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Abstract

Introduction: The objective of this study is to evaluate topographical differences for Acetylcholine neurotransmission deficit in suspected dementia
patients measured with the electroencephalographic Vigilance-index. In order to find the most sensitive and earliest location of Acetylcholine
neurotransmission deficit and find patients benefiting from Acetylcholinesterase inhibitor medication, a well-recognized treatment for suspecting
Alzheimer’s and Lewy body dementia.

Material and Methods: The Vigilance-index for Electroencephalography (EEG) used in the analyses: average peak power for eyes open/eyes closure
reflecting Acetylcholinergic status in four locations; anterior Temporal lobe (T3 and T4), posterior Temporal lobe (T5), Parietal lobe (P3), and Occipital
lobe (O1) for 30 patients suspected of dementia compared to 30 healthy individuals.

The EEG recording positions according to (10-20 EEG system) covering the anterior Temporal left side and the anterior temporal right side (T4)
of Cortex. The Vigilance-index average values for the positions of the suspected dementia patients compared to the control group, evaluated by
Student’s t-test. To illustrate differences of Vigilance-index for the recording positions, between baseline and follow-up, diagrams comparing the
Vigilance-index for the recording sites constructed for the suspected dementia patients.

Results: All recording positions at the baseline showed significant increased average Vigilance-index with p-values (***) compared to the healthy
controls, the highest average Vigilance-index for T3 and lowest for 01, at follow-up, the T3 increased most and O1 least. The comparison between
the left and right anterior temporal regions (T3 and T4) showed different average Vigilance-index and also different Vigilance-index values for the
same patient.

Conclusion: For the dementia diseases characterized by Acetylcholine Deficit: Alzheimer’s disease, and Lewy body dementia, Vigilance-index can
be used for early detection of these diseases. The Temporal anterior region (T3, T4) was most and earliest detected having a cholinergic deficit and
least the Occipital region (01), both at baseline and follow-up examination.

Keywords: Electroencephalography; Neurotransmitter; Dementia; Acetylcholine; Follow-up studies; Humans; Biomarkers; Nucleus basalis of
Meynert; Brain Topography; Alzheimer’s disease
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eyes closed
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Introduction

The aim of this study is by using the Electroencephalographic
(EEG) Vigilance-index to compare and locate which brain region
is most sensitive and the first area affected by Acetylcholine deficit.
In order to identify as early as a possible sign of dementia due to
cholinergic deficit as in Alzheimer’s (AD) and Lewy Body Dementia
(LBD). A close relation between dementia of Alzheimer’s type and the
cholinergic system exists and is well-known for long, and are the logic
for using Acetylcholinesterase inhibitor treatment to enhance the

Acetylcholine transmission at AD and LBD diseases [1-7]. The neurons
containing Acetylcholine originate from the cell bodies located in
the nucleus basalis of Meynert in the basal frontal lobe. From there,
the axons spread to large areas of the cortex and via another route
to the hippocampus (Figure 1). There was also a relation between
the reduction of Choline Acetyltransferase (CAT), which synthesize
Acetylcholine, and a correlation to intellectual impairment measured
with memory tests. The muscarinic cholinergic receptor binding
activity was close to what has observed in healthy brains [5], which
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therefore supports a presynaptic loss of Acetylcholine. The recently
presented method to measure cholinergic status via the Vigilance-
index, a Quantitative Electroencephalographic (EEG) analysis,
can identify early probable Alzheimer’s and Lewy body dementia
even when cognitive testing is non-pathological with Mini-mental
Examination Scores (MMSE) [8,9]. The Vigilance-index can also be
used to evaluate the effect of Acetylcholinesterase (AchE) inhibitor
treatment [9] as Acetylcholinesterase inhibitor treatment hindering
the breakdown of Acetylcholine and improve the postsynaptic effect
by increasing the amount of available Acetylcholine. In the studies
mentioned above, the measurements of Vigilance-index had been
made in the Temporal, posterior region, based on the assumption that
it reflects the cholinergic deficit in Alzheimer’s (AD) and Lewy Body
Dementia (LBD). However, there is no knowledge of the distribution
of the cholinergic neurotransmission deficit in different brain regions
in these diseases, except for earlier necropsy studies that have observed
a selective loss of cholinergic neurons in Alzheimer’s disease [1-4].
The selective loss of central cholinergic neurons overlapped with the
areas that had the highest density of neurofibrillary tangles and senile
plaques [1-2].

