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PHYSIOLOGY OF NEUROANAESTHESIA

Cose discussion !

Name : v, James Thormton

nsewsgem

Medical History | iyaeﬂensm, hgoeﬂpidemiaam{aprem transiert schemic
ottack (TW.

Se%thsﬂheopevwhsmmsabuzewith%wsedener%manigw&er,a
seasoned vascular surgeon, is about to perform a. carotid endarterectorny (CeR)
on Y. Thomton.

€oal=1br&etoreb&ood%ow&roughthemrrowedle¥+ nternal caro’fidarka'g
GCA) and prevent future strokes.

¢ fnoesthesia. is induced,

* Or. Carter makes a. curviinear incision over the left carotid bifurcation. The
common carotid artery (CCA), ICA and extemnal carotid artery (eCA) come
into view,

cbmprg i mmm

* s Ox. Carter genty clomps the CCA and ECA, she instructs the
onesthesiologist o monitor cereboral blood Slow using ranseranial doppler
(Teo.

. aasdmﬁowvebdtghhele%midddecerebralwtegGWisrewdedm
0 em/s,

The unexpected plunge :
* The MCA Sow velocity drops 10 13 em/s (Less than 154 of the baseline).

® There is risk of pericperative stroke.

Decision and agtion :

° without hesitation, Or. Carter calls $or o, shunt.

. As&%,%aﬂewwmsmtedmmwnpedm

° ﬂ\eshu*bridg%ﬂ\egap,mbuwgbbodfobapassthes{micsesmﬁ.
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Flow reversal :

Almost insto.n’dg, the TCD shows improvement,
Them&‘-\owve\aci@dmbsbmm'tocm/s

The shunt has saved the day, ensuring cerebrol perfusion during the eritical
phase of surgery,

Completion and relie? :
* Or. Carter completes the endarterectomy, meticulously removing the ather-
osclerotic plogue.
* B the clamps are released, blood flows freely through the reconstructed
ICA
* . Thormton's vital signs stabilize.

i (Cerebral blood fouw) vs demand (Cerebral metabolic rote).

* To maintain $unction of ion channels, resting membrane potential (-94 mv),
neuronal function.

*  To maintain cellulor structure and integri’c&

* For production of newrotransmitters.

Case dseussion
n‘rageaiddnnleakmmdiabeficonlnsdh,unsbrougm&o&\e&zmmd
7 00 pm in . drowsy stoke with history of seizure (uprolling of eyes and
stiffness of whole body) oround. 630 pm which lasted for S min.

He is arousable to painful stimulus.

You are in €R o manage the podient.

Couses : Metabolic My)ogywm‘\a/\wom&remw or neurological.
Intkiol investigations : Blood glucose, electrolyte (Sodium levels.

Rerobic § anoerobic metabolism

. e\%ucoseis%\emahena’agwbskateo’}ﬂwebmm

’ EnergfynTP.

L ﬁhmseisnok%eegpermblewossuwebbodbmhbmiermd
requires o transporter to enter the brain, which is not energy dependent.

e Theglucosetrw\spoﬂersmshmsem\gdwnﬂswmmko&mgmdm.



* Glucose uptake into cells occurs via !
- GLUTI into astrocytes.
- &LUT3 into neurons,
- GUTS into micmslial cels.

Energsdstﬂbu.’doninbmh:
. m&fmgwrggprodmedSu&uned%rﬂmemso?hemﬁe.
their chemical and electrical activity) : Reduced by burst suppression.
* 40% o maintain the integrity and homeostasis of the neuronal cells : Re-
duced by hypothermio.
* sucose metabolism ¢
- m&swmfrg&\ecel\smgmoxida&bnusmgﬁeslgw
yticw\dc&ricacidcgcm.
- 20% converted to amino acids, proteins and lipids.
- mgticwdsenem&edactsasahegeneratjwbskmtedwﬂngpm
of high metabolic activity and stress.
Note : To reduce metabolic activity of o part of brain, induce burst suppression.

chorgesd.nringstress=
* metobolic reserves fire very Limited In brain,
* &Gueogen stores within the brain are exhausted ofter a~2 min,
* 8lood sugar levels <4 mmol/L (1am5/dLDresulﬂn5Boo3m5siso.nd
° <3M/L&ng/¢)=mmwuﬁm«5nwmmm
* Clinical manifestotions :
~ fitered level of conscicusness,
- Impairment of cogrition.
- During prolonged fasting, #he brain adapts to utilize ketone bodies.

