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Purpose: To study the relationship between macular function assessed by multifocal electro

retinogram (mfERG) and morphological changes evaluated with optical coherence tomo graphy 

(OCT) and fundus photography in patients with drusen maculopathy.

Methods: Ten patients (age 71 ± 5 years) with drusen maculopathy were compared to fifteen 

healthy control patients (age 67 ± 7 years). One eye per patient was examined with OCT, color 

fundus pictures, and mfERG (103 hexagons) recorded in nine areas corresponding to the nine 

areas of the OCT retinal map. Drusen density for every separated area was registered.

Results: All nine areas in the maculopathy group demonstrated prolonged implicit time compared 

to healthy controls; the mean value for the maculopathy group was 31.3 milliseconds (95% 

confidence intervals [CI]: 30.9–31.6) vs 27.9 milliseconds (95% CI: 27.5–28.2; P = 0.006) for the 

control group. The amplitude in the foveal area was lower in the maculopathy group; the mean 

value for the maculopathy group was 25.1 nV/deg2 (95% CI: 18.4–31.7) vs 33.9 nV/deg2 (95% 

CI: 27–40.9; P = 0.03) for the control group. mfERG in the maculopathy group demonstrated 

no differences in areas with or without drusen. There was no correlation between the retinal 

thickness assessed with OCT and the mfERG response.

Conclusion: Eyes with drusen maculopathy demonstrated functional changes compared to 

healthy controls evaluated with mfERG. Drusen seems to be associated with general macular 

dysfunction.

Keywords: multifocal electroretinogram, drusen maculopathy, optical coherence tomography, 

macular dysfunction

Introduction
Agerelated macular degeneration (AMD) is an increasing sightthreatening problem 

worldwide. According to the latest predictions released by the United Nations, the 

number of people aged over 60 years will triple from 606 million worldwide in 2000, to 

nearly 2 billion by 2050. The increase in the population aged over 80 years is expected 

to be more than fivefold, from 69 million in 2000 to 379 million by 2050. People 

aged over 60 years constitute about 20% of the population in more developed regions 

of the world; by 2050, they will probably account for 33%.1 One major implication 

of this demographic change is the emergence of conditions that are directly related to 

aging. AMD is already the leading cause of blindness in people over 60 years of age; 

in the Western world, which totals 8 million people with severe blindness, excluding 

the countries where data are scarce.2

Large, soft drusen increase the risk of progression to advanced AMD and they are 

indicative for insufficient cellular function in the retinal pigment epithelium (RPE).3 
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Substances formed in RPE cells and lipids derived from 

the neural retina accumulate in Bruch’s membrane, ultra

structurally recognized as basal linear hydrophobic deposits 

which are visible as drusen.4 Drusen might be complicated 

by a cellular inflammatory response, that leads to choroidal 

neovascularization (CNV)5 in the 24% of cases with large 

drusen over a period from three to five years.6,7

The multifocal electroretinography (mfERG) is a well

established technique for evaluating the local electrophysio

logical response of the conedriven retina under lightadapted 

conditions and has recently been used in AMD studies.8–11

The purpose of the present study was to correlate the 

functional changes to the morphological status of the macula 

using mfERG, optical coherence tomography (OCT), and 

fundus images in patients with drusen maculopathy.

Methods
The research procedures were in accordance with the institu

tional board of the Medicine Faculty of Lund and informed 

consent was obtained from all patients in accordance with 

the Declaration of Helsinki.

Patients
Ten consecutive AMD patients (median age 71 years 

[range: 64–78]) attended by the Department of Ophthalmol

ogy in Blekinge and Lund were included. Eligibility criteria 

for entry into the study were the presence of at least five or 

more drusen with a minimum size of 63 µm, within 1500 µm 

from the fovea, in absence of signs of any other retinopathy 

or advanced AMD in any eye.12 None of them had cataract 

or glaucoma in the examined eye and no CNV was detected 

in the other eye. The best corrected visual acuity (BCVA) 

was taken in both eyes of each patient. OCT, color fundus 

photography, and mfERG were performed in the eye with 

better BCVA.

Control group
Fifteen consecutive healthy controls, similarly aged to the patient 

group (median age 65 years [range: 60–82]), attending the 

Department of Ophthalmology of the Hospital of Lund, were 

included. No subjects had media opacity, myopia, eye disease, 

or previous ocular surgery. We chose one eye per patient by a 

randomized process and recorded mfERG.

Visual acuity
The BCVA was measured separately in each eye using the 

charts of the Early Treatment Diabetic Retinopathy Study 

Group (ETDRS).13

Optical coherence tomography (OCT)
OCT was performed using a Time Domain (TD) Stratus® 

OCT 3 (Carl Zeiss Meditec, Inc, Dublin, CA, USA), with 

centering at the fovea.14,15 Retinal map analysis was per

formed which consisted of six radial lineal scans of 6 mm 

length though the center of fixation with 30° displacement 

of each other. A macular thickness map was calculated in 

each eye.

