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Abstract

Purpose To describe the deficits in four electroret-

inography (ERG) modalities in patients with neovas-

cular age-related macular degeneration (AMD). To

describe the changes in these parameters during a

course of verteporfin photodynamic therapy (PDT).

Methods Pattern (PERG), multifocal (mfERG) (19

segment simplified test protocol), flash ERG and

flicker ERG were performed in patients with active

neovascular AMD before PDT and compared to

fellow eye controls using paired t-tests. Changes in

ERG parameters during the 12 month treatment

course were visualised using 95% confidence inter-

vals of the median difference. The statistical signif-

icance of any changes was quantified using Wilcoxon

signed ranks tests.

Results Fifty patients were recruited and followed.

At presentation all ERG amplitudes were reduced

with greater reductions in focal as opposed to global

test protocols (P < 0.05). Over the 12 month course of

PDT, PERG P50 amplitude showed a general down-

ward trend and latency remained unchanged. mfERG

p1 amplitude density showed an upward trend at six

months before returning to baseline by 12 months.

mfERG ring 2 amplitude density was significantly

increased at 12 months compared to baseline

(P = 0.010). Flicker ERG latency was significantly

increased at six months compared to baseline

(P = 0.015).

Discussion The simplified mfERG protocol was

tolerated by this patient group, however, they found

the full test protocol demanding. Large deficits in the

retinal ERG function occur in neovascular AMD and

involve retinal locations adjacent to as well as

overlying choroidal neovascularisation (CNV). After

PDT there is an improvement in electro-retinal

function in retinal locations overlying the CNV.

Keywords Electroretinogram � Age-related

macular degeneration � Photodynamic therapy

Introduction

Neovascular age-related macular degeneration

(AMD) is characterised by the development of new

blood vessels in the choroid (choroidal neovascular-
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isation (CNV)) breaking through Bruch’s membrane

and leaking blood, fluid, and lipids underneath and

into the neuroretina. The most rapid deterioration in

vision occurs when CNV involves the foveal centre.

The Treatment of AMD with Photodynamic ther-

apy (PDT) study (TAP study) has shown that PDT

with verteporfin limits visual loss from CNV [1–6].

The study investigated visual function using visual

acuity (VA) and contrast sensitivity (CS) and

described a wide variation in response during a

course of treatment. The mechanisms of visual loss

and response are poorly understood and there is a

need to develop additional techniques to investigate

the disease and its treatment.

Electroretinography (ERG) is one measure of

central visual function. There have been previous

studies on the effect of ageing [7–11] and AMD [12–

15] on the ERG and the effect of PDT treatment for

neovascular AMD on the multifocal electroretino-

gram (mfERG) [16–19]. These studies have used

variable techniques, frequently with time consuming

test protocols which can be challenging for elderly

patients with poor central vision. The most recent

study by Neveu et al. [20] observed PERG and

mfERG improvements over two years in a group of

bilateral neovascular AMD patients treated with

PDT. We studied the deficits in responses to four

ERG test modalities and their changes during a

course of PDT in a group with both bilateral and

unilateral cases.

PDT is a combined drug and laser treatment that

limits the visual loss from CNV. Verteporfin is

infused for ten minutes followed five minutes later by

the application of a 689 nm diode laser through a slit

lamp delivery system. Verteporfin has an absorption

peak at 693 nm and on activation by the laser is

thought to cause selective non-thermal photothrom-

bosis [21].

Subjects and methods

Patient recruitment and preparation

Local ethics committee approval was given and all

patients attending a regional PDT clinic with untreated

active neovascular AMD comprising � 50% classic

CNV in one or both eyes and VA better than 20/200

(35 letters) were invited to participate in the study.

The study was performed in accordance with the

tenets of the Declaration of Helsinki. One subject with

Parkinson’s disease and one substance abuser were

excluded from the study and recruitment was stopped

at 50 to allow follow-up assessments to be performed

at three, six, and twelve months.

