
optic nerve disorders (5). Electrophysiological responses cannot
be directly correlated to the visual acuity measurements with op-
toptypes or preferential looking tests, since their technique and
response basis differ (6). '
This paper is an attempt to present electrophysiological results
obtained from infants and children with a variety of visual pro-

Abbreviations: ERG, electroretinogram; FERG, flash electroretinogram; FVEP, flash visual evoked potential; PERG, pattern electroretinogram; PVEP, pattern-reversal visual

evoked potential; VEP, visual evoked potential
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blems. FERGs, PERGs, FVEPs, and PVEPs were evaluated in rela-
tion to clinical findings. The value of visual electrophysiology is
represented from the pediatric ophthalmologist’s point of view.

Subjects and methods

We analyzed 252 electrophysiological examinations in 85 infants
and young children, ranging from one month to 13 years of age,
recorded in 1991-92. Electrophysiology as a diagnostic method in
pediatric ophthalmology was used mainly for two purposes: to
help us make diagnosis in vague clinical conditions, and to show
how an obvious and known neuro- or ophthalmological disorder
is reflected in electrophysiology. The results were analyzed ac-
cording to seven groups of clinical problems: nystagmus (49 ca-
ses), retrobulbar neuritis or malingering (12), retinal dystrophy
(9), macular degeneration (5), glaucoma (3), tumors (5), and
trauma (2).

Amblyopia was excluded from the study, since extra methods
and criteria would be necessary to comment on this clinical enti-
ty. Preterm infants were not tested prior to six months of age.
Visual maturation was not studied either.

All electrophysiological recordings were obtained in alert chil-
dren without pupil dilatation. ERGs were detected by conven-
tional silver-silver chloride cup electrodes, attached to the lower
eyelid, and referred to the ipsilateral temple electrode in older
children (> 24 months), while in younger ones (< 24 months) it
was referred to the Fz. VEP electrodes were applied to the poste-
rior scalp; the midline electrode was placed above the inion
(10 % of the nasion-to-inion separation) and the two lateral elec-
trodes to either side of the first electrode (20 % of the left-to-
right mastoid distance). They were referred to a common Fz re-
ference (10-20 system).

Flash and pattern-reversal stimulation was performed. A Grass
PS22 photic stimulator was used to deliver white flashes under

darkened laboratory conditions. The intensity of white flashes 25
cm from the child’'s eye was 4.4 cd/m? (setting 4) and the stimu-
lating rate was 2 Hz. Checkerboard stimuli were either projected
onto a translucent screen (32 °r) or were presented on a televi-
sion (25° horizontally and 20° vertically). Check size was 50’
(projector) and 49' (TV set). Luminance 300 and 11.5 c¢d/m* for
the projected white and black checks, and 120 and 2 cd/m? for
the TV checks. The pattern-reversed at 2 Hz. Analysis time was
200 ms, bandpass from 1 to 250 Hz. A series of 100 responses
were averaged and repeated at least twice.

The following electrophysiological criteria were used to define
abnormality: for the FERG: the a-wave amplitude less than 4 pv,
and the b-wave amplitude less than 6 pV; for the PERG: no re-
sponse; for the FVEP: prolonged (> 112 ms) and/or attenuated
(< 4 pV) or not recordable positive wave; and for the PVEP: pro-
longed (for 50' checks more 109 ms, for 49' checks more 112 ms)
or not recordable

Results

Nystagmus

The largest group (49) of the referred infants and children had
nystagmus as the predominant symptom, and/or neurological
problem. Most typical disorders, which caused it, are presented.

Leber’s congenital amaurosis. In 8 children (4 boys and 4 girls)
with nystagmus, very poor vision and with quite normal fundu-
scopic appearance, Leber's congenital amaurosis was suspected
at the average age of 7.6 months. Their outer and anterior eye
segments were unremarkable. The optic media were clear. They
were all photophobic and 6 of them with very bad vision also
had oculodigital reflex and sluggish pupils. Electrophysiological
parameters, ophthalmological characteristics and associated sys-
temic disorders (none of them severe) are presented in Table 1.

Tab. 1. Clinical findings in Leber’s congenital amaurosis related to electrophysiologic evaluation (first and last examination).
Tab. 1. Klinicne spremembe pri Leberjevi kongenitalni amavrozi in elektrofizioloski rezultati (prvi in zadnji pregled).

Case Age Optic n. R, vascular ~ Macular  Peripheral Visual Refractive Systemic
No. months pallor  attenuation reflex pigment acuiry error Dpt. disorders FERG FVEP
Primer Starost Bledica Zozitev Makularni Pigmentacija Vidna Refrakcijske Sistemske
18 meseci  ofesnega  mrezniénih refleks periferije ostring napake Dpt. spremembe ms uv
Eivea &l
1 3 - - * - LP. +6.50 - 172 17.2
9 = - + + 0.01 + 6.0 - - 166 2.8
2 5 - - + - LP. + 3.50 skin, CNS - 106 2.1
koza, CZS
9 - - + 0.017 +3.50 - 173 5.2
3 5 - - + + LP + 4.50 +2.0/90° CNS b
: CZs
10 - - + + 0.01 + 4.50 +2.0/90° - 160 8.2
i 6 + + + L.P +7.50 CNS - 143 5.0
CcZs
5 7 + + + + LP + 0.0 heart - - -
srce
24 + t + + 0.017 +6.0 - -
6 7 - - + - 0.01 + 3.50 +3.50/90° - -* 125 11.8
24 - - + - 0.03 + 2.0 +3.0/90° + 155 13.8
ri 7 - - + - L.P. + 4.50 - - 100 2,2
15 - + 4 + 0.02 + 3.0 - 98 1.4
8 17 - - + + L.P. +6.50 - - - -
47 - + * + 0.02 +6.0 - 97 2.4

-, not present; +, moderate abnormality; +, present; %, artifact: CNS, central nervous system; L.P., light perception; bold script, abnormal values
-, ni prisotno; +, zmerna sprememba; +, prisotno; *, artefakt; CZS, osrednje Zivcevfe; LP., zaznavanje svetlobe; krepko tiskano, abnormne vrednosti
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Electrophysiological recordings were performed at least twice
(except in the case 4). FERGs were not detectable in 7 out of 8
children. FVEPs to binocular stimulation were abnormal in all of
them. In the first recording they were not detectable in 3, de-
layed in 3 and attenuated in 2 of the 8 children.

Hydrocepbalus. Eight children (1-4 years of age) operated upon
for hydrocephalus are presented in Table 2. The operation was
performed prior to six months of age. They had been all given
small doses of antiepileptic drugs. All had optic disc decoloration
of various degree. Concomitant strabismus was noticed, while
refractive errors were unremarkable.

In all children, FERGs tended to be within normal limits, while
FVEPs were abnormal in 5 of the 8 children. PVEPs were recorded
only in a 4 year-old girl, and were within normal limits (case 8).

Meningoencepbalitis. Five children (1-7 years of age) with a his-
tory of severe meningoencephalitis were also treated for epilep-
sy. They all had concomitant convergent strabismus of various
degree, three of them needed surgical correction. Their refractive
errors were not significant, and their visual acuity was not se-
verely affected. Their optic discs were still normal or slightly
pale.

Electrophysiological recordings showed normal FERGs in all of
them. Cortical responses to flash stimulation were delayed (120-
142 ms) in 3 of the 5 children. The PVEPs elicited in two pre-
school children with normal FVEPs were delayed (118-129 ms).

Other neurological disorders. In 11 infants and children (8
months - 10 years of age) with various neurological disorders
(epilepsy and certain degree of psychomotor retardation due to

Tab. 2. Clinical parameters and FVEPs after the operation for hydrocephalus.
Tab. 2. Klini¢ni parametri in FVEP po operaciji bidrocefalusa.

Case Age Visual acuity Optic nerve pallor FVEP
No. years R. eye L. eye R. eye L. eye R. eye L. eye

ms uv ms uv
Primer  Starost Vidna ostrina Bledica ocesnega Zivea
AL leta D. oko L. oko D. oko L. oko D. oko L. oko
1 1 0.1? 0.1? c/d 0.5 c/d 0.5 98 9.7 78 7.4
2 1 0.1? 0.05 temporal temporal 95 285 89 19.1
3 2 LP. LP total ++ total ++ 139 12,5 141 1.9
4 2 0.1 0.1 temporal total + 102 3.7 124 7.4
5 2 0.05 0.05 total + total + 111 2.8 120 5.7
6 2 0.1 0.1 total ++ total + 100 1.1 122 2.0
7 2.5 LP 0.01 total +++ total +++ 130 8.4 120 4.1
8 4 0.1 0.3 temporal temporal 84 46.8 82 385

+, minor;++, moderate; +++, severe; ¢/d, cupping of the optic disc diameter; L.P., light perception; bold script, abnormal values
+, blaga; ++, zmerna; +++, buda; ¢/d, premer poglobitve papile odesnega ZFivea; LP., zaznavanfe svetlobe; krepho tiskano, abnormne vrednosti

hypoxia, hemorrhage or organic abnormality), nystagmus and
some degree of optic disc pallor were seen at clinical examina-
tion. Their corrected visual acuities were more than 0.1.
Electrophysiological recordings showed normal FERGs and ab-
normal FVEPs in 4 out of 11 tested children, and abnormal PVEPs
(delayed and/or attenuated) in 6 out of 9.

Idiopathic nystagmus. This group of 5 children (1-7 years of age)
without any other ophthalmological or neurological disorder but
nystagmus had corrected visual acuities at least 0.1 or more.
FERG recordings did not show any distinct abnormality. FVEPs
were delayed in one of the children (both eyes). PVEPs to bino-
cular stimulation were abnormal in 4 of them. In 3 children, they
were very attenuated or not recordable, and in one child, they
were delayed (138 ms).

Colobomas. Ten children with intraocular colobomas presented
the most inconsistent group of ophthalmological appearance and
associated systemic disorders. Eight of the children were mental-
ly retarded.

Seven children (1 month - 10 years old) had the iris, choroidal
and optic nerve involvement, and 3 of them mild microphthal-
mos without a retrobulbar cyst, but with lens involvement (inferi-
or partial coloboma, mild diffuse opacities). The electrophysio-
logical results showed still normal FERGs, while FVEPs were
mostly attenuated in all affected eyes. However, PVEPs record-
ings were not successful, especially at monocular testing.

In 3 children (1-3 years of age) only the optic nerves were affect-
ed. In two girls, large typical unilateral optic disc colobomas
were found, and were not associated with systemic complica-
tions in one case, the other girl had epilepsy. Their visual acuities

were 0.08-0.1 in the affected eyes. FERGs were normal. FVEPs
and PVEPs were abnormal in both affected eyes. In one girl,
FVEPs were delayed (139 ms), while PVEPs were attenuated
(68 % compared to the other eye). In the other case, FVEPs were
attenuated (60 % compared to the other eye), while PVEPs were
delayed (141 ms). The third child, a one year old boy with se-
vere bilateral optic nerve hypoplasia (diameter about one third of
a normal disc) and associated brain disorder (hypopituitarism),
even had questionable light perception. His FERGs were well
formed (bigger amplitude), while cortical responses were unre-
cordable, even to robust flash stimulus.

