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Physiology of consciousness
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Define consciousness and explain the different states of consciousness .
Explain what is meant by the “ Reticular Activating System ”’( RAS)
Define the location and function of the Bulboreticular Facilitatory Area .
Describe how the interaction between the Bulboreticular Facilitatory
Area , Thalamus and Cerebral Cortex subserves & sustains
consciousness

Explain how a medical person can differentiate between a conscious
and unconscious person by means of outward behavior as and physical
signs .

Describe the role of EEG and evoked potentials in differentiating between
a conscious person ,a sleeping person , a comatose patient and brain
dead patient

Bold & Italic objectives are included in the medical education guide
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Define consciousness and explain the different states of consciousness

Is the brain state in which a person is being aware of the self and surroundings.

It is a product of electrical activity of the brain Meaning that a (flat EEG =
unconscious).

Four levels of consciousness:

Normal consciousness:
State of normal arousal, being fully awake and aware of the self and

surroundings.

Clouded consciousness:
person conscious but mentally confused
e.g. in cases of drug or alcohol intoxication, High fever associated
(malaria or septicemia, dementia , etc)

Sleep
person unconscious (in relation to the external world & surroundings)

but is arousable ( can be aroused ).

Coma:
person unconscious and not arousable
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< Introduction for RAS
Re Glar Activating Sy<stem
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RAS is one of the most important system in our Brain to keep us alert so let’s discuss

it simply then go into details.

RAS : highly excitable neurons in reticular formation in brain stem that extends from

spinal cord to > brain stem > thalamus > all area to cerebral cortex

Main function ( Arousal, consciousness , wakefulness, alerts)

uuwallig Lilga Ul gulidlg adglig glaoll (wajao liday Gl ga jlaall ha il
. dllg jlaallig

what are the controls of RAS ?

- sensory signals for example ( pain from face is the most strong stimulus ) after it

is the proprioception sensations, visual stimulus , Etc...)
¢ é'qupJI didg Liaclui g '|La;|JI A8 padiwi cdih

Jg0 caguiii, (iai, lle ugny ek
As much as you increase the stimuli you will increase the level of the consciousness!!

When you want to sleep you will decrease the stimulus around you : like light, cover yourself

by a carpet because cold consider as stimulus , these will help you to sleep because you
suppress the RAS

Sometimes even though you use all of these suppressant but you can't sleep why?
because thinking is considered as arousal factor for activation of RAS

What are the neurotransmitter that control RAS ?
Sympathetic: Adrenaline, noradrenaline

it's Lowering the threshold

plii jadilo guailh ggai ol cuwll Aal

beneficial because only you will have high arousal without concentration!!!
In other hand :
stimulation so it's help in sleep

gc Gjlic jlaall a wai 2 Jgdlo Jin jlaiil
Off/ On buttons for cerebral cortex
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Other example people who takes amphetamine to increase arousal level but this isn't

Serotonin will inhibit the RAS ( that will be released by medullary RF ) it is preventing



¢ Explain what is meant by the “ Reticular Activating System ”’( RAS)

brain Structures involved in the conscious state:
1. Brain stem Reticular formation
2.  Thalamus
3.  Hypothalamus
4.  Ascending projection pathways
Wide spread area in the cerebral cortex

e Set of interconnected nuclei that are located throughout the !
brainstem (Pons, Midbrain, Upper medulla) and the
thalamus

e Rolein behavioral arousal

e Rolein consciousness (sleep/awake cycle)

Reticular e Connect the brainstem to the cerebral cortex

((OanEI® Functions of reticular formation:

(More details . ] _
2 1-Somatic motor control (Reticulospinal tracts)

SR EN S 2-Cardiovascular control:
EECLEEEES Through cardiac and vasomotor

UCEDE centers of the medulla.
3-Pain modulation: Pain signals from the lower body To the RF
to cerebral cortex. RF is origin of the descending analgesic
pathways = (act on the spinal cord to block the
transmission of some pain signals to the brain)

e Located In the mid-part of the diencephalon !
e  (holinergic projections from the thalamus are responsible :
for: !

