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AUTONOMIC NERVOUS SYSTEM PHYSIOLOGY

& AUTONOMIC FUNCTION TESTS
Introduction _ 00:00:24
Key:
» = Structure
* = Funchion
Peripheral Nervous System (PNS}
» Crpval nerves end spmnal nenves
o Cammmmcabon ines botween the ONS
#1x) the rest of the body
Sensory (afferent) division Motor (efferent) division
#Somatic and viscers! sensory nerve fbers  Motor necve fibers
2 Conducis inpulses from receptors lo * Conducts wmpises lrom tha OGNS to
the CNS eucions (roscies and giandsi
Sympathetic division Autonomic nervous Somatic nervous
#Mobiizes body systems dunng +— sytem (ANS) sytem
actvity {“fight or ught®} ® VarerE: moAST tewaniary) » Somatic motes ivalpniany]
» c:;a;mmdsasmm -rf:@:;j:;-::ézs‘mms from the
| Pa thetic divisi mm)w CNE o shelels) muscles
#Conserves energy +—
*Promotes "housskeeping” funcions
duning rest

* Autonomic system (vegetadive, visceral or involuntary.

* Controis the visceral activities of the body,

* main control cerﬂre%minstanandhgpo&\almus.

* Sensory inputs are relojed to these areas and reflex responses are
effected in the visceral organs.

* Dual nnervaiion (Sgupaﬂ\eﬁcandpamsanpatheﬁc)to organs but one
Heort : Pamsgmpaﬁxehc system predominates.
Pupils : Parasympathetic system predominates.

* Al pregangfionic Rbres in both sympathetic system and parasympathetic
sgstem secrete o.cetylmolhe.

* Post gangfionic Rbres in sympathetic system secrete epinephrine
norepinephrine.

* Post ganglionic Rbres in sympadhetic system secrete acetyicholine.
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Difference between sympathetic and parasympathetic system :

Thoraco-lumbar outSow, il
3,1,9/0 ond socrol segments 3, $3, S4),
Stress response. Antagonise sympathetic activity,
Fgﬁ’iﬁ'&mm _ Restfdigestion.
Neurotransmitter : Post
gangjionic Rbres release ttor _ |
epnephrine §{ norepinephrine | ansm " heehjoring. ‘
(except in sweat glands). i B
red in the it " 5 i Gonglia. are located close 4o
| horm of spinal cord, | *3 |
i | Herce pre-gangfionic Rbres are longer. |

Note : Adrenal Wmsmvmddrecﬂgbgmwﬁbm%m
postgangfionic fbres,
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Somatic NS (=3
N-AChR

.wr}-l—- STressvd tll'i'!!tm—-q\‘l ‘

Mo ACh  N-ACHR Rocwptos 8
» (- Bloodstream
© S0 S,
Adrensl - el N
Autonomic nervous system.
Sympathetic nervous system 00:08:25

. Whgwglhafﬂwe\evelo@ex&.

. Cx)urseupordounﬂ’\esgmpa&heﬁcci’nh
iosampseatano’d-\erleveL

d a&the&nhwmmts&mpshstom
w’dg’macol\ateralsmgﬂon

' Segmen’mldish"ubuﬁono?sgmpa&heﬁc
fbres :

- Head and neck : TI-a.
- Upper limb : Ta-1,
- Thoragic visceroa. : T1—4,
- fbdominal viscera. : T4-LA.
- Lower limb : TI—La
* Post gangjionic fbres from the ganglion
forms plexus near the efector
orgons (Eg + Coeliac plexus).
® Stimuladion couses ‘mass action” ¢ Action
on all parts of the body that it innervates.
» Shortpresanslbnic&bres.

Sympathetic Innervation



B General anaesthesia

effects :

= Pupis ! Oilodadion.

= Respiratory system ! Bronchodilatadion.

- ovs: e, fer
€T : Decreases peristalsis, decrenses acid secretion,
WMrgb\addertRehmhono’}bladder wall, congtriction oF bladder
neck causing retention of urine.

