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Abstract: Previously not shown this study support that mfVEP is an indicator of optic nerve neuropathy in diabetic 

patients and there could be a correlation between the optic nerve dysfunction and diabetic poly neuropathy. The early 

optic nerve involvement might explain some of the visual complain in this group of diabetic patients. 

Purpose: To investigate the function of the visual pathway measured by mfVEP (multifocal Visual Evoked Potentials) in 

patients with diabetic retinopathy and neurophysiologically verified polyneuropathy 

Subjects and Methods: Thirty-two diabetic patients with the same degree of diabetic retinopathy were classified with 

neurography regarding polyneuropathy and further examined with mfVEP. The mfVEPs of eighteen patients with 

polyneuropathy were compared to those of fourteen diabetic patients without polyneuropathy and to those of ten non-

diabetic subjects. 

Results: Diabetic duration, and the number of patients who had undergone panretinal photocoagulation for proliferative 

diabetic retinopathy were similar in the two patient groups, 29±13 vs 25±7 years, p=0.3. 

Both groups of patients with diabetic retinopathy had significantly lower amplitudes in the mfVEP than the healthy 

subjects. 

In addition the mfVEP amplitudes, which reflect selected areas of the visual function, were significantly reduced in the 

lower nasal quadrant in patients with neuropathy compared to patients without neuropathy. 

Conclusion: The results indicate that mfVEP could be an indicator of optic nerve neuropathy in patients with diabetic 

retinopathy. The early optic nerve involvement might explain some of the visual complaints in this group of diabetic 

patients. 
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INTRODUCTION 

 Diabetic retinopathy is usually considered as a vascular 
disease, known to cause vision loss and blindness [1]. 
Additionally, attention has been paid to the neurodegenerative 
aspects [2], and functional studies with pattern electroretino-
graphy (pERG) [3], and multifocal ERG (mfERG)[4] have 
been done. 

 Until recently the standard form of visual evoked 
potential (VEP) has been the objective method for measuring 
the function of the optic nerve and the visual pathways [5]. 
Since VEP reflects the total response from the visual 
pathways, the multifocal visual evoked potential (mfVEP) 
enhances our possibility to further evaluate the cortical 
responses on stimulation of localized retinal areas [6-8].

 

These developments of mfVEP give us new opportunities to 
evaluate the neurodegenerative component involved in the 
pathogenesis of diabetic retinopathy. 

 While several studies have focused on the correlation 
between retinopathy and nephropathy, the relationship  
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between retinopathy and neuropathy is poorly documented, 
but half of all diabetic patients will experience neuropathy 
[9,10]. If neuropathy is an important component in the 
pathogenesis of diabetic retinopathy then patients with 
clinical polyneuropathy might demonstrate more deficits in 
the visual function measured with mfVEP. 

 The purpose of the present study was to determine 
whether diabetic patients demonstrate signs of changed 
neural function measured with mfVEP compared to normals 
and patients with the same degree of retinopathy with and 
without polyneuropathy. 

METHODS 

Subjects 

 Thirty-two consecutive diabetic patients with and without 
neuropathy and regularly attending the Medicine and 
Ophthalmology departments in Lund and Malmö were 
included. Ten healthy age similar volunteers with no 
previous eye disorder and a best corrected visual acuity (VA) 
of 20/20 were included for comparison. The right eye in each 
patient was examined. The research procedures were in 
accordance with institutional guidelines and the Declaration 
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of Helsinki. The study was approved by the Committee of 
Ethic at the University Hospital of Lund 

Ophthalmological Examination and Grading of 
Retinopathy 

 The best visual acuity after correction was assessed using 
a Snellen Charts at a distance of 6.0 meter. The classification 
of retinopathy was based on findings from fundus 
photographs using a 45° Topcon camera including the three 
areas nasal, temporal and the central with stereo photo. The 
degree of retinopathy was based on three retinopathy levels 
as; no retinopathy, background retinopathy, and sight-
threatening retinopathy. Sight-threatening retinopathy 
included clinically significant macular oedema and/or severe 
non-proliferative retinopathy according to definitions by the 
ETDRS [11], or clinically significant macular oedema and/or 
proliferative retinopathy. Proliferative retinopathy was 
considered most severe, followed by severe non-proliferative 
retinopathy and clinically significant macular oedema. 