Albinism. Two albino children, first a boy of obvious oculocuta-
neous albinism, was seen at the age of 13 months, and the se-
cond, a boy with ocular albinism, was seen at the age of 17
months. The first one had an attenuated (b wave), the second
one normal FERGs. In both, FVEPs showed reversed asymmetry.
At the latency around 80 ms, a pronounced negativity on the
contralateral side of the scalp, and attenuated positivity at the
ipsilateral side of the scalp to the stimulated eye was seen. The
reversed left and right eye asymmetry was best seen in the trace
where a potential was derived by subtracting the left occipital
response from the right one (difference potential).

Recordings were also made on the carrier mother of the boy with
ocular albinism. She had normal FERGs, while FVEPs showed
asymmetric distribution, but not as evident as in her son.

Retrobulbar neuritis or malingering

Twelve children (7-13 years of age) were referred to us because
of retrobulbar neuritis. After clinical examination with repeated
visual acuity testing, examination of visual fields, colour testing,
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pupillary reactions and fundi examination, we suspected bilateral
retrobulbar neuritis only in four cases. These children's vision
couldn't be corrected to normal distance, and they had small
central scotomas or narrower visual fields, but with great fluctua-
tions. A 13 years old boy had visual acuity reduced to 0.5, and
central visual field deterioration in his right eye. He had unilate-
ral optic neuritis (papillitis).

PERGs were normal in all children. PVEPs to full-field and half-
field stimulation were within normal limits in 7, and abnormal in
5 of the 12 children. In 3 of the latter, VEP abnormalities were
found to full-field stimulation (in 2 to stimulation of either eye),
while in the other 2, abnormalities were revealed only to half-
field stimulation.

After several months of follow-up for 3 of the 5 children with
abnormal PVEPs, the children still had abnormal PVEPs, even
though they had no visual complaints, had normal visual acui-
ties, visual fields, colour tests and pupillary reactions. Only a mi-
nor temporal pallor of the optic discs remained in two girls, in
whom also a greater delay of PVEPs was recorded. According to
their neurological status and follow-up, multiple sclerosis was
suspected.

The 7 children (all girls) with normal PVEPs could have been
malingerers because of completely normal ophthalmological and
neurological status, functional tests and also electrophysiological
examination.

Retinal dystrophy

It was diagnosed in four children with profound night blindness.
None of them had a family history of the disease.

A 12 year-old girl had clinically typical retinitis pigmentosa, with
bone corpuscles and still normal visual acuity. Her FERG was not
recordable, and PVEPs were normal.

A 2.5 year-old boy had reduced visual acuities (0.2 in his right
and 0.1 in his left eye), minor optic disc pallor, attenuated retinal
vessels, retinal pigment clumping at the central and peripheral
retina. His FERG was not recordable, and FVEPs were normal.
Another 7 year-old girl had a similar clinical picture but more re-
duced visual acuity (0.1 in both eyes). Her FERG was extin-
guished, cortical responses were elicited only to flash stimuli
(more to white, blue flash).

We diagnosed Laurence Bardet Moon Biedel syndrome in a 7
year-old girl with visual acuities of 0.3 (myopic correction) in
both eyes, narrower visual fields, pale optic discs, attenuated re-

tinal vessels, pigment clumping at the posterior pole and retinal
periphery, but no typical bone corpuscles. She had no ERG
responses, and abnormally shaped and delayed VEPs (147-156
ms).

In 5 other cases referred to us because of minor retinal changes,
such as small pigmentations or depigmentations at the retinal
posterior pole or periphery, no clinical functional or electro-
physiological changes were found.

Macular degeneration

We saw two cases of macular degeneration with a positive family
history. A 5 year-old boy had a vitelliform Best macular dystro-
phy (stage IV and visual acuity 0.04 in his right eye, stage II-11I
and visual acuity 0.6 in his left eye). Electrophysiological record-
ings showed normal retinal responses (FERGs and PERGs).
PVEPs were abnormal in both eyes: from the left eye they were
well formed, but with an abnormal interocular latency difference
(11 ms), those from the right eye had significantly reduced P100
amplitude. The second was an 11 year-old boy with mild chang-
es in the appearance of the macular reflexes and corrected visual
acuities 0.75 in both eyes. Macular changes were not reflected in
the PERGs. However, PVEPs were abnormal in both eyes (P100
latency 119 and 122 ms).

In 3 cases with an abnormal look of the maculas (changes in the
distribution of the retinal pigment epithelium), all with the visual
acuities still within normal range, no electrophysiological abnor-
malities could be registered.

Glaucoma

We followed up 2 glaucoma suspects (slight mesodermal dys-
genesis and some cupping of the disc, larger but clear corneas)
and a preschool boy operated on for bilateral congenital glauco-
ma. Their intraocular pressures, visual acuities and visual fields
were within normal limits, their electrophysiologic recordings
were normal too, except in one trial where PERG amplitude was
reduced to 0.33 pv.

Tumors

Four children (1-12 years of age) were followed up clinically
(Tab. 3) and electrophysiologically (Tab. 4) because of unilateral
lacrimal gland tumor, optic nerve astrocytoma, suprasellar tumor
and temporobasal astrocytoma.

Tab. 3. Clinical changes in tumors along the visual pathway.
Tab. 3. Klinicne spremembe pri tumorjih v vidni poti.

Case Diagnosis Age Fundi Reduced visual acuity Remark
No. years R. eye L. eye
Primer  Diagnoza Starost Ocesno ozadje Zmanj$anje vidne ostrine Opombe
At leta D. oko L. oko
1 Left eye lacrimal
gland tumor 9 folds protrusion
Tumor leve solzne Zleze gube protruzija
2 Right eye optic nerve
astrocytoma 1 normal + - protrusion
Astrocitom desnega normalno protruzija
ofesnega Zivea
After R. eye enucleation 1.5 e
Po odstranitvi desnega zrkla
3 Suprasellar tumor 5 pallor, R. eye +4+ - squint
Supraselarni tumor bledica, D. oko skilienje
4 Left temporobasal astrocytoma 12 temporal pallor, R. hemianopsia

L. and R. eye
Temporobazalni astrocitom levo
L. in D. oko

temporalna bledica,

desnostranska
hemianopsija

-, hot present: +, minor reduction; +++, severe reduction;
-, Bl prisolno; +, minimalno zmanfianfe; +++, izrazito zmanjsanje
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PERGs were normal (not done in case 2) while PVEPs to full-field
stimulation indicated dysfunctions in all cases. Half-field stimula-
tion also helped to localize the lesions, especially in the case of
suprasellar tumor, where PVEPs were not recordable from the left
eye to temporal half-field stimulation. In the case of temporobasal
astrocytoma too, the uncrossed asymmetry of PVEPs to full-field
stimulation was in agreement with more evident right half-field
abnormalities and with the right homonymous hemianopsia.
Another 7 year-old girl was treated for leukemia with leukemic
retinopathy and optic nerves involvement. Her visual acuity was
severely reduced in both eyes. FERGs were normal, while FVEPs
were delayed (139 and 152 ms).

Tab. 4. VEP changes (P100 latencies and amplitudes) in.tumors
along the visual pathway.
Tab. 4. Spremembe VEP (latenc in amplitud vala P100) pri
tumoryjih vzdolZ vidne poti.

Case Full-field stimulation Half-field stimulation
No. right half-field left half-field
Primer DraZenje s celim poliem DraZenje s polovicama polja
A desno polpolje levo polpalje
1 R eye 94 ms 37.0 pv 97 ms 132V 9 ms  125uV
D. oko
L. eye 97 ms 27.5 pv 102 ms 8.5 uv 105 ms 8.9 uv
L. oko
2 R oeye 115 ms 41.2 pv
D, oko
L. eye 108 ms 242 pv
L. oko
postaperatively:
o operaciji;
R. eye
D. oko
L. eye 116 ms 11.4 pv 104 ms 6.3 pv 110 ms 6.0 pv
L. oko
3 R oeye
D. oko
L. eye 120 ms 10.7 pv 117 ms  7.0pv - -
L. oko
postoperatively:
o operacifi:
R. eye 175 ms 7.0 uv
D. oko
L. eye 110 ms 7.5 uv 116 ms 5.7 uv - -
L. oko
4 Roeye 109 ms 6.0 pv 140 ms 33 pv 111 ms 29 pv
D. oko
L. eye 119 ms 5.0 v 115 ms L3 pVv 124 ms 2.2 pv
L. oko

abnormal values in bold script
abnormne vrednosti tiskane krepho

Trauma

A 13 year-old boy survived blunt trauma to his right side of the
head with an orbital roof fracture. He was referred to us a few
weeks after the injury, when the right optic nerve atrophy was
evident. His right eye retinal responses (FERGs and PERGs) were
normal, but his cortical responses deteriorated (FVEPs attenu-
ated, PVEPs not recordable).

A 5 year-old boy suffered a right temporoparietal traumatic brain
damage, a year prior to our examination. We registered normal
visual acuities in both eyes, horizontal nystagmus and normal
fundi. Retinal responses (PERGs) from both eyes were normal,
while cortical responses (PVEPs) to full-field stimulation had an

asymmetric distribution. Half-field stimulation revealed a distor-
ted left, but normal right half- field waveform, which indicated a
lesion affecting the retrochiasmal visual pathway.

Discussion

It is important to establish the diagnosis as soon as possible, es-
pecially in early childhood, for an appropriate therapy (metabo-
lic disease, compressive lesion, organic disorder), adequate low-
vision rehabilitation and genetic counselling. Electrophysiologi-
cal examinations, when performed by an experienced electro-
physiologist, can shorten the time to proper diagnosis of some
pediatric visual disorders.

In infants with nystagmus and a variety of ophthalmological and
neurological impairments, concurrent ERG/VEP recordings can
give useful information about the visual pathway function. ERG
abnormalities can precede clinical signs, even when the fundus
appearance is normal (2, 7). However, electrophysiological test-
ing in these children may not provide significant information, if
only pattern-reversal stimulation is performed. Nystagmus atte-
nuates the pattern-reversal VEPs, as also found in our cases with
poor fixation and large amplitude nystagmus. Thus, in these con-
ditions, the pattern-reversal VEPs were not always helpful in
solving the diagnostic problem. However, the latency prolonga-
tion may still be a reliable indicator of a dysfunction.

Optic nerve pallor of various degree is often accompanied with
optic nerve lesions and neurological disorders, however, it is a
rather nonspecific sign in interpreting the severity of the visual
pathway damage. Usually delayed and attenuated VEPs in these
patients give an approximate estimation of the visual function
when behavioural tests are not possible. In our children with
various neurological impairments and some degree of optic disc
pallor, VEP testing showed that the problem was postretinal, but
it didn't indicate the pathology. Nystagmus in this group of chil-
dren attenuated the PVEP amplitudes. Other clinical methods
and assessments need to be carried out on these patients to ex-
clude organic lesion.

Leber’s congenital amaurosis patients have demonstrated clinical
heterogeneity (8). Our clinical diagnostic criteria for Leber’s con-
genital amaurosis were consistent with those in the references (3,
7), with sluggish pupillary reflexes, high hyperopia and ocu-
lodigital reflex described as associated findings (9, 10). The dis-
ease is a retinal dystrophy affecting both rods and cones. No de-
tectable FERGs are thus expected and, very rarely, attenuated
FERGs could be registered (4, 8, 10, 11). In the majority of cases,
PVEPs are not elicitable, neither are FVEPs (11, 12). In the study
of Kriss (11), FVEPs were not discernible in 56 % of the children,
in the remaining 44 %, they were markedly reduced. In our
group of 8 children, FERGs were not detectable in 7 and FVEPs
in 2 of them. In the remaining 6 children FVEPs were abnormal
(delayed, attenuated).

