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The role of cognitive evoked potentials in the diagnosis of
neurodegenerative disorders

Natasa Klepac, Magdalena Krbot Skoric

Evoked potentials are a widely used neurophysiological
method, useful in detection of functional state of different
parts of central nervous system (CNS). The usage of the
evoked potentials (EP) method is distributed through
different areas of medicine, especially in the field of
clinical neurophysiology, intra-operative surgical and
neurosurgical monitoring, and also in the field of the
neuroscience, with a special emphasis on the field of
cognitive neuroscience.

One of the great advantages of the EP method is its
complete independence of the cultural and education
influences [1], and this is especially important in
examination of the functionality of the cognitive processes,
where objective assessment of the participant’s abilities
is important. The evoked response could be obtained
also in the situations in which participants do not pay
attention to the presented stimulus [2], so the response
could be obtained without participant active cooperation.

The method is based on the presentation of the specific
stimulus to the participant and the evoked potentials
represent the response of the brain and the peripheral
CNS to that stimulus [3]. In order to achieve evoked
response, specific number of stimuli is presented to the
participant and averaging method is used to extract EP
response from the recorded signal. To obtain repeatable
evoked response, the characteristics of the successive
stimuli should be identical.

The EP method is completely non-invasive and it
has excellent temporal resolution (~1 ms), and it could
present very detailed the temporal sequence of the
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cognitive and sensory processing. Evoked potential
could be endogenous (elicited as a response to specific
internal stimulus, e.g., decision making or a reaction to
the expectance of the stimulus) or endogenous (elicited
as a response to physical characteristics of the external
stimulus) [4].

There are different modalities of the evoked potentials,
but they are usually divided in two groups: the first group
of EP modalities examines the functional integrity of the
sensory and motor pathways (visual EP, auditory EP,
somatosensory EP, motor EP), and the second group of EP
modalities is consisted of methods related to intellectual
processing of the presented stimulus (cognitive evoked
potentials).

Cognitive evoked potentials provide information about
the functionality of the higher cognitive functions, the
attention, the memory, and the information processing.

The method presents temporal and spatial
distribution of electrical activity of the brain and the
peripheral CNS (motor and sensory pathways) elicited
as a response to specific stimulus. Most commonly
used methods for the presentation of the EP results
are waveform presentation (amplitude vs. time) and
spatiotemporal mapping (Figure 1).
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Figure 1: Spatiotemporal mapping of cognitive evoked
potentials.
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Results are usually express in the form of components.
According to Picton, the component is electrical activity
that occurs in the specific part of the brain in the exactly
defined period after the stimulus presentation and
presents the way on which the brain processes the specific
information [3]. The most significant component of the
cognitive evoked potentials is the “P300”. P presents
positive value of the amplitude and 300 presents the
time when the components appears, 300 ms after the
presentation of the stimulus.

Cognitive evoked potentials are also called in
the literature the “P300.” The “P300” component
is introduced in 1965, when Sutton and colleagues
presented results of their research [5]. Their results have
shown that “P300” appeared only in situations where
participants could not predict the upcoming stimulus,
while in situations with known stimulus was no “P300”
component. At that time, their work has caused a
great interest in scientific community and in the years
following, the number of research and scientific papers
related to “P300,” e.g., cognitive evoked potentials, was
getting bigger and bigger. The “P300” component is
one of the most studied components in the research of
information processing and the selective attention.

Usually used paradigm for cognitive evoked potentials
is the “oddball” paradigm. The “oddball” paradigm is
based on the presentation of two different stimuli, one
that often occurs (“non-target” stimulus) and one that
appears rarely (“target” stimulus). During the experiment,
participants have a task related to the “target” stimulus.
The task could be related to motor reaction—pressing the
button after the “target” stimulus; or it could be related to
testing the capability of the working memory—counting
the number of “target” stimuli. In this way, the ability
to discriminate the stimulus, the functional state of the
working memory and the decision-making ability are
examined and linked to the certain forms of dementia.

During the “oddball” paradigm, the stimulus is
presented to the participant. The first step is the
sensory processing of the stimulus in order to define the
physical characteristic of the stimulus (visual, auditory,
somatosensory). After the initial sensory processing, the
stimulus is compared with the content of the working
memory. If the presented stimulus is the same as the
content of the working memory (“non-target” stimulus),
then only sensory evoked response is elicited. As opposite,
if the presented stimulus is different than the content
of the working memory, the “P300” is elicited [6]. The
paradigm could also consist of three stimuli, where the
third stimulus, “distracting” stimulus, which appears
rarely and has similar physical characteristics as the
“target” stimulus, and its goal is to improve the difficulty
of the task.