Multifocal electroretinography
mfERGs were recorded using the Visual Evoked Response 

Image System (VERIS Science 5.113 Xb 316; EDI, San 

Mateo, CA, USA) developed by Sutter et al and according 

to the ISCEV Guidelines.16–18 The stimulus matrix consisted 

of 103 hexagonal elements, scaled with eccentricity to elicit 

approximately equal amplitude responses at all locations, and 

were displayed on a screen in an infrared (IR) camera and 

driven at a 75 Hz frame rate at a viewing distance of 27 cm. 

Each hexagon was independently alternated between black 

and white according to a pseudorandom binary msequence 

at 75 Hz. The maximum luminance was 138.0 cd/m2 and 

the minimum luminance was 3.5 cd/m2, resulting in a mean 

luminance of approximately 70.8 cd/m2, which was also the 

level of the background luminance. Pupils were maximally 

dilated with tropicamide and phenylephrine hydrochloride. 

A gold ground electrode was attached to the forehead. 

Retinal activity was recorded with a BurianAllen bipolar 

lens, which was placed on the anesthetized (oxybuprocaine) 

cornea. The edge of the lens, lying outside the cornea, 

contains IR light. The contralateral eye was occluded with 

an eye patch. A small black fixation object was placed at 

the center of the stimulus matrix and fixation was monitored 

with the IR eye camera. The optic disc was identified and 

the hexagonal elements could be visualized over the retina 

during the recordings.

Implicit times in N1, P1, and amplitudes were 

calculated. We analyzed only the electrophysiological 

results of the four innermost (14°) of the six concentric 

rings registered by the mfERG which corresponded to 

the surface explored by the OCT’s macular thickness 

map (Ø 6 mm) (Figure 1). The ophthalmologic assistant 

superimposed the hexagonal pattern from the mfERG 

examination, corresponding to the three OCT concentric 

rings, and showed that 1 mm of the radial line corresponds 

to 4° of the mfERG rings. Finally, we individually 

analyzed the summed mfERG registers of nine different 

areas corresponding to each of the segments of the OCT’s 

exploration (Figure 2).
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Figure 1 OCT and mfERG (103 hexagons) in an eye with drusen maculopathy (picture from iR camera). 
Abbreviations: iR, infrared; mfERG, multifocal electroretinogram; OCT optical coherence tomography.
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Figure 2 Response of the mfERG in the nine central areas and correlation between fundus pictures, OCT segments, and mfERG hexagons. 
Abbreviations: mfERG, multifocal electroretinogram; OCT optical coherence tomography.
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image acquisition
Fifty degree color fundus pictures were obtained with 

a Topcon TRC50 ix camera and Imaginet 2000 system 

(Topcon American Corporation, Paramus, NJ, USA), with 

centering at the fovea.

Drusen definition
Drusen were defined as basal linear hydrophobic deposits 

with diameter greater than 63 µm.11 No eye presented pig

ment abnormalities or signs of advanced AMD.

Image analysis and quantification  
of drusen maculopathy
The pattern of the nine segments of the OCT’s macular 

thickness map was digitally superimposed onto the fundus 

image with the center corresponding to the fovea and 

6 mm diameter (14°) using the Imaginet 2000 system. 

Consequently, we obtained nine segments on the fundus 

picture (one central, two superior, two inferior, two nasal, and 

two temporal; Figure 3). Two independent retinal specialists, 

who were masked to the mfERG and OCT results, graded 

the extension of each drusen in each segment’s area, to 

obtain an estimate of the total area occupied by drusen in 

each segment, which was then expressed as a percentage of 

the segment area. These were then added and correlated to 

each area to get a quantitative measurement in the form of 

percentages. The findings were classified into three groups 

to facilitate the grading: less than 33%, between 33% and 

66%, and more than 66% of the surface occupied by drusen 

in each segment’s area. We then analyzed the relationship of 

the macular thickness (OCT), the quantified drusen groups, 

and the mfERG in each segment of the macular area.

Statistical analysis
Values were given as mean ± SD. Visual acuity and age were 

given as median and range. Mann–Whitney tests were used 

for comparing the age, the amplitude, and the implicit time 

in the different areas between the groups. Cohen’s kappa 

 coefficient was used to measure the agreement between 

the two retinal specialists in the quantification of drusen. 

 Correlations between the variables, the OCT’s macular 

 thickness, the drusen maculopathy, and the mfERG were 

tested using Spearman’s rho. For all tests, a Pvalue less than 

0.05 was considered to be statistically significant.