An ERG/VEP picture, similar to the one in Leber's congenital
amaurosis, is recorded in several systemic conditions of the early
childhood associated with the rod and/or cone dysfunction (pa-
roxysmal disorders, Batten’s disease, Senior-Loken syndrome,
congenital stationary night blindness, achromatopsia, infantile
onset retinitis pigmentosa and infantile Refsum’s disease), there-
fore sophisticated techniques of electrophysiological, neuroradi-
ological and biochemical testing are recommended (7, 10, 11).
We didn't find any cases of stationary night blindness or cone
dystrophy in our group of children. Multisystem metabolic syn-
dromes were not found either.

In our cases of chorioretinal colobomas, FERG recordings were
not significant, whether they involved the macula or not. Loca-
lized lesions at the retinal posterior pole (dystrophies, scars)
didn’t show any FERG changes either. This was expected, since
FERGs test the function of large retinal areas, dominated by sco-
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topic responses (13). In those cases, the dysfunctions were indi-
rectly reflected in FVEPs. In a case of bilateral severe optic nerve
hypoplasia, FERGs were pronounced, FVEPs, on the other hand,
were extinguished. These findings were also reported by Kriss et
al. (11). To their experience, less severe optic nerve hypoplasia
might have attenuated FVEPs, usually of normal latencies, or
within normal limits.
Albinism is genetically determined heterogeneous group of at
least 10 forms of disorders (11, 14, 15, 16). Hypopigmentation as
well as misrouting can be detected very early with flash stimula-
tion. In the oculocutaneous albino patients an attenuated FERG
b-wave has been described (5, 11, 14, 15). Moreover, it has been
shown that FVEP changes are pathognomonic for albinism. Mo-
nocular flash stimulation produces a distinct crossed asymmetry
distribution of the responses. This is seen as a negativity (around
80 ms) on the side of the scalp contralateral to the stimulated
eye, and as a positivity about the same latency on the ipsilateral
side. In one of our albinos, attenuated FERGs were recorded, but
not in his carrier mother. In both our albinos FVEPs were con-
sistent with the electrophysiological evidence of the albino mis-
routing.
In 4 of our children with night blindness, a retinal disorder asso-
ciated with different clinical signs and reduced vision or visual
field deterioration was confirmed with the non-detectable
FERGs. Recordable PVEPs identified the conditions where macu-
lar function was preserved.
Macular degenerations in children differ from senile degenera-
tions clinically, and probably also in the electric activity. PERG is
likely to be abnormal with reduced amplitude or absence in most
maculopathies in adults (13). In our case of the vitelliform Best
macular dystrophy, electrophysiological results showed that the
function of distal retinal layers, as assessed by PERGs, were with-
in normal limits, while cortical responses were abnormal. Thus,
macular changes were not reflected in PERGs.
In glaucoma follow-up, PERG could be one of the examination
methods, especially in young children, where visual field testing
is not possible or reliable. However, it is known from the studies
with adults (17, 18, 19) that PERG amplitude is not equally sensi-
tive to the reduction of the number of ganglion cells and to the
damage of the optic nerve fibers caused by prolonged influence
of an elevated intraocular pressure. The technique of the record-
ing might influence the results, especially the use of skin elec-
trodes, which are comfortable for the patient, and the resolution
power of the method could still give predictive value in glauco-
matous eyes in adults. In young children, recording of PERGs
can be problematic if a child is not cooperative long enough to
obtain responses of low amplitude by the skin electrodes. We
found somehow attenuated PERGs in one child’s glaucomatous
eye, which is in our opinion not conclusive abnormality, if re-
corded only once.
In detecting dysfunctions of the optic nerve, optic chiasm and re-
_ trochiasmal pathway, VEP testing is successful. It has been report-
ed that half-field stimulation contributes to the evaluation of the
visual pathway in children as well (20, 21, 22, 23). We confirmed
that PVEPs provide reliable indication of dysfunctions affecting the
optic chiasm as well as the retrochiasmal visual pathway. Further-
more, we have shown that simultaneous, recordings of PERGs and
PVEPs in children, referred for optic neuritis, could be even more
helpful in differentiating the visual problems. With normal PERGs
and normal PVEPs malingering could be suspected.
We found that follow-up was valuable in all groups of children
we examined. First, it was not always possible to complete the
electrophysiological recordings in one session. Second, in some
conditions, e.g. in optic neuritis and compressive lesions of the
visual pathway, monitoring the visual problem was helpful to the
clinician.
We conclude that visual electrophysiological testing can provide
valuable information to the pediatric ophthalmologist. We con-

firmed the observation of others (1, 4, 5, 11, 14, 24) that, in early
childhood, disorders such as Leber's congenital amaurosis, night
blindness, ocular albinism, optic nerve hypoplasia can be distin-
guished electrophysiologically. Our experience is that in several
disorders (idiopathic nystagmus, hydrocephalus, meningoence-
phalitis, colobomas, maculopathies, glaucoma), especially in
mentally retarded children, the electrophysiological recordings
are not yet reliable enough to provide significant information.
One of the reasons could be that the selected electrophysiologi-
cal test may not be selective enough. The clinician should not
forget that normal ERGs and VEPs indicate well preserved func-
tion of the primary retinocortical pathway, however, such an
electrophysiological finding does not exclude the possibility of a
dysfunction of other areas concerned with visual processing, at-
tention and the eye movements (14).
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ELEKTROFIZIOLOGIJA KOT POMOC PRI DIAGNOSTIKI V OTROSKI OFTALMOLOGI]I

Branka Stirn Kranjc, Jelka Brecelj

IzvleCek - Izhodisca. Elektrofizioloske preiskave z elektroretinogramom (ERG) in vidnimi evociranimi potenciali (VEP) dajejo in-
Sformacije o morebitni prizadetosti delovanja vidne poti in so pridobile pomembno veljavo v klinicni otroski oftalmologiji.

Metode in rezultati. Analizirali smo posnetke 252 elektrofizioloskib preiskav iz zadnjib dveb let, opravijenib pri 85 dojenckib in otrocih
z razlicnimi nevro- in oftalmoloskimi obolenji. Po klinicni sliki in problematiki smo jib razuvrstili v naslednje skupine: I. nistagmus - 49
otrok (kongenitalna Leberjeva amavroza, stanje po operaciji hidrocefalusa, po prebolelem meningoencefalitisu, po bipoksi¢nib in dru-
gih okvarab mozganov, idiopatski nistagmus, kolobomi horioretine in ocesnega Zivca, albinizem); II. retrobulbarni nevritis in agra-
vacija - dvanajst otrok; IIl. distrofija mreznice - devet otrok; IV. makularna degeneracija - pet otrok; V. glavkom - trije otroci; VI. tumor-
Ji - pet otrok; VII. poskodba - dva otroka.

- Vsiotroci z Leberjevo amavrozo so imeli zelo slab vid (0,03 in manj), normalno ocesno ozadje ali pa nekoliko oZje Zile in nakazano
pregrupacijo pigmenta proti periferiji. ERG na bliskavico (FERG) ni bil izziven pri sedmib od osmib primerov; VEP na bliskavico
(FVEP) ni bilo v enem primeru, pri ostalib pa so bili moc¢no podaljsanib latenc (do 173 ms) oz. manjse amplitude (do 2,1 mV). Pri
vseb otrocib, ki so bili operirani zaradi bidrocefalusa, je bil FERG po kirurskem posegu normalen, FVEP pa abnormen pri petib od
osmih otrok, predvsem na racun podalfSanib latenc, pa tudi niZjib amplitud.

- Po prebolelem meningoencefalitisu in po hipoksi¢nib in drugib okvarab moZganov rezultati elektrofizioloskib raziskav niso bili do-
volj specificni, da bi omogodili oceno stanja vidne poti.

- Otroci z intraokularnimi kolobomi so bili najbolj nebomogena skupina z zelo razlicno klinicno sliko in najvec tebnicnimi problemi
pri elektrofizioloskib preiskavah, povezanib tudi z dusevno zaostalostjo. V FERG nismo nasli sprememb, amplitude FVEP pa so bile
manjse pri vseb, vendar je vrednotneje nezanesljivo. Enostranski kolobomi ali buda bipoplazija papil so dali elektrofizioloske rezul-
tate (spremembe FVEP) v skladu s klinicno sliko.

- Pri otrocib z okulokutanim ali le okularnim albinizmom smo iskali tipicno asimetrijo VEP. Nasli smo jo tudi pri eni materi -
prenasalki. Tudi val b v FERG je bil pri enem otroku niZji.

-V 11 primerib, ko je bila diagnoza retrobulbarni nevritis negotova tako klinicno kot po funkcijskib preiskavah, jo je v stivib primerib
potrdila najdba zapoznelega slikovnega VEP (pattern VEP, PVEP) ob normalnem slikovnem ERG (patiern ERG, PERG - v vseh
primerib), normalni PVEP in PERG pa so jo zavnili v preostalib sedmib primerib. Okvare vidne poti tu nismo mogli dokazati ne z
oftalmoloskimi, nevroloskimi in ne z nevrofizioloskimi preiskavami, zato dopuséamo mozZnost agravacije.

- Pri Stirib distrofijab mreZnice z nocno slepoto in razlicno klinicno sliko nismo dobili odzivov FERG, VEP pa je bil spremenjen v
skladu z okvaro vidne ostrine. Napredovalo enostransko in zacetno drugostransko viteliformno makularno distrofijo Best smo nasli
v enem primeru, ko so bili odzivi FERG in PERG normalni, PVEP pa daljsi in niZji pri ofesu z manjso vidno ostrino.

- Pridveb otrocib s sumom na kongenitalni glavkom z minimalno mezodermalno disgenezo, vecjimi, a se prozornimi roZenicami in
nakazano zacetno ekskavacijo papil, znotrajocesnim tlakom na zgornji meji normale in pri enem operiranem otroku smo le v
enem primeru dobili niZje odzive PERG.

- Pri petib otrocih smo diagnosticirali tumorje vzdolz vidne poti (enostranski tumor solzne Zleze, astrocitom ocesnega zived, levkemi-
Jja z zajetiem ocCesnib Zivcev, supraselarni tumor, temporobazalni astrocitom), nato pa jib tudi elektrofiziolosko spremljali. ERG so
bili normaini v vseb primerib, PVEP pa spremenjeni v skladu z lokalizacijo kompresijske lezije.

- Poskodba ocesnega Zivea se je odrazila s podaljsanim in nizjim FVEP, pri udarnini mozZganov temporoparietalno pa so PVEP poka-
zali retrobiazmalno okvaro z abnormnimi potenciali na draZenje v levib polovicah polf in normalne odgovore po stimulaciji desnib
polovic polj.