At each visit to the PDT clinic patients underwent

refraction protocol VA assessment using the ETDRS

chart, and the value at 1 meter recorded, CS using the

Pelli-Robson chart [2], ERG and fundus fluorescein

angiography (FFA) before PDT. Treatment was

performed after the tests on the first visit and on

subsequent visits if the CNV lesion was deemed

active on clinical and angiographic criteria. ERGs

were performed binocularly and recorded from each

eye with DTL thread electrodes referenced to each

outer canthus and a ground electrode placed at Fpz

(middle of forehead). If fellow eyes had acuity of 6/9

or better and no clinical or angiographic evidence of

choroidal neovascularisation they were used as

controls. Patients wore their own spectacle correction

if it aided fixation, or if refractive error was � 6

diopters [22].

ERG recording

The Roland Consult Retiscan system was used for

both stimulation and acquisition of all ERGs. PERGs

were acquired bandpass filtered 1–100 Hz in response

to 500 checks of maximum photopic luminance

120 cd/m2 reversing four times a second. The

stimulus field size was 17�· 23�. A drop of 0.4%

benoxinate was used if necessary. Pupils were then

maximally dilated using 2.5% phenylephrine and 1%

tropicamide. mfERGs were acquired bandpass fil-

tered 2–300 Hz in response to an array of 19

hexagons scaled 4:1 grouped in three rings (radii

2.7�, 2.7–10.8�, 10.8–21.8�) as in Fig. 1. Flashes of

photopic 2.0 cd.s/m2 were delivered using a CRT

monitor at 60 Hz with four blank frames between

each step of a short pseudo-random sequence [22]. A

fixation cross that extended to all four corners of the

screen facilitated central fixation. The patient was

also coached for steady fixation and observed

throughout the test. Full field flash ERGs (1–

300 Hz) and 30 Hz flicker ERGs (5–100 Hz) were

acquired in response to xenon flashes of photopic
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luminance 3.0 cd.s/m2 against a background light of

34 cd/m2 inside a Ganzfeld bowl.

ERG signal processing

PERGs were digitally filtered 0–50 Hz or 1–50 Hz in

the presence of a blink artefact. mfERGs were filtered

0–80 Hz, averaged into three concentric rings con-

taining one, six and 12 segments respectively (Fig. 1).

Where it was not possible to identify mfERGs and

PERGs they were deemed too small to be recorded

and we imputed an amplitude value half as large as

the smallest recordable amplitude. For latency we

imputed the group mean value. Flash ERGs were

high-pass filtered at 1 Hz.

Statistical analysis

A subgroup of thirteen patients had their fellow eyes

included in a control group. The mean difference

between these thirteen fellow eyes and their corre-

sponding AMD eyes was calculated for each ERG

parameter and a paired t-test used to identify

statistically significant differences. For those patients

who were seen on four consecutive occasions, 95%

confidence intervals of the median change from

baseline were used to visualise changes over the

course of treatment. Any clear changes had signifi-

cance quantified using Wilcoxon signed ranks tests.

Results

Demography

Table 1 describes the details of the patient and age

matched control groups. Most patients had classic no

occult subfoveal CNV and 96% (25/26) of those who

attended had a second PDT treatment at three months.

Pre-treatment ERGs in affected and control fellow

eyes are summarised in Fig. 2.

PERG

The mean difference in PERG P50 and N95 ampli-

tudes were each 1.7 mV (t = �4.83, P = 0.01 and

t = �3.92, P = 0.01) when AMD eyes were compared

to controls. The mean difference in P50 latency was

6.7 ms (t = 2.10, P = 0.09). The PERG amplitude and

latency at baseline recording and the succeeding

assessment months were summarised as independent

groups (Table 2). No statistically significant changes

with treatment were observed, however the P50

component appeared to reduce in amplitude and

latency during the course of treatment.

MfERG

The mean deficit in mfERG central segment, ring 2

and ring 3 amplitude density was 59.7 nV/degree2,

13.6 nV/degree2 and 3.2 nV/degree2 respectively

(t = �4.86, P < 0.01; t = �2.99, P = 0.01; t = �2.95,

P = 0.01) when AMD eyes were compared to

controls. We did not find a statistically significant

difference in latency for any ring; there may have

been a small difference that this comparison was

simply underpowered to show. For complete cases

(n = 12) there was a trend to increase in mfERG

amplitude density for the central segment at six

months with a return to baseline at twelve months.

