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PHYSIOLOGY FOR NEUROANAESTHESIA = . Active space -----
Energy . S ~ 00:03:48
Feotures :

* Supply (Cerebral blood flow) v demond (Cerebral metabolic rate).

* To maintain function of ion channels, resting membrane potential (~94. mv
newronal function.

* To maintain celiular structure and inteqrity,

¢ For production of neurctransmitters.

Rerobic § anaerobic metabolism :
* guecose is the main energy substrate of the
brain.
* energy = ATE
* glucose is not $reei5 permeable across
the blood brain barrier and requires o
transporter to enter the brain, which is not
energy dependent.
°* The glucose transporters move glucose on13
down its concentration gradient.
¢ Gluecose uptake into cells cccurs via:
- GLUT! into as’crocljkes.
- GLUT3 into neurens.
- GLUTS into microglial cells.

Citric acid cgcte

energy distribution in brain :
* 0% OF the energy produced is udilized for the $unctioning of the neurons
(ie. Their chemical and electrical activity) : Reduced by burst suppression.
® 40% To maintain the integrity and homeostasis of the newronal cells :
Reduced bﬁ h}jpot\wermia.
* gluecose metabolism :
- 0% O% glucose entering the cells undergoes oxidodion using the
ggcolgkic ond citric acid cycle.
~ 80% Converted to amino acids, proteins and lipids.
- Lactic acid generated acts as a.key energy substrate during periocds
of high metabolic activity and stress.
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2 - Physiology and Pharmacology

- Active Space - Note : To reduce metobolic activity of o part of brain, induce burst suppression.
Changes during stress :
* metabolic reserves are very fimited in brain.
* &lycogen stores within the brain are exhousted ofter 3a—3 min.
* 8lood sugar levels (78 mg/dL) resutt in glycogenolysis and
Sluconeogenes\s.
* <3 mmol/L (54 mo/dL) : These compensatory mechanisms fail.
* Clinical manifestations
- fAlered level oF consciousness,
- impairment of cognition.
-~ During prolonged fasting, the brain adapts to wtilize ketone bodies.

Cerebral metabolic rate (CMR) 00:14:29

Features :

o Refers 4o the rote ot which the brain utilizes metabolic substrates, such
as oxygen (emeO) and glucose (CmR g, or generates by products like
lactote (VR locb).

* The brain has the highest metabolic requirements of any organ in the body,
which is reSlected by its high blood Sow.

* erain metabolism and oxygen consumption :

~ The brain is o. remarkolbly complex organ that requires a continuous
supply of oxygen and nuirients to function optimally,

- W consumes approximodely a0% of the total oxygen.

~ Loss of consciousness occurs within seconds it there is insubicient
blood Sow (schemia) 4o the brain, leading to potential brain damage
within 3 o0 8 minutes.

Cerebral Blood Flow (CeP) :

* Aithough the brain constitutes only &% of body mass, i receives a.
substantial proportion (3-I15%) of the resting cordiac cutput in adults.

* erain’s blood supply comes : Internal carotid and vertebral arteries.

* &rey matter (Composed of neuronal cell bodies) requires a. larger share of
arterial blood supply due o its involvement in complex functions.

* white matter (Composed 0% axons) transmits impulses and needs o smaller
§raction of blood supply,
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Physiology For Neuroanaesthesia - 3

Note : During stroke, infarcts occur more commonly in grey matter.

Poarameter Normo) fange I

|

Cerebral Blood Flow C&F) Approximoteli; SO MI/100 a/min !

ISO-300 mi/min
b :
| Cerebral Oxygen Delivery (Cerebral DO ; (ASSum\nj Ho level of S04 /1_'.;
| CMRO, (Cerebral metabolic Rate of Oxyge) | Approximadely 38 mi/i00 o/min |
| _Cerebral Oxygen extraction Rotio (COER) | 35% - s
___Sugulor 8ulb Venous Saturation (Sjvo > | 55% - 5%
| Cerebmiguesseconsurpton | e3mg/00o/min
CMR and &empera’mre :

* For eoch 1°C decreoase in body temperature, CMRO, drops by approximotely
.

* CBF is nearly halved at a temperature of a7°C and the CMROA is as low as
10% of normal ot 1I8°C, aliowing preservation of brain function during episodes
of DHCA,

* Cooling 0 33-34°C is recommended. in post cardiae arrest potients and as a
{reatment of raised ICP refémcmrg 0 other treatment modalities,

* Major suppression of neuronal function oecurs between 17 ° and a7 °C.