Zakljucki. Vidno pot elektrofiziolosko vecinoma vrednotijo elektrofiziologi v raziskovalnib laboratorijib, kar je tudi najbolje zaradi
precejsnje zamudnosti preiskav, zaradi ekonomskib omejitev in nujne usmerjene strokovnosti. Sodelovanje klinika pri tem pa je nujno,
saj izboljSa razumevanje razlicnib okvar vidne poti, zlasti pri otrocib, in vrednotenje informacij, dobljenib z opravijenimi testi. Nor-
malna ERG in VEP kazeta na obranjeno funkcijo primarne retinokortikalne vidne poti, vendar ne izkljucujeta moZnosti disfunkcije
drugih predelov v zvezi z vidnim procesom, pozornostjo in gibi oci.

Klju¢ne besede: clekirofiziologija; elektroretinografija; pediatricna oftalmologija; vidni evocirani potenciali
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ELECTROPHYSIOLOGICAL ASSESSMENT
OF FUNCTIONAL IMPAIRMENTS IN A SPECTRUM
OF OPTIC NERVE COLOBOMA

ELEKTROFIZIOLOSKO OCENJEVANJE FUNKCISKIH MOTEN]
PRI KOLOBOMU OPTICNEGA ZIVCA
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' Department of Ophthalmology and
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Abstract - Electroretinograms (ERGs) and visual evoked po-
tentials (VEPs) of 10 children with different degrees of optic nerve
coloboma are presented. The amplitude of the ERG waves was
found to be reduced, and this reduction correlated well with the

Introduction

Coloboma is a common name for ocular abnormalities caused by
incomplete closure of the embryonic fissure. The defect may af-
fect the iris, ciliary body, choroid, retina or optic nerve. The most
serious cases involve microphthalmus with cyst formation (1, 2,
3, 4). The accompanying ophthalmological findings include stra-
bismus, amblyopia, nystagmus and retinal detachment (5, 6).
Colobomas may be associated with a variety of single gene disor-
ders and malformation syndromes (7, 8). There have been many
reports on the combination of colobomas with systemic findings,
such as mental retardation, oligophrenia and craniofacial and
skeletal abnormalities (9).

In colobomatous cases, the visual acuity ranges from fairly good
vision to total blindness, and does not always correlate with the
ophthalmoscopic findings. Electrophysiological assessment of
the retinal and optic nerve function has not been extensively per-
formed. Therefore we report ten cases of colobomatous defects
of different degrees, particularly from an electrophysiological as-
pect.

Subjects and Methods

The clinical and electrophysiological data on 10 patients (7 fe-
males and 3 males, age range: 10 months - 14 years) with optic
nerve coloboma were studied. The severity of anatomical altera-
tions was determined by ophthalmoscopic picture and ultra-
sound examinations. The ultrasonographic findings are to be
published elsewhere. Various electrophysiological examinations
such as pattern-reversal VEP (PVEP), flash VEP, light-emitting di-
ode elicited VEP (LED-VEP), scotopic ERG and LED-ERG were
carried out for objective examination of the retinal and optic
nerve functions. The ERG examinations were performed under

extent of the retinal changes. The amplitude of the VEP also de-
pended on the degree of involvement of the optic nerve. The oph-
thalmoscopic findings, bowever, did not always correlate with the
visual loss. Electrophysiological methods seem to provide substan-
tial aid in the assessment of functional impairment in coloboma-
tous defects. They provide a correct prognosis, before accompany-
ing retinal or cerebral alterations reduce the vision further.

scotopic conditions, with monochromatic blue filters. For flash
stimulation, a stroboscopic bulb (light intensity 0.1 W) was em-
ployed, which shed its light onto a Ganzfeld screen. For mentally
retarded children and those below 3 years of age, a NIC-107 LED
stimulator (Nicolet, USA) was used. Fifty responses were aver-
aged. Every trial was repeated at least twice for reproducibility.
ERG recordings were generally obtained with a skin electrode
(Senso-Medics, USA) attached to the middle of the lower eyelid,
with a reference electrode clipped to the linked earlobes.

The pattern stimulation for VEP was delivered by a blagck-and-
white checkerboard pattern, appearing on a TV screen with a
checksize of 20 or 40 min. The checks were alternated at a rate of
1.8 Hz to give a reversing display with a constant luminance of
20 cd/m?. In each trial, 100 stimuli were processed by an amplifi-
er and a signal averager. The band-pass filters were set at 0.3 Hz
and 100 Hz.

Results

We present the clinical and electrophysiological data on 10 chil-
dren with optic coloboma. We used routine ophthalmological
tests and electrophysiological methods, in order to assess the -
functional impairments, and stress the presence of consecutive,
additional, factors that contribute to the functional alterations, as
well as to the possibilities for their prevention.

Tables 1 and 2 detail the refractive errors, visual acuity and other
ophthalmological and non-ophthalmological alterations in the
group. The ERG and VEP alterations are presented in Table 3.
The patients can be divided into two groups on the basis of their
electrophysiological and clinical findings. The first group com-
prises the five patients (cases 1-5) for whom the electrophysio-

Abbreviations: ERG, electroretinogram; LED, light-emitting diode, PVEP, pattern-reversal visual evoked potential; VEP, visual evoked potential
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Tab. 1. Refractive ervors and visual acuity in 10 children with
optic coloboma.
Tab. 1. Refrakcijske napake in vidna ostrina pri 10 otrocib s kolo-
bomom opticnega Zivca.

Tab. 3. The ERG and VEP alterations in 10 children with optic

coloboma.

Tab. 3. Spremembe ERG in VEP pri 10 otrocib s kolobomom
opticnega Zivca.

No. Age Refractive error Visual acuity
St. Starost Refrakcijska motnja Ostrina vida
oD/DO 0S5/LO oD/Do 05/LO
1, 10 mths/mes. 0.3 +3.0 O.p. O.p.
2. 3 yrs/let -1.0 -1.0 O.P. O.Pp.
3. 8 yrs/let -4.0 -2.0 0.6 0.6
4. 9 yrs/let +6.0 +6.0 1.0 0.2
5. 9 yrs/let -11.0 -11.0 1.0 0.1
6. 1 yr/leto +4.0 +5.0 O.Pp. OP.
no visual attention
s 6 yrs/let 310 6.0 odsotnost vidne pozornosti
8. 14 yrs/le non measurable CFO05m CF3m
nemerljivo
9. 2 yrs/let +2.0 +1.0 LP.? O.P.
10. 10 mths/mes. -4.0) -4.0 LP.? Q.P.

O.P., object perception; L.P., light perception; C.F,, counting fingers
O.P., zaznava predmetoy; L.P., dojem svetlobe; C.F., Stetje prstov

logical findings were close to normal. The children in this group
had rather good visual acuity, and they can expect a fairly good
prognosis, even in the case of a mild microphthalmus or hypo-
plasia of the optic nerve. The fairly severe refractive error, which
ranged between +6.0 D and -11.0 D, did not have a profound

Tab. 2. Opbthalmological and other complication in 10 children
with optic coloboma.
Tab. 2. Oftalmoloske in druge nepravilnosti pri 10 otrocib s
kolobomom opticnega Zivca.

No. Diagnosis Ophtalmol. Other complications

complications

Oftalmologke

St. Diagnoza nepravilnosti  Druge nepravilnosti

1. Colob. n. optici O.5. anisometria -

strabismus
2. Megalopapilla O.D. -
Colob. n. optici O.5.
3. Colob. n. optici et choroid. O.U.  nystagmus -
Hypoplasia n. optici O.U. astigmatism
4. Colob. n. optici O.S. strabismus mental retardation/
hyperopia dufevna zaostalost
5. Colob. n. optici O.U. nystagmus autism / avtizem
myopia Rh incompatibility?/
inkompatibilnost Rh?
6. Colob. n. optici, choroid., hyperopia faux lupina;
iridis O.U. hydrocephalus int.
(prepartum industrial toxic
exposition) / predporodna
izpostavljenost toksi¢nim
vplivom
7. Colob. n. optici, choroid., nystagmus somatomental retardation,
iridis O.U. anisometropia,telesna in
dudevna zaostalost,
microcephalus, spasmus
nutans
(chromosomal anomaly)
(kromosomska anomalija)
8. Colob. n. optici, choroid. iridis  nystagmus -
Microphthalmus O.U. glaucoma
9. Colob. n. optici with nystagmus -
orbital cyst O.D.
Colob. n. optici O.S.
Microphthalmus O.U.
10. Colob. n. optici et nystagmus dyscrania

choroid. O.U. strabismus microcephalia

No. VEP

ERG

1.

normal O.U,
normalni obojestransko

. normal, without significant side differences

normalni obojestransko, brez statistino
pomembnih razlik

. prolonged latencies

podalifane latence
normal amplitudes O.U.
normalnih amplitud obojestransko

. normal O.D.

desno normalni
subnormal O.5.
levo subnormalni

. prolonged latency O.D;

desno podaljfana latenca
prolonged latency, reduced amplitude O.S.
levo podaljSana latenca, niZja amplituda

. irregular waveforms

neregularnih oblik

no reproducible response O.D.
desno neponovljivi
reproducible O.S.

levo ponovljivi

. subnormal, hardly reproducible O.U.

subnormalni, ohojestransko komaj ponovljivi

. subnormal, hardly reproducible O.U,

subnormalni, obojestransko komaj ponovljivi

. no reproducible O.D.

desno neponovljivi
hardly reproducible O.5.

normal O.U.
normalni obojestransko

normal O.U.
normalni obojestransko

normal O.U.
normalni obojestransko

normal O.U.
normalni obojestransko

normal O.U.
normalni obojestransko

subnormal 0.1,
na obeh straneh subnormalni

normal O.U.

normalni obojestransko
subnormal O.U,
obojestransko subnormalni
extinguished O.D.

desno neizvabljivi
subnormal 0.5,

levo komaj ponovljivi leve subnormalni
normal O.U.

obojestransko normalni

10. no reproducible O.D,
desno neponovljivi
reproducible O.5.
levo ponovljivi

effect on the visual ability. The correction reduced the nystagmus
and alleviated the symptoms of strabismic amblyopia. The men-
tal development of the children was greatly promoted upon the
increased access to information due to the enhanced visual acui-
ty. (Fig. 1).

For the other five children (cases 6-10) the electrophysiological
findings revealed serious functional impairments. Subnormal and
distorted ERGs, and greatly impaired VEPs were obtained. The
visual acuity was further impaired by the accompanying cerebral
damage (hydrocephalus in case 5, microcephalus in case 6, dys-
crania in case 10), or by a severe ocular deformity (e.g. orbital
cyst in case 9), microphthalmus (case 8), or because of consecu-
tive functional disturbances such as nystagmus or amblyopia
(Fig. 2).

In these cases, no substantial improvement in the visual acuity
can be achieved. Still, due treatment of the secondary glaucoma
(as in case 8), or surgical intervention to prevent optic nerve atro-
phy caused by the elevated intracranial pressure in hydrocepha-
lus, or in dyscrania, can hold off further impairments.

