Programme

Welcome to Manchester
Dear friends and colleagues,
We are delighted to welcome you to
Manchester, particularly in the year in which
we at Manchester Royal Eye Hospital (MREH)
celebrate our 200th Anniversary. On 21st
October 1814, the Manchester Institution for
Curing Diseases of the Eye was inaugurated
and was located in a small house on King
Street. Over the last 200 years we have
moved several times and 5 years ago we
The atrium at MREH
moved into our new home, a £500M new
build incorporating Manchester Royal Eye Hospital, Manchester Royal Infirmary, St Mary’s
Hospital for Women, and the new Royal Manchester Children’s Hospital.

Great Western Warehouse, MOSI

The New Central Manchester Hospitals Campus

We are very excited to be able to hold the conference at the Museum of Science and Industry
(MOSI), and hope you enjoy the unique atmosphere of this historic building. Back in the 1830s, it
was Liverpool Road station, the Manchester terminus of the Liverpool and Manchester Railway,
the world's first purpose-built passenger and goods railway. Many of the original buildings
remain, and today our conference takes place in the Great
Western Warehouse. There is much to see and do at MOSI,
but since we’re going to keep you pretty busy over the next
2 days, we have laid on some tasters in our evening social
event, “Night at the Museum”.
We hope you enjoy your time in Manchester.

Neil Parry & Claire Delaney
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INFORMATION
Special forums
This year we are introducing a couple of special forums, partly based on feedback from previous meetings.
On Monday afternoon there will be a short forum on Registration. This is designed to be of interest not
only to people embarking on the registration process, but to senior colleagues who need to offer their
support to trainees. Ruth Hamilton will help us negotiate the maze of acronymns.
On Tuesday morning Richard Smith will take the lead in a forum on communication. We will address the
important issues of what we tell our patients, and indeed what we tell our Ophthalmic colleagues who
rely on our interpretation. Equally important is how we prepare out patients for their visit, and we will
display in the poster area examples of information literature from many labs.
Sponsors
We would like to thank all of our sponsors for their generous support. Their contributions help to reduce
the cost of your meeting. Please take time to visit them during the conference: if you get your name card
initialled by all four, you will be entered into the prize draw for a bottle of whisky.
WiFi
Free WiFi is available throughout the building.
Login to the network “SMG-guest”. When you first attempt to connect to the internet, you will be
greeted by a welcome page. The username and password are both “Events”.
The digital sculpture
This multi-screen chandelier takes up the full height of the building, and you are invited to become part of
it by having your picture taken at one of the stations on the ground floor. Your image can be uploaded to
facebook or twitter, so you can prove to your colleagues back home how hard you’ve been working. This
will be available to us on Monday evening as well.
Night at the Museum
After a suitable rest on Monday evening, you are invited to return at 6.45 to the museum, now ours and
ours alone. Sadly we cannot run amok, but we will be able to explore the Experiment gallery, a hands-on
science exhibit designed to appeal to our inner child. The gallery is located one floor below the
conference centre. Adjacent to this is MOSI’s award-winning current special exhibit, Collider, which
brings art and science together to tell the story of the Large Hadron Collider. An introductory video runs
every 20 minutes, so this is best visited in small groups. We will provide you with a welcome drink, but
must ask you not to take this into these gallery spaces.
We then dine in the Revolution Gallery, under the wing of an AVRO type F, the worlds first enclosed cabin
monoplane, built up the road in Ancoats, and in the shadow of ‘Baby’, the worlds first stored-program
computer. Many other exhibits are ranged around the gallery, with the themes of Transport Revolutions,
Computer Age, Engineering, Energy, Cottonopolis and Structure of Matter. Each section tells a story
running from the past to the future. Wine is provided with dinner but there will also be a cash bar, open
until 12.30am, with carriages at 1am.
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PROGRAMME
Monday 8th September

08:30

Registration

BriSCEV course - Colour Vision
09:00

Basics of Colour Vision
Declan McKeefry, University of Bradford

09:50

Testing Methods
Neil Parry, Manchester Royal Eye Hospital

10:30

Coffee Break

11:00

Acquired Colour Vision Defects
Antony Morland, University of York

11:50

Practical Session

12:30

End of Course

12th BriSCEV Conference
12:30

Lunch / Registration

13:30

Welcome
Neil Parry, Manchester Royal Eye Hospital
Session 1 - Retina
Chairs: Neil Parry and Vikki McBain

13:35

Keynote Address: Artificial Vision with the Argus II Epiretinal Electronic Retinal
Implant: a 5-year update. Benefits and Latest Achievements.
Paulo Stanga, Manchester Royal Eye Hospital

14:20

Electrophysiological and Clinical Features of Melanoma Associated Retinopathy
Saddaf Shaheen, Moorfields Eye Hospital

14:35

The Clinical and Electrophysiological Features of Unilateral Pigmentary
Retinopathy
Anthony Robson, Moorfields Eye Hospital

14:50

Poster Parade
Chairs: Tony Robson and Richard Hagan

15:00

Tea Break / Posters
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Session 2 - Methods
Chairs: Tony Fisher and Chris Hogg
15:45

The Effect on the ERG of Dark Adapting Whilst Viewing a TV with a Red Filter
Claire Delaney, Manchester Royal Eye Hospital

16:00

The Effect of Eye Drops on ERG and MFERG Amplitude
Sarah Houston*, Royal Liverpool University Hospital

16:15

The Non-Mydriatic ERG with Skin Electrodes in Diabetic Retinopathy and
Maculopathy Using the Reteval Instrument
Deepthy Jayakrishnan*, Royal Liverpool University Hospital

16:30

Trade Presentations
Chair: Chris Hogg

16:45

Registration Forum
Chair: Ruth Hamilton

17:00

Annual General Meeting

17:30

End Of Day 1

18:45

Night At The Museum

20:00

Dinner in the Revolution Gallery, MOSI

Tuesday 9th September
08:30

Registration
Session 3 - Cortex
Chairs: Declan McKeefry and Paul Spry

09:00

Keynote Address: Is the Human Visual Cortex Stubborn or Flexible?
Antony Morland, University of York

09:45

The Diagnostic Yield of Clinical Electrophysiology in Neuro-Radiologically
Negative Visual Loss
Jonathan Whittle, The Princess Alexandra Eye Pavilion

10:00

Clinical and Electrophysiological Assessment of Patients Suspected of Having
Albinism
Panagiotis Sergouniotis, Manchester Royal Eye Hospital

10:15

Haemodynamic Responses in Compromised Visual Cortex: A Series of Case
Studies
Uma Shahani, Glasgow Caledonian University

10:30

Coffee Break / Posters

11:00

Case Presentations
Chairs: Dorothy Thompson and David Keating

12:00

Communication Forum
Chair: Richard Smith

12:30

Lunch
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Session 4 - Technology and Methods
Chairs: Ruth Hamilton and Antonio Calcagni
13:30

Keynote Address: New Mobile Technologies and Ophthalmic Diagnostics
Iain Livingstone, Gartnavel General Hospital

14:15

Shorter Dark Adaptation Duration for ISCEV Standard ERGs
Kirsten Graham*, Royal Hospital for Sick Children

14:30

Setting the Utility of the Photopic Negative Response (PhNR) as Part of an
Extended ERG Protocol
Shaun Leo*, Moorfields Eye Hospital

14:45

iSim: A Smart ERG Signal Generator for Calibration of Instruments and
Alignment of Recording Regimes Across Clinical Laboratories
Matt Elt*, Royal Liverpool University Hospital

15:00

Tea / Posters
Session 5 - Technology and Methods continued
Chairs: David Sculfor & Stuart Parks

15:30

De-humming ERG Recordings
John Robson, University of Cambridge

15:45

Normative Sample Size for Reference Intervals of Visual Electrophysiology
Parameters
Ruth Hamilton, Royal Hospital for Sick Children

16:00

Subnormal RPE Trans-Epithelial Potential in Danon Disease
Dorothy Thompson, Great Ormond Street Hospital

