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41.1 EEG Changes in the Elderly
Cerebral aging is associated with characteristic changes of
main EEG patterns recorded during wakefulness and sleep
[1]. In wakefulness the amplitude of background alpha
rhythm is lower in adults and elderly people compared to the
adolescent, particularly in the occipital region, and some-
times an instability of alpha can be seen due to a scarce ten-
dency to synchronization. However, these changes are
sometimes the mere expression of anxiety and are therefore
less evident during and after hyperventilation. When the
alpha rhythm is well synchronized, such as during quite
wakefulness with closed eyes, the EEG recorded in the
elderly may show a tendency toward an anterior diffusion of
the background activity; the typical posterior dominance is
therefore less evident (Fig. 41.1). Over the years, a progres-
sive slowing of alpha rhythm of approximately 0.08 Hz/year
occurs after the age of 60. In our experience, patients in their
80s have a mean alpha rhythm of 8.5-9 Hz. Individuals who
are over 100 years old have a physiological reduction of
alpha frequency to 7.5-8 Hz [2]. Figures 41.2 and 41.3 show
examples of changes in background activities at different
ages, assessed both visually and quantitatively. After the age
of 50, subharmonics of background activity at 4-5 Hz (slow
alpha variant) and an asynchronous and asymmetrical back-
ground rhythm can be seen. The mu rhythm is less visible in
elderly compared to younger subjects, and the photic drive
during intermittent photic stimulation is less evident.

With increasing age, the beta activity is less represented
and has lower amplitude, particularly over precentral regions,
especially for 25-30 Hz frequencies. Compared to males
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with the same age, females have greater amount of beta
activity [3, 4].

After the age of 60, slow focal activities (theta and/or
delta) are more represented and prevalent over left anterior
temporal region. Very small amount of theta and delta
sequences are nevertheless considered normal for the age.
Hyperventilation can lead to a slow widespread theta-delta
activity and an increase in a focal temporal slowing already
present in baseline EEG recording.

During the first phases of NREM sleep, a reduction in
amplitude and frequency of sleep spindles and K complexes
can be seen, with a reduced voltage of vertex waves and posi-
tive occipital sharp transients of sleep (POSTS). A shorter
duration of phases 3 and 4 of NREM sleep with a lower den-
sity of delta waves can occur, together with a reduction in
REM (rapid eye movements) latency, duration, and density.
Overall, there is a reduction in the total number of hours
spent to sleep, which is more superficial and characterized
by frequent interruptions due to nocturnal awakenings.

In conclusion, different criteria should be used when
assessing the EEG of elderly subjects: if the same criteria
valid for young and adult individuals were adopted, more
than 50% of EEG recordings in subjects older than 60 years
would be classified abnormal. The most relevant changes
include the alpha rhythm (of lower amplitude and lower fre-
quency and with tendency to anteriorization), theta-delta
activities (more evident, particularly over left and temporal
regions), and beta activity (less evident and of lower voltage,
particularly among men) [1].

41.2 Use and Advantages of the EEG
Recording in the Elderly

EEG recordings are usually required in the elderly for synco-
pal episodes, confusional states, epileptic seizures with
motor phenomena, and episodes of transient loss of con-
sciousness [5]. Based on the available literature (mostly
unselected and homogeneous case series), approximately
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Fig. 41.1 EEG recorded in a
75-year-old subject. The
background 9-10 Hz alpha
rhythm shows anteriorization

GO 7 BT o

e e o Al Bvews Sraet Bues Bt Guds

B e T e e T

Fp2 F8
F&8 T4
T4 T6
16 O2
Fp2 F4
F4 C4
C4 P4
P4 02
Fz Cz
Cz Pz
Fp1 F7
Fi' "T3
T3 T5
75 O1
Fp1 F3
F3 C3
C3 P3
P3 O1

MKR+ MKR- : ; ; i F ; i i i i || i i :

[TRE 7 @] wom = wmr - e v iowie [|| teom =~ ®mm - s v o] []] twow = wm ~ s v ownd]
[0 te vodfca v sodlzza Beforerca Suumerts Mo Eresrs Gads boslzzs Refarsres runern) o Ehestra Guds poslozs Baferores Funens Muo Ehetra Guds