Discussion

Our results prove that a wide variety of functional disturbances
accompany optic nerve coloboma. They provide evidence neces-
sary for a thorough functional examination of colobomatous
eyes. Interestingly enough, most of the studies dealing with colo-
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Fig. 1. VEP (top) and ERG records (bottom) in case 4 (diagnosis:
coloboma n. optici sin.). Visual acuity: LD 1.0 with a correction
of +6 D sph, LS 0.2 with a correction of +6 D sph. The VEPs are
Sairly intact, even at the side of the coloboma. This suggests a non-
colobomatous origin of the visual impairment (amblyopia?). Cali-
brations: 10 uV, 100 ms.
Sl 1. VEP (zgoraj) in ERG (spodaj) pri bolniku 4 (diagnoza: colo-
boma n. optici sin.) Visus: DO 1.0 s korekcijo +6 D sph, LO 0.2 s
korekcijo +6 D sph. Posnetki VEP so dokaj normalni celo na stra-
ni koloboma. To nakazuje, da izvor molnje vida verjel-
no ni povezan s kolobomom (amblyopia?). Kalibracija: 10 uV,
100 ms.

bomatous deformities have concentrated on the pathological al-
terations, and not much attention has been paid to the functional
abilities. The textbooks note an “invariably diminished” (2) - or
“severely reduced” (1) visual acuity. Some reports, however,
mention close to normal visual functions for patients with morn-
ing glory syndrome (10). As regards the assessment of the visual
functions, our results stress the importance of the electrophysio-
logical methods in congenital disturbances of the eye, such as
colobomatous deformities of the optic nerve. The ophthalmolo-
gist can not only assess the damage upon the pathology, but also
follow the changes in the visual functions during the course of
the disease. This lends therapeutic significance to these examina-
tion methods.

oD. 0s.
LED VEP

Wt diiaaN
NS

Fig. 2. VEP (top) and ERG records (bottom) in case 6 (diagnosis:

coloboma n. optici, choroid and iridis o.u., bydrocephalus). Re-

producible responses can be elicited only upon stimulation of the
left eye. Calibrations: 10 1V, 100 ms.

Sl. 2. VEP (zgoraj) in ERG (spodaj) pri bolniku 6 (diagnoza: colo-

boma n. optici, choroideae et iridis o.u., bydrocephalus). Ponov-

ljiive odgovore smo registrirali samo pri draZenju levega ocesa.
Kalibracija: 10 uVv, 100 ms.
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ELEKTROFIZIOLOSKO OCENJEVANJE FUNKCIJSKIH MOTEN] PRI KOLOBOMU OPTICNEGA ZIVCA

Mirta Jandky, Zsuzsanna Pelle, Agnes Szabo, Gyorgy Benedek

Izvlecek - Izhodis¢a. Avtorji so Zeleli prikazati pomembnost elektrofizioloskega ocenjevanja funkcijske prizadetosti pri otrocib s
kolobomom opticnega Zivca razlicnib stopenj in etiologij.

Metode. V skupini desetib bolnikov (starost: 10 mesecev - 14 let) s kolobomom opticnega Zivca so dolocili obsezZnost anatomskib spre-
memb z oftalmoskopijo in ultrazvocno preiskavo. Funkcijo mreznice in opticnega Zivca so ocenjevali z elektroretinografijo (ERG) in
vidnimi evociranimi potenciali (VEP). ERG meritve so izvedli v skotopicnib pogojib z bliskovno stimulacijo, za VEP pa so uporabili sli-
kovni draZljaj.

Rezultati. Po rezultatib elektrofizioloskib testov so labko razdelili bolnike v dve skupini. V prvi skupini so bili bolniki z
elektrofizioloskimi izvidi, ki so bili blizu normalnim. Otroci v tej skupini so imeli dobro ostrino vida in so labko pricakovali ugodno
prognozo. S korekcijo vida so ublaZili nistagmus in odpravili simptome ambliopije zaradi strabizma. Zaradi boljSega dostopa do vid-
nih informacif so se ti otroci tudi uspesneje dusevno razvijali. Pri otrocib druge skupine so z vidnimi elektrofizioloskimi testi odkrili
hudo funkcijsko prizadetost. Vidno ostrino so dodatno prizadele spremljajoce mozganske poskodbe, deformiranosti ocesa, mikrocefa-
lija ali nistagmus in ambliopija. V teh primerib niso uspeli doseci pomembnega izboljsanja vidne ostrine. Kljub temu pa labko zdrav-
ljenje sekundarmega glavkoma ali kirurski posegi, ki preprecujejo atrofijo vidnega Zivca zaradi zvisanega intrakranialnega pritiska,
zaustavijo napredovanije izpadov. .

Zakljucek. Rezultati studije poudarjajo pomen elektrofizioloskib testov pri prirojenib ocesnib motnjab, kot je kolobom opticnega Zivca.
Oftalmologu omogocajo ne samo oceniti funkcijski izpad, ampak tudi spremljati vidno funkcijo v poteku bolezni, kar dodaja tem pre-
iskovalnim metodam tudi prognosti¢ni pomen.

Klju¢ne besede: elektroretinogram; kolobom opticnega Zivca; vidni evocirani potencial
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PATTERN-REVERSAL VEP IN OPTIC DISC DRUSEN

CASE REPORT

SLIKOVNI VIDNI EVOCIRANI POTENCIAL PRI BOLNIKU Z DRUZAMI OPTICNEGA DISKA
PRIKAZ PRIMERA

Viadimir Juvan
Eye Department, General Hospital, Metroviceva ul., HR-42000 VaraZzdin, Croatia

Key words: optic disc drusen; visual evoked potentials

Abstract - A case of bilateral optic disc drusen in a young
man, aged 21, is described. Visual acuity was normal, there were

Introduction

Drusen, or colloid bodies of the optic nerve, is a slowly progres-
sive disease, characterized by visual field defects due to com-
pressive optic neuropathy. They are either visible by retinoscopy
as roughness and pallor of the optic disc surface, or buried in
deeper layers of the optic nerve head. In this case they can be
identified by echography and CT scans. Drusen show autofluo-
rescence when observed through appropriate filters for fluores-
cein angiography. Reports about VEP changes in optic nerve
drusen were rather controversial in earlier literature (1, 2, 3), but
recent reports (4) seem to confirm the delay of P1 wave.

Methods

We performed pattern-reversal VEP with checkerboard pattern,
contrast 97 %, check size 50" and 25' on a TV monitor at fre-
quency of 1 Hz (2 reversals/s), the stimulating field subtended 12
degrees. The montage consisted of five electrodes positioned in
4 horizontal row, 5 ¢m above inion, according to Queen Square
system. Reference electrode was placed at Fz, and neutral elec-
trode on the front. We used silver-silver chloride disk electrodes,
and the impedance was kept below 5 kiloohms. The recording
wus done on 5 channels.

Case report

A voung man, aged 21, otherwise healthy, visited our out-patient
clinic in July 1991 for a routine pre-employment ophthalmologic
examination. Visual acuity was 1.0 (6/6) in both eyes, but the vis-
ual fields assessed by kinetic Goldmann perimetry showed bilat-
erally irregular field defects, more pronounced in the nasal
halves of the visual field (Fig. 1 and 2). Retinoscopy showed bi-

Abbreviations: PERG, pattern electrovetinogram; VEP, visual evolked potential

irregular visual field defects, and pattern-reversal VEP showed a
significant delay of the P1 and N2 waves. These findings match
well with the recent reports in the literature. Pathophysiology of
drusen and possible causes for this delay are discussed.

laterally a certain pallor and roughness of the optic disc surface
and autofluorescence when observed with filters. Echography
demonstrated intense echoes within the optic disc regions on
both sides, and CT-scan of the orbit and brain confirmed these
findings and excluded other possible causes of visual field de-
fects.

Pattern-reversal VEP (Fig. 3 and 4) demonstrated a significant bi-
lateral delay of the P1 and a notable delay of the N2 wave (be-
yond two standard deviations). Amplitude values were just with-
in normal limits. Neurological examination showed no abnormal-
ities, and cerebro-spinal fluid analysis was normal.

Discussion

Reports about flash and pattern VEP in optic nerve drusen were
controversial in earlier literature. While some authors (1) ob-
tained normal values, others (2, 3) demonstrated a delay of the
P1 wave.

In a recent survey performed by Scholl and coworkers (4), about
41 % of patients had a delay of the P1 wave. PERG performed
by the same group of authors showed normal P50 wave, and re-
duced amplitude or absence of the N95 wave.

Our result also shows a delay of P1 wave in optic nerve drusen.
It has been established that other compressive optic neuropa-
thies may also cause a delay of the P1 wave, as well as gross dis-
tortion of the waveform. This delay is, as a rule, small compared
to the delays in multiple sclerosis, and it is accompanied by re-
duced amplitude (5).

Pathophysiologically, it is not quite clear whether in case of optic
nerve drusen there is direct compression of the nerve fibres or
the changes are secondary to circulatory disturbances. Histological
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Fig. 1. Visual field - right eye. Fig. 2. Visual field - left eye.
Sl 1. Vidno polje desnega ocesa. SL. 2. Vidno polje levega ocesa.
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Fig. 3. Pattern-reversal VEP - right eye. Fig. 4. Pattern-reversal VEP - left eye.

Sl 3. Slikovni VEP - desno oko. Sl. 4. Slikovni VEP - levo oko.
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SLIKOVNI VIDNI EVOCIRANI POTENCIAL PRI BOLNIKU Z DRUZAMI OPTICNEGA DISKA. PRIKAZ PRIMERA
Vladimir Juvan

Izvledek - Izhodisca. Avtor prikazuje, kako se spremeni slikovni evocirani potencial pri bolniku z retinoskopsko, ebografsko in
tomografsko dokazanimi druzami v opticnem Zivcu.

Metoda. Slikovne evocirane potenciale je izvabljal z vzorcem crno-belib kvadratkov s kontrastom 97 odstotkov in velikostjo 50 ter 25
minut vidnega kota. VEP je snemal prek petib elektrod v horizontalni &rti 5 cm nad inionom.

Rezultati. Bolnik v starosti 21 let je imel ob pregledu normalno vidno ostrino na obeb oceb, toda kineticna Goldmannova perimetrija je
prikazala bilateralni nepravilni izpad vidnega polja, bolj izraZen v nazalni polovici. Oftalmoskopija je prikazala bledo in grobo
povrsino papile in avtofluorescenco pri opazovanju skozi filter. Ebografija je prikazala mocan odboj v predelu opticnib diskov.
Racunalniska tomografija orbit in moZganov je potrdila diagnozo in izkljucila druge vzroke izpada vidnega polja.

Slikovni VEP je imel sicer normalne amplitude vrbov, toda pomembno zapoznela vala P1 in N2.

Zakljucek. Pri obravnavanem bolniku z druzami opticnega diska je avtor ugotovil podaljsanje tako vala P1 kot vala N2 VEP.

Kljucne besede: druze opticnega diska; vidni evocirani potenciali
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ELECTRORETINOGRAPHIC SYSTEM

SISTEM ZA ELEKTRORETINOGRAFIJO

Milan Grgic, Blaz Konec, Marjan Mibelin, Ignac Zidar

University Institute of Clinical Neurophysiology, Medical Centre, Zaloska c. 7, 61105 Ljubljana, Slovenia

Key words: dome stimulator; electroretinography; integral lumi-
nance; standardization

Abstract - At the University Institute of Clinical Neurophysi-
ology in Liubljana, the system for clinical retinography bas been
based for years on an old Medelec MS6 machine, connected with
a photostimulator KAISER, and internal normative data were
used for the routine clinical use. In 1989, Standard for Clinical
Electroretinography was published in the Archives of Ophthalmo-
logy by the International Standardisation Committee. Five stan-
dard types of measurements were defined along with stimulation
parameters, types of electrodes and other acquisition parameters.