 Eyes with clinically significant macular oedema with 
visual acuity over 0.2 and a duration not longer than 6 
months were treated according to guidelines from the 
ETDRS [12], and eyes with proliferative retinopathy were 
treated according to DRS [13]. Only eyes without a visible 
cataract using a slit-lamp biomicroscopy were included in 
the study. The mean number of laser shots given was for 
macular edema 200 barely visible shots and for panretinal 
photocoagulation on average 1800 laser shots. 

Analytical Techniques 

 HbA1c levels were analysed by ion-exchange 
chromatography using commercially available microcolumns 
(Bio-Rad, Richmond, CA) or by fast liquid chromatography 
(Kontron Instruments, Milan, Italy). The upper normal 
reference range for both methods is <5.3%. 

Neurophysiology 

 To distinguish the diabetes group into two, with or 
without diabetic neuropathy, neurography was performed on 
one side in the following nerves: Motor conduction 
velocities, distal motor latencies, response amplitudes, and 
F-wave latencies in median and peroneal nerves; Sensory 
conduction velocities and response amplitudes in the median 
(on stimulation of dig I and dig III) and sural nerves. In 
addition, thresholds for detecting warm and cold on the 
lateral part of the foot and vibration on the big toe and tibia 
were measured. 

MfVEP 

 MfVEPs were recorded using the Visual Evoked 
Response Imaging System (VERIS 4.3) (EDI. San Mateo, 
CA), developed by Sutter et al. [14], Baseler et al. [15], 
Baseler and Sutter [16]. A cathode ray tube (CRT) monitor 
with a refresh rate of 75 Hz was used for recording and the 
stimuli had the appearance of a dartboard containing 60 
segments [16]. The monitor was a part of a system with a 
refractor unit in combination with an infrared eye camera to 
monitor the position of the eye. The segments were 
cortically scaled in order to produce 60 recordings of 

approximately similar amplitude from the visual cortex. 
Each segment contained a checkerboard pattern with 16 
checks, 8 white and 8 black that contrast reversed in 
pseudorandom binary m-sequences at 75 Hz. The m -
sequence chosen for this study was16 with the total 
recording time of 14 minutes divided into 8 segments. The 
signals were amplified 100 000 times and were passed 
through a band-pass filter between 3 and 100 Hz. 

At the viewing distance of 5 
cm the radius of the stimulus array subtended approximately 
20-25 degrees. 

Recordings 

 Three pairs of electrodes and three different electrode 
positions were used. One pair of electrodes was placed on 
the inion and 4 cm above the inion. The other two pairs were 
distributed 4 cm to the left and 4 cm to the right of the first 
pair of electrodes. The ground electrode was placed behind 
the right ear. 

 Two channel registrations were used during the same 
stimulation. Each run contained 16 segments of 27 seconds 
with a total recording time of 7.2 min. 

 The subjects were seated comfortably to minimize 
muscle interactions fixating the center of the dartboard 
approximately 5 cm from the screen of the IR camera. The 
pupils were undilated and the stimulation was monocular. 
The contra lateral eye was carefully occluded to prevent light 
stimulation of this eye. A dim room light was used as a 
background illumination [8,17]. By using VERIS system 
refractor/camera unit the patient has possibility to adjust the 
refractor for best vision and by the IR camera the fixation 
could be monitored during the whole recording procedure. If 
a patient couldn’t co operate during a test, it was repeated.

 

Analysis 

 The two first components in the response, similar to the 
P70 and N100 in the classic VEP as described by Betsuin et 
al.

6
 were identified and the peak-to-peak amplitude was 

measured (Fig. 1). 

 Responses were recorded with midline electrodes on 
stimulation of six segments in a defined central region 
(sector C) where the highest signal to noise level could be 
measured [18]. 

 In addition the mfVEP amplitudes, which reflect the 
upper and lower nasal quadrant of the visual function and 
further responses of four nasal specific central segments with 
in previous study have demonstrated the highest signal-to-
noise ratio (N1, N2, N3, N4) were analyzed (Fig. 2). The 
measurements were compared between the two diabetic 
groups as well as between the patients and the normal 
controls (Fig. 3) [9]. 

Statistical Methods 

 Mann- Whitney U-test for two independent samples was 
used since the distribution is skewed. To evaluate differences 
in proportions between groups, the Chi-square test was used. 
A significance level of <0.05 was considered significant. The 
calculations were made in SPSS for Windows version 16.0. 
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Fig. (1). A normal mfVEP. (A) Cortical responses to stimulation of 

60 segments in the central visual field. The ring indicates sector C, 

the region with the highest amplitudes when measured with the 

midline electrodes. (B) The arrow indicates the peak-to-peak 

amplitude of the first two components according to VERIS 

program, which correlate to N 70 and P 100 in the classic VEP. 

