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Abstract

Background. Patients with diabetes suffer central nervous
system (CNS) damage which is difficult to diagnose. Exam-
ination of evoked potentials (EP) — bioelectric responses
of the nervous system to external sensory (SEP), acoustic
(BAEP) or visual (VEP) stimuli — may be used to assess
CNS dysfunction.

Material and methods. We performed VEP and SEP stud-
ies in the median (SEPm) and the tibial (SEPt) nerves in 90
patients with type 1 and 2 diabetes using the four-channel
device Premiere™*. EP were estimated according to the
presence of peripheral polyneuropathy, glycemic control,
sex and diabetes type. The diagnosis of peripheral polyneu-
ropathy was established by clinical examination according
to the Neuropathy Disability Scale (NDS).

Results. Abnormal SEP were found in 25% of patients without
the clinical symptoms of neuropathy. Abnormal SEPt were
found in 64.4% of patients and abnormal SEPm and VEP in

31.1% of patients. Abnormal VEP were more common in pa-
tients with clinical signs of peripheral polyneuropathy (P = 0.004),
insufficient glycaemic control (P < 0.02), type 2 diabetes
(P = 0.004, right eye; P = 0.001, left eye) and in the elderly
patients (P < 0.001). Abnormal SEPt (P < 0.05) and SEPm
(P < 0.01) correlated with age and SEPt additionally correlated
with the presence of peripheral polyneuropathy (P 0.0053).
Conclusions. Examination of evoked potential in patients
with diabetes allows to diagnose subclinical CNS damage.
The more frequent occurrence of abnormal tibial verus me-
dian nerve bioelectric response probably results from the
difference in length between the two nerves. Examination
of VEP seems to be more useful for the evaluation of the
effects glycaemic control on CNS function than examina-
tion of evoked potentials from the peripheral nerves.

key words: evoked potentials, diabetes mellitus, central
nervous system

Introduction

Diabetes may cause damage in both the peripheral and
the central nervous systems (CNS). Although according to
researchers, pathological factors promoting the develop-
ment of central and peripheral neuropathy seem similar,
few studies of this topic have been published so far [1-8]. It
is believed that both types of disorder are triggered by
microcirculation changes and metabolic factors [1, 2, 9-15].
Autoimmune and inflammatory mechanisms are also taken
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into account [16-19]. Early CSN damage is difficult to dia-
gnose, and its detection is only possible through electro-
physiologic and psychomotor testing. Central nervous sys-
tems dysfunction may be evaluated by the examination of
evoked potentials — bioelectric responses of the nervous
system to sensory (SEP), acoustic (BAER) and visual (VEP)
stimuli. Motor evoked potentials are also distinguished,
which are a response to extracranial magnetic stimulation of
the motor cortex or transdermal stimulation of nerve roots
and trunks [20, 21]. The aim of our study was to establish
the usefulness of evoked potential testing in the diagnostics
of central nervous system disorders in patients with diabe-
tes in light of the selected clinical parameters.

Material and methods

Ninety patients with type 1 or type 2 diabetes mellitus
hospitalised at the Chair and Clinic of Endocrinology and
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Diabetology, Collegium Medicum in Bydgoszcz, Nicolaus
Copernicus University in Torun, Poland, were included in
the study. Patients with a history of CNS diseases, manife-
stations of diabetic mononeuropathy, proximal neuropathy
or carpal tunnel syndrome were excluded from the study.

Table 1 summarises patient characteristics.

The patients underwent examinations of visual
(VEP) and somatosensory evoked potentials (SEP)
from the median (SEPm) and the tibial (SEPt) nerves.
EP studies were performed using the four-channel Pre-
miere™* from Medelec (TECA) in standard environ-
ment, in a room with a temperature of approximately
25°C. VEP were recorded using subcutaneous needle
electrodes placed at O, with the reference electrode at
Fz (according to the 10-20 system). The left followed
by the right eye were stimulated twice using a fully
reversible checker board pattern of 100% contrast. The
stimulation was presented on a monitor. The frequen-
cy of the pattern change was 2 Hz and the viewing
angle of individual elements of the pattern was 70’. We
evaluated the latency of the main wave P100, its ampli-
tude (N75-P100 or P100-N145), morphology and the
interocular difference in latency and amplitudes. In or-
der to evaluate SEPm, we stimulated the right median
nerve in the wrist. The recording was performed using
subcutaneous needle electrodes placed on the cra-
nium over the cortical representation of the hand con-
tralaterally to C4’ stimulation and superficial cup elec-
trodes at Erb point ipsilaterally to the stimulation and
over the osseous process of the 6th cervical vertebra.
We evaluated the latency of the following N compo-
nents: distal response N9, spinal response N13 and
cortical response N19, as well as their amplitudes
(peak-peak) and N13-N19 interlatency. Examination of
SEPt was performed by stimulating the tibial nerve at