Results
Median BCVA was 85 letters (from 75 to 96) in the macu

lopathy group. In the control group, the minimal BVCA 

requirement was 75 letters. No statistically significant age 

difference was found between the patients and the controls 

(P = 0.07, Mann–Whitney test).

In patients with drusen, a delay was found in the 

implicit time response in N1 and P1 in all the nine areas 

recorded (Figure 2, Table 1) compared with the controls. 

The mean N1 was 17.3 ± 2 milliseconds in the patients vs 

14.4 ± 1 milliseconds in the controls (P = 0.006, Mann–

Whitney test). The mean P1 was 31.3 ± 2 milliseconds in the 

patients vs 27.9 ± 2 milliseconds in the controls (P = 0.001).

The amplitudes in the most central area, corresponding 

to the fovea, were lower in the patient group (mean 

25.1 ±  9 nV/deg2) compared to controls (mean 

33.9 ± 12 nV/deg2; P = 0.033) (Table 1).

In the maculopathy group, the quantification of drusen 

was less than 33% of each area in all the segments that 

contained drusen. Twentythree percent of the segments 

did not contain any drusen. Drusen were mostly localized 

(from highest to lowest) at the central segment (ten patients), 

the innermost superior (ten patients), the innermost inferior 

(eight patients), both temporal (eight patients), the innermost 

nasal (eight patients), the outermost superior (six patients), 

and the outermost inferior (five patients). There was complete 

agreement in the image analysis between the two retinal 

specialists (κ = 1.0; P = 0.001, Cohen’s kappa coefficient).

Within the group with drusen, we did not find any signifi

cant difference between the areas with drusen compared to 

areas without drusen (23% of all areas), neither in implicit 

time nor in amplitude (Mann–Whitney test).
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Figure 3 The nine areas of the OCT retinal thickness map and the hexagonal 
pattern from the mfERG examination, superimposed onto the fundus image of a 
drusen maculopathy patient for image analysis.
Abbreviations: mfERG, multifocal electroretinogram; OCT optical coherence 
tomography.
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The OCT thickness was less than 300 µm in each 

area. There was no statistically significant correlation 

between the decreased function, showed by mfERG response, 

and the retinal thickness in each area in the maculopathy 

group (Spearman’s rho) (Table 2).

Discussion
It is known that, in the mfERG, the response density is larg

est in the fovea where the cone photoreceptors and bipolar 

cells are densest.18 The implicit time delay reflects disorders 

in the inner retina and lower amplitude represents photore

ceptor loss.19

The results in the present study objectively demonstrate 

that mfERG from patients with multiple drusen had smaller 

amplitudes in the fovea and longer implicit time, compared 

to controls. Previous studies have stated that implicit time 

is a more sensitive measure than amplitude to detect early 

dysfunction in eyes with large drusen and that this might 

indicate that cell loss comes relatively late in the course of 

the disease.10,11 In contrast, we have found significant reduc

tion in the foveal amplitudes. This finding suggests that cell 

loss could occur earlier than has been previously thought. 

One could argue that those alterations in response density are 

partly due to optical factors or aging, but that would result in 

amplitude changes, not in implicit time delays.20 In addition, 

in our sample, none had disturbing media opacity and both 

the BCVA and age were similar between the groups.

According to the inclusion criteria, only patients with 

relatively good visual acuity were included (75 letters or 

more using a 4 m ETDRS chart). In any case, the method 

is suitable even for patients with lower vision because we 

obtained the mfERG recording with an IR camera, thus 

we can  monitor the fixation of the eye during the test. 

Therefore, it is a reliable and reproducible method in the 

study of macular dysfunction.

Table 2 Mean ± SD of implicit time (milliseconds), amplitudes (nV/deg2), OCT thickness, and the grading of drusen in each 
analyzed area

Area 1  
(central)

Area 2 
(innermost  
superior)

Area 3 
(outermost  
superior)

Area 4 
(innermost  
inferior)

Area 5 
(outermost  
inferior)

Area 6 
(innermost  
nasal)

Area 7 
(outermost  
nasal)

Area 8 
(innermost  
temporal)

Area 9 
(outermost  
temporal)

implicit time n1 18.5 ± 2* 17.6 ± 2* 17.2 ± 2* 17.7 ± 2* 16.9 ± 1* 16.3 ± 2* 17 ± 1* 17.6 ± 2* 16.7 ± 2*
implicit time P1 33.3 ± 2* 31.6 ± 2* 31.1 ± 1* 31.1 ± 1* 30.2 ± 1* 31.9 ± 2* 30.1 ± 1* 31.5 ± 2* 30.4 ± 1*
Amplitude 25.1 ± 9* 18.5 ± 6 16 ± 4 18.2 ± 5 15.9 ± 3 18.8 ± 5 14.8 ± 4 20.5 ± 7 15.9 ± 6
OCT 213.2 ± 9 272.6 ± 5 248 ± 3 262.7 ± 5 232.4 ± 4 261.6 ± 3 247.9 ± 2 254 ± 4 230.5 ± 3
Drusen ,33% ,33% ,20%** ,27%** ,20%** ,27%** ,20%** ,27%** ,27%**