L]

Receptors : Norepinepfrine, Epinephrine

*PLCP i -AC *AC
Major oA, «PKC ‘ Jeane 1 ‘
ERodon | e, foe” | -PeA g
—| 'L-T?plClz|
f@?m'ﬁsw [e.e_tafr—em—
—— ———
o |
al. Apha 3. | |
l '
[' feks on smooth mus— [mto'recepiors i " t\cismheortmio\'\e‘uy |
cles ' bladder.
*  Other sites ' Blood ¢ Smooth muscle
| vessel pupl | relaxation. |
| pyorus, bladder, 'l [* Lipolysis. =
| prostote. | )

* fect via adeny cyclase except alpho. | which acts via. I3 + DR,



Autonomic nervous system physiology & autonomic function tests

Synthesis of catecholamines :

VMAT: - Vesicular Moncamine Transporter - 2
VAMPs - Vesicla Associated Mambrane Proteins
NET - Norapinsplvine Transporter

MAO - Monoamine oxidase

COMT - Catechol-O-methyitransterase

Cotecholamine sgnthesis,
a&enersic receptors :

Receptor Tissue Distribution  Physiological ‘Agonist Antagonist

Type Effects
Vascubas Smaath Muscles, e Phemsdephring, Pheeicioming,
Gluconeogenesis,

al Viscars! smaoth Muscles ey Methoaming Provesia
Pro-synaptic terminsly, Yohimbing,

Q2 P oo, Chary Inhibits relesse of mq'""""‘ Wazeazn,
epithalium, Solvary Glandy  MNesotrssmitiar Yolasoine
heprotersnel, Propranciol,

‘”. Caort, Kidaay, seamt pre-  nciaose heost Tate Herplnaphring, Mxdepeold,

et tammiaey #nd Rania sacsation Debutaming I Menolel

Visceral smeoth musdes, Vasogilation, aproterencl, Propransiel, Ki-

P2 VR U mtsiiin Aol Formotarst, IS5 Nodolel
Rcacles soureilon Torbulaling, Levilbuterel  Butoxaming
Adigoce Tissue Introcalizatyts hoprotareol,
B3 ) SAS9200A



Adrenergic agonists
i il
v ¥
[ owect actig | [ndirectiy acting |
: S 3

'
| L l
A | 2 A
| Release of ’ Reduce | ‘ Cotecholomine | | Oirect and
stored cotecholormine | reuptake ir_\qrecteﬂects.

Parasympathetic nervous system

00:20:49

&ansl’n close to receptor organ.
fctions are localized and targeted.
Pregangfionic fbres present in:

- midbrain,

- Medulla. oblongako.

- Sagral spinal cord,
Vogus nerve oecounts §or 5% of
parasympothetic oetivity (Upto proximal
holf of the colory).
Rest is by the sacral segments (Consti-
tukes 0% pelvic visceral nerves).

-~ s B

iatimistates the actiwty

of the digestiva organs
slimuiates the acliuty
of the pancraas

tos the
gal blacider

i

[
e
p—
—
—_—
—
—
—
v—
e
—

constricts
urinary bladder g

man
sl
mm‘xo@pwwgmpahehcs&skem




Autonomic nervous system physiology & autonomic function tests

Cholinergic receptors :

A
Cholinergic raceptors
Ligand-gated lon channhels G protsin-coupled receptors
Nicotinic acocxlchollm receptors Muscarinic acetAylchoune receptors
ChRs)

Gentra nervous syatem o ; M1 M2 M3 Me WS

puloromE et it o
Neuronal Muscle
nAChRs nAChRs

l L
Homopentameric Heteropentametic
neuronal neuronal

nNAChRs nAChRs
f '9 conm:auon of
o7 a a and B subunits
or different a subunits
(ex. adp2, a3p4, and aSa10)
B
Neuronal subunits
of pewronal nAChRs
a subunits B subunits
L T : pa | ""“'-*—1
B2 p3 p4

a2 a3 a4 ab ab a7 af all

Sunthesis of acetylcholine :