Introduction

At the Ljubljana Institute of Clinical Neurophysiology electroreti-
nographic (ERG) measurements have been performed for more
than 20 years. Internal standards have been established and ta-
bles of normative ERG parameters values made according to rec-
comendations of that time to evaluate routine recordings (1, 2,
3).

In 1989, the International Standardisation Committee published
in the Archives of Ophthalmology (4) its Standards for Clinical
Electroretinography proposing standards for 5 commonly per-
formed measurements. They were to be followed in all the elec-
troretinographic laboratories throughout the world, so as to al-
low reasonable comparison of the results obtained in any of
them. Types of the stimuli for eliciting ERG activities, recording
clectrodes, amplification and other parameters which determine
the form of an ERG recording were proposed.

Being aware of the importance of unified protocols and the tech-
nique of recording the ERGs, we at the Institute decided to fol-
low the recommendations and to adjust our measurements to the
new standards. The weakest point of our equipment turned out
to be the stimulator, therefore, we had to replace it. We chose
the recommended dome full-field Ganzfeld BS-02 stimulator and
incorporated it in the acquisition system we have been using for
the evoked potentials, since it was flexible enough to allow ad-
justments also to the standard ERG recordings.

Abbreviation: ERC, electroretinogram

In order to improve the measurement system and (o adjust the
laboratory to the proposed standards, a new acquisition system
and a new stimulator were arranged. The acquisition system,
based on an HP 9000 computer with a powerful analog-to-digital
conversion system, standard computer peripheral units, and
home written computer programmes, baye proved to be a good
solution. Medelec Ganzfeld BS-02 stimulator, triggered by the
computer through its digital output card, was chosen. After the
initial bardware and software setup was made, a set of calibra-
tion measurements was done in order to achieve the parameters
according to the proposed standards. New normative data are
being gathered and concurvently analysed.

The dome stimulator

Providing uniform illumination of the retinal area, the Medelec
Ganzfeld BS-02 stimulator is superior to common photo-flashes,
which are basically focal sources of light. Three intensities deter-
mining the energy released in the moment of a flash (1 J, 10 J,
and 80 ]) can be chosen from whith a knob on its housing. With
any of them, the flash lasts less than 5 ms, thus complying with
the demand of the standard, that a flash should last less than the
integration period of the fastest photoreceptor.

Since it reacts fast enough to such a short stimulus, a gas photo-
cell was used to measure the flash duration. The photo-cell elec-
tric output, analogous to the flash intensity by its time course,
was monitored on the oscilloscope. To measure the integral lu-
minance of the stimulator, we used an instrument UDT Model 81
RADIOMETER/PHOTOMETER. At 1], the integral luminance
was 1.40 cds/m? close enough to the lowest value allowed by
the standard (1.5 cds/m?) to make us choose the 1 | strength to
be the standard of our flash stimulus.

Integral luminance of the stimulator can be changed also by set-
ting the two flash filters in the dome of the stimulator. Each of
them attenuates the luminance by different levels, the sum at-
tenuation being the multiplication of filter reduction. Combining
the two individual filter settings, an attenuation (proposed by the
standard for some examinations) of the standard flash can be
achieved.
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In addition to producing flashes, the stimulator provides a lumi-
nance which has a steady time distribution and is even accross
the full field, the so called background luminance. It can be ad-
justed to the stimlus by means of colour and colourless filters.
Maximal colourless filtering does not attenuate the background
luminance enough, so that, additionally, we use the blue filter. It
renders the background bluish and lowers its luminance to 19
cd/m?, which is close to the standard lowest value of 17 cd/m’.
As our flash intensity is close to the lowest value allowed, the
background luminance is accordingly low as well: in the ERG
measurements, the ratio of the two luminances is namely impor-
tant.

Luminance and integral luminance
measurements

The luminance meter is calibrated for the use with a photometric
filter and an attachement reducing the visual angle to 15°. The
photometric filter has the transparency in accordance with the
photopic luminous efficiency function (photopic luminosity
curve) and that is why the light flow to the filter is not measured
in physical (W) but in a physiological unit called lumen (Im).
From the light flow measured and the geometry of the attache-
ment (15°) taken into account, the luminance of the light source
could be calculated (Fig. 1). The calculation is performed by the
meter itself, if set to the luminance measuring mode. However,
one should be aware that the instrument is adjusted to the ideal
Lambert’s light source and that, therefore, the exactness of meas-
urement depends on whether the measured source also complies
with Lambert’s law.

Lambert " s light source

| {
v ¢ J’ light flow emitted
by the light source

filter

i sensor

Fig. 1. Luminance measurement of an ideal Lambert light source.
SL. 1. Meritev svetlosti idealnega Lambertovega svetila.

Lambert’s light sources are those which are seen equally bright if
viewed from any angle. An example of such a light source is a
rough white wall. The result of its luminance measurement is the
same, regardless of the distance between the source and the me-
ter; the light flow is namely always the same, if only the source is
large enough to cover the whole perimeter of the sensor.

The measurement of the luminance of the stimulator dome is
shown in Figure 2: behind the dome there is an imaginary Lam-
bert’s light source. If the luminance of a small enough dome area
is measured, the reading corresponds well to the dome lumi-
nance. The measured area is the smaller, the narrower the angle
of the instrument, and the closer it is to the surface of the dome.
However, it shouldn't be so close as to cast its shadow on the
measured surface.

For the luminance measurements of the stimulator dome, we
placed the instrument in the position of an eye during an ERG
recording. By setting the meter to an individual flash metering
we read also the integral luminance of a flash.

Other components of the ERG measuring
system

The stimulator is the main and specific component of any ERG
measuring system. Its other elements for data acquisition and
processing, and the output components for data storing or/and
displaying in the graphic or alphanumeric mode need not be
specific.

imaginary Lambert” s light source

Wy
dome of the

stimulator
O sensor

Fig. 2. Measuring the stimulator dome luminance.
SL. 2. Meritev svetlosti kupole stimulatorja.

Our system for data acquisition is based on a powerful HP 9000
computer with a programmable Hewlett Packard subsystem
“Multiprogrammer HP 98633A”, which consists of analogue-digit-
al and digital-analogue converters, a timer, counter and some
other modules. Providing up to 16-channel recordings, it is also
used for more sophisticated evoked potentials recordings and
measurements. The software for the integration of the modules
into the system is our own product (5). Another crucial element
of the system is a 16-channel amplifier which (for reasons of
safety) is a professional medical equipment, specifically made for
the work with patients: its power supply is galvanically separated
from its input stage and other electronic components. Parameter
setting (amplification, band-pass, filters slopes, electrodes inter-
connections) can be changed either manually, or via the compu-
ter to which it is connected.

Manipulation with the system is made quite simple. Choosing a
type of measurement from the screen menu makes the computer
read the needed parameter values from the files on the compu-
ter-disk into all the devices active in the chosen measurement.
Any parameter can be manually overriden, but it is not done in
routine examinations, which should be performed uniformly.
Their uniformity is best secured with the automatic parameter
setting. After acquisition and processing, signals can be stored on
a magnetic computer disk, and plotted or/and transferred
through a network to other computers.

Five standard electroretinographic
measurements

We use two types of detecting electrodes for the ERG recordings:
the HK loop (6) and the silver cup electrodes. The active one
(HK) is placed on the lower eyelid, the referential close to the
lateral angle, and the ground electrode on the forehead.

Since it is most sensitive to light adaptation, we start any ERG
recording with the rod response (scotopic ERG), after initial 20
minutes of dark adaptation. Further recordings are made in the
order shown (with corresponding parameters) in Table 1. The
flicker response, recorded at the end, is elicited with the Grass
flash, as the Ganzfeld flicker is limited to 20 Hz, not complying
with the 30 Hz recommendation. The luminance of the Grass
stimulator is 2.12 cd's/m® We place it 25 cm in front of the pa-
tient’s eyes.
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Tab 1. The sequence of the ERG recordings with corresponding parameters.
Tab 1. Potek ERG meritev s pripadajocimi parametri.

Response Electrodes LFF HFF Ampli- Analysis  Samp.  Acquis. Average Stimulation
reference active fication time time rate number
Odziv Elektrode SFM ZFM Ojaca- Cas Vzoré.  Ponav. Stevilo Stimulacija
nje meritve cas frek. povpred.
referenéna aktivna Hz Hz ms ms Hz

20-minute dark adaptation / 20-minutno prilagajanje na temo

Rod response orb. rim HK 0.5 250 6000 200 0,4 0.5 20 Ganzfeld: SF ND2.6
Odziv pali¢nic

Maximal response orb, rim HK 0.5 250 6000 200 0,4 0.2 20 Ganzfeld: SF NDO.
Maksimalni odziv

Oscillatory pot. orb. rim HK 50 250 30000 100 0,2 1/15 10 Ganzfeld: SF NDO.

Oscilatorni odziv

10-minute light adaptation / 10-minutno prilagajanje na svetlobo

Cone response orb. rim HK 0.5 250 30000 200 0,4 3 50 Ganzfeld: SF NDO.*
Odziv fepnic
Flicker response orb. rim HK 1 70 12000 200 0,4 3 50 Grass: 2.12 cds/m?

Odziv na 30 Hz

LFF, low frequency filter; HFF, bigh frequency filter; SF NDO, standard flash without attenuation (1,46 cds/m’); ND2,6, 500-times attenuation (log 500= 2,6 or 107" = 500);
* background illumination

SEM, spodnja frekvencna meja; ZEM, zgornfa frekvencna meja; SF NDO, standardni fles brez slabljenja ND2,6, 500-kratno slablfenfe; *, svetilnost ozadja

Referenccs 4, International  Standardization Committee. Standard for Clinical Electroreti-
nography. Arch Ophthalmol 1989; 107: 816-9.
1. Karpe G. A routine method of clinical electroretinography. Acta Ophthal 1962; 5. Grgi¢ M, Mihelin M, Zidar 1. Evoked potentials measurement system based on
70: Suppl: 15-31. computer HP9000. In: Postgraduate Course and 32nd International Neuropsy-
2. Burian HM, Pearlman JT. Evaluation of the amplitude of the b-wave of the hu- chiatric Symposium, June 14th - 20th, 1992, Graz, Austria. Zagreb: Proceedings,
man electroretinogram. Amer J Ophthal 1964; 58: 210-16. 1992: 83,
3. Ruedeman AD. Normal human electroretinogram. Amer ] Ophthal 1965; 60: 6. Hawlina M, Konec B. New noncorneal HK-loop electrode for clinical electrore-

BGS-T8. tinography. Doc Ophthalmol 1992; 81: 253-9.
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SISTEM ZA ELEKTRORETINOGRAFIJO

Milan Grgi¢, Blaz Konec, Marjan Mihelin, Ignac Zidar

Izvledek - 1zhodisce. Leta 1989 je International Standardisation Committee v Archives of Ophthalmology izdal Standard for Clinical
Electroretinography, ki doloca pet standardnib meritev, ki naj bi jib opravijali vsi laboratoriji za elektrovetinografijo. Standardi
dolocajo tudi viste draZljajev, s katerimi izzovemo doloCene ERG aktivnosti, vrste elektrod, parametre ojacevanja signalov in druge
parametre, ki dolocajo obliko ERG posnetkov.

