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SUMMARY:
Nowadays, with the constant enhancement of the
longevity of the human population, the spreading of dementia is in steady rising. Among the many different
sources of progressive cognitive impairment, Alzheimer’s
disease plays a major role being the most common reason for mental decline in the elderly population. Alzheimer’s disease is a neurodegenerative disease of the central nervous system that leads to progressive cognitive
impairment and has severe health, social and economic
tolls. The lack of effective treatment and the problems of
the daily living that the disease creates for the patients
and their families raises many important issues in modern times. Due to the effect on the individuals and the
need for a permanent caregiver, it is of high importance
to have accessible tools for early diagnostic and assessment of the ongoing treatment. Electroencephalography
is a noninvasive, easily reproductive diagnostic method
with low cost that can be performed in different stages of
the diseases of the central nervous system and give input
on the current condition. This review presents the current
achievements in the field of the usage of
electroencephalography and its specific findings in patients with Alzheimer’s disease and the qualitative and
quantitative changes that appears and are important for
early diagnosis, differential diagnostic, prediction of acceleration of the pathological process, distinguishing of
co-existing conditions and follow-up of the effect of the
administered treatment.
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BACKGROUND:
Electroencephalography (EEG) is an electrophysiological method for studying the functional bioelectric activity of the brain. This is a noninvasive method,
where electrodes are placed at specific positions on the
scalp in a predetermined order to detect neural bioelectrical oscillations. The potentials generated in the underlying cortex are the source of EEG registered with surface electrodes. The superficial EEG directly reflects
mainly potential local changes, but it can also reveal abnormalities in remote locations. These abnormalities lead
to changes in cortical potential and present themselves
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as patterns of similar duration and amplitude in vast areas of the brain. They are called “projection” or “bilateral synchrony”. Although these rhythms can be induced
by distant regions, they are generated in the cortex, below the recording electrodes.
In the last 25 years, digital EEG technologies and
quantitative EEG (qEEG) methods have become popular.
The main prerequisites for their introduction, on the one
hand, are the possibilities for paperless recording,
reformatting of the installation, changing of filters and
other parameters of the EEG recording after its registration, and on the other - the disadvantages of routine EEG
for quantifying some variables, recording and processing
large volumes of data, especially when monitoring patients in operation theaters and intensive units, making
measurements that depict accurate time relationships between events across multiple channels, statistical analyzes,
and also an easily accessible presentation of the results.
To the classical EEG, methodology is added new possibilities for quantitative EEG analysis, allowing the reproduction of topography with a mapping of electrical brain
activity, enhancing the informative and scientific value
of the study. The EEG finding is used to assist in the diagnostic process of different neurological diseases.
Alzheimer’s disease is a degenerative disease of the
central nervous system, clinically characterized by progressive dementia and is the most common cause of dementia in the general population.
Alzheimer’s disease begins with biological changes
in the brain, with no accompanying cognitive impairment
- an asymptomatic phase, later going into a phase with
memory abnormalities with specific abnormal biomarkers
and subsequently to a phase with developed symptoms
of varying degrees. The average life expectancy of patients with Alzheimer’s disease is about 10-12 years after
diagnosis and goes through three major stages - mild,
moderate and severe. The first is the stage of amnesia, typically 1 to 3 years in duration, with impaired episodic
memory for near-term events and mild disorders in other
cognitive functions and presence of depression and anxiety. The second stage is a moderate or demented stage with
a normal duration of 1 to 7 years, characterized by significant cognitive decline, with the patient becoming
more dependent on others to the extent that he or she is
unable to live independently and has behavioral disor-

https://www.journal-imab-bg.org

3529

ders such as agitation, confusion and delusions occur. The
third stage, called vegetative, usually lasts from 1 to 3
years and is characterized by complete dependence of the
patient on foreign help and care.
REVIEW RESULTS:
Determining the diagnosis in patients with moderate intellectual deficiency or in the early stages of dementia may be aided by noninvasive functional tests that may
confirm the clinical suspicion. Neuroimaging methods are
at the center of such a study, but unfortunately, their high
cost limits their daily clinical use [1].
In the study of patients with dementia via standard
EEG, the presence of focal or generalized slow background
activity may be associated with certain changes or, with
the exception of the decrease in beta band activity, such
changes may also be associated with normal aging processes. Quantitative EEG methods show similar results to
those detected by routine EEG, but sometimes frequency
EEG analysis allows a more accurate measurement of the
activity slowdown available than just the routine EEG.
EEG sensitivity, with or without quantitative analysis, is
high for moderate and severe dementia, and the degree of
qEEG or routine EEG abnormalities is consistent with the
degree of dementia and disease progression [2, 3, 4, 5].
