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Abstract
Background: Short Latency Somatosensory Evoked Potentials (SEPs) may serve to the testing of
the somatosensory tract function, which is vulnerable and affected in vascular encephalopathy. The
aim of the current study was to search for clinical and neuroimaging correlates of abnormal SEPs
in vascular dementia (VD) patients.

Materials and Methods: The study included 14 VD patients, aged 72.93 ± 4.73 years, and 10
controls aged 71.20 ± 4.44 years. All subjects underwent a detailed clinical examination, blood and
biochemical testing, brain MRI and were assessed with the MMSE. SEPs were recorded after
stimulation from upper and lower limbs. The statistical Analysis included 1 and 2-way MANCOVAs
and Factor analysis

Results: The N13 latency was significantly prolonged, the N19 amplitude was lower, the P27
amplitude was lower and the N11-P27 conduction time was prolonged in severely demented
patients in comparison to controls. The N19 latency was prolonged in severely demented patients
in comparison to both mildly demented and controls. The same was true for the N13-N19
conduction time, and for the P27 latency. Patients with subcortical lesions had all their latencies
prolonged and lower P27 amplitude.

Discussion: The results of the current study suggest that there are significant differences between
patients suffering from VD and healthy controls in SEPs, but these are detectable only when
dementia is severe or there are lesions located in the subcortical regions. The results of the current
study locate the abnormal SEPs in the white matter, and are in accord with the literature.
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Background
Vascular dementia (VD) is the second most frequent type
of dementia in the elderly. It may be the result of multiple
embolic or thrombotic ishaemic infarcts in the cortex or
in subcortical structures. However, it has been well docu-
mented that dementia may be caused by hypertension,
diffuse cerebral ischaemia or any other cause that may
have an adverse effect on cerebral blood flow [1]. Lacunar
encephalopathy, due to chronic hypertension or athero-
sclerosis, may lead to dementia also known as 'subcortical
atherosclerotic encephalopathy' (Binswanger's disease)
[2].

Although Computerized Tomography (CT) and Magnetic
Resonance Imaging (MRI) may provide a detailed image
of brain lesions, in many instances their findings are in
contrast to the clinical picture [3]. Short Latency Somato-
sensory Evoked Potentials (SEPs) may serve to the testing
of the somatosensory tract function, which is vulnerable
and affected in vascular encephalopathy. It has been
reported that SEPs are affected to a varied degree in vari-
ous types of dementia, but the exact cause for this remains
elusive [4–8].

The aim of the current study was to search for clinical and
neuroimaging correlates of abnormal SEPs in VD patients.

Materials and Methods
The study included 14 patients (6 males, 8 females) that
fulfilled criteria for dementia and vascular dementia (VD)
according to ICD-10 [9], DSM-IV. [10], and NICNS-
AIREN [11–16] criteria and not for Alzheimer's disease
(AD) according to NINCDS-ADRDA criteria [17]. Their
age was 72.93 ± 4.73 years. The control group included 10
subjects (5 males, 5 females) without symptoms of
dementia or any symptoms that could be attributed to a

disease affecting the somatosensory tract. Their age was
71.20 ± 4.44 years

All subjects underwent a detailed clinical neurological
examination, blood and biochemical testing, brain MRI
and were assessed with the Mini-Mental State Examina-
tion (MMSE).

The demented patients were classified as mildly demented
(MMSE>15) and severely demented (MMSE<16) on the
basis of their MMSE scores.

Their upper and lower limbs peripheral conduction was
examined (conduction velocity, f-wave) to exclude
peripheral problems. SEPs were recorded after stimulation
from upper and lower limbs.

In order to elicit and record SEPs, the following method
was applied:

i) Upper limbs: Electrical stimulation of the median
nerve at the wrist and recording from surface electrodes
placed 1. at the Erb point, 2. at the C6–C7 interspinous
space and 3. at the somatosensory area of the parietal lobe
contralateral to the limb stimulated (C3' or C4' according
to the 10–20 system). An electrode placed at Fz served as
the reference for all the above recordings.

ii) Lower limbs: Electrical stimulation of the peroneal
nerve at the knee and recording from surface electrodes
placed 1. for lumbar potentials (LP or N11) at the L1–L2
interspinous space and with the reference electrode placed
two interspinous spaces higher, 2. for cortical potentials
(P27) at the Cz (scalp) and with the Fz as the reference
(according to the 10–20 system)