Materials and Methods

Two groups were analyzed, one group of 30 healthy persons, 17-67
years of age, and one group of 30 persons sent to a memory clinic due
to suspected dementia, 68-91 years of age. The healthy persons had
no complaints of memory disturbance or any self-reported alcohol
or drug abuse, nor did any anticholinergic medication. The suspect
dementia group neither had any reported abuse or anticholinergic/
cholinergic medication. When examined at the memory clinic with
EEG, they were selected due to pathological Vigilance-index at
baseline that increased at follow-up examination representing primary
dementia with an increasing cholinergic deficit. The follow-up time
varied and was due to the need to re-examine the patient for more
definitive dementia diagnose.

EEGs recorded on awake patients, sitting on ordinary chairs, and
instructed to open eyes for 30 seconds and close eyes for 90 seconds.
Four of these EEG epochs with eyes closed and with eyes open
analyzed and an average value calculated for respective eyes opened
and eyes closed epochs.

This procedure ensured alertness and vigilance of the patients,
which also monitored by the EEG assistant during the recording
session. A few patients and parts of the EEG recordings that showed
signs of drowsiness, and patients who were very tense or nervous with
low EEG amplitudes during eye-closure, comparable to magnitudes at
eye-opening [10], were excluded from the analyses.

EEGs recorded and analyzed using standard digital EEG equipment
(Nervus™5.3 digital EEG system, Viasys Healthcare, Inc., San Diego,
California, United States). The recorded analog signal with a reference
electrode located between Pz and Cz (10-20 EEG system) converted to
a digital signal by Fast Fourier transformation (FFT) with a sampling
frequency of 128 Hz. At least four EEG epochs, of 90 seconds with eyes
closed and 30 seconds with eyes opened recorded, and approximately
eighty seconds of each eye closed epoch and twenty-five seconds with
eyes open used in the analysis, rarely slightly shorter epochs analyzed
due to recording interference. The first 10 seconds were excluded from
eyes closed epochs to avoid analyses of arousal and movement artifacts,
and the first 3 seconds of eyes open epochs similarly excluded. The
average peak power for four eye closure epochs and open eye epochs,
within £ 1 Hz range of average peak-frequency with eyes closed,
calculated. Vigilance-index decided from the ratio of the average peak

Cholinergic pathways innervating the Brain

Hippocampus

i

Nucleus basalis of > Disgonal band of Broca "> Medial septal
Meynart nucleus

| Frontal, Parietal and Occipital Cortex I

Figure 1: The EEG recording positions and the principal Cholinergic
pathways innervating the Brain.

The Vigilance-index measured at the T3 position, temporal anterior
lobe. T5, the Temporal, posterior lobe. P3 reflecting the parietal
region and 01 the Occipital area. All these on the left side of the
Brain illustrated on the top. Below the cholinergic pathways. The
neurotransmitter acetylcholine’s cell bodies located in Nucleus
basalis frontalis (Nucleus of Meynert), the basal frontal brain area
anterior to the third ventricle. The axons then spread in two different
pathways, one directly to widespread cortical areas, the other one to
the Hippocampus via the diagonal band of Broca and medial septal
nucleus.

power for open eyes epochs and closed eyes epochs (E.O. power/E.
Cl. power) and quantified relative desynchronization of average peak
power. The peak-frequency and power measurements defined with the
EEG filter setting of 3-15 Hz, which covered alpha and theta frequency
bands (4-13 Hz) in order to avoided analysis of eye movement and
muscle artifacts.

