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1 various sensory impulses mustgrecessed in awake braito be perceived.

1 spectrum of behavioral statemnges frondeep sleephroughlight sleep REM sleepand two awake
states elaxed awarenesandawareness with concentrated atten)iathere argatterns of brain
electrical activity that correlate with each of these states.

abOUtAROUSAL I AWARENESSI ATTENTION relationshipY
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1 FEEDBACK OSCILLATIONS within cerebral cortexand betweethalamu® and cortexmay be producers

of EEG waves and determinants of behavioral state.
* ononspecifico ARAS nucl ei

1 AROUSAL can be produced sensory stimulatiorand byimpulse& ascending in reticular coref

midbrain (i.e. ARAS).
*collaterals of ascending sensory information.

1 sLEeP can be produced by stimulatibgsal forebrainandother "sleep zones.

ELECTROENCEPHALOGRAP HY (EEG)

Evaluates brain functioni complementary (rather than alternative) to neuroimaging!

MONTAGES

EEG can be recorded:
a) noninvasively - with SCALP ELECTRODES
b) with electrode®n pial surfaceof cortex EUBDURAL ELECTRODES - sometimes called
electrocorticogram (ECoG)i markedly largeamplitudes
c) with electrodesvithin brain (DEPTH ELECTRODE$.

Location of scalp electrodeamplification, paper speed of polygraph, etc are internationally standardizec

1 10-20 system: internationally agreed locations that use standardized percentages of head
circumference (i.e. "10/20" refers to interelectrode distangeessed as percentagesnferior
posterior, transverseandcircumferentialhead measurements):

FRONT

Nosion , 10%

Preowriculor
Point

J o oerrsioe
OF HEAD

ElectrodeplacementsFp, frontopolar;F, frontal; C, central;P, parietal;O, occipital;T, temporal A,
earlobe;Sp, sphenoidy, vertex.

Rightsided placemen@re indicated byven numbers left-sided placementsy odd numbers midline
placementby Z.

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

active electrodée s ¢ o n niepattlee;d t o 0
reference electrodgor, with bipolar recordingsnore posterioor right-sidedelectrodg to
finput 20 .
upward deflection indicates eithern c r e as e d inpatd@d i viinogr eed s #glt2p o s |

1 typical sensitivity-7 €V per mpta(pOerV miall liibr at i o ammdeflgtiorg. | pr

T

 montages may also be:

recordings are made simultaneously frpairs of electrodes in organized sequefeened
MONTAGE):
a) longitudinal orientationONGITUDINAL MONTAGE S) - from electrodes in sagittal plane;
recordings are displayed in antertorposterior sequence.
b) transverse orientatiolTRANSVERSE MONTAGES - from electrodes in straight coronal plane;
recordings are displayed in leib-right sequence.

A) BIPOLAR (S.SEQUENTIAL ) - show potential
fluctuations betweetwo adjacent cortical
electrodes

B) UNIPOLAR (S. REFERENTIAL , MONOPOLAR) - show
potential fluctuations betweermrtical electrodeand
indifferent electrod®n some part of body* distant
from cortex.

*e.g. linked ears

Top - referential montage is illustrated on left sid
of head and sequential montage on right.

Bottom - stylized tracings on left illustrate Fp1-A1
assumed spikeotus at C3 electrode recorded wit Fg =ly—~A
referential montage an(_j on right agsumed spike G =g ) 6y Py —N
focus at F4 recorded with sequential montage.

P3 ~-A{ —A— P4 -02 —A—

01 -A1q

RHYTHMS

T
T

EEG activity is characterized by its frequs.
names of rhythms refletémporal order of their discovery

ALPHA RHYTHM

- dominant rhythm irawake state at regtvith mind wandering andeyes closefd

T
T

T
T
T

most marked IPARIETO-OCCIPITAL area

reqular8-12Hz 201 00 &V waves,; nor mal frequency iIs ag
normal for age group it is abnormality!)

amplitude often waxes and wanes overiq@ds of 12 sec ("spindling").

frequencyisdecreasddy hypogl ycemi a, hypother@®miya, gl ucc
frequency is increasdaly reverse conditions (e.g. forced overbreathing to lowesPaay be used to
bring out latent EEG abnormalities).

absent during sleep.
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1 attenuated by eye openirapha rhythm replacement by fast irregular{esitage activity (when
attention is focusedn something) is callealPHA BLOCK. .
i alpha block is also produced by any formsehsory stimulatioor mental concentration
(such as solving arithmetic problems).
T synonyms:
a) arousal (alerting) response
b) desynchronization(because it represents breaking up of obviously synchronized
neural actrity necessary to produce regular waves; term is misleading because
rapid EEG activity is also synchronized, but at higher rate).