Table 1: Descriptive statistics. Latency and amplitude of SEPs parameters in controls and in the various patients groups

controls
 N = 10

Demented
 N = 14

mild 
dementia
 N = 4

severe 
dementia
 N = 10

Subcortical
 N = 3

Cortical
 N = 3

both cortical 
and subcortical
 N = 8

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
N13 Latency 12.96 0.27 13.87 1.25 13.08 0.73 14.19 1.30 13.47 0.59 13.17 0.86 14.29 1.45
N13 Amplitude 2.56 0.32 2.09 0.91 2.75 0.44 1.83 0.92 2.68 0.57 2.50 0.46 1.72 0.99
N19 Latency 18.19 0.48 20.19 1.91 18.33 0.61 20.94 1.72 19.93 1.50 18.40 0.72 20.96 1.97
N19 Amplitude 2.27 0.22 1.16 0.97 1.86 0.98 0.88 0.86 1.73 1.32 0.95 1.01 1.03 0.88
N13-19 Latency 5.23 0.36 6.29 0.93 5.25 0.17 6.70 0.75 6.47 0.92 5.23 0.15 6.61 0.86
P27 Latency 27.28 0.29 30.59 2.64 28.40 1.91 31.46 2.43 31.47 3.65 27.43 0.49 31.44 1.91
P27 Amplitude 1.78 0.14 0.96 0.77 1.02 0.91 0.94 0.77 1.30 0.87 1.33 0.98 0.70 0.66
N11-P27 
Latency

16.66 0.45 19.91 2.74 17.88 1.97 20.73 2.64 20.73 4.05 17.10 0.46 20.66 2.21
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The duration of the electrical stimulation was 200 µsec,
and the frequency 2 p/sec. The intensity was enough to
cause constriction of the respective muscles. In order to
obtain a better SEPs recording, 512 stimuli were applied.
The filters used were set at 0.8 Hz low cut-off (high pass)
and at 1KHz high cut-off (low pass). The amplifier gain
was set to 20 µV/div. The analysis time was 50 msec for
upper limbs and for lower limbs 30 msec for lumbar
potentials and 100 msec for cortical potentials. To verify

the reliability of the results, all recordings were performed
twice.

N9 and LP (N11) were assessed only in order to exclude a
peripheral problem that would affect the results. The fol-
lowing waveforms were assessed and measured and sub-
sequently used in the statistical analysis: Upper limbs:
N13 and N19. Lower Limbs: P27. Also the conduction
time N13-N19 and LP (N11)-P27 were also measured.

In order to consider a recording as abnormal, its latency
should exceed 2.5 standard deviations of the controls and
its amplitude should be lower than the lowest amplitude
found in controls.

Statistical Analysis
The statistical analysis included 1 and 2-way MANCOVAs
with age as covariate (three analyses in total), in order to
test for differences in the results of the psychophysiologi-
cal testing in the groups 1. demented vs. controls 2.
defined by the severity of dementia (no dementia, mild
dementia, severe dementia) as well as 3. by MRI findings
(normal, cortical lesions, subcortical lesions, both cortical
and subcortical). Because MRI was coded in a 'qualitative'
manner, two new dummy variables were created ('cortical
lesions' yes/no, 'subcortical lesions' yes/no) and used in
the analysis and as covariates. When groups defined by
the severity of dementia were tested, MRI findings were
added as a covariate; when MRI-defined groups were
tested, the severity of dementia was added as a covariate.
The Bonferonni correction demanded to set the signifi-
cance level at p < 0.0166 (0.05/3 = 0.0166).

Also, Factor analysis (principal components analysis) was
performed to the data with varimax normalized rotation.
The dummy variables for MRI were used. This analysis was
performed for exploratory reasons only, since the ratio
cases-to-variables was low (24:11 = 2.18)

Results
The composition of the study sample, the size of groups as
well as the mean and standard deviation of all the results
in the various groups are shown in table 1.

A characteristic MRI of a patient with VD is shown in fig-
ure 1, and the respected SEPs curves are shown in figure 2.