* Hyperthermia, on the other hand, increases CMR and CBF between 37° and
43°C, after which protein degradation occurs with a. resultant decrease in
cmzoa.

* metabolic temperature coefSicient (QI0) :

~ Defned as the ratio of CMRO, ot temperoture T, divided by the CMRO,
ok o temperature that is 10°C lower (T ~ 10),

-~ Normol QIO = 3.0 and 3.0,

- Below a7°C, QIO increases to near 4.5.
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4 - Physiology and Pharmacology

* Described b5 Roy and Sherrington in 1890

* Increase in acﬁ\/\g, either regioml or 3eneml, couses an increose in the
CMR which in turn resutts in proportional increases in blood Slow.

* This method of matching oxygen or glucose delivery to metabolic
requirements is termed as “Sow metoloolism coupling.

* The change ocCurs within seconds of increased functional cerebral activity,

* vasooctive metabolites are released in areas with increase in neuronal

ac’civ‘rt}j

T[T o R A A
|y ¥ ! il
H io. did ro
Increosed mortolity in the pothermio, did not
meto. onolusis therapeutic 2 ’cherm 2 Orou e mor’m!mj
- i ] ,
o ’c:;r Y re evaluode rigks and benefts eeduced ﬁs}?i; unﬁovor?bleF but might benefit Té!
oy m;f:: N 0% therapeudic hypothermio. %mchon:l outeome %th‘ h*j otnermia. potients with elevated
T
adult Tel potients monogement in Tel patients | 4 ik o8 creumprio. i intracrosial hxjpe‘r&?ns‘on
h e when nitioked within 34
590‘:\’\6 ‘ ‘
Low grade vecommendation for using
Prophylactic , prophyactic hypothermia.
hypothermia | “Sseiiﬁg:cm | raraest rondomized controled et i
ofter U o) sWd no benehit
Severe To! ngo’chermn for more thon 48 hours
and slow rewarming improved survivol
M%!S=H\\thd3= .
H}jpo&hemﬂa. induced early ofter Tat
RO © | rgpto upotnermin | 0 POF I AT RS
| -
- T\ surgery . . .
injury surgery might be beneficial in o subgroup of
po.’cien&s undergo'\ns swroery ‘o reok
large troumatic hematomas
Reduced mor’cal’rtg, '\mproved
mild theropeudic e mild rmio’s | behavioral outcomes, and diminished
opew
Wmh in \mpac& on Tl in animal blood-brain barrier disruption in -
animal models models animals subjected to mild therapeutic
hypothermia ofter Tol
aourl5 prophlj\ac’dc \nves’tiso&e ear\}j Labom’(ora doda shown compelling
h io. Sor huloetic b renio. beneht of o wide ronge of tar -
4 proprujoctic by oy
newoprotection for neuroprotection termperatures delivered ofter Tél
Flow metabolism coup\ms :

* Neurol and gfiol tissue : Production of metabolic bﬂ products such as
adenosine, nitric oxide (NO), W', K", Ca® and lactode which act locally o
couse cerebral vasodilotation ond hgperemia.

Neuroanaesthesia » v1.0 » Marrow Programme for Anaesthesia Residents




Physiology For Neuroanaesthesia - 5

. ns+roc5’ces :
- Rbundont and located Surroundins cerebrol blood vessels.

- Co® dependent release of neurotronsmitters,

{mL.100 g~ .min")

Cerebral blood flow

0 2 4 6

Cerebral metabolic rate for oxygen (CMR02)
(ml.100 g'.min"1)

Cerebral flow-metabolism coupling. Areas of brain tissue with increased CMRO,
produce Increased amounts of vasoactive metabolites, causing local vasadi-
latation and hyperemia, leading to increased CBF. The dotted line demonstrates
normal values for CMRO, (3.3 mL/100 g/min) and CBF (50 mL/100 g/min).

Dotted line indicates normal values :
* CMRO, =33 mi/ioo 3/ min.
* CBF = 50 m/ioo 3/ min.

Cerebral blood flow (CBF) — 8 a3

éosics ¢
* Receives IS% of cardiac output (100 mL/min or SO mL/I00 S/m'\n).

* @rey matter, composed of the cell bodies of the neurons which are involved
with the complex functions of the human body, has higher metabolic
requirements, and receives o higher proportion of the arterial biood supply
(70 mL/100 g/mir.