The use of qEEG in mild cognitive impairment in
the early stages of the disease is particularly appropriate,
and brain dysfunction detected in these temporo-parietal
areas in patients with clinical data for dementia shows an
analogy with the results of neuroimaging studies and may
serve as a predictor of prognosis [6].
Relatively high specificity and sensitivity has been
found in the use of qEEG tests to differentiate patients
with dementia and age-related changes or depression. It
should be noted immediately that sometimes EEG frequency analysis may not assist in the differential diagnosis of different types of dementia as opposed to routine EEG, whereby some specific wave patterns occurring
at a higher frequency in certain encephalopathies and dementia conditions, can determine the clinical diagnosis.
The clinical role of electrophysiological studies is limited in patients in whom the possibility of dementia remains an uncertain problem after taking of anamnestic
data, somatic and neurological status, neuroimaging tests
and blood tests appropriate for the diagnosis of the disease [7].
EEG recording activities such as polymorphic slow
waves in theta or delta range, frontal intermittent rhythmic delta activity (FIRDA), and other EEG changes in
Alzheimer’s patients are not specific, and any quantification of this activity was not possible several years ago.
New techniques have been found to overcome these problems, and nowadays the hallmarks of EEG abnormalities
in patients with Alzheimer’s disease are the following:
shifting the energy spectrum to lower frequencies, reducing the coherence of fast rhythms and changes in the characteristics of EEG, which can be found at an early stage
in a wide frequency range [8]. These abnormalities are
considered to be associated with functional
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disconnections between cortical areas leading to the death
of cortical neurons, axonal pathology and cholinergic
deficits [9, 10, 11].
The EEG has a high sensitivity in separating Alzheimer’s patients from normal control groups and may exclude other pathologies. This is the reason why some clinicians suggest that all patients with Alzheimer’s disease
should undergo EEG at least once, as well as MRI [12,
13]. On the other hand, the incidence of correctly identified cases of the electrophysiological disease varies widely
between 29% and 42% in the initial stages and between
60% and 80% in the later stages [14]. But a new feature,
EEG spectrotemporal modulation of energy, can provide
an automatic diagnosis of Alzheimer’s disease with over
91% accuracy [15]. In the later stages of the disease, unusual discoveries such as slow waves are very common. The
normal EEG in these patients raises questions about the
diagnosis of Alzheimer’s disease, making a diagnosis of
subcortical dementia or degeneration of the frontal lobå
more possible. In addition, EEG may detect epileptic activity, a serious prognostic factor for the future development of the disease. At a younger age, greater cognitive
decline and history of antipsychotic medication use are
considered independent risk factors for seizures in patients
with Alzheimer’s disease [16].
Standard EEG visual analyzes in patients with
Alzheimer’s disease are characterized by an increase in
widespread delta and theta activity, as well as a decrease
in posterior alpha and beta activity. As mentioned earlier,
these features appear only in the later stages of the disease [17].
Electronic EEG spectral analysis (qEEG) in patients
with Alzheimer’s disease provides more quantitative data
than visual analysis. QEEG also showed an increase in
delta and theta power and a parallel decrease in alpha and
beta activity compared to adult controls. To be more precise, the amount of relative theta band increases and that
of the fast alpha band decreases. There is also an impaired
functional link between frontoparietal and frontotemporal regions in the alpha and beta bands [18]. The global
connectivity of neural circuits and the dimension of global correlation, which are both measures of functional
connectivity, differ within certain bands, which indicate
reduced functional connectivity in the alpha and theta
bands [10].
According to recent research data, EEG markers allow the correct determination of Alzheimer’s disease in
up to 88.3% [19]. According to recent data, abnormal
electroencephalographic rhythms are also sensitive to the
progression of the early stage of the disease within one
year. In this case, EEG sources may represent cost-effective and noninvasive markers with which to identify patients with the disease that are expected to worsen more
rapidly [20]. Researchers are trying to relate EEG changes
not only to the general deterioration of the patient but
also to the specific aspects that result from this decline.
An interesting example of the above is the attempt at using qEEG characteristics as prognostic markers in Alzheimer’s disease. In a study of 31 patients with the disease,
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disorders of daily activities and death were associated
with changes in right delta relative activity, whereas the
onset of incontinence was associated with relative theta
activity [21]. Finding this population can help us make
an early diagnosis and intervention.