Table 1. Characteristics of the study group

Parameter Unit of Mean + SD
measurement
Age Years 464 +124
Duration of diabetes Years 127+95
HbA,, % 9.04 + 21
n (%)

Female sex 40 444
Type 1 diabetes 57 63.3
Hypertension 38 422
Diabetic retinopathy 42 46.6
Diabetic nephropathy 25 27.8
Peripheral polyneuropathy 54 60

— mild 26 28.9

— moderate 22 24.4 $100

— severe 6 6.7

the medial ankle. The recording was performed using
subcutaneous needle electrodes placed on the cra-
nium at Cz’ and superficial cup electrodes placed over
the osseous process of the 12th thoracic vertebra and
in the popliteal fossa ipsilaterally to the stimulation.
The reference electrodes were placed at Fz, over the
iliac spine contralaterally and in the popliteal fossa. We
evaluated the latency of the following components: pe-
ripheral response N8, spinal response N22 and corti-
cal response P40, as well as their amplitudes (peak-
peak) and N22-P40 interlatency.

The results were considered abnormal where no
response was evoked or where the response evoked
had abnormal parameters compared to the normal va-
lues adopted by the laboratory.

The evoked potentials were evaluated depending on
the presence of peripheral polyneuropathy, sex, diabetes
type and glycaemic control. The diagnosis and severity of
peripheral neuropathy were established on the basis of
a clinical examination according to a modified Neuropathy
Disability Scale (NDS) [22-25]. The analysis depending
on the degree of glycaemic control was performed in two
groups, with “relatively good” glycaemic control and with
“insufficient” glycaemic control. Due to the low percentage
(11.1%) of patients with good glycaemic control [defined
as glycated haemoglobin (HbA,.) levels of < 6.5% accor-
ding to the Polish Diabetes Association], the level of
< 7.5% was adopted as an exponent of relatively good
metabolic control of diabetes in the present work.

The study had been approved by the Bioethics
Committee of Collegium Medicum in Bydgoszcz, Nico-
laus Copernicus University in Torun, Poland.

Statistical analysis

The parameters with gaussian distribution (according
to the Kolmogorov-Smirnov test) were analysed with the
t-Student test while the parameters with non-gaussian
distribution were analysed using the non-parametric
U Mann-Whitney test and the chi-square goodness-of-fit
test. Analysis of variance (ANOVA) was performed.
Pearson or Spearman correlation coefficients were de-
termined. The results were presented as means and
standard deviations. Differences at the P value of less
than 0.05 were considered statistically significant.

Results

The results are summarised in Table 2. Abnormal
SEPt were most common (58.0-64.4% of patients), while
abnormal SEPm and VEP were observed in 28 patients
(81.1%).
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Evaluation of the evoked potentials relative
to the presence and severity of peripheral
polyneuropathy

Abnormal SEPt and VEP were significantly more com-
mon in patients with clinical manifestations of polyneu-
ropathy than in patients without these manifestations
(47.2% vs. 75.9%, P = 0.0053 and 13.9% vs. 42.6%,
P = 0.004, respectively). Abnormal SEPm were found in
35% and 25% patients with and without clinical manife-
stations of polyneuropathy, respectively. The mean la-
tencies of N9, N13 and N19 and the central conduction
time (CCT) were longer, and the amplitudes were lower
in patients with clinical manifestations versus asympto-
matic patients. The differences in the amplitude of N9
and N19 between the two subgroups were statistically
significant (P = 0.0382 vs. P = 0.0315). The increased
severity of neuropathy was paralleled by reduced am-
plitude of N9 (r = -0.3829; P = 0.01), N13 (r = -0.4287;
P < 0.01) and N19 (r = -0.3151; P < 0.05), and the
increased latency of N9 (r = 0.353; P < 0.02) and N19
(r = 0.3286; P = 0.021). Patients suffering from a severe
form of neuropathy demonstrated longer mean laten-
cies of response from N9, N13 and N19 than others.
The longest mean CCT was found in patients with seve-
re neuropathy. The mean amplitude of N13 was signifi-
cantly higher than the mean amplitude in patients without
polyneuropathy or patients with mild neuropathy versus
patients with severe polyneuropathy (P = 0.0289 vs.
P = 0.0161).