® White matter; composed of axons which transmit impuises in between the
neurons and involved with less complicated functions (30 mL/i00 9/mir.

¢ CBF can be described by the Hogen-Poiseuille equation $or laminar Sow :

4
CBF = ﬂ’,

8ul
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6 - Physiclogy and Pharmacology

----~ Active space -----

CBF con theretore be ofSected b3 3

* Chonging the driving pressure (AP : The cerebrol perfusion pressure (CPE).

* fitering the cerebrol blood vessel radius () : This occurs through
awtoreguloion, neurchumorod efSects, respiratory gos effects, and cerebrol
Slow metabolism coupling,

measurement ot CAF :

a. Singje~Photon emission Computed Tomography (specT).

3. Magnetic Resonance Imaging (14" angiosmpha).
4. Thermal clearance.
S. Doppler technioues.
. Optical methods for clinical assessment of CBF:

-

Juguloy venous oximekerg, near infrored spectroseopy.

7. Optical methods Sor preciinical research :

-

—

—

-

P

-

e

-

Intro. Vitol microscopy.

Laser Doppler blood fow.

Laser Doppler perfusion imaging,

Speckled laser Doppler flow mapping,

Infrared thermal imaging,

Photo Acoustie tomography ond functional brain imaging,
Two photon Microscopy.

Optical Coherence Tomographjj.

Cerebral autoregulation 00:33:46

Cerebral perfusion pressure cee):
« PP is the difSerence in the pressures between the arteriol and venous
cireulotion which dictades blood Slow 4o the brain.
* mean cerebral venous pressure is hard to measure, and therefore ICP is

used os o. surrogode.
e Cerebrol Perfusion Pressure (CPP) = Mean Arterial Pressure (MAP) -
Intracranial Pressure (CP).
* CBF remains constont with CPP in the range of approximadely SO 1o 150 M Ho,
* CPP volues of < SO mm Hg lead to cerebral hgpoper?us'\on ond. ischemia.
* Current guidelines recommends targeting o. CPP of LO—10 Mg in the

manaaemenk of Tel
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Physiology For Neuroanaesthesia - 7

Ischemic Regulatory Breakthrough
- rmnga range range
2
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Cerebral auforegulaﬁon :
* The process b}j which the cerebral vasculoture maintains o. constont Cer

across a.range ot 35s&emic blood pressures or CPPs.
* introduced ini’ciod\ts b3 Lossen in the 1950,

Intact cerebral autoregulation

Pressure Passive Zone of Autoregulation Pressure Passive
i Vasoconstriction Dilatation
" 0@ 20000 ecc 00 @ @
= * Cersbral Blood Volume Compertment
§ -
e "
E 25
[+]
0 25 50 75 100 125 150

Arterial Slood Pressure (mmidg)
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8 - Physiology and Pharmacology

F\u{oreguloddon - Meumsenic :

Autonomic factors do not appear o control the cerebral circulotion.

The cerebral blood vessels are under both sgmpokhehc ond
pam%mpo&he’cic control.

The innervodion of the cerebrol vaseulodure is extensive, involving
serotonergic, adrenergic, and cholinergic sBS‘cems of both intracraniol and
extracranial origin.

Parasympathetic Sbers surround the vessels of the circle of willis and the
corticol pial vessels.

Input $rom neurons and gfial celis, particulary astroeytes, requlotes local
blood. flow directly by a “Qeed forward mechanism”.

whether astrocytes ultimodely medioke prorelaxant or procontractile effects
Moy depend on the existing vaseular tone and loeal O, concentrodion.

Mechanisms underlying astrocyte-mediated vascular responses

Neuroanaesthesia * v1.0 * Marrow Frograiime for Anaesthesia Residents



Physiology For Neurcanaesthesia - 9

Au’coregula’c«on - Myogenic: Active space -~

* medioted b}j = ehannels,

* Loss of cerebral metabolic autorequlation is seen in :
- Traumadic brain '\rgurg.
- Diobetes mellitus, hgper’cension.

increased oge.

Dementiol

\

|

Autoregulation

086 O O 0000,

-~

P20,

/ CPP{mmHag)

25 50 75 10 125 150 175 200 PaD/PaCO, (kPa)

Autoregulation

8582 8

Cerebral blood Flow
mi/100g/minute)
[=]

5 10 15 20 2

CPP - Cersbral perfusion pressure
Pa0,/PaCO, - Partial pressura of oxygen/carbon dioxide in arterial biood

Autorequiadion ~ endotheliod :

® NO $rom endothelium cause vasodilatation, as
on “endothelium derived relaxing $octor” .