Mﬂ,m
mebiang
BNApHe - Solsbla N-shylnainmcs Aitaschmanm proten Racepior
VACHT - W doh '
Reetyleholine synthesis.
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Cholinergic drugs :
| C\'\dnommebc& l

BN 2 e

¢ R
[chotnergie ageriss. | | Préeinestr s |
N
S ' _ Vo
[choline esters :| | Alkoloids 1 | | Reversivle. | | Irreversidle. |
Acetulcholine | | Muscarine. ‘ 2 ; ‘ ¥ *
methacholine, m‘:: [T e ?cdrbann’tesf'o'r —
aethanechol, — Ph}jsos*ghm Tocrine. Carbaryl photes : |
Neostigmire. | Gevi). || oyfles (OFP). |
Puridostgmine. oot (| ecopate,
edrophonium. | (50530'? || Mmalothion.
a\vashgmne i Diozinon
Donepezil L (Tw-a0).
Golontamine. | Tabun
| sarn
- _ ——
nnhd\ohners\c&'uas
ruscarinic antasonsts/airopmn |
drugs/parasympotholytics.

ol abolods | | Sempivote || | mykatios: | [ vesessdestve | |

| Rtropine, huoscine | derivadives * Cuclopentolate, Ocjoutypin, |
| (scopolamine). * Rtropne me- fropicamide. Qavoxote,
— = . thonitrate — ] B,
*  Homalropine
| ryoscrebutyl | | { |
bromide . | ' - v
- iproﬁophm o= | | Mhpo rkinsonion :
mide | T ; tdﬁl
® Titvpigon bro- (®enzhexoD,
micke I e,
— 1 P
" e ?“Ofg‘ biperiden.
1“*‘?“5;‘1‘%.
. ¥ _ v
.Qua*eman_.;compomchl 'Terﬁa.rgamves:ll
| Propantheline, ‘ Dieyclomine,
owwa, cldnum, ‘ valethamate, |
ppenzoiate metiny) | | prenzepine. |
| brormvde, sopropanvde, E : =
| %mpjrrohfe :
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Autonomic nervous system physiology & autonomic function tests

futonomic innervation :

J. %Wa{hehc @drenergm).

veins,

Heart, Parasympathetic (Cholinergic).

. ___Parasympathetic (Cholinergic).

| Cilarymuscle. | Parasympathetic (Cholinergic)
| @astrointestinal tract. | Parasympothetic (Cholinergic).
urinary blodder. | Parasympathetic Cholinergic). |
| Saivaryglnds. | Parasympathetic (Cholinergie).
Sweat glands. Sympathetic (Adrenergic). _j
Genitl tract. | Sympathetic and parasympathetic. |

£nteric nervous 55m :

* The third broanch of the ANS,
* extraordinany degree of local autonomy (Ach, NO, substance P, VIP).

*  (Within the walls of the &IT,
* perived from neurcblasts,

’a‘lgpes

mgen'cer plexus fuerbach plexus.

- The submucous plexus : Meissner plexus.

-
k\muw"@'!*f

: Subtivsn ol
{4 'f : (LY
il "ﬁ*’-’*é‘f#f i T
c1h AR '5, IPAN o ok
! i gy U
B 4 " £
Musses X % mkm
Sudmucinal e %wﬂw _ .’
Giralar muide Uen ending
Myemlens plosis < T hasladen thibsteay ¥
Impnuluu!r. wle PR RS b geruR | Longhicton
wunk
(a) ib)
Enteric nervous system.



General anaesthasia

Autonomic dysfunction 00:30:21

Atlects smol), lightly muelinoted and unmyelinoted autonomic nerve Rbers.
most common cause is long standing diabetes meliitus :

- 34% in*&pe!i:m

- 5’55?\*3[)680“"\.
Anaesthetic importance : Ateration in the doses of anesthetic ogents to produce
the some eflect as thot in o. normal individual.

Pomsampot\'\eﬁc ofected eartier.

