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Summary Electrophysiological tests (electroretino-
gram, oscillatory potentials, visual evoked potentials,
in the basal condition and after photostress) reveal
an abnormal function of the visual system in insulin-
dependent diabetic (IDDM) patients. The aim of our
work was to assess whether electrophysiological ab-
normalities in visual function exist in newly-diag-
nosed diabetic patients free of any fluorangiographic
signs of retinopathy. Ten control subjects (age
28.7+2.44 years) and ten IDDM patients (age
25.2 + 6.78 years; disease duration 5.3 £ 3.5 months)
in stable metabolic control (HbA 7.5 £ 1.1 %) were
evaluated. Flash-electroretinograms and oscillatory
potentials were similar in both groups. Visual evoked
potentials (VEP) recorded under basal conditions
showed that P100 latency was significantly increased

in the diabetic patients compared to control subjects
(p <0.01), while N75-P100 amplitude was similar in
both groups. The recovery time of VEP after photo-
stress was equivalent in diabetic patients and control
subjects. The impaired basal VEPs suggest an early
involvement of the nervous conduction in the optic
nerve. However, the preserved flash-electroretino-
gram and the normal recovery time after photostress
indicate that a short disease duration does not in-
duce physiopathological changes in the outer retinal
layers or in the macular function. [Diabetologia
(1995) 38: 804-808]
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In diabetes mellitus visual deficits appear to result
from both vascular disease and metabolic abnormali-
ties, which can affect the retina, optic nerve and visual
pathways. Electrophysiological methods used to eval-
uate visual function are the -electroretinogram
(ERG), which records the electroretinographic sig-
nals evoked by flash or pattern stimuli and visual
evoked potentials (VEPs), which are the recordings
of the cortical potentials evoked by pattern stimuli.
In diabetic patients these methods have shown an im-
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paired function of the outer and the inner retinal lay-
ers [1-5], of the innermost retinal layers [5-12] and
the visual pathways [13-21]. However, to our knowl-
edge, visual function in newly-diagnosed insulin-de-
pendent diabetic (IDDM) patients has not yet been
investigated. Therefore, the aim of our study was to
assess whether electrophysiological abnormalities in
visual function exist in newly-diagnosed diabetic pa-
tients.

Subjects and methods

Ten control subjects (mean age 27.8 +2.44 years) and ten
IDDM patients (25.20 + 6.78 years) with a disease duration of
less than 1 year (5.3 + 3.5 months) and with stable metabolic
control (HbA, 7.5 £ 1.1 %) were entered in this study. The fol-
lowing criteria were required for the control subjects: normal
intraocular pressure ( <21 mmHg), normal visual acuity, nor-
mal visual field (Goldmann perimetry) and no ocular or neuro-
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logical problems. The criteria required for diabetic patients
were normal intraocular pressure (<21 mmHg), best cor-
rected visual acuity 10/10, and absence of retinopathy evalu-
ated by fluoroangiography (Klein level 1) [22]. The patients
did not exhibit ketoacidosis or diabetic coma during the
2 months preceding the study and the blood glucose level on
the morning of the study was less than mmol/L.