16:15

President's Closing Remarks; Prizegiving

16:30

End Of Meeting
* Candidate, first national presentation award (judges: Colin Barber and Charles
Cottriall)
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ABSTRACTS
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MONDAY 13:35
KEYNOTE ADDRESS: ARTIFICIAL VISION WITH THE ARGUS II EPIRETINAL
ELECTRONIC RETINAL IMPLANT: A 5-YEAR UPDATE. BENEFITS AND LATEST
ACHIEVEMENTS.
Prof. Paulo E. Stanga
Professor of Ophthalmology & Retinal Regeneration, University of Manchester
Consultant Ophthalmologist & Vitreoretinal Surgeon, Manchester Royal Eye Hospital
Director, Manchester Vision Regeneration (MVR) Lab at NIHR/Wellcome Trust Manchester CRF
A 5-year update on the Argus II Epiretinal Electronic Retinal Implant International Study in blind patients
with retinitis pigmentosa will be presented. Study Design, Indicated Population, Materials and Methods and
Visual Function results will be discussed. Emphasis will be placed on discussion of the clinical impact and
benefits provided by the system in real life, as well as results on the latest research in Colour and Face
Detection.
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MONDAY 14:20
ELECTROPHYSIOLOGICAL AND CLINICAL FEATURES OF MELANOMA
ASSOCIATED RETINOPATHY
Saddaf Shaheen¹, Chris R. Hogg¹², Anthony G. Robson¹² , Graham E. Holder¹²
1 Moorfields Eye Hospital
2 UCL Institute of Ophthalmology
Aims
To report a series of patients with melanoma associated retinopathy (MAR), a rare paraneoplastic
autoimmune disorder.
Method
Seven patients with MAR were identified from the departmental database. The clinical and
electrophysiological findings were reviewed. Patients had undergone pattern and full field ERGs,
incorporating the ISCEV standards using gold foil corneal electrodes. Photopic ON-OFF ERGs (duration
200ms) and s-cone ERGs were also performed. Three patients had additional colour contrast sensitivity
assessment. Electrophysiological testing had been repeated in three of the patients within two years of
initial testing.
Results
All patients had presented with acquired night blindness and shimmering photopsias, and all had a history
of cutaneous malignant melanoma. The onset of symptoms occurred months to years after primary
melanoma diagnosis. Fundus examination was unremarkable.
Pattern ERGs were undetectable in five patients and showed only residual activity in the other two. All
patients had undetectable rod-specific ERGs (DA 0.01). Bright flash scotopic ERGs (DA 10.0) were
profoundly electronegative with a normal a-wave and reduced b-wave. The cone flicker (30Hz) and single
flash photopic (2Hz) ERGs showed subtle but distinctive abnormalities. The photopic ERGs had a
broadened a-wave followed by a b-wave with a sharpened appearance and lacking photopic oscillatory
potentials with a reduced b/a ratio. This appearance is characteristic of loss of the cone ON-bipolar cell
pathway but preservation of the cone OFF- pathway. This was confirmed by ON- OFF- ERGs which
showed a normal OFF response but marked loss of the ON response b-wave and preservation of the ONa-wave. Colour contrast sensitivity assessment showed profound elevation in the tritan axes in all three
patients.
Conclusion
Patients with MAR have generalised retinal dysfunction at an inner retinal level involving loss of ON
pathway function in rods and all 3 cone types. The ERG changes are identical to those found in complete
CSNB, demonstrating the need always to interpret ERGs in clinical context.
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MONDAY 14:35
THE CLINICAL AND ELECTROPHYSIOLOGICAL FEATURES OF UNILATERAL
PIGMENTARY RETINOPATHY
Robson AG¹², Herrera MH¹, Wong T¹, Hykin P¹², Pal B¹, Sagoo M¹, Pavesio C¹, Moore AT¹², Webster
AR¹², Holder GE¹²
1: Moorfields Eye Hospital, London
2: UCL Institute Of Ophthalmology, London
Purpose
To review the clinical and electrophysiological features of Unilateral pigmentary retinopathy (UPR).
Methods
Forty two patients with UPR were identified from the Moorfields Eye Hospital electrophysiology database.
All had undergone full field and pattern electroretinography (ERG; PERG), performed to incorporate the
ISCEV Standards. The clinical findings, fundus photographs and autofluorescence (AF) images were
reviewed.
Results
Six patients were asymptomatic and referred after routine optometry. Peripheral field loss and photopsia
were common but reduced visual acuity was often a later feature. Nyctalopia was reported in less than
10% of cases. Fundoscopy revealed a range of abnormalities with varying degrees of intraretinal pigment
deposition including 5 with pigmentary change but no clear bone-spicules. There was a parafoveal ring of
increased AF in 4 of 16 affected eyes and AF was undetectable outside the vascular arcades in 13 eyes.
The ERGs showed generalized photoreceptor dysfunction with a similar degree of rod and cone
involvement in the majority of eyes with abnormal pigment. There were bilateral ERG or PERG
abnormalities in 10 patients, with 5 showing dysfunction in the fellow eye confined to the macula. A
relevant medical history was ascertained in 14 cases including direct ocular trauma (N=4), ocular
inflammation (N=5), systemic carcinoma, pregnancy-related hypotension and meningitis. A definite
heritable disorder could be identified in only 2 patients; one with a dominant family history of RP1 and the
other a female carrier of X-linked RP.
Conclusions
UPR is most commonly associated with non-genetic aetiologies such as inflammation and trauma. The
majority of cases show unilateral generalised retinal dysfunction with a similar degree of rod and cone
dysfunction. Asymmetric X-inactivation or revertant mosaicism are possible causes of true unilateral RP in
the rare cases where a genetic cause can be identified.
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MONDAY 15:45
THE EFFECT ON THE ERG OF DARK ADAPTING WHILST VIEWING A TV WITH A
RED FILTER
C Delaney¹², N R A Parry¹² and I C Lloyd¹²
1 Vision Science Centre, Manchester Royal Eye Hospital, Central Manchester University Hospitals NHS
Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK.
2 Centre for Hearing and Vision Research, Institute of Human Development, University of Manchester, UK.
Purpose
ERG testing of children is often difficult or impossible due to poor compliance. Compliance during dark
adaptation may be enhanced by allowing the child to watch a DVD on a TV covered by a red filter. The
aim of the project is to see whether the electroretinogram (ERG) is altered if television is viewed through a
red filter during dark adaptation.
Method
36 healthy adult volunteers aged between 18 and 60 years, with a prescription of no more than +/- 2
dioptres, were recruited for the study. Full field light adapted ERGs were performed on both eyes
employing both DTL and self-adhesive skin electrodes. One eye (randomized) was patched to be a control
and the other eye exposed to viewing the DVD on the screen covered by a red filter (Lee filters 027) for 20
minutes dark adaptation. The patch was removed then the scotopic ERG was performed. To fulfil ISCEV
standards, 10 minutes light adaptation followed by another photopic ERG took place. The electrodes were
then removed and fundus photographs were taken and later reviewed to ensure volunteers had normal
fundi.
Results
No significant difference was found between eyes for DA 0.01, DA 3.0 and DA 10.0 for either DTL or selfadhesive electrodes.
Conclusion
Viewing a TV through a red filter during dark adaptation has no effect on the ERG and we would
recommend its use in performing ERGs in children.
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MONDAY 16:00
THE EFFECT OF EYE DROPS ON ERG AND MFERG AMPLITUDE
S Houston, D Jayakrishnan, C Jones, R Aliazizi, W Elzamzami, R P Hagan
Dept. of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital, Liverpool
Purpose
To look at the effect of eye drops on the amplitude of Photopic 3.0 ERG and mfERG (19 hexagons)
Methods
ISCEV standard ERG were recorded in 13 normals, with and without pupil dilation. mfERGs were recorded
to 19 hexagons on a 21 degree field, with a 4:1 scale. The study conformed to the declaration of Helsinki,
and informed consent was obtained from all participants. Ethical approval had been successfully obtained
for the same protocol previously.
Results
The photopic ERG 3.0 had an average response amplitude of 125uV SD 46uV when undilated, when
dilated the average B-wave amplitude was 207uV SD 61uV, the difference was statistically significant
p=<0.05. With mfERG the central hexagon the average was 101nV/deg² SD 21 undilated, dilated it was
114nV/deg² SD 20, this was not a statistical difference at 5% level p>0.05, though numbers in the this
study were small. 2nd ring was 45nv/deg² SD 6 undilated, and 52nV/deg² SD 9, p>0.05. Ring3 23nV/deg²
SD4 undilated and 28nV/deg² SD5 dilated this was significant <0.05.
Conclusions
There is a statistically significant increase in photopic 3.0 full-field ERG for dilated w.r.t. to undilated: this is
an increase of about 66%. For the mfERG in this small study there wasn’t a statistical significant difference
for the inner 2 rings though dilation did cause on average an uplift of about 10%. For the outer ring there
was a significant increase in amplitude of about 20%. This would suggest pupil dilation has a greater
impact on the amplitude of the full-field ERG than mfERG.
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MONDAY 16:15
THE NON-MYDRIATIC ERG WITH SKIN ELECTRODES IN DIABETIC RETINOPATHY
AND MACULOPATHY USING THE RETEVAL INSTRUMENT
D. Jayakrishnan, W. Elzamzami, C. Jones, R. Teymouri, R.P.Hagan, A.C.Fisher
Dept. of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital
Purpose
To evaluate the use of the 30 Hz RETeval handheld device in diabetic patients in a clinic setting:
correlating the non-mydriatic ERG with the degree of retinopathy and maculopathy.
Methods
The RETeval (LKC Technologies, Inc. Gaithersburg, MD) is a compact handheld device which offers a
retinal electro-diagnostic evaluation of the cone function with non-mydriasis and skin electrodes (sensor
strips). In the present study, RETeval TM was used in patients with diabetes mellitus in the Diabetic Retinal
Screening Clinic at St. Paul’s Eye Research Centre, Liverpool, UK. All stages of diabetes patients were
included in the study. For each patient, both eyes were tested inturn with the non-tested eye covered. A 3
cd.s/m² white flash with a 30 cd/m² white background, which matches the 30 Hz flicker stimulus described
in the ISCEV standard ERG, was used. Ag/AgCl electrode surface-mounted on a small sensor strip were
placed with one end of the strip on the upper portion of the zygomatic process near each eye with the other
end placed under the centre of the eye. An ophthalmologist classified the levels of retinopathy and
maculopathy using LDES (Liverpool Diabetic Eye Study) scoring. Retinopathy scores indicate increased
prognosis of visual loss. Grading of maculopathy is based on the presence of exudates in the macular
region. Informed consent was obtained.
Results
Preliminary data from 50 patients will be reviewed and the correlation between characteristic ERG
parameters and LDES indices of retinopathy and maculopathy examined.
Conclusions
The potential role of the non-mydratic skin electrode ERG in a programme of sight threatening diabetic
retinopathy will be discussed. A short video of a St. Paul’s RETeval ERG session will be presented