Ring 2 was significantly larger than baseline at

12 months (z = �2.59, P = 0.01) (Fig. 3b). Ring 3

showed no significant difference to baseline at any

follow up visit. Amplitude density remained smaller

than normal in all three rings at twelve months. No

statistically significant delays in latency were ob-

served for any ring over the course of treatment.

Latency remained shorter than normal in all three

rings at twelve months.

Fig. 1 Nineteen hexagonal segments controlled by 19

orthogonal binary sequences subtend a total visual angle of

42� on the retina. A typical lesion fills the central segment and

encroaches on ring 2 but not ring 3
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Flash and flicker ERG

The mean difference in amplitude was 11.5 mV and

10.0 mV for flash and flicker ERGs respectively

(t = �2.1, P = 0.07; t = �2.31, P = 0.05) (Figs. 2 and

4). There was no statistically significant difference in

latency for either stimulus. We did not show any

statistically significant change in flash or flicker ERG

amplitude during treatment, however flicker ERG

latency was increased by a median of 2 ms at six

months (z = �2.43, P = 0.02). There were no changes

in flash ERG latency.

Discussion

Pre-treatment

Our study shows deficits in ERG responses at

presentation to a wide range of stimuli when com-

pared to control fellow eyes. Our 19-segment stim-

ulus and recording protocol has been validated [23]

and its findings support those of others. Our study

also extends the evidence across other stimuli (Figs. 2

and 4). Previous studies report amplitude reductions

in the central 40 degree field [12, 13, 15, 24–26] and

latency increases across 120 degrees of the field [27].

For global stimuli (flash, flicker) there was an

approximate 10% reduction in amplitude, not de-

tected by previous work [28]. However deficits were

more profound for the focal stimuli we studied,

especially the central segment of the mfERG. Our

findings of mfERG deficits in ring 2 and especially

ring 3 show that the effect on the retina extends

beyond the retina overlying the CNV.

We have shown that mfERGs are feasible in this

population and that affected eyes show amplitude

deficits across the macula when compared with their

fellow eye. Patients with neovascular AMD have

scotomas in the central visual field making fixation

unstable or eccentric depending on the stage of the

disease [29]. Fixation monitoring goes some way to

addressing this problem, however, topographic integ-

rity of responses cannot be guaranteed [30, 31].

Responses of low amplitude mean that signal to noise

ratio is also prohibitively small in these patients. We

chose a 19 segment stimulus over the central

42 degree diameter field to maximise signal to noise

ratio and believe that this is more appropriate than a

higher resolution stimulus for patients with severely

reduced central vision. Elsner et al. [32] used

microperimetry to measure fixation area in a similar

Table 1 Patient details at

their photodynamic therapy

(PDT) screening

appointment

Parameters are expressed as

group mean and standard

deviation where appropriate

Patient eyes Control eyes

N 50 13

Age 77.5 (6.4, 61–92) 72.8 (6.6, 56–88)

Gender

Male 20 5

Female 30 8

CNV symmetry

Bilateral 39

Unilateral 11

Visual assessment

Visual acuity (letters) 46 (28–77) 81 (33–85)

Visual acuity (snellen acuity) 6/37.5 (6/7.5–6/75) 6/6 (6/3–6/6)

Contrast sensitivity (letters) 19 (1–34) 31 (24–36)

Greatest Linear Dimension of CNV (mm) 3,724 (1,545, 689–6,650)

CNV classification

Classic no occult 43

Predominantly classic with occult 7

CNV location

Subfoveal 43

Juxtafoveal 7
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patient group and from their results it can be

postulated that by six months fixation is only

occasionally outside the central segment. We did

not observe fixation that was systematically outside

the central segment during any of our mfERG

recordings.

The mechanism of visual loss in neovascular AMD

is unclear but many factors have been implicated. Our

findings show profound photoreceptor dysfunction on

mfERG, flash and flicker ERGs while ganglion cell

function on PERG was relatively preserved. The

deficits in ERG b-wave and mfERG p1 response in

our patients reflect bipolar and other second order

neurone dysfunction. Muller cell integrity is also an

important aspect of ERG b-wave and mfERG p1

response which is affected in the later stages of the
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electroretinogram (ERG) parameters for patient and control

groups. (a) multifocal (mfERG) amplitude (b) mfERG latency

(c) Flash and Flicker ERG amplitude (d) Pattern ERG (PERG)

amplitude (e) Flash, flicker and PERG latency
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disease when cystoid macular edema develops. ERG

testing may help determine groups of patients with

better prognosis and shed further light on underlying

disease processes.