Abnormal SEPt were most commonly found in pa-
tients with moderate and severe polyneuropathy (re-
spectively: 90.9% and 90.2%, P = 0.008). The mean
amplitudes of N8 and N22 in patients with clinical mani-
festations of polyneuropathy were significantly lower
than those in patients without clinical manifestations of
polyneuropathy (P = 0.0071 vs. P = 0.0021), while the
mean latency of N8 was significantly higher in patients
with polyneuropathy (P = 0.00007). The mean latencies
of the other waves were longer, and amplitudes lower in
patients with clinical manifestations of polyneuropathy.
With an increasing severity of polyneuropathy on clini-
cal examination we found a significant reduction of
amplitude in the peripheral response N8 (r = —0.3433;
P = 0.02), spinal response N22 (r = -0.3874; P < 0.01)
and cortical response P40 (r = -0.2983; P < 0.05), and
an increased latency of the response form N8 (r = 0.4877;
P < 0.001) and N22 (r = 0.3075; P < 0.05). The mean
amplitude of N8 was the highest in the subgroup of
patients without clinical manifestations of polyneuropa-
thy, and the lowest in the subgroup with severe poly-
neuropathy. The differences between the mean ampli-
tudes and latencies of N8 depending on the severity of
polyneuropathy were statistically significant (H = 8.5860;
P = 0.0001 vs. H = 20.5353; P = 0.0001).

In the VEP study, the mean latencies and amplitu-
des of the P100 response from the right eye (OD) and
the left eye (OS) did not differ significantly in the study
group. The mean latencies of P100 from OD and OS
were significantly longer in patients with clinical manife-
stations of polyneuropathy than in patients without clini-
cal manifestations (P = 0.00276 vs. P = 0.00218), while
the mean amplitudes of P100 from OD and OS were
significantly lower in patients with signs of polyneuropa-
thy (P = 0.0003 vs. P < 0.0001).

With an increasing severity of polyneuropathy we
found a significant reduction of the amplitude of P100
(OD: r =-0.4429; P = 0.001; OS: r = -0.4777; P = 0.001).
The mean latency of P100 was the shortest in the sub-
group of patients without clinical manifestations of poly-
neuropathy and the longest the subgroup of patients
with severe polyneuropathy. The mean amplitude of the
wave from OD in patients without clinical manifestations
of polyneuropathy was significantly higher than the
mean values in patients with mild (P = 0.0377) and
severe (P = 0.0051) polyneuropathy. In the latter sub-
group, the mean amplitude of P100 form OD was the
lowest. The mean amplitude of P100 from OS in pa-
tients without clinical manifestations of polyneuropathy
was significantly higher than the mean amplitudes in
patients with mild (P = 0.0107), moderate (P = 0.0205)
and severe (P = 0.0040) polyneuropathy, who also pre-
sented with the lowest amplitude.

Evaluation of the evoked potentials
relative to sex

No statistically significant differences were found in
the incidence of abnormal SEPt, SEPm or VEP between
women and men. The mean latencies of the distal, spi-
nal and cortical responses and the central conduction
time were longer in men than in women. The differences
in the mean latencies of N13 (P = 0.008) and N19
(P = 0.019) were statistically significant. The mean la-
tencies of N8, N22 and P40, and the CCT were also
longer in men than in women. Statistically significant
differences were found between the latencies of N22
(P = 0.002), P40 (P = 0.000002) and CCT (P = 0.003).