12

TUESDAY 09:00
KEYNOTE ADDRESS: IS THE HUMAN VISUAL CORTEX STUBBORN OR
FLEXIBLE?
Antony Morland¹²
1: Centre for Neuroscience, Hull-York Medical School
2: York Neuroimaging Centre, Department of Psychology, University of York
Our visual world is mapped onto the surface of the human brain in multiple copies. I will present some
work that shows how these maps are normally configured. I will also show how such maps can change in
response to altered input resulting from congenital eye disease, but remain stubborn to change when eye
disease occurs later in life.
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TUESDAY 09:45
THE DIAGNOSTIC YIELD OF CLINICAL ELECTROPHYSIOLOGY IN NEURORADIOLOGICALLY NEGATIVE VISUAL LOSS
Jonathan Whittle
The Princess Alexandra Eye Pavilion, Chalmers Street, Edinburgh
Purpose
To determine the diagnostic yield of clinical electrophysiology in patients with undiagnosed visual loss in
whom neuroimaging was reported as normal.
Patient Selection and Methods
All the patients in the EDC database in the period September 2009 to July 2013 in whom there was
reported loss of visual acuity, loss of visual field, abnormalities of colour vision or other visual disturbances
and for whom completed clinical records including eventual diagnoses were present (37 out of 425). The
tests performed were ganzfeld flash ERG, EOG, Pattern ERG and Pattern VECP carried out to current
ISCEV standards in various combinations.
Results
Electrophysiology gave definitive diagnostic results in 77.8% with pathology detected in the outer retina in
25%, the inner retina in 19.4% and the ganglion cell layer/optic nerve in 33.3%.
Of the null results in the remaining 22.2% which was 8 patients 3 were limited by poor cooperation, one
patient had suspected functional/somatisation manifestations, and in four no organic clinical diagnosis has
been reached.
Conclusion
This audit shows that, for patients with undiagnosed visual loss or disturbance with normal neuroimaging,
electrophysiology has a high diagnostic pick up rate. Whilst it is not known how many of this category of
patient had positive neuroimaging and did not progress to electrophysiology it is likely the proportion is very
small. Therefore it could be argued that ophthalmologists and neuro-ophthalmologists should consider
electrophysiology much earlier in the diagnostic process.
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TUESDAY 10:00
CLINICAL AND ELECTROPHYSIOLOGICAL ASSESSMENT OF PATIENTS
SUSPECTED OF HAVING ALBINISM
Panagiotis I Sergouniotis¹, Jane L Ashworth¹, Elisabeth Nichol¹², Claire Delaney², Ian Christopher
Lloyd¹, Susmito Biswas¹, Neil Parry²
1. Paediatric Ophthalmology Service, Manchester Royal Eye Hospital, Manchester, UK
2. Vision Science Centre, Manchester Royal Eye Hospital, Manchester, UK
Purpose
To study our ability to exclude or diagnose albinism in paediatric patients by analyzing the relative
contributions of electrodiagnostic tests and a comprehensive clinical assessment.
Methods
After determining what clinical information should be collected in all suspected albinism patients, we
inspected the clinical and electronic records of paediatric patients that (i) had a differential diagnosis that
included albinism and (ii) had been referred for electrodiagnostic testing between 01/01/2010 and
31/12/2010 (allowing us to check whether follow up had occurred within 3 years). Twenty subjects were
included (median age at presentation: 11 months; range 6 weeks - 6 years).
Results
There was variability in the documentation of important features of history and examination. Type of
nystagmus, and presence or absence of typical ocular features of albinism (including foveal hypoplasia and
iris transillumination) were documented in over 80% of cases. Conversely, relevant medical history
(bleeding disorder or frequent infections), hypopigmentation of the skin and hair (for example from
inspection of baby pictures or comparison with siblings) and tanning capability of the patient were not
consistently documented. Also, when X-linked ocular albinism was suspected, presence or absence of
maternal carrier features was often not recorded.
After a three-year follow up there was discordance between electrophysiological and clinical impression in
one third of cases. Importantly, all patients noted to have a featureless fovea on fundus examination at
presentation had a presumed clinical diagnosis of albinism after a three-year follow up.
Conclusions
Making an early diagnosis of albinism can be very challenging because of the considerable phenotypic
variability and the similarities to conditions like congenital idiopathic motor nystagmus and isolated foveal
hypoplasia. Although electrophysiology can assist in early diagnosis, it needs to be interpreted in context of
the clinical findings. We propose that management of these individuals would be improved by 1)
introduction of a preferred practice pathway to ensure that all clinical information is available and 2) use of
optical coherence tomography for quantitative assessment of the fovea in patients suspected of having
albinism.
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TUESDAY 10:15
HAEMODYNAMIC RESPONSES IN COMPROMISED VISUAL CORTEX: A SERIES OF
CASE STUDIES
Uma Shahani, Laura Ward, Ross Aitchison & Anita Simmers
Glasgow Caledonian University, Department of Vision Sciences
Purpose
The effect of healthy ageing on cortical activation is still to be fully explored. The specific impact of agerelated changes on visual functioning remains under scrutiny. This study aimed at elucidating
haemodynamic responses (HDR) in elderly participants with compromised visual function.
Methods
Young and old participants were presented with passive visual stimulation (reversing checkerboards). Full
ophthalmic screening was implemented identifying healthy controls (young: n=10 mean age 21; old: n=11,
mean age 72) and a ‘compromised visual function’ group (n=7, mean age 75), all with visual acuity of at
least 6/9. The ‘compromised visual function’ group consisted of 2 individuals who had suffered right
hemispheric stroke >2 years previously (HM, MD), 2 life-long smokers 40 years+ (AL, MA) and 3
participants who had monocular vision (AM, IP, AW). Functional Near-Infrared Spectroscopy (fNIRS) was
used to measure absolute changes in oxygenated [HbO] and deoxygenated [HbR] haemoglobin
concentrations in the occipital cortices (O1, O2). Utilising a slow event-related design, participants viewed a
full field-reversing checkerboard (stimulus on) intermittently with a grey screen of equal mean luminance
(stimulus off).
Results
While healthy young and old adults showed a characteristic response of increased [HbO] and decreased
[HbR] during visual stimulation (p<0.01), individual patients’ results were more variable. Only 3/7 presented
a typical HDR with significant differences between stimulation on (checkerboard) and off (control grey
screen). Of these, were a healthy ex-smoker (AL), recovered stroke patient (HM) and a subject with fully
corrected monocular vision post-right eye suppression (IP). In young adults, there was a clear statistically
significant difference between the chromophores: [HbO] and [HbR]; this was not the case in all old adults
regardless of visual function.
Conclusion
These results indicate that when viewing a checkerboard passively, without any cognitive input, there are
substantial differences in elderly adults’ responses. It can be postulated that as a function of ageing, the
occipital HDR provides a measure that reflects a continuum of slowly decreasing cortical activation.
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TUESDAY 13:30
KEYNOTE ADDRESS: NEW MOBILE TECHNOLOGIES AND OPHTHALMIC
DIAGNOSTICS
Iain Livingstone
Glasgow Centre for Ophthalmic Research
Infant Acuity
Mobile devices have shown promise in visual assessment. Traditional acuity measurement involves retroilluminated charts or card-based modalities. Mobile platforms bring potential to improve on both portability
and objectivity. The present research activity relates to design and validation of a novel tablet-based infant
acuity test. Early results in an adult cohort suggest improved test-retest reliability compared with current
standards for infant acuity. Future trials will assess the value of this emerging technology in the paediatric
population.
Smartphone Ophthalmoscopy
A low-cost alternative to the direct ophthalmoscope, a simple optical adapter for a smartphone, is
described. It can overcome many of the technical challenges of fundoscopy, providing a high-resolution
view of the retina through an undilated pupil. This can be used in locations with limited diagnostic
resources to detect retinal pathology. Interim results from the Nakuru Eye Study will be presented, where
the present technology has been compared with conventional photography in the context of glaucomatous
optic neuropathy grading.
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TUESDAY 14:15
SHORTER DARK ADAPTATION DURATION FOR ISCEV STANDARD ERGS
Kirsten Graham¹², Ruth Hamilton¹²
1: Department of Clinical Physics, Royal Hospital for Sick Children, Glasgow, UK
2: Department of Clinical Physics; College of Medical, Veterinary & Life Sciences, University of Glasgow
Purpose
The ISCEV standard stipulates 20 minutes of dark adaptation, an arbitrary duration only loosely based on