EEGs analyzed from the T3, T4, T6, P3 and Ol recording sites
(10-20 EEG system) (Figure 1) which reflects the parts of the brain,
known to be affected by Alzheimer’s and Lewy body dementia and
also the parts of the cortex were basic rhythm is prominent, which
is needed to decide Vigilance-index. The average value for Vigilance-
index calculated and the statistical significance of the deviation for the
different recording positions at baseline and follow-up examination
compared to the healthy control group and p-values calculated with
two-tails distribution and different variance for the Students t-test
p-values. For the average Vigilance-index comparison between baseline
and follow-up p-values calculated with two tails paired Students t-test
(Table 1). The Pearson product-moment correlation coefficient used
comparing the correlation between the anterior Temporal recording
position on each side. Also, the number of patients with the same,
increased, or decreased Vigilance-index when T3 compared with T4
was calculated (Figure 2).

Results

When the patients with suspected dementia were evaluated
both at the baseline, and follow-up examination, the mean-values
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Figure 2: The different Vigilance-index of the T3 at baseline and follow-up and comparison with the T4 recording position at baseline.

The baseline Vigilance-index values (X-axis) for the examined patient arranged according to their values (filled line). The dashed line shows the
follow-up values for the respective patient. The dotted line T4 Vigilance-values compared to the T3 values of the same patient.

.

Table 1: Statistical analysis by p-values of average Vigilance-index for the different recording positions and comparisons.

Student’s t-test pvalue
p<0.05=*
p<0.01=**
p<0.001=***

T3

T5 P3 o1

Healthy controls-baseline values *** (4.5 x10%)

*#% (3.1 x 107)

%% (7.0 x 107)

%% (8.0 x 10%)

Healthy controls follow-up values *¥*% (1.7 x 105)

% (2.4 x 107)

***(17 X 10—10)

*%% (2.8 x 10%)

Baseline Follow-up values *¥**(2.5x109)

%% (1.9 x 104)

%% (7.3 x 10%)

** (1.0 x 10°?)

The different recording positions in the upper row and the comparisons in the left column. The p-values for the healthy controls, when baseline and
follow-up values compared, were analyzed with two-tails distribution and different variance for the p-values. In the lowest row, when the baseline
average Vigilance-index compared with the follow-up values, two tailed distribution, and paired p-values calculated.

for Vigilance-index was statistically significant increased (***) in
all recording positions compared to the mean value for the healthy
controls (Table 1), which supported that the studied patients had
dementia with a cholinergic deficit and widespread distribution.
The highest increase of mean Vigilance-index at baseline was for
the T3 recording position and lowest for O1, and in-between for T5
and P3 (Figure 3). The relative increase of Vigilance-index between
the baseline and follow up was also highest for T3 with statistical
significance deviation (***) and least for O1 (**) and in-between for
T5 and P3 (***) (Figure 2). These distributions of cholinergic deficit
show a general trend of increase of Vigilance-index for all recording
positions with the highest cholinergic deficit in the temporal anterior
region and lowest deficit in the Occipital region. When analyzing
individual patients, the cholinergic deficit revealed a more heterogenic
distribution of deficits than the described general trend, in some
patients was the highest deficit in other recording positions than
in the Temporal anterior region (T3) most often the neighboring
(T5, P3), representing posterior Temporal and Parietal region. The
above-described discrepancies between recording positions showing
different deficits, could be demonstrated by a comparison between
the left side with the right side anterior Temporal recording site,
8/30 had the same Vigilance-index on both sides, 16/30 had higher
Vigilance-index on the right side, and 6/30 had lower (Figure 3). Also,

the average Vigilance-index value was different between the sides, 0.58
(T4) on the right side and 0.49 (T3) on the left side, when analyzing
the differences with Pearson product-moment correlation coefficient
between the T3 and T4 recording positions, the quota was 0.74. These
data clearly show the cholinergic deficit differences between rights and
left anterior Temporal recording sites, and support the results that the
cholinergic deficit varies between different recording locations and
patients. Even though, the general trend is that the most affected area
of cholinergic deficit in early dementia is the anterior temporal region
and least the occipital region.