The cognitive evoked potentials could be also
elicited with the Sternberg’s memory paradigm [7]. The
Sternberg’s memory paradigmisbased onthe presentation
of the set of n elements and the “target” stimulus, and
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the participants has to decide if the “target” stimulus
belongs to the previously presented set. The obtained
results are reaction time and cognitive evoked potentials.
Results have shown that with the increase of the number
of elements in the set, the reaction time increases, and
also the increase of the number of elements in the set
and the affiliation of the “target” stimulus influences the
characteristics of the cognitive evoked potentials [8].

Results of the cognitive evoked potentials method
are presented through three elements: the latency, the
amplitude and the localization of the “P300” component.
Also, additional information in the paradigm with motor
reaction is the reaction time.

The latency of the “P300” component is related to the
speed of classification and processing of the stimulus and
it depends on the weight of the task related to the stimulus.
It presents the time necessary for the cognitive processing
of the stimulus and it is very sensitive temporal measure
of the neural activity related to the working memory
and selective attention [2, 9, 10]. Difficult classification
of the stimulus is related with longer time necessary
for stimulus processing which will be expressed as a
prolonged latency of the “P300” component. The latency
of the “P300” component is negatively correlated with
cognitive abilities in healthy participants, and shorter
latency is related to higher cognitive abilities [11]. With
healthy ageing, the “P300” latency prolongs, as well as
in participants with reduced cognitive abilities and with
different types of cognitive deficits, like people suffering
from different forms of dementia.

The amplitude of the “P300” component presents the
intensity of the mental activity necessary for cognitive
processing of the presented stimulus. It is proportional to
theamount of the attention related to the specific stimulus.
Rarely appearing stimuli elicit larger amplitude of the
“P300,” as well as stimuli related to decision processing
[11]. Difficult processing of the stimulus is related to
attenuation in amplitude of the “P300” component due to
the theory of “ambiguity” [11]. In ambiguous situations,
in which participant is not sure in the characteristics
of the presented stimulus, there is reduced amount of
the information available for processing and because
of that, the intensity of the mental activity required for
the processing of the stimulus is reduced which is visible
from the attenuation of the amplitude of the “P300”
component. Reduced amplitude is also related to the
healthy ageing, but also could be an indicator of different
forms of cognitive deficits. The variations in the “P300”
amplitude are indicators of the degree of the quality of
the information processing [12].

The localization of the “P300” component is mostly
parietal and one of the indicators for the cognitive
deficit could also be the change of the localization. This
indicates that neural structures responsible for cognitive
processing of the stimulus are not able to complete their
function, and some other structures have taken over their
function.
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The cognitive evoked potentials method is widely
used for clinical purposes. Except for the dementia
related illnesses, the use of cognitive evoked potentials
is important in various psychiatric disorders, such as
alcoholism, depression and schizophrenia [9]. Different
pathologies related to central nervous system could
modify results of the cognitive evoked potentials in
a specific way, and because of that, cognitive evoked
potentials can provide very useful diagnostic and
prognostic information.

Different studies have shown that the latency of the
“P300” component is prolonged in patients with dementia
in comparison with the age related group of healthy
participants [13]. Worsening of the cognitive functions
elicits further prolongation of the “P300” latency [14],
and because of that the “P300” latency could be potential
biomarker of the cognitive abilities of the participants. The
correlation between the “P300” latency and the cognitive
abilities is also noticed in other neurological conditions
not related to dementia and some posttraumatic states
[6]. The P300 amplitude could be reduced in participants
with dementia in comparison with the age-related group
of healthy participants, but there is no correlation with
the level of cognitive abilities. Comparison of group of
patients with Alzheimer’s disease and healthy controls
have shown that the differences between two groups were
the most prominent in the basic tasks, with no additional
requirements, which shows the value of cognitive evoked
potentials in everyday clinical practice [13].

Cognitive evoked potentials and battery of different
neuropsychological tests were performed on the same
group of patients and results have shown that cognitive
evoked potential parameters correlate well with the deficit
in domain of language, memory and executive functions
indicating that cognitive evoked potential components
could be possible biomarkers for neuropsychological
deficits [15].

According to some studies, cognitive evoked
potentials could be useful in differentiation between
cortical (Huntington’s disease, Parkinson’s disease) and
subcortical forms of dementia (Alzheimer’s disease,
vascular dementia) [6]. Also, the method could be useful in
discrimination between the early stage of the Alzheimer’s
disease and age related group of healthy participants
[13]. Patients in the early stage of the Alzheimer’s disease
have reduced amplitude and prolonged latency of “P300”
component in comparison with healthy controls.