Causes :
* Diabetes.
i Woidosis.
* Reute and subacute autonomic neuropodhies.
* Immune medioted § paraneoplastic neuropathies.
. Hered‘rkara autonomic neuropathies.
* Rutonomic neuropothies due to infectious diseases.
* Toxic neuropathies.

mnemonic (NEUROPATHY) :

* Nutritional deficiency,

: endoerine.

 Unknown.

: Renal fadlure.

: Others.

* Poraneoplastic s5ndmme.

: Autoimmune.

¢ Rbnormal proteins.
¢ Toxins ond druss

* Human imunodeficiency virus .
¥+ ¥ Chromosome defect (CongenitaD.

-4 ® ®» D O ® L 0 Z

x

Autonomic features nvolve
* Cardiovasculor sgs{'em
* aostrointestinol 55stem
* urogenital system, .
* Sudomotor system, pupilomotor system.
* metobolic system.

Anaesthesia residency programme + v1.0 - Marrow 2024
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Autohormic nervous system physiology & autonomic function tests

Clinical manifestations

*

Resting tachycardia/Rxed heort rate.
Orthostatic hgpomm

exercise intolerance.

Peri-opertive cardiovascular instability  Profound hypotension/tachycardia.
on inducing podient with IV anaesthetics.

mgocardml ischaemia. and infarction.

Le® ventriculor dgs?unchon

increased risk of renal diseases.

Chironic renal fadure.

Suyreope.
Stroke.

Sudden cardiac death.
Gastroparesis : Diarrhea § constipation.
Sudomotor efSects :

- Anhidrosis.

- Hﬂperhidros&

- Heat intolerance,

- Gustator Y sweo&mg

. DYB SKin,

- D&S‘ncukg with food intake due to decreased salivadion.

- &ye irritation due to decreased lacrimation.
Pupiliomotor function impairment :

-~ Deereased diameter of dark adopted pupil

- Pseudo Argyli-Robertson pupil.

’ aenﬁournarg impoirment ¢

- impotence.

- grectie dﬂs‘}wseﬁon.

- Retrogrode ejaculation.

- Defective slaahad lubricodion,

- 8lodder dysfunction : Aonic bladder, automatic reflex bladder,

11
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Autonomic function testing 00:36:07

wdmpwa%wwm%mnchedﬂedbg
* Heart rate response to Valsalva. maneuver.
* Heart rate variation during deep breathing,
2 lnmedia&eheaﬁmter&epmse{ostmdhs.

Cordioc sgmpa’:he’nc function measured b}j :
* Blood pressure response o standins.
* 8lood pressure response to sustained handgrip.

Pre-requisites :
* Discontinue following medications for 8-a4 hrs before the test :
Cardiovascular medicotions.
- ﬂnxoighc&
- Antidepressants.
- CofSeire.
- Decongestans.
* Test performed:
- Inthe morning.
- Under $asting condition
- Capillory blood glucose should be < 180 mah.
* Normol values depend on oge.

Cardiog parasympathetic function tests :

Heart roke response to valsalva. maneuver

. W%&ted&bjectbbt%in&oamhpﬂece&xhﬂemah&ahmsapr&me
ot 40 mm Hg) for IS seconds.

4 vonaero&ion&bo?ﬂwe\onges’c R-R interval Q;Jhichcomess&mga%er
release) to the shortest R-R interval (Which occurs during the manoeuvre).

¢ Normal Value : Rotio of > 1Al

)



Autonomic nervous system physiclogy & autonomic function tests

Pinses o¥ va!saNa maneuver

| o ‘| .._;1_”
-0

Expimﬂon tncreaseddu.e‘commsen
I ogainst a. hhnﬂwomnicpressureadded'co‘ Decreased, ‘
j closed glottis. pressure in aorta, |
| 4 | Contirued Decreased due to o
' expiration. | decreased venous retumn. | |
Decreased due to decrease in
venous retum ond decreased
5 end of baroreceptor discharge o, Increased
| expirodion. decreased due to increased further,
L capacitance of pulmonary
e  bed |
increased due 1o increased ve-
4 Recovery, _ Decreased.
L | 2 |rousretumnondcardacouwtput. |

Mean
Aoartic
Pressure

Heart
Rate
Time
Phases of Valsalva. maneuver.
HR response ‘o deep breaihing :

* Patient takes six deep breaths in | minute.