Discussion

Thereisa closerelation between dementia and the cholinergic system
with a cholinergic deficit for Alzheimer’s and Lewy body dementia
[1-7]. Therefore, Acetylcholinesterase inhibitor treatment hindering
the breakdown of acetylcholine is a well-established treatment for
these dementia diseases. Pharmacological studies of cholinergic and
anticholinergic substances and AChE inhibitor medication on EEG
[9,11-24]. Show that the anticholinergic substances lead to insufficient
blocking of EEG amplitude when the eyes are open in healthy subjects.
A comparison between healthy subjects and patients with suspected
AD revealed significantly reduced desynchronization reaction at
eye-opening of EEG in patients with suspected AD [8,9,18]. The
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Figure 3: The Vigilance-index decided for baseline and follow-up examinations.

The baseline values filled bars (black), and the follow-up values unfilled bars. The Y-axis, Vigilance-index and the X-axis the different recording

positions.

Vigilance-index constructed from these observations to measure
and decide the neurotransmitter Acetylcholine function on EEG
and evaluate Acetylcholinesterase inhibitor treatment and identify
probable Alzheimer’s and Lewy body dementia early in these disease’s
development [8,9]. Other attempts to measure the Acetylcholine
function by EEG has recently presented estimating the cholinergic
status in patients with dementia diseases, these methods based on
algorithms of analyzing EEG-signals from several electrodes and
different aspects of electrical changes in EEG [25-27]. The use of
several electrodes and variables increases the possible sources of error,
which perhaps might restrict the use of these methods. The Vigilance-
index measures the electrodes individually and only one variable based
on peak power with eyes open and closed, which makes it possible to
study the topographical distribution of cholinergic deficit. To use a
quota of average EEG power for eyes open/eyes closed erases power
differences between individuals and makes comparison easier between
patients and comparisons on different occasions for a patient.

One recent study, when patients examined for suspected dementia
at baseline and follow-up after approximately two years, the evaluation
revealed that Vigilance-index best-identified patients at baseline,
which developed cognitive decline by MMSE at the follow-up
examination. Better, compared to biomarker components: Amyloid
B, total-Tau, and phospho-Tau in Cerebrospinal fluid (Csf). Some
of these patients had a pathological Vigilance-index even when they
were cognitively normal, according to MMSE, but developed cognitive
decline (MMSE) at follow-up [8]. In another study comparing which
EEG variable that best identified suspected dementia patients from
healthy controls; the best variable was Vigilance-index [9]. In the
same study, when differences in cholinergic deficit, indicated with
the Vigilance-index, compared AchE inhibitor-treated patients with
untreated, the baseline average Vigilance-index was unchanged for the
treated group at follow-up after approximately one year. The untreated
patients had significantly increased Vigilance-index at follow-up,
which could be expected of a progressive decline for the Acetylcholine
transmission in dementia disease with cholinergic deficits [8,9]. In
these studies, comparisons made between a baseline and a follow-
up examination recorded from the posterior Temporal lobe (EEG
position T5, T6) either on the right or left side [8,9]. Even though the

recordings from the Temporal, posterior region identified patients that
had pathological Vigilance-index when normal cognition measured
with MMSE (8], this study identifies the temporal anterior region on
average as the most sensitive for identifying pathological cholinergic
neurotransmission deficits and the occipital region as the least sensitive.

When measuring cholinergic status with Vigilance-index, it will be
restricted to the areas that have relative prominent basic rhythm in
the Alfa and Theta EEG frequencies band (4-13 Hz), which is the post
central part of the brain containing Temporal, Parietal and Occipital
regions [10]. Due to this circumstance, the Frontal lobe’s Vigilance-
index cannot generally be directly examined by surface EEG. However,
the Cholinergic axons originate from the Cholinergic cell bodies in
the nucleus basalis of Meynert, situated in the basal frontal lobe, from
there the axons spread to large areas of the cortex and via another route
to the hippocampus (Figure 1) [1,5,28]. Except for the Frontal lobe, the
temporal anterior region is probably the cortex region which is closest
to the nucleus basalis of Meynert in the Frontal lobe. Therefore, the
EEG recorded from the cortex surface of the temporal anterior region
may reflect the cholinergic deficit from the frontal lobe.