Fp2 F8 A VANV A a | ienan VAN AN ¢

F8 T4 WWMAAMNM AN MANYANTIZT] M SNV =TT | SAAN MM A A A

T4 76 WMWY Aacmammet s AAAANA AR | s s sV i i
T6 O2 MWW\NWV\AWWMwM\ANVWWMWMWWMNWV NN~ AAAMAA AN
Fp2 F4 WW‘WWM“M MR A A AN A
F4 C4 MpnrrrmnanmanfissmmanAiiass MWAAWVINN AR AU VIMAA | = AAANAAAN A A AN e
C4 P4 N\NWMMWMWMMMWMMMWU VAN A A A AR~ A
P4 O2 WWWWMWWMWW A AAAA AN A AN
Fz Cz W\ AV AN MWW | R
Cz Pz W 9,5Hz A A 8,5 Hz MAM [ v 8 Hz ]
Fpl F7 e — s | v o]
F7 T3 PN 1% PN\ | s | ]
T3 T5 W AV WL M | A et
5 Of Mfummwm

Fp1 F3 A AV PN AL AR | At

F3 C3 WMWWWAMWWMVW —AANVAANAAAAS AN ]
C3 P3 MMW\MWWWW‘“WVV‘MWW AN AN A AT A
P3 Of AN e A A A ] | s A A i ied
meremer- [ TT L FT L P LT T L L L ]

Fig.41.2 EEG recorded in subjects of 75 (a), 83 (b), and 91 years (c). The peak of alpha power corresponds to 9.5, 8.5, and 8 Hz, respectively
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50% of the EEGs are abnormal, particularly for the presence
of focal and/or widespread slowing, which are encountered
more frequently in patients older than 80 years. Epileptiform
abnormalities are rarely seen.

In the elderly subjects, it is important that the recordings
include an ECG monitoring and last long enough to detect
fluctuations in vigilance. Whenever possible a video-EEG
recording should also be obtained for differential diagnosis
[6], since approximately 50% of the paroxysmal episodes
requiring EEG are nonepileptic events. In the elderly, the
EEG should be recorded not for detecting focal and/or wide-
spread slowing but to correlate the cognitive deficit or the
consciousness impairment with nonconvulsive status epilep-
ticus/seizures and toxic-dismetabolic or infective encepha-
lopathies. In these conditions, the EEG can be more sensitive
than neuroimaging, particularly in the initial stages [7]. For
instance, in elderly individuals taking several drugs, the EEG
can reveal signs compatible with drug toxicity, such as a
slowing of the background activity incongruous with the age
of the subjects.

41.3 Dementia Syndromes

Dementia is a brain disorder characterized by a progressive
deficit of cognitive functions with subsequent impairment of
social and working activities. Primary degenerative demen-
tias (Alzheimer’s disease, frontotemporal dementia, demen-
tia with Lewy bodies) represent approximately 60-70% of

cases, the vascular dementias the 20-30%, and other etiolo-
gies (e.g., dementia associated with Parkinson’s disease,
Huntington chorea, progressive supranuclear palsy) the
remaining 10-20%.

The electroencephalogram (EEG) is noninvasive, inex-
pensive, highly available, and sensitive to changes in the
functional state of the human brain. These features explain
why EES has been used for many years in dementia research,
with the aim of differentiating subjects with various types
and severity of cognitive impairment from healthy individu-
als. Visual EEG analysis is routinely used in clinical practice.
A more accurate differential diagnosis between the various
subtypes of dementia relies on quantitative EEG (qEEG),
which requires extensive technical knowledge in the field of
digital signal processing.

The EEG may prove useful in the diagnosis of dementia,
because there is usually a good correlation between the
degree of cognitive impairment and the EEG changes [1]. In
dementia syndromes EEG changes include a progressive
slowing of posterior dominant alpha rhythm, a progressive
increase in theta-delta activity, and a reduction in beta activ-
ity. A highest amount of slowing is related with a more rapid
course of disease.

The EEG may also indicate whether the dementia is asso-
ciated with a focal or a diffuse process or if the cognitive
impairment is due to a continuous epileptic activity (i.e.,
nonconvulsive status epilepticus [7]). Finally, a normal or
near-normal EEG in a patient with cognitive deficits suggests
the presence of depressive pseudodementia or frontotempo-
ral dementia [1].
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41.3.1 Alzheimer’s Disease

Usually, in the initial stages of the disease, the EEG shows a
nonspecific slowing of alpha rhythm, later evolving into a
widespread theta-delta activity and a decrease in beta activity
(Fig. 41.4a). In patients with mild cognitive impairment, the
EEG can be normal. In some patients the dominant posterior
rhythm can still be within the alpha frequency; however, if pre-
vious EEGs are available, a slowing of the frequency can be
observed. With disease progression bursts of bilateral slow
potentials appear, prevalently over anterior regions (Fig. 41.4b).
Epileptiform abnormalities are rare and may have a triphasic
morphology. Sometimes these graphoelements are periodic
and more evident over middle posterior head regions.

