Patofyziologie nervového
systéemu.
Bolest a poruchy motoriky
Poraneni CNS a PNS.

Petr Marsalek
Ustav patologické fyziologie 1.LF UK
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Evokované potencialy — sluchové (jako priklad)
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Objektivni Audiometrie:
Brainstem/ Cortical Evoked Response Audiometry BERA (CERA)



(1) Bolest



— A. Peripheral Mechanisms of Pain
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CGRP (Calcitonin-gene related peptide), SP (Peptide substance)




Poskozeni tkané vetsinou vyvola bolestivou senzaci

Bolest:

1 je varovny signal, varuje pred poskozenim tkane
2 muze napomoci diagnostice a lokalizaci patologii
3 muze byt patologicka, obtézuje

Césti bolesti
Algothymicka slozka je emocionalni doprovod bolesti
Algognosticka slozka rika, kde a ,co" a jak nas boli

Je vice druhu bolesti, které jiz nemaiji ucel varovani,
postradaji hodnotu signalu, neurologicke vysetreni

byva v norme, to jsou ...neuralgie

Psychofyzikalné: - neni vztah mezi intenzitou podnétu a intenzitou viemu

-je plynuly pfechod mezi riznym typy hmatové a bolestivé stimulace

simrani, ostry dotek, teplo, chlad

svédeéni, pichnuti, opareni, omrznuti

co svédi, musi se Skrabat (?), ... [Fenistil — antihistaminikum, antipruriginosum] 7



Bolest je modifikovana

predchozi zkusenosti
sugesci
emocemi, specialne strachem

soucasnou aktivaci dalsich smyslovych
vstupu

zamerenim pozornosti



Bolest
vyvola
aktivaci

piijem
dal3i vedeni
a vypracovani

poskozujiciho
signalu

« sympatického nervstva
vazokonstrikce, hypertenze, tachykardie,
poceni, zblednuti, husi kuize, mydriaza

« parasympatiku

hypotenze, bradykardie, nausea/ zvraceni
« motorickou odpoved

e a alteraci vedomi

senzoricko-
diskriminacni
komponenta

afektivni -
(emocionalni) P
Komponenta

vegetativni
(autonomni)

projevy bolesti
(psychomotorické
komponenta komponenty)

motoricka T
komponenta -



Typy bolesti, fenomenologie

Akutni bolest
-je vyvolana identifikovatelnymi podnéty
-je kratkodoba

-prestava, kdyz je zhojeno poraneni tkani,
které ji zpusobilo
Patofyziologicka klasifikace bolesti
Nociceptorova (nociceptivni) ~vetSinou se neopakuje
-Periferni neurogenni (neuropaticka) ~ Chronicka bolest

«Centralni neurogenni -trva déle nez 6 mésicu

*Bolest dysautonomni —z dysfunkce  _xixiny nemusi byt vzdy identifikovatelné

sympatiku

y. P -intenzita bolesti je vzdy vysSsSi nez
*Visceralni odpovida intenzité stimulace
*Psychogenni

-zpusobuje velké télesné i dusevni utrpeni

-zhorSuje kvalitu zivota 10



Nociceptory, bolestive receptory = dedikovaneé

receptory, iontové kanaly a volna nervova zakonceni

They are sensitive on the pH changes (pH in
acute abscess, phlegmona reaches 5,8 = pain, pH in chronic
abscess is normal, without pain)

Nociceptors register the ratio K*:Ca?*
(treshold for pain is lower in the lower Ca?* level in ECV)

evoking inflammation are (permeability of vessel wall, oedema)
histamin, bradykinin, serotonin

direct influence of free-nerve endings:
potassium, histamin, bradykinin, serotonin

sensitisation of nociceptors:
prostaglandins, esp. PgE,, interleukin-1,
interleukin-6, cyclooxygenases (COX-1, 'COX- -2)

From activated free nerve endings P-substance is released.

It influences vessel wall (vasodilation, permeability of vessel
wall, oedema) and mast cells (release of histamin after degranulation).



Typy viaken vedoucich bolest

C-fibres — without myelin sheets, action potentials are
convected slowly, fibres convect deep, nonaccurate localized,
diffuse pain

Ad-fibres — with thin myelin sheet, fibres mediate
fast conduction of sharp, accurate localized pain

Aa/AB-fibres — large myelinated. Fibres do not
convect nociceptive stimuli, they mediate tactile stimuli

Afferent fibres enter dorsal spinal roots. In this region exist
excitatory and inhibitory interneurons. Inhibitory interneurons gate
the passage of information into thalamus and cortex.

12



Podnéty vyvolavajici bolest
-chemicke

-endogenni mediatory zanetu
(bradykinin, prostaglandiny, serotonin,
histamin, K+, H+, [I-1)

-exogenni latky (kapsaicin, formalin)
-tepelné
-poskozujici teplota nad 42°C

-mechanickeé

13



Co se deje pri bolestivé c:ApsA,C
stimulaci

o aktivuji se tetrodotoxin rezistentni (TTX-R) kanaly

e uvoliuje se z poskozenych bunék ATP a plsobi
jako mediator bolesti. Receptory ATP jsou
purmove receptory (PZX)

e aktivuji se vaniloidove receptory (VR,)_receptory
pro kapsaicin, které se aktivuji i pfi poskozujici
teploté nad 42°C a pH < 6.5

e aktivuji se ASIC kanaly - acid sensing ion

channels, které se uplatnuji zejmeéna pri poklesu

pH < 6.5

e upreguluji se postsynaptické receptory pro
excitacni transmitery - glutamat (NMDA) a
substance P (NK,)

14



Vaniloidove receptory a bolest

Ptaci versus savci...
(Versus hmyz...)