 

Fig. (2). Responses on stimulation of the right eye in a normal eye. 

N1, N2, N3, N4 are the four segments in the nasal visual field with 

the highest signal-to-noise ratio. 

RESULTS 

Patient Characteristics 

 Eighteen patients with diabetic retinopathy and 
neurophysiologically verified polyneuropathy and 14 
patients with diabetic retinopathy but without neuropathy 
were included in the study. Age was similar between diabetic 
patients and non-diabetic control subjects, 53 ± 10 years vs 
46 ± 7 years; p=0.052, and also between diabetic patients 
without neuropathy and non-diabetic patients 47 ± 9 years vs 
46 ± 7 years; p=0.93. 

 

Fig. (3). MfVEP responses from the left eye two patients included in the study with neuropathy (red traces) and with out neuropathy (black 

traces). The traces comprise both central (a) and temporal (b) recordings. 
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 Diabetic patients with neuropathy were older than 
diabetic patients without 59 ± 7 vs 47 ± 9 years; p<0.01, but 
diabetes duration was similar 29 ± 13 vs 25 ± 7 years; p=0.3, 
as was the mean level of HbA1c 7 ± 1% vs 6.6 ± 0.7%; p=0.3. 

Diabetic Retinopathy and Visual Acuity 

 The degree of diabetic retinopathy and number of 
photocoagulated eyes did not differ between patients with 
and without neuropathy (Table 1). 

Table 1. Diabetic Retinopathy in Patients with and without 

Neuropathy 

 

Retinopathy Degree  
Neuropathy  

(n= 18) 

No Neuropathy  

(n=14) 
P Value 

Right Eye 

Background 6 5  

Macular oedema  4  

Proliferative retinopathy 12 5 0.083 

Left Eye 

Background 6 7  

Macular oedema 2 2  

Proliferative retinopathy 12 5 0.083 

 

 In patients with neuropathy 12/18 right eyes had sight-
threatening retinopathy (i.e. macular oedema and/or 
proliferative retinopathy) vs 9/14 right eyes in patients 
without neuropathy, p= 0.89. 

 No difference was seen in the visual acuity of right eyes 
between patients with and without neuropathy, 0.9; 0.3-1.0 
(md, range) vs 1.0; 0.4-1.0 (md, range); p=0.30. 

Multifocal VEP in Diabetic Patients 

 The amplitudes of the responses from the central sector 
C, mediated by both uncrossed and crossed visual pathways, 
were similar in the two diabetic patient groups, as was the 
amplitude response from the nasal upper and lower quadrant 
sections (Table 2). 

 These two quadrants were further investigated in 
separated nasal sectors and within the diabetic group the 
amplitudes of the responses were lower in patients with 
neuropathy compared to patients without neuropathy (Table 
2). 

Diabetic Patients Compared to Non-Diabetic Subjects 

 The amplitudes of the responses from a central region 
(previous described as sector C), the upper and lower nasal 
quadrants and the response amplitudes from the segments 
N1-N4 of the right eye was significantly lower in diabetic 
patients compared to healthy volunteers (n=10) (Table 3, 
Fig. 4). 

 Comparing diabetic eyes not previously laser treated 
(n=11) with non diabetic eyes demonstrated lower 
amplitudes in diabetic eyes in upper nasal quadrant (9±10 vs 
18±5 nV/ deg

2 
; p=0.048), lower nasal quadrant (5±2 vs 22±7 

nV/ deg
2 

;p=0.001) and central region (8±4 vs 61±24 nV/ 
deg

2
; p=0.001).

 

Table 2. Multifocal VEP in Diabetic Patients 

 

Amplitude  

(nV/ deg
2 
) 

Neuropathy 

 (n= 18) 

No Neuropathy  

(n=14) 
P Value 

Right Eye 

Inion 8.2 ± 3.4 6.9 ± 4.4 0.19 

Upper nasal quadrant 3.2 ± 1.4 3.3 ± 1.0  0.78 

Lower nasal quadrant  4.6 ± 1.8 4.7 ± 1.7  0.93 

N1  24 ± 16 35 ± 15 0.020* 

N2 28 ± 18 37 ± 13 0.099 

N3 20 ± 12 28 ± 10 0.054 

N4 34 ± 27 50 ± 31 0.32 

Left Eye 

Inion 18 ± 25 24 ± 27 0.135 

N1 21 ± 9 33 ± 15 0.008 ** 

N2 30 ± 19 38 ± 24 0.377 

N3 24 ± 15 33 ± 13 0.045 * 

N4 32 ± 20 40 ± 20 0.125 

* P>0.05, **  P> 0.01, *** P> 0.001. 