BRI



Cerebral metobolic rate (Cme) :

s pelers {0 the rate ot wihich the broin utizes metoholic substrodes, such
as oxygen (cmeo)) and glucose (CMR gjuw), or generates by products ke
lactate (CR lact).

* The brain has the highest metabolic requirements of any orgon in the body,
which is reflected by its high bicod Slow.

* %hmbdmm%enmms

- The brain is o. remarkabily complex organ that requires a. cortiruous
&%&onjgenondmmen&s‘m&mm@mg

- ¥ consumes approximately 30% ot the total oxygen.

- Loss of consciousness occurs within seconds if there is nsufficient
blood Slouws (ischemia) 4o the brain, leading to potentiol brain damage
within 3 o € minutes.

Cerebral Blood Flow (CeP) :

. mm;shﬂ\ebmhwxsﬁm{esmlﬁa%o?bodgnnss,itreceN%a
substantial proportion (a—5%) of the resting cardioc output in adults.

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

. aregnnﬁer(wnposedo'#neurmalceubodies)reqﬂaawsersmreo%
arterial blood supply due to is involvement in complex functions.

* White matter (Composed of axons) fransmits impuises and needs a. smoller
$raction of blood supply

Me oumg s’arom, infarcts occur more commmlg n 3re5 nnﬂer

| corcrol st P c88), | spprocmaty z*/m e
. 1S0-300 mV/min

| Cerebrol Oxijgen Delivery (cerebrol 00). (rssumming H level of 10 2@;”

 eRO, (Cerebrol metabolic Rate of Oxyger). | _Approximately 3.8 mi/i00 ofmin

| Cerebrol Ouugen Extroction Ratio (L0 &R). 354 - 3.

Jugulos Bulk venous Sodurasion (Sjvo). sS4 - % |

Cose discussion
Aneurysm Clipping and SSEP Waves.
ew-sgromw

Or. £mily, a. skilled neurcsurgeon, i performing an aneurysm clipping surgery on
. Johnson, o. patient with a. cerebral aneurysm

Anaesthsela Residency Programme » v1.0 - Mamow 2024



Theanmrgynisbéo&edhamﬁcajmo?&rebvmm&mprecm
wrgicalmonewem

The procedure
f dlpping

* Or emiy carefully exposes the aneurysm site.

* She places o small, curved clip across the neck of the aneurysm 4o

* The goal is 4o prevent rupture during the delicate dissection process.

mmﬁuhsSS&Puh\iev

* The surgical team closely monitors Somatosensory evolked Potentials (SSEPY).

* S3efs provide real time Feedback on the integrity of neural pathusaus.

* glectrodes placed on M. Johnson's scalp detect electrical signals generoted
bgsensorgpaﬁuuasas'cheg’cmvel’coﬂwebrmn.

* unexpected event : Decrease in SSEP waves.

. %Dnanigse\wﬂgadysts&\edip,{hesswmmorsmasudd;en

decrease in amplitude.

The team checks M. Johnson's vital signs. His blood pressure remains stable,

but the SSEP waves continue 1o diminish,

.

Criticol decision : Release the Clip :
. Themxgsmnustbesewred,bu%mkat&\emsto\?neumbsmlwm
¢ The clips is released

Release and relief
* The clip is gently removed, restoring blood Hlow to the

aneurysm.
& Thes&‘stavesgmmg recover, like ang
Stobilization :
. mtmummwmpemmﬂgmemmw&smwﬂha
permonent chip.
CMR and temperodure

* For each 1°C decrease in body temperature, CMRO, drops by approximately
.

SIEP waves.



° CbFisnennghoSveda*a%empemMeo?afCand*hemoaisasmas
0% of normal ot 18°C, aliowing preservotion of brain function during episodes
of DHCA.

* Codling to 33-34°C i recommended in posteardio orrest ptients and as o
treatment of roised ICP refroctory to other treatment modalties.

