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Introduction
Quantitative electroencephalography (QEEG) is the mathematical processing of

digitally recorded EEG in order to highlight specific waveform components, transform the

EEG into a format or domain that elucidates relevant information, or associate numerical

results with the EEG data for subsequent review or comparison.Several QEEG techniques

are commonly called EEG brain mapping.(Nuwer, 1997)

Digital electroencephalography (DEEG) techniques have grown rapidly in popularity

for recording, reviewing, and storing electroencephalography (EEG).Digital EEG

recordings are flexible in the way they display the EEG tracings, unlike analog paper EEG.

Montage, filter, and gain settings can be changed retrospectively during record review.

Quantitative EEG analysis techniques can provide additional measurements or displays of

EEG in ways not available with analog paper EEG recordings. Although much scientific

literature has been produced after decades of research in this field, there remains

controversy about the clinical role of quantitative EEG analysis techniques. This

assessment is meant to help the clinician by providing an expert review of the current

clinical usefulness of these techniques.(Nuwer, 1997)

Quantitative EEG commenced 70 years ago when Dietsch (1932) applied Fourier

analysis to seven records of EEG. Fourier analysis remains one of the most popular

analysis techniques in this field, though hardly alone. Fourier analysis is a very accurate

spectral analysis technique so it is often used offline, for assessment, when time is not an

issue.(Kaiser, 2005)

Certain quantitative EEG techniques are considered established as an addition to

digital EEG in: 1)Epilepsy:For screening for possible epileptic spikes or seizures in long-

term EEG monitoring or ambulatory recording to facilitate subsequent expert visual EEG

interpretation.2)Intensive Care Unit (ICU) and operating room monitoring: For continuous
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EEG monitoring by frequency trending to detect early acute intracranial complications in

the ICU or operating room, and for screening for possible epileptic seizures in high-risk

ICU patients. Certain quantitative EEG techniques are considered possibly useful practice

options as an addition to digital EEG in: 1) Epilepsy: For topographic voltage and dipole

analysis in presurgical evaluations. 2) Cerebrovascular Disease: quantitative EEG in

expert hands may possibly be useful in evaluating certain patients with symptoms of

cerebrovascular disease whose neuroimaging and routine EEG studies are not conclusive.

3) Dementia: routine EEG has long been an established test used in evaluations of

dementia and encephalopathy when the diagnosis remains unresolved after initial clinical

evaluation.Quantitative EEG remains investigational for clinical use in postconcussion

syndrome, mild or moderate head injury, learning disability, attention disorders,

schizophrenia, depression, alcoholism, and drug abuse.(Nuwer, 1997)

Clinical quantitative EEG is a complex speciality that may include not only standard

EEG but also digital EEG, topographic mapping, spectral analysis, spectral coherence,

significance probability mapping, and discriminant function analysis. There are three basic

clinical uses: non-specific detection of organicity; as encephalopathy, specific

categorization of disease or clinical condition, and epileptic source localization.(Duffy;et

al., 1994)

Long-term EEG monitoring increases the scope of EEG techniques and improves

the diagnostic value of standard EEG recordings providing up to 90% positive diagnostic

information. Allowing quantification of epileptic activity recorded in real-life situation,

useful information not available by means of standard EEG recordings can be

obtained.(Logar;et al., 1994)

The results of Clemens;et al., raised the possibility that some quantitative EEG

changes indicating EEG normalization might be markers of seizure control as predicted for
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the antiepileptic drugs. Parallelism between neuronal synchronization, presence of

generalized spike-wave paroxysms, and cortical excitability is the theoretical basis for this

possibility. The relationship between them was supported by human  studies.(Clemens;et

al., 2007)

Both color density spectral array (CDSA) and amplitude-integrated EEG (aEEG)

demonstrate acceptable sensitivity and false-positive rates for seizure identification among

critically ill children. Accuracy of these tools would likely improve during clinical use,

when findings can be correlated in real-time with the underlying raw EEG. In the hands of

neurophysiologists, color density spectral array and amplitude-integrated EEG displays

represent useful screening tools for seizures during continuous EEG monitoring in

ICU.(Stewart;et al., 2010)

Improving quantitative EEG software is helping to make it feasible for continous

EEG (cEEG) to provide continuous information about changes in brain function in real

time at the bedside and to alert clinicians to any acute brain event, including seizures,

ischemia, increasing intracranial pressure, hemorrhage, and even systemic abnormalities

affecting the brain, such as hypoxia, hypotension and  acidosis.(Friedman;et al., 2009)

Quantitative EEG is capable of reflecting changes in blood flow and metabolism in

as little as 28-104 seconds.Clinically, QEEG correlates with stroke severity, radiographic

findings, and response to treatment. Several parameters correlate with initial stroke

severity as measured by the National Institutes of Health Stroke Scale (NIHSS) in both the

acute and subacute periods.Sensitive techniques are needed to detect cerebral ischemia, for

example, in vasospasm-associated delayed cerebral ischemia after subarachnoid

haemorrhage (SAH). Early evidence suggests that QEEG may be sensitive enough to

allow pre-clinical detection of delayed cerebral ischemia from vasospasm.(Foreman and

Claassen, 2012)
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Visual EEGs and QEEGs could be used in addition to the differential diagnosis

between Alzheimer's disease and subcortical vascular dementia, but only selected

parameters of QEEG could be useful in differentiating between Alzheimer's disease and

subcortical vascular dementia subgroups with the same degree of dementia.(Gawel;et al.,

2009)

The Parkinson disease patients present diffuse slowing in the QEEG as compared

with age-adjusted normal controls.QEEG analysis is not only useful as a tool for studying

pathophysiological findings but also as a predictive biomarker for dementia in parkinson

disease.(Kamei, 2012)

Quantitative EEG-guided neurofeedback appears to be dramatically effective in

abolishing or significantly reducing headache frequency in patients with recurrent

migraine.(walker, 2011)

Quantitative EEG results suggest that the duration of physiological recovery after

concussion may extend longer than observed clinical recovery.(McCrea;et al., 2010)

Interventions for improvement of cognitive problems in  patients with traumatic

brain injury include electroencephalography biofeedback, also known as neurofeedback.

Deviations in QEEG patterns from the normative group are the basis for an intervention

plan. While QEEG patterns, obtained under an eyes closed, resting condition, provide

information about deviations at rest, QEEG patterns obtained while the patient engages in

cognitive tasks reflect specific deficiencies in brain functioning.(Thornton and

Carmody, 2009)

Basal instability in cortical arousal, as reflected in measures of  QEEG, is common

in most of the anxiety disorders. A statistically significant difference of spectra power in
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alpha band between left and right hemisphere was obtained.(Demerdzieva and Pop-

Jordanova, 2011)

In comparison with healthy subjects, patients with schizophrenia show increased

delta, theta, and beta activity and decreased alpha activity. The Similar occurs in patients

with depression, but in fewer regions. Interhemispheric asymmetry is found in patients

with schizophrenia and healthy subjects, but not in patients with depression.(Begić;et al.,

2011 )
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AIM AND STUDY OF  THE WORK :

To review the current status of quantitative EEG and its value in certain

neuropsychaitric disorders.
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Chapter 1

Physiology of EEG & Quantitative EEG

Electroencephalography (EEG) is the measurement of the brain generated electrical

potential between locations on the scalp and/or with respect to a reference.Quantitative

electroencephalography (QEEG) is the use of computers to precisely quantify the

electrical potentials from about 1 Hz to 300 Hz representing sub-second measures of

summated local field potentials generated in groups of cortical pyramidal

neurons.(Thatcher, 2011)

History and Development

During more than 100 years of its history, encephalography has undergone massive

progress. The existence of electrical currents in the brain was discovered in 1875 by an

English physician Richard Caton. Caton observed the EEG from the exposed brains of

rabbits and monkeys.(Teplan, 2002)

Advances in computer technology and the creation of programs have made it

possible to register EEG digitally using analogical-digital transformation. Since it uses

numbers, the digital EEG allows for quantitative analyses such as the composition of the

electrical brain activity frequencies (frequency analysis). Segments of the recording free of

artifacts are chosen, and the Fast Fourier Transform applied, this being a mathematical

process that identifies the various frequency bands (delta, theta, alpha and beta) on the

QEEG, from the temporal series of the original digital EEG data.(Fonseca;et al., 2008)

The first quantitative EEG (QEEG) study was by Hans Berger (1932-1934) when he

used the Fourier transform to spectrally analyze the EEG, as he recognized the importance

of quantification and objectivity in the evaluation of the EEG. The relevance of QEEG to

the diagnosis and prognosis of brain dysfunction stems directly from the quantitative
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EEG’s ability to reliably and objectively evaluate the distribution of brain electrical

energies, and to compare different EEG measures to a normative database.(Thatcher and

Lubar, 2009)

Basic concepts of EEG

A. Genesis

Cortical networks consist of pools of minicolumns that synchronize or desynchronize

to higher order information such as faces or words. We can detect cortical networks

electroencephalographically by analyzing synchrony between near and distant brain sites.

Electroencephalography pattern within and between cerebral hemispheres indicate that

cortical networks increase in number, complexity, and functionality as the human brain

matures. Scalp potentials reflect the number of inhibited neurons compared to uninhibited

neurons at one location compared to another.(Kaiser, 2008)

The human electroencephalogram may be the most complex set of signals in nature

and is certainly the most complicated phenomenon routinely subjected to scientific

experimentation. That electrical potentials are detectable at the scalp at all is the result of

some fortuitous neural architecture.Human neocortex consists of tightly packed arrays of

columns, six neurons deep, aligned perpendicular to the pia matter directly below the

skull.(Kaiser, 2005)

There are two prominent classes of cells in the central nervous system, neurons and

their support cells, called glia. The neuron's basic parts are the cell body (soma), axon, and

dendrites (figure 1). A neuronal membrane covers the cell body protecting it from

extracellular fluid. The dendrites serve as receptor sites and receive signals from other

cells.(Duffy; et al., 1983)
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Figure 1: Diagram of a neuron showing the major structural features. (Cantor, 1999)

The end of the axon divides into many branches to form synaptic terminals. Most

neurons are multipolar so that multiple dendrites enable the cell to make contact with

many other cells and thereby receive multiple inputs. Neurons communicate with each

other by sending electrochemical signals from the synaptic terminal of one cell to the

dendritic process of other cells. The chemicals emitted from the synaptic junctions can

either excite (depolarize) or inhibit (hyperpolarize) the neural membrane.Excitation of the

neural membrane changes its permeability to ions in the extracellular fluid. (Duffy; et al.,

1983)

Typically, a cell at rest is highly permeable to potassium ions and relatively

impermeable to sodium ions. The concentration of potassium ions inside the cell is 35

times greater than its concentration outside the cell. This concentration gradient tends to

drive the potassium ions out of the cell. The resulting outward diffusion of potassium ions,

which are positively charged, leads to an excess of negatively charged ions inside the cell.

The resulting imbalance of charge across the cell membrane prevents further escape of
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more potassium ions. Sodium ions line up on the outside of the cell membrane, but the

membrane is not sufficiently permeable to neutralize the negative internal charge resulting

from the potassium flux. As the membrane continues to separate charges on each of its

sides, it becomes polarized.(Deshpande and DeLorenzo, 2008)

Excitatory neurotransmitters, such as acetylcholine, bind to a dendritic receptor

site in the postsynaptic membrane, resulting in an increase in the cell membrane's

permeability to sodium ions. The resulting influx of positive charge establishes an

excitatory postsynaptic potential. Excitatory postsynaptic potentials are small, usually 5

mV, and are not sufficient to trigger an action potential, that is, the change in membrane

potential needed to send a signal along an axon to the synaptic terminal causing the release

of neurotransmitters into the postsynaptic gap. As most neurons are multipolar, thus have

many dendrites whose inputs create a summation of excitatory postsynaptic potentials

sufficient to trigger an action potential (about 20-30 mV). (Deshpande and DeLorenzo,

2008)

Inhibitory neurotransmitters such as gamma amino butyric acid (GABA), work by

increasing membrane permeability to negatively charged chloride ions, leading to

intracellular negativity. In this way the cell becomes inhibited from firing; that is, an

inhibitory postsynaptic potential is created. Inhibitory postsynaptic potential, like

excitatory postsynaptic potentials, utilize summation processes. Action potentials are very

rapid (about 1 ms); the EEG recorded at the scalp is made up of summations of billions of

individual action potentials (from the summation of inhibitory and excitatory postsynaptic

field Potentials from large groups of cortical neurons).(Deshpande and DeLorenzo,

2008)

B. Recording

The brain is a gelatinous mass suspended in cerebrospinal fluid. This fluid, along

with brain tissue, serves as a volume conductor and therefore renders the signals recorded
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at the scalp very complex. Furthermore, each EEG electrode site records rhythmic activity

from multiple generators of EEG activity. To understand this complex system more fully,

a standard for the placement of electrodes was established.(Cantor, 1999)

Brain function is represented on EEG by oscillations of certain frequencies. Slower

frequencies (typically delta [1–3 Hz] or theta [4–7 Hz]) are generated by the thalamus and

by cells in layers II-VI of the cortex. Faster frequencies (or alpha, typically 8–12 Hz)

derive from cells in layers IV and V of the cortex. All frequencies are modulated by the

reticular activating system, which corresponds to the observation of reactivity on the EEG.

Pyramidal neurons found in layers III, V, and VI are exquisitely sensitive to conditions of

low oxygen, such as ischemia, thus leading to many of the abnormal changes in the

patterns seen on EEG.(Foreman and Claassen, 2012)

The term "10-20" refers to the placement of electrodes placed 10% or 20% of the

total distance between specified skull locations. Use of a percentage-based system allows

for differences in skull size. The letters F, C, T, P, and O refer to the frontal, central,

temporal, parietal, and occipital cortical regions, respectively. Odd numbers refer to left

hemisphere sites and even numbers refer to right hemisphere sites. Thus, "T3" refers to the

left temporal region.(Gudmundsson ;et al., 2007)

A newer modified combinatorial electrode system uses electrode placement with

more closely spaced electrodes in a 10–10 system. The designations; Fp (frontopolar), F

(frontal), T (temporal), O (occipital), C (central), and P (parietal) are utilized in the 10–20

system. Subsequently, numbers combined following the letters for location reflect either

the left (odd numbers) or right (even numbers) hemisphere of electrode placement. The

“z” designation reflects midline placement (i.e., Cz = central midline) (figure 2). In the

10–10 system, lower numbers in their positions reflect locations closer to the midline, and

T3/T4 become T7/T8, while T5/T6 become P7/P8(figure 3). Subdermal electrodes are
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used when other recording techniques are not feasible such as in the operating room and

intensive care unit.(Tatum, 2008)

.

Figure 2: Electrode placements in the 10-20 electrode system. (Fp = frontal pole; C = central; P =

parietal; O = occipital). Top: lateral view showing measurements in the midsagittal plane. C is placed at

50% of the nasion-inion distance; F, P, Fp, and O are placed at 20% intervals. Bottom: frontal view

showing measurements in the central coronal plane, with electrodes at 20% intervals of distance between

the left and right preauricular points.(Cantor, 1999)
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Figure 3:Electrode placements systems use either a 10-20 system (black circles) or modified

combinatorial system with 10-10 electrode placement (black circles + white circles).(Tatum, 2008)

Two basic types of EEG montages are used; referential (monopolar) and bipolar

(figure 4).The referential montages involve collecting information at the active site and

comparing this activity with a common reference electrode. The common reference

electrodes, such as earlobes, should be unaffected by cerebral activity. The main

advantage of referential montages is that the common reference allows valid comparisons

of activity in many different derivations (electrode pairings). A major disadvantage of the

monopolar montage is that no reference site is ideal. For example, the earlobe sites may

pick up some EEG activity from the temporal lobes. Another disadvantage is that

electromyographic or heartbeat artifacts may occur. Analysis and interpretation of EEGs

must be adjusted depending on artifacts. Other reference sites that have been used include

the angle of the jaw, the tip of the nose, and the neck. However, these noncephalic

reference points are subject to electromyographic artifact from muscle activity.(Cantor,

1999)
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Bipolar montages compare activity between two active scalp sites. Any activity in

common with these sites is subtracted such that only the difference in activity is

shown.(Cantor, 1999)

A major advantage of bipolar montages, however, is that localization of

electrophysiological events is easier. By examining a sequence of bipolar derivations, the

occurrance of a specific spike of the EEG (or other notable event) can be found when

searching for a phase reversal of the electrical signal as one moves spatially from anterior

to posterior or from left to right across bipolar derivations. (Cantor, 1999)

Figure 4: Electrode sites and derivations. The left head diagram shows the monopolar electrode sites

used for the monopolar derivations. The right head diagram shows the monopolar pairs used for the

bipolar derivations.(Cantor, 1999)

C. Activation methods of the EEG

Various procedures are commonly used in the recording of the EEG in an effort to

increase the diagnostic yield of the test. Common methods, such as hyperventilation as

shown in figure 5 A and B, photic stimulation, and sleep deprivation, referred to

collectively as activation techniques, are traditionally used.Less common techniques, such

as withdrawal of antiepileptic medications, and use of specific triggers reported by the

patient can be tried as well. (Dworetzky;et al., 2007)
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Figure 5 (A): Start hyperventilation in an adult.( Dworetzky;et al., 2007)

Figure 5 (B): End hyperventilation 3 minutes later with marked bilateral slowing.(Dworetzky;et

al., 2007)

D. Reviewing & interpreting EEG

Computerized analysis of EEG signals involve a number of factors: (1) frequency

distribution, (2) voltage (as amplitude of the electrical signals), (3) locus of the
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phenomena, (4) waveform or wave shape morphology, (5) interhemispheric symmetry

(symmetry of voltage, frequency, wave shapes for homologous sites), (6) character of

waveform occurrence (random, serial, continuous), and (7) regulation of voltage and

frequency.(Mocks and Gasser, 1984)

Frequency

Frequency refers to the rate at which a waveform repeats its cycle within second

(also referred to as hertz or Hz). Frequency analysis, that is, analyzing the EEG signal in

terms of the range of its frequencies, has been traditionally of two basic types: spectral

analysis by narrowband filters (often dividing the signal into 1-Hz segments or bins) or by

wideband electronic filters & coherence analysis.(Cantor, 1999)

Often we see rhythmic patterns within the EEG. We can see from the scale of the

graph that the EEG cycles around 10 times a second. Another way of putting this is that

the EEG has a frequency of 10 Hertz. Rhythms of this frequency are known as alpha

(named by Hans Berger) (figure 6).(Thompson and Thompson, 2003)

Figure 6: a relatively rhythmic EEG. Though the amplitude (vertical axis) varies, the duration

(horizontal axis) of each cycle is stable, at around 1 cycle per 0.1 seconds - a frequency of around 10 Hz.

(Thompson and Thompson, 2003)

Alpha is a common rhythm; it was the first that Berger discerned. At times rhythms

of other frequencies appear in the EEG. What rhythm we see depends on the brain’s state
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of activation. Some broad categories of EEG rhythms (which are also known as

brainwaves as shown in figure 7) are:

Delta (1 - 3 Hz): Delta rhythm is seen in adults in deep sleep. It appears to be

produced when the cortex is “offline” - it’s also seen in some cases of brain damage. It’s

the predominant rhythm seen in very young infants.

Theta (4 - 7 Hz): Theta activity corresponds to drowsy or day-dreamy, internally-

oriented mental states. It can also be quite a creative state in which dream-like images and

intuitive thinking come to the fore.

Alpha (8 - 12 Hz): Alpha is associated with open, calm and relaxed awareness. It is

seen mostly when the brain is not actively engaged in processing, the cortex is online but

not busy.

Beta (13 - 36 Hz): Beta covers a broad frequency band. Subjects producing beta are

usually alert and engaged with their surroundings. Activity in the range 16-20 Hz is

associated with normal thinking and problem solving, but faster frequencies are associated

with anxiety and hypervigilance.(Teplan, 2002)

Gamma (37 - 42 Hz): The gamma band seems to be connected with conscious

attention. We know that different neural networks in different parts of the brain process

different information (e.g. in the visual system, colour information or movement

information).The brain must have some mechanism for integrating the disparate

computations; this is the hypothesized binding mechanism. Certainly it is observed that

large parts of the cortex generate synchronous gamma activity (40 Hz) in moments of

conscious attention.(Llinas, 2002)
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Figure 7: alpha, beta, theta and delta EEG waves.(Sucholeiki and Louis, 2006a)

Amplitude

The amplitude of the EEG is defined as the voltage in microvolts (1/1,000,000 volt),

measured from the peak of a wave to the trough of a wave. The amplitude of the EEG

generally falls into the range of 20-50 mV. However, there is a great deal of variability,

with amplitudes varying from less than 10 mV to more than 100 mV. The amplitude of the

EEG tends to be attenuated in response to stimulation. For example, fast activity is

attenuated in an eyes-open situation compared to an eyes-closed recording condition. The

term suppression is used when little or no rhythmic activity within a frequency band is

discernible. Paroxysmal activity is a term referring to high amplitude activity (compared to

background) if of sudden onset and offset.(Cantor, 1999)

Morphology

A combination of frequency and amplitude of the EEG signal affect the "shape" or

"morphology" of the EEG, and certain features may be filtered by the recording apparatus,

thus permitting their detection. Waveforms continuously fluctuate in response to stimuli

and depend on the state of the patient; alert, drowsy, etc. (Cantor, 1999)

A transient is an isolated form or feature that stands out from the background EEG

activity. If it has peak duration of less than 70 m sec it is called a spike, but if the duration

is between 70 and 200 m sec, it is known as a sharp wave. The term complex is used when

two or more waves occur together and repeat at consistent intervals. A monomorphic

complex is one in which the subsequent waveforms are similar, whereas a polymorphic
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complex is one in which they are dissimilar.A waveform also may include a number of

positive or negative swings in voltage. Thus, a wave may be monophasic (positive or

negative), diphasic (positive and negative), triphasic, or polyphasic. (Cantor, 1999)

Symmetry

The degree of bilateral symmetry of the waveform amplitude between homologous

electrode sites is an important factor of the EEG and one that is sensitive to

neuropathology. EEG symmetry also includes the extent to which corresponding peaks

and troughs of two waveforms within frequency bands are in phase with one

another.(Cantor, 1999)

Asymmetry is defined as a functional difference between the left and right

hemispheres measured from absolute amplitude which exists between the homologous

electrodes located on these hemispheres. (Miller and Tomarken , 2001)

Spectral analysis is based on a mathematical theory which says that a complex

oscillation such as that shown in figure (8) is made up of lots of “pure waves”, or sine

waves, of different frequencies, added together in differing proportions .(Thatcher, 1999)

Figure 8: sine waves ranging in frequency. (Thatcher, 1999)

Spectral analysis is concerned with the exploration of cyclical patterns of data. The

purpose of the analysis is to decompose a complex time series with cyclical components

into a few underlying sinusoidal (sine and cosine) functions of particular wavelengths.
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Probably the most common method of analyzing the frequency of the spectrum of EEG is

to use the fast Fourier transform (FFT) for spectral analysis.(Duffy;et al ., 1994)

In spectral analysis, the complex oscillation is broken down into its components. The

result is a graph such as figure (9), which shows the relative proportions of the different

frequency components that make up the EEG. Rhythms such as alpha or delta now

correspond to frequency bands (alpha, for example, is 8 – 12 Hz). Figure (10) shows the

spectral analysis of the EEG shown in figure (6), the high peak around 10 Hz corresponds

to the alpha rhythm. Spectral analysis is an approximation of the actual EEG, but it gives

useful information. (Thatcher, 1999)

Figure 9: Spectral analysis of EEG shown in figure (8) - mixed frequencies. (Thatcher, 1999)
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Figure 10: Spectral analysis of EEG in figure (6). Note the high peak around 10 Hz that corresponds to

the alpha rhythm. (Thatcher, 1999)

The results of spectral analysis of a complex waveform such as EEG are measures of

the amount of energy distributed in frequency bands of the waveform. In most EEG work,

the range of frequencies is divided into four bands: delta (less than 4 Hz), theta (4-7 Hz),

alpha (8-12 Hz), and beta (greater than 12 Hz) .(Thatcher, 1999)

Activity that falls into the delta or theta bands is referred to as slow-wave activity

and activity falling into the alpha or beta bands is referred to as fast-wave activity.The

term monorhythmic is used when a particular portion of activity shows a rhythmic

component in a singular frequency. The term polyrhythmic activity refers to portions of

the EEG in which multiple frequencies all demonstrate very rhythmic activity.(Cantor,

1999)
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EEG Biofeedback

Neurofeedback is EEG biofeedback or brain wave training. Neurofeedback training

begins with a QEEG assessment. A tremendous body of research exists on the abnormal

EEG and QEEG patterns associated with various medical and psychiatric disorders. The

assessment for neurofeedback training may consist of anywhere from 2 to 19 electrodes

being placed on the head at standardized electrode sites to gather EEG data. These data

then may be compared statistically to a normative database, which provides scientifically

objective information on how a patient’s brain activity differs from age-appropriate norms.