 

Table 3. Multifocal VEP in Patients with and without 

Diabetes 

 

Amplitude  

(nV/ deg
2
 

Diabetic  

Patients 

 (n= 32) 

None  

Diabetics 

 (n=10) 

P Value 

Right Eye 

Inion 7.8 ± 3.7 60.8 ± 24.2 0.000*** 

Upper nasal quadrant 3.2 ± 1.3 17.7 ± 5.5 0.000*** 

Lower nasal quadrant 4.6 ± 1.7 22.2 ± 6.9 0.000*** 

N1  29 ± 16 55 ± 31 0.000*** 

N2 32 ± 16 69 ± 56 0.012* 

N3 24 ± 11 56 ± 60 0.001*** 

N4 36 ± 25 68 ± 42 0.000*** 

Left Eye 

Inion 21 ± 26 28 ± 11 0.002** 

N1 26 ±13 56 ± 45 0.002 ** 

N2 34 ± 21 68 ± 42 0.001*** 

N3 28 ± 15 62 ± 30 0.000*** 

N4 35 ± 20 57 ± 30 0.012* 

* P>0.05, **  P> 0.01, *** P> 0.001. 

DISCUSSION 

 During the last years several authors have pointed at 
neuropathy being an important component in the 
pathogenesis of diabetic retinopathy [2,4,19]. Muller cells 
and neurons are known to express vascular endothelial 
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growth factor in vivo in diabetes [20] and electrophysiologic 
tests are affected early in diabetes, preceding clinical signs of 
retinopathy [4,21]. Furthermore, prolonged latencies of VEP 
responses in diabetics without retinopathy have been 
demonstrated as a sign of neurodegenerative involvement 
[22]. In accordance to this, patients with clinical neuropathy, 
which also influence higher levels of CNS [23] might 
demonstrate more deficits in the mfVEP recordings than 
patients without neuropathy, but with the same degree of 
retinopathy. 

 

Fig. (4). MfVEP responses from nasal sections in patients with no 

diabetes in comparison to diabetes with or without neuropathy. 

 Testing with visual evoked potential VEP provides data 
from the visual pathways and pathologic changes in VEP 
latencies have been reported in patients with diabetes [24], 
and in diabetics with polyneuropathy [25]. As the classic 
VEP reflects the total visual response, minor or localized 
pathology along the visual pathway could be difficult to 
verify, and a further investigation with multifocal VEP 
would be of interest [8]. 

 In the present study we could demonstrate that patients 
with diabetes had significantly lower amplitudes in all 
recorded areas. In addition diabetic patients with 
polyneuropathy had significantly lower amplitudes in a 
localized area representing the uncrossed visual pathways 
compared to patients without neuropathy but with the same 
degree of retinopathy. Interestingly, Guillery and Taylor [26] 
reported that crossed pathways degenerate more slowly than 
the uncrossed ones. Since equal many eyes were laser treated 
in diabetic with and without neuropathy this is not likely to 
have influenced the results. Furthermore, when comparing 
diabetic eyes not previously laser treated with non diabetic 
eyes there was a significant difference in the amplitudes in 
the nasal section. 

 The responses from the sector C region, reflecting both 
crossed and uncrossed visual pathways [6, 7], were equal in 
patients with and without neuropathy, but significantly lower 
compared to non-diabetic patients. 

 Diabetes duration is known to be one of the most 
important risk factors for the development of both 
neuropathy [27], and a correlation between diabetes duration 

and VEP latencies has been demonstrated [22]. In the present 
study, diabetes duration was similar in patients with and 
without neuropathy and can not have influenced the results. 

CONCLUSION 

 The results of this study suggest that mfVEP could be an 
indicator of neurodegenerative influence on bipolar cells and 
of optic nerve neuropathy in patients with diabetic 
retinopathy and that there is a correlation between this 
dysfunction and diabetic neuropathy. This neurodegenerative 
influence and optic nerve involvement might explain some 
of the visual complaints in this group that cannot be 
explained by retinopathy alone. 
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