Evaluation of the evoked potentials
relative to the type of diabetes

Abnormal SEPt were the most common. They were
demonstrated in 34 (59.6%) patients with type 1 dia-
betes and 24 (72.7%) patients with type 2 diabetes.
Abnormal SEPm and VEP were recorded in 18
(31.6%) patients with type 1 diabetes and 10 (30.3%)
patients with type 2 diabetes. The differences in the
incidence of abnormal results were not statistically
significant. The mean latencies and amplitudes of
SEPm and SEPt did not differ significantly between
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type 1 and type 2 diabetics. The mean amplitudes of
VEP from the P100 response in both OD and OS were
statistically lower in patients with type 2 diabetes
(P = 0.004 and P = 0.001).

Evaluation of the evoked potentials
relative to glycaemic control

In patients with insufficient glycaemic control the-
re was a significantly higher incidence of abnormal
VEP (P < 0.02). The increased HbA,, was parallel by
increased latency of P100 (OD: r = 0.4985; P < 0.001;
0OS: r = 0.5551; P < 0.001). The mean latencies of
P100 were longer and the mean amplitudes were lo-
wer in patients with insufficient glycaemic control
compared to patients with relatively good glycaemic
control. The incidence of abnormal SEPm and SEPt
did not differ significantly between patients with
insufficient glycaemic control and patients with good
glycaemic control.

Evaluation of the evoked potentials relative
to the patients’ age and duration of iliness

With increasing age, there was a significant reduc-
tion of the amplitude of N9 (r = -0.4182; P < 0.01),
N19 (r = -0.4248; P < 0.01), peripheral response N8
(r = -0.3786; P < 0.01), spinal response N22
(r = -0.3165; P < 0.05) and cortical response P40
(r = -0.316; P < 0.05). There was also a significant
increase of the latency of the peripheral response N8
(r = 0.3233; P < 0.05). No significant correlations
between the other parameters and the age and dura-
tion of illness were found. VEP studies demonstrated
that increased age was paralleled by reduced ampli-
tudes of P100 (OD: r = -0.5131; P < 0.001; OS: r = -5128;
P < 0.001). No significant correlations between the
duration of illness and the latency or amplitude of
P100 were found.

Discussion

Abnormal SEP are reported in 28% to 84% of dia-
betic patients [4, 26-34]. Such considerable differen-
ces result from the selection of material and the adop-
ted method. The percentage tends to increase when
distal responses are also taken into account, espe-
cially in patients with clinical manifestations of sym-
metric peripheral polyneuropathy. Despite the fact
that the research so far has suggested multifocal pat-
tern of CNS dysfunction, it has failed to establish any
correlation between peripheral and central nervous
system damage in patients with diabetes. Some of
the cited researchers evaluated spinal and cortical
responses only. We, on the other hand, evaluated

peripheral as well as spinal and cortical responses.
The higher percentage of abnormal SEP from the ti-
bial nerve (64%) compared to the median nerve (31%)
is most probably related to the higher length of the
nerve fibres in the lower extremities and, as a result,
a higher susceptibility to injury. While this percentage
was higher in patients with clinical manifestations of
symmetrical peripheral polyneuropathy, it is worthy of
noting that SEP in patients without polyneuropathy
were also abnormal (47% and 25%). The abnormali-
ties mainly concerned peripheral responses, although
the reduction of amplitude and the increase of laten-
cy of the cortical wave along with the increased seve-
rity of polyneuropathy were also significant. Our fin-
dings are consistent with those by Ziegler, Comi, Fier-
ro and Pozzessere [29, 33-36]. Kondo et al. reported
positive correlations between the central conduction
time from stimulation of the median nerve and the
motor conduction velocity in the median nerve [26].
Celiker reported a similar percentage of abnormal
SEP in patients without clinical manifestations of poly-
neuropathy, which may suggest that the peripheral
and the central nervous systems are affected inde-
pendently in patients with diabetes [10]. Similar con-
clusions were drawn by Sartucci, Palma and Suzuki
[37-39].

In our study, we found a non-significantly higher
incidence of abnormal SEP in patients with insufficient
glycaemic control. Some researchers also emphasise
the relationship between abnormal SEP and insufficient
metabolic control, while others point to the increased
number of SEP abnormalities with time despite the im-
proved glycaemic control [26, 29, 32-34, 40, 41].