psychophysical adaptation, which is still changing after 20 minutes. This was a pilot investigation of ERG
changes resulting from shorter dark adaptation than stipulated in the standard (2008).
Methods
16 healthy adults (aged 20–58) had full-field DA 0.01 and DA 3.0 ERGs recorded (LEDs, Espion,
Diagnosys LLC) from both eyes using skin electrodes. Natural eyes (pupil diameter recorded) and 0.01
ERG inter-stimuli interval of 1s were used - all other parameters were ISCEV standard. Subjects light
adapted (room lighting) for 10 minutes, then dark adapted for 20 minutes at which point both ERGs were
recorded. Subjects then light adapted again followed by a second dark adaptation, during which eight DA
0.01 ERGs (at 1, 2, 3, 4, 5, 10, 15, 20 minutes) and five DA 3.0 ERGs (at 2, 5, 10, 15, 20 minutes) were
recorded. No systematic inter-ocular ERG differences were found, so left and right ERGs were averaged.
Amplitudes of a- and b-waves were plotted versus dark adaptation duration, normalised relative to the 20
minute dark adaptation ERGs.
Results
For both ERGs, median amplitudes did not differ between the baseline 20 minute dark-adapted condition
(no interim ERGs) and the 20 minute dark-adapted condition with interim ERGs at 2–15 minutes (DA 0.01
b-waves 57μV vs 53μV, Mann-Whitney U-test p=0.4; DA 3.0 a-waves 67μV vs 64μV, p=0.6; DA 3.0 bwaves 100μV vs 102μV, p=0.6).
DA 0.01 b-wave amplitude rose most rapidly throughout the 5–10th minutes of dark-adaptation, and more
slowly thereafter. Median b-wave amplitudes after 10 and 15 minutes of dark adaptation were 89% (range
77–99%) and 97% (range 90–106%) of their value after 20 minutes of dark adaptation.
DA 3.0 a- and b-wave amplitudes grew minimally between 2 and 20 minutes. Median a-wave amplitudes
after 10 and 15 minutes of dark adaptation were 100% (range 90–111%) and 100% (range 88–109%) of
their 20 minute value. Median b-wave amplitudes after 10 and 15 minutes of dark adaptation were 95%
(range 90–103%) and 98% (range 88–103%) of their 20 minute value.
Amplitude variability was unchanged at shorter (10 and 15 minutes) adaptation durations.
Conclusion
The experimental procedure of recording interim ERGs during dark-adaptation did not affect the ERG after
20 minutes, confirming the experimental design to be adequate. Shortening dark adaptation to 10 minutes
reduced the DA 0.01 ERG amplitude by only 11%, and reduced the DA 3.0 ERG a- and b-wave amplitudes
by 0% and 5% respectively, with no increase in variability. Although specific reference intervals would be
required, these data suggest that dark-adaptation duration could be reduced to 10 minutes without
detrimental effect to clinical diagnosis but with enhanced patient acceptability and clinic time-efficiency.
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TUESDAY 14:30
SETTING THE UTILITY OF THE PHOTOPIC NEGATIVE RESPONSE (PHNR) AS
PART OF AN EXTENDED ERG PROTOCOL
Leo, S¹; Murphy, R¹; Hogg, CR¹²; Robson, AG¹²; Holder, GE¹²
1: Electrophysiology Department, Moorfields Eye Hospital, London, UK
2: Institute of Ophthalmology, University College London, London, UK
Aims
To establish the optimal minimum protocol for PhNR recording in a range of patients attending for routine
clinical examinations, and to compare the PhNR with the PERG and VEP in the analysis of retinal ganglion
cell (RGC) and optic nerve (ON) disease.
Methods
PhNR was incorporated as part of an extended ISCEV full field ERG protocol using gold foil corneal
electrodes. Subjects were dilated with 1% Tropicamide and 2.5% Phenylephrine Hydrochloride. Using an
LED based Ganzfeld stimulator (Diagnosys Colordome) we elicited the PhNR using a blue (450nm,
2.25cd/m2) background and a red flash ranging from 0.5cd.s/m2 to 10cd.s/m2. Subjects were drawn from
normal volunteers and routine clinical patients.
Results
Reproducible PhNR’s were successfully recorded in all subjects. Furthermore PhNR’s were found to be
decreased in a number of subjects who suffered from ON disease.
Conclusions
The PhNR is an effective and robust full field stimulus that reflects RGC function, and could be utilised to
record from patients unable to comply adequately to enable satisfactory PERG recording.
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TUESDAY 14:45
ISIM: A SMART ERG SIGNAL GENERATOR FOR CALIBRATION OF INSTRUMENTS
AND ALIGNMENT OF RECORDING REGIMES ACROSS CLINICAL LABORATORIES
M.Elt, A.C.Fisher, R.Teymouri, R.Laflin, A.Eleuteri, R.P.Hagan
Dept. of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital and Dept. of Physics,
University of Liverpool
Purpose
An ERG reference library using deterministic and stochastic models is available (R.Teymouri et al, BriScEV
Annual Symposium, Boston, 2014) which provides explicitly characterised recordings over a range of
SNR’s with autoregressive continuous noise and spontaneous eye movement and blink artefacts. These
digital records are freely accessible over the Internet from the Liverpool MatSOAP server using an MS
Excel-based toolset for characterising ERG signal processing algorithms. In this presentation, the hardware
and software of an ERG signal generator is described which can use these library records to drive the
inputs of clinical ERG instruments.
Methods
A PC program written in MS Excel VBA and Matlab (Mathworks) was developed which downloads ERG
reference library records with user-specified frequency content, SNR (ERG w.r.t. ARMA autoregressive
noise), and number and amplitude of spontaneous noise artefacts arising from eye movements and blinks.
A bespoke 20bit digital-to-analogue converter, controlled by the Mbed microprocessor, provides a high
resolution output. Output signal and noise files are transferred to the device via USB connection to P.C.
which also powers the iSim. The base bandwidth of the device is [0.1 … 1k]Hz and the balanced output
impedance 4.7kohm. Trigger synchronisation is provided by either BNC hardwire connection or optical fibre.
The output signals are available through standard touchproof 1.5mm sockets, compatible with current
clinical instruments.
Results
ERG (clinically-based and synthetic) records were readily designed with explicit signal characteristics
specified by the user using a modest MS Windows-based laptop acting as a thin Internet client. ffERG,
ssERG and PERG recording scenarios were implemented and applied to a number of clinical instruments
including the Roland Retiscan and the Diagnosys Espion.
Conclusion
The ERG signal generator provides test signals from an Internet-based reference library for the
characterisation of electrodiagnostic instruments. It is suggested that such a device might be of use in
calibration within quality control systems and alignment of recording regimes across clinical laboratories.
Presented in part at IScEV annual symposium Boston 2014
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TUESDAY 15:30
DE-HUMMING ERG RECORDINGS
John Robson
Gonville & Caius College, Cambridge
Purpose
To describe and validate a post-hoc process for removing mains-related interference (hum) from ERG
recordings that does not distort the waveform of the ERG.
Background
While careful attention to detail in setting up a system to record the ERG can usually reduce the intrusion of
mains-related interference to an acceptable level, it is not always possible to obtain records that are
sufficiently free from such interference. Narrow-band filters (centred at 50 or 60Hz depending on location)
can be used to remove the fundamental component of the hum but such filters not only significantly distort
the waveform of the ERG, they do not remove the harmonically related components that are usually also
present. Their use is not recommended. An alternative method that can remove the fundamental and all
the harmonics without distorting the waveform is obviously desirable. We have developed a post-hoc
method for doing this that first computationally estimates the waveform of the interfering signal from the
pre-flash portion of a digital recording and then uses this estimate to predict the interfering signal that is
presumed to have been added to the real ERG at times after the flash as well as before so that this can be
subtracted from the original recording. The method relies on the assumption that the interfering signal is
effectively coherent over the duration of the record, but for typical durations of no more than a few hundred
milliseconds this is a reasonable assumption for normal mains interference in normal recording situations.
The method
A model of the pre-flash portion of the recording is defined as the sum of a 2nd order polynomial that
models the true baseline and a wave that models the interfering signal by having sine and cosine
components at a fundamental frequency (not known exactly but assumed to be within 1% of the nominal
mains frequency) and at its first four harmonic frequencies. The values of the 13 coefficients of the model
that provides the best fit to the pre-flash portion of the record are determined using a least squares error
criterion implemented with a standard error minimisation procedure. The model of the wave is then used to
predict the interfering signal which must be subtracted from the original record. A refinement of this
procedure models the last portion of the record (in the tail of the response) as well as the pre-flash portion
using different polynomials for the two portions but a single continuous interfering wave.
Results