These data then guide the neurofeedback training process. During neurofeedback training,

there usually are two electrodes placed on the scalp at locations where the EEG activity

diverges most from norms. Reference and ground electrodes are placed on the earlobes.

Nothing intrusive is introduced into the brain. The electrodes simply measure the ongoing

brain wave activity. Ordinarily we are unable to reliably influence our brain wave activity

because we lack awareness of it.When we are able to see representations of our brain wave

activity on a computer screen a few thousandths of a second after it occurs, however, it

allows us to modify our brain wave patterns through operant conditioning.(Hammond,

2005)

The patient is placed in front of a computer screen. The computer display may be as

complex as a computer/video game type of display. It also may be as simple as two bar

graphs, one representing slow and inefficient brain wave activity and the other

representing efficient, beta brain wave activity.The patient concentrates on the screen.

When the inappropriate activity decreases slightly and the appropriate activity increases

slightly, a pleasant tone is heard. At first, changes in brain wave activity are transient. As

sessions are repeated, however, and the therapist gradually modifies the thresholds for

inhibiting inappropriate activity and reinforcing healthier brain wave activity, enduring

changes are gradually conditioned. Research with uncontrolled epilepsy, for example, in

which researchers have used pre- and post-sleep laboratory evaluations, has documented
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that positive changes in EEG activity after neurofeedback training are not just a voluntary

waking change associated with learning a certain mode of concentration on a computer

screen.The positive changes in reduced epileptogenic activity were seen even during

sleep.(Hammond, 2005)

So-called mindmaschines or brainmaschines are devices for induction of different

mind states (e.g. relaxation, top performance) by entrainment of the brain waves into

desired frequency bands by repetitive visual and audio stimuli. For making the training

more effective, biofeedback methods were involved. Originally, changes in finger skin

resistance or temperature were monitored. EEG biofeedback or neurofeedback uses EEG

signal for feedback input. It is suggested that this learning procedure may help a subject to

modify his or her brainwave activity. One of the methods involved in neurofeedback

training is the so-called frequency following response.Changes in the functioning of the

brain in desired way, e.g. increase in alpha activity, generates appropriate visual, audio, or

tactile response. Thus, a person can be aware of the right direction of the training. Some

researchers assume that subjects can improve their mental performance, normalize

behaviour, and stabilize mood through the positive or negative feedback loop. There are

some findings indicating applications to certain range of conditions, as attention deficit

disorder, depression, epilepsy and alcoholism.(Thatcher, 2011)
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Chapter 2

Nomenclature for Digital EEG &Quantitative EEG

Terms in use in EEG field include “digital,” “paperless,” and “QEEG as well as

“EEG brain mapping”. Table 1 describes relationships among these various terms.

Table 1: Nomenclature for digital and quantitative EEG.(Nuwer, 1997)

I- Digital EEG

II-Quantitative EEG

A- Signal analysis

1-Automated event detection

2-Monitoring and trending

3-Source analysis

4-Frequency analysis

B-Topographic display

C-Statistical analysis

1-Comparison to normative values

2-Diagnostic discriminant analysis

І-Digital electroencephalography (DEEG): is defined by the American Academy

of Neurology (AAN) as the computer-based paperless acquisition and recording of

electroencephalography, with storage in digital format on electronic media, and waveform

display on an electronic monitor or other computer output device. In addition, the

American Academy of Neurology ratifies that digital EEG is an established substitute for
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recording, reviewing, and storing a paper EEG record. It is a clear technical advance over

previous paper methods and is highly recommended.(De Medeiros Kanda ;et al., 2009)

Digital EEG systems consist of an analog amplifier system with EEG electrodes and

jackbox; an analog-to-digital converter, which samples and measures continuous analog

EEG; a computer, which displays the digital signals on a monitor; and computer storage

devices. Digital systems record analog signals with moderate amplification and broad

bandpass analog filters. Digitized traces are then scaled, filtered and formatted into various

montages for optimal review.(Krauss;et al., 2005)

ІІ-Quantitative EEG (QEEG): is the mathematical processing of digitally recorded

EEG in order to highlight specific waveform components, transform the EEG into a format

or domain that elucidates relevant information, or associate numerical results with the

EEG data for subsequent review or comparison.(Nuwer, 1997)

The most pressing limitation to continous EEG remains its interpretation, which is

ultimately subjective.By applying a Fourier transformation, EEG can be quantified in

terms of its amplitude, power, frequency, and rhythmicity in order to generate numerical

values, ratios, or percentages; graphically display arrays or trends.( Scheuer  and Wilson,

2004)

A variety of quantitative EEG measures have been used clinically to quantify

slowing or attenuation of faster frequencies in the EEG, specifically: the calculation of

power within different frequency bands (i.e., delta, theta, alpha, and beta); ratios or

percentages of power in specific frequency bands; and spectral edge frequencies (based on

the frequency under which x% of the EEG resides). These discrete values can then be

compared between different regions (between hemispheres, for instance, or between

electrode-pair channels).Time-compressed spectral arrays were developed to incorporate
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both power and frequency spectrum data and are reconstructed using color to represent

power at different frequencies (a so-called ‘spectrogram’). (Foreman and Claassen,

2012)

Figure (11) illustrates a common modern quantitative EEG analysis where EEG

traces are viewed and examined at the same time that quantitative analyses are displayed,

so as to facilitate and extend analytical power. Common sense dictates that the digital EEG

and quantitative EEG, when simultaneously available, facilitate rapid, accurate and

reliable evaluation of the electroencephalogram.(Thatcher and  Lubar, 2009)

Figure 11: Example of conventional digital EEG (left) and quantitative EEG (right) on the same screen

at the same time. The conventional EEG includes examination and marking of EEG traces and events.The

quantitative EEG (right) includes the Fast Fourier Transform (top right) and normative database Z-score

(bottom right).(Thatcher and Lubar, 2009)

A-Signal analysis: is the quantitative measurement of specific EEG properties or a

transformation of the raw, digitally recorded EEG signal into numerical parameters other

than the traditional amplitude versus time.(American Psychiatric Association, 1991)
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1-Automated event detection: is the use of mathematical algorithms to detect or identify

interesting events such as possible epileptic spikes or non-convulsive seizures. Much false

identification occurs, so human expert review is needed. (American Psychiatric

Association, 1991)

2-Monitoring and trending EEG: uses mathematical algorithms to extract simple

measurements from the EEG, trending highlights EEG changes over hours or days in the

intensive care unit or during surgery.That trending identifies changes that warn of possible

complications. (American Psychiatric Association, 1991)

This technique uses mathematical algorithms to extract parameters from the raw data

that summarize the important aspects of the EEG. The medical personnel can then be

presented with simplified graphical displays of these trended parameters. Alterations of the

trends may prompt the users to review in detail specific portions of EEG data. This is used

typically in neurophysiologic monitoring applications in the operating room or intensive

care unit.(Nuwer, 1997)

3-Source analysis: is a form of mathematical analysis that tries to identify the brain

location that generates certain brain waves. Scalp voltage distribution is compared to the

distribution expected if the voltages were generated by a single dipole at specific

intracranial site. (American Psychiatric Association, 1991)

The recorded EEG values (typically scalp voltage values from an epileptiform

abnormality) are compared with predetermined models of possible EEG generators. The

analysis may specify the location, orientation, strength, and number of the possible sources

of the analyzed spike or other EEG feature. (Nuwer, 1997)
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4-Frequency analysis: converts the EEG into its frequency content, estimating how much

energy occurred in each frequency band. This is expressed either in a few traditional EEG

frequency bands, or as a continuous graph of frequency content from 0 to 30 Hz. It may be

measured as power, or as the square root of power that usually is referred to as EEG

amplitude. (American Psychiatric Association, 1991)

Coherence analysis measures EEG at two separate sites, and scores how much that

activity rises and falls synchronously (EEG synchronization refers to simultaneous

activation of great synaptic masses). It is usually measured within each frequency band.

Short distance coherence is made from adjacent scalp electrode sites (e.g. F3 and C3); as

opposed to long distance coherence from recording sites farther apart. (Nuwer;et al, 2005)

Coherence Analysis evaluates the level of covariance between spectral measures

obtained by any given pair of electrodes. High coherence has been considered evidence of

structural and functional connections between brain cortical areas. Coherence studies aid

understanding of the functional relationships among brain areas, which may vary under

different conditions. Among alternative techniques for studying relationships between

brain areas, coherence is a well established method, used in the quantification of

hemispheric connectivity “through the corpus callosum”, both in awake and sleeping

patients.(De Medeiros Kanda; et al., 2009)

B-Topographic EEG displays:Also called EEG brain maps, are graphical displays

that typically illustrate the scalp distribution of EEG features. They can aid

communication with non-specialists about the presence and location of certain EEG

features.These stylized maps superficially resemble brain magnetic resonance imaging

(MRI) or computerized tomography(CT) images, but that resemblance is purely

superficial. EEG brain maps actually have relatively few real data points, so most of the

image is just an extrapolation among those few real points. EEG brain maps often use
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color-coding to represent intensities of some feature e.g.,scalp locations of EEG slow

waves.(Nuwer;et al, 2005)

In brain mapping, the following is done: 1-Spectral analysis: where the various EEG

frequencies (delta, theta, alpha, beta) are separated from each other. 2-Quantification: The

percentage activity in each frequency band during a specific time rage is calculated. 3-

Topographic display: The percentage activity in each frequency band is drawn forming a

surface image comparable to both CT scan and MRI. Thus the subjective qualitative and

impressionistic description of conventional EEG is transformed into an objective, and

quantitative description of the same data (the brain electrical activity).(Metwally, 2007)

Quantitative EEG results are presented as Z scores. Z scores represent standard

deviations (SD) from the norm and span from -3 to +3. Thus a Z score of +2 means that

the result is 2 standard deviations higher than the norm (+2SD) and exceeds 98% of the

age-matched people in the normative sample. A Z score of 0 represents the norm and is

color-coded green. Red and blue colors on the maps show brainwave activity that is 3

standard deviations above or below the norm (figure 12, figure 13).(Thatcher and Lubar,

2009)

Figure 12 :The 10–20 international electrode positions and Z score.(kaiser, 2008)
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Figure 13: Brainwave activity represented by brain mapping. Green = Normal, Red = Excessive,  Blue

=Diminished activity.(Thatcher and Lubar, 2009)

They can present visually a spatial representation of raw EEG data (i.e., voltage

amplitude) or a derived parameter (e.g., power in a given frequency band or peak latency).

Amplitude at a given anatomic site is ordinarily represented as a colour or intensity.This

term, in this context, should not be confused with functional cortical brain mapping by

direct electrical cortical stimulation or with brain mapping by neuroimaging techniques,

which have no direct relationship to EEG brain mapping. (Nuwer, 1997)

In general, the alpha percentage activity has a middle line maximum while delta

percentage activity has an anterior bifrontal maximum. Absolute power in all frequency

ranges has an occipital maximum.Maximal alpha activity occurred at O2,O2 and F3, F4

and FZ electrodes, while The theta maximum is localised at electrodes T5,T6,T3,T4

(figure 14).(Metwally, 2007)

C- Statistical analysis: compares variables derived from the digitally recorded EEG

between groups of people or between a patient and a group. These comparisons may be

carried out on individual variables (e.g., the alpha frequency) or on many variables using

appropriate multifactorial statistical methods. Spatial aspects may be included, e.g., by

statistical comparison of topographic EEG maps.(Pivik ;et al., 1993)
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(A) Alpha activity ( B)Theta activity

(C)Delta activity

Figure 14: Notice the central & bitemporal topographic location of the theta maximum activity, the

occipital & Bifrontal maximum alpha activity and the frontal maximum delta activity.(Metwally,

2007)

1-Comparison to normative values: uses group statistics to determine whether a

parameter (or parameters) measured on an individual patient lies inside or outside the

range of normal values. Statistical techniques employed may be simple thresholds based

on the mean and standard deviation of a “normal” distribution.(Nuwer, 1997)
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2- Diagnostic discriminant analysis: compares EEG features from a patient to those from

a group of patients with a particular disorder. This tries to match a patient’s EEG Z-scores

to the pattern typical for a particular disorder.(Nuwer;et al, 2005)

Other terms used in QEEG:

1-Relative power: is calculated as a quotient between power in one frequency band and

total power across all bands, and was expressed as a percentage.(Bares;et al., 2008)

The global relative EEG power for each frequency band was calculated using all

electrodes (except Fp1, Fp2, A1, A2) as a percentage of overall summed EEG power

across all designated frequency bands (delta, theta, alpha, beta1, beta2).(Caviness; et al.,

2007)

2- Absolute power: is calculated by squaring amplitudes in frequency bands.(Bares;et al.,

2008)

The EEG power spectrum in resting normal subjects is dominated by the alpha

rhythm. Scalp alpha rhythms result from sequences of inhibitory and excitatory post-

synaptic potentials at the dendrites of cortical pyramidal neurons. These potentials depend

mainly on the influence of near and distant cortical modules, as well as on the interactions

of excitatory cortico-thalamo-cortical relay fibers and inhibitory thalamic reticular fibers.

An emerging feature of these integrated cortico-cortical and cortico-thalamo-cortical

systems is that, in a resting condition, the higher the number of synchronously active

neurons, the higher the amplitude of the alpha rhythm, and the slower the frequency of the

alpha power peak.(Spiegel;et al., 2006)

3- Wavelet analysis: is an effective time–frequency analysis tool for analyzing transient

signals. Its feature extraction and representation properties can be used to analyze various
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transient events in biological signals. Through wavelet decomposition of the EEG records,

transient features are accurately captured and localized in both time and frequency context.

The capability of this mathematical microscope to analyze different scales of neural

rhythms is shown to be a powerful tool for investigating small-scale oscillations of the

brain signals. A better understanding of the dynamics of the human brain through EEG

analysis can be obtained through further analysis of such EEG records.(Subasi, 2005)

4- Fourier transformation: is also called spectral analysis because an EEG signal is

dissected into its component spectra. In principle, this method allows for the detection of

underlying sinus waves that in their sum result in the complex wave detected. The result of

this analysis is a power spectrum where the power is plotted versus frequency. Early

methods have used relatively simple parameters for the analysis such as the peak

frequency, the median frequency or the spectral edge frequency. For a processed EEG data

are recorded for a preset period of time, then the algorithm such as a Fourier transform is

applied and the data are displayed in various different ways. (Tonner, 2006)

During the epoch (the data acquisition period), the EEG waveform is analyzed and

dissected into its component frequencies. For each frequency, a correlation analysis is

performed with the EEG waveform and the covariance is calculated. The sum of each

sinus wave yields the amplitude and the phase length of the analyzed epoch. The graphic

display of the Fourier transformation will result in the power spectrum (figure 15).

Different means have been derived to analyse power spectra. Thus, one may analyse the

area under the curve for a specified frequency range. As a raw EEG is described as a sum

of frequencies some ranges have been defined for use in clinical applications. The alpha

band of the spectrum includes a range from 8 to 12 Hz, the beta band from 13 to 36 Hz,

the theta band from 4 to 7 Hz and the delta band from 1 to 3 Hz. Using these frequency

ranges, an EEG can now be described by the area under the curve for the defined

frequency bands (figure 16).(Tonner, 2006)
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Figure 15: Fourier transformation: After the raw EEG has been digitized, a Fourier transformation is

performed that is graphically displayed as a power spectrum.(Tonner, 2006)

Figure 16: Schematic representation of a power spectrum. Traditionally four frequency bands have

been defined for the awake EEG (alpha, beta, theta, delta).The median frequency is the frequency that

divides the area under the curve in half. The spectral edge frequency (SEF) has several definitions: here

the spectral edge frequency 90 is shown, which divides the power into 90% and 10 %.(Tonner, 2006)

5-The median frequency: is defined as the frequency of a power spectrum at which 50%

of the power are at lower frequencies and 50% of the power are at higher frequencies

Thus, the median frequency provides a simple means for analyzing the power spectrum

and can easily be calculated.(Tonner, 2006)
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Unfortunately, clinical use of quantitative EEG (QEEG) can be problematic

particularly in the hands of untrained operators. The statistical results can be influenced by

wrong electrode placement, artifact contamination, inadequate band filtering, drowsiness,

comparisons using incorrect control data bases, and choice of epochs. Furthermore,

statistical processing can yield a large numbers of statistical abnormalities, not all of which

are of clinical relevance. These are some reasons, despite the volume of published data,

that the clinical usefulness of QEEG remains controversial. Table 2 shows factors that can

lead to QEEG interpretation errors. (De Medeiros Kanda;et al., 2009)

Table 2: factors that can lead to quantitative EEG interpretation errors when using statistical normative

comparisons.(De Medeiros Kanda;et al., 2009)

●Technical

♦Artifact contamination

♦Filter changes

♦ Changes in electrode placement

●Patient

♦Drowsiness

♦Anxiety

♦Medication effect

●Interpretation

♦Difference from average does not necessary mean diseased

♦Changes are not specific for particular disorder

♦Some unusual EEG features are well known to have no clinical

significance

●Procedure

♦Use of technicians to read the record and choose epochs

♦Lack of safeguards and standards to prevent errors
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Chapter 3

Quantitative EEG in Epilepsy

Epileptic seizures are caused by excessive, synchronized activity of large groups of

neurons. Among the wide spectrum of mechanisms leading to such a pathologic activation

are structural malformations of the cerebral cortex, brain injuries of various types, and

physiological conditions leading to changes in network excitability. Depending on the

localization and extent of ictal epileptic activity, epileptic seizures can cause a variety of

temporary changes in perception and behavior. The most important tool for the diagnosis

of epilepsy is the EEG, in which epileptic seizures become apparent as characteristic,

usually rhythmic signals, often coinciding with or even preceding the earliest observable

changes in behavior. Their detection can, thus, be used to react to an impending or

ongoing seizure, or to differentiate epileptic seizures from other conditions with

paroxysmal, seizure-like symptoms.(Meier;et al., 2008)

Seizures occur as a consequence of a variety of acute insults to the brain.These

insults include central nervous system infections, intracranial hemorrhage, ischemic

stroke, traumatic brain injury, and brain tumor. Seizures also occur as a consequence of

toxic and metabolic encephalopathies. As a result, seizures are frequently encountered in

critical care settings. Some seizures manifest as convulsions and can be easily recognized

when a trained observer is nearby. However, 92% of seizures that occur in critically ill

patients are nonconvulsive.(Sackellares;et al., 2011)

Routine EEG is an established test commonly used in the clinical evaluation of

patients with epilepsy. EEG testing can help to locate an epileptic focus or suggest the type

of epilepsy. Some quantitative EEG methods have built on that established role.(Nuwer,

1997)
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1-Quantitative EEG & generalized epilepsy

Idiopathic generalized epilepsies are a group of epilepsies characterized by seizures

with generalized onset. An interictal EEG with typical generalized spike and wave

discharges and a normal background is supportive of idiopathic generalized epilepsy

diagnosis. Despite the criteria for diagnoses, focalities are not rare in the interictal EEG

records of patients with idiopathic generalized epilepsy and several hypotheses have been

proposed to explain their presence. Focalities may represent fragmented generalized

discharges or focal cortical pathology, or they may represent localized self-sustaining

hyperexcitability or be incidental findings.(Betting;et al., 2010)

The two pillars of the pathophysiological concept of idiopathic generalized epilepsy

are pathological thalamocortical interactions and the so-called mild diffuse epileptogenic

state of the cortex. The latter term refers to the ictogenic property of the cortex, a

persistent abnormality that was demonstrated in animal models, and neurochemical

evidence suggested its existence in humans. Since previous research methods did not

allow the identification of the anatomical distribution of the abnormality, this condition

has been realized as diffuse or, anatomically unstructured.(Clemens;et al., 2007a)

Advanced neuroimaging methods revealed significant morphological and functional

disturbances confined to several cortical areas in idiopathic generalized epilepsy

patients.These reports raised the possibility of the topographic inhomogeneity of the “mild

diffuse epileptogenic state” of the cortex.(Betting;et al., 2010)

The gray matter compartment was subdivided in 2,397 voxels, which allows a spatial

resolution of 7 mm.(Pascual-Marqui ;et al., 2002a)

For voxel-based morphometry, volumetric MRI was acquired and processed. In

some cases, subtle gray matter abnormalities are associated with focal epileptiform
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discharges observed in the electroencephalograms of patients with idiopathic generalized

epilepsies.(Betting;et al., 2010)

However, merely collecting the neuroimaging findings can hardly permit any

inference regarding the topographic anatomy of this condition. The main reason for this is

that the results of functional neuroimaging cannot unambiguously explain electromagnetic

processes. Ictal and interictal epileptic activity of the cortex can be best grasped by

measuring its electromagnetic activity. In fact, a pioneering quantitative EEG observation

and a systematic interictal quantitative study revealed that the regional distribution of

spectral power is characteristically abnormal in untreated idiopathic generalized epilepsy

patients. Other authors confirmed the existence of the spectral alterations in the 3-17 Hz

frequency range and found additional pathological activity in the 30-100 Hz range.The

anteroposterior gradient of EEG complexity measures across the scalp pointed to

interictally abnormal electrogenesis in Idiopathic generalized epilepsy patients,

too.(Clemens; et al., 2007a)

Pathological interictal EEG activity is not evenly distributed across the cortex in

idiopathic generalized epilepsy. The prefrontal area of increased activity corresponds to

the area that is essential in the buildup of the ictal spike-wave paroxysms (absence

seizures). The existence of the posterior "center of gravity" of increased EEG activity in

idiopathic generalized epilepsy was confirmed. The frontal area of decreased activity

might be related to the cognitive deficit described in these patients. Increased activity in a

lot of ontogenetically older areas (including the hippocampi) and decreased activity in the

majority of the isocortex is a peculiar pattern that argues for a developmental hypothesis

for Idiopathic generalized epilepsy.(Clemens; et al., 2007a)

Spectral analysis of EEG background activity disclosed pathologically enhanced

synchronization mainly in the delta–theta range in patients with absence epilepsy, and in
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patients who belong to one of the 3 genetically related generalized epilepsy syndromes:

juvenile absence epilepsy, juvenile myoclonic epilepsy, and epilepsy with generalized

tonic–clonic seizures on awakening.(Clemens, 2004)

Generalized epilepsy patients have more absolute power in all frequency bands than

controls. The differences of the medians are greater in the slow (delta and theta) bands,

than in the alpha and beta bands. In the generalized epilepsy patients, percent power values

demonstrate delta and theta increase and the decrease of the contribution of the alpha

signal to total EEG activity. Changes in spectral power are not followed by significant

changes in band mean frequency; the only exception is less mean frequency in the

generalized epilepsy patients than in controls. Statistically significant, selective increase of

interhemispheric coherence is found in generalized epilepsy patients in the theta band, as

compared to controls. In contrast, beta coherence is lower in patients than in

controls.(Clemens, 2004)

The Standardized Low Resolution Brain Electromagnetic Tomography analysis is a

recently developed method to localize multiple distributed cortical sources of bioelectric

activity in the three-dimensional space. In other words, Low resolution electromagnetic

tomography analysis demonstrates the synchronously activated neuronal populations

underlying EEG activity by computing their cortical localization from the scalp

distribution of the electric field. This is called “solving the inverse problem of the EEG.”