Similarly to other authors, we demonstrated redu-
ced amplitudes of individual waves with age [14, 34]. It
is believed that age-related SEP changes are caused by
reduced numbers of myelinated fibres in nerve roots
and the spinal cord and that they result from degenera-
tive changes in the posterior columns [14, 42]. It is the-
refore difficult to establish unequivocally any relation-
ship between these changes and diabetes.

We observed longer latencies of individual waves in
the group of men, which was most probably related
with the significantly higher mean height than in women
(172 cmvs. 161 cm, P < 0.01) [29, 34, 36].

Palacz et al. reported abnormal VEP in 39% of pa-
tients with diabetes, 80% of whom had no changes in
the fundus suggesting that these abnormalities could
have been caused by pathologies coexisting in the optic
nerve or further along the visual pathway. These resear-
chers concluded that VEP were a valuable complement
of electroretinography in the ophthalmologic evaluation
of patients with diabetes because they allowed to diag-
nose central neuropathy and optic nerve changes [43].
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A similar conclusion was arrived at by Parisi when he
analysed VEP changes in patients in whom clinical reti-
nopathy had not yet developed. He believes, however,
that the VEP picture is determined independently by
both retinal and extraretinal changes present in diabetic
patients [44]. Many authors emphasise the presence of
abnormal VEP in patients with new-onset insulin-depen-
dent diabetes mellitus [33, 45-48]. The absence of chan-
ges in the electroretinogram or oscillation potentials in
these patients suggests normal function of the external
layers of the retina and the macula [47]. The abnormal
function of the optic nerve in diabetic patients is proba-
bly caused by ischaemic or demyelinisation changes,
as evidenced by the prolongation of P100 latency and
confirmed by MRI. Another cause may be the pathology
of the insulin neuritis type, similar to the one found in
proliferative retinopathy [46, 49]. The authors unanimo-
usly emphasise that VEP are a valuable method in the
diagnostics of subclinical central nervous system dama-
ge in patients with diabetes [4, 10, 11, 29, 36, 44, 46, 48,
50, 59].

We found abnormal visual evoked potentials (ab-
sence, prolonged latency of P100, reduced amplitude
or prolonged interocular interlatency compared to the
adopted standards) in 31% of the patients. Similar
findings are reported by Cirillo, Algan, Comi and Fier-
ro [10, 11, 36, 50, 52]. We found a significantly higher
incidence of abnormal VEP in patients with clinical
manifestations of polyneuropathy, although these
changes were also present in 14% of patients without
clinical manifestations of polyneuropathy. The abnor-
malities consisted in a prolonged latency of P100 and
a reduced amplitude. A higher incidence of abnormal
VEP in patients with clinical manifestations of poly-
neuropathy were also reported by Fierro, Yaltkaya
and Mariani [29, 36, 54, 59]. Some authors point to
the early appearance of VEP pathologies in young
diabetic patients without other signs of nervous sys-
tem damage and explain this fact by insufficient me-
tabolic control and the high incidence of hypoglyca-
emic episodes, which impair the energy metabolism
of the brain [10, 11, 29, 36, 46, 57, 60, 61]. In our
patients, we found a higher incidence of abnormal
VEPs in patients with insufficient glycaemic control.
This is consistent with findings by other authors. Fier-
ro et al. investigated 30 patients with type 1 diabetes
and HbA,, > 8%. They diagnosed abnormal VEPs in
26% of patients. This percentage was reduced to 16%
after one year of strict control and good glycaemic
control confirmed by a reduction of HbA,, [29]. Reso-
lution of VEP changes following a period of good me-
tabolic control was also reported by Verotti [48]. Ma-
riani also emphasises the relationship between VEP
study results and glycaemic control [54]. These fin-

dings may suggest an effect of glycaemic control on
VEPs and point to the reversibility of these changes.
This suggests that these abnormalities may in part be
functional in nature.

Conclusions

1. Evoked potential testing enables a diagnosis and ob-
jective evaluation of central nervous system damage
in the subclinical phase.

2. Evoked potential abnormalities are more pronoun-
ced in patients with clinical manifestations of symme-
trical peripheral polyneuropathy. The abnormalities
were the most common in the case of the tibial nerve,
which was most probably related to the length of the
nerve.

3. Visual evoked potentials seem to be the most use-
ful tool in the evaluation of the effects of glycaemic
control on CNS as compared to evoked potentials
obtained as a result of stimulation of peripheral
nerves.
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