* mogm*wpmss%o?mmai?mcﬁmmsba«»eenn'wuav‘a

. Wmmmmmmsmmwmwm
43°C, after which protein degradation ocCurs with a resultant decrease n
RO,

* metabolic temperature coefSicient (QI0) :

-~ Defined as the ratio of CMRO_ at temperature T, divided by the CMRO,
af a temperature that is 10°C lower (T - 10).

~ Normal QO = 3.0 and 30

gvohuote risks
meta. analysic and benefits of
ot Therapeutic therapeutic
W\ermn n hgwb!nerm'n
| Adult T8I Potients | managemert in Té
pahents.
| )
Prophyactic | o cees
| cevere T6) severe Tel
|
Wm in \nvesﬁgo&e
Trawnadic &rain mia i Téd
wjury Surgery surgery
| mid mempm Exploge ”"_‘d,s
Hupofoermio. in mn;; n
frirnol Models .
. investi ear\g
?%Wu', 2 Sor P' 5
| NOUTPPROIeEtn | neuroprotection

Increased m’cal&a in the
ﬁweropeum Whmma roup.
Reduced risk of un’@cworgh%e
functional outeome with

oL
inereased risk of preumonia with

Wheﬂn'u.

reduce overalh
mortaiity but might
beneft Tei patients
with elevated
ntracrariol
hypertension uhen
n&w&ed wihin a4

Low qro.de recmwmda&m S’or
usrg \a.
Lo.rsw randomized cortrolied trisl
showed no beneit,

Wmu $or more than 48
hours and slow rewarming h-pfwed
survival.

%!S PHW S&udj H

induced of-
ter T does notsenamhg teadto
outcomes.
mug'ﬂ be beneficial in o subgroup

padients under o
' hea& large tmung:wﬂ

Reduced mortality, improved
behovioral outcomes, and
diminished blood-brain barrer
disruption in animals subjected to
mikd therapeutic hypothermia ofter
Tél

Laboratory doda. compeliing.
Shown beneiit o o. wide range
of target temperatures delivered
alfter Tel

|

f |
| |




Fow metabolism coupling :

Described by Roy and Sherr ington In 1890,
memm eiihermgbmjorgeneml,mses an nerease n the
CR which in tumn results in proportional increases in blood Sow.

This method of matching oxygen or glucose delivery to metabolic
requirements is termed as ‘Sow metabolism coupling’
de\geoecurswmnsecmdso#hmséd&mw cerebrol activity,
vasoactive metabolites are released in areas with increase in neuronal
activity

Neural and gliol tissue  Production of metabolic by products such as
adenosine, nitric oxide (NO), H', ', Ca’™* and lactate which act locally 4o
cwseeerebmlwsodilo&aﬁonmdhgperemh.

- Rbundant and locoted Surrounding cerebral blood vessels.

- Ca® dependent release of neurotransmitters.
Flow-Metabolism Coupling

Cemebral blood flow

{ml. 100 g*.min-")

0 2 4 6

Cerebral metabolic rata for oxygen (CMRO2)
{ml.100 g"'.min"9)

Cersbral fiow-metabofism coupling. Areas of brain tissue with increased CMRO,
progduce increased amounts of vasoactive metabolites, causing local vasodi-
istalion and hypererm, leacing lo incressed CBF. The dotted ing oemonsirates
nomal values for CMRQ, (3.3 ml./100 g/mén) and CBF {50 nmil/100 g/min).

Ootied line indicodes normal volues
CMRO, = 3.3m4/5003/min.
CBF = 50 mi/i00 g/min.

Cerebral blood flow (CBF) 00:29:00

dasics
* Receives 1% of cardiac outpuk (100 mL/min or SO mL/100 g/mir),

&egww&keqwmposedﬁhheeeﬂbodi&oﬁlmneumnsuhicharew

Anaasthesia Residency Programme * v1.0 « Maow 2024



requirements, and receives a higher proportion of the arterial blood supply
(70 mL/100 g/ iy,
* White matter, composed of axons which tronsmit impulses in between the
neurons and invoived with less complicated functiors (20 mL/I00 o/min).
° afambe&wmwﬁbgﬂequwﬂmamweqmﬂm&thnn%ww‘
APrr!