- Activation of the cerebral cortex. :

- Regulation of flow of information through other thalamic |
nuclei to the cortex via projections into reticular nuclei. :

|

|

|

e Tuberomammillary nucleus in the hypothalamus
projects to the
cortex
e Andisinvolved in maintaining the awake state
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¢ Explain what is meant by the “ Reticular Activating System ”( RAS)

In previous page we said that R.F plays a big role in the consciousness so

let's expand for more information about it
S .
| Reticular formation Consist of three parts: :
i_ .............................. | ................................. | ________________________ _|
| I 5 . | ) |
. Lateral Reticular Formation | Paramedics Reticu]ar i Raphg nuclei i
i | Formation | ( median RF) i
e e RN .
I % Has small neurons I % Has large cells. “Magnocellular | < In the midline of the |
R Receives information from I nuclei” I reticular formation !
! ascending tracts for touch I % Receives signals from lateral | I'N
! and pain. ! reticular formation | ¢  Containserotonergic ' ©
' &  Receives vestibular | &  (Contains: -noradrenergic (NA) ! projections to the ==
! information from median ! Dopaminergic (DA) neurons, ! brain and spinal ! 5
: vestibular nerve. : projects onto cerebral : cord"It's responsible : ]
i < Receives auditory i hemispheres. i for pain i E
i information from superior i -Cholinergic (Chl) neurons i modulation”.. | @
i olivary nucleus. i project onto the thalamus i | —
% Visual information from i i “Raphe is the place of | =
i superior colliculus. i | synthesis of the | g
R Olfactory information via i | neurotransmitter serotonin.” | g
i medial forebrain bundle i i =3
i olfaction can trigger | | "3
! memories because it is sent I I -3
! toRF ! ! |9
I “They initiate consciousness | ! !".<°
! that's why you have toturn | ! | -]
! the lights off and sleep in ! ! ! 8
! comfortable place without ! ! '3
: any strong smell, to inhibit : : :
: them ” : : :
| I I |
i i i i
L b e _i

Substantia nigra

Ventral tegmental
nucleus

Raphe nuclei

Cerulean nucleus

spinal cord

Magnus raphe nucleus

® Dopamine
# Acetyicholine
© Serotonin

A Norepinephrine
& Epinephrine

Midbrain and
upper pons

Lower pons
and medulla

Ascending projections for

arousal and attention

Midline
(raphe)

Medial
reflexes
Lateral

Descending projections for control of
muscle tone, respiration, and arterial

pressure

Intrinsic connections for
control of eye movements,
swallowing, and brainstem




¢ Explain what is meant by the “ Reticular Activating System ”’( RAS)

Anatomical components of RAS

e The RAS is composed of several neuronal circuits connecting the
brainstem to the cortex.

e Originate in the upper brainstem reticular core and project through
synaptic relays in the thalamic nuclei to the cerebral cortex

e Asaresult, individuals with bilateral lesions of thalamic intralaminar

nuclei are lethargic or drowsy
e Lesion in the mid-pons -> unconsciousness,
e Pons (uppers & middle) and midbrain are essential for wakefulness .

_ Feed-Back Dif ential Bi{a:en-:ling MNeural Radiations
Ascending Neural & o the Hippocampuss
Radiatons © Cbn:%( & Thalamusty pothalarmus

-

<< -
Cersbral Sortes P &

Anterior
Thalamic
™~ 1

C orpus Callosum
Thalamus

Cerebral —— Pineal Gland

Hemisphers =
O Hactory Bulb = Hippocampus

> gy z =
~r: - = = i N
Visual Impulses — - o \\—_. 3
’-,Jf\\ Cerebellum
Hypothalamus " :
Pituitary Gland B e Auditory
MrMamillary Bochy B e Inmpulses
of Hypothalamus w Projecton to

A rmygdaloid NMuclkeus Spinal Cord

Functions of RAS:

1. Regulating sleep-wake transitions
If inhibitory area activity increase-> reduce the activity of RAS -> less afferent
signal to the CC -> sleep

2. Attention
RAS mediate transitions from relaxed wakefulness to of high attention.

3. RAS and learning

The RAS is the center of balance for the other systems involved in learning,
self-control or inhibition, and motivation.

4. Provides the neural connections for processing and learning of information,
5. Selective attention (to the correct task)

RAS dysfunction

If RAS is depressed: If the RAS is too excited :
An under-aroused cortex, Over aroused cortex

Difficulty in learning, Hyper-vigilance (sensory sensitivity )
PQOF memory, Touching everything

Little self-control Talking too much

lack of consciousness or even coma Restless

Hyperactive
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Define the location and function of the Bulboreticular Facilitatory Area .
Describe how the interaction between the Bulboreticular Facilitatory Area Thalamus and
Cerebral Cortex subserves & sustains consciousness

"IBulboreticular Facilitory (Excitatory):
e Is Reticular Excitatory Area of the Brain Stem sends excitatory signals
into Thalamus >>>> thalamus excites almost all areas of the cortex.
e The Bulboreticular Facilitatory (Excitatory) Area + Thalamus =
Reticular Activating System (RAS).
e The RAS is the system which keeps our cortex awake and conscious.
® Please note: Bulboreticular = reticulospinal tract.