VWA WAV Wit sspeiiiorgsastsmnstyronisevhomnait AW L A

Olf ———1

Cortical EEG of a rabbit, showing alerting response produced by an olfactory stimulus (OIf).
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Patient closes eyes Y alpha rhyt hm:
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1 if eye opening does not cause attenuation, it is callgth frequencynot rhythm).
1 alpha coma(e.g. in hypoxieischemic encephalopathy, pontine hemorrhagépha waves are
distributed uniformly both anteriorly and posteriorly in patients who are unresponsive to.stimuli

BETA RHYTHM

I present to variable extemt addition to alpha rhythm
1 maximal INFRONTAL andCENTRAL regions.

1 1330 Hz < 20 pV (lower amplitude than alpha; may be harmonic of alpha).
1 enhanced by benzodiazepinbarbiturates

N.B. high-voltage beta activitguggests presence of sedaiiygnotic medications!

EEgiofrnormaI awake adult;

Fpl1-F7

F7-18
{7 AW

T5:01 ] :'

[FpiFa

T T o et ) W ’

o U R R P R UM AR R AR VAT A |
w@n;‘-,vw,,».,,,m JWRWWWMTANNWMWWM‘W WW” | ‘ Wy
e | | | 1§ i i | L | | T N | | fans |
EKG ! A H_,V‘T,,rw-"\.r__r f‘h r\T«\t-—r. .'TA. W ‘ ™ ~—
Channels 88 and 1118 represent lefiand rightsided bipolar electrode placements, respectively. Channels 9

and 10 represent midline bipolar electrode placements, andelbdt® and 20 represent left and right
electreoculograms (eye movements). Each major horizontal division represents 1 second.

ADDITIONAL RHYTHMS

i seen when individudbcuses attentionn something.
1 30-80 Hzsomewhat irregular lowoltage activity.
1 ascending activity responsible for EEG alerting response following sensory stimulation:
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specific sensory system¥ midbrain Y enRASv$ a col | dteral s

N.B. there is no electrical technique to determine whether cortex is avase EEG clearly shows
arousal / sleep), but if attention produces alpha block that means that cortex is aware.

DELTA WAVES

1 large, slow(< 4 H2 waves duringleep sleep

THETA RHYTHM

- occurs inchildrenor in moderately deep sleep
1 largeamplitude, regulad-7 Hzwaves.
1 theta and delta waves are known collectively as slow waves.

EXAMPLES

e AN

AAAAMAANAAAANAAAN Mw

At oot~V Wﬂ/\'\,f%

TV X PR s 111§

Left - frequency bands (top to bottom): delta, theta, alpha, and beta.
Right - typical waveforms (top to bottom): rhythmic sinusoidal, rhythmic-ilmkage
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 tgwultage periods alternating with brief

slow-wave bursts).
30-34 weeks continuous EEG patterns.
35-37 weeks- distinct EEG patterns that disgjnish sleep fromvakefulness

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

Infant - fast, betdike activity + slow 0.52 Hz occipital rhythm; then occipital rhythm speeds up:
3-4 Hz at3 months

interlaminarthalamicnuc |l ei Y nonspedonfododext hal ami c

¥

pr
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5 Hz at6 months

6-7 Hz atl year.

7-8 Hz at18 months

9-11 Hz duringyoung adulthood

Adolescence adult alpha pattern gradually appears;
Theta and delta activity is commonly seen in posterior scalp regions during childhood and youn
adulthood posterior slow waves oboyth).

Source ofEEG waves

1 EEG waves indicate thatectrical activity is waxing and waning sampled cortex; if activity were
random, discharges would cancel out and no waves would be produced.
1 EEG waves are due to:
1) oscillating activity within cortex(CORTICAL DIPOLES
2) oscillation in feedback circuits between thalamus and corfEXALAMOCORTICAL
OSCILLATIONS)

CORTICAL DIPOLES

1 dendrites of cortical cells are forest of similarly =3
oriented, densely packed units in superficial layy ‘) %

of cerebral cortex. \ o ey T 100 pV
i B Wave activity

1 derdrites are site of nonpropagated hypopolariz

/ hyperpolarizindgocal potential changes
1 as excitatory & inhibitory endings on dendrites ¢
each cell become active, current flows into and Gandiiikes
of these current sinks and sources from rest of 0
dendritic proesses and cell bodycell-dendrite
relationship is therefore that obnstantly shifting
dipole (current flow in this dipole produces wave
like potential fluctuations in volume conductor).
1 CEREBELLAR CORTEXandHIPPOCAMPUSare two

200 mV
other areas of CNS whengany complex, parallel Axon NI
dendritic processes are located subpially over [z Action potentials
of cells- both areas have surface potential Large cortical neuron: current flow to and from
fluctuation similar to cortical EEG. active synaptic knobs on dendrites produwase

activity, while allor-none action potentials are
transmitted along axon.