8ul

CBF =

CBF con therefore be offected by:
* Changing the driving pressure (AP : The cerebral perfusion pressure cre)).
* Aitering the cerebral blood vessel radius (r) : This occurs through

owtoreguiation, neurchumoral eftects, respiratory gas effects, and cerebral
Sow metolbolism coupling,

measurement of CAF :
I PET scan.
a. Single-Photon emission Computed Tomography (sPeCT).
3. magnetic Resonance imagjog (R anglographyy
4, Thermal clearance.
S. Doppler techniques.
. Optical methods for dlinical assessment of cb¥ :
- Jugm.rmsmime’ter&
- Near infrared Spectroscopy,
7. Optical methods for preclinical research :
- \ntm\/&alm’wmscopﬂ.
- Laser Doppler blood flow.
- Laser Doppler Perfusion imaging.
- Speckled Laser Doppler Flow Mapping;
Nmredﬂ'\errml"mo.sh&
Photo Acoustic Tomography and Functional brain imaging,
Twop\'\otonm'\crosco%.
Optical Coherence Tomography,

]

Cose discussion *
n1a3wdd¥ennsemsm;ghﬂoeahmesponswesm&e,mﬁthhs¥orgo¥
ischemic stroke diagnosed a days ago.

On examination, &CS EMM3, Pupils /L 5 mm not reacting to light.

Vitals : & 99/53 (5D munkg, HR 98/min, SpOa 90%, room air.

Anaesthesia Residency Programme ¢« v1.0 + Marrow 2024



mamgemen’c:
Raise blood pressure to maintain cerebral perfusion pressure (CPP = MAP-ICA),

Cerebral perfusion pressure (CPP) :
* CPP is the ditterence in the pressures between the arterial and venous
. } ’.: " e :h'ch dicimkes |O'|OOd qow fO {-he Cerebral Perlusion Pressure
m fachaimic Reguilatory at
tange Tange rahgm

* mean cerebral venous pressure is hard o g . L

measure, and therefore ICP s used as a. sur- /\/
re 5

* Cerebral Perfusion Pressure (CPP) = Mean
fArterial Pressure (MAP) - Intracranial Pressure 5

Gep).
' c&Frerminscomtan’cw'rthCPPhherm‘geosf

7o)
approximately SO o 1SO mm Hg, " /\
° CPPvahesoMSOmnHSteadfocerebml ¢
lyaoper?usmondschenm B = a

n Cuxrentgu,delmes recommends bargemga Corntra pariugon pressss (rmtig)
CPP of LO—T0 mmHg in the management of

TelL

Cerebral autoregulation :
Theprowcsbﬂuhidw&\ewebmlvasadwenmemmtmﬁcsz
arange of systemic blood pressures or CPPs.
htrochmdh‘rthllgbgmssenh{hereso.

intact cerebral autloreguiation

Zone of Auteragintion Prosae Pusstcn
Vessconsiricion Diatadion
1 G"l)@l@@@@&‘@tmw-meﬁﬂl
1 Comtirgl oot Whume Compartment
" ”~
E !-.,‘_h _//
o i
] ) / ey
e » % s we s ™
Artarial Blosd Prosmus rewingl

m{oreawaﬁqn—ueurogeni»c:
* Autonomic factors do not appear o control the cerebral circulation

* The cerebral blood vessels are under both sympathetic and

Anaasthesia Rasidency Programme » v1.0 - Mamow 2024
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* The innervaion of the cerebral vasculadure is extensive, invoing
serotonergic, adrenergie, and cholinergic systems of both intracranial and

extrocronial origin.

* Parasympoathetic Rbers surround the vessels of the circle of willis and the

cortical pial vessels.

* Input from neurons and gfial cells, particulariy astrocytes, reguodes locol
blood fow directly by a. “feed forward mechanism”,

* whether astrocytes ultimodely mediote proreloxant or procontractie eftects
nugdependonﬂ'\eex'\sﬁng vascular one and local O, concentrodion.

Mechanisms underlying astrocyte -mediated vascular responses

E—

: BE
@ & é.'. l} “a
& %/

N QE:'.-]

| Ve

.

Auhoresuhﬁon - mgogen‘sc :
medioted bg K channels.