Based on this assumption, on average, the earliest and most
pronounced cholinergic deficit occurs in the basal frontal region
measured with Vigilance-index from the temporal anterior region (T3,
T4). This conclusion is also well consistent with the observed selective
destruction of cholinergic cell bodies in the nucleus basalis of Meynert
and the first detected intraneural neurofibrillary changes in the basal
frontal region in Alzheimer’s dementia [1,28,29].

In general, the cholinergic deficit measured with Vigilance-index
influenced the Temporal anterior region most and then the Parietal
region and Temporal, posterior region, and least Occipital region,
when baseline examination compared to follow-up observations
(Figure 2). However, when looking at individual patients, there
were some variations in the recording site most influenced by the
cholinergic deficit, both at the baseline and follow-up examination.
These differences in Vigilance indices and the most impact of the
recording site were most affected by the cholinergic deficit that was
described between patients when comparing the left and right sides of
the temporal anterior region (Figure 3). Therefore, a varying influence
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of cholinergic deficit at different cortex areas on the top of the average
influence observed in this study, which probably can explain some of
the differences in the symptoms between patients and the progression of
dementia with cholinergic deficit such in Alzheimer’s disease and Lewy
body dementia.

In clinical practice, when Csf diagnostics to measure Amyloid p*,
total-Tau, and phospho-Tau to identify dementia diseases, the spatial
distribution of the disease cannot be estimated. Instead, the spatial
distribution can be used for early diagnostics when the Vigilance-
index used for diagnostics of dementia, as the Vigilance-index
can measure EEG activity originating from the basal frontal lobe,
which reflects the most sensitive site to measure cholinergic deficit
in general, but also from other cholinergic deficit sensitive sites.
Supported by a study of patients with suspected dementia examined
with MMSE, Vigilance-index, and the commonly used Csf
biomarkers: Amyloid B total-Tau, and phospho-Tau. The most
sensitive variable to predict the number of patients with cognitive
decline after approximately two years was the Vigilance-index,
after that total-Tau, Amyloid p*? and least sensitive phospho-Tau
in Csf [8], the recorded EEG activity from the posterior part of
the Temporal lobe (T5, T6). This study has shown the Temporal,
posterior region (T5, T6 EEG sites) not to be the most sensitive
recording site in general for the cholinergic deficit. Instead, the most
sensitive is the anterior Temporal recording site (T3, T4 EEG sites)
demonstrated in the current study.

An advantage with the topographic recording of Vigilance-index,
it is easy to identify the most sensitive site for the cholinergic deficit
and choose that for analyses. Besides, the EEG recording and analyses
are inexpensive, and a method easily accessible for the patient to
cooperate, without the restriction of anticoagulant treatment.

Conclusion

When the Vigilance-index used to explore different sites of the
cortex to identify cholinergic deficit, the average value showed that
the Temporal anterior region to be most sensitive for identifying
cholinergic deficit by increased Vigilance-index and the least
the occipital cortex, early in the dementia disease. The Temporal
anterior cortex reflects most probably the cholinergic axons to the
cortex and originating in the nucleus basalis of Meynert in the basal
frontal lobe and the origin of the cholinergic neurons cell bodies
known to be affected in the dementia process. However, there was
some variation in which of the recording site most influenced by
the cholinergic deficit and increased Vigilance-index, which could
be identified by the topographic approach. The clinical value of this
topographical EEG analysis method is that it leads to a simple method
for early identification of dementia disease, which probably enhances
therapeutic measures as they can be instituted early in the dementia
disease.
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