THALAMOCORTICAL OSCILLATIONS (THALAMIC PACEMAKER )

- reciprocal oscillating activity betweanDLINE THALAMIC NUC LEI andCEREBRAL CORTEX .
1 during aware statgthalamic neuronsra partially depolarized and fitenically at rapid rates.
1 during slow wave slegpghalamic neurons are hyperpolarized and discharge only in sleep dixkadle
phasicbursts.
when neurons are hyperpolarized and firing only on phasic bursts, activigiamtbcortical
oscillations prevents cortical neurons from receiving / processing specific inputs.
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N.B. EEG reflects summated corti¢atal potentials(inhibitory / excitatory postsynaptic potentials of
vertically oriented pyramidal cells, passive sprefdlectrical activity into dendrites), nattion
potentiald (action potentials are of too brief duration to have effect on EEG)

= =4

DENSE-ARRAY EEG (s. HD-EEG)

done with 256 electrodes (some experts believe that there is not much gain beg@chéaned).
localizes origin of interictal discharges in 3D

N.B. possible only if patient has interictal discharges
analysis done with specialized software: Loretta, Loragi@tta

CIRCADIAN RHYTHMS

many physiologic functions (e.g. body temperature, glucocorticoid secretion) fluctuizienal
(circadian) rhythms( @ 24 hr s dur at i onnighticycle). mat ched to
this rhythmical pattern igenerated internally i bi ol o gi ¢ adormaly synchkodizedob u t
environmental factorécalledzEITGEBERS.
T most potent zeitgeber for sleefke rhythms isight.
i if individual is completely isolated from environmeaitcadian cycle lengthetso & 25 h
T synchronization of endogenous circadian pacemaker-tod&y requires that pacemaker be
reset each daynormally by exposure to environmental lighdark cycle).
T properly timed exposure to light of sufficient intensftgan, within 2 to 3 d, reset human
circadian pacemaker to any desired hour.
*e.g. outdoor light is more effective thandinary indoor room light
most obvious (and probably most important) diurnal rhythenEEPWAKE CYCLE.
T most closely correlates wittore body temperature- sleep tendengysleepiness, and REM
sl eep propensity al/l peak just after3dhnadi
before awakening).
T 85% of allspontaneous awakeningscur on rising slope of temperature cycle.
T misalignment of endogenous circadian packenautput with desired sleepake cycle is
thought to be responsible for certain typesiebmnia, as wel | as for al
in night-shift workers and aftefet lag.

Suprachiasmatic Nucleus (SCN)

T
T

= =4

- internal circadian rhythm generator ¢eanaker)!!!

SCN neuronslischarge rhythmicallyvhen removed from brain and cultured in vitro.
SCN neurons contain clock that is made up of at least six pro&tasproteins are produced and
then phosphorylated by kinases (phosphorylated PERs inhibit production of PERs in regular circadi
pattern).
SCN lesiongor disconnection from rest of brain) in rodents abolish circadian rhythmicity.
in animals with SCN ablationsansplantation of fetal SCissuerestores 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 lightoccurs via two pathways:

1) direct (monosynaptic) pathwayetinohypothalamic tracfRHT)

2) indirect pathway geniculohypothalamic tra¢lGHT) i made of collateral RHT

processes from lateral geniculate.
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efferents from SCNproject tointrahypothalamic areapreoptic area, paraventricular nucleus,
retrochiasmatic area, dorsomedial area)@ichhypothalamic siteghalamus, basal forebrain,
periaqueduct al gray) Y effector organs for p
light pulsesjust before or during first habf 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 seanet2goNIN.

N.B. melatonin secretion is not dependeapbn sleeppersisting in individuals kept awake at
night.

1 melatoninhas phasshifting propertie®pposite to bright light effectsnelatonin 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 stim
1 presence of sleep can be assessed by

a) behavioral analysis(e.g. individual who does not move and does not respond when spoke
to or touched i®ften asleep)
b) EEG
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EEG and muscle activity during various stages of sleep. EOG, electro-oculogram registering eye move-
ments; EMG, electromyogram registering skeletal muscle activity; CENTRAL, FRONTAL, OCCIP, three EEG leads. Note
the low muscle tone with extensive eye movements in REM sleep.
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