All patients and controls had normal findings (taking into
consideration their age) concerning the peripheral nerves.
Abnormal SEPs suggesting a central nervous system dys-
function were present in 11 out of 14 (78.57%) VD
patients but in none of the control subjects. More specifi-
cally, in 3 patients (21.42%) there was an abnormal N13
(both amplitude and latency), in 10 (71.48%) cortical
P19 and P27 were abnormal (amplitude and/or latency)

Brain MRI, T2 sequence: multiple cortical and subcortical infracts in a vascular dementia patientFigure 1
Brain MRI, T2 sequence: multiple cortical and subcortical 
infracts in a vascular dementia patient

Table 2: 1-way MANCOVA with age and MRI findings as 
covariates for the comparison between the three clinical groups 
defined by the severity of dementia (no dementia, mild, severe) 
concerning their psychophysiological assessement. After 
bonferonni correction: p = 0.003

Wilks' 
Lambda

Rao's R df 1 df 2 p-level

1 0.066 3.96 16 22 0.001
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Abnormal central SSEPs (N13, N19) in a vascular dementia patientFigure 2
Abnormal central SSEPs (N13, N19) in a vascular dementia patient

Table 3: Sheffe Post-hoc test: Only significant results are reported.

Variable: N13L Variable: N19A
N MD N MD

N N
MD 0.9784 MD 0.6184
SD 0.0266 0.1546 SD 0.0010 0.0811
Variable: N19L Variable: N13-19L

N MD N MD
N N
MD 0.9827 MD 0.9982
SD 0.0003 0.0065 SD 0.0000 0.0011
Variable: P27L Variable: P27A

N MD N MD
N N
MD 0.5715 MD 0.1507
SD 0.0002 0.0281 SD 0.0261 0.9799
Variable: N11-P27L

N MD
N
MD 0.5671
SD 0.0005 0.0612

no dementia: N mild dementia: MD severe dementia: SD L: Latency, A: Amplitude
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and in 10 (71.48%) there was a prolongation of the cen-
tral conduction both from upper and lower limbs. Finally,
in 3 patients with an abnormal N13 and cortical lesions
which were detected with the MRI, the central conduction
time was especially prolonged.

The quantified analysis suggested that the severity of
dementia and the localization of the lesions are signifi-
cant factors affecting SEPs (tables 2,3,4,5).

Comparison between demented and controls
No significant differences were detected.

Comparison between controls and two groups of 
demented patients (mild dementia and severe dementia)
The latency of N13 was significantly prolonged in severely
demented patients in comparison to controls. The ampli-
tude of N19 was lower in severely demented patients in
comparison to controls, while N19 latency was prolonged
in severely demented patients in comparison both to
mildly demented and controls. The same was true for the
conduction time between N13-N19, and for the P27
latency. The P27 amplitude was lower and the N11-P27
conduction time was prolonged in severely demented
patients in comparison to controls (tables 2 and 3).

The above results suggest that mildly demented patients
did not differ from controls in any one of the measure-
ments. No group differed from the other two concerning

the earliest waves (N9 and LP/N11) parameters. Severely
demented patients differed from controls in N13 latency
and N19 and P27 amplitude. These patients differed both
from mildly demented and from controls concerning N19
and P27 latency and N13-N19 latency time. So these
results point to a gradual separation between groups.
Latency is the first characteristic to differ, and amplitude
follows. Severely demented patients separate first from
controls, and latter from mildly demented. Mildly
demented patients never separate from controls.

Comparison between controls and three groups of 
demented patients defined by MRI findings (normals, 
cortical lesions, subcortical lesions, both cortical and 
subcortical lesions)
The localization of the lesions seems to be very important.
Only subcortical lesions seem to affect SEPs, and more
specifically, patients with subcortical lesions had all their
latencies prolonged and lower P27 amplitude (tables 4
and 5). It is important that this specific distinction
between subjects with subcortical lesions and those
without (this group includes both controls and patients
with cortical lesions alone) is the only one that emerges.

An important question is whether the above results reflect
a general and confounding effect of the 'severity' or of the
'localization of the lesions', since more severely demented
patients tended to have both cortical and subcortical
lesions and vice versa. However the use of covariates may
provide an answer to this question. The results suggest
that both the severity and the localization of lesions affect
SEPs results in VD patients independently from each
other.

The factor analysis (principal components analysis) of
data with varimax normalized rotation produced a three-
factor model which explained 86% of the total variance
(table 6). This analysis confirmed the lack of relationship
of N13 to VD. What is very interesting is the fact that
amplitudes load at the same factor with cortical lesions
while latencies load together with subcortical lesions, a
finding which is more or less reasonable.