Thalamus

Extra (Guyton):

Figure 59-1. The excitatory-activating system of the brain. Also
shown is an inhibitory area in the medulla that can inhibit or depress
the activating system.

This picture shows a general system for controlling the activity level of the brain. The central
driving component of this system is an excitatory area located in the reticular substance of the
pons and mesencephalon. his area is also known by the name bulboreticular facilitatory area. it is
the same brain stem reticular area that transmits facilitatory signals down-

ward to the spinal cord to maintain tone in the antigravity muscles and to control levels of
activity of the spinal cord reflexes. In addition to these downward signals, this area also sends a
profusion of signals in the upward direction. Most of these signals go first to the thalamus, where
they excite a different set of neurons that transmit nerve signals to all regions of the cerebral
cortex, as well as to multiple subcortical areas.

the signals passing through the thalamus are of two types. One type is rapidly transmitted
action potentials that excite the cerebrum for only a few milliseconds.these signals originate
from large neuronal cell bodies that lie throughout the brain stem reticular area. Their nerve
endings release the neurotransmitter acetylcholine, which serves as an excitatory agent that lasts
for only a few milliseconds before it is destroyed.

the second type of excitatory signal originates from large numbers of Small neurons spread
throughout the brain stem reticular excitatory area. Again, most of these signals pass to the
thalamus, but this time through small, slowly conducting fibers that synapse mainly in the
intralaminar nuclei of the thalamus and in the reticular nuclei over the surface of the thalamus.
From here, additional small fibers are distributed throughout the cerebral cortex. The
excitatory effect caused by this system of fibers can build up progressively for many
seconds to a minute or more, which suggests that its signals are especially important for
controlling the longer term background excitability level of the brain.
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<  Explain how a medical person can differentiate between a conscious &
unconscious person by means of outward behavior as and physical signs .

Indices of Level of Consciousness

e Appearance & Behavior:

o

O
@)
@)

e Vital signs:

O

e EEG:

O

e Evoked potentials:

O

Extra ganong :What is evoked potential ? The electrical events that occur in the

Posture (sitting, standing?)

Open eyes?

Facial expression?

Responds to stimuli (including the examiner’s questions about name,
orientation in time and place? And other general questions like who
is the president?)

Pulse, BP, respiration, pupils, reflexes, particularly brainstem
reflexes, etc.

Each of these states (wakefulness, sleep, coma and death) has
specific EEG patterns.

(in cases of Brain Death).
“Shows in the EEG" This potential is activated by a stimulus whether
it's auditory or visual (brainstem reflexes).
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cortex after stimulation of a sense organ can be monitored with an exploring
electrode connected to another electrode at an indifferent point some distance

away.

porogeas

Electroencephalogram (EEG)

EEG reading




Describe the role of EEG and evoked potentials in differentiating between a conscious person ,a sleeping person ,a comatose
patient and brain dead patient

Alpha WWV\/W’MA—J\A/‘
Beta W VINAAANV I Uy

Theta WVMVLWUVW
S0 pv
peme: LRl NG 1o

| N
S
ST T T T T T T . Pemrmmimmmemimee 1 s
Waveforms Recorded From Description Frequency ®
bomimmimin s bosmmn s T é"
' ' Recorded from - Awake and relaxed and eyes ' 10to 12 . M
. the parietal - closed. clla _a ol cycles/secon |
: Alpha ' and occipital ' Jlnal agy el gi clayiwl ' d. -
“regions. A:alijl 1 dnan %
:_ ............................ : .......................... : ......................................... :_._._._._._._._._._..: E
: Frontal lobes. Produced by visual stimuli and 13to 25 : g-
i i jap B . mental activity. ., all na0 0 cycles per )
i Beta | ' nlivial aia ¢lodligiulha | second. L
' ' i ' Fastest -
S T e A A
' ' Temporal and © e Normalin newborn. ' 5to8 ' 3
: occipital. e Theta waves in adults cycles/secon :
: Theta : E indicates severe " d. :
: : emotional stress. :
' - From the e Sleep(adults)andin ' 1t0 5 :
: cerebral cortex. an awake infant. . cycles/secon |
: : . e Inan awake adult . d. “slowest” ;
Delta indicates brain :
i | i damage. . .
: : : ®  ’note that theta and delta :
i : : waves are normal in : :
. . i awake newborns” i i
e _ . _ . _ . _ . _ ..o ... [_A m_ U _\]_“I)_]ll_“(]i ...... ]. ]_]h\_ ..........
To make it easier (mnemonic):
At night BATS Drink Blood: L%)‘A;—IT %%%
B= Beta Wave (Conscious, full awake). £
A= Alpha Wave High FocamEngy b

T= Theta (It starts with the letter T, so it can be found in these Three Stages (1,2,3)).
S= Sleep Spindle.