It can be shown that known interfering signals added to an interference-free recording of an ERG can be
very precisely recovered using this method when the pre-flash period is only 50ms long.
Conclusion
A computational approach to removing hum interference from ERG recordings can provide a nearly perfect
solution to the problem of hum removal.
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TUESDAY 15:45
NORMATIVE SAMPLE SIZE FOR REFERENCE INTERVALS OF VISUAL
ELECTROPHYSIOLOGY PARAMETERS
Hamilton, R
Departments of Clinical Physics, Royal Hospital for Sick Children & University of Glasgow, Glasgow, UK
Purpose
ISCEV standards require the use of normative data, but do not provide recommendations on required
sample size. Recommended normative sample sizes for physiological measurement parameters are
usually small (≤ 20) and presented with little statistical justification. In contrast, determination of populationbased reference intervals in laboratory science, including recommended normative sample sizes, is the
subject of an extensive literature including an approved guideline.
The purpose of this study was to examine this literature to assess its applicability to visual
electrophysiology parameters, to identify the distributions of commonly used visual electrophysiology
parameters and therefore to draw conclusions about required normative sample sizes.
Methods
A literature search was conducted for relevant publications. Local normative datasets of PERGs (P50 and
N95 amplitudes and peak times (PT), N=54), of ERGs (a- and b-wave amplitudes and PTs for lightadapted (N=43) and dark-adapted (N=48) ERGs) and of pattern-reversal VEPs (P100 amplitudes and PTs,
60’ (N=85) and 12’ checkwidths) were tested for normality of distribution, applying logarithmic or Box-Cox
transforms if necessary. The results were used to establish appropriate techniques for statistical treatment
to determine reference intervals, and therefore minimum recommended normative sample sizes.
Results
A two-tailed reference interval is defined by the 2.5th and 97.5th centiles, which represents the biological
variation of the parameter of interest. Each of the two limits requires their 90% confidence interval (CI) to
be calculated, representing the measurement variation: the CI covers the true value of its reference limit
with 90% probability, and therefore indicates the reliability of the reference limit. A guideline ratio of 1:5 is
recommended for measurement variation : biological variation, i.e. 90% CI of a limit : reference interval.
The majority of parameters had a normal distribution. The PERG P50 amplitude and the VEP P100
amplitude (12’ checkwidth) distributions normalised after logarithmic or Box-Cox transformations. Neither
logarithmic nor Box-Cox transformation produced normal distributions for the ERG dark-adapted b-wave
amplitude, for the VEP P100 PT (60’ checkwidth) or for the ERG dark-adapted a-wave PT.
For the normally-distributed parameters, the minimum normative dataset required to define the lower end
of the 90% CI of the lower reference limit using the so-called ‘robust method’ is 60 independent
observations (one eye per subject). For the distribution-free parameters, the minimum number is 120.
Conclusions
To define adequately the limits of reference intervals with a specified (90%) certainty for the ERG and VEP,
normative datasets of at least 120 observations are required. Fewer may be necessary for the PERG,
which shows normal distribution of its parameters. Further, equally-sized, normative datasets are required
if data is to be stratified by gender or age. Reference intervals specified to this degree of certainty would
serve to enhance substantially the diagnostic power of clinical electrophysiology. Such large normative
datasets are unlikely to be achieved by individual laboratories, but rather by co-operative efforts across
laboratories based on highly standardised methodology.
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TUESDAY 16:00
SUBNORMAL RPE TRANS-EPITHELIAL POTENTIAL IN DANON DISEASE
Dorothy A. Thompson¹, Paul Constable², Alki Liasis¹, Bronwen Walters¹, Maite Tome Esteban¹³.
1. Clinical and Academic Department of Ophthalmology, Great Ormond Street Hospital for Children, Great
Ormond Street London UK
2. Applied Vision Research Centre, City University, London UK
3. University College London Heart Hospital, & Great Ormond Street Hospital, London, UK
Purpose
Danon disease is a rare X-L dominant disease caused by mutations in the lysosome associated membrane
protein-2 gene, [LAMP2]. It is characterised by cardiomyopathy, myopathy, varying degrees of mental
retardation. In the eye LAMP2 is expressed only in the retinal pigment epithelium, [RPE]. This study
investigates the impact of LAMP2 mutations on the electro-oculogram, [EOG], which has not been reported
previously.
Methods
ISCEV standard EOGs to 30 degree saccades were recorded in a girl (aged 6yrs), her mother (aged 24yrs),
male cousin (age 13yrs) and maternal aunt (age 50yrs), all of whom have Danon disease consequent upon
mutation c294G>A of the LAMP2 gene on Xq28. This leads to a stop codon at position 98 of the protein,
(p.Trp98X), by which none or aberrant protein will be formed. Other clinical ophthalmic examinations
included full field ERGs, Goldmann kinetic visual fields and Spectral OCT with fundus autofluorescence,
(FAF), imaging.
Results
The EOG Arden Index of light rise:dark trough amplitude ratios appeared normal, ranging from 1.68 -3.94,
but these were spurious because the absolute dark trough voltages were abnormally low, median 140 µV,
range 72-198µV. Similarily the light rise amplitudes were reduced, median 297 µV, range 198-266 µV.
Full field ERGs were just at the limits of normal, or showed very mild abnormalities in one patient (24yr old
female). Fundus examinations revealed some diffuse, streaky pigmentary changes in the peripheral fundi
of all patients, greater in the older females. Hyper fluorescent FAF changes were florid across the fundi of
the two older patients, mild in the 6yr old female, but minimal in the 13yr old male who, in contrast, showed
the most constriction of the central visual field. All, but the 6 yr old, managed Goldmann visual field testing
that showed constriction of the central field. The oldest patient (50yrs) also showed an enlarged blind spot
and N8 near acuity. Overall the monocular visual acuity ranged from 0.02 to 0.36 LogMAR.
Conclusion
The reduction or loss of LAMP2 protein in Danon disease is associated with a decrease in the RPE transepithelium potential, [TEP], which diminishes the amplitudes of both the dark trough and the light rise
recorded voltages of the EOG. The early aging changes highlighted by the FAF and the reduced EOG
voltages indicate the RPE’s physiology is compromised and may be unable to maintain its structural
integrity, (tight junctions), resulting in reduced TEP and transport proteins, causing accumulation of
lipofuscin.
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POSTER 1
THE USE OF PERG IN CONJUNCTION WITH MFERG IN CLINICAL CASES
C Jones¹, D Jayakrishnan¹, AC Fisher¹, MC Brown, R P Hagan¹
1: Royal Liverpool University Hospital, Liverpool, UK
Purpose
To review the use of PERG and mfERG in clinical cases. With particular emphasis in identifying when the
macular tests gave different results.
Methods
All patients tested at the Royal Liverpool University Hospital between 1st Jan 2012 and 1st Jan 2014 were
audited to determine how often PERG and mfERG were used, how often they were abnormal and, in
particular, to identify cases when one macular test was normal when the other was not. PERGs were
carried out to ISCEV standard and mfERGs were performed using a simplified procedure stimulating 19
segments in a 21 degree radius, scaled 4:1. Recordings were made with gold foil electrodes for both.
Results
Of the 579 patients tested about 70% had one or both of the macular tests provided. The mfERG was
used more often and tended to reveal an abnormality more often. The PERG was often used in
conjunction with an abnormal PRVEP and, whilst it may not have revealed an abnormality as often as the
mfERG, it still added value to a number of cases identifying the macular/optics were intact. Only 58
subjects had both PERG and mfERG, of those 12 had one normal test and one abnormal. 6 had abnormal
PERG with normal mfERG ; these included patients referred with lattice dystrophy, left keratoplasty, query
keratoconus, post cataract and one who had a cataract removed post EDT with much improved vision. 6
had abnormal mfERG in presence of normal PERG; these included a subtle macular problem and various
field defects, including post diabetic laser and an enlarged blindspot.
Conclusions
The use of two macular tests is often useful in confirming or ruling out a diagnosis. Information from the
two tests whilst largely generated from the macular have quite different mechanisms and so may not
always agree. This audit of 2 years ‘normal clinical’ practice would suggest cases with abnormalities in
their optics may not always obtain normal PERG in the presence of normal mfERG. Similarly subtle
macular abnormalities or off centre field defects may still have PERG within normal limits whilst showing an
abnormality in the mfERG.
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POSTER 2
ERG ISOLATION OF HUMAN ROD PHOTORECEPTOR ACTIVITY USING SILENT
SUBSTITUTION