There is a correlation between the degree of EEG
anomaly and cognitive impairment [17]. Recent scientific
evidence shows correlations between EEG delta and alpha activity in the left temporo-parietal cortex and MMSE
scores. These results support the hypothesis of asymmetric progression of Alzheimer’s disease [22]. Some authors
acknowledge that MMSE results are strongly related to
the magnitude of spectral power in theta and alpha bands
in the back of the neural network of the brain [18].
Some researchers in one article comparing magnetic resonance imaging data, cognitive tests and EEG recording found that the better the result of cognitive tests,
the greater the volume of gray matter and alpha activity
and the lower the pathological delta activity [23].
eLORETA correlation analysis showed that delayed synchronization in the theta band had a negative correlation
with MMSE scores, meaning that the greater cognitive
decline represented by the low MMSE score came with
higher activity in the theta band. This involves impaired
functional connectivity of specific cortical areas, such as
left temporal and right prefrontal and left anterior temporal and right central cortex. Significant correlations of
theta activity with MMSE scores have also been observed
between the left temporal area and the midbrain and the
right temporal and inferior parietal cortex [24].
In addition, the combination of EEG data, neuropsychological assessment and cardiovascular history
increase the accuracy of diagnosing dementia and mild
cognitive deficits from 80% to 92%. The same method is
able to identify the following subgroups with relative accuracy: Alzheimer’s disease (92%, 12/13), vascular dementia (73%, 8/11), mixed dementia (100%, 4/4) and mild
cognitive deficits (80%, 4/5) [25]. Independent use of
EEG contributes even more than clinical symptoms and
neuropsychology to differential diagnosis with some other
dementias. Changes in the frequency of activity may reflect cortical or subcortical pathology [26]. In addition,
in patients with mild cognitive deficits and Alzheimer’s
disease, the delta and alpha rhythms in the posterior EEG
outflows appear to be more sensitive to Alzheimer’s disease and associated neurodegenerative processes and cognitive status than to accompanying lesions to subcortical
areas [27]. A review of the usefulness of EEG in the diagnosis of dementia also suggests that EEG may be useful
in addition to the diagnosis of Dementia with Levi’s body
and Alzheimer’s disease [28]. Total EEG activity and frontal intermittent rhythmic delta activity (FIRDA) may be
useful in the differential diagnosis between Dementia with
Levi’s body and Alzheimer’s disease with good sensitiv-
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ity and specificity [29]. EEG is usually normal in frontotemporal dementia, and focal changes can be seen in advanced vascular dementias [28], especially if vascular lesions are enlarged [30]. Selected qEEG parameters could
be used in addition to the differential diagnosis between
Alzheimer’s disease and subcortical vascular dementia
[31].
Increased EEG slow-wave activity in patients with
Alzheimer’s disease may reflect cholinergic deficiency.
Some authors only one week after initiation of
rivastigmine, noticed that theta activity was significantly
reduced. According to this study, treatment responders had
a greater reduction in theta activity after one week of
therapy and better short-term memory compared to baseline than non-responders. These data suggest that EEG can
not only detect the therapeutic effect of drugs but also
be used in combination with a neuropsychological assessment to predict the response of rivastigmine in patients
with Alzheimer’s disease [32]. Other authors have studied
patients with Alzheimer’s disease before treatment with
donepezil and found that posterior sources of delta and
alpha frequencies were greater in amplitude in non-responders. A year later, after initiation of treatment, a reduction in the activity reduction of both occipital and
temporal alpha sources characterizes treatment responders. These results suggest that responders and non-responders have different cortical EEG rhythms [33]. It was found
that after a three-month period of administration of
rivastigmine, spectral analysis of EEG data showed a significant decrease in delta and theta bandwidths in the frontal, parietal, and temporal regions [34]. A previous study
on the effect of donepezil finished with the observation
that the metabolic activation of cholinesterase inhibitors
may particularly affect the posterior parietal area, which
is often affected by hypoperfusion in Alzheimer’s disease
[35]. QEEG may be a useful method for measuring response to Alzheimer’s therapies. It may also monitor the
treatment of Alzheimer’s disease by reflecting the doserelated treatment [36].
CONCLUSION:
The EEG method has been demonstrated as a reliable diagnostic tool in dementia studies [9, 37, 38]. Alzheimer’s disease is cortical dementia, in which anomalies of
EEG rhythms are more frequently manifested, while in
subcortical dementia, relatively normal EEG patterns are
shown. EEG analysis in Alzheimer’s disease also allows
for noninvasive assessment of synaptic dysfunction. EEG
abnormalities reflect the anatomical and functional defects of the cerebral cortex that develop during the course
of the disease. The use of EEG with modern statistical
methods seems to be a reliable method for classifying
clinical cases of cognitive impairment as well as the effectiveness of treatment and prognosis [39, 40].
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