Mechanism of the TRP-PK1 channel

Loss of cerebral metobolic outorequlation is seen in

* Troumodic broin injury,

’ Diabe’c%mel\ims,\'weﬂemm
* increased age.

* Dementio.
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Autoregulation curves

Autoregulation W‘O':_ .
1686 O O 00000,

_

Pe0,

8

CPP{mmbig

Cerebral blood Flow
m/100g/minute)
o 3 & 3 &

. . : : )
25 50 75 100 125 150 175 200 Pa0/PaCO, kPa)
5 10 15 20 25
cpPP - Cerebral perfusion pressure

P20 /PaCO, - Partial pressure of oxygen/carbon dioxide in arterial biood

Mforesulo&ion—&ndoﬂ'elid=

* NO from endothelium couse vasodilatation, as an “endothelium derived
relaxing factor” .

* NO appears 1o be formed on demand and is not stored in vesicles.

* The endothelium also produces the vasodilators endothelial derived

hyperpolarizing factor (EDHF) and prostacyclin (Pala).

Vasculsr smooth muscle cefi

mtoregulaﬁon : endothelial

° Prostaglandimhcerebmlurcuhﬁon:

- P&EaandP&taaremsodilahors.
- Thromboxone A3 and PEFAN are vasoconstrictors.

Anaesthesia Residency Programme - v1.0 - Marmow 2024
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* endothelin most likely octs through influx of extraceliular caleium, which i
pmba.b‘gmd’u&edbgpm&einm\oses.
* endothelin has been implicated in vascular spasm after SAr

Autorequlation Metabolic ¢

Coareach\m\:,:

* CF is extremely sensitive o changes in CO,.

B F«eadwlmrgd‘mxsehmﬁwdwxges%%.

* Rapid diffusion across the blood—brain barrier (666) allows CO_ +o modulate
extraceliulor fluid pH and aftect arteriolar resistance.

* In general, doubling PaCOA doubles C&F and vice versa.

TG S = e ] et
Cerebral blood |
| vessels | -
Ploteou. of A bl
outorequlation | ‘ B o
Lower fimit o | '
iqhtward shitt Small change
ﬂ;’coresuhtm 2‘3 | - ]
upper limit of o <nilk ! No evidence to
|_outoreguiation | | suggest any effect
o | Shifttoright | Shift to leBt
Reb&mhnpbeh»eenhgperver*mmmd\c?'
ngewenhbtmbadskoardahvekgpompn\a,
* Subsequent vasoconstriction.
¢ Tewpomrgmasurehhemmgemen&o?w&egmsedm
Cerebrospinal fluid (CSF) N 00:38:49

* Clear ogueous solution.

* Produced by the ependumal celis of the choroid plexus in the lateral, hird
ond fourth ventricles.

* Produced of a rote of 035 - 040 mL/min (500600 Mi/day).

* Toto) volume : 14050 ML in adults,

* Turmover time for total CSF volume is S to T hours.

. Tunmermteo\‘-obouﬁ#ﬁnesperdag.
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CSF production :

within the choroid plexus ocCurs 40% $from by uitrafiitradion of plasma. through
fenestroted capillaries, with the addition of water and other dissolved
substances by active tansport across the blood ¢ CSF barrier.

diochemical properties *

* The lower specific gravity of CSF (.007) relative to brain tissue (.040)
m&mﬂaeeﬂecﬁvewnss&&\ebmm%nmoyomgﬁgerwm
it o support the brain and protect against acceleration ond deceleration
forces ogainst the skull.

* The acid-base characteristics of CSF influence respiradion, C&F,
owtoregqulation of C&F and cerebral metabolism.

* CSF caleium, potassium, and magnesium levels influence heart rate, blood
pressure, vasomotor and other autonomic reflexes, respiration, muscle tone,
and emotional states.