Research conducted with three groups of participants
(AD—group with probable diagnose of the Alzheimer’s
disease, MCI—group with mild cognitive impairment and
HC—age-related group of healthy controls) showed that
at the baseline the “P300” latency was prolonged for AD
groups in comparison with MCI and HC group [1]. Also,
MCI group had prolonged latency in comparison with HC
group. Measurements performed after one year of follow-
up showed that only AD and MCI groups had prolonged
latency in comparison with results at the baseline, while
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in HC group the latency did not change significantly. Also,
all three groups fulfilled cognitive tests (Mini-Mental
State Examination MMSE i Cognitive Abilities Screening
Instrument CASI), whose results showed worsening at
one year follow-up for MCI and AD group, in correlation
with prolongation of the “P300” latency. These results
indicate that cognitive evoked potential method could
anticipate signs of cognitive deficit, even in situation
where clinical indicators are not yet present.

Patients with Parkinson’s disease have reduced “P300”
amplitude, and this could also be used for objective
assessment of the progression of Parkinson’s disease [16].
Huntington’s disease patients have reduced amplitude
or absent response but only in paradigms with visual
stimuli. Monitoring of patients with Parkinson’s disease
with no signs of cognitive deficit at the baseline has shown
that after six years of follow-up the prolongation of the
“P300” latency is correlated with the motor progression,
which means that cognitive deficit is related with motor
disability. This could be explained with the presumption
that degeneration of cognitive neural structures is related
to degeneration of motor neural structures [17]. Also,
group of patients monitored for two years have shown
that patients with motor worsening have also prolonged
latencies of cognitive evoked potentials, while patients
with no motor worsening did not have any statistically
significant change in the cognitive components, indicating
association between cognitive and motor worsening [18].

Cognitive evoked potentials could also have diagnostic
role in patients with stroke [16]. Changes related to “P300”
latency could correlate with the level of disabilities caused
by stroke. Despite the diagnosticrole, the cognitive evoked
potentials could also have prognostic role in patients with
stroke, and there is a correlation between the parameters
of cognitive evoked potentials and functional recovery
after few months.

Patients with vascular dementia have difficulties
related to discrimination of stimuli and they have
prolonged “P300” latency. Also, vascular dementia is
related to cortical lesions and it can be expected that
patients with this type of dementia have problems with
cognitive processing. Studies have shown that patients
with vascular dementia had reduced amplitudes and
prolonged latencies [19]. Reduced amplitude is related to
limited resources available for cognitive processing and
this could be caused with vascular lesions and because of
that patients with vascular dementia have lower ability of
cognitive processing.

Research performed on group of patients with mild
cognitive impairment caused with vascular changes,
group of patients with subcortical vascular dementia
and group of healthy controls have shown that there is
statistically significant difference in the latency values
between the three groups, pointing that with progression
of vascular damage the latency is become more prolonged
and that “P300” latency could be indicator of severity of
vascular damage [20]. Contrary to that, no statistically
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significant difference in the “P300” latency was found
between the groups of patients with Alzheimer disease,
vascular dementia, and mild cognitive impairment, while
“P300” amplitude correlated with the degree of cognitive
impairment [21].

Comparison of patients with Alzheimer’s disease and
patients with subcortical forms of dementia have shown
that each group of patients has different deterioration
of function of the working memory presented through
prolongation of different components of cognitive evoked
potentials and that could be explained with different
pathogenic mechanisms [22].

Analysis of latency, amplitude, and localization of
cognitive evoked potentials performed on group of
patients with Parkinson disease, group patients with
elderly dementia and group of non-demented patients
have successfully classified more than 90% of participants
showing the role of cognitive evoked potentials in
differential diagnostics [23].

Research performed on three groups of patients
(FTD—frontotemporal =~ dementia, = AD—Alzheimer’s
dementia, and HC—healthy controls) has shown that
there was no statistical difference in the “P300” latency
between the FTD and HC, but AD group had prolonged
latency in comparison with FTD and HC [24]. In the
same time, FTD and AD groups have prolonged reaction
time in comparison with HC group. These results present
usefulness of cognitive evoked potentials in differentiation
between different forms of dementia.

Multimodal evoked potentials (cognitive evoked
potentials, somatosensory evoked potentials, and visual
evoked potentials) were performed on four groups of
participants: groups of patients with Alzheimer’s disease
(AD), group of patients with Parkinson’s disease (PD),
group of patients with Binswanger’s disease (BD), and
group of healthy controls [25]. Results have shown
that all three groups of patients with dementia have
prolonged latency of cognitive evoked potentials, AD and
PD groups have prolonged latencies of some components
of the somatosensory evoked potentials, and only PD
patients have prolonged latencies of visual evoked
potentials components. Binswanger’s disease patients
have prolonged latencies for all components of the
somatosensory evoked potentials. It could be concluded
that each group of patients with dementia has specific
electrophysiological characteristics and there is a possible
role of multimodal evoked potentials in differentiation
between different forms of dementia.
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