ERG recording. In all subjects an ERG evoked by flash stimuli
(FERG) was recorded using the following method. The sub-
jects under examination were seated in a semi-dark and acous-
tically isolated room. Prior to the experiment each subject was
visually adapted to the background of the flash stimulator
(Ganzfeld, see below) for 10 min. The luminosity of the back-
ground was about 5 cd/m? and the pupil diameter of each sub-
ject was about 5 mm. The visual stimulus was Cadwell 7400 Ga-
nzfeld Stimulator (Pollman, Bologna, Italy) at 1] intensity. A
single flash was presented at a temporal frequency of 1 Hz.
The bioelectrical signal was recorded by means of platinum
hook electrodes inserted in the external corner of the inferior
eyelid (active electrode). Local anaesthesia was provided by
application of novesine 0.4 %. A silver/silver chloride elec-
trode was positioned and fixed with collodion in Fpz (Interna-
tional System 10-20 of Electroencephalographic Recording)
(reference clectrode). The ground electrode was on the left
arm. The interelectrode resistance was maintained lower than
10 kOhms. The signal was amplified (gain 50000), filtered
(band pass 10-200 Hz) and averaged (40 events without arti-
facts were averaged for every trial). The analysis time was
200 ms. The typical FERG is a biphasic signal characterized
by a certain number of waves, two of which (a- and b-waves)
have mean latencies of 16 and 40 ms in normal subjects. Fur-
thermore, under our experimental conditions, the first part of
the b wave reveals the presence of the oscillatory potentials
(OPs). For all FERGs the peak latency and the peak ampli-
tude of each wave (latencies of the a- and b-waves, b-wave
amplitude and the amplitude of the OPs) were measured di-
rectly on the displayed records of a pair of cursors. The FERG
recordings were carried out in the right eye of each subject.

VEP recording

Basal VEP. The subjects were seated in a semi-dark acousti-
cally isolated room. Prior to the study each subject was adap-
ted to the ambient room light level for 10 min until their pupil
diameter was about 3 mm. The display was surrounded by a
uniform field of luminance 5 cd/m? VEPs were recorded ac-
cording to a previously described method [23, 24]. The visual
stimuli were checkerboard patterns (contrast 70 %, mean lumi-
nance 110 cd/m?) generated on a television monitor and re-
versed in contrast at a rate of two reversals per second. At a
viewing distance of 114 cm the individual check size sub-
tended 15 min of visual arc and the screen of the monitor sub-
tended 25 degrees. The stimulation was monocular, after occlu-
sion of the other eye. The test was performed in the right eye of
all patients, with occlusion of the left eye.

Cup-shaped silver/silver-chloride electrodes were fixed with
collodion in Oz positions (active electrode), and in Fpz position
(reference electrode) with the ground in the left arm. The inter-
electrode resistance was kept below 3 kOhm. The bioelectric
signal was amplified (gain 20000), filtered (band-pass 1-
100 Hz) and averaged, with automatic rejection of the artifacts,
over a number of stimulus periods using a Cadwell 7400.

The recording session began with a preliminary experiment
in which at least two VEPs were recorded, averaging over 100

stimulus periods and excluding artifacts. The analysis time
was 500 ms.

The transient response was characterized by several waves
with three peaks, that in normal subjects appeared after 75-
100 and 145 ms. These peaks had negative (N75), positive
(P100) and negative (N145) polarity, respectively.

VEPs after photostress. After a preliminary trial, a control
VEP was recorded, reducing the averages to 40 events per
trial (with no more than two sweeps discarded because of arti-
facts). This VEP record was defined as “basal” and was kept
on display on the computer monitor.

Photostress was then induced for 30 s by means of a circular
diffusing surface (the bulb of a 200-W lamp) that was centrally
fixated by the subject from a distance of 20 cm and produced a
central scotoma of 6 ° diameter. The pupil diameter reduced to
about 2 mm.

Immediately after the end of photostress, fixation was shif-
ted to the pattern stimulus and recording of VEPs started. Re-
cordings were taken for successive 20-s periods (averaging 40
stimuli every 20 s) and displayed successively on the monitor
until the VEP obtained was superimposable on the basal re-
cording.

The time taken for the VEP to become superimposable was
considered as the recovery time after photostress (RT). For all
VEDPs the peak latency and the peak amplitude for each wave
were measured directly from the displayed recordings using a
pair of cursors. Our method did not allow us to record in the
same averaging run the Pattern-ERG or the Focal-ERG as
well as the VEP. A longer time is required to obtain a reliable
record from these two ERG recordings than the pre-estab-
lished recording time allowed by our experimental procedure.