J. Maguire¹, D. Kommanapalli¹, N.R.A. Parry⁴, I.J. Murray², J. Kremers³ & D.J. McKeefry¹
1: Bradford School of Optometry & Vision Science, University of Bradford, UK.
2: Faculty of Life Sciences, University of Manchester, UK,
3: Dept. Ophthalmology, University Hospital Erlangen, Germany
4: Vision Science Centre, Manchester Royal Eye Hospital, UK
Aim
Our aim is to develop an ERG–based assay of human rod photoreceptor function without having to subject
patients to long periods of dark adaption. Using the technique of silent substitution we have generated rod
isolating stimuli that minimise contributions from L-, M- and S-cone photoreceptors. In order to verify the
level of isolation of rod function of our stimuli we wanted to assess: 1) temporal frequency response
characteristics, 2) the variation of the rod ERG response as a function of retinal illumination and 3) postbleach recovery kinetics and gauge to what extent these conform to known response characteristics of the
rod system.
Methods
Rod isolating stimuli with sinusoidal temporal profiles were presented using a 4 primary LED ColorDome
ganzfeld stimulator. ERGs were recorded from 5 human subjects using a corneal DTL fibre electrode using
the Espion2 system. Following acquisition the ERGs were subjected to Fourier analysis which allowed us
to measure the amplitude and phase of the fundamental as a function of temporal frequency. Experiment 1.
To measure the temporal frequency response characteristics, ERGs were generated using a sinusoidally
modulated rod isolating stimulus (contrast = 0.25) presented over a range of frequencies from 5 to 100Hz.
Temporal response functions were obtained using stimuli at three levels of retinal illuminance (120, 1200
and 12,000 trolands). Experiment 2. The variation of the rod ERG as a function of retinal illuminance was
assessed using rod isolating sinusoidal flicker stimuli presented at 8 Hz from 120-10000 trolands and a
single pulse stimuli from 40-10000 Td. Experiment 3. The recovery response curves following a 1 min
exposure to a 3000 cd/m2 white light bleaching stimulus were measured for an 8Hz rod isolating stimulus
and a 30Hz cone isolating stimulus
Results
1) The temporal response curves for the 120 & 1200 Td rod isolating flicker stimuli are low-pass and exhibit
no response beyond 30Hz. The higher intensity stimulus (12000 td) exhibits band-pass tuning with a peak
at 30 Hz. 2) The rod ERG has an amplitude peak at approximately 120 Td decreasing at higher levels of
retinal illuminance. 3) The post bleach recovery response curves for the rod and cone stimuli are distinctly
different, the recovery of the cone mediated ERG occurs rapidly in under 2 mins whilst the rod mediated
function takes up to 12 minutes to recover.
Conclusions
Our results demonstrate that silent substitution provides an effective method for the isolation of human rod
photoreceptor activity for stimuli within an appropriate range of retinal illuminance without the need for time
consuming periods of dark adaption.
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POSTER 3
TRANSCORNEAL ELECTRICAL STIMULATION FOR RETINITIS PIGMENTOSA:
INTERIM VISUAL FIELD RESULTS FROM THE TESOLA TRIAL
Jasleen K. Jolly¹²³, Siegfried K. Wagner²³, Markus Groppe²³, Florian Gekeler⁴⁵, Andrew Webster³,
Susan M. Downes², Robert E. MacLaren²
1: Optometry Department, Oxford Eye Hospital, John Radcliffe Hospital, Headley Way, Oxford OX3 9DU,
UK
2: Nuffield Laboratory of Ophthalmology, University of Oxford, Oxford, UK 3: Moorfields Eye Hospital NHS
Foundation Trust, London, UK
4: Klinikum Stuttgart, Stuttgart, Germany
5: Centre for Ophthalmology, University of Tuebingen, Germany
Background
Retinitis pigmentosa (RP) describes a group of progressive degenerative diseases of the retina,
characterised by a primary loss of rod photoreceptors with secondary cone involvement. There is currently
no established therapy. One possible intervention, which has demonstrated benefit, is the delivery of
transcorneal electrical stimulation (TES). In order to further evaluate the potential therapeutic utility of TES,
we carried out psychophysical testing on 14 participants with RP following 6 months of TES. Here, we
present the interim 3 month results of the TESOLA trial.
Instrument and Methods
Fourteen participants with a confirmed diagnosis of RP were recruited into a multicentre clinical trial to
assess safety of TES (NCT01847365). Slit lamp examination, Goldmann visual fields (GVF), imaging and
10-2 microperimetry were carried out at baseline and each 3 months thereafter for 1 year. Participants
underwent TES at 150% of their IPT for the first 6 months of the trial and were followed up without any TES
for a further 6 months. TES was delivered using the CE-marked Okustim device incorporating silver-coated
nylon DTL electrodes. GVF were quantified using a method described previously (Christoforidis et al 2011)
to generate a visual field volume. Microperimetry was assessed through the average threshold for each
test.
Results
Eight patients were seen in Oxford Eye Hospital and six in Moorfields Eye Hospital. Median change in GVF
volume from baseline to 3 months was +0.03 for the control eye and +0.02 for the study eye (p=0.63).
There was no significant difference between values at baseline and 3 months for both the control eye
(p=0.63) and the study eye (p=0.15). Mean threshold sensitivity was 10±9 for the control eye at baseline
and 11±9 at 3months. Mean sensitivity was 11±9 for the study eye at baseline and 11±9 at 3 months. The
change in both eyes was not significant.
Conclusions
In our interim 3 month analysis, TES did not demonstrate significant differences between control and study
eye when evaluated through GVF and microperimetry. A general non-significant improvement was noted in
both eyes.
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POSTER 4
A COMPARISON OF THE SPATIAL CHARACTERISTICS OF THE PATTERN
ELECTRORETINOGRAM AND FOCAL PHOTOPIC NEGATIVE RESPONSE
Enyam Morny¹, Marcela Votruba¹, Thomas Margrain¹, Alison Binns¹²
1. School of Optometry and Vision Sciences, Cardiff University
2. Division of Optometry and Visual Science, City University
Purpose
To compare the PERG and focal PhNR responses obtained from the central, nasal and temporal retina in
healthy controls.
Methods
The retinal origin of the N95 component of the PERG and the PhNR of the flash ERG is thought to be the
retinal ganglion cells. If these components share a common retinal origin, then it may be expected that
topographical differences in one component would mirror differences in the other. Transient PERGs (4
rev/s; check size = 1°; field size = 20° x 20°) and focal ERGs were recorded from the central, nasal and
temporal retina of 12 healthy participants. Focal ERGs were recorded in response to a 20° diameter red
flash (664nm, 250msec, 55 cd/m², 2Hz) on a rod saturating blue background (454nm, 100 scot cd/m²). The
amplitudes and implicit times of the PERG P50 and N95 components, and the PhNR-ON and -OFF
components were compared between the three retinal locations.
Results
The PERG N95 amplitude recorded from the nasal retina was significantly smaller than that elicited from
the central and temporal retina (average reduction in amplitude 50% and 30% respectively), but the P50
component exhibited no significant difference in amplitude between the retinal areas. The implicit times for
the PERG components also did not differ significantly between the central, nasal and temporal retina.
There was no significant difference in amplitude of the PhNR-ON and –OFF components recorded from the
three retinal locations. The nasal retina showed significantly delayed implicit times for PhNR-ON and
PhNR-OFF components compared to the central and temporal retina.
Conclusion
These findings suggest a difference in origin of these two inner retinal components (N95 and PhNR) and
also indicates that apart from regional RGC density, there are different signal processing elements
mediating these components in the temporal and nasal retina.
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POSTER 5
STANDARD AND LARGE-FIELD PATTERN ERG IN STARGARDT DISEASE
Georgiou AL¹, Robson AG¹², Neveu MM¹², Hogg CR¹², Holder GE¹²
1: Electrophysiology Department, Moorfields Eye Hospital, London, UK.
2: Institute of Ophthalmology, University College London, London UK.
Purpose
Patients with Stargardt disease typically show standard pattern ERG (PERG) P50 reduction consistent with
macular dysfunction and may be classified into groups 1 to 3 according to full-field ERGs; Group 1 macular dysfunction only (normal full-field ERGs), Group 2 – macular and generalised cone dysfunction or
Group 3 – macular and cone-rod dysfunction (Lois et al., 2001). A combination of standard and large-field
PERGs have been used to characterise macular dysfunction in a wide range of retinal disorders (Lenassi
et al., 2009; 2012). The current study extends these findings by comparing the standard and large-field
PERGs associated with each of the 3 electrophysiological phenotypes in Stargardt disease.
Methods
Eighty six patients with Stargardt disease that had undergone ISCEV-standard pattern and full-field ERG
testing were reviewed retrospectively. All patients had PERG recordings to a standard and large-field
checkerboard (field sizes 12 x 15 degrees; 24 x 30 degrees). The PERG findings were examined in each of
the 3 groups defined according to the full-field ERG phenotype.