Metode. Da bi prilagodili svof merilni sistem za ERG novemu standardu, smo izboljsali predvsem stimulacijski del sistema. Izbrali smo
kupolasti stimulator, kakrsnega priporoca tudi standard, saj omogoca enakomerno osvetlitev mreznice in je zato za draZenje
primernejsi od navadnib bliskavic. Nastavijive ima tri jakosti draZljaja, ki dolocajo energijo ob sprostitvi bliska: 1 [, 10 [ in 80 J. Pri
vseh treb je trajanje bliska manjse od petib milisekund, kar ustreza zahtevi standarda, da mora biti drazijaj krajsi od integracijskega
casa najhitrejsib fotoreceptorjev.

Svetlost stimulatorja labko spreminjamo tudi z nastavitvijo dveb svetlobnib filtrov na kupoli stimulatorja. Svetlost zmanjsujeta v
razlicnib stopnjab, celotno slabljenje pa je produkt slabljenj obeb filtrov. S kombinacijo nastavitev lahko dosezemo tiste stopnje slab-
ljenja, ki jib zahteva standard.

Poleg bliskov omogoca stimulator tudi casovno enakomerno svetlost ozadja. V skladu z zahtevami standarda jo labko slabimo z
barvnimi in brezbarvnimi filtri, in to glede na jakost bliskovnega drazljaja. Svetlost ozadja in integralno svetlost bliskovnega drazljaja
smo merili z instrumentom UDT Model 81 RADIOMETER/PHOTOMETER in za rutinsko delo izbrali vrednosti parametrov, ki so v mejah
standarda.

Poleg drazilnega dela ima sistem za ERG tudi komponente za zajem in procesiranje signalov in izhodne enote, kamor labko rezultate
meritev shranimo ali jib prikaZemo v graficni in alfanumeriéni obliki. Sistem za zajem signalov je zasnovan na zmogljivem
racunalniku HP90O0O. Povezan je s programibilnim podsistemom Hewlett Packard “Multiprogramer HP98633A", ki vsebuje analogno-
digitalne in digitalno-analogne pretvornike, casovni modul (timer), Stevec (counter) in Se nekatere druge module. Omogoca najvec
sestnajstkanalne meritve, zato ga uporabljamo tudi za bolj zahtevne meritve EP. Racunalniski program, ki povezuje vse dele merilnega
sistema, je napisan doma. Pomemben del sistema je 16-kanaini ojacevalnik, ki je iz varnostnib razlogov profesionalna medicinska
naprava. Vbhodno stopnjo ima galvansko loceno od napajalnega dela in drugib elektronskib delov ojacevalnika. Ojacevalniku labko
spreminjamo nastavitev parametrov (ojacenje, frekvencne meje, strmine filtrov, vezave elektrod) bodisi rocno bodisi prek racunalnika,
prikljucenega na ojacevalnik.

Uporaba sistema je zelo preprosta. Ko iz menuja na zaslonu racunalnika izberemo vrsto meritve, se vrednosti vseb potrebnib para-
metrov snemanja preberejo iz datotek na disku racunalnika. Racunalnik nato prek digitalnib povezav nastavi parametre na vseh
napravah, ki so udeleZene pri meritvi. Vse parametre labko spremenimo tudi rocno z gumbi na aparaturab, vendar pa tega pri rutin-
skem delu ne uporabljamo, ker je pomembno, da snemamo vedno z enakimi parametri. To pa najbolje zagotavlja avtomatska na-
stavitev vseb parametrov z racunalnikom.

Zakljucek. Sistem, ki ga uporabljamo na Univerzitetnem institutu za klinicno nevrofiziologijo, omogoca snemanje ERG, kot ga
priporoca mednarodni standard. S tem smo zagotovili vecjo mednarodno primerljivost svojib posnetkov.

Kljucne besede: elekiroretinografija; integralna svetlost; kupolasti stimulator; standardizacija
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NAVODILA SODELAVCEM ZDRAVNISKEGA VESTNIKA

Zdravniski vestnik (ZV) je glasilo Slovenskega zdravniskega dru-
§tva. Naslov urednistva je Zdravniki vestnik, Komenskega 4, 61000
Ljubljana, tel. (061) 317-868.

Splosna nacela

ZV objavlja le izvirna, $e neobjavljena dela. Avtor je odgovoren za
vse trditve, ki jih v prispevku navaja. Ce ima &lanek veé avtorjev, je
treba navesti natancen naslov (s telefonsko 3tevilko) tistega avtorja,
s katerim bo urednistvo kontaktiralo pri pripravi teksta za objavo,
ter kateremu avtorju se posiljajo zahteve za reprint.

Ce prispevek obravnava raziskave na ljudeh, mora biti iz besedila
razvidno, da so bile raziskave opravljene v skladu z naceli Kodeksa
etike zdravstvenih delavcev SFR] in Deklaracije iz Helsinkov/Tokia.

Ce delo obravnava poizkuse na zivalih, mora biti razvidno, da je
bilo opravljeno v skladu z etiénimi naceli.

Prispevki bodo razvriceni v eno od naslednjih rubrik: uvodnik,
raziskovalni prispevek, strokovni prispevek, pregledni élanek, pismo
urednitvu in razgledi.

Raziskovalna poroéila morajo biti napisana v angleiéini. Dolga
naj bodo do 8 tipkanih strani. Slovenski izvle¢ek mora biti raziirjen
in naj bo dolg do tri tipkane strani. Angleski ne sme biti dalji od 250
besed.

Ce besedilo zahteva aktivnejse posege angleskega lektorja, nosi
stroske avtor.

Ostali prispevki za objavo morajo biti napisani v slovenséini
jedrnato ter strokovno in slogovno neoporeéno. Pri raziskovalnih in
strokovnih prispevkih morajo biti naslov, izvleéek, deskriptorji
(klju¢ne besede), tabele in podpisi k tabelam in slikam prevedeni
v angle$¢ino.

Clanki so lahko dolgi najveé 12 tipkanih strani (s tabelami, slikami
in literaturo vred).

V besedilu se lahko uporabljajo le enote SI in tiste, ki jih dovoljuje
Zakon o merskih enotah in merilih (Uradni list SFR] §t. 13/76).

Spremni dopis

Spremno pismo mora vsebovati: 1. izjavo, da poslano besedilo ali
katerikoli del besedila (razen abstrakta) ni bilo poslano v objavo
nikomur drugemu; 2. da so vsi soavtorji besedilo prebrali in se
strinjajo z njegovo vsebino in navedbami; 3. kdaj je raziskavo
odobrila »Eti¢na komisija«; 4. da so preiskovanci dali pisno soglasje
k sodelovanju pri raziskavi; 5. pisno dovoljenje za objavo slik, na
katerih bi se ev. lahko prepoznala identiteta pacienta; 6. pisno

dovoljenje zalozbe, ki ima avtorske pravice, za ponatis slik, shem ali
tabel.

Tipkopis

Prispevki morajo biti poslani v trojniku, tipkani na eni strani
boljsega belega pisarniskega papirja formata A4. Med vrsticami
mora biti dvojni razmik (po 27 vrstic na stran), na vseh straneh pa
mora biti rob Sirok najmanj 30 mm. Avtorji, ki pisejo besedila
s pomodjo PC kompatibilnega racunalnika, jih lahko posljejo uredni-
§tvuna 5 1/4 inénih disketah, formatiranih na 360 Kb ali 1,2 Mb, kar
bo pospesilo uredniski postopek. Ko bo le-ta konéan, urednistvo
diskete vrne. Besedila naj bodo napisana s programom Wordstar ali
z drugim besedilnikom, ki hrani zapise v ASCII kodi. V besedilu so
dovoljene kratice, ki pa jih je treba pri prvi navedbi razloiti. Ze
uveljavljenih okrajSav ni treba razlagati (npr. 1 za liter, mg za
miligram itd.).

Naslovna stran ¢lanka naj vsebuje slovenski naslov dela, angleski
naslov dela, ime in priimek avtorja z natanénim strokovnim in
akademskim naslovom, popoln naslov ustanove, kjer je bilo delo
opravljeno (ce je delo skupinsko, naj bodo navedeni ustrezni podatki
za soavtorje). Naslov dela naj jedrnato zajame bistvo vsebine &lanka.
Ce je naslov z avtorjevim priimkom in imenom dalji od 90 znakov,
je treba navesti Se skrajsano verzijo naslova za tekoéi naslov. Na
naslovni strani naj bo navedenih tudi po pet kljuénih besed (uporab-
ljene naj bodo besede, ki natanéneje opredeljujejo vsebino prispevka
in ne nastopajo v naslovu; v slovenicini in angle$cini) ter eventualni
financerji raziskave (s §tevilko pogodbe).

Druga stran naj vsebuje slovenski izvlecek, ki mora biti strukturi-
ran in naj vsebuje naslednje razdelke in podatke:

Izhodiséa (Background): Navesti je treba glavni problem in namen
raziskave in glavno hipotezo, ki se preverja.

Metode (Methods): Opisati je treba glavne znaéilnosti izvedbe
raziskave (npr. trajanje), opisati vzorec, ki se ga proucuje (npr.
randomizacija, dvojno slepi poizkus, navzkrizno testiranje, testiranje
s placebom itd.), standardne vrednosti za teste, ¢asovni odnos (pro-
spektivna, retrospektivna Studija).

Navesti je treba naédin izbora preiskovancev, kriterije vkljucitve,
kriterije izkljuéitve, Stevilo preiskovancev, vkljuéenih v raziskavo in
koliko jih je vkljuenih v analizo. Opisati je treba posege, metode,
trajanje jemanja posameznega zdravila, kateri preparati se med seboj
primerjajo (navesti je treba generi¢no ime preparata in ne tovarnisko)
itd.

Rezultati (Results): Opisati je treba glavne rezultate Studije.
Pomembne meritve, ki niso vkljuéene v rezultate $tudije, je treba
omeniti. Pri navedbi rezultatov je treba vedno navesti interval zaupa-
nja in natanéno raven statisti¢ne znacilnosti. Pri primerjalnih Studi-
jah se mora interval zaupanja nanasati na razlike med skupinami.
Navedene morajo biti absolutne stevilke.

Zakljuéki (Conclusions): Navesti je treba le tiste zakljucke, ki
izhajajo iz podatkov, dobljenih pri raziskavi; treba je navesti ev.
klini¢no uporabnost ugotovitkov. Navesti je treba, kaksne dodatne
studije so e potrebne, preden bi se zakljucki raziskave klini¢no
uporabili. Enakovredno je treba navesti tako pozitivne kot negativne
ugotovitve.

Ker nekateri prispevki (npr. pregledni ¢lanki) nimajo niti obi¢ajne
strukture ¢lanka, naj bo pri teh strukturiranost izvle¢ka ustrezno
prilagojena. Dolg naj bo od 50 do 200 besed; na tretji strani naj
bodo: angleski naslov élanka, kljuéne besede v anglei¢ini in angleski
prevod izvlecka.