The Low resolution electromagnetic tomography analysis inverse solution is based on the

“smoothness” assumption, which means that neighboring neuronal generators show highly

correlated activity in terms of orientation and strength.The smoothness assumption is

based on neuroanatomical and electrophysiological constraints, including the

mathematical basis of the method.(Grova;et al., 2006 ; Zumsteg; et al., 2006)
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In order to mathematically mitigate the disturbing effects of the electrically

conducting layers between the cortical surface and the electrodes, Low resolution

electromagnetic tomography analysis computes the inverse solution within a three-shell

spherical head model including scalp, skull, and brain. (Babiloni;et al ., 2006)

The brain compartment of this model was restricted to the cortical gray matter and

hippocampus.Low resolution electromagnetic tomography analysis computes a physically

existing dimension, current density for each voxel. (Pascual-Marqui ;et al., 2002a)

Low resolution electromagnetic tomography analysis and functional MRI (fMRI)

localize the changes to the same cortical region in a language-processing task. (Vitacco;et

al., 2002)

Low resolution electromagnetic tomography analysis -defined localization of

circumscribed epileptic activity corresponded to the localization of the epileptic discharges

given by functional MRI, subdural and intracerebral EEG recordings, and the MRI-defined

epileptogenic lesion (figure 17).(Worrell;et al., 2000)

Figure 17:Two EEG samples and source analysis and individual voxel-based morphometry

comparisons of idiopathic generalized epilepsy patients with 20 controls searching for gray matter

abnormalities.(A) Examples of focal discharges.When two different discharges were present, they were
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independently illustrated. The left column corresponds to the left discharge, and the right column

corresponds to the right discharge. (B) Examples of the generalized discharges.(C) Discharges submitted

to source analyses with The Standardized Low Resolution Brain Electromagnetic Tomography analysis in

a different time window.(D)The Standardized Low Resolution Brain Electromagnetic Tomography

analysis solutions map showing the current densities according to their Brodmann’s areas.(E) The

Standardized Low Resolution Brain Electromagnetic Tomography analysis solutions in a anatomical

template (superior panel) and in a 3D rendering (middle panel). When there were two different

discharges, the left discharge is depicted in the pink scale, and the right discharge is depicted in the jet or

cold scale in (D) and (E).The inferior panel shows the voxel-based morphometry analysis results. The

voxel-based morphometry results (colored areas) are superimposed on an anatomical template. The colors

represent the number of standard deviations compared with the controls, as indicated by the scale in the

right inferior portion of the figure. Green scale was used for abnormalities in the left (L) hemisphere and

hot scale for abnormalities in the right (R) hemisphere.(Grova; et al., 2006)

It is demonstrated that the anatomical distribution of the interictal bioelectric

abnormality in idiopathic generalized epilepsy may be realized in context of the

developmental partitioning of the cortex.  Five major paralimbic formations exist in the

human brain: caudal orbitofrontal cortex, insula, parahippocampal complex, cingulate

complex, and the temporal pole. With the exception of the temporal pole and the middle

part of the cingulate gyrus, these areas showed significant increase in EEG activity in two

or more frequency bands.In addition, increased activity was found in the hippocampus, an

allocortical structure.In contrast, the majority of the later developing isocortex showed

decreased activity in at least two frequency bands. These results suggest that the

dichotomic distribution of increased and decreased bioelectric activity is in some way

related to the ontogenic development of the human cortex.Nevertheless, not all limbic

regions show hyperactivity, and not all isocortical areas are hypoactive. (Clemens; et al.,

2007a)

Electroencephalographic evidence indicates preferential spread of epileptic activity

between the parietal cortex and a wide range of other limbic and isocortical areas.The
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dichotomic developmental distribution of increased and decreased activity may be

confounded by other factors like the anatomical and functional diversity of some cortical

subregions. For example, the lack of increased activity in the middle part of the cingulate

gyrus (as opposed to the increased activity in its anterior and posterior parts) may be

related to the greatly dissimilar connectivity and function of these areas.(Vogt; et al.,

2004)

Lamotrigine decreased theta activity in several cortical areas where abnormally

increased theta activity had been found in a prior study in another sample of untreated

idiopathic generalized epilepsy patients.These Lamotrigine related changes might be

related to the decrease of seizure propensity in idiopathic generalized epilepsy.(Clemens

;et al., 2008)

Quantitative analysis of the spatial and temporal character of spike voltage fields and

subsequent equivalent dipole modeling can suggest the location of the cortical generators,

the presence and direction of propagation, and the existence of multiple separate spike

sources.While sometimes available from routine visual review of EEG traces, this

information can be estimated more confidently by combining visual review with voltage

mapping and source modeling of individual or averaged spikes. In benign rolandic

epilepsy of childhood, quantitative spike voltage analysis can determine field complexity

and dipole model stability.These data have shown diagnostic value in differentiating

"typical" from "atypical" benign rolandic epilepsy of childhood and complex partial

epilepsy, a distinction that carries substantial prognostic and therapeutic

significance.(Nuwer, 1997)

Generalized spike-wave complexes and polyspike-wave complexes with normal

background EEG activity comprise the typical EEG pattern shown in Juvenile myoclonic

epilepsy.In patients with Juvenile myoclonic epilepsy, functional evaluation of visual
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working memory tasks with Positron emission tomography(PET), MRI voxel-based

morphometric analysis and magnetic resonance spectroscopy (MRS) studies have detected

prefrontal alterations.(Chan et al., 2006 ; Tae et al., 2008)

Some articles on the analysis of paroxysmal activity in Juvenile myoclonic epilepsy

and other types of idiopathic generalized epilepsy have been published. Frontocentral

accentuation of; spikes, polyspike and electrical sources in frontal regions, have been

reported. In contrast, background activity has been scarcely studied. (Santiago-

Rodríguez; et al., 2002)

In most cases, visual analysis of background EEG activity has been described as

normal, except for some degrees of intermittent theta activity in patients with poor seizure

control or in cases with polytherapy with antiepileptic drugs.(Holmes; et al., 2004)

In patients with Juvenile myoclonic epilepsy and in spite of normal background EEG

activity observed by visual analysis, QEEG values reveal abnormal Z scores in a high

number of these patients, when compared with normal population parameters based on the

age-dependent regression function. Abnormal Z scores are present in all bands, measures

and leads, with predominance in delta and beta bands. It has been accepted in previous

years that background EEG activity in Juvenile myoclonic epilepsy is normal based on

visual analysis of conventional or digital EEG. Alterations in background EEG activity

have been solely found in patients with poor control of seizures or due to Antiepileptic

drugs, especially in cases with polytherapy. (Santiago-Rodríguez; et al., 2008)

In a study of 18 patients with Juvenile myoclonic epilepsy, all patients had normal

background EEG activity under visual analysis, In addition, all of them showed Juvenile

myoclonic epilepsy typical paroxysmal activity during the course of the study. However,

only 16 % of patients had been correctly diagnosed before being admitted in the study
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(misdiagnosis occurs frequently in this kind of epilepsy). Therefore, almost all patients

were under no specific Antiepileptic drugs for Juvenile myoclonic epilepsy. No significant

differences were found for the time of evolution and the number of seizures per year

between medicated 61% & unmedicated 39% groups of patients.Therefore, these factors

are not determinants for quantitative EEG (QEEG) differences found between patients

with and without Antiepileptic drugs. When QEEG was used, many alterations emerged.

The advantage of QEEG over visual analysis of EEG is evident, especially when it is

compared with normal population parameters based on the age-dependent regression

function to obtain Z scores. This advantage has been observed in neurological and

psychiatric diseases. In the analysis of patients as a whole, all exhibited abnormal Z scores

in some band frequencies, measures and leads. The derivations with more abnormal Z

values were localized in frontal and parietal electrodes in the absolute power (AP),

relative power (RP) and mean frequency (MF) of delta, alpha and beta bands for both

groups, medicated and unmedicated. The theta band was the least affected; in contrast to

other studies in which an increase in absolute power, relative power and coherence theta

were described.(Santiago-Rodríguez; et al., 2008)

It has been postulated that the absolute power of bands in EEG is associated with

enhanced synchronization of different neuronal populations. Neuronal network

hypersynchronization is a fundamental mechanism in idiopathic generalized epilepsy;

therefore, the delta band range lies within the same Polyspike-wave complexes range

characteristic of Juvenile myoclonic epilepsy. In fact, the increase in absolute power of

delta is common to all idiopathic generalized epilepsy syndromes sharing the same

physiophatological mechanism. Abnormalities in the beta band were also quite frequent,

with an increase in absolute power of beta in both groups.(Santiago-Rodríguez; et al.,

2008)
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Moreover, these increases were more prevalent in patients in the medicated group,

with no relevant abnormalities in mean frequency of beta in unmedicated and medicated

groups. Recently, it is found a decrease in relative power of beta in frontal regions with

significant differences in absolute power, though no mean frequency measures were

reported. However, it is known that relative power in one band can be influenced by

modifications on the other bands; therefore, relative power is an unreliable

measure.(Rodriguez; et al., 2008)

An increase in absolute power in the gamma band in idiopathic generalized

epilepsy, but not in partial epilepsy, has been reported. However there is an increase in

delta-theta absolute power and an increase in 15-17 Hz beta frequencies both in

generalized and partial epilepsies. This increase in gamma band absolute power has been

postulated as a marker underlying ion channel or neurotransmitter receptor dysfunction.In

addition, when unmedicated and medicated groups were compared, significant differences

were found in frontoparietal leads in beta and delta bands. Abnormalities alterations found

in background EEG activity in patients with Juvenile myoclonic epilepsy were localized in

frontocentral regions. These regions show alterations in anatomophatological

examinations, functional evaluation of visual working memory tasks with Positron

emission tomography, MRI voxel-based morphometric analysis, magnetic resonance

spectroscopy and origin of electrical source analysis of Polyspike-wave complexes (figure

18).(Santiago-Rodríguez; et al., 2008)
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Figure 18 : Proportion of patients with abnormal Z scores in the two groups(medicated and

unmedicated).Absolute power (A) and mean frequency (B) in different EEG bands. UM: unmedicated

group; M: medicated group. (Santiago-Rodríguez; et al., 2008)

In spite of normal visual analysis of background EEG in patients with Juvenile

myoclonic epilepsy, there is an increase in absolute power of delta, alpha and beta bands,

which is more evident in frontoparietal regions.(Santiago-Rodríguez; et al., 2008)

Amplitude-integrated EEG and Color density spectral array:

Amplitude-integrated EEG (aEEG) depicts time-compressed and rectified EEG

amplitude on a semilogarithmic scale, and is now commonly employed to monitor cerebral

function in neonates. While amplitude-integrated EEG provides an accurate measure of
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neonatal EEG background, its utility for seizure identification remains a matter of

debate.To date, reports on the use of amplitude-integrated EEG for seizure identification in

pediatric and adult intensive care units have been few and descriptive.(stewart; et al .,

2010)

Color density spectral array (CDSA) applies fast-Fourier transformation (FFT) to

convert raw EEG into a time-compressed and color-coded display, also termed a color

spectrogram. Clinical applications of Color density spectral array and related techniques

have included monitoring and identifying seizures in adults, children, and neonates (figure

19).(stewart; et al., 2010)

Both color density spectral array and amplitude-integrated EEG demonstrate

acceptable sensitivity and false-positive rates for seizure identification among critically ill

children. Accuracy of these tools would likely improve during clinical use, when findings

can be correlated in real-time with the underlying raw EEG. In the hands of

neurophysiologists, Color density spectral array and amplitude-integrated EEG displays

represent useful screening tools for seizures during continuous EEG monitoring in the

intensive care unit (ICU). The suitability of these tools for bedside use by ICU nurses and

physicians requires further study. (stewart; et al., 2010)

While past reports indicate that color density spectral array and amplitude-integrated

EEG show promise for the detection of seizures in the intensive care units, a formal

assessment of their diagnostic accuracy is lacking. (stewart; et al., 2010)
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Figure 19:Color density spectral array (CDSA) and amplitude-integrated EEG (aEEG) testing

displays.With the raw EEG tracing concealed, neurophysiologists were individually presented with either

an 8-channel CDSA display (A) or an 8-channel aEEG display (B). Participants were instructed to “mark

any epochs that they suspected to be seizures.” Their performance was compared to seizures identified by

analysis of the raw EEG, as indicated in the top channel (concealed during testing).(stewart; et al.,

2010)
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2-Quantitative EEG & Focal Epilepsy

Focal discharges may arise from areas of structural abnormality which can be

detected by quantitative neuroimaging. Focal discharges were used for quantitative

electroencephalogram source detection.(Betting;et al., 2010)

The interictal EEG is often normal in epilepsy patients, particularly with partial

seizures of extratemporal origin.Quantitative EEG (QEEG) analysis may increase the yield

of diagnostic abnormality in such patients. The usefulness and appropriateness of methods

of QEEG analysis have been the subject of much debate. Early topographic EEG studies

showed a broad-band increase of fast and slow activity in the region of an epileptogenic

focus, and such techniques have been advocated for the identification of obscure seizure

foci such as in Frontal-lobe epilepsy. Spectral analysis has shown differences in alpha

frequency between Epileptic patients with apparently normal EEGs and nonepileptic

controls, and between patients on monotherapy with different antiepileptic drugs.(Drake

;et al, 2008)

Patients with partial seizures, of frontal or temporal origin, with abnormal standard

EEG and those whose interictal EEGs had been normal; had greater degrees of

interhemispheric asymmetry of power and alpha frequency than did normal

controls.(Drake; et al, 2008)

Sturge-Weber syndrome is a neurocutaneous disorder with vascular malformations

of the skin, brain, and eye. Sturge-Weber syndrome results in ischemic brain injury,

seizures, and neurologic deficits. It is hypothesized that a decrease in quantitative EEG

power, on the affected side, correlates with clinical severity in subjects with Sturge-Weber

syndrome.(Hatfield;et al., 2007)
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In infants with facial port-wine stain, quantitative EEG (QEEG) accurately identified

infants with Sturge-Weber syndrome, whereas routine EEG did not. 10 to 35 % of infants

with facial port-wine stain develop radiographic lepto-meningeal angioma and clinical

signs of Sturge-Weber syndrome, usually within the first year. Radiographic signs are

absent at birth in the vast majority of those who go on to be affected, making the diagnosis

in infancy unclear. Screening with serial neuroimaging carries a sedation risk. In a recent

study, 40 % of infants with port-wine stain were eventually diagnosed with Sturge-Weber

syndrome by imaging and clinical findings, and 60% were not at age 12 months or older.

The mean subject age at EEG was 5.7 months (affected) and 4.8 months (unaffected).

QEEG correctly identified all subjects as affected or unaffected. In 30% of affected

infants, the diagnosis was known by imaging and clinical signs prior to the confirmatory

QEEG; however, in 10% of infants, QEEG correctly identified infants as having Sturge-

Weber syndrome before clinical signs developed or changes were visible on clinical

review of the EEG. Routine visual review of the EEG only identified 50% of subjects

correctly. We hypothesized that QEEG can be used to help determine which infants are

most likely to develop Sturge-Weber syndrome and to benefit from imaging. Given that

the majority of infants with port-wine stain will not go on to have Sturge-Weber

syndrome, and early MRI is not always diagnostic, QEEG may be a safe, helpful

technique.(Ewen;et al., 2009)

In infants with a unilateral port-wine stain, serial quantitative EEG shows decreases

in power over the hemisphere that is affected or at-risk for neurological

impairment.(Ewen;et al., 2005)

In another study, quantitative EEG correctly identified all infants with port-wine

stains as affected with Sturge-Weber syndrome or unaffected; however Routine visual

review of the EEG identified 80% of subjects correctly.(Ewen ;et al., 2007)
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The results of Olejniczak;et al., suggest that a graded relationship exists between

quantitative extracranial postictal delta and total band EEG suppression and hippocampal

atrophy in patients with temporal lobe epilepsy. Both spectral EEG and relative MRI

hippocampal volumetric analysis based on T1 images provided a high degree of accuracy

in predicting the lateralization of the epileptogenic zone. In other words, when, for

example, the right hippocampus is smaller than the left, immediate postictal total and delta

power is lower on the right side. Also, when the seizure begins on the right side, the same

postictal power asymmetries are seen. The reason for both these correlations is because the

hippocampal atrophy (volume reduction) and the side of ictal onset are usually the same.

(Olejniczak;et al., 2010)

It was found that suppression of temporal delta and total power during the immediate

postictal period was usually more prominent ipsilateral to the epileptogenic

zone.Therefore, left-to-right differences in the immediate postictal scalp EEG may localize

the epileptogenic zone.Whether this relationship is related to greater inhibition of the

lateral neocortical region in patients with hippocampal atrophy, greater temporal lobe

neuronal loss, or cellular dysfunction in patients with more severe hippocampal atrophy is

currently unknown (figure 20).(Olejniczak;et al., 2010)

Figure 20: T1- weighted (A) and T2-weighted (B) MRI of the brain of a 36-years-old man with

complex partial seizures of right temporal onset Right and left hippocampus are outlined on a coronal
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section, which is perpendicular to the long axis of the temporal lobe. The right hippocampus (arrow) is

visibly smaller than the left.(Olejniczak;et al., 2010)

3-Quantitative EEG changes & status epilepticus

For status epilepticus, which is a major clinical indication of continuous EEG, the

diagnosis is based on raw EEG (as shown in figure 21), while quantitative EEG can be a

useful tool to quantify seizures frequency and evaluate the response to therapy.(Fossi ;et

al., 2006)

Figure 21:(a) and (b) Longitudinal bipolar montage demonstrating ictal onset in the left central area and

propagation in patient with status epilepticus.(Schrader;et al., 2009)
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Quantitative description of ictal phenomena in epilepsy and status epilepticus adds to

the knowledge of abnormal brain behavior and may assist in improved patient care.(van

Putten and van Putten, 2007)

Nonconvulsive seizures and nonconvulsive status epilepticus are increasingly

recognized as common occurrences in the intensive care unit, where 8%–48% of comatose

patients may have nonconvulsive seizures, depending on which patients are

studied.Nonconvulsive seizures are electrographic seizures with little or no overt clinical

manifestations, so EEG is necessary for detection.Nonconvulsive status epilepticus occurs

when nonconvulsive seizures are prolonged; a common definition is continuous or near-

continuous electrographic seizures of at least 30 minutes duration.Most patients with

nonconvulsive seizures have purely electrographic seizures but other subtle signs can be

associated with nonconvulsive seizures, such as face and limb myoclonus, nystagmus, eye

deviation, pupillary abnormalities, and autonomic instability.None of these signs are

highly specific for nonconvulsive seizures, and they are often seen under other

circumstances in the critically ill patient; thus, continous EEG is usually necessary to

diagnose nonconvulsive seizures (Figure 22).(Friedman;et al., 2009)

Figure 22:Summary plot of time to detect first seizure in 110 of 570 critically ill patients undergoing

continuous electroencephalogram(cEEG) monitoring who had convulsive or nonconvulsive seizures.

Note that overwhelming majority of seizures are nonconvulsive.(Friedman;et al., 2009)
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Nonconvulsive seizures occur in 16%–48% of selected critically ill patients, and may

contribute to brain injury if untreated.Detection of nonconvulsive seizures requires

continuous EEG. Increasing awareness about nonconvulsive seizures has led to a growing

demand for continuous EEG monitoring in intensive care units.To facilitate interpretation

of prolonged EEG recordings, several quantitative EEG display tools have been developed

to highlight significant electrographic events and provide insight into EEG trends over

time.(stewart; et al ., 2010)

In many patients who present with convulsive status epilepticus, electrographic

seizures can persist even when convulsive activity has ceased. In a prospective study, it

was found that 48% of the patients monitored with continous EEG for 24 hours after

convulsive status epilepticus had stopped had nonconvulsive seizures, and 14% had

nonconvulsive status epilepticus. In most of these patients, coma was the only clinical

manifestation. Patients with nonconvulsive status epilepticus after convulsive status

epilepticus had more than a twofold greater mortality compared with patients whose

seizures ended when convulsive activity stopped.Therefore, continous EEG should be

performed on any patient who does not quickly regain consciousness after a convulsive

seizure to detect ongoing seizure activity.This includes patients who are sedated and/or

paralyzed during the treatment of status epilepticus for whom the level of consciousness

cannot be adequately assessed.(Friedman;et al., 2009)

4- Quantitative EEG changes & seizure control

EEG synchronization refers to simultaneous activation of great synaptic masses, and

absolute power is proportional to the number of the synchronously activated generators,

which contribute to the signal. As a rule, increased delta and theta synchronization in the

waking EEG indicates cortical dysfunction in clinical neurophysiology, including

idiopathic generalized epilepsy.Thus, decreased synchronization can be interpreted as

partial normalization of background activity.(Clemens; et al., 2007b)
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Despite these facts, EEG normalization should not be interpreted as a marker of good

therapeutic response.The reason for this is that the neurophysiological condition of the

cortex is not the sole determinant of the seizure liability of the brain. Ictogenesis and

seizure control is modified by other factors like neuronal activity at several subcortical

sites. In addition, genetic factors that seem to be independent of the epileptic mechanisms

highly determine the therapeutic efficacy of the antiepileptic drugs.(Clemens;et al.,

2007b)

About one third of patients with epilepsy do not benefit from medical treatment. For

these patients, electroencephalographic biofeedback is a viable alternative.EEG

biofeedback, or neurofeedback, normalize or enhances EEG activity by means of operant

conditioning.(Tan;et al., 2009)

Research in the United states has emphasized sensorimotor rhythm up training

(i.e.,increasing 12-15 Hz activity at motor strip) with or without simultaneous down

training of slow rhythms (e.g.,decreasing 4-7 Hz activity).Research in Europe, on the other

hand, has focused principally on slow cortical potentials, which last several hundred

milliseconds and reflect the level of excitability of underlying cotrtex. Negative slow

cortical potentials shifts are observed before and during seizures and positive shifts appear

after their abatement.To prevent seizure onset, patients learn to suppress negatively

(excitation) by producing positive shifts (inhibition).Learned alterations in EEG patterns

with neurofeedback are not conscious nor voluntary, as indicated by associated changes

and related clinical shifts during the unconscious state of sleep.As sensorimotor rhythm

increases, nocturnal epiletiform activity decreases.(Tan;et al., 2009)

The studies used in this meta analysis had three characteristics in common: epileptic

subjects with seizures not controlled by medication alone, utilization of EEG biofeedback

training for the purpose of controlling the incidence of seizures, and daily subject records
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of seizures occurrences from pre-study until the final accumulation of data with family

assistance.(Tan;et al., 2009)

Medication, while commonly helpful, generally provides effective control of seizure

for only two thirds of patients. In addition to side effects, long term use of many anti-

seizure drugs has significant health risks.Neurofeedback offers an attractive alternative to

neurosurgery or implantation of vagal nerve stimulators.Antiepileptic drugs are also

teratogenic.Neurofeedback offers womens of child bearing age a possibility of controlling

epilepsy without risking the health and well-being of her newborn.(Tan;et al., 2009)

Continuous EEG (cEEG) monitoring is especially useful in evaluating the response

to interventions aimed at reducing neuronal activity to slow brain metabolism.It commonly

guides the treatment of refractory status epilepticus with intravenous infusions of

anesthetics, such as midazolam, propofol, or pentobarbital.Titration of therapy to

suppression of the EEG background is most effective for preventing breakthrough seizures

but at the risk of hypotension (Figure 23).Continuous EEG may be helpful for adjusting

infusion rates to maintain sufficient suppression while minimizing adverse drug

effects.Continuous EEG can also guide the withdrawal of anesthetics in these patients.

Pharmacological coma has been a tool for the treatment of refractory elevated intracranial

pressure in head trauma; although it can help reduce intracranial pressure, it is also

associated with a high risk of systemic complications, such as hypotension, renal failure,

and hepatic dysfunction.The use of  continuous EEG is necessary to achieve the

therapeutic goal of a suppression-burst pattern while using the lowest dose of barbiturates

possible to attempt to limit adverse effects (Figure 23).(Friedman;et al., 2009)
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Figure 23: Quantitative electroencephalogram (QEEG) tools can be used to review several hours of

continuous EEG data quickly and trend pathological changes in brain function. A plot of the average

hemispheric spectral power for each frequency (0–20) versus time for 12 hours of recording depicts

several neurologic events in a 76-years-old patient with a small right subdural hematoma and an altered

level of awareness.Transient increases of power, especially in the higher frequencies (black arrows),

indicate brief right hemisphere nonconvulsive seizures (see B1 for example raw EEG tracing). The patient

was being maintained on multiple antiepileptic drugs but nonconvulsive seizures persisted. Seizures then

resolved without further treatment (dotted black line and B2). This turned out to be due to acidosis from

CO2 retention. The patient was then tracheally intubated (blue arrow), and seizures returned

approximately 2 hours later (just before the solid black line). Afterward, the patient progressed to

nonconvulsive status epilepticus, which appears as a prolonged period of escalating spectral power on

quantitative EEG analysis (solid line, B3). Finally, the patient was given an intravenous bolus (red arrow)

and continuous infusion of midazolam, which lead to suppression of most EEG frequencies

(B4).(Friedman;et al., 2009)
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Chapter 4

Quantitative EEG in cerebrovascular stroke

Pyramidal neurons residing predominantly in cortical layers 3, 5, and 6 generate

postsynaptic excitatory and inhibitory potentials.These potentials are modulated by

transcortical and subcortical influences and their summated responses are detected as the

scalp electroencephalogram (EEG).These pyramidal layers are selectively vulnerable to

hypoxia and ischemia.Studies from intraoperative EEG monitoring and animal models

have shown that EEG changes occur within 5 minutes of acute cerebral ischemia (Figure

24). This detection sensitivity is superior to current imaging methods and to the clinical

examination if the patient is asleep, sedated, paralyzed, or has altered

consciousness.(Jordan, 2004)

Figure 24:Intraoperative continous EEG during carotid surgery in three patients. Changes in the three

columns demonstrate key attributes of  continous EEG in acute ischemic stroke. Left and middle

columns: rapid onset of  continous EEG changes within 150 seconds of ischemia, and correlation of

continous EEG morphology and frequency changes with levels of ischemia. Middle and right columns:

reversibility of continous EEG changes with improvement in cerebral blood flow (CBF).(Jordan,

2004)
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Continuous EEG monitoring for 24 hours is feasible in most stroke patients even

when awake. Marked slowing over the non-injured hemisphere was common.