Changes after PDT

Our results show that during a course of PDT the

deficits seen in the ERG remain largely unchanged.

We did detect some significant improvements

(mfERG ring 2 amplitude density), trend improve-

ments (ring 1 amplitude density) and significant

deficits (flicker ERG latency) after treatment. Not all

of the original 50 subjects completed all four testing

sessions; they gave long test procedures as their

reason for not attending. This fits with the intermit-

tent nature of our missing data and suggests that no

bias was present. Conversely, if there was a common

reason why the 12 patients who attended four

consecutive sessions did so then it was likely to be

that they felt positive about PDT and had responded

relatively well. This may positively bias the data.

Consideration of clinical factors

Mennel et al. [33] reported increased lesion thickness

and an accumulation of sub-retinal fluid on optical

coherence tomography (OCT) in the days after PDT.

The presence of fluid resulted in hypemetropia,

however pre-treatment VA was regained by increas-

ing the refractive correction. After one week, VA had

further improved with this new refractive correction

[ibid] and presumably some re-absorption of fluid.

Sub-retinal fluid (SRF) is re-absorbed at different

rates in different subjects but usually commences one

week after PDT [19, 34]. Transient losses in VA

following PDT were also shown in the TAP and VIP

Table 2 Pattern Electroretinograms (PERGs) at each visit

during a course of photodynamic therapy (PDT)

0 3 6 12 Controls

N 34 17 25 20 11

P50 Amplitude (mV)

Mean 1.5 1.3 1.1 1.0 2.9

SD 1.7 1.9 1.7 1.7 1.6

N95 Amplitude (mV)

Mean 1.6 1.5 1.6 1.4 3.3

SD 1.8 2.1 2.0 1.9 1.3

P50 Latency (ms)

Mean 61.5 60.5 59.5 62.8 55.3

SD 10.9 13.8 11.7 23.3 4.3
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Fig. 3 The median difference from baseline (and its 95%

confidence interval) in multifocal electroretinogram (mfERG)

amplitude for 12 patients re-tested at three, six and twelve

months. (a) central segment (b) ring 2 (c) ring 3
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studies. MfERG amplitude deficits have been found

one week after treatment [19], but were not consid-

ered to be related to hypermetropia because of their

persistence with the new refractive correction. The

presence of cystoid macular oedema relates to both

the stage of the disease and the lesion characteristics,

the effects of which are discussed in a separate paper

in preparation.

Comparison to similar studies

The respective patient groups of Palmowski et al.

[17] and Moschos et al. [16] had better and poorer

VA than ours at baseline, which may explain the

respective mfERG increases and decreases their

studies showed. In agreement, Lai et al. [19] showed

a transient mfERG amplitude density deficit then

recovery by one month in a patient group with

significantly better baseline VA than ours. The

majority of patients studied by Neveu et al. [20]

had unilateral disease, compared to our bilaterally

affected group (Table 1). Their group also had

slightly better baseline VA and both factors may

contribute to the larger positive treatment effects they

observed, particularly on the PERG. It is also

noteworthy that our study group had a higher

proportion of classic no occult lesions than most

other studies.

The studies of Palmowski et al. [17] and Moschos

et al. [16] both described scalar product (an index of

cross-correlation) amplitudes using the patients’

global response as the template. Both response

amplitude and latency contribute to this template.

This may result in a small and late local response

looking larger than it actually was. Comparisons

between months are also variable as the template is

constantly changing as well as the response.

Conclusions

We have found that we can follow neovascular AMD

patients feasibly with our reduced test protocol. We

have observed deficits in all ERGs in these patients

and improvements in selected parameters over

12 months of treatment with PDT. The effect of

CNV on the overlying retina is profound and spreads

beyond the geographical location of the CNV.

Studying the mfERG using a simplified test

protocol with consequent better follow-up may

provide useful insights into the mechanisms of

current and future therapies for AMD.
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