Statistical analysis

Results are expressed as mean + SEM. If not otherwise indi-
cated n refers to the number of eyes. Differences between
groups were statistically evaluated with a one-way analysis of
variance for repeated measures (ANOVA) and with linear re-
gression and were considered significant with p < 0.05.

Results

FERGs in normal subjects and in IDDM patients
(Table 1). In control subjects the FERG parameters
were within our normal limits [25]. In all IDDM pa-
tients the parameters of the FERG were within nor-
mal limits and without significant differences from
the parameters of the control subjects.

Basal VEPs. The mean data for all groups of patients
are shown in Figures 1 and 2 (see basal) and in Ta-
ble 2. In control eyes, the VEP parameters (P100 la-
tency and N75-P100 amplitude) were within our nor-
mal limits [26] expressed as mean value + 1SD for
N75-P100 amplitude (9.23 £2.18 uV) and mean va-
lue £3SD for P100 latency (93.1513.43 ms). The
mean P100 latency was significantly prolonged in dia-
betic patients compared to mean value of the control
group. N75-P100 amplitude values were similar in
both groups.
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Table 1. Flash-ERG parameters in control and IDDM eyes

(n) Latency Latency Amplitude Amplitude
a-wave b-wave  b-wave (uV) OPs (LV)
(ms) (ms)
Control 1597+04 40.6+12 743132 28.41+1.05
(10)
IDDM 1595104 404+13 746%3.1 2751098
(10)
Mean £ SEM
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Fig.1. P100 latency under the basal condition and 20, 40, 60,
80, 100 and 120 s after photostress in control subjects ( &—a )
and IDDM patients with less than 1year disease duration
(0—0); * p<0.01. Mean £ SEM
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Fig.2. VEP amplitude under basal conditions and 20, 40 ancl
60 s after photostress in control subjects ([_]) and IDDM pati--

ents () with less than 1 year disease duration; * p <0.01.
Mean + SEM

VEPs after photostress: control eyes. The mean results
of P100 latency and N75-P100 amplitude are pre-
sented in Tables 2 and 3. Figures 1 and 2 show P100)
latency and N75-P100 amplitude after photostress.
At 20 s after photostress we observed an increase in
P100 latency and a decrease in N75-P100 amplitude.
At 40 and 60 s after photostress the P100 latencie:s

were shorter in duration than the 20-s value, but still
longer than in the basal P100 latency. The N75-P100
amplitude increased from the value observed at 20 s,
but without reaching the basal value. Examples from
one normal subject (V.P.) are shown in Figure 3. The
RTwas 73.0+£2.21 s.

VEPs after photostress in IDDM patients. Figures 1
and 2 show that in IDDM patients the response to
photostress followed a similar pattern to that de-
scribed for control subjects. The mean percentage de-
crements of N75-P100 amplitude observed at 20, 40
and 60 s after photostress were significantly higher in
diabetic eyes than in control eyes (p < 0.01) (Table 3).
The mean increments in P100 latency observed at 20,
40 and 60 s after photostress and the RT were similar
in both groups (Tables 2 and 3). Examples from one
diabetic subject (S. A.) are shown in Figure 3.

Flash-ERG has been utilized to assess the bioelectri-
cal activity of the outer retinal layers, and the OPs to
evaluate the activity of the inner retinal layers [27].
Some authors have revealed abnormalities of FERG
and in particular of OPs in IDDM patients [1-5].

In our experience FERG and OP parameters did
not differ between control subjects and newly-diag-
nosed IDDM patients. Our data suggest that in early
IDDM the outer and the inner retinal layers are not
functionally impaired. The discrepancy with other au-
thors may be explained by the disease duration of our
subjects being less than 1year. In addition, other
studies have included patients with background re-
tinopathy {2, 4], while our patients were free of any
clinical or fluoroangiographic sign of retinopathy.