Table 4: 2-way MANCOVA analysis with age and severity of dementia as covariates for the comparison between the four clinical groups 
defined by MRI findings concerning their psychophysiological assessment.

Wilks' Lambda Rao's R df 1 df 2 p-level p-level After bonferonni correction

1 0.26 3.85 8 11 0.0212 0.0636
2 0.13 9.23 8 11 0.0006 0.0036
12 0.36 2.42 8 11 0.0882 0.2646

factors: 1: MRI coritcal lesions yes/no (1/0) 2: MRI subcortical lesions yes/no (1/0)

Table 5: Sheffe Post-hoc test. Only significant results are 
reported.

Variable P

N13 latency 0.04974
N13 amplitude 0.22710
N19 latency 0.00037
N19 amplitude 0.40134
N13-N19 latency 0.00001
P27 latency <0.00001
P27 amplitude 0.03572
N11-P27 latency 0.00006
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Discussion
The results of the current study suggest that there are sig-
nificant differences between patients suffering from VD
and healthy controls in SEPs, but these are detectable only
when dementia is severe or there are lesions located in the
subcortical regions, which, however, is usual in this type
of dementia. Milder forms of dementia or cortical lesions
may not affect SEPs to a detectable degree.

Dementia is a common condition in the elderly. In spite
of the considerable advances in this field, many times it is
difficult to diagnose the disorder and to specify the type of
dementia. Even the most elaborate methods in
neuropsychology may not differentiate between VD and
AD (which many times co-exist), while CT and MRI may
provide with impressive information concerning brain
structures, but many times fail to solve the problem,
because although vascular lesions are not uncommon in
the elderly, they do not always lead to dementia. This
problem of diagnosis and differential diagnosis is much
worse concerning earlier stages and milder cases.

The current study assumed that SEPs could be a valuable
non-invasive method which may be useful in the assess-
ment of the elderly and may provide important informa-
tion for the diagnosis and differential diagnosis of
dementia [4], since it can assess the functioning of the
central somatosensory tract at both at the cortical and sub-
cortical level [18]. However the results of the current study
suggest that SEPs can be used to trace mainly subcortical
lesions.

The comparison of SEPs with imaging methods (MRI) was
not the aim of the current study, since MRI findings were

a key element to arrive to the diagnosis of VD. That's why
all VD patients had vascular lesions. Therefore, by defini-
tion, concerning the current study sample, MRI had 100%
sensitivity for dementia cases. The aim of the current study
was to locate the possible sources for SEPs disturbances in
VD.

The results of the current study locate the abnormal SEPs
and especially the prolongation of the central conduction
time both from upper and lower limbs in the white matter
of the Central Nervous System of VD patients. This is not
peculiar however, since imaging studies locate most
lesions at the subcortical level [19]. These results are in
accord with the literature [5,7,8].

On the other hand, it is reported that SEPs are normal in
AD patients [20]. It is also well documented that in AD
patients the brain pathology is mainly located in the cor-
tex, in contrast to VD patients. Thus, SEPs may be normal
or less affected in AD, in comparison to VD [21–24].

Apart from brain ichaemic lesions, in VD, lesions may be
found in the spinal cord. The presence of an abnormal
N13 (upper limbs) as well as the prolongation of conduc-
tion time from lower limbs in some VD patients are
suggestive of the presence of lesions in the dorsal struc-
tures of the spinal cord (columns and nuclei) in these
patients [25]. In the current study, normal N9 and N11
precluded the presence of a peripheral lesion.

A serious disadvantage of the current study is the small
study group. However this disadvantage may be partially
compensated by the rigorous methodology and the fact
that the results are clear and straightforward. Another
drawback is the fact that the patients included in the study
were receiving various medications which potentially may
affect SEPs recordings. However, no systematic bias was
present.

Conclusion
Short-latency Somatosensory Evoked Potentials may con-
stitute a valuable tool for the assessment of demented
patients and for the differential diagnosis of dementia.
They even constitute an important method for the assess-
ment and early detection of silent subcortical lesions
caused by atherosclerotic risk factors. SEPs are more eco-
nomic than MRI but whether they also constitute a more
sensitive tool for the detection of these lesions, needs fur-
ther and better focused research.

Competing interests
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