Results
In the sample of 86 patients with Stargardt disease 13% had a recordable PERG P50 to a standard field
(mean P50 amplitude (µV ± SEM) 0.14 ± 0.03µV) and 53% had a recordable P50 to a large-field (1.27 ±
0.12µV). In group 1 (N=44), 21% had a recordable standard PERG (0.22 ± 0.05µV) and 88% had a
recordable large-field PERG (2.3 ±0.15µV). In group 2 (N=8), 12.5% had a recordable standard PERG
(0.13 ± 0.09µV) and 25% had a recordable large-field PERG (0.38 ± 0.18µV). In group 3 (N=34), 3% had a
recordable standard PERG (0.04 ± 0.03µV) and 13% had a detectable large-field PERG (0.16 ± 0.06µV).
Conclusions
In patients with Stargardt disease a normal full-field ERG is more commonly associated with milder pattern
ERG P50 reduction to a standard and large stimulus field than in those with abnormal ERGs. The patients
with cone-rod dystrophy have the highest prevalence of severe and widespread macular dysfunction. The
large-field PERG is a valuable adjunct to standard testing in the evaluation of patients with Stargardt
disease.
References
Lois N, Holder GE, Bunce C, Fitzke FW, Bird AC. Phenotypic subtypes of Stargardt macular dystrophyfundus flavimaculatus. Arch Ophthalmol. 2001; 119(3): 359-69.
Lenassi, E., Jarc-Vidmar, M., Glavac, D., Hawlina, M. (2009) Pattern electroretinography of larger stimulus
field size and spectral-domain optical coherence tomography in patients with Stargardt disease. Br J
Ophthalmol. 93(12): 1600-1605.
Lenassi, E., Robson, A.G., Hawlina, M., Holder, G.E. (2012) The value of two-field pattern electoretinogram
in routine clinical electrophysiologic practice. Retina. 32(3): 588-599.
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POSTER 6
AUTOFLUORESCENCE IMAGING AND A DIAGNOSTIC ALGORITHM FOR THE
PATTERN DYSTROPHIES
Vikki McBain, PhD, Paul Chua MBChB, Kurt Spiteri Cornish FCROphth
Eye out-patients Department, Aberdeen Royal Infirmary, Aberdeen AB25 2ZN
Aims
To propose a practical protocol for the diagnosis of pattern dystrophy (PD) and to describe the
autofluorescence (AF) characteristics of PD.
Methods
Seventy-four consecutive patients referred with a differential diagnosis of PD were reviewed. Three were
excluded due to incomplete data. Following clinical examination a diagnosis of PD was excluded in 16
patients and the remaining 55 patients subsequently underwent some of the following ancillary tests – AF
imaging, fundus fluoroscein angiography (FFA), optical coherence tomography (OCT) or electrodiagnostics
(ISCEV pattern electroretinogram (PERG), electro-oculogram (EOG)). Based on the ancillary test(s)
required to make the diagnosis, a diagnostic algorithm was compiled. AF images were also qualitatively
reviewed at baseline and follow up visits to identify the different AF configurations seen in the spectrum of
pattern dystrophies.
Results
Of the 55 patients that received ancillary tests, 42 patients (76%) were determined to have PD. On AF
imaging all 42 patients (19 male, 23 females) showed an increased AF signal corresponding to yellowish
material noted on clinical examination. In 28 of the patients (51%) who received ancillary tests, the
diagnosis of PD could be ascertained based on a combination of clinical examination and AF imaging
alone. In 11 patients (20%), the AF imaging and clinical examination was unable to differentiate between a
diagnosis of PD and basal laminar drusen (BLD) with vitelliform lesions and a FFA was required to make
the diagnosis (found to be BLD in 9/12 patients). In 12 patients with multiple areas of yellow material on
clinical examination and increased AF signal on imaging, a diagnosis of Stargardt disease (STGD) could
not be ruled out and therefore electrodiagnsostics (PERG) were performed. Four patients were diagnosed
with STGD based on an absent PERG. A further 4 patients were diagnosed with age-related macular
degeneration (AMD) based on a combination of clinical examination, FFA, AF and OCT. A diagnostic flow
chart to aid the diagnosis of the PD is proposed. EOGs were performed in 32 patients and in 13 patients
(40%) it was reduced, thus aiding a diagnosis of pattern dystrophy in these cases. The AF characteristics
of the different pattern dystrophies are described.
Conclusions
A practical protocol that utilises imaging techniques and electrodiagnostics to accurately diagnose the
spectrum of pattern dystrophies and more importantly exclude differential diagnoses is proposed. We also
illustrate the AF characteristics of the full spectrum of pattern dystrophies.
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POSTER 7
VARIATION OF PHOTOPIC FLICKER RESPONSE ACROSS SYSTEMS:
IMPLICATIONS FOR CLINICAL MANAGEMENT
Shinhmar, H¹; Hogg, C¹²; Holder GE¹²
1: Electrophysiology Department, Moorfields Eye Hospital, London, UK
2: UCL Institute of Ophthalmology, London, UK
Purpose
The photopic 30Hz flicker implicit time is an important factor in the diagnosis and electrophysiological
management of a number of conditions / diseases. It is a cardinal factor of measurement in the
management of patients with Birdshot Chorioretinopathy. We sought to compare the 30Hz flicker response
across 3 different systems: Observer-Reviewer, Diagnosys and RETeval in the routine management of
clinical patients.
Methods
30Hz Flicker ERGs were performed to incorporate the ISCEV standards using gold foil corneal electrodes
for Observer-Reviewer and Diagnosys systems and Skin electrodes for the Reteval system. Patients were
primarily tested undilated on the Reteval system and then dilated for subsequent recordings.
Results
Differences in time to peak and amplitude are present between all 3 systems. This is consistent with the
variation in stimulus and recording parameters on each system.
Conclusion
Clinically significant differences in time to peak are present between all 3 systems, thus normative data for
each laboratory and machine is essential for diagnostic accuracy.
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POSTER 8
AN AUTOREGRESSIVE (ARMA) NOISE MODEL FOR THE SYNTHESIS OF A NONNAIVE ERG REFERENCE LIBRARY
R.Teymouri, A.Eleuteri, R.P.Hagan, A.C.Fisher
Dept. of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital and Dept. of Physics,
University of Liverpool
Purpose
ISCEV informs best clinical practice with Standards and Recommendations. However, the exact detail of
data acquisition, data reduction and information extraction is dependent on the specific implementations of
individual instrument manufacturers. The lack of universally-available reference datasets against which the
clinical user can characterise their instrumentation and cross-reference their results with colleagues in
other laboratories is a limitation to quality assurance, clinical governance and impedes cooperative work
across institutions. Potentially, the mathematical construction of ‘deterministic’ artificial records based on
templates agreed in consensus by experts is, in principle, trivial. Clearly, such simple noise-free data are of
limited relevance as the highly challenging effects of electrical interference arising from the EMG, blinks,
eye-movements and undefined ‘external’ electrical sources are ignored. To be realistic and useful as
reference sources, these effects require to be modelled as ‘stochastic’ processes.
Methods
In 10 volunteers with no known eye disease, a range of ERG recordings was made over an extreme range
of flash intensities under photopic conditions, explicitly not to ISCEV standards, over the range [1.0 …
zero]cd•m-2 in 5 log steps (Roland Ganzfeld). Data acquisition was with a bespoke amplifier with a
bandwidth [0.1 … 1000]Hz and a sampling rate of 40kHz. Electrodes were Liverpool Silver Thread DTLtype. In 3 sets of trials per subjects, optimal, blink- and eye movement- contaminated records were made.
Data were reduced by 3rd-order IIR filtering ([0.1 … 350]Hz) and the ERG response recovered by selective
averaging. Spontaneous noise artefacts (blinks and eye movements) were identified and characterised by
Grubbs Test and robust (nonparametric) distribution-fitting based on the median absolute deviation
identification (Liverpool EDT-Eye ToolBox). A library of blinks and eye-movement were then generated for
individual subjects. The underlying continuous noise was modelled using an ARMA (autoregressive moving
average) technique. A further series of records was synthesised using ISCEV ERG and ERG models as
templates. All analyses were written in Matlab (Mathworks Inc.) and a click-and-go user interface (GUI)
implemented in MS Excel internet-connected to the EDT-Eye MatSOAP server.
Results
A comprehensive library of non-naïve ERG (clinically-based and synthetic) and PERG (synthetic) records
was made. The GUI-interface freely-available as an MS Excel page over the Internet allows the user to
produce a range of ERG record analogues with defined SNR’s and artefact stochastic noise content. As
an aside, the effect of user-selected pass-bandwidths on these records can be demonstrated with a
webpage tool.
Conclusion
It is suggested that colleagues in ISCEV might consider this work as a contribution to extending its support
for good scientific and clinical practice. The operation and accessibility of this library will be demonstrated
in real-time over the Internet.
Note
presented in part at the ISCEV Annual Symposium, Boston, 2014
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CASE PRESENTATIONS