(Segarceanu ;et al., 2005)

Ischemia detection in particular has been under-utilized, but the potential to

diagnose ischemia as it occurs is tremendous (e.g., monitoring after high risk vascular or

cardiac surgery, during refractory hypotension, or in the context of sepsis-associated

encephalopathy).When cerebral blood flow becomes compromised, changes occur in both

the metabolic and electrical activity of cortical neurons, with associated EEG changes.In

the operating room, EEG has an established role in identifying ischemia prior to the

development of infarction during carotid endarterectomy.(Foreman and Claassen, 2012)

Quantitative EEG (QEEG) is capable of reflecting changes in blood flow and

metabolism in as little as 28–104 seconds.Clinically, QEEG correlates with stroke

severity, radiographic findings, and response to treatment. Several parameters correlate

with initial stroke severity as measured by the National Institutes of Health Stroke Scale

(NIHSS) in both the acute (brain symmetry index) and subacute periods (relative alpha

percentage, relative alpha-beta percentage, relative delta-theta percentage, delta/alpha

ratio, delta-theta/alpha-beta ratio, and global pairwise derived brain symmetry

index).QEEG parameters correlate with the volume of infarction on MRI, such as the

acute delta change index, global pairwise derived brain symmetry index, relative alpha

percentage, relative alpha-beta percentage, relative delta-theta percentage, delta/alpha

ratio and delta-theta/alpha-beta ratio.(Foreman and Claassen, 2012)

In acute ischemic stroke, the primary injury has typically occurred prior to

presentation, but EEG maybe able to detect patterns to suggest severity, prognosis, and

secondary injury (e.g.,reocclusion, edema, or hemorrhagic transformation) (figure

25).(Jordan, 2004)
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Figure  25:EEG/continous EEG in acute ischemic stroke. CT scan shows acute ischemic stroke in left

anterior temporal region with cortical and subcortical involvement. EEG shows continuous left

hemisphere theta-delta slowing that is maximal in the frontal-temporal region.(Jordan and Bleck,

2003)

EEG changes are closely tied to Cerebral blood flow (CBF) (Figure 26). When

normal CBF declines to approximately 25– 35 ml/100 g/min., the EEG first loses faster

frequencies, then as the Cerebral blood flow decreases to approximately 17– 18

ml/100 g/min, slower frequencies gradually increase. This represents a crucial ischemic

threshold at which neurons begin to lose their transmembrane gradients, leading to cell

death (infarction).(Foreman and Claassen, 2012)

In the setting of carotid clamping, Cerebral blood flow that decreases instantaneously

to the ischemic threshold leads to rapid and reversible changes in the EEG (within

20 seconds). Infarction may not occur for hours at this degree of flow limitation and some

electrical activity (mostly delta frequencies) may be seen, but as the Cerebral blood flow

continues to decrease toward the infarction threshold (10–12 ml/100 g/min and below),

the EEG becomes silent and cellular damage becomes irreversible (as shown in Table 3).

(Foreman and Claassen, 2012)
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Figure 26:The relationship of cerebral blood flow (CBF) to electroencephalogram (EEG) and

pathophysiology. ATP=adenosine triphosphate.(Foreman and Claassen, 2012)

Table 3:Morphologic and Frequency Changes in EEG Correlating with Reductions in Cerebral blood

flow (CBF) and Degree of Neuronal Injury.(Jordan, 2004)

CBF Level

(mL / 100g/· min)

EEG Change Degree of

Neuronal

Injury

35-70 Normal No injury

25-35 Loss of fast beta frequencies Reversible

18-25 Slowing of background to

5–7 Hz theta

Reversible

12-18 Slowing to 1–4 HZ delta Reversible

Less than 10-12 Supression of all frequencies Neuronal death
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In early subacute ischemic stroke, the EEG correlates well with cerebral blood flow

as the oxygen extraction fraction increases to preserve cerebral rate of oxygen metabolism,

a period termed “misery perfusion” or stage 2 hemodynamic failure. Later, the EEG

appears to correlate less well with cerebral blood flow and instead begins to correlate with

cerebral rate of oxygen metabolism during a period of “luxury perfusion” or stage 3

hemodynamic failure.(Foreman and Claassen, 2012)

Early in this dynamic relationship, the threshold for cellular damage is shifted such

that neuronal loss and decreased protein metabolism may in fact precede changes related

to critical cerebral blood flow, particularly in peri-infarct areas. These areas are also

complicated by abnormal glutamate release (between 20–30 ml/100 g/min) or peri-infarct

depolarizations.(Dreier;et al ., 2009)

The Quantitative EEG (QEEG) alpha/delta ratio (alpha power/delta power) was

reported to be the most effective of 12 QEEG parameters investigated for detection of

delayed cerebral ischaemia in subarachnoid haemorrhage patients. This is consistent with

the large increases in delta activity and decreases in alpha activity in subacute stroke

patients, reported by many authors. Hence, the alpha/delta ratio warrants further

investigation as a potential QEEG measure to aid monitoring and prediction of evolution

of cerebral ischaemia.(Finnigan ;et al., 2007)

The power ratio index is a similar QEEG ratio measure, of delta-plus-theta to alpha-

plus beta power, which has been used to assess brain pathophysiology in supratentorial

brain lesions and Alzheimer’s disease patients.(Buchan ;et al., 2007)

In comparison to the alpha/delta ratio, the power ratio index is additionally sensitive

to theta and beta activity, both of which may be significant in monitoring post-stroke brain

pathophysiology.(Machado; et al., 2004)
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The delta to alpha power (DAR) was computed as the ratio of mean scalp delta to

alpha power. The delta to alpha power, as for power ratio index, a higher score indicates a

greater degree of EEG slowing. Similarly, as for the National institutes of health stroke

scale score, a higher score is a relatively worse prognostic indicator. The delta to alpha

power at 48 hours post-stroke onset was strongly correlated with national institutes of

health stroke scale scores at 30 days post-stroke. In addition, a strong negative correlation

between relative alpha power and 30-day national institutes of health stroke scale score

was obtained. Moreover these significant correlations were maintained when the QEEG

measures were computed using only data from the 19-channel (rather than 62-channel)

array of the international 10–20 system. So that QEEG measures from a standard number

of electrodes, if available rapidly and robust to potential artifacts, may inform future

management of stroke patients.(Finnigan; et al., 2007)

The negative correlation between relative alpha power and thirty-day national

institutes of health stroke scale score is consistent with previous observations that

preservation of alpha activity is indicative of neuronal survival in the ischaemic region(s)

and a good prognosis. It is also consistent with reported quantitative EEG findings

regarding cerebral ischaemia in subarachnoid haemorrhage patients. (Finnigan ;et al.,

2007)

Past studies have reported increased delta concomitant with decreased alpha activity

following stroke. The degree to which these two EEG phenomena may be associated is

unresolved but it appears that the delta to alpha power, being sensitive to both, should be

the most effective QEEG measure for monitoring and prognosticating evolution of

cerebral ischaemia.(Finnigan; et al., 2007)

National institutes of health stroke scale (NIHSS) examination is of course similarly

useful in subacute stroke, and this is supported by the strong correlation between subacute

national institutes of health stroke scale scores and those at 30 days post-stroke. The case
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could be made that such clinical measures generally are easier to acquire and interpret than

quantitative EEG (QEEG) measures. This cannot be refuted; however QEEG data provide

direct measures of cerebral pathophysiology and novel information not offered by standard

neurological examination. It has been observed that acute delta power changes as well as

such changes between acute versus subacute QEEG data reliably precede significant

changes in neurologic symptoms and correlate with subsequent national institutes of health

stroke scale scores.(Finnigan ;et al., 2007)

Figure (27) illustrates data from a healthy control participant and two left middle

cerebral artery stroke patients. In both patients the left, fronto-temporal electrodes exhibit

highest delta power, and this is substantially higher in the more severe stroke. However the

alpha topographies differ. In the mild stroke alpha power is highest at centro-parietal

electrodes with a bilateral distribution; whereas in the severe stroke patient alpha power is

lower and oriented towards the unaffected hemisphere. Such outcomes argue in favour of

computing post-stroke quantitative EEG indices such as those reported here across the

whole scalp rather than a specific hemisphere.(Finnigan ;et al., 2007)
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Figure 27: Topographic scalp quantitative EEG (QEEG) power maps for delta (A, C, and E) and alpha

(B, D, and F) frequency bands from three male participants of similar age. One is a healthy control (61

years, top), and the other two had left middle cerebral artery strokes of different relative severity: one

mild (patient 1, 63 years, middle), the other severe (patient 2, 66 years, bottom). National institutes of

health stroke scale (NIHSS) scores at times of EEG acquisition (52 and 48.5 hours post-stroke,

respectively, for the patients) were 0, 2, and 22, respectively.NIHSS scores at 30 days post-stroke were 0,

1, and 19, respectively.Note that the power scale bars differ between the frequency bands, but otherwise

are consistent between participants. Delta power and Delta to alpha power are relatively lowest and alpha

power relatively highest, in the healthy control. Of the two stroke patients, delta power and Delta to alpha
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power are relatively higher in patient 2 (severe stroke, poor outcome), whereas alpha power is relatively

higher in patient 1 (mild stroke, good outcome). Note also that in the patients, delta power is generally

highest at (fronto-temporal) electrodes overlying the stroke lesion (both are left middle cerebral artery

strokes), whereas alpha power is generally highest at more posterior electrodes, with a slight trend

towards the contralateral hemisphere.(Finnigan ;et al., 2007)

Diffusion-weighted magnetic resonance images (DWI MRI) are capable of detecting

changes at cerebral blood flow 35– 40 ml/100 g/min within 30 minutes. In contrast, EEG

detects changes at the same at cerebral blood flow within seconds and allows for

continuous monitoring of these changes over time. This can be crucial to detect evolving

ischemic changes after treatment with tissue plasminogen activator, when the CT is

negative during early infarction, or when there is a mismatch between Diffusion-weighted

MRI and the clinical examination. Additionally, EEG may assist in guiding treatment, to

rapidly reverse the region at risk if it has not reached the infarction threshold. Examples

include shunt placement in carotid endarterectomy and tissue plasminogen activator in

acute ischemic stroke. (Finnigan;et al.,2006 ; De Vos;et al ., 2008)

There are some data suggesting that EEG may help with prognostication in patients

with acute ischemic stroke. Because cortical changes are modulated by brainstem reticular

formations, global changes, such as loss of reactivity and lack of sleep-wake cycles, may

portend poor prognosis (and indicate possible brainstem involvement). Regional changes,

including a lack of delta or the presence of faster frequencies within 24 hours, correlate

with a good outcome while the persistence of unilateral prominent, continuous delta

slowing or decreased alpha adds significantly to clinical predictions of poor

outcome.(Cillessen;et al., 1994 ; Burghaus; et al., 2007)

In the case of subcortical infarcts, both the delta-theta/alpha-beta ratio and the

Pairwise derived brain symmetry index correlate surprisingly well with infarct volumes,

possibly related to the consequences of diaschisis on cerebral blood flow in lacunar
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brainstem infarcts.Quantitative EEG may be more sensitive than raw EEG to subtle

changes, and some parameters may even detect improvement prior to improvement in the

clinical examination. For example, after tissue plasminogen activator, a decrease in delta

power was documented 100 minutes prior to the start of functional

improvement.(Foreman and Claassen, 2012)

The ability to infer cerebral blood flow patterns, quantify the severity of brain

ischemia, and objectively monitor the response to treatment may be useful across critically

ill patient populations. Ischemia detection could alert intensivists to acute ischemia after

cardiac valve replacement, for example, and could prompt intra-arterial thrombectomy

and prevention of stroke. Titration of vasopressors may be influenced by the detection of

ischemic changes despite an otherwise appropriate mean arterial pressure goal.(Oddo;et

al., 2009)

Although studies of EEG in patients with sepsis have focused on seizure detection

and other abnormal epileptiform patterns, quantification of cerebral perfusion in these

patients could be an invaluable measure of end-organ perfusion to guide pressor

management, particularly in patients with sepsis-associated encephalopathy, which may be

related to impaired perfusion of the small vessels.(Taccone ;et al., 2010)

Quantitative EEG & subarachnoid hemorrhage

Subarachnoid hemorrhage(SAH) has an incidence of 6–15/100,000 and is associated

with high morbidity and mortality.Much of the outcome is determined by secondary

complications many of which are treatable if diagnosed in a timely fashion. Between 20–

40% of subarachnoid hemorrhage patients either clinically deteriorate or have evidence of

new ischemia on repeat brain imaging from vasospasm, together termed delayed cerebral

ischemia.(Washington  and Zipfel, 2011)
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Delayed cerebral ischemia from vasospasm after subarachnoid hemorrhage

illustrates an application in which early detection may prevent the development of

permanent damage by triggering appropriate interventions such as angioplasty or intra-

arterial administration of vasodilator therapy. (Schmidt;et al., 2008; Frontera ;et al.,

2009)

Serial neurological exams and imaging are only capable of detecting delayed

cerebral ischemia once the damage becomes clinically or radiographically apparent. In this

case, EEG may be a useful way to detect and subsequently treat ischemia before the injury

becomes irreversible. (Rathakrishnan ;et al., 2011)

The effects of vasospasm-mediated delayed cerebral ischemia can be mitigated with

pressure and volume augmentation, intra-arterial vasodilators, such as verapamil, or

angioplasty.The benefit of these measures relies on the earliest possible detection before

neuronal damage becomes irreversible.Serial neurological exams and radiological

confirmation of ischemia do not adequately detect preclinical events. Currently, the only

serial detection method in routine use is transcranial Doppler

ultrasonography.(Washington and  Zipfel, 2011)

EEG changes in subarachnoid hemorrhage

Subarachnoid hemorrhage produces a wide variety of abnormalities on EEG. Even

before the onset of vasospasm, EEG may detect disorganization or slowing, disruption of

the normal posterior dominant rhythm, seizures (6%), periodic discharges (16%), a lack of

reactivity (14%), or a lack of sleep transients (in up to 85%).(Tettenborn;et al., 2011)

Overall, relative rather than absolute parameters appeared to be more sensitive to

changes. Despite indications that hemispheric indices are predictive of clinical events in

acute ischemic stroke, coherence performed only modestly well in this study, perhaps
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because of the background changes associated with subarachnoid hemorrhage in general.

Similarly, although spectral edge frequencies correlate with ischemia in acute ischemic

stroke and carotid endarterectomy and mean frequency changes correlate with

improvements in cerebral blood flow, frequency measures were not predictive of delayed

cerebral ischemia in poorgrade subarachnoid hemorrhage, potentially because of lower

overall frequencies at baseline. These parameters have not been adequately studied in

better grade subarachnoid hemorrhage, and may still hold some promise (figure

28).(Foreman and Claassen, 2012)

Figure 28: Alpha/delta ratio calculated every 15 minutes and Glasgow Coma Score (GCS), shown for

days 6–8 of continuous EEG (cEEG) monitoring. Fifty seven-years-old woman admitted for acute

subarachnoid hemorrhage(SAH) from a right posterior communicating aneurysm. Admission

angiography did not show vasospasm.The aneurysm was clipped on subarachnoid hemorrhage day2. No

infarcts were seen on post-operative CT (Figure 29, day 2).Postoperatively she had a Glasgow Coma

Score of 14.Continuous EEG monitoring was performed from subarachnoid hemorrhage days 3 to 8. The

alpha/delta ratio progressively decreased after day 6, particularly in the right anterior region (gray arrow),

to settle into a steady trough level later that night, reflecting loss of fast frequencies and increased slowing
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over the right hemisphere in the raw continuous EEG (Figure 30, EEG 2).On subarachnoid hemorrhage

day 6 flow velocities in the right middle cerebral artery (MCA) were marginally elevated (144 cm/s), but

the patient remained clinically stable with hypertensive, hypervolemic therapy (systolic blood pressure

180 mmHg). On day 7, the Glasgow Coma Score dropped from 14 to 12 and a CT scan showed a right

internal capsule and hypothalamic infarction (Figure 29, Day 7).Angiography demonstrated severe distal

right middle cerebral artery and left vertebral artery spasm; however, due to the marked tortuosity of the

parent vessels and the location of vasospasm, a decision was made not to perform angioplasty, but to

infuse verapamil and papaverine. This resulted in a marked, but transient increase of the right anterior and

posterior alpha/delta ratios (gray shaded area).Later that day the patient further deteriorated clinically to a

Glasgow Coma Score of 7, with a new onset left hemiparesis, and died on subarachnoid hemorrhage day

9 from widespread infarction due to vasospasm. (Foreman and Claassen, 2012)
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Figure 29: CT scans obtained on subarachnoid hemorrhage days 2, 7, and 8. NB: Streak artifact from

EEG electrodes.(Foreman and Claassen, 2012)
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Figure 30: Sample of raw continous EEG prior (subarachnoid hemorrhage day 6) and during

(subarachnoid hemorrhage day7) change in the alpha/delta ratio. Increase in delta and decrease in faster

activity, more pronounced on the right (bottom 3 channels) in EEG 2 compared to EEG1.(Foreman

and Claassen, 2012)

In poor-grade stuporous or comatose patients, the earliest stages of delayed cerebral

ischemia following vasospasm due to subarachnoid hemorrhage often go undetected.

Figure (31) demonstrates the Use of QEEG to detect delayed cerebral ischemia in a

comatose patient with subarachnoid hemorrhage. Alternative methods of continuous brain

monitoring are limited by lack of sensitivity (e.g.,clinical exam, CT, transcaranial doppler
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ultrasound), high false positive rates (e.g. transcaranial doppler ultrasound), and no

standardized criteria for abnormality(e.g.,CT-perfusion, Diffusion-weighted magnetic

resonance images). Another major disadvantage of all of the above techniques is that they

are usually only applied once or twice per day. EEG on the other hand can be recorded

continuously, and QEEG parameters can be calculated at any time. (Claassen; et al.,

2004)

Figure 31: Use of quantitative electroencephalogram trends to detect delayed cerebral ischemia in a

comatose patient with subarachnoid hemorrhage. A, Plot of time-frequency trends over 8 hours of

continous EEG recording includes hemispheric compressed spectral array for frequencies between 0 and

20 Hz (top), hemispheric mean delta power (left hemisphere = blue and right hemisphere = red) and

variability (middle) and hemispheric mean alpha power and variability (bottom). At 23:30 (black arrow),

there is a persistent reduction in power in all EEG frequencies (red arrow) and a decrease in the

variability of the power in the alpha and delta frequencies (blue arrows). The following morning, digital

subtraction angiography revealed diffuse vasospasm. B, The raw EEG after 23:30 shows diffuse

attenuation of electrographic activity (B2) when compared with baseline (B1). C, Scalp EEG recording,

however, may be insensitive for detecting some of the pathological changes in brain activity. The same
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patient had a small intracortical multicontact depth electrode inserted in the right frontal region along with

a microdialysis catheter, brain tissue oxygenation monitor, and intracranial pressure monitor. As in the

scalp recordings, there was a diffuse attenuation of all electrical activity after 23:30. However, the

reduction is much more obvious and preceded by a clear gradual trend downward for several hours in the

intracranial EEG, and there is an abrupt cessation of almost all activity after 00:30. The initial gradual

decrease in intracranial EEG delta power (white arrow) was seen 30 minutes before any changes were

noticeable on scalp EEG. Subsequent imaging revealed a new area of infarction in multiple areas,

including the area of the electrode. D, Baseline intracortical EEG (D1) reveals periodic discharges not

appreciated on scalp EEG that are abolished after 23:30 (D2).(Friedman;et al., 2009)

Following Alpha/delta ratios may allow earlier detection of Delayed cerebral

ischemia and initiation of interventions at a reversible stage, thus preventing infarction and

neurological morbidity.(Claassen ;et al., 2004)

Some values (such as global increases in theta range frequency) may have a

relationship to the penumbra and, therefore, be useful in the pre-infarct stage of ischemia

in good-grade subarachnoid hemorrhage, but this has not been adequately studied.To

develop a rational approach to the detection of ischemia, a combination of regional,

hemispheric, and total measures of both power and frequency may be needed.

Electrophysiological changes should be interpreted in the context of blood pressure,

systemic oxygenation, intracranial or cerebral perfusion pressures, cerebral measures of

oxygen tension, or microdialysis.More recently, intracortical electroencephalography has

provided valuable information on both seizure and ischemia detection.(Foreman and

Claassen, 2012)
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Chapter 5

Quantitative EEG in Dementias

1-Alzheimer’s disease
Alzheimer’s disease is one of the most frequent disorders characterized by cognitive

and intellectual deficits and behavior disturbance among the elderly population.(Wan;et

al., 2008)

Alzheimer’s disease is a neurodegenerative disorder affecting about 5–7% of

population over the age of 65 and almost 43% of population over the age of 85 with its

prevalence doubling for every 5 years increment in age. Alzheimer’s disease symptoms

include progressive development of memory deficit, cognitive impairment and personality

changes accompanied with irreversible brain neurodegeneration.Genetic Factors strongly

contribute to Alzheimer’s disease etiology.The neuropathological process probably starts

years before the clinical manifestation of the disease. The major pathological hallmarks of

Alzheimer’s disease, extracellular amyloid plaques and intracellular neurofibrillary

tangles, are occasionally observed also in non-demented middle-age and elderly

individuals, indicating that Alzheimer’s disease pathogenesis may begin before first

clinical symptoms of dementia emerge.(Ponomareva;et al., 2008)

The Apolipoprotein E (ApoE) ε 4 allele is a most common genetic risk factor for

Alzheimer’s disease in many (but not all) ethnic groups and populations. There are three

alleles; ε 2, ε 3, ε 4 of apolipoprotein (ApoE) gene, encoding structurally and functionally

different protein isoforms ApoE E2, ApoE E3, ApoE E4, respectively. Up to 20% of all

dementia cases may be attributable to ApoE ε 4 allele.(Ponomareva ;et al., 2008)

The changes in synaptic potentials are reflected in EEG signals and one of the most

characteristic features in Alzheimer’s disease is degeneration of neuronal cholinergic
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synaps, correlated with the severity of dementia. Consequently the content of

acetylcholine transferase becomes decreased by about 58–90%. As a result, the level of the

acetylcholine becomes lower, mostly in temporal lobes. According to the cholinergic

theory, cholinergic disturbances in synaps appear first and they serve as a basis for

dementia.Probably the pathological brain activity in the form of slow waves reflects the

deficit of acetylcholine that is responsible for disturbances of the synchronisation synaptic

potentials.(Gawel; et al., 2009)

Alzheimer’s disease is often diagnosed by exclusion of other reversible dementias;

folate deficiency, hypothyroidism, toxic conditions.(Petit; et al., 2009)

Some researches in Alzheimer’s disease have focused on defining methods for the

earliest detection of dementia, preferably in the preclinical stages. The preclinical level of

cognitive performance has been useful in predicting the development of dementia.(Jelic

;et al., 2000)

In order to plan optimal therapeutic, organizational and rehabilitative interventions

for mild cognitive impairment, a reliable prognostic indicator on the likelihood of

progression to dementia would be required. Along this line, EEG would be an ideal

candidate to this issue, since it is a widely diffused, non-invasive and low-cost procedure.

A great deal of attention has been directed to electrophysiological substrate of Alzheimer’s

disease and mild cognitive impairment, to evaluate the “transition” hypothesis of a linear

progression from mild cognitive impairment to mild Alzheimer’s disease.(Rossini ;et al.,

2006)

It is interesting to note that no real difference has been found between the

quantitative EEG parameters in Alzheimer’s disease patients with moderate and marked

degree of dementia. It may indicate the absence of progress of pathological bioelectrical
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changes at the stage of marked dementia.This is probably related to a very marked

decrease in cholinergic activity at the stage of moderate dementia, which subsequently

does not progress. No therapeutic effect of inhibitors of acetylcholinesterase in the

advance stage of Alzheimer's disease supports this suggestion.(Gawel; et al., 2009)

The analysis of quantitative EEGs revealed significantly lower values of all the

estimated parameters in patients with Alzheimer’s disease compared with the control

group. The results showed a marked increase of slow (theta and delta) waves and a

decrease in alpha waves in patients with Alzheimer’s disease (figure 32). There was a

significant correlation between impairment of cognitive functions according to mini-

mental State Examination results and decrease in the values of alpha/slow wave power

ratios. Hence, values of quantitative EEG parameters such as alpha/slow waves power

ratios could determine the stage of mental impairment in Alzheimer’s disease.(Gawel ;et

al., 2009)

.

Figure 32:Seen here are diminished fast Beta waves in the Frontal lobes (blue) and excessive slow

Theta waves in the Hippocampus (red), indicative of the early stages of Alzheimer’s disease as shown by

quantitative EEG combined with low resolution electromagnetic tomography analysis which enables

examining of deep structures of the brain slice by slice, as well as viewing 3-dimentional models of the

brain.(Thatcher and Lubar, 2009)

When comparing the values of quantitative EEG parameters in the Alzheimer’s

disease subgroup with mild and moderate dementia the highest statistical significance was

associated with the difference between the alpha/delta wave power ratios which have
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lower values in the group with moderate dementia. This suggests that in the advanced

stages of dementia, disturbances of the thalamo-cortical neuronal circuits appears, which

are connected with the presence of delta waves. Lower statistically significant differences

of alpha/theta waves power ratios indicate that the clear increase in theta waves already

observed at the early stage of the illness is connected with degeneration of hippocampal

structures. This agrees with the observation that degeneration of hippocampal structures is

one of the earliest changes appearing in the early phase of the illness.(Gawel ;et al., 2009)

From the electrophysiological point of view, generators of alpha activity are

localized mostly in this cortical region and are found to be under control of neuronal

cortico-cortical and thalamo-cortical pathways. As proven in neuropathological

investigations, at the early stages of Alzheimer’s disease, the regions of the primary

visual cortex are spared. Hence, the assumption that the alpha rhythm should also fail to

undergo changes. However, the regions of the occipital cortex beyond the primary visual

cortex undergo a process of neurodegeneration to the same extent as other regions of the

cortex of the brain followed by the change in the frequency of alpha waves. (Gawel ;et

al., 2009)

Moreover, many authors claimed that quantitative EEG can help to differentiate

demented from depressed patients with accuracy between 69 and 84%. Since the

prediction of clinical deterioration rate in Alzheimer’s disease is important for planning

future care and assessment in therapeutic clinical trials, the predictive value of some

parameters derived from EEG power was investigated, and recently it is suggested that

the amount of delta power in the left hemisphere can predict the time until loss of activity

of daily living, whereas incontinence was best predicted by the relative amounts of both

delta and alpha power in the right hemisphere.(Bennys; et al., 2006)

A decrease in alpha and beta activities have been observed in various studies

published over the last decade. Furthermore, the “alpha like” rhythm could be a diagnostic
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marker, since there is a decrease of the alpha frequency to 6.0–8.0 Hz in mild Alzheimer’s

disease patients. Another high sensitivity aspect in quantitative EEG is the background

spectral analysis that agrees strongly with the clinical diagnosis of Alzheimer’s

disease.(De Medeiros Kanda ; et al., 2009)

High-frequency(alpha+beta)/low-frequency (delta+theta) ratios calculated from

absolute power EEG bands provided an easy differentiation between Alzheimer’s disease

patients and control subjects (figure 33). This confirms that a large increase in delta and

theta activities, associated with a progressive decline of faster activities, occurred during

the development of the disease, and could be observed even in mildly impaired patients.

These findings largely confirm those of other studies which reported a significant increase

of theta power in Alzheimer’s disease patients and showed a correlation between the

increase of slow activities and the severity of dementia assessed by psychometric scores or

the changes in cerebral glucose metabolism assessed with positron emission

tomography(PET).(Bennys; et al., 2006)

In Alzheimer’s disease patients, waking EEG activity is characterized by more

slowing of the dominant occipital rhythm than is found in nondemented old people. There

is also an increase of theta and delta activity compared to age-matched controls. However,

local slowing rarely occurs.(Petit; et al., 2009)

The dynamics of EEG changes distinguish the subgroup that further deteriorates as

regard cognitive function, and the important predictors of further clinical deterioration are

combined alpha and theta relative power and mean frequency.This finding has a practical

relevance because an early diagnosis of Alzheimer’s disease is of utmost importance for

planning interventional strategies, and quantitative EEG is a widely available and

noninvasive method for diagnostic screening (figure 34).(Jelic; et al., 2000)
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Figure 33: Values of quantitative EEG ratios r1 and r2 calculated on six regions defined in Alzheimer’s

disease patients and controls (Statistically significant difference from controls). Theta/alpha + beta1 (ratio

r1). delta + theta/ alpha + beta1+ beta2 (ratio r2). Delta: 0.5–4 Hz; theta: 4.5–7.5 Hz;alpha: 8–12.5 Hz;

beta1: 13–18.5 Hz; beta2: 19–32 Hz. Values for six cerebral regions: right frontal (F4F8), left frontal

(F3F7), right temporal (F8T4T6), left temporal (F7T3T5), right posterior (T4T6O2) and left posterior

(T3T5O1) were each calculated using the data obtained from these adjacent electrodes.(Bennys ;et al.,

2006)
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Figure 34: Group comparisons of the baseline quantitative EEG (QEEG) values among 4 studied

groups: reference Alzheimer’s disease group, healthy controls, progressed mild cognitive impairment and

stable mild cognitive impairment. , Alzheimer’s disease patients significantly different from

progressed mild cognitive impairment, stable mild cognitive impairment and controls. , Alzheimer’s

disease patients significantly different from stable mild cognitive impairment and controls. ,

Alzheimer’s disease patients significantly different from controls. , no significant difference among the

study groups. (Jelic ;et al, 2000)

Visual analysis of EEG is a helpful auxiliary method in Alzheimer’s disease

diagnosis. The most frequent EEG findings are the displacement of background frequency

into delta and theta ranges and the decrease or dropout of alpha central frequency.

However, these EEG changes usually occur in moderate and advanced stages of the

disease. Accordingly, an inverse correlation between the degree of cognitive impairment

and the power of low frequency electrical activity in the EEG was observed.(De Medeiros

Kanda ; et al., 2009)
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In addition, frequency analysis is a useful tool to improve the detection of slow

waves. It can show an increase of theta waves and decrease of alpha and beta waves in

Alzheimer’s disease patients compared with normal subjects. Frequency analysis also has

predictive value concerning the development of cognitive impairment in dependently from

clinical parameters. Moreover, there is a strong correlation between some quantitative

EEG dipole sources characteristics (from the usual EEG bands) and cognitive functions

quantified on some specific Alzheimer’s disease evaluation scales.(De Medeiros Kanda ;

et al., 2009)

The combined use of such quantitative EEG parameters and cognitive scales is

recommended to improve the detection of dementia. Quantitative EEG can be used as a

tool in dementias in much the same way as Single photon emission computed tomography

(SPECT) and MRI. These methods are not mutually exclusive, but rather, are

complementary. (De Medeiros Kanda; et al., 2009)

In mild Alzheimer’s disease, EEG rhythms differ from normal elderly  and vascular

dementia subjects, Alzheimer’s disease patients being characterized by excessive delta (1-

3 Hz) and theta (4–7 Hz) rhythms, and  a significant decrement of posterior alpha  (8–12

Hz) and beta (13–36 Hz) rhythms. These EEG abnormalities were associated with altered

regional cerebral blood flow / metabolism and with global cognitive function as evaluated

by Mini-mental State Examination. Furthermore, parieto temporal EEG rhythms and

regional cerebral blood flow have been correlated with severity of Alzheimer’s disease as

expressed by Mini-mental State Examination. Furthermore, a prominent decrease of EEG

spectral coherence at the alpha band in Alzheimer’s disease has been reported. When

compared with normal elderly subjects, Mild cognitive impairment subjects have shown

increase of theta power as well as decrease of alpha power. In line with the “transition”

hypothesis, these EEG parameters have presented an intermediate magnitude in Mild
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cognitive impairment subjects with respect to those observed in normal elderly and

dementia patients. (Rossini ;et al., 2006)

It has been recently evidenced that EEG theta power (4–7 Hz) is higher in mild

cognitive impairment subjects who will convert to Alzheimer’s disease compared with

mild cognitive impairment subjects who will not. Furthermore, spectral EEG coherence

has shown to contribute to the discrimination of Alzheimer’s disease from Normal elderly

and the conversion of mild cognitive impairment subjects to Alzheimer’s disease. It is

thought that combined analysis of EEG power and coherence provides early and reliable

discrimination of mild cognitive impairment subjects who will convert to Alzheimer’s

disease after a relatively brief follow-up; results are extremely encouraging. The results

suggest that low-cost and diffuse computerized EEG techniques (i.e. coherence analysis)

might estimate the risk for the progression to Alzheimer’s disease in mild cognitive

impairment patients.(Rossini ;et al., 2006)

Quantitative EEG was examined in 145 individuals with Alzheimer’s disease, their

unaffected relatives and unrelated individuals.The Alzheimer’s disease patients and their

relatives were stratified by Apolipoprotein E (ApoE) genotype.The resting EEG

parameters were severely changed in Alzheimer’s disease patients, and in patients carrying

the ApoE ε4 allele the decrease in alpha power was higher than in ε4 non-carriers. The

resting EEG parameters were indistinguishable in Alzheimer’s disease relatives with

different ApoE genotypes and similar to EEG pattern in common population (figure 35,

figure 36).(Ponomareva; et al., 2008)
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Figure 35:Relative power of resting EEG in Alzheimer’s disease (AD) patients with different

Apolipoprotein E (ApoE) genotypes and in age-matched normal controls. AD, Alzheimer’s disease

patients; H2, healthy subjects, age-matched with Alzheimer’s disease patients. In AD: ApoE ε4−, patients

with apoE ε3/ε3 genotypes; ApoE ε4+, patients with ε3/ε4 and ε4/ε4 genotypes. *p≤0.01, **p≤0.0001

significant differences: AD patients vs. age-matched normal controls; +p≤0.01 AD ApoE ε 4+ vs. AD

ApoE ε 4− patients. (Ponomareva ;et al., 2008)

www.yassermetwally.com

Professor Yasser Metwally
www.yassermetwally.com



Current  status of  quantitative EEG

85

Figure 36:Relative power of resting EEG in Alzheimer’s disease(AD) patients relatives with different

Apolipoprotein E (ApoE) genotypes and in age-matched normal controls. R, Alzheimer’s disease patients

relatives; H1; healthy subjects, age-matched with the Alzheimer’s disease patients relatives. In the

relatives: ApoE ε4−, AD patients relatives with ε3/ε3 and ε2/ε3 genotypes; ApoE ε4+, AD patients

relatives with ε3/ε4 and ε4/ε4 genotypes. (Ponomareva; et al., 2008)

The hyperventilation activation may provoke moderate EEG slowing in adult normal

subjects, and in patients with neurological disorders it can activate epileptiform

discharges, accentuate hypersynchronization tendencies or focal abnormalities.Under

hyperventilation the presence of the ε4 allele in Alzheimer’s disease relatives was

associated with the manifestation of synchronous high-voltage delta-, theta-activity and

sharp-waves, pronounced decrease in alpha and increase in delta and theta relative

powers. The data suggest that neurophysiological endophenotype of non-demented

individuals at genetic risk for Alzheimer’s disease, characterized by increased excitability
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and dysfunction of deep brain and alpha rhythm-generating structures may be revealed

decades before the first clinical symptoms of presumable dementia. (Ponomareva ;et al.,

2008)

It is not clear yet whether the EEG alterations may be revealed early in middle-aged

non-demented individuals who are in risk for Alzheimer’s disease. It is conceivable to

predict that essential EEG rhythms in cognitively normal relatives of Alzheimer’s disease

patients may reflect early preclinical pathology that manifest in a more pronounced form

in Alzheimer’s disease stage. (Ponomareva;et al., 2008)

When hyperventilation condition was applied, the dynamics of EEG was different in

groups of Alzheimer’s disease patients relatives with ApoE ε 4− and ApoE ε 4+ genotypes

and normal controls. Visual inspection of EEG recordings demonstrated that under

hyperventilation, 60% of the Alzheimer’s disease patients relatives had synchronous high-

voltage delta and theta-activity and sharp-waves, which appeared at the 2nd and 3rd

minutes of the loading. Such dynamics was more frequently observed in ApoE ε 4+, than

in ApoE ε 4− Alzheimer’s disease patients relatives. In general, in ApoE ε 4+ subjects,

the amplitude of delta and theta waves was higher, and slow-waves activity replaced

dominant in resting EEG alpha activity (figure 37).(Ponomareva; et al., 2008)

Paroxysmal slowing was found only in (20–25%) of middle-aged healthy persons

and elderly healthy subjects but in these subjects, the slow waves activity was not

accompanied by sharp-waves, and the amplitude of slow-waves was lower than in

Alzheimer’s disease patients relatives. The difference in frequency of paroxysmal slowing

between Apolipoprotein E (ApoE) ε 4+ Alzheimer’s disease patients relatives and age-

matched normal controls was significant whereas the difference between ApoE ε 4−

relatives and normal controls have not reached a statistically significant

level.(Ponomareva; et al., 2008)
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Figure 37: EEG under hyperventilation of Alzheimer’s disease patients relatives: (a) 45 years old with

Apolipoprotein E (ApoE) ε3/ε3 genotype and (b) 46 year old with ApoE ε3/ε4 genotype.(Ponomareva

;et al., 2008)

Longitudinal studies have revealed quantitative EEG (QEEG) predictors of future

decline in patients with Mild cognitive impairment, which is considered prodromic stage

of Alzheimer’s disease and even in normal elderly subjects. In follow-up studies of Mild

cognitive impairment patients those who progressed to Alzheimer’s disease in 25 months

had EEG deterioration in the initial evaluation, while those with normal EEG did not. High

sensitivity and specificity were demonstrated for baseline QEEG evaluations as predictors

of future cognitive decline to Mild cognitive impairment or dementia over a 7-year period
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in normal elderly. Baseline QEEG of decliners was characterized by increase theta power,

slowing of mean frequency and changes in covariance. (Ponomareva; et al., 2008)

It is found that the presence of the Apolipoprotein E (ApoE) ε 4 allele affects EEG

not only of Alzheimer's disease patients, but also of Alzheimer's disease patients middle-

aged non-demented relatives. The processes underlying the EEG alterations in the

Alzheimer's disease patients relatives with ε 4 ApoE allele can contribute subsequently to

Alzheimer's disease development. Importantly, identification of excessive reactivity of

EEG to hyperventilation induced oxidative stress manifesting as bisynchronous slow-

waves and sharp-waves in cognitively normal individuals who are at risk for Alzheimer's

disease imply early neurophysiological markers for predisposition to Alzheimer's

disease.(Ponomareva ;et al., 2008)

The results of Flavio;et al., suggest that the statistical model may give clinically

useful information on timing of achievement of some established endpoints (loss of

activities of daily living, incontinence, and death).(Flavio;et al., 2010)

The timing of loss of activities of daily living was significantly predicted by delta

power both in the entire patient group and in patients with mild dementia (figure 38). The

possibility of using a quantitative EEG parameter may be especially relevant for the loss of

activities of daily living; in fact, this is a crucial time of strategic decisions on the part of

relatives because they often need to find nurses to care for the patient for 24-hour periods.

Although achieved with the use of the mean frequency of the mean power spectrum with a

cut-off of 9.45 Hz, similarly found a significant association between abnormal EEG and

both neuropsychological and functional decline, they also found that the presence of

psychosis predicted the functional decline independently of EEG.(Flavio;et al., 2010)
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Figure 38:Predictive curves of quantitative EEG (QEEG) in patients with mild Alzheimer’s disease

(AD): loss of activities of daily living (ADL).The curve (bold line) and the 95% confidence interval (thin

line) of the maximum likelihood for the loss of activities of daily living are reported. The time, expressed

in months, is reported on the x-axis and left delta relative power on the y-axis.(Flavio;et al., 2010)

Incontinence was significantly predicted by right alpha power both in the whole

group and in the subgroup of mild Alzheimer's disease, whereas right delta power reached

the statistical significance in mild Alzheimer's disease only. Right theta instead of right

alpha gave a significant result in a previous study (figure 39).(Flavio;et al., 2010)
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Figure 39:Predictive value of quantitative EEG in patients with mild Alzheimer’s disease (AD):

incontinence.The curve (bold line) and the 95% confidence interval (thin line) of the maximum likelihood

of becoming incontinent are reported. The time, expressed in months, is reported on the x-axis and right

alpha relative power on the y-axis.(Flavio;et al., 2010)

Although delta power was the closest quantitative EEG index to the prediction of

death, it lost the statistical significance shown in the preliminary results.In fact, similar P

values (0.02 and 0.04) were regarded as significant in a recent study using another

predictive model in which several methods other than QEEG were tested to predict death,

the only endpoint to be considered (figure 40).(Flavio;et al., 2010)
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Figure 40: Predictive value of quantitative EEG in the whole group of patients: death. All details are as

in Figure 39.(Flavio;et al., 2010)

2- QEEG & vascular dementia

Vascular dementia is considered as the second cause of dementia after Alzheimer's

disease, and accounts for 30–50% of the dementia cases.(Roman, 2002)

Subcortical vascular dementia is among common types of vascular dementia. White

matter lesions and subcortical lacunar ischemic lesions can cause damage in the

connections between elements of the cognitive and memory systems. The core symptoms

of Subcortical vascular dementia are manifested in disturbances in executive functions,

behavior and personality changes, in deterioration worsening of planning and abstract

thinking but also in memory loss that probably is the result of interruption of connections

from Meynert's nucleus (affecting the activity of functions of the thalamo-cortical

connections) to neocortex. The white matter lesions and lacunar subcortical strokes cause

destruction of cholinergic synaps and oscillations of synaptic potentials may be reflected
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in changes in bioelectrical activity of brain, as recorded in EEGs. Neuropathological

changes in Subcortical vascular dementia like those Alzheimer's disease result in the

deterioration of neurons and synaptic connections.In Subcortical vascular dementia as in

Alzheimer's disease, a decrease by 40% in acetylocholine concentrations has also been

found in the cerebrospinal fluid. Acetylocholine probably has an activating as well as

inhibitory effect on pyramidal cells, but the inhibitory effect is due to the stimulation of

other inhibitory neurons.(Gawel; et al., 2007)

A patchy pattern of focal slowing in quantitative EEG recordings is commonly

observed in patients with vascular dementia. Increases in slow wave (delta and theta) and

decreases in fast wave (mainly alpha) EEG activity have been reported in vascular

dementia. These alterations in EEG power correlate with changes in regional cerebral

glucose metabolism .(Renna ;et al., 2003)

It is very interesting to note that a real difference has been found  when comparing

alpha/slow waves power ratios, between Subcortical vascular dementia subgroup with

mild degree of dementia and moderate degree of dementia. However a similar difference

has not been found between visual EEGs. This may indicate greater precision of

quantitative analysis of EEG in showing the degree of advancement of subcortical vascular

dementia in comparison with the visual analysis.The significant correlation between the

severity of dementia in Subcortical vascular dementia (according to Mini-mental State

Examination) and alpha/slow wave power ratios, confirms that also in Subcortical

vascular dementia like in Alzheimer's disease, abnormalities in EEGs (in the form of a

decrease in alpha waves and increase in the number of slow waves) grow during the

progress of the illness.(Gawel; et al., 2009)

It is found that there is an inverse relationship of glucose metabolism with delta and

theta power in various brain regions, as well as a direct correlation between metabolism
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and alpha power in the occipital lobe. Elevated fluctuations of the alpha2 frequency band

(10.5- to 12-Hz) in the transition from alertness to sleep were also demonstrated in

vascular dementia, which might reflect a decrease of vigilance control accounting for the

fluctuations of cognitive impairment in these patients.(Tsuno;et al., 2004)

In patients with vascular dementia the decline of cognitive performance is

accompanied by an increase in slow (delta, theta) EEG activity and a decrease of the alpha

frequency band. Thus, cognitive deterioration seems to be associated with a progressive

slowing of the quantitative EEG pattern in vascular dementia. It is postulated that a

positive correlation between changes in clinical and EEG parameters could constitute a

proof of concept for the efficacy of drugs candidate for the treatment of vascular

dementia.(Muresanu ;et al., 2008)

Sharp waves or spikes were not found in EEGs in Subcortical vascular dementia

patients. These are more typical in multi-infarct dementia, with focal ischemic lesions of

the brain tissue, which can cause irritation.(Gawel; et al., 2007)

In a study of 31 patients with Subcortical vascular dementia compared to 14 health

control subjects of the same mean age 72.3 years, the results show that there are no

significant differences on visual EEGs when comparing Subcortical vascular dementia

subgroups with mild and moderate dementia [mild (19–23points of Mini-mental State

Examination), moderate (11–18 points of Mini-mental State Examination), marked (less

than 11 points of Mini-mental State Examination)].Probably the cholinergic deficit in

Subcortical vascular dementia patients is not large enough to be noticeable as it develops

slowly. This could explain the similarity between subgroups of Subcortical vascular

dementia patients with mild and moderate dementia.Visual EEGs as a less precise tool

failed to show any differences. However a significant difference between visual EEGs in

the control group and in Subcortical vascular dementia patients with mild and marked
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dementia may be of some clinical significance and could help in differentiating between

healthy or pseudo-dementive patients and those with mild dementia (figure 41). It is very

interesting that a real difference has been found when comparing the alpha/slow wave

power ratios between Subcortical vascular dementia subgroups with mild degree of

dementia and moderate degree of dementia. This may indicate greater precision of the

quantitative analysis of EEGs in showing the degree of advancement of subcortical

vascular dementia in comparison with the visual analysis.(Gawel ;et al., 2009)

Figure 41: Comparison between alpha/slow wave power ratios in Subcortical vascular dementia (SVD)

subgroups; Blue:A/T (alpha/theta waves power ratio).Red:A/D (alpha/delta waves power ratio).

Yellow:A/D+ T (alpha/delta and theta waves power ratio). SVD I (mild dementia), SVD II (moderate

dementia), CG (control group).(Gawel;et al., 2009)

The frequency of wave analysis shows a significantly lower value of frequency of

waves in Subcortical vascular dementia patients with moderate dementia compared with

those with mild dementia. However the frequency of EEGs in all, as well as in some

chosen derivations, is not a differentiating factor between the group with mild degree of

dementia (Subcortical vascular dementia I) and the control group. Probably this is a result

of normal aging process in controls that produces slight changes in EEG patterns. The

most frequent change is the occurrence of intermittent temporal theta activity. There is
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also a slight decrease in alpha frequency with advancing age, amounting to not more than

0.5 Hz/decade after the age of 60. The above comparison indicates that only at the

moderate stage of the disease the basic activity, manifesting itself in a decrease in mean

frequency, is slower.(Gawel; et al., 2009)

As mentioned above in all the selected derivations there were a decrease in

alpha/slow wave ratios so that EEG abnormalities in Subcortical vascular dementia are

general and diffused in character. Since subcortical vascular dementia has been ascribed to

prominent frontal lobe dysfunction secondary to ischemic lesions in frontothalamic

circuits, we could expect the more significant abnormalities in the anterior parts of the

hemispheres.(Gawel ;et al., 2009)

Caused by pathophysiological processes in vascular dementia, EEG shows an

unspecific pattern with increased slow wave activity, while typical occipital alpha activity

might be preserved for a long time. There is a direct correlation of occipital alpha power to

occipital and temporo-occipital glucose metabolism, which is a marker of preserved

normal function. The diffuse and widespread inverse relationship between delta power and

glucose metabolism indicates the extent of direct cortical damage, whereas the frontally

focused negative dependency of theta power on thalamic metabolism reflects the effect of

subcortical lesions and cortical deafferentation. (Spiegel; et al., 2006)

Compared to normal elderly subjects, vascular dementia patients showed a trend

toward a significant slowing of the alpha frequency and a substantial change in the lower

alpha band power (8–10 Hz). The relative delta power increased in both Alzheimer's

disease and vascular dementia patients while theta power increased only in vascular

dementia patients.(Spiegel ;et al., 2006)
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The differential diagnosis between dementia of the Alzheimer's type and subcortical

vascular dementia is especially difficult, because of some similarities of clinical

symptoms. Among the common features of Alzheimer's disease and subcortical vascular

dementia are: slow progress of symptoms, personality disorders, behavioural and mood

disturbances, abstractive thinking disturbances and psychomotor bradykinesia.(Gawel;et

al.,2009)

Visual EEGs and quantitative EEGs could be used in addition to the differential

diagnosis between Alzheimer's disease and subcortical vascular dementia, but only

selected parameters of QEEG could be useful in differentiating between Alzheimer's

disease and subcortical vascular dementia subgroups with the same degree of

dementia.(Gawel;et al., 2009)

There is a significant difference between visual EEG and quantitative EEG (QEEG)

in Alzheimer's disease and subcortical vascular dementia. Only QEEG parameters differed

in Alzheimer's disease and subcortical vascular dementia subgroups with the same degree

of cognitive impairment: the mean wave frequencies of waves in temporal derivations in

subgroups with mild and moderate dementia and alpha/delta waves power ratio in

subgroups with moderate dementia. (Gawel;et al., 2009)

The comparison of the alpha/slow wave power ratios in Alzheimer's disease and

subcortical vascular dementia with moderate dementia (Subcortical vascular dementia II)

reveals significantly lower values of alpha/delta wave power ratios in the subgroup of

patients with Alzheimer's disease. Hence, the conclusion that in the case of Alzheimer's

disease the disturbances of neurotransmision in thalamo–cortical connections resulting in

generating delta rhythm occur sooner.(Gawel;et al., 2009)
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3- QEEG & dementia with Lewy bodies

Dementia with Lewy bodies is a common, although underdiagnosed, form of

dementia, representing 15–20% of cases of dementia in old age. The core clinical features

of dementia with Lewy bodies are spontaneous Parkinsonism, visual hallucinations and

fluctuating cognition with attention deficits. Dementia plus one core feature are needed for

the diagnosis of possible dementia with Lewy bodies; the presence of dementia and of two

core features leads to a diagnosis of probable dementia with Lewy bodies.It is

pathologically characterized by the presence of Lewy bodies in cortical, subcortical and

brainstem structures. A number of studies or review papers have shown that rapid eye

movement sleep behavior disorder is a common finding in patients with dementia with

Lewy bodies. It has even been suggested that the inclusion of rapid eye movement sleep

behavior disorder in the list of core criteria for dementia with Lewy bodies would improve

the sensitivity and specificity of the diagnosis. Restless legs syndrome & periodic

movements during sleep also occur with relative frequency in dementia with Lewy

bodies.(Petit ;et al., 2009)

A few quantitative EEG studies have reported a slowing of the awake EEG in

dementia with Lewy bodies, whether expressed as a loss of the alpha rhythm during

wakefulness combined with a slowing of both dominant and nondominant rhythms or an

increase in theta activity, which correlates with the degree of dementia. Frontal

intermittent rhythmic delta activity has also been reported Fluctuating cognition, one of

the core features of dementia with Lewy bodies, was shown to be reflected in cortical

activation by the variability of both delta activity and mean EEG power in dementia with

Lewy bodies patients compared to both Alzheimer's disease patients and elderly

controls.(Petit ;et al., 2009)

Quantitative EEG (QEEG) was performed in dementia with dementia with Lewy

bodies and Alzheimer's disease. It was thought that QEEG had the possibility as a
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diagnostic tool of degenerative dementias. Although EEG power spectral analysis showed

the increasing EEG power density of patients in dementia with Lewy bodies in delta and

theta band, such a significant difference did not exist in Alzheimer's disease patients. Both

inter- and intrahemispheric coherence value was lower in dementia with Lewy bodies and

Alzheimer's disease patients than controls. As compared with Alzheimer's disease, delta

and theta band coherence value in frontal and temporal region was higher in dementia with

Lewy bodies, whereas Alzheimer's disease was lower than dementia with Lewy bodies in

alpha and beta band coherence.(Kai, 2007)
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Chapter 6

Quantitative EEG in Parkinson’s disease
Parkinson’s disease is a progressive neurological disorder characterized by rigidity,

resting tremor, bradykinesia and an impairment of postural reflexes and gait and caused in

part by the degeneration of the dopaminergic cells in the substantia nigra (table 4).(Petit

;et al., 2009)

Table 4: Criteria for diagnosis and Cognitive Status Classification in Parkinson’s disease.(Caviness;

et al., 2007)

Parkinson’s

disease –

Cognitively

Normal

Have clinical features and diagnosis of

Parkinson’s disease [Bradykinesia and rest

tremor or rigidity without atypical features (e.g.

early falls or dementia, gaze palsy, etc.) or

secondary cause (e.g., arthritis, strokes, drugs,

hydrocephalus, etc.)] without evidence of

cognitive impairment by  neuropsychological

and clinical  assessment

Parkinson’s

disease -Mild

Cognitive

Impairment

along the lines of Petersen et al.; Subjective

cognitive  complaint, at least 1.5 standard

deviation below age corrected mean score on at

least one area of neuropsychological testing,

dementia criteria not met

Parkinson’s

disease- -Dementia

Diagnostic and Statistical Manual of Mental

Disorders (DSM-IV) criteria for dementia met

and criteria for dementia with Lewy bodies are

not met
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Quantitative EEG (QEEG) measures correlate with current Parkinson’s disease

cognitive state. A reliable predictive QEEG biomarker for Parkinson’s disease dementia

incidence would be valuable for studying Parkinson’s disease dementia, including

treatment trials aimed at preventing cognitive decline in Parkinson’s disease.(Klassen;et

al., 2011)

Dementia is common in Parkinson disease.The addition of cognitive dysfunction to

the motor disability of Parkinson’s disease increases disability and mortality risk.

Treatment with acetylcholinesterase inhibitors has been shown to provide modest

symptomatic benefit in Parkinson’s disease dementia. However, there is no therapy known

to prevent or delay the occurrence of dementia among patients with Parkinson’s disease. It

is likely that any neuroprotective therapy would have greatest efficacy if started at, or even

prior to, the earliest symptoms of dementia. (Klassen;et al., 2011)

In some studies although there was some overlap of quantitative EEG parameters

among Parkinson’s disease cognitive states, slow rhythm frequencies (delta, theta) were

increasingly present with greater cognitive decline, whereas the faster rhythm frequencies

(alpha, beta1, beta2) were decreased compared to the Parkinson’s disease-cognitively

normal group. These EEG frequency changes are abnormal and are commonly seen in

multiple causes of both acute and chronic encephalopathies. Neither age nor levodopa

dose correlated with declining cognitive status. The dominant posterior background

rhythm frequency was defined as the peak background frequency assessed by using the

spectra at P3, P4, and Oz. The dominant posterior background rhythm frequency and

global relative EEG power in the delta and alpha frequency bands correlated in an

expected direction with the Mini-mental State Examination score, which is a test of global

mental function.These combined findings show that dominant posterior background

rhythm frequency and global relative EEG power measures are appropriate for use as

objective physiological biomarkers to study Parkinson’s disease cognitively normal,
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Parkinson’s disease Mild cognitive impairment, and Parkinson’s disease -

dementia.(Caviness; et al., 2007)

Results suggest that Parkinson’s disease Mild cognitive impairment has mean

quantitative EEG characteristics that demonstrate it to be an intermediate

electrophysiological state between Parkinson’s disease-cognitively normal and

Parkinson’s disease -dementia.All Dominant posterior background rhythm frequency and

global relative EEG power differences were significant between Parkinson’s disease-

cognitively normal and Parkinson’s disease-dementia.The two beta band global relative

EEG power values decreased approximately the same when comparing Parkinson’s

disease Mild cognitive impairment versus Parkinson’s disease-cognitively normal and

Parkinson’s disease-dementia versus Parkinson’s disease Mild cognitive impairment.

However, the theta global relative EEG power and Dominant posterior background rhythm

frequency showed significant and greater differences for Parkinson’s disease Mild

cognitive impairment versus Parkinson’s disease-cognitively normal than for Parkinson’s

disease -dementia versus Parkinson’s disease Mild cognitive impairment. On the other

hand, the delta and alpha global relative EEG power had smaller and not significant

changes when comparing Parkinson’s disease Mild cognitive impairment versus

Parkinson’s disease-cognitively normal than for Parkinson’s disease-dementia versus

Parkinson’s disease Mild cognitive impairment (figure 42).(Caviness; et al., 2007)
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1-Cognitively normal Parkinson’s disease EEG

FFT – OZ                                 FFT- F3
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2- Mild cognitive impairment EEG

FFT – OZ                               FFT- F3
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3- Demented Parkinson’s disease EEG

FFT – OZ                                  FFT- F3

Figure 42:Raw EEG and Fast-Fourier transformation (FFT) spectra of Oz and F3 electrodes for

Parkinson’s disease-cognitively normal, Parkinson’s disease Mild cognitive impairment, and Parkinson’s

disease-dementia.These examples had their Dominant posterior background rhythm frequency near the

group mean. Note dropout of faster frequencies and increase in slower frequencies with cognitive

decline.(Caviness; et al., 2007)
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Klassen;et al., found that certain quantitative EEG measures are potential predictive

biomarkers for Parkinson’s disease-dementia incidence. Those with a lower than median

background rhythm frequency had a significantly higher incidence of dementia over time

than those with higher than median background rhythm frequency, while those with high

theta bandpower have a smaller but still significant increased incidence of Parkinson’s

disease-dementia than those with lower than median theta bandpower.(Klassen;et al.,

2011)

Lewy body pathology in the frontal lobe or other regions that project to posterior

cortical regions may disrupt the default network in Parkinson’s disease, giving rise to

abnormal background alpha frequency.This concept needs further

investigation.(Klassen;et al., 2011)

The theta bandpower increase could have been significant because even a small

amount of background rhythm frequency peak “overflow” into the theta range, which is

normally small, resulted in a significant increase in the usually low theta bandpower.

Alternatively, the theta bandpower increase may arise from an independent pathologic

generator. Increased theta power has been observed in attention deficit disorder, and

patients with Parkinson’s disease without dementia are known to demonstrate attention

deficits. Increased delta activity represents severe disruption of cortical activity, and its

presence much more closely correlates with coincident cognitive decline rather than

predicts it. Beta rhythms are thought to represent primarily neocortical activity, but their

wide frequency range of 13–30 Hz may make beta bandpower an insensitive early

predictor of Parkinson’s disease-dementia.(Klassen;et al., 2011)

Quantitative EEG parameters can be useful in defining the risk of incident dementia

in Parkinson’s disease.Both a lower than median Background rhythm frequency and, to a

lesser extent, a higher than median EEG power in the theta band are associated with a

higher risk of dementia in this population. These parameters are potential biomarkers for

www.yassermetwally.com

Professor Yasser Metwally
www.yassermetwally.com



Current  status of  quantitative EEG

106

cognitive decline in Parkinson’s disease and may prove useful in clinical trials.

Quantitative EEG, as an assessment of the physiologic activity of cortical neurons, may

provide the most feasible window into the cortical dysfunction associated with the

cognitive decline of patients with Parkinson’s disease. Measurement of additional subjects

with longer duration of follow-up will enable further refinement of prediction

models.(Klassen;et al., 2011)
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Chapter 7

Quantitative EEG in migraine

Migraine is classified by the World Health Organization as the nienteenth most

disabling disease. Four among 10 women and two among 10 men will have migraine in

some moment in their lifes, most of them before 35 years. Despite its clinical importance,

the pathophysiology of migraine has not been fully elucidated.Although being initially

thought as only a vascular commitment, migraine is nowadays considered as a

neurovascular phenomenon characterized by frequent and recurrent attacks with a clear

neurologic substrate. A typical attack is recognized by pain in a single half of the head,

worsens with physical activity and is frequently associated with nausea, vomits, and

distress to light and loud sound exposure, may taking up to 72 hours.(Bigal; et al., 2009)

Migraine patients often experience attacks after exposure to bright lights, noise, or

stress. It is unknown why such trigger factors spark attacks only occasionally.One theory

is that fluctuations in cortical or subcortical excitability at times render the migraine brain

vulnerable to sensory stimuli. Bright lights, noise, or other stimuli may then trigger a

cortical spreading depression, which subsequently sets off the chain of events ending with

headache. Unfortunately for this theory, both increased and decreased cortical excitability

have been measured directly with, e.g., transcranial magnetic stimulation and indirectly

with visual-evoked potentials in migraineurs. Neurophysiological changes seem to

increase when a migraine attack approaches. Hence, a possible reason for the discordant

results may be different timing of the recordings in relation to the migraine

attacks.(Siniatchkin ;et al., 2009 ;Hauge;et al., 2010)

Migraine attacks can be followed or preceded by an aura phenomenon, neurologic

symptoms of cortical, or brainstem-cerebellar origin, that can be visual, sensory (e.g.,

facial or hand numbness), mental confusion, and disturbs of balance.Visual aura is the
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most common, and may present as bright scotomas, fotopsias, uni or bilateral

hemianopsias, bright flashes, or colored lines.(Agarwal; et al., 2012)

Both migraine and some types of epilepsy can, under some circumstances, be

induced by intermittent light stimulation.Therefore, intermittent light stimulation could be

useful for unmasking neuronal networks possibly hyperactive and coherent in migraine or

epileptic patients, compared to normal health volunteers; and for staging, following and

predictive purposes. Migraine patients are hypersensitive to a constellation of stimuli, even

when not within an attack.(De-Souza;et al., 2012)

A spontaneous migraine attack with simultaneous Positron emission tomography

(PET) scanning showed a decrease in regional cerebral blood flow in the occipital region,

and the headache was associated with bilateral hypoperfusion that started in the occipital

lobes and spread anteriorly into the temporal and parietal lobes. Even in the interictal

period, migraine patients have a visual cortex processing different from normal volunteers

in deep brain and genetic scale and migraineurs showed hyperexcitability of the occipital

cortex by functional magnetic resonance imaging-blood oxygenation level

dependent.(Martín ;et al., 2011)

Neuroimaging studies such as MRI are usually normal in uncomplicated

migraine.Quantitative EEG, an alternative imaging technique, is usually abnormal in

patients with recurrent migraine.(Walker, 2011)

There are evidences that brain has neuronal networks properties, hence resilience

mechanisms, to avoid attacks. Migraine has gender selective incidence, with higher

prevalence in female. In female patients, brain functional networks showed worse

resilience, more regions exhibited decreased nodal centrality, and more functional

connections revealed abnormalities than in male patients.(Liu;et al., 2011)
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The correlations between trigger sensitivity and theta activity as well as depressed

photic responses indirectly points to an association between sensory hypersensitivity and

cortical hypoactivity. Recently, it has been hypothesized that triggering of migraine

attacks is related to brainstem nuclei, e.g., nucleus raphe magnus, dysfunction. Possibly, a

dysfunction of brainstem nuclei both induces sensory hypersensitivity and lowers arousal

in patients with an increased sensitivity toward sensory stimuli.(Bjørk;et al., 2011)

Increased severity of migraine also seemed to be correlated with EEG slowing.Alpha

peak frequency is a known correlate with cognitive performance and memory. Reduced

frontal and parietal gray matter density has been found in migraine, and the reduction

correlates with poorer performance on some mental tasks. Pontine hyperintense white

matter lesions suggestive of subclinical ischemic events have also been found in some

migraineurs. It is known that localized delta waves may appear over a subcortical white

matter lesions.White matter lesions and gray matter changes in migraine patients correlate

with severity of migraine. Thus, a lesional cause for the quantitative EEG slowing seen in

the patients with severe symptoms cannot be excluded.(Bjørk;et al., 2011)

Quantitative EEG is a method to indirectly estimate cortical excitability, either

during rest or during stimulation with flickering light, so-called steady-state visual-evoked

potentials. In fact, increased arousal caused by stimulation of the reticular activating

system causes EEG activation (desynchronization or alpha block), seen as a decrease in

the frequency specter below 13 Hz with a subsequent increase in faster frequencies.

Brainstem stimulation also causes the photic driving amplitude to increase.(Bjørk;et al.,

2011)

It was shown an increase of theta power in EEG recording of occipital regions in

migraineours in the interictal period, But the EEG spectral parameter called partial

directed coherence could be interesting for the study of the neurophysiological basis of

migraine since it describes if brain areas are influencing each other, if there is feedback
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and in what frequency oscillation it happens.(Bjørk; et al., 2011 ; De-Souza; et al .,

2012)

In a study with quantitative EEG analysis, it was described a general increase in theta

power in all cortical regions of migraineurs compared to non-migraine controls in a time

free from pre-ictal symptoms.(Bjørk;et al., 2009)

It is believed that the electroencephalographic partial directed coherence measured

reflects cortical interactions through direct neuronal cortical-cortical circuits or indirect

(subcortical) loops. It is possible that the change in coherence observed here could be

related to the neurophysiologic substrates of optical nerve stimulation, an effective

procedure for medically intractable migraine.(Lambru and Matharu, 2012)

The global excess of relative theta power and depressed photic responses we found

between attacks in migraineurs contradicts the theory of increased arousal in migraineurs.

If there were increased arousal, one would expect diminished power in frequencies below

13 Hz with increased beta power, increased photic responses, and most likely increased

peak frequency. (Bjørk;et al., 2011)

On the contrary, the globally increased slow background activity and the reduced

photic responses suggest interictal hypoexcitability in migraine. Several older quantitative

EEG studies have also found increased delta or theta in migraineurs. Theta increase is also

found in children with migraine. The latter indicates that this slight EEG-slowing most

likely is not a consequence of disease sequelae.(Bjørk;et al., 2011)

Increased responses to flicker stimuli in the alpha range as well as slow and

asymmetric background activity emerged within 72 and 36 hours before the headache

phase. Another study also found similar quantitative EEG changes 72 hours before the

attack. Bjørk;et al., found that preictal delta, theta, and beta power, and alpha power
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asymmetry clearly increased compared with the interictal period as well as with controls

(figure 43, figure 44). (Bjørk;et al., 2011)

Figure 43: Thirty-six hours before attack, delta power increased, and theta, alpha, and beta power

tended to increase with respect to an interictal baseline.(Bjørk;et al., 2011)

Figure 44: Alpha peak frequency decrease correlated with duration of the migraine disease.(Bjørk;et

al., 2011)

When compared to healthy volunteers, migraine patients show different coherence

profiles (figure 45).Migraine patients had greater coherence than controls during the basal
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period (without photic stimulation), showing predisposition for sensory processing in

many frequency ranges. After photic stimulation, patients showed a decrease in cortical

coherence while controls had an increase.The Partial directed coherence analysis permits

to address a patient coherence profile, or “coherence map,” that can be utilized for

management of the headache disorder or following up treatments.(De-Souza ;et al., 2012)

Figure 45:Coherence variation in time. Network O2-P4 (right hemisphere) in healthy volunteers

(diamonds, interrupted lines) and migraine patients (squares, solid lines). When plotting the average of

the Partial directed coherence(PDC) obtained from the EEG recordings of 7 controls and 5 patients, the

effect of photic stimulation is clearly seen. Migraine patients generally have greater coherence than

controls when the stimulator is off. When photic stimulation starts, there is a decrease in coherence in

migraineurs and an increase in controls. After turning off the stimulator, patients tend to return to an

increased coherence status while controls show a decrease.(De-Souza ;et al., 2012)
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Neurofeedback VS drug therapy

Quantitative EEG-guided neurofeedback appears to be dramatically effective in

abolishing or significantly reducing migraine frequency in the great majority of patients

with recurrent migraine headache.(walker, 2011)

Migraine patients have abnormal quantitative EEGs characterized by excessive high

frequency beta activity (21-30 Hz) in 1-4 areas of the brain, most commonly in parietal,

central, or frontal areas.When neurofeedback training was done to reduce high frequency

beta and increase 10 Hz at those sites, the majority of the patents experienced complete

remission of migraines (54%).Most of the other patients experienced a significant

reduction in migraine frequency(50% or greater in 39% and less than 50 % in

4%).(Walker, 2011)

EEG recordings from 40 migraineurs were retrospectively classified as ictal,

interictal, preictal or postictal. Delta, theta, alpha and beta power, and hemispheric

asymmetry in frontocentral, temporal and occipitoparietal regions were calculated from

artifact-free EEG. Power and power asymmetry were calculated for two time-windows, 36

and 72 hours before/after the attack, and compared with the interictal values.Frontocentral

delta power increased, whereas frontocentral theta and alpha power tended to increase

within 36 hours before the next attack compared with the interictal period. Occipitoparietal

(alpha and theta) and temporal (alpha) power were more asymmetric before the attack

compared with the interictal baseline. Ictal posterior alpha power increased slightly.

Postictal power and power asymmetry were not significantly different from interictal

baseline. EEG activity seems to change shortly before the attack. This suggests that

migraineurs are most susceptible to attack when anterior quantitative EEG delta power and

posterior alpha and theta asymmetry values are high. Changed activity patterns in

cholinergic brainstem or basal forebrain nuclei and thalamo-cortical connections before

the migraine attack are hypothesized.(Bjørk and Sand, 2008)
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In contrast, patients who chose to remain on drug therapy experienced no change in

frequency most of the time (68%).Eight percent did experience a decrease in frequency of

50% or more. Two percent noticed a decrease of less than 50% (figure 46).(Walker, 2011)

Figure 46:Effect of neurofeedback versus drug therapy on migraine headache frequency. Seventy-one

patients aged 17 to 62 presented with the chief complaint of recurrent migraine headache. Forty-six

patients elected to do neurofeedback based on their quantitative EEG (QEEG) abnormalities to remediate

their migraine headaches. Twenty-five elected not to neurofeedback and continued anti-migraine drug

therapy. All patients were followed for at least one year.(walker, 2011)
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Chapter 8

Quantitative EEG in traumatic brain injury

Traumatic brain injury is Defined as “an alteration in brain function, or other

evidence of brain pathology, caused by an external force.”In mild traumatic brain injury,

the evidence of brain pathology can be subtle and transient, and it is often difficult to

document and quantify the immediate neurological manifestations. Attempts have been

made to understand the pathophysiology of mild traumatic brain injury through the use of

neurophysiological techniques such as electroencephalography.(Moeller;et al., 2011)

Mild traumatic brain injury is a major public health concern because of its high

incidence, which has been reported to account for at least 75% of all brain injuries.

Postconcussion syndrome occurs after mild traumatic brain injury and includes a number

of disparate symptoms such as headache, dizziness, fatigue, irritability, difficulty in

concentration and performing mental tasks, cognitive impairments, and reduced tolerance

to stress. Generally, patients with minor injuries recover within several days; however,

approximately 15% of patients in whom mild traumatic brain injury has been diagnosed

may present with persistent, debilitating problems.(Korn;et al., 2005)

Mild traumatic brain injury is thought to be caused by shearing forces generated by

sudden acceleration, deceleration, and rotation of the brain, causing transient neurological

dysfunction. In general, higher-frequency EEG rhythms (beta and gamma) are produced

by cortical generators, while lower-frequency rhythms (delta) are the result of cortical-

thalamic synchrony and can become more prominent when cortical-thalamic connections

are disrupted. The initial sudden acceleration and deceleration caused mild, reversible

diffuse cortical dysfunction, leading to a brief, transient decrease in cortically generated

high-frequency rhythms, resulting in a decrease in beta power. This injury is mild, and so

there is a rapid return to normal beta power within 5 minutes. At the same time, shearing

forces and rotational acceleration resulted in acute disruption of corticothalamic
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connections that was longer lasting than the cortical dysfunction and led to a more

prolonged increase in delta and theta power. As this dysfunction resolved, the delta and

theta power returned to baseline.(Moeller;et al., 2011)

Mild traumatic brain injury is associated with damage to frontal, temporal and

parietal lobes. Post-concussion syndrome has been used to describe a range of residual

symptoms that persist 12 months or more after the injury, often despite a lack of evidence

of brain abnormalities on MRI and CT scans. Quantitative EEG has been shown to be

highly sensitive (96%) in identifying post-concussion syndrome, and neurotherapy has

been shown in a number of studies to be effective in significantly improving or redressing

the symptoms of post-concussion syndrome, as well as improving similar symptoms in

non- traumatic brain injury patients.(Duff, 2004)

Persistent post-concussive syndrome

After a year, 10–15% of mild traumatic brain injury patients still reported significant

symptoms. The other 85–90% of patients effectively had recovered, although some still

had mild symptoms. The term permanent symptomatic persistent post-concussive

syndrome refers to the patients who still have significant symptoms a year after injury.

Those symptoms most often are dizziness, headache, light and sound sensitivity, as well as

cognitive and emotional complaints. The cognitive problems most often found are

inattention, poor memory and reduced executive function. The emotional symptoms most

often reported are irritability, depression, nervousness, discouragement and

anger.(Nuwer;et al., 2005)

EEG changes hours to months after mild traumatic brain injury

Early reports of EEG within 24 hours after traumatic brain injury revealed that most

patients with mild head injuries had a normal EEG. Some patients had subtle slowing of

the background EEG within 15 to 30 minutes of injury, but this generally resolved after 30
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minutes. Quantitative changes in EEG after mild traumatic brain injury have included

reduction in alpha mean frequency and increase in the theta-alpha ratio, and these changes

gradually resolved over weeks to months. Other authors have used a composite index of

multiple quantitative EEG characteristics (including power and coherence analysis) to

demonstrate significant differences from baseline EEG in football players with concussion

that persisted for at least 8 days after injury.(Moeller;et al., 2011)

The most common EEG changes seen after mild head injury are attenuated posterior

alpha and focal irregular slow wave activity with a preponderance of theta waves in the

temporal region. Within 24 hours of a mild traumatic brain injury, an EEG often is normal

or close to normal. Any focal EEG abnormality tends to disappear within 6 months to a

few years in a vast majority of cases.Posterior focal slowing may evolve into slight alpha

asymmetry before disappearing.(Nuwer;et al., 2005)

Within several weeks or months of a mild head injury, serial EEGs often show

gradually increases in alpha frequency, e.g. from 9.0 Hz eventually to 10.0 Hz. This is

presumed to be a gradual return to the patient’s original dominant alpha frequency. Mild

diffuse theta disappears.(Nuwer;et al., 2005)

By 6 months after a mild traumatic head injury, about one third of patients still report

at least one symptom, most often headache, dizziness or drowsiness. Complaints of

headache, dizziness or nausea at the emergency room after mild head injury was

associated with symptom severity at 6 months. The fewer the symptoms at the emergency

room, the better the long-term outcome. Patients who had abnormal magnetic resonance

imaging at the time of injury often had some cerebral atrophy when retested 6 months

later, but these findings did not correspond to performance on cognitive testing. Imaging

abnormalities also were reported using single photon emission computed tomography, but

again these lacked correspondence to cognitive signs or symptoms.(Nuwer;et al., 2005)
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Quantitative EEG (QEEG) studies in mild traumatic brain injury or concussion,

have reported abnormalities in many features reflecting changes in brain function,

including reduced mean frequency of alpha, reduced power in the alpha and beta

frequency bands, hypercoherence between frontal regions, and decreased gamma

frequency (figure 47). Using these features, normal controls have been discriminated from

patients with mild traumatic brain injury in previous studies with a reported 96.2%

sensitivity and 90.5% specificity.Alterations in brain function of concussed individuals

were reported using wavelet features of the EEG, which increased when second

concussive events occurred. QEEG features have also been used in multivariate classifier

functions to discriminate between mild and severe traumatic brain injury, with sensitivity a

reported 95% and specificity of 97%. The variables contributing primarily to this

discrimination include measures of coherence, phase and amplitude differences. It was

noted that frontal and frontotemporal regions contributed more than other regions to such

discrimination, suggesting increased vulnerability of these areas. In addition, the

disruption of brain function reflected in QEEG measures has also been demonstrated to

reflect such abnormalities for long periods postinjury in those patients who report

persistence of symptoms and to correlate with recovery of function at 1 year after

injury.(McCrea; et al., 2010)

A

B C D

Figure 47: Changes in electroencephalography during mild traumatic brain injury, including power

spectrogram for anterior and posterior head regions for 1 hour around the time of injury (A) and segments
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of raw electroencephalography tracing at the time of injury (B), 2 minutes after injury (C), and 30 minutes

after injury (D). Qualitative EEG during mild traumatic brain injury revealed approximately 3 seconds of

diffuse movement artifact followed by an increase in diffuse theta and delta slowing that lasted several

minutes.(Moeller;et al., 2011)

A review of the relations between traumatic brain injury and brain activation

obtained with eyes closed data concluded that ‘‘There is a broad consensus that increased

focal or diffuse theta,  decreased alpha and increased asymmetry are common EEG

indicators of the post-concussion syndrome’’. The increase in slow frequencies (delta,

theta and slow alpha 8– 10 Hz) and decrease in fast alpha (10.5–13.5 Hz) and beta levels

appears to be the pattern in the eyes closed data in the traumatic brain injury

patient.(Thornton  and  Carmody, 2009)

The quantitative EEG variables under eyes-closed resting and non-cognitive

activation tasks which were positively correlated with subsequent memory performance

were not the same as those variables that accounted for success during the memory task.

For example, the relative power of frontal and central alpha under eyes closed condition

was positively correlated with subsequent auditory memory ability. However, in contrast,

the relative power of theta value from an eyes closed condition has shown a negative

relation with academic performance in a group of normal and learning disabled children.

Thus, the discrepancy between these results possibly resides in: (1) normal versus learning

disabled and (2) eyes closed versus activation conditions.(Thornton  and  Carmody,

2009)

Decreased high-frequency power and increased delta power are nonspecific, and

similar changes are seen in a variety of disorders, including syncope. Moeller;et al.,

indicated that there were several similarities between their  patients and the patients with

syncope, including a transient increase in low-frequency activity and a transient decrease

in high-frequency activity, as well as a transient decrease in the alpha-delta ratio.
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However, the EEG of patients with syncope returned to baseline within 5 minutes, while

patient with migraine had a persistent increase in low-frequency power for an additional

15 to 20 minutes. There was also a relative preservation (or even increase) in alpha power

after the injury, possibly due to more frequent periods of eye closure.(Moeller;et al.,

2011)

Magnetic resonance imaging (MRI) findings were consistent with clinical

quantitative EEG studies in which (a) white matter lesions were related to increased delta

amplitude and (b) grey matter lesions were related to decreased alpha and beta frequency

amplitude. (Duff, 2004)

Cognitive rehabilitation for post concussion syndrome

Cognitive rehabilitation following traumatic brain injury traumatic brain injury has

been widely used, consisting of attempts with computer assisted tasks to restore cognitive

skills, therapist-intensive interactions with cognitive therapy and counselling to help

patients adapt to their deficits.(Duff, 2004)

Results from the study on clinical recovery after sport-related concussion are

consistent with early reports indicating a typical course of full recovery in symptoms and

cognitive dysfunction within the first week of injury.Quantitative EEG results, however,

suggest that the duration of physiological recovery after concussion may extend longer

than observed clinical recovery.(McCrea;et al., 2010)

NEUROTHERAPY

The core symptoms of post-concussion syndrome include attention deficit disorder,

impulsivity, mood disorders, memory difficulties and headaches. Each of these are

associated with identifiable neurophysiological brain patterns, mostly associated with

various degrees of excessive slow wave (theta) activity. Each of these core symptoms has
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been shown to respond positively to neurotherapy. Since excess theta is causally linked to

reduced cerebral metabolism and brain blood flow (ischemic hypoxia), impaired

neurotransmitter synthesis/release and various forms of brain pathology, inhibition of

excess theta by any means, including neurotherapy, is likely to improve brain

function.(Duff, 2004)

During neurotherapy, real-time quantitative EEG is displayed on a computer in the

form of a game. The game software is driven by selected quantitative EEG parameters and

the patient is given contingent audio-visual rewards in the game for producing less slow

wave (theta 4-7Hz) and more fast waves (beta 16-20Hz)(figure 48).(Duff, 2004)

Before Neurofeedback Treatment:

After Neurofeedback Treatment:

Figure 48:Excessive Theta waves (4-8 Hz) at the central & left parietal are due to traumatic brain

injury. Red color represent increased slow wave activity at the site of the injury.(Thatcher and

Lubar, 2009)

Interventions for improvement of cognitive problems in patients with traumatic brain

injury include electroencephalography biofeedback, also known as neurofeedback.

Quantitative electroencephalography (QEEG) patterns are assessed in traumatic brain

injury patients and then compared to a database obtained from a normative population.

Deviations in QEEG patterns from the normative group are the basis for an intervention

plan. While QEEG patterns, obtained under an eyes closed, resting condition, provide
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information about deviations at rest, QEEG patterns obtained while the patient engages in

cognitive tasks reflect specific deficiencies in brain functioning.(Thornton and Carmody,

2009)

Two groups of protocols are described and their measures of their effectiveness are

reviewed by assessing the associations between Quantitative EEG variables and cognitive

skill with eyes closed and activation databases. First, we review protocols that inhibit theta

frequencies and enhance beta frequencies and then we review coherence and phase

interventions.(Thornton and Carmody, 2009)

Protocol 1: Research on Beta Enhancement and Theta Inhibition

The general design of this protocol is to reduce the microvolts or relative power of

the theta frequency and to increase the microvolts or relative power of the beta frequency.

In a single case study, the subject was treated for 31 sessions with two intervention

protocols. The first was designed to suppress 4–7 Hz while enhancing 12–15 Hz and 15–

18 Hz beta microvolt activity at top central location on head (Cz). The second was

designed to increase 15–18 Hz at T3 and C3 while inhibiting theta microvolts (4–7 Hz).

Improvements were found when comparing pre- and post-administered cognitive problem

solving measures. Theta microvolts decreased an average of approximately 37% across the

three locations, T3, C3, and Cz on post testing. However, beta microvolts also decreased

an average of about 41%, reflecting the problem of the interrelationships between the

frequencies.(Thornton and Carmody, 2009)

Protocol 2: Coherence and Phase Interventions

The general design of this protocol is to modify coherence values to be within a

range of database norms. Therefore, depending on the values obtained in the activation

conditions, interventions would be designed to increase or decrease coherence. The

effectiveness of the intervention has been assessed by several measures including self-
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report, employment status, changes on neuropsychological measures and changes in

Quantitative EEG measures. (Thornton and Carmody, 2009)
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Chapter 9

Quantitative EEG in Psychiatric disorders

1-Schizophrenia

It has been suggested that brain abnormalities in schizophrenia can be characterized

as functional disconnections in a specific brain network rather than isolated regional

abnormalities brain-imaging. Studies using positron emission tomography (PET) and

functional magnetic resonance imaging (fMRI) have reported a disconnection between the

frontal lobe and the temporal lobe for schizophrenic patients during performance of

cognitive tasks. However, these imaging techniques provide insufficient temporal

resolution to estimate the degree to which the neural activities in disparate cortical areas

are temporally connected. The electroencephalogram with its excellent temporal resolution

can compensate for the drawbacks of PET and fMRI. (Higashima ;et al., 2007)

Differences in quantitative EEG can even be found between different subtypes of

schizophrenia (“positive-symptom” vs. “negative-symptom” schizophrenia).There are also

differences in quantitative EEG indicators between patients with particular clusters of

schizophrenic symptoms.(Begić;et al., 2011)

Quantitative EEG (QEEG) findings in schizophrenia show a wide range of

abnormalities. The most frequently reported QEEG abnormalities include increased slow

activity and decreased alpha activity which is normalized after antipsychotic medical

treatment. Such changes can be noticed over all regions, but mostly over the frontal

regions. The most frequent finding in schizophrenia is an abnormal frontal asymmetry of

alpha power.(Jetha; et al., 2009)

Quantitative EEG changes in schizophrenic patients in comparison with healthy

subjects were found in all segments of the EEG spectrum. With respect to the topographic

distribution, most EEG abnormalities were found over occipital regions, followed by

www.yassermetwally.com

Professor Yasser Metwally
www.yassermetwally.com



Current  status of  quantitative EEG

125

central and occipital regions. Abnormalities in quantitative EEG over so many regions in

patients with schizophrenia could be associated with disturbed neural circuits in

schizophrenia.(Begić;et al., 2011)

EEG asymmetry over frontal (delta power) and temporal (theta power) regions could

be associated with the reduction in the gray matter of the limbic areas or in the gray matter

of the superior temporal gyrus, cortical atrophy.(Mientus;et al., 2002 ; Gross and Huber,

2008)

Coherence analysis of EEG activity makes it possible to establish an index of

functional connectivity between different brain regions and, indeed, in support of the

disconnection hypothesis, a number of studies have reported abnormalities of coherence in

schizophrenia. Most studies based on resting and task-related EEGs have detected a

reduction in intrahemispheric coherence for schizophrenic patients while others have

reported an increase in intrahemispheric coherence or no difference between patients and

healthy controls (figure 49). These discrepancies may be due to methodological

differences such as different EEG derivations, electrode pairs, frequency ranges or

experimental conditions.Results for associations between coherence abnormality and

schizophrenic symptoms have also been inconsistent. (Higashima ;et al., 2007)

Some cross-sectional studies have reported that a reduction in task-related coherence

between the left frontal and the left temporal lobe and within the left frontal lobe is

associated with positive symptoms, while another study found that a reduction in the right

frontoparietal coherence of resting EEG is associated with negative symptoms. On the

other hand, evidence that resting coherence is higher and task-related coherence is lower

for both patients and their healthy siblings than for healthy controls suggests that this

coherence abnormality may be determined genetically but is not dependent on symptoms.

Thus, it has remained unclear whether EEG coherence abnormalities are state-dependent

changes reflecting the severity of clinical symptoms specific to schizophrenia or enduring
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trait markers independent of the clinical state.To isolate the symptom-dependent aspect of

coherence abnormality, longitudinal studies are necessary to determine whether EEG

coherence abnormality can change with improvement in clinical symptoms.(Higashima

;et al., 2007)

Figure 49: Intrahemispheric EEG coherence in the beta band at the first and the second test. Values

show the means and the Standard deviations (SD) of Z-transformed values of coherence for frontal–

central (F–C), central– occipital (C–O) and frontal–temporal (F–T) pairs of the left (L) and the right (R)

hemisphere.(Higashima; et al., 2007)

A longitudinal study has analyzed EEG coherence for fourteen schizophrenic

patients who had been hospitalized for acute exacerbations at two time points during the

course of antipsychotic treatment [EEGs were performed twice at an interval of 36.6 ±

12.3 days (range, 13–56 days)], and examined the relationship between changes in

coherence and in quantitatively estimated symptom severity. The main findings of that

longitudinal study are that the beta-band coherence of resting EEG for the left frontal–

temporal pair increased after treatment, and that the degree of this increase correlated with

the improvement in acute exacerbation, especially with the improvement in positive

symptoms. These findings are compatible with those obtained from cross-sectional studies,

namely, that a reduction in the left-hemisphere frontotemporal coherence in the theta band
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during a talking task and in the alpha band during a mathematical task is associated with

the generation of positive symptoms. These coherence studies support the recent

hypothesis that a disrupted connection between the frontal and the temporal area of the left

hemisphere is a central deficit in schizophrenia.(Higashima; et al., 2007)

In 1974, some authors described abnormal distribution of regional cerebral blood

flow in schizophrenic patients. It was characterized by low frontal values and thus by a

reduction of the normal anterior-to-posterior gradient. Under the name of “hypofrontality,”

this phenomenon turned out to be one of the most consistent findings in the schizophrenia

neuroimaging. Positron emission tomography studies in patients with this mental disorder

found decreased metabolism in frontal brain regions and increased metabolism in the basal

ganglia.However, hypofrontality has never been directly confirmed by the EEG analysis. It

is suggested that the alpha rhythm power changes can be a marker of resting

hypofrontality in schizophrenia.(Begić; et al ., 2011)

The analysis of EEG topography revealed schizophrenia-related abnormalities at

different spatial scales. These were (1) a global decrease in absolute EEG power

manifested in the alpha and beta frequency bands and (2) a relative increase in the alpha

power over the prefrontal brain regions against its reduction over the postcentral regions.

Not only were both effects robust in the alpha band but they were also linked to the

schizophrenia symptoms measured with the Positive and Negative Syndrome Scale in this

frequency range. These findings support the concept of hypofrontality in schizophrenia

and expose the alpha rhythm as a sensitive marker of it. Furthermore, they suggest that the

alpha activity of EEG is an important target for further detailed noninvasive research into

the neurobiology of schizophrenia.(Knyazeva ;et al., 2008)

In schizophrenic patients treated with repetitive transcranial magnetic stimulation;

alpha EEG normalizations in frequency selectivity and long-range coherence were found

to be highly correlated with the degree of clinical improvement.(Kemp;et al., 2008)
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From the electrophysiological point of view, hallucinations in schizophrenia are

associated with increased theta activity in the Superior temporal gyrus. One of the reasons

of increased beta activity in patients with schizophrenia could be damage to the deeper

brain structures.(Begić; et al., 2011)

2-Depression

There are many areas of the brain responsible for emotions and mood. The neuronal

circuit responsible for emotions consists of dorsolateral and ventromedial prefrontal

cortex, nuclus accumbens, basal ganglia, amygdales, temporal and parietal cortex, and

hypocampus. Lesions to these Structures in patients with depression elicit EEG

changes.(Deslandes; et al., 2008)

Depression is associated with an activation difference between the right and left

prefrontal cortex. A large number of EEG studies have established that the left frontal area

is associated with more positive affect and memories, whereas the right hemisphere is

more involved in negative emotion. A biologic predisposition to depression exists when

there is a frontal asymmetry in brain wave activity, with more left frontal alpha

activity(figure 50). This imbalance with more left frontal alpha means that the left frontal

area is less activated. Such persons may be anticipated to be less aware of positive

emotions while at the same time being more in touch with the negative emotions that are

associated with the right hemisphere. This asymmetry in EEG activity is best seen when

the EEG is examined with an average reference or a reference on the vertex at top central

location on head (Cz). The belief has been expressed that this frontal alpha asymmetry

may represent a state marker of depression, as well as reflecting a biological or trait

marker of a vulnerability to depression. (Hammond, 2005)

Many studies found quantitative EEG asymmetry in patients with depression

(reduced activity over the left frontal region). According to the metabolic and
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neuroimaging studies, this asymmetry is associated with dysfunction of the left

hemisphere (prefrontal cortex and basal ganglia).(Fregni; et al., 2006)

Figure 50: Asymmetrically increased slow wave activity typical of depression: too much Alpha and

Theta (red) on the left frontal side as shown by quantitative EEG combined with Low Resolution

Electromagnetic Tomography analysis.(Thatcher and Lubar, 2009)

Quantitative EEG alterations revealing a decreased level of functional activity in the

brain have been associated with clinical depression, in close correlation with anatomic

evidence of neuronal and glial degeneration. Most reports deal with alterations in alpha

band activity, where some authors reported mainly frontal asymmetries, although other

reports reject those findings. On the other hand, increased delta activity, an obvious feature

in visual EEG inspection, has been correlated to many types of brain damage through all

EEG history, and its pathophysiology is regarded as sign of cortical deafferentation in

many neurological diseases and also in psychiatric conditions. (Coutin-Churchman and

Moreno, 2008)

There is some evidence that the resting EEG may be a useful tool in the study of

depression. Patients diagnosed with clinical depression have frequently exhibited

increased alpha and/or theta power as well as interhemispheric asymmetry and

hypocoherence in anterior regions. These findings for resting EEG in depressed patients
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are based on morphologic analysis which decomposes the component frequencies and

amplitudes in the EEG oscillation.(Lee ;et al., 2007)

Cordance is a new quantitative EEG (QEEG) method which combines

complementary information from absolute (the amount of power in a frequency band at a

given electrode) and relative power (the percentage of power contained in a frequency

band relative to the total spectrum) of EEG spectra. Cordance combines these parameters

to achieve a stronger association with cerebral perfusion than either measure alone. Of the

three QEEG measures (absolute power, relative power, and cordance) examined, cordance

had the strongest relationship with perfusion. (Bares; et al., 2008)

Among the trait markers is frontal alpha asymmetry, changes in frontal quantitative

EEG cordance, Asymmetry in frontotemporal slow-wave activity, decreased inter-

hemispheric coherence in the delta and/or theta frequency bands, increased delta and theta

bipolar absolute powers of the right hemisphere;  higher percentage of theta in posterior

brain areas  and changes in beta activity.The accuracy of these quantitative EEG findings

in detecting depression has been demonstrated and replicated in large Samples with 72–

93% sensitivity and 75–88% specificity.(De Medeiros Kanda;et al., 2009)

Comparison between patients with depression and healthy subjects showed that

patients with depression had significantly higher delta and theta power values. Increased

alpha and beta activity was also found in patients with depression in comparison with

healthy subjects. Changes in alpha rhythm are associated with thalamic dysfunction, but

they are also associated with cortical activity. It is known that alpha power is reversely

proportional with cortical activity in patients with depression.(Begić; et al., 2011)

Previous studies of patients with unipolar depression have shown that early decreases

of prefrontal quantitative EEG cordance in theta band can predict clinical response to

various antidepressants.(Bares ;et al., 2008)
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Use of the EEG in the prediction of antidepressant response is based on early studies,

which identified various EEG parameters (left dominant pretreatment alpha power value,

significantly less pretreatment overall theta power, etc.) associated with response to

treatment. These studies provide the first evidence of capability of quantitative EEG to

predict antidepressant response. Several lines of reasoning support the rationale for

examining frontal EEG measurements in the theta band in relation to an antidepressant

response. A consistent finding of neuroimaging studies is an abnormal pattern of

metabolism or perfusion in the dorsolateral prefrontal cortex and/or the anterior cingulated

cortex in depressed patients. Both structures are connected neuroanatomically and

functionally. Theta activity recorded in prefrontal channels may reflect both activity of the

dorsolateral prefrontal cortex and projected rhythm generated in the anterior cingulate. In

addition, higher theta activity of the anterior cingulate before therapy (nortriptyline and

citalopram) predicted response to treatment in depressed subjects. Recent evidence

suggests that change of quantitative EEG cordance value might be useful in predicting

antidepressant response.(Hunter ;et al., 2007)

Cordance and Positron emission tomography were equally effective in detecting

lateralized activation associated with the motor task, while EEG power did not detect this

activation.Several studies have demonstrated that reduction of prefrontal quantitative EEG

theta cordance value after 1 or 2 weeks of treatment with selective serotonin reuptake

inhibitors and selective serotonin-norepinephrine reuptake inhibitors can predict clinical

response to 8-week treatment in non-resistant patients and these changes are different from

those observed in placebo responders.(Bares ;et al., 2008)

A study reported a comparative analysis of measures of spectral power and

synchronization of the gamma rhythm (30–40 Hz) in healthy subjects in normal conditions

and before examinations (a stress situation), and in patients with major depression (first

episode), both without cognitive loading and during performance of tests (arithmetic

www.yassermetwally.com

Professor Yasser Metwally
www.yassermetwally.com



Current  status of  quantitative EEG

132

counting and spatial imagination). The results showed that the power of the gamma

rhythm in the frontal and temporal areas of the cortex was significantly greater in patients

with depression than in normal subjects. In the stress situation, healthy subjects showed a

reduction in the number of differences in this measure as compared with depression

patients, both at rest and during performance of the arithmetic counting test. The spatial

imagination test resulted in a smaller number of significant differences between patients

with depression and healthy subjects, regardless of whether the latter were in normal

conditions or in the stress situation. The levels of gamma rhythm synchronization between

cortical areas at rest and during cognitive loading were not different in healthy subjects,

though synchronization increased in healthy subjects during stress and in patients with

depression. Thus, the stress situation in healthy subjects leads to decreases in the

differences in EEG measures from those in depression both at rest and during cognitive

loading. This may be evidence that stress is a “trigger mechanism” for

depression.(Strelets; et al., 2007)

Schizophrenia VS depression

The group of schizophrenic and depressive patients differs in age, what could not be

avoided, because we want to compare those entities after lasting for many years. As

schizophrenia most often occurs between the 15th and 25th year of age, and depression at

the turn from the thirties into forties, these two groups differ regarding age, but not in the

duration of illness. Therefore, the average duration of illness does not differ in these two

groups.(Begić ;et al., 2011)

The finding that patients with schizophrenia differed from patients with depression in

delta power values could be potentially used in differential diagnosis between

schizophrenia and depression. The role of quantitative EEG in clinical differentiation

between these two mental disorders may be especially important in cases of negative-

symptom schizophrenia.(Begić ;et al ., 2011)
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3-Anxiety disorders

Anxiety is defined as a subjective sense of worry, apprehension, fear and distress.