Na naslednjih straneh naj sledi besedilo ¢lanka, ki naj bo smiselno
razdeljeno v poglavja in podpoglavja, kar naj bo razvidno iz nacina
podértavanja naslova oz. podnaslova, morebitna zahvala in litera-
tura. Odstavki morajo biti oznaceni s spuiéeno vrstico. Tabele,
podpisi k slikam, prevedeni tudi v anglei¢ino in razlaga v tekstu
uporabljenih kratic morajo biti napisani na posebnih listih.

Tabele

Natipkane naj bodo na posebnih listih in zaporedno osteviléene.
Imeti morajo najmanj dva stolpca. Vsebovati morajo: naslov (biti
mora dovolj poveden, da razlozi, kaj tabela prikazuje, ne da bi bilo
treba brati &lanek; ¢e so v tabeli podatki v odstotkih, je treba
v naslovu navesti bazo za ra¢unanje odstotka; treba je navesti, od
kod so podatki iz tabele, ev. mere, ¢e veljajo za celotno tabelo,
razloZiti podrobnosti glede vsebine v glavi ali ¢elu tabele), éelo,
glavo, morebitni zbirni stolpec in zbirno vrstico ter opombe ali pa
legendo uporabljenih kratic v tabeli. Vsa polja morajo biti izpolnjena
in mora biti jasno oznaceno, &e ev. manjkajo podatki.

V besedilu prispevka je treba oznaéiti, kam spada posamiéna
tabela.




Slike

Risbe morajo biti risane s ¢rnim tuSem na bel trd papir. Pri
velikosti je treba upostevati, da bodo v ZV pomanjsane na Sirino
stolpca (88 mm) ali kveéjemu na dva stolpca (180 mm). Morebitno
besedilo na sliki mora biti izpisano z letraset ¢rkami Helvetica
Medium. Treba je upostevati, da pri pomanjsanju slike za tisk
velikost ¢rke ne sme biti manjsa od 2 mm. Grafikoni, diagrami in
sheme naj bodo uokvirjeni.

Na hrbtni strani vsake slike naj bo s svinénikom napisano ime in
priimek avtorja, naslov élanka in zaporedna stevilka slike. Ce je
treba, naj bo oznaéeno, kaj je zgoraj in kaj spodaj.

V besedilu prispevka je treba oznaciti, kam spada posamicna slika.

Literatura

Vsako trditev, dognanje ali misel drugih je treba potrditi z refe-
renco. Neobjavljeni podatki ali pa osebno sporocilo ne spada v sez-
nam literature. Navedke v besedilu je treba osteviléiti po vrstnem
redu, v katerem se prvi¢ pojavijo, z arabskimi §tevilkami v oklepaju.
Ce se pozneje v besedilu znova sklicujemo na ze uporabljeni navedek,
navedemo stevilko, ki jo je navedek dobil pri prvi omembi. Navedki,
uporabljeni v tabelah in slikah, naj bodo ostevilé¢eni po vrstnem redu,
kakor sodijo tabele ali slike v besedilo. Pri citiranju vec del istega
avtorja dobi vsak navedek svojo Stevilko, starejsa dela je treba
navesti prej. Vsi navedki iz besedila morajo biti v seznamu literature.

Literatura naj bo zbrana na koncu ¢lanka po zaporednih $tevilkah
navedkov. Ce je citiran ¢lanek napisalo 6 avtorjev ali manj, jih je
treba navesti vse; pri 7 ali vec je treba navesti prve tri in dodati et al.
Ce pisec prispevka ni znan, se namesto imena napise Anon. Naslove
revij, iz katerih je navedek, je treba krajsati, kot to dolo¢a Index
Medicus.

Primeri citiranja

— primer za knjigo:

1. Bohinjec J. Temelji klinicne hematologije. Ljubljana: Dopisna
delavska univerza Univerzum, 1983: 182-3.

— primer za poglavje iz knjige:

2. Garnick MB, Brenner BM. Tumors of the urinary tract. In:
Braunwald E, Isselbacher K], Petersdorf RG, Wilson JD, Martin
JB, Fauci AS eds. Harrison’s principles of internal medicine. 11th
ed. Vol 2. New York: McGraw Hill, 1987: 1218-21.

— primer za ¢lanek v reviji:

3. Smid L, Zargi M. Konikotomija — zakaj ne. Med Razgl 1989; 28:
255-61.

— primer za ¢lanek iz revije, kjer avtor ni znan:

4. Anon. An enlarging neck mass in a 71-year-old woman. AM
J Med 1989; 86: 459-64.

— primer za ¢lanek iz revije, kjer je avtor organizacija:

5. American College of Physicians. Clinical ecology. Ann Int Med
1989; 111: 168-78.

— primer za clanek 1z suplementa revije:

6. Miller GJ. Antithrombotic therapy in the primary prevention of
acute myocardial infarction. Am | Cardiol 1989; 64: Suppl 4:
29B-32B.

— primer za ¢lanek iz zbornika referatov:

7. Schneider W.Platelet metabolism and membrane function. In:
Ulutin ON, Vinazzer H eds. Proceedings of 4th international
meeting of Danubian league against thrombosis and haemorrha-
gic diseases. Istanbul: Goezlem Printing and Publishing Co, 1985:
11-5.

Sodelovanje avtorjev z urednistvom

Prispevke oddajte ali posljite le na naslov: Urednistvo Zdravni-
skega vestnika, Komenskega 4, 61000 Ljubljana. Za prejete pri-
spevke izda urednistvo potrdilo. V primeru nejasnosti so uredniki na
voljo za posvet, najbolje po poprejsnjem telefonskem dogovoru [tel.
(061) 317-868].

Vsak ¢lanek daje urednistvo v strokovno recenzijo in jezikovno
lekturo. Po konéanem redakcijskem postopku, strokovni recenziji in
lektoriranju vrnemo prispevek avtorju, da popravke odobri, jih
uposteva in oskrbi ¢istopis, ki ga vrne s popravljenim prvotnim
izvirnikom. Med redakcijskim postopkom je zagotovljena tajnost
vsebine ¢lanka.

Avtor dobi v korekturo prvi krtaéni odtis s prosnjo, da na njem
oznaéi vse tiskovne pomote. Spreminjanja besedila ob tej priliki
urednistvo ne bo upostevalo. Korekture je treba vrniti v treh dneh,
sicer uredni$tvo meni, da avtor nima pripomb.

Rokopisov in slikovnega materiala urednistvo ne vraca.

Dovoljenje za ponatis slik, objavljenih v ZV, je treba zaprositi od
Urednistva Zdravniskega vestnika, Komenskega 4, 61000 Ljubljana.

Navodila za delo recenzentov

Ce zapro$eni recenzent prispevka ne more sprejeti v oceno, naj
rokopis vrne. Hvalezni bomo, ¢e v tem primeru predlaga drugega
primernega recenzenta. Ce meni, da poleg njega prosimo za oceno
prispevka $e enega recenzenta (multidisciplinarna ali mejna tema),
naj to navede v svoji oceni in predlaga ustreznega strokovnjaka.

Recenzentovo delo je zelo odgovorno in zahtevno, ker njegovo
mnenje najveckrat vodi odlocitev urednistva o usodi prispevka.
S svojimi ocenami in sugestijami recenzenti prispevajo k izboljsanju
kakovosti naSega casopisa. Po ustaljeni praksi ostane recenzent
avtorju neznan in obratno.

Ce recenzent meni, da delo ni vredno objave v ZV, prosimo, da
navede vse razloge, zaradi katerih delo zasluzi negativno oceno.
Negativno ocenjen ¢lanek po ustaljenem postopku skupaj z recenzijo
(seveda anonimno) urednistvo poslje e enemu recenzentu, kar se ne
sme razumeti kot izraz nezaupanja prvemu recenzentu.

Prispevke posiljajo tudi mladi avtorji, ki Zele svoja zapazanja in
izdelke prvi¢ objaviti v ZV ter jim je treba pomagati z nasveti, ce
prispevek le formalno ne ustreza, vsebuje pa pomembna zapazanja in
sporocila.

Od recenzenta urednistvo pricakuje, da bo odgovoril na vprasanja
na obrazcu ter da bo ugotovil, ¢e je avtor uposteval navodila
sodelavcem, ki so objavljena v vsaki Stevilki ZV, in da bo preveril, ¢e
so podane trditve in misli verodostojne. Recenzent mora oceniti
metodologijo in dokumentacijo ter opozoriti urednistvo na ev.
pomanijkljivosti, posebej se v rezultatih.

Ni treba, da se recenzent ukvarja z lektoriranjem in korigiranjem,
ceprav ni napak, ¢e opozori na take pomanjkljivosti. Posebej pro-
simo, da je pozoren na to, ali je naslov dela jasen in koncizen in ali
ustreza vsebini; ali 1zvle¢ek povzema bistvene podatke clanka; ali
avtor cit isti $tevilki kot ocenjevano delo.

Recenzij ne placujemo.
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NEVROFIZIOLOSKI VIDIKI VIDNEGA SISTEMA
VSEBINA

NA MESTU UVODNIKA
Spominska predavanja dr. Janez Faganel, ]. Zidar

Predgovor, J. Brecelj, M. Hawlina, M. Strucl

SPOMINSKO PREDAVANJE Dr. JANEZ FAGANEL
Nevrotransmiterji v mreZnici sesalcev. Prikaz z nevrofiziolo§kega stali§¢a, H. Ikeda

VLOGA DOPAMINA V VIDNI POTI
Petintrideset let raziskovanja dopamina, D. Sket

Vloga melatonina in dopamina pri obnavljanju in degeneraciji mreZnice,
M. Hawlina, H. Ikeda

Dopaminergi¢ni mehanizmi v zunanjih plasteh mreZnice sesalcev in okvare
pri prirojeni distrofiji mreZnice, M. Hankins, H. Ikeda

Videti, ne le gledati: kognitivno procesiranje vidnih signalov,
Z. PirtoSek, G. Barrett, A, J. Lees

ELEKTROFIZIOLOSKO OCENJEVANJE VIDNEGA SISTEMA

Nekateri anatomski in fizioloski vidiki klini¢ne nevrofiziologije vida,
J. Brecelj, M. Strucl

Elektrodiagnostika primarnega aferentnega vidnega sistema.
Preteklost, sedanjost in prihodnost, H. Ikeda

Vidni evocirani potenciali v nevrologiji: klini¢na uporabnost
pri pre- in posthiazmalnih okvarah, K. Lowitzsch

Multimodalni evocirani potenciali in centralne motori¢ne latence
pri bolnikih z opti¢nim nevritisom, M. Denisli¢

Elektrookulogram, elektroretinogram in vidni evocirani potenciali pri juvenilni,
na kromosom X vezani retinoshizi. Model za razvoj klini¢ne elektrodiagnostike
bolezni vida, D. Papakostopoulos, R. M. L. Doran, N. K. Ragge

ElektrofizioloSko testiranje vida pri otrocih, A. Kriss

Elektrofiziologija kot pomo¢ pri diagnostiki v otro3ki oftalmologiji,
B. Stirn-Kranjc, J. Brecelj

Elektrofiziolosko ocenjevanje funkcijskih motenj pri kolobomu opti¢nega Zivca,
M. Janidky, Z. Pelle, A. Szab6, G. Benedek

Slikovni vidni evocirani potencial pri bolniku z druzami opti¢nega diska
- prikaz primera, V. Juvan

Sistem za elektroretinografijo, M. Grgi¢, B. Konec, M. Mihelin, I. Zidar
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