R

— ] ". .” 'J"J“’"u :

125—14S mmol/L

144153 mmol/L
Potassium (47) 3.0-3.0 mmol/L 3.8-5.0 mmal/L
&lucose (Fasting) as-4smmo/l. | 30-S0 mmol/L
Calcium (Ca?) 113 menol/L 333l mmolL
magnesium (Mo?) L3-S mmol/L ~ 0.8-10 mmol/L
Chboride (Ci) la3-agmmol/ | 100-10 mol/L
Prosphate (PO, *) o4-0ammoll. | 084S mmolL
urea ao-1ommol/l | as—asmmoll |
gicorbonate (HCO3) a4-33 mmol/L as-3a mmoll. |
puten woscorgh | wwgh
A 1.38-1.33 ~135-14S )
| Osmolality a80-300 mmoal/kg a15-a95 mmoi‘kq
_ Specific gravity 1004—1.008 LOI0—.030
Cose discussion :

A 33 years oid male is admitted with h/o headache, vomiting, fever and neck
shﬂn%ssmmnns. meningitis is suspected.

Next invasive procedure to be done : Lumbar puncture.

CSF sample investigadions : Sugay; cells, protein, cutture sensitivity, Genexpert.




CSFproém’mn 1
* Osmotic Yorees appear 4o play a magor role in wader movement.

* Pericapiliary spaces provide less restricted possage of water and
electro\gfes%mmo*s\»o?ﬂwecembmlmmdaﬁ;re.

s ThisWﬁdmndgokehpoor“W’d@%seshwghﬂ\eachpm
toward the moacroscopic CSF spaces.

* (OB of extrachoroidol CSF formotion results from oxidadion of glucose (o
waker and carbon dioxide) by the brain.

* Production is partly dependent on CPP, with a. pressure below 70 mm Hg
mmamhwprodmﬁmmm&\eremcﬁmhwebm!md
choroid plexius blood. flow.

CSF drainage :

* The hydrostatic pressure of CSF formation, IS em H.0, produces CSF Slow

* Cilia.on eper\d5m cells 3enero&e currents thad propel CSF toward the
Sourth ventricle and its foramina. into the subarachnoid spaces.

* CSF reabsorption occurs aeross microscopic arachnoid villi and magcroscopic
arachnoid granulations, down o. pressure gradient of b cm H.0 between the
CSF (mean pressure : 15 em H.0) and superior sagittal sinus (Mean pressure
9 emH.0).

* 8% to 90% of CSF is reabsorbed ot intracranial sites, and 10% 1o IS% at spinal
sites,

* Newer studies add the role of CSF drainage into lymphatic pathways and
CSF reabsorption throughout the entire CSF-interstitial Suid interfoce.
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Changes in CSF formation :
* Hypothermia decreases rate of CSF Formation, probobly by reducing the

»

mw&aﬁmmwmmm*mswsmdbgdecre«msw
gach 1°C reduction in temperature between 41° and 31°C decreases roe by
5.

ﬁadxmedosnuohr@o#ven{rmarcsmr mreasedosmohri'cgo?s.emm
decreased rate of CSF formadtion, and vice versa,

Prolonged hupercapnia. or hypocapnia. does not significantiy change the rote
of CSF formation.

Metabolic acidosis does not change rate of CSF formation, but metabolic
alkolosis decreases rate of CSF formation, presumalbly as a. result of o, pH
etfect unrelated to ion or substrate availability,

intracranial Pressure (CP) :

®

L J

Pressure within the intracranial cavity relative to atmospheric pressure.
Normad ICP ranges $rom S to IS mm Hg.

varies sgna%co.rvtg between individuals and with posture.

ICP s a. dynamic pressure woaseform, with variation in amplitude due to
eardioe and respirator5 cgdes

intragranial pressure waveform :

E

Has three distinet phases, Pl P3, and P3, together known as the “Vascular
pulse”.

1 : Percussion waxe, represents transmitted cerebral arterial pulsation from
Pa : Tidol wave, represents intracranial compliance.

P3 : Dicrotic wave, represents aortic valve closure.

mrng&serespmborg cuycle, there is variation in ampiitude between
consecudive waves, known as the ‘respirotory pulse”.

ICF wavatoom

#t

==



Intracraniol pressure wiume retak‘\onship !

iCP ve Flow rate curves

Spinal cord 00:4529

Rna:tomgz
* Spinal cord extends Wmhmedm\aob\onsomo&he?orwnm magnum
10 the conus medullaris and couda. equina. of the level of LI/a in an adutt
La/3 n a neonate).
B apmwsPMnewesemhespkulwrd,emcoj,tathomm,Shmbm

swal,andlcoc%eo.L
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Spinal cord : Anatorny,
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