Konzumace palivych papricek vede ke
zvyseni prahu pro bolest

15



Vratkova teorie bolesti — misni Uroven
Gate control theory

CENTRAL

CONTROL *l

GATE CONTROL SYSTEM

[AalB] —K,
BT =+ ACTION
z v SYSTE

s

pomala

rychla

Substantia gelatinosa
Il. a lll. Rexedova zéna
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Opioidni systém

nigrostriatalni a mezolimbicky
dopaminergni

= ovlivnéni motoriky a systému odmeény
hypotalamo-hypofyzarni

= modulace hormonalni sekrece
ascendentni a descendentni drahy
= modulace bolesti

= ascendentni — micha, talamus

= descendentni — PAG, rafealni jadra

17



Endogenni opioidy

B-endorfin (31 aminokyselin) -
Endomorfin (4 aminokyseliny) - pn
Leu-enkefalin (5 aminokyselin) - 6
Met-enkefalin (5 aminokyselin) - §
Dynorfin (A 1-8, B 1-17) - x
nociceptin/ orfanin

amidy a estery mastnych
kyselin

anandamid
palmitoyl-etanolamid PEA
Receptory CB1 a CB2
CB1 v PAG a RVM

nocistatin L
senzoricky neuron
presynapticke receptory CB2 ve strukturach
= inhibice uvolnovani neurotransmiterd  jmunitniho systému
= UCa? FAAH — hydroldza amid@ MK
postsynapticke receptory uplatfiuji se také ve vnitfnim
= 11 K* vodivost — hyperpolarizace uchu a ve sluchové draze

membrany
18



Typy bolesti, fenomenologie lokalizace




Headovy zony, Prenesena bolest

Diaphragm
(C4)

Heart
Oesophagus — (T3 and T4)

TdandT5) |

Liver and ___‘L./-!SIGFHHCH (T8)

gantﬂadder.“l~

(T8-T11)

Small intestine

(T10)

Colon (T )




— B. Referred Pain
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Converging
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Pain sensation

Contusion

Projected pain

Prenesena a

patologicka bolest

Dalsi patologicke
,senzace”

bolesti hlavy,
neuralgia n. trigemini,

migréna (bude zminéna
u syndromu jako
zachvatovite

onemocneni),...
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PREFRONTALNI

= Lokalizace
vedeni bolesti
v ramcl drah

CNS

MOZKOVA KURA

THALAMUS

YPLAYPAi=¥

PODKOROVE STRUKTURY
(VARCLOY MOST,
PRODUOUZENA MICHA)

TRACTUS
SPRNOTHALAMICLS
VINTROLATERALSS

PATERNI MicHA

22




Priblizna lokalizace senzorickych, afektivnich

a kognitivnich slozek bolesti

_POCIT POCIT
NEPRIJEMNOSTI BOLESTI

POCIT
OHROZENI

AUTONOMNI A
NEUROENDOKRINNI
REAKCE




— C. Pain Relief

Cooling,
PGE synthesis
inhibitor

Perception
Suffering
5
Anesthesia, lamus
alcohol
Central
Morphine L grey matter
Raphe
Electroacupuncture, 3 + nuclei
transcutaneous Associated
nerve stimulation autonomic
Morphine reaction, motor
Cooling, PREPGIING
Na" channel blocker <l>— Anterior
column
<i>——+— Inhibitory
pain tract

6

Trans-
ection

Moznosti

boje proti bolesti
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(2) Poruchy hybnosti/
poruchy motoriky

25



Poruc
Poruc
Poruc
Poruc
Poruc
Poruc

Poruchy pohybu

ny svalu

ny dolniho motoneuronu
Ny horniho motoneuronu
ny bazalnich ganglii

Ny mozecCku

ny pasivniho hybneho aparatu

26



,Dolni* motoneuron -
(= nervosvalova jednotka,;
a jeho poruchy schematlcky)

Mar m al Segmental Axonal Rei vatio Myopathy
motor units demyelination degenera tion )
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— A. Diseases of the Motor Unit

Poruchy motoricke jednotky

Amyotrophic
lateral sclerosis

Spinal
1 | muscular atrop

Poliomyelitis | —

i
hﬁ’“ 5 —>

—>

Autoimmune

Metabolic

(B,, B,, deficiency,
diabetes mellitus)

‘ of-motoneuron

2 TDIE C —'/
(lead, alcohol) /
Genetic (Charcot-
Marie-Tooth syndrome)
Autoimmune
3 Genetic

Death of supra- Hyperreflexia,
spinal neurons spasticity
Death of

RS —» Fasciculation

Paralysis

Slowing of conduction veloctty,

(sensory loss, paresthesias)

Fibrillations

———> disorders of sensory functions

Paralysis

Paralysis




Poruchy neurogenni a myopatie

Klinické nalezy Neurogenni |Myopatie
Svalova slabost, ++ ++
ochablost

Ztrata reflexu + 0
Fascikulace + 0
Ztrata senzoriky + 0
Vyskyt abnormalnich + 0

reflexu (Babinsky)

29




Poruchy dolniho motoneuronu

* Poruchy perifernino nervu

— Axonalni degenerace; uraz — Wallerova
degenerace

— Axonalni demyelinizace (Guillain Barre syndrom)

Tyka se motoriky i senzoriky (area nervina)

* Poruchy tela a-motoneuronu

— Zanetlivé zmény (napr. poliomyelitis)

30



Poruchy dolniho motoneuronu

* Poruchy pouze motoriky
— Motoricka jednotka (fascikulace)
— Atrofie se tyka celych motorickych jednotek

— Po denervaci nastava nejprve fibrilace
jednotlivych svