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INTRODUCTION  

¶ various sensory impulses must be processed in awake brain to be perceived. 

¶ spectrum of behavioral states ranges from deep sleep through light sleep, REM sleep, and two awake 

states (relaxed awareness and awareness with concentrated attention); there are patterns of brain 

electrical activity that correlate with each of these states. 

about AROUSAL ï AWARENESS ï ATTENTION relationship Ÿ see p. S30 >> 

http://www.neurosurgeryresident.net/
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¶ FEEDBACK OSCILLATIONS within cerebral cortex and between thalamus* and cortex may be producers 

of EEG waves and determinants of behavioral state. 

* ònonspecificò ARAS nuclei (midline and intralaminar nuclei) 

¶ AROUSAL  can be produced by sensory stimulation and by impulses*  ascending in reticular core of 

midbrain (i.e. ARAS). 

*collaterals of ascending sensory information. 

¶ SLEEP can be produced by stimulating basal forebrain and other "sleep zones". 

 

 

ELECTROENCEPHALOGRAP HY (EEG) 

Evaluates brain function ï complementary (rather than alternative) to neuroimaging! 

 

 

MONTAGES 

EEG can be recorded: 

a) noninvasively! - with SCALP ELECTRODES. 

b) with electrodes on pial surface of cortex (SUBDURAL ELECTRODES) - sometimes called 

electrocorticogram (ECoG) ï markedly larger amplitudes.  see p. E13 >> 

c) with electrodes within brain (DEPTH ELECTRODES).  see p. E13 >> 

 

Location of scalp electrodes, amplification, paper speed of polygraph, etc are internationally standardized. 

¶ 10-20 system - internationally agreed locations that use standardized percentages of head 

circumference (i.e. "10/20" refers to interelectrode distances expressed as percentages of anterior-

posterior, transverse, and circumferential head measurements): 

 
 

Electrode placements: Fp, frontopolar; F, frontal; C, central; P, parietal; O, occipital; T, temporal; A, 

earlobe; Sp, sphenoid; V, vertex. 

Right-sided placements are indicated by even numbers, left-sided placements by odd numbers, midline 

placements by Z. 

 

¶ input from each pair of electrodes is connected to two inputs of amplifier: 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E13.%20Intracranial%20Electrodes.pdf
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active electrode is connected to ñinput 1ò; 

reference electrode (or, with bipolar recordings, more posterior or right-sided electrode) to 

ñinput 2ò. 

¶ upward deflection indicates either increased negativity at ñinput 1òor increased positivity at ñinput 2ò. 

¶ typical sensitivity - 7 ɛV per paper millimeter (50-ɛV calibration signal produces 7-mm deflection). 

¶ recordings are made simultaneously from pairs of electrodes in organized sequence (termed 

MONTAGE): 

a) longitudinal orientation (LONGITUDINAL MONTAGE S) - from electrodes in sagittal plane; 

recordings are displayed in anterior-to-posterior sequence. 

b) transverse orientation (TRANSVERSE MONTAGES) - from electrodes in straight coronal plane; 

recordings are displayed in left-to-right sequence. 

 

¶ montages may also be: 

A) BIPOLAR (s. SEQUENTIAL ) - show potential 

fluctuations between two adjacent cortical 

electrodes. 

B) UNIPOLAR (s. REFERENTIAL , MONOPOLAR ) - show 

potential fluctuations between cortical electrode and 

indifferent electrode on some part of body* distant 

from cortex. 

*e.g. linked ears 

 

 

Top - referential montage is illustrated on left side 

of head and sequential montage on right. 

 

Bottom - stylized tracings on left illustrate 

assumed spike focus at C3 electrode recorded with 

referential montage and on right assumed spike 

focus at F4 recorded with sequential montage. 

 
 

RHYTHMS  

¶ EEG activity is characterized by its frequency. 

¶ names of rhythms reflect temporal order of their discovery. 

 

ALPHA R HYTHM  

- dominant rhythm in awake state at rest (with mind wandering and eyes closed). 

¶ most marked in PARIETO-OCCIPITAL area. 

¶ regular 8-12 Hz, 20-100 ɛV waves; normal frequency is age dependent (if frequency is less than 

normal for age group ï it is abnormality!) 

¶ amplitude often waxes and wanes over periods of 1-2 sec ("spindling"). 

¶ frequency is decreased by hypoglycemia, hypothermia, glucocorticoid hormonesŹ, PaCO2ŷ. 

¶ frequency is increased by reverse conditions (e.g. forced overbreathing to lower PaCO2 may be used to 

bring out latent EEG abnormalities). 

¶ absent during sleep. 

http://www.neurosurgeryresident.net/
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¶ attenuated by eye opening; alpha rhythm replacement by fast irregular low-voltage activity (when 

attention is focused on something) is called ALPHA BLOCK .  

ï alpha block is also produced by any form of sensory stimulation or mental concentration 

(such as solving arithmetic problems). 

ï synonyms: 

a) arousal (alerting) response. 

b) desynchronization (because it represents breaking up of obviously synchronized 

neural activity necessary to produce regular waves; term is misleading because 

rapid EEG activity is also synchronized, but at higher rate). 

 

 
 

http://www.neurosurgeryresident.net/
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Patient closes eyes Ÿ alpha rhythm: 

http://www.neurosurgeryresident.net/


 ALERTNESS, SLEEP, EEG D27 (6) 
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¶ if eye opening does not cause attenuation, it is called alpha frequency (not rhythm). 

¶ alpha coma (e.g. in hypoxic-ischemic encephalopathy, pontine hemorrhage) - alpha waves are 

distributed uniformly both anteriorly and posteriorly in patients who are unresponsive to stimuli. 

 

 

BETA RHYTHM  

ï present to variable extent in addition to alpha rhythm. 

¶ maximal in FRONTAL and CENTRAL regions. 

¶ 13-30 Hz; < 20 µV (lower amplitude than alpha; may be harmonic of alpha). 

¶ enhanced by benzodiazepines, barbiturates. 

N.B. high-voltage beta activity suggests presence of sedative-hypnotic medications! 

 

EEG of normal awake adult: 

 
Channels 1-8 and 11-18 represent left- and right-sided bipolar electrode placements, respectively. Channels 9 

and 10 represent midline bipolar electrode placements, and channels 19 and 20 represent left and right 

electro-oculograms (eye movements). Each major horizontal division represents 1 second. 
 

 

ADDITIONAL RHYTHMS  

GAMMA OSCILLATIONS  

ï seen when individual focuses attention on something. 

¶ 30-80 Hz somewhat irregular low-voltage activity. 

¶ ascending activity responsible for EEG alerting response following sensory stimulation: 

http://www.neurosurgeryresident.net/
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specific sensory systems Ÿ midbrain  Ÿ enters RAS via collaterals Ÿ 

interlaminar thalamic nuclei Ÿ nonspecific thalamic projection to cortex 

further see p. S30 >> 

N.B. there is no electrical technique to determine whether cortex is aware (vs. EEG clearly shows 

arousal / sleep), but if attention produces alpha block that means that cortex is aware. 

 

 

DELTA WAVES  

¶ large, slow (< 4 Hz) waves during deep sleep. 

 

 

THETA RHYTHM  

- occurs in children or in moderately deep sleep. 

¶ large-amplitude, regular 4-7 Hz waves. 

¶ theta and delta waves are known collectively as slow waves. 

 

 

EXAMPLES  

 
Left  - frequency bands (top to bottom): delta, theta, alpha, and beta. 

Right - typical waveforms (top to bottom): rhythmic sinusoidal, rhythmic low-voltage 

spikes, spike and slow wave, polyspike and slow wave, polymorphous waves. 

 

 

Dominant EEG rhythm  variations with age 

Premature newborn: 

< 30 weeks - discontinuous EEG pattern (prolonged low-voltage periods alternating with brief 

slow-wave bursts). 

30-34 weeks - continuous EEG patterns. 

35-37 weeks - distinct EEG patterns that distinguish sleep from wakefulness. 

Term newborn (> 37 weeks) - fully developed neonatal sleep patterns of quiet and active sleep. 

Infant  - fast, beta-like activity + slow 0.5-2 Hz occipital rhythm; then occipital rhythm speeds up: 

3-4 Hz at 3 months. 

http://www.neurosurgeryresident.net/
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5 Hz at 6 months. 

6-7 Hz at 1 year. 

7-8 Hz at 18 months. 

9-11 Hz during young adulthood. 

Adolescence - adult alpha pattern gradually appears; 

Theta and delta activity is commonly seen in posterior scalp regions during childhood and young 

adulthood (posterior slow waves of youth). 

 

 

Source of EEG waves 

¶ EEG waves indicate that electrical activity is waxing and waning in sampled cortex; if activity were 

random, discharges would cancel out and no waves would be produced. 

¶ EEG waves are due to: 

1)  oscillating activity within cortex (CORTICAL DIPOLES) 

2)  oscillation in feedback circuits between thalamus and cortex (THALAMOCORTICAL 

OSCILLATIONS) 

 

CORTICAL DIPOLES 

¶ dendrites of cortical cells are forest of similarly 

oriented, densely packed units in superficial layers 

of cerebral cortex. 

¶ dendrites are site of nonpropagated hypopolarizing 

/ hyperpolarizing local potential changes. 

¶ as excitatory & inhibitory endings on dendrites of 

each cell become active, current flows into and out 

of these current sinks and sources from rest of 

dendritic processes and cell body - cell-dendrite 

relationship is therefore that of constantly shifting 

dipole (current flow in this dipole produces wave-

like potential fluctuations in volume conductor). 

¶ CEREBELLAR CORTEX and HIPPOCAMPUS are two 

other areas of CNS where many complex, parallel 

dendritic processes are located subpially over layer 

of cells - both areas have surface potential 

fluctuation similar to cortical EEG. 

 
Large cortical neuron: current flow to and from 

active synaptic knobs on dendrites produces wave 

activity, while all-or-none action potentials are 

transmitted along axon. 

 

THALAMOCORTICAL OSCILLATIONS (THALAMIC PACEMAKER ) 

- reciprocal oscillating activity between MIDLINE THALAMIC NUC LEI  and CEREBRAL CORTEX . 

¶ during aware state, thalamic neurons are partially depolarized and fire tonically at rapid rates. 

¶ during slow wave sleep, thalamic neurons are hyperpolarized and discharge only in sleep spindle-like 

phasic bursts. 

when neurons are hyperpolarized and firing only on phasic bursts, activity in thalamocortical 

oscillations prevents cortical neurons from receiving / processing specific inputs. 

 

http://www.neurosurgeryresident.net/
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N.B. EEG reflects summated cortical local potentials (inhibitory / excitatory postsynaptic potentials of 

vertically oriented pyramidal cells, passive spread of electrical activity into dendrites), not action 

potentials! (action potentials are of too brief duration to have effect on EEG) 

 

 

DENSE-ARRAY EEG  (s. HD-EEG) 

¶ done with 256 electrodes (some experts believe that there is not much gain beyond 64-68 channels). 

¶ localizes origin of interictal discharges in 3D. 

N.B. possible only if patient has interictal discharges 

¶ analysis done with specialized software: Loretta, Lora, S-Loretta. 

 

 

CIRCADIAN RHYTHMS  

¶ many physiologic functions (e.g. body temperature, glucocorticoid secretion) fluctuate in diurnal 

(circadian) rhythms (å 24 hrs duration, i.e. matched to solar day-night cycle). 

¶ this rhythmical pattern is generated internally (ñbiological clockò) but is normally synchronized to 

environmental factors (called ZEITGEBERS). 

ï most potent zeitgeber for sleep-wake rhythms is light . 

ï if individual is completely isolated from environment, circadian cycle lengthens to å 25 hrs. 

ï synchronization of endogenous circadian pacemaker to 24-h day requires that pacemaker be 

reset each day (normally by exposure to environmental light-dark cycle). 

ï properly timed exposure to light of sufficient intensity* can, within 2 to 3 d, reset human 

circadian pacemaker to any desired hour. 

*e.g. outdoor light is more effective than ordinary indoor room light. 

¶ most obvious (and probably most important) diurnal rhythm is SLEEP-WAKE CYCLE. 

ï most closely correlates with core body temperature - sleep tendency, sleepiness, and REM 

sleep propensity all peak just after nadir of endogenous circadian temperature cycle (å 1-3 h 

before awakening). 

ï 85% of all spontaneous awakenings occur on rising slope of temperature cycle. 

ï misalignment of endogenous circadian pacemaker output with desired sleep-wake cycle is 

thought to be responsible for certain types of insomnia, as well as for alertness & performanceŹ 

in night-shift workers and after jet lag. 

 

 

Suprachiasmatic Nucleus (SCN) 

- internal circadian rhythm generator (pacemaker)!!! 

¶ SCN neurons discharge rhythmically when removed from brain and cultured in vitro. 

¶ SCN neurons contain clock that is made up of at least six proteins; PER proteins are produced and 

then phosphorylated by kinases (phosphorylated PERs inhibit production of PERs in regular circadian 

pattern). 

¶ SCN lesions (or disconnection from rest of brain) in rodents abolish circadian rhythmicity. 

¶ in animals with SCN ablations, transplantation of fetal SCN tissue restores circadian rhythm (it is 

uncertain whether transplant does this via humoral output or via connections made by neurons that 

grow out of transplant). 

¶ linking to photoreceptors and external light occurs via two pathways: 

1) direct (monosynaptic) pathway - retinohypothalamic tract (RHT) 

2) indirect pathway - geniculohypothalamic tract (GHT) ï made of collateral RHT 

processes from lateral geniculate. 

http://www.neurosurgeryresident.net/
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¶ efferents from SCN project to intrahypothalamic areas (preoptic area, paraventricular nucleus, 

retrochiasmatic area, dorsomedial area) and extrahypothalamic sites (thalamus, basal forebrain, 

periaqueductal gray) Ÿ effector organs for particular biological rhythms. 

¶ light pulses just before or during first half of dark phase produce phase delays, whereas light pulses 

during second half of dark phase or just after end of dark phase produce phase advances.  

¶ loss of SCN neurons occurs in Alzheimer's disease and may be responsible for "sundowning". 

 

 

Pineal Gland & Melatonin 

- neuroendocrine gland that synthesizes and secretes MELATONIN . see p. 2717-2718 >> 

N.B. melatonin secretion is not dependent upon sleep, persisting in individuals kept awake at 

night. 

¶ melatonin has phase-shifting properties opposite to bright light effects: melatonin administered in 

afternoon produces phase advances, whereas melatonin given in morning produces phase delays. 

 

 

SLEEP 

- state of unconsciousness in which brain is relatively more responsive to internal than to external stimuli. 

¶ presence of sleep can be assessed by: 

a) behavioral analysis (e.g. individual who does not move and does not respond when spoken 

to or touched is often asleep) 

b) EEG 

 

http://www.neurosurgeryresident.net/
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