D= Delta Wave.

B= Beta Wave in REM Sleep.



¢ Describe the role of EEG and evoked potentials in differentiating between a

conscious person ,a sleeping person , a comatose patient and brain dead
patient
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ANt o R et O et i ) Fmlh N P AT S e A P P PN Pt N P D e P
B i e L e g e e e e T e s
A A AN S I S e BN A PG D et PP AP Fr SN

e

Normal EEG (at normal magnification)

Brain Death (Flat EEG, at very high magnification)
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% Quick review
% levels of consciousness

Normal Clouded Sleep Coma

consciousness consciousness

being fully awake and ! P€rson conscious + person person unconscious
aware of the selfand | but mentally unconscious but | and not arousable
surroundings. confused can be aroused .

Hypothalamus

maintaining the

Activation of the
cerebral cortex.
awake state

Regulation of flow
of information
Receives signals from
7 X X lateral reticular formation
Reticular formation
(Role in consciousness &
(NA)&(DA) neurons, projects
arousal) onto cerebral hemispheres. J
Contains:

Cholinergic
projections

responsible for

brain Structures
involved
in the conscious,

Paramedics Reticular Formation i,

Cholinergic (Chl) neurones
project onto the thalamus

Lateral Reticular Formation )

Raphe nuclei ( median RF) )

L Consist of three parts:

%  The Bulboreticular Facilitory (Excitatory) Area + Thalamus = Reticular
Activating System (RAS).

Function of RAS is Regulating sleep-wake transitions

Pons (uppers & middle) and midbrain are essential for wakefulness .

* %

Recorded From
Frontal lobes.
the parietal and Recorded From ( \ Description ( Produced by visual stimuli
occipital regions. - Beta L and mental activity.
Awake and relaxed Description
and eyes closed.
apha WA MmN
Temporal and Recorded From
occipital.
-In adults indicates severe Description
emotional stress.
-Normal in newborn.

Theta MW NA LN/
pera /SN

Recorded From From the
cerebral cortex.

- -In an awake adult
Description indicates brain damage.
-Sleep (adults) and in
an awake infant.

wea] A3ojoisAyd aylL | 3in3971 Y30z



% Questions

MCQs ~ 5.A patient with bilateral lesions of
. i thalamic intralaminar nuclei would be:
. 1.Waves seen from the Parietal and A.  Fully aV\(ake
- Occipital regions with 10-12 . B. Lethargic |
. cycles/second are: C. Unconscious but can be aroused
 A. Betawaves D. Unconscious and can’t be :
. B. Theta waves : aroused
. C. Delta waves L
. D. Alpha waves =
- SAQ

. 2.Someone who's restless,
hyperactive, and has no selective
. attention would be suffering from
. under-aroused cortex.

. A, True

. B. False

3. Regulating sleep-wake transitions,
 attention, learning are functions of

. which structure?

. A. RAS

. B. Spinal cord

. C. Reticular formation

. D. Hypothalamus

4. Thalamus, RF, cerebral cortex,
. hypothalamus and descending

. pathways are all involved in the

. conscious state.

. A, True
B. False
QO Q= QOUO© UOF® gFN TTTOO GRWN-=D>
©O00o 3§ I : = 8- O @ : R 5
522° 239z $8%°%4 224 FI5F WWPWOg
ScRL 0 =00 <Lgd YEFT 509 <
o 2.9 = > = 0 =20 @ L D =3 <79 >
69 39 L3 = =350
CDCCC S 5 Q (DQ_JBQ) > O T o O o o
S662 Cpg 2-8s DS omSg £
c>2®% o388 o08§ © T m=—_ >
o Q@ o Q o <
cC =- D 2.0 < 3 oS0
—~ & o5 Oo -0 g o g
3 ¥ o S >89 7 =3 ® = oo
o) S5 O n 3 : ) < w
5 Q- e < La
— @ QO P
0] o >
2 = - Qv
< =

6. In order to evaluate the patient’s
. level of consciousness we should look
- for:

7. What are the structures that make
. | the Reticular Activating System?

8. Describe the type of waves that
. - would be seen in an adult suffering
from severe emotional stress.

9. What kinds of neurons does the
. | Paramedian RF contain?

: 10. A 30 year old male came into the
. | ER swaying and his speech was

. © slurred. It became clear that he has

. alcohol intoxication, in which state of
. : consciousness would he be in?
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