In Alzheimer’s disease the slowing of the EEG tracing is
directly correlated with the degree of cognitive impairment.
In mild cognitive impairment, the EEG is normal or may
show only a modest increase of theta activity associated with
reduced beta activity. Patients with Alzheimer’s disease typi-
cally show a reduced reactivity of alpha rhythm to eye open-
ing (partial alpha blockade) (Fig. 41.5) and during memory
testing, perhaps related to a reduced dopaminergic tone.

The polysomnography shows a progressive reduction

REM. Compared to nondemented subjects with the same
age, patients with Alzheimer’s disease have a higher sleep
fragmentation and a reduction of sleep spindles and K
complexes.

Studies with quantitative EEG have provided promising
results to identify EEG biomarkers of the progressive cogni-
tive impairment, such as increased power of theta-delta fre-
quency bands, a corresponding reduced power of fast
alpha-beta frequencies [8], and the reduced reactivity of
alpha rhythm to eye opening and during memory testing [9,
10]. EEG coherence is reduced in Alzheimer’s disease, sug-
gesting a reduced interaction between different cerebral
areas [11].

EEG network analysis methods are emerging as potential
biomarkers for the diagnosis of AD and promising tools for
studying disease progression and for early recognition of
mild cognitive impairment, particularly if combined with
spectral methods [12]; their place in clinical practice still
needs to be further assessed.

Results of studies assessing the role of EEG in the diagno-
sis of dementia should however be interpreted with caution,
paying attention to the presence of age-matched controls,
which is necessary to avoid overestimation of EEG slowing,

in total sleep time, affecting both NREM and and to the sample size [13].
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Fig. 41.4 EEG recordings obtained in the same patient with
Alzheimer’s disease. (a) In the initial stage, the EEG recording shows a
modest slowing of background activity. (b) In a later stage, the tracing

is diffusely slowed, particularly over middle anterior regions. The eye
opening leads to a background activity which is better synchronized
and more rapid (paradoxical alpha)
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41.3.2 Dementia with Lewy Bodies

Dementia with Lewy bodies is the second most common
neurodegenerative cause of dementia after Alzheimer’s dis-
ease. In this dementia syndrome, EEG changes in the initial
phases include slowing of background activity and bursts of
theta-delta activity, prevalent over frontal regions. Overall,
EEG changes in dementia with Lewy bodies are usually
more severe than those detected in Alzheimer’s disease, par-
ticularly for the prominent and precocious theta slowing over
temporal regions [14]. Bilateral frontal intermittent rhythmic
delta activity (FIRDA) seems to occur more frequently than
in patients clinically diagnosed with Alzheimer’s disease and
has therefore been proposed as a supportive diagnostic fea-
ture for this condition [15].

41.3.3 Frontotemporal Dementia

The visual inspection of EEG recordings in patients with
frontotemporal dementia does not usually show relevant
differences with those of healthy subjects [16]. However,
a quantitative analysis may inconstantly reveal theta
activity over frontoparietal regions or a reduction of beta
activity [17].

41.4 Multi-infarct Dementia

In this type of dementia, the EEG shows focal or multifocal
slowing, even in the presence of a preserved background
rhythm (Fig. 41.6). The presence of an alpha rhythm, even in
later stages of the disease, suggests a multi-infarct dementia,
whereas in primary dementia a global slowing of background
activity is usually seen in early stages. The EEG changes
(slowing of background activity) correlate with cortical atro-
phy and leukoencephalopathy seen on neuroimaging [18]. In
multi-infarct dementia, epileptiform abnormalities may also
occur and are more common than in Alzheimer’s disease;
they are usually sharp waves, sometimes with a quasiperi-
odic pattern of recurrence, and are frequently associated with
large and superficial infarcts.

41.4.1 Subcortical Dementia

In Parkinson’s disease without dementia, the EEG shows
no relevant changes, apart from those related to aging and
concomitant diseases. Theta rhythmic artifactual activities
due to tremor are frequently seen, particularly over poste-
rior regions (Fig. 41.7). Parkinson’s dementia (i.e., demen-
tia associated with Parkinson’s disease) is a clinical
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Fig.41.7 Artifactual activity due to tremor in a patient with Parkinson’s
disease. The EEG artifacts are characterized by 6 Hz monomorphic
theta middle posterior sequences, which might be misinterpreted as
cerebral abnormalities

EEG shows polyspike and polyspike-wave complexes.

In dementia associated with progressive supranuclear
palsy, the EEG shows a progressive slowing of the alpha
rhythm and the progressive appearance of slowing, also
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manifesting as frontal intermittent rhythmic delta activity or
bitemporal (temporal intermittent rhythmic delta activity). In
initial stages of disease, the EEG is mostly normal.
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