Notes: *P , 0.05 (Mann–Whitney test); **segments without drusen are included.
Abbreviations: OCT, optical coherence tomography; SD, standard deviation.
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Table 1 Mean ± SD of implicit time (milliseconds) and amplitudes 
(nV/deg2) in each analyzed area for patient and control groups

Patients  
(n = 10)

Controls  
(n = 15)

Area 1 (central)
 implicit time n1 18.5 ± 2* 15.5 ± 1*
 implicit time P1 33.3 ± 2* 28.8 ± 2*
 Amplitude 25.1 ± 9* 33.9 ± 12*
Area 2 (innermost superior)
 implicit time n1 17.6 ± 2* 13.8 ± 1*
 implicit time P1 31.6 ± 2* 28.1 ± 2*
 Amplitude 18.5 ± 6 24.1 ± 11
Area 3 (outermost superior)
 implicit time n1 17.2 ± 2* 13.8 ± 1*
 implicit time P1 31.1 ± 1* 27.5 ± 2*
 Amplitude 16 ± 4 19.9 ± 9
Area 4 (innermost inferior)
 implicit time n1 17.7 ± 2* 14.6 ± 1*
 implicit time P1 31.1 ± 1* 27.6 ± 2*
 Amplitude 18.2 ± 5 23.6 ± 9
Area 5 (outermost inferior)
 implicit time n1 16.9 ± 1* 14.3 ± 1*
 implicit time P1 30.2 ± 1* 27.1 ± 2*
 Amplitude 15.9 ± 3 19.4 ± 8
Area 6 (innermost nasal)
 implicit time n1 16.3 ± 2* 14.3 ± 2*
 implicit time P1 31.9 ± 2* 27.9 ± 2*
 Amplitude 18.8 ± 5 22.9 ± 11
Area 7 (outermost nasal)
 implicit time n1 17 ± 1* 14.4 ± 1*
 implicit time P1 30.1 ± 1* 27.4 ± 2*
 Amplitude 14.8 ± 4 17.4 ± 8
Area 8 (innermost temporal)
 implicit time n1 17.6 ± 2* 14.5 ± 1*
 implicit time P1 31.5 ± 2* 27.4 ± 1*
 Amplitude 20.5 ± 7 27.1 ± 11
Area 9 (outermost temporal)
 implicit time n1 16.7 ± 2* 14.3 ± 1*
 implicit time P1 30.4 ± 1* 26.8 ± 1*
 Amplitude 15.9 ± 6 23.8 ± 11

Note: *P , 0.05 (Mann–Whitney test).
Abbreviation: SD, standard deviation.
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We have only considered the four inner rings of the 

mfERG analysis (14°), in order to associate it to the OCT. 

In contrast, previous works have examined two additional 

rings of mfERG.10–12 We believe that our research method is 

suitable for studying macular function and for comparison 

with the OCT thickness map, because the summed response 

from the nine defined areas on the mfERG recording corre

sponds well to the OCT mapping protocol. This is supported 

by an earlier study from Holm et al.21

In our research, no significant statistical correlation was 

found between the OCT retinal thickness (less than 300 µm) 

and macular function (mfERG). It is possible that the mfERG 

may only decrease when macular thickness is greater than 

300 µm, as it has been previously reported.21 Time domain 

OCT (TDOCT) was used as this was the only possibility at 

the beginning of the study. However, additional research with 

spectral domain OCT (SDOCT) could be of interest to study 

the ultrastructural association between mfERG response in 

cases of drusen maculopathy and findings seen in the four 

outer bands of the SDOCT in those patients.22,23

Our study showed that dysfunction of the outer 

retina is limited to the fovea, which is in agreement with 

Johnson et al, who suggested altered synaptic architecture 

in cones overlying drusen.24 Furthermore, we have observed 

a spread effect in the surrounding areas where there are no 

drusen. About 25% of the areas explored showed no drusen 

and there were no statistically significant differences in the 

electrophysiological response between areas with or without 

drusen. This implies that retinal dysfunction is not limited 

to areas with visible morphological changes in drusen 

maculopathy and that the presence of drusen may lead to 

general dysfunction in the macula.

According to our results, we can confirm that our 

OCT model of mfERG analysis is a reliable method to 

assess macular dysfunction by drusen maculopathy in 

the early stages of AMD. Eyes with drusen demonstrated 

mfERG alterations compared to healthy controls, even 

in areas where drusen were not present. Further studies 

are needed to investigate the usefulness of mfERG as a 

tracking tool in this disease, and to correlate it to findings 

in the SDOCT.
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