' ﬁwenmﬂnmandmhmnheaﬁmtesdwmeachcg&earememd

* mean of the difSerences (Moxdimum HR - Minimum HR) during three sue-
cessive breathing cycles is taken,

* Normal Value : IS beats/min,

HR response to standing :

°* HR is measured as the patient moves from supine to standing,
* HR response to standing is expressed as a 30:S ratio.

* Radio of the longest R interval (30" bead) to the shortest -

Anaesthasia residency programme + v1.0 « Marrow 2024
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interval (5™ bead).
¢ Normal Vodue : Ratio of 21,04,

180 =TT

60 50 40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110

Time (secs)
B - Systolic (mmHg}
—— Diastolic {mmHg)
— - Heart Rate (BPM)

HR ond BF response ‘o stand'ns.

cardiacsgnxpaﬂ»eticMﬁonmks:

%resmnsetos’mndiny
* The subject moves from supine to standing and change in S8P is measured.
* Normal value : Difterence of <10 mm Hy,

BP response to sustained handgrip :

B Sustainedhandgripisariseh@secor\dargiomimreasedmwﬁh
und'\onged peripheral vascular resistance.

e meje&mmmnsahw»qarip&m&ﬂwemxmnhmdarp
squeeze, for up to S minutes — DBP is measured every minute — The
intial DB is subtracted from the DBP just betore release.

* Normal vajue : i rmm Ha,

Other tests
* Pupillary abnormalities,
d W‘“ unolsoreness,
* Newovasculor dgs%mckm
o Swe<_>&i'\3 disturbances :
- Quontitative sudomotor axon refiex test (QSART).
= Thermoregulatory sweat test (s

Anaesthesia residency programme - v1.0 « Marrow 2024



Pharmacologic tests :
¢ measurement of plasma. norepinephrine (Ne) !
First supine ond then after standing for af least S minutes.
In cases of awtonomic dysfunction, supine values are reduced,
Administration of tyramine ¢ Reduced release of NE.
Administration of phenylephrine : Excessive response to subthreshold doses.
sangionic blockade with trimethaphan : ereater fall in &P,
* frginine vasopressin : To evaluate afferent central pathuoys.

[}

Anaesthetic implications and management 00:46:54

Anaesthetic implications in a. patient with autonomic das%nchon g
* fccentuoted $all in BF
* High incidence ot dysrthymias and cardioc arrest due o :
- Reduced appreciation of ischemic pain.
- | HR response to chronotropic agents.
- Prolonged QT interval
High risk of aspiration due to presence of gastroparesis.
Blood loss : No compensatory vasoconstriction,
* Change in position is poorly tolerated.
d ngoglgcemic unawareness.
* Reduced h}jpoxic—induced ventilatory drive.
* Susceptible to CNS depressont drugs.
* impaired temperodure control can lead 1o severe hﬂpo'd'\ermia.

management :
i Detalled history and autonomic nervous system testing,
i Check for gastroparesis : Longer fasting time is advised.
iii. Rapid sequence intubadion after good preoxygenotion.
iv. Trtroked doses of anaesthetic agents.
V. invasive monitoring o haemodynamics,
Vi Vasopressors and inotropes should be kept ready,
Wi Coreful during positioning,
Vill. Temperadure and blood sugasr monitoring,
. Assess blood loss.
x. extubote only when fully conseious and adequate reversal

16



Rutonomic hyperreSiexia. ;
Seen in patients who sustain spinal cord injury,
Clinical features :

Initiol spinal shock : Reduced sympadhetic outfow.
Sposte poralyse.

* finy stimulus cawuses hypertension and bradycardia. (Risk i higher # njury

above the level of Tw).

Profuse sweoding,

Vertriclas durhugiomias.

Flushing (viasodilotion) above the lesion and blanching (vasacorstriction)
belous the lesion

Non specific : Severe headache, ditfieutty breathing, nousea, shivering,
blurred vision.
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