* NO appears to be formed on demand and is
not stored in vesicles,

* The endothelium also produces the
vasodilators endothelial derived
hyperpolarizing $actor (EDHF) and
prostacyclin (PID.

Vascular smooth muscle cell
Awtoregwa’don : endotheliod
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10 - Physiology and Pharmacology

° Pros’mglandins in cerebrol circulotion :
- P&ga and Pala are vosodilodors.
- Thromboxane A3 and PEFaC. are vasoconstrictors.
* endothelin most likely acts through influx of extraceliulor coleium, which is
probobly medioted bg protein kinases.
* gndothelin has been implicoted in vaseular spasm ofter SAH

----- Active space -----

Autoregulation (metobolic) :
Co, reac’c‘\vi’rﬂ :
* CPFis ‘o dmﬂses in CO,.
* For each i mm Hg change in PoLO,, CBF changes bg A%,
* Rapid difSusion aeross the blood—brain barrier (828 allows CO, to modulode
extraceliular Suid pr and afSect artericlar resistance.
* Ingeneral, doubling PaCO3 doubles CAF ond vice verso.

bral blood
Cerebral bl vosodilotodion vasoceonstriction
vessels
Plokeou o
i
autorequloion Upward ghibt Lowers
Lower limit of
. i

audorenplation Q\Shkward shitt small change
upper limit of _ No evidence o sugoest any
owtorequlotion ol st efect

ode Shift to right ghift 4o left

Relokionship between hgpervenﬁ\a’don ond ICP :
° H5pewenﬁlak\on leads o o. relotive hﬂpocapnia.
* Subsequent vasoconstriction.
* Temporary measure in the management of acutely raised ICR

Cerebrospinal fluid (CSF) 00:38:47

Physical properties :
* Clear agqueous solution.
* Produced by the ependymal cells of the choroid plexus in the lateral, third
ond fourth ventricles.
s Produced ok o rate of 0.35 ~ 0.40 mL/min (SO0-L00 mL/dowyp.
* Total volume : 140-ISO ML in adults.
e Turnover fime for total CSF volume is S to 7 hours.
* Turnover rote of about 4 times per doy,

Neuroanaesthesia « v1.0 » Marrow Programme for Anaesthesia Residents



Physiology For Neuroanaesthesia - 1

CsF producﬁon :

Within the choroid plexus occurs 40% $rom by uitrafitrotion of plasma.
through fenestrated capillaries, with the addition of woter and other
dissolved substances b3 ontive tmnsPor’c ocross the blood ' CSF bosrier,

Biochemical properﬁes :

The lower specific grovity of CSF (.00 relafive to brain tissue (.040)
reduces the effective mass of the brain from 1400 g %o only 47 g, enabling
# 10 support the brain and protect against acceleration and deceleration
forces against the skull,

The acid-base characteristics of CSF influence respiration, C&F,
autoregulodion of CBF and cerebral metakolism.

CSF caleiwm, potassium, and magnesium levels influence heart rote, bicod
pressure, vasomotor and other autonomic reflexes, respiration, muscle one,
and emotional states.

Sodium (Na) | MAdsamwolh | ss-Msmmolh
 Potassum (B | a0-30 mmol/. 38-SOommol/i
Ghcose (Fasting) | as—4smmol/ 30-SOommol/L ]
~ Calewm (€a®D _u-Emmoi. | a.8-34 mmol/L
| magnesium (Mg 13-4S monol/L 0810 Mol
_ Chloride (=)  133~138 mmolL. 10010 monoi/L,
Phosphate (PO *) 0407 mmol/L _ O84S manol.
Urea. | a0-10mmolL as-esmmol/.
| Bicarbonate (MCOZD | 34-2a mmol/. _a-3ammol
| Protein 300~400 ma/L ©0~80 g/L.
pH 188134 135745 5
Osmolality a80-300 mmol/ikq a715-895 mmnol/kg |
| Specific gravity 1.00L—1.008 1010080 |
CSF production :

L}

*

Osmotic forces appear to play a.major role in woder movement.
Pericapillary spaces provide less restricted passage of water and
electrolytes than most of the cerebral vasculoture.