Several studies have assessed the visual pathway
function by VEP recordings and observed a delay in
latency in patients with long-standing diabetes [13-
21]. This has been ascribed to a reduced velocity of
nervous conduction in the optic nerve, as further sup-
ported by studies with the Pattern-ERG [6-12], and
with the measuring of the retino-cortical time [11,
20]. In the newly-diagnosed IDDM patients we
found an impaired P100 latency in the basal VEP
compared to control subjects. As macular activity
contributes to the VEP an objective way of evaluat-
ing macular function is to record VEP after photo-
stress [28-30]. The changes induced by photostress
on the VEP can be attributed to a reduced activity
of the outer and/or innermost retinal layers of the
macula after dazzling [23, 24].

In our newly-diagnosed IDDM patients the mean
increment of the P100 latency and the RT values af-
ter photostress were similar to those in control sub-
jects. The high intra-subject variability observed in
the N75-P100 amplitude recordings made under ba-
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Table 2. VEP P100 latency values under basal conditions and 20, 40 and 60 s after photostress in control and IDDM eyes

(n) P100 Latency basal (ms) 20 s (ms) 40 s (ms) 60 s (ms)
Control (10) 93.1+3.36 104.06 £2.48 10156 +2.1 98.37£1.83
IDDM (10) 102.01 £ 5.84° 115.16 £ 3.99° 11196 +4.8° 107.14 £5.01°
3p<0.01

Mean + SEM

Table 3. VEP N75-P100 amplitude mean % decrement, P100
latency increment and recovery time after photostress in con-
trol subjects and IDDM patients

N75-P100 P100 latency  Recovery time
amplitude mean incre-  (s)
mean % ment (ms)
decrement
Control 14.08 £1.25 9.1+£0.92 73.0+0.61
IDDM 2724+228 941+1.04 73.6+1.18
2p<0.01
Mean + SEM
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Fig.3. VEP recording of subjects V.P. (control eye) and S. A.
(IDDM eye) under normal conditions (basal) and 20, 40 and
60 s after photostress. VEPs recorded in the IDDM eye at 20,
40 and 60 s after photostress show a longer P100 latency and a
reduced amplitude compared to control. The VEPs are super-
imposable on the basal waveform at 74 s in the control eye,
and at 78 s in the IDDM eye

sal conditions and after photostress leads us to con-
sider this parameter not sufficiently reliable for inter-
pretation. On the contrary, the increment in P100 la-
tency and the RT are highly reliable parameters [19,
31]; therefore, since they were similar in the control
subjects, we conclude that a very short disease dura-
tion (5.3 + 3.5 months) does not induce pathological
changes in macular function.

Using another method to explore macular function
(focal-ERG) Ghirlanda et al. [32] observed selective
neurosensory deficits in the inner retinal layers in
IDDM patients with short duration of disease
(3.8 £ 3.5 years). Our data might appear to be in con-
trast but the shorter disease duration of our patients
could provide an explanation. Furthermore, in our
previous study [33] we found an impaired macular
function in diabetic patients without retinopathy but

with a disease duration of 11.5 + 5.2 years. In conclu-
sion, the impaired basal VEPs suggest an early in-
volvement of the nervous conduction in the optic
nerve. However, the preserved FERG and the nor-
mal RT after photostress indicate that a short disease
duration does not induce physiopathological changes
in the outer retinal layers or in the macular function.
The delayed conduction along the optic pathways
during the early phases of diabetes seems to be a func-
tional phenomenon, as reported for peripheral nerves
[34], rather than a consequence of pathological chan-
ges of the optic nerve fibers. In fact a recent report
[35] has shown that short-term strict metabolic con-
trol is able to improve VEP latencies in patients with
poorly-controlled diabetes. Our study also suggested
that metabolic control plays a role in the pathogene-
sis of VEP alterations by showing that our patients, al-
though in stable metabolic control, were in unsatisfac-
tory glycaemic control with an HbA,-0f 7.5 £ 1.1 %.
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