When severe, it can affect a child's thinking, decision-making ability, and perceptions of

the environment, learning and concentration. Brain imaging and functional studies have

shown some evidence of abnormal function in several regions of the brain.(Demerdzieva

and Pop-Jordanova, 2011)

Many authors have reported specific electrophysiological patterns for anxiety

disorders. The basal instability in cortical arousal, as reflected in measures of quantitative

EEG, is common to most of the anxiety disorders. Resting electroencephalographic

measures tend to correlate with symptom subpatterns and be exacerbated by condition-

specific stimulation.(Clark;et al., 2009)

A statistically significant difference of spectra power in alpha band between left and

right hemisphere was obtained. The right frontal asymmetry is specific to the right-handed.

In eyes-open condition, the percentage of children manifesting right asymmetry is up to

92.31% and in the eyes-closed condition it is 88.46%. Left frontal asymmetry was typical

of left-handed children. We did not confirm the posterior right asymmetry suggested by

other authors. The correlations between asymmetry and hand preference of children was

very strong and statistically significant only for frontal regions of the brain. For parietal

regions this was weak and statistically not significant.(Demerdzieva and Pop-Jordanova,

2011)

Generalized anxiety disorder patients showed an increase in total power, absolute

delta/theta and alpha power and relative alpha power and a decrease in relative beta power,

neurophysiologically reflecting hypervigilance. These changes partly correspond to those

observed in another anxiety disorder, agoraphobia (with and without panic disorder),

which however, in contrast to Generalized anxiety disorder, also exhibited an
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augmentation of beta activity and an acceleration of the delta/theta and alpha

frequencies.(Sachs; et al., 2004)

A model of asymmetric hemispheric activity was investigated in depression and

anxiety, and reported that anxious and nonanxious depressed patients differ on

electroencephalographic measures of parietotemporal activity. As predicted, depressed

patients with an anxiety disorder differed from those without anxiety in alpha asymmetry.

Nonanxious depressed patients showed an alpha asymmetry indicative of less activation

over right than left posterior sites, whereas anxious depressed patients showed evidence of

greater activation over right than left anterior and posterior sites. (Demerdzieva and Pop-

Jordanova , 2011)

Frontal EEG asymmetry has been studied as a state related to acute affective

response. Authors have used experimental factors to induce emotions, like evocative film

clips, and produced asymmetric patterns of EEG activation. In these experiments, a

negative affect was associated with relatively higher right frontal activation, whereas

positive emotional states were associated with greater left frontal activation.(Demerdzieva

and Pop-Jordanova, 2011)

Functional interpretation of frontal EEG asymmetry in all studies relies upon a

fundamental assumption that EEG alpha band power is an inverse measure of cortical

activation underneath the recording electrode. These Findings generally support the utility

of EEG alpha power as an inverse indicator of regional cortical activation. The finding that

alpha band has been inversely related to the activation of the corresponding region of the

brain to conclude that anterior alpha asymmetry measurements reflect relative differences

in activity between the left and right hemispheres. In general, lower alpha power

correlated with higher activation in the right hemisphere is related to a more negative

affective response.(Demerdzieva and Pop-Jordanova, 2011)
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After quantitative EEG assessment in two conditions eye opened and eye closed, it

was found that a statistically significant difference between left and right sides in alpha

spectra power was found in frontal, parietal, temporal and occipital regions (figure 51).

There is also asymmetric alpha activity associated with relatively higher right frontal

activation predominant in frontal but not in parietal (posterior) regions in children with

anxiety disorders. Right frontal asymmetry was specific for all assessed children except

for left-handed ones in the two conditions, eye closed and eye opened. For parietal

regions, there was no specific predominant side for alpha asymmetry in this group of

patients.(Demerdzieva and Pop-Jordanova , 2011)

Figure 51:Alpha asymmetry for11-years-old girl, eyes-open condition.(Demerdzieva and Pop-

Jordanova , 2011)

It was reported that children with externalizing behaviours exhibited significantly

greater relative right frontal EEG activity at rest compared with children with no

externalizing behavioural problems. Higher relative right-sided activity during the

experience of negative withdrawal related emotions was also reported.(De Raedt R; et

al., 2008)

In a study aimed to investigate the quantitative EEG in 25 drug-free patients with

Social Phobia as compared with age- and sex-matched normal controls and to correlate

anxiety and depressive symptoms with EEG data; EEG was recorded under vigilance-
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controlled and resting conditions. Statistical analysis demonstrated a decrease in absolute

and relative delta, theta power, slow-beta (13-20 Hz) and fast beta (21-35 Hz) power and

an increase in absolute and relative intermediate beta power. Trait anxiety and depression

scores correlated positively with the dominant alpha frequency and negatively with

absolute theta and slow alpha power as well as with the delta/theta frequency band. In

conclusion, quantitative EEG in patients with Social Phobia revealed significant

differences from normal controls suggesting a hyperarousal as a pathogenetic factor of

anxiety. (Sachs ; et al, 2004)

Panic attacks generally occur during daily activities, suddenly and without any

apparent reason.Symptoms intensify quickly, and resolve spontaneously and gradually.

They include shortness of breath, palpitations, chest pain or discomfort, choking or

smothering sensations, and the fear of ‘‘going crazy’’ or losing self-control. Panic attacks

are a common feature of panic disorder. This psychiatric diagnosis is characterized by the

presence of recurrent, unexpected Panic attacks followed by at least 1month of persistent

concern about having another attack. (Scalise ;et al., 2006)

Knott; et al., found that patients with panic disorder exhibited greater overall

absolute power in the delta, theta and alpha frequency bands and less relative power in the

beta band. (Knott; et al., 2006)

Panic disorder patients have a lower degree of inter-hemispheric functional

connectivity in the frontal region and intra-hemispheric functional connectivity in the

bilateral temporal region, and that chronic condition or frequent panic attacks in

Parkinson’s disease patients may be related to the pathophysiological central nervous

system changes.(Alvarez-Silva; et al., 2006)
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Obsessive–compulsive disorder

Neuropsychological brain imaging and electrophysiological research have

consistently shown a dysfunction of fronto-striato-thalamic pathways in obsessive–

compulsive patients. However, the functional meaning of the observed dysfunction in the

pathogenesis of obsessive– compulsive disorder  is still debated. The majority of brain

imaging studies have shown, in subjects with obsessive–compulsive disorder, an abnormal

activation of a fronto-subcortical circuit involving the orbitofrontal and/or the cingulate

cortex, the ventromedial striatum, the globus pallidus/substantia nigra pars reticulata

complex, the thalamus and its connections with the cortex. This pathway includes two

loops mediating relationships between the thalamus and the striatum. (Bucci ;et al., 2004)

Simpson;et al., investigated quantitative EEG changes induced by symptom

provocation in obsessive–compulsive patients and found a decrease of alpha power over

anterior regions and a concomitant increase over posterior scalp areas, during live

exposure to feared contaminants, with respect to baseline. Since alpha desynchronization

is thought to be a sign of cortical activation, the authors considered the topographic

modification of alpha activity (anterior reduction and posterior increase) in line with

functional brain imaging evidence of increased activation of frontal regions during

symptom provocation in obsessive–compulsive patients.(Simpson;et al., 2005)

In a study of 32 drug-free patients with Diagnostic and statistical  manual of mental

disorders criteria of obsessive– compulsive disorder and 32 healthy controls, matched with

patients for age, gender and handedness, a decrease of the slow alpha-band power (7.7-9.5

Hz) in obsessive–compulsive disorder as compared to healthy subjects was observed. A

significant negative correlation between the slow alpha band power and the time to

complete a neuropsychological test exploring executive functions was found: the more

reduced the slow alpha band power, the slower the performance on this test. The

topographic distribution of the observed quantitative EEG abnormalities, as well as their
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correlations with neuropsychological indices, suggest an increased activation of frontal

networks in obsessive–compulsive patients.(Bucci ;et al., 2004)
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Discussion

Both raw EEG and quantitative EEG can be altered in response to the presence of

seizures or periodic discharges, changes in intracranial pressure (e.g., acute

hydrocephalus), or in the setting of systemic illness such as ventilator-acquired

pneumonia.In addition, sedatives, narcotics, antipsychotics, and other medications may

have varying effects on the EEG. Even normal state changes, such as slow wave sleep,

appear similar to changes seen during ischemia. Moreover, the Intensive Care Unit is

contaminated with a variety of artifacts: Chest percussion, bed movement, condensation in

ventilator tubing, and electrical (50Hz or 60Hz) artifact from other monitoring devices.

Ultimately, the raw EEG remains the gold standard for the assessment of brain

function.(Claassen;et al., 2004  ; Scheuer  and Wilson, 2004)

Detection of spike or seizure events has been greatly enhanced by software that

annotates the recording at sharp or rhythmic EEG changes. These programs are

continually being upgraded by techniques such as training the computer to ‘recognize’ a

particular ictal pattern by either template matching or frequency filters.(Swartz, 2008)

Some quantitative EEG techniques can help to differentiate primary generalized

discharges from secondary bilateral synchrony by looking for small, reproducible

interhemispheric timing differences in such discharges and the characteristic distribution

of maximal activity.This differentiation may help to guide the choice of the best

antiepileptic medication as well as aid presurgical localization.Quantitative frequency

analysis can occasionally identify and lateralize or localize EEG features that are subtle

and might be overlooked on routine visual EEG inspection.(Nuwer, 1997)

Quantitative EEG (QEEG) could detect reliable focal features that were missed on

initial visual review of the routine EEG. These tests can be quite abnormal even when the

CT is still normal, such as in the first 1 to 3 days after stroke or when the degree of
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ischemia is mild enough to cause dysfunction without infarction. However, EEG

anatomical localization is very much inferior to that found with CT or MRI. As with

routine EEG, QEEG changes are unable to differentiate infarction from hemorrhage,

tumor, or other focal cerebral lesions. QEEG in expert hands may possibly be useful in

evaluating certain patients with symptoms of cerebrovascular disease whose neuroimaging

and routine EEG studies are not conclusive.(Nuwer, 1997)

The findings of Stewart;et al., demonstrate that color density spectral array (CDSA)

and amplitude-integrated EEG (aEEG) displays are useful screening tools for seizures in

the Intensive Care Unit when used by trained neurophysiologists who are aware of the

techniques' inherent limitations. However, these displays do not replace careful review of

conventional EEG data. Given the widespread incorporation of these display tools into

current EEG software by many vendors and the limited training required for their use,

these techniques appear amenable to widespread adoption. Whether these displays are

suitable for bedside use by Intensive Care Unit nurses and physicians without prior

training in electroencephalography requires further study.(stewart; et al., 2012)

Some quantitative EEG changes indicating EEG normalization might be markers of

seizure control; as predicted for the antiepileptic drugs. Parallelism between neuronal

synchronization, Presence of generalized spike-wave paroxysms and cortical excitability is

the theoretical basis for this possibility. The relationship between them was supported by

human studies.(Clemens; et al., 2007b)

A number of studies report that quantitative EEG measures of cerebral

pathophysiology in acute or sub-acute stroke might augment future prognosis regarding

patient outcomes. For example, it is reported that quantitative EEG delta power measures

in acute stroke and delta/alpha power ratio measures in sub-acute stroke are both highly

correlated with ischaemic stroke patients’ outcomes assessed via the National Institutes of

Health Stroke Scale (NIHSS). Quantitative EEG measures were averaged over all scalp
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electrodes and further a significant correlation between subacute delta/alpha power ratio

and outcome measures was obtained when the former was computed from a standard 19-

electrode array.(Finnigan; et al., 2008)

Ultimately, ischemia detection requires real-world validation. Software currently

exists that allows real-time quantification of quantitative EEG parameters. The numerical

values generated by quantitative EEG can be used to set threshold alarms such that when a

specified value is reached for more than a specified period of time (e.g., to avoid confusion

with artifact), an alert is sent to a treating member of the Intensive Care Unit team. This

should be done in the context of a prospective and randomized trial that compares

integrating quantitative EEG into a novel algorithm versus best clinical practice, for

example comparing different triggers to obtain established confirmatory assessments of

vasospasm-associated delayed cerebral ischemia, such as CT angiography, CT perfusion,

or conventional angiography. (Foreman and Claassen, 2012)

Diffuse low frequent activity on quantitative EEG is seen in Alzheimer's disease and

correlates with disease stage. Increase of relative theta power by itself or in combination

with changes in other frequencies has differentiated early forms of Alzheimer's disease

from controls in several studies, and has showed intermediate characteristics in mild

cognitive impairment. A suggested sequence of changes in EEG frequencies during

Alzheimer's disease development could be extrapolated from current published data on

mild cognitive impairment samples. First an increase of theta power is seen followed by a

decrease of beta power, decrease of alpha power and at last increase of delta power.

Moreover, the changes have in some studies been restricted to theta power alone.

(Stomrud; et al., 2008)

Furthermore, the correlation of relative theta and beta (In the EEG calculations

relative power values were used since absolute values vary more between healthy

individuals than the intra-individual frequency distribution does.), and mean peak
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frequency has previously been reported in mild Alzheimer's disease and has been shown to

predict Alzheimer's disease -progression in mild cognitive impairment cases. On the other

hand, other studies on mild cognitive impairment and Alzheimer's disease have reported

no significant EEG alterations or EEG alterations occurring mainly in the alpha

activity.(Stomrud ;et al., 2008)

These results seem to emphasize a different role for the cholinergic systems and the

cortico-cortical connections (mainly impaired in mild Alzheimer's disease) and the

cerebral white matter (mainly damaged in Vascular dementia) in regulating the frequency

and power of the alpha rhythm. Cholinergic and intracortical deficits of Alzheimer's

disease mainly impair synchronization mechanisms at the basis of the resting alpha power,

which is modulated by cortico-cortical and cortico-thalamo-cortical interactions. From a

functional point of view, the low-alpha band power (8–10 Hz) could relate to attentional

systems,  in contrast to the high-alpha band power (10–12 Hz) that reflects processing of

task specific sensimotor or semantic information. Therefore, the reduction of the alpha

band power in mild Alzheimer's disease can be explained in terms of an abnormal increase

of cortical excitation or disinhibition during the resting state. In contrast, Vascular

dementia patients with diffuse vascular lesions of the white matter showed slowing of the

alpha frequency with a decrement of the band power only in the low alpha range. Lesions

of the white matter in Vascular dementia were directly related to a widespread slowing of

the EEG rhythmicity. In Vascular dementia, decrease of occipital alpha power positively

correlates with the occipital and temporo-parietal glucose metabolism at rest. In contrast,

delta/theta power in Vascular dementia inversely correlates with glucose metabolism,

possibly reflecting subcortical lesions and cortical deafferentiation. Vascular dementia

shows occipital, temporal, and limbic EEG delta sources having greater magnitude than

those in mild Alzheimer's disease,  suggesting that delta power increase is related

specifically to the slowing of cortical function, linked either to the impairment of

subcortical inputs in vascular dementia or to the impairment of cortical connectivity in

Alzheimer's disease. (Spiegel; et al., 2006)
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The EEG has high test-retest reliability, reflects physiological cortical function, and

takes little effort or cooperation from Parkinson’s disease patients who can obtain a state

of relaxed wakefulness. These properties allow the measurement of Quantitative EEG

frequency changes to be both a practical and useful adjunct to neuropsychological tests. In

clinical treatment trials, prevention or treatment of Parkinson’s disease cognitive decline

would be expected to show changes towards normalization of the EEG frequency content.

(Caviness; et al., 2007)

The resting EEG is simple to acquire, requires minimal patient cooperation, and is

not dependent on verbal or motor responses which may be affected in Parkinson’s disease.

Quantitative EEG (QEEG) measures may be ideal biomarkers to complement

neuropsychological testing for studying cognitive decline among patients with Parkinson’s

disease. QEEG methods have been used to show correlation between dementia in subjects

with Parkinson’s disease and increased low frequency and decreased high frequency

content of the resting EEG.(Klassen;et al., 2011)

Drug therapy of any kind rarely eliminates migraine headaches. Peripheral

biofeedback (e,g., temperature training) may decrease the frequency of migraines, but

rarely eliminates them. Symptom-based neurofeedback training may eliminate migraines,

but it does so less frequency than quantitative EEG-guided training, in our clinical

experience. (walker, 2011)

Findings from study expand our understanding of physiological recovery after sport

related concussion and offer preliminary support for the potential utility of brief

quantitative studies in the evaluation of sport-related concussion. Further research is

required to better understand how quantitative studies of brain electrical activity may

influence the management of sport-related concussion.(McCrea;et al., 2010)
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Normalized quantitative EEG measures were blindly assessed in 67 normal human

beings and 340 psychiatric patients.Quantitative EEG results were correlated to subject

condition or diagnosis and magnetic resonance imaging findings. Quantitative EEG was

abnormal in 83% of patients, and 12% of normal subjects. The most frequent abnormality

was a decrease in slow (delta and/or theta) bands, either alone, with beta increase, or with

alpha decrease, followed by increase in beta band. No normal subject showed delta and/or

theta decrease.(Coutin-Churchman; et al., 2003)

Findings from studies on quantitative EEG in schizophrenia suggest that patients

with predominant negative or positive symptoms have different neurophysiological

profiles, supporting the hypothesis of hypofrontality. Low EEG activity, i.e. the delta- and

theta-power over temporal or frontal regions, was found to be significantly increased in

schizophrenia and particularly correlated with negative symptoms. This could be regarded

as a marker that could differentiate between ‘‘positive’’ and ‘‘negative’’ schizophrenia.

Somewhat less frequently, a decrease in alpha-power has also been found. Antipsychotic

treatment both decreased delta and theta EEG activity and increased beta activity in

patients with negative symptoms or obliterated the negative correlation between negative

symptoms and alpha power. (Jandl ;et al., 2005)

EEG Fourier spectra reveal a significant amount of physiologic activity of unknown

significance in the delta and theta bands in normal waking adult subjects. This

physiological activity may be below normal limits in certain pathological conditions, but

the physiological significance of this statistical deviation from the norm remains unclear.

Recent evidence, mainly from neuromagnetic activity, suggests that increased or decreased

intracranial focal delta activity at different regions of the brain is related to

symptomathology, like increased delta to positive symptoms in schizophrenia or decreased

delta to depression. On the other hand, decreased EEG slow band activity has been

described in depression and also in other psychiatric conditions like alcohol and drug

abuse, and has been correlated to cortical atrophy as seen in MRI brain. While former
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studies have associated depression to increased power in all bands at posterior right

hemisphere, more recent studies agreed in describing that depressed patients had more

alpha and beta activity, and less delta activity than non-depressed controls. On the other

hand, relatively greater right frontal resting activity (or relatively lower left frontal resting

activity) has also been reported in depressed patients.(Coutin-Churchman and Moreno,

2008)

In comparison with healthy subjects, patients with schizophrenia showed increased

delta, theta, and beta activity and decreased alpha activity. Similar results were obtained in

patients with depression, but in fewer regions. Begić;et al found that In patients with

schizophrenia, delta power over Fp1, Fp2, F4, and F8 regions was increased in comparison

with those in patients with depression. Interhemispheric asymmetry was found in patients

with schizophrenia and healthy subjects, but not in patients with depression.(Begić ;et al .,

2011)

Quantitative EEG findings have often involved the anterior regions of the scalp in

Obsessive–compulsive patients; however, frequency characteristics of the reported

abnormalities have been inconsistent, and for both slow (delta and theta) and fast (alpha

and beta) activities either an increase or a decrease over the anterior regions has been

described. Discrepancies in the reported findings may be related to different

methodological pitfalls, such as the presence of comorbidity for depression and the

heterogeneity of Obsessive–compulsive disorder which might be reflected by quantitative

EEG, as reported in several studies.(Bucci ;et al., 2004)

Importantly, quantitative EEG parameters should never be interpreted without access

to the raw EEG. A board-certified Electroencephalographer, preferably one with

extensive experience with critically ill patients, should be involved in the interpretation of

EEG findings, as EEG can be quite complex and easily misinterpreted in these patients.
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Conclusions concerning the etiology of quantitative EEG changes should only be drawn

with the knowledge of the clinical situation and review of the corresponding raw

EEG.(Claassen ;et al., 2004)
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Recommendations
1-Quantitative electroencephalography (QEEG) techniques should be used only by

physicians highly skilled in clinical EEG, and only as an adjunct to and in conjunction

with traditional EEG interpretation.

2-Clinical use of quantitative EEG is recommended as Hardware costs are lower than

those of other diagnostic techniques. QEEG can be used in more places than fMRI,

SPECT, PET or MRS, as these techniques require bulky and immobile equipment.

3- It is recommended to use quantitative EEG to localize the region of brain from which a

seizure originates for work-up of possible seizure surgery.

4-It is recommended to use quantitative EEG to detect early intracranial complications in

the operating room or intensive care unit.

5- It is recommended to use quantitative EEG to evaluate certain patients with symptoms

of cerebrovascular disease whose neuroimaging and routine EEG studies are not

conclusive.

6- More researches are needed to determine the sensitivity of Alpha/delta ratio in detecting

delayed cerebral ischemia in patients with subarachnoid hemorrhage that may allow earlier

initiation of interventions at a reversible stage, thus preventing infarction and neurological

morbidity.

7-Further researches are needed to determine the sensitivity of quantitative EEG as a

diagnostic tool for routine psychiatric assessment.

8-Scientific evidence is needed to prove clinical usefulness of quantitative EEG in

Asperger syndrome and other autism spectrum disorders, Hypoxic ischemic

encephalopathy and Insomnia.
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9-It is recommended to do more studies on quantitative EEG neurofeedback applications

in epilepsy and depression.
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Summary & conclusion
The electroencephalogram (EEG) is useful in the evaluation of patients with several

types of neurological disorders, including seizures, cerebrovascular stroke, dementia,

Parkinson’s disease, migraine, and traumatic brain injury.

The traditional method of EEG interpretation depends on visual analysis, which is

subjective and time-intensive. During this interpretation, it is important to distinguish

between cerebral activity and artifact.

Quantitative EEG (QEEG) is the mathematical processing of digitally recorded EEG

in order to highlight specific waveform components, transform the EEG into a format or

domain that elucidates relevant information, or associate numerical results with the EEG

data for subsequent review or comparison.

Clinical quantitative EEG is a complex specialty that may include; spectral analysis,

spectral coherence, Signal analysis (Automated event detection, Source analysis,

Frequency analysis and Monitoring and trending EEG), Topographic EEG displays and

Statistical analysis (Comparison to normative values and Diagnostic discriminant

analysis).

Routine EEG is an established test commonly used in the clinical evaluation of

patients with epilepsy. EEG testing can help to locate an epileptic focus or suggest the type

of epilepsy. Some quantitative EEG methods have built on that established role. Digital

spike and seizure detection can identify candidate events that might be epileptic spikes or

seizures. In long-term EEG monitoring records of outpatients, inpatients, or Intensive Care

Unit patients, candidate spikes or seizure events are selected automatically and saved for

subsequent professional visual review and confirmation. This data reduction method is a

valuable time-saving tool, especially in recordings lasting one or several days.
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In cerebrovascular disease, several quantitative EEG parameters are highly

correlated with regional blood flow or metabolism. When used by skilled professionals

experienced in EEG interpretation, sensitivity and specificity are high for detection of

ischemia-related cerebral impairment or similar focal impairment.

Routine EEG has long been an established test used in evaluations of dementia when

the diagnosis remains unresolved after initial clinical evaluation. In occasional clinical

evaluations, quantitative EEG frequency analysis may be a useful adjunct to interpretation

of the routine EEG when used in expert hands.

Quantitative EEG frequency biomarkers could be useful in the general study of

cognitive status in Parkinson’s disease as well as in treatment studies aimed at studying

conversion from one clinical cognitive state to another. In clinical treatment trials,

prevention or treatment of Parkinson’s disease cognitive decline would be expected to

show changes towards normalization of the EEG frequency content.

Quantitative EEG can be used for evalutating cortical changes in migraine.

Quantitative EEG-guided neurofeedback appears to be effective in reducing migraine

frequency in  patients with recurrent migraine headache.

Quantitative electroencephalogram studies in mild traumatic brain injury or

concussion, have reported abnormalities in many features reflecting changes in brain

function.EEG changes can be detected hours to months after mild traumatic brain

injury.Quantitative EEG features have also been used in multivariate classifier functions to

discriminate between mild and severe traumatic brain injury.

Quantitative EEG (QEEG) may be useful in the evaluation of mood disorders since

many QEEG studies have shown increased alpha and/or theta power and interhemispheric
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asymmetry in depressed patients. There are evidences to support the usefulness of QEEG

in schizophrenia, and other psychiatric disorders.QEEG can be used in differentiation

between patients with schizophrenia and those with depression.

Specific electrophysiological patterns have been reported for anxiety disorders. The

basal instability in cortical arousal, as reflected in measures of quantitative EEG, is

common to most of the anxiety disorders.
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