This glucose rich and protein poor “iymph” ditfuses through the eCF space
toward the macroseopic CSF spaces,

0% of extrachoroidol CSF formadion results $rom oxidadion of glucose (into
woder and carbon dioxide) by the brain.

Neuroanaesthesia = v1.0 « Marrow Programme for Anaesthesia Residents



12 - Physiology and Pharmacology

Production is parﬂa dependent on CPP, With o pressure below 70 mm Ho
causing o veduction in CSF Producﬁon due %o the reduction in cerebrol and
choroid plexus blood Sow,

CSF drainase :

The hydrostatic pressure 0% CSF formation, IS em H.0, produces CSF Sow.
Cilio. on ependgmal cells generote curr ents thod propel CSF toward the
Sourth ventricle and #s foramina. into the subarachnoid spaces.

CSF realsorption 0CCUrs aLross microscopic arachnoid villi and macroscopic

araghnoid gronulations, down a between the
CSF (Meon pressure : IS em Hao) and, superior sagittal sinus (mean pressure
: 9 em Hao).

8% +o 90% of CSF is reabsorbed ok intracraniol sites, and 10% 10 5% o spinol sites.
Newer studies odd. the role of CSF dra'\mge into lgmphoec‘\c poéchwags ond
CSF reabsorption ’chroughouf the entire CSF-interstitial Sluid interfoce,

Choroid plexus of the lateral ventricle

Subarachnoid space

CSF dm.'\naae

Changes in CSF Lormadtion :

Hypothermia decreases rote of CSF formadion, probably by reducing the
act'\\/ihj ot active secre’corg and fransport processes ond bg decreas%ng CaF.
gach 1°C reduction in temperature between 41° and 21°C decrenses roke by 14

Neuroanaesthesia * v1.0 « Marrow Programme for Anaesthesia Residents



Physiology For Neuroanaesthesia - 13

* Reduced osmolarity of ventricular CSF or increased osmolarity of serum e AGHVS 58S e
decrensed rake of CSF formation, and vice verso.
* Prolonged hgpercapnia or hypocapnia. does not sign‘\%cm’cg change the rate
of CSF formadion.
* Metabolic acidosis does not ehange rate of CSF formation, but metalbolic
olkolosis decreases rate of CSF formadion, presumably os o result of o pH
eMect unrelated to ion or substrate availobility,

Intracranial pressure (CP) :
® Pressure within the introcronial cowx’cg relotive 1o admospheric pressure.
* Normal ICP ranges from S 4o IS mi Hgp
* \vories sgm?\can’dg between individuals and with posture.
* ICPis o dynamic pressure waveform, with variation in omplitude due to
cordiac and resp‘\rodcora cycles.

Intracranial pressure woveform :

* Has three distinet phases, P, P3, and P3, together known 35 P
as the f l\\

o Percussion wave, represents transmitted cerebrol A
arterial pulsation $rom the choroid plexus. M\Pi

s Tidol wave, represents intracraniol compliance.

¢ Dicrotic wave, represents aortic vaive closure. '\\

* during the respmfog cﬂcte, there is variotion in J \
amplitude between  consecutive woves, known as the '
“QesPiraJconj pulse’. Mitiseconds

intracraniol pressure volume re\a’c‘sonship :

ICP vs Flow rate curves

4
£
2
q £
i % / é
g v, ~ .
$ % i -
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! 3
] [ 7 3 22 g “
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14 - Physiology and Pharmacology

---- Active space ~---~ Spinal cord

] 00:45:29

A\‘wd:omg :

* Spinal cord extends $rom the medulla oblongado. ot the foramen magnum to
he conus medullaris and. couda. equina. ok the level of LI or LA in on adult

* 3l Pairs of spinal nerves exit the spinal cord, 8 cervieal, 18 thoroeic, S lumbay,
S saevol, ond | coccageal.

A

€1.-c8

™T12

mgotornes

[3
.

Nerve root |

muscle qrﬂmps nnervated

Diaphragm (Via. the phrenic nerve)
Neck Slexors (2.0, sternocleidomastoid, scolenes)

Shoulder muscles (Trapezius, levator scapulae)
some intrinsic muscles of the hand .

Cs

Deltoid
Biceps brachil
erachiolis
Supinokor

Ce

wirrist extensors (Bxtensor carpi radialis longus, extensor carpi radialis brevis)
eiceps broghii (Continuation)
grochialis (Continuoion)
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