Tuesday morning

11:00 Anthony Robson, Moorfields Eye Hospital

11:10 Selma Lewis, Moorfields Eye Hospital

11:20 David Mansfield, Inverclyde Royal Hospital

11:30 Claire Jones, Royal Liverpool University Hospital

11:40 Deepthy Jayakrishnan, Royal Liverpool University Hospital

11:50 Richard Smith, Stoke Mandeville Hospital
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Diagnosys provides visual electrophysiology systems and associated products for clinics and
research establishments to diagnose ophthalmic conditions as well as assist in vision research
and drug trials. We have a strong reputation for producing high quality systems that are being
used in some of the world’s leading eye research institutes. This research includes early
detection of glaucoma, evaluation of vitamin implant and transplant and translocation.
It is in this research environment where Diagnosys’ clinical diagnostic system was born. The E3
system is one that will give you the ability to perform diagnostic procedures in your office instead
of having to refer your patients to other testing facilities. With a five year track record of the E3
system in the research community, you can have confidence in your testing facility. Diagnosys is
committed to quality, innovation and reliability.
Contact: Richard Robson
Diagnosys UK Ltd
54 Impington Lane
Impington
Cambridge
CB24 9NJ

Email: mail@diagnosysuk.co.uk
Internet: www.diagnosysllc.com/home
Phone: +44 (0) 1223 520699
Fax: +44 (0)1223 520699

Unimed Electrodes provides a wide range of consumables and accessories for Neurophysiology at highly competitive
prices. Our reusable silver/silver chloride and gold plated EEG disc electrodes come with a selection of cable lengths,
plus various types of disposable EEG cup electrode. We also stock Ten20 and Elefix conductive paste to attach
electrodes, plus NuPrep and SkinPure for skin preparation.
For EMG we have a selection of reusable and disposable surface electrodes, including Disposable Concentric Needle
(DCN) electrodes available in various lengths. For visual studies, our electrodes for electroretinography (ERG) include
DTL thread, gold foil and contact lens electrodes. DTL thread is available as pre-packed single-use electrodes or as a
continuous thread with a connector that allows users to make their own electrodes.

Contact: Ray Mitchell
Unimed Electrode Supplies Ltd
10 Farnham Business Centre
Dogflud Way
Farnham
Surrey
GU9 7UP

Phone: +44 (0) 1252 723395
Fax: +44 (0) 1252 735514
Email: info@unimed-electrodes.co.uk
Internet: www.unimed-electrodes.co.uk
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The Kelvin Vision brand, established by SHIL, is dedicated to ophthalmology products. SHIL
works in partnership with NHS Scotland to protect, develop and commercialise new innovations
that come from healthcare professionals. By developing these ideas, SHIL creates new products
and technologies that will improve patient care and generate income for NHS Scotland.
Kelvin Vision launched the Multifocal Imager 3GEN in 2009 and is currently developing an LED
stimulator in order to provide a dedicated stimulus for Multifocal ERG.
The Multifocal Imager 3GEN meets and exceeds the ISCEV standards for Multifocal
Electroretinography and is the culmination of 16 years of research with experience in over 7,000
patients.
Contact: Edward Staunton
Scottish Health Innovations Ltd
46 Bath Street
Glasgow
G2 1HJ

Phone: +44 (0) 141 278 2687
Fax: +44 (0) 141 332 0885
Email: edward.staunton@kelvinvision.com
Internet: www.kelvinvision.com

Stat One Services Ltd are specialist suppliers of ophthalmic equipment, offering both new and
established products including LKC electrophysiology equipment. This year we are showing the
upgraded LKC hand-held RETeval ® stimulator for rapid assessment of retinal ischaemia
especially used for monitoring Diabetic Retinopathy. We also have the NEW
RETeval®Complete with ISCEV-compliant step 5 and 6 protocols, flash VEP and more!
LKC Technologies Inc has a long history of manufacturing electrophysiology equipment for
diagnosis of a variety of inherited retinal diseases, toxic drug exposure, intraocular foreign bodies
and retinal vascular occlusions. The UTAS is LKC's most comprehensive system and includes
four recording channels with two Ganzfeld options, the Sunburst and BigShot for larger, static
installations. Multifocal VEP/ERG can be added to the UTAS or purchased as stand-alone
systems.
Contact: Theresa Adams
51 Somerville Road
Sutton Coldfield
West Midlands
B73 6HH

Phone: +44 (0) 121 354 8829
Fax: +44 (0) 121 321 1933
Email: theresa@statone.co.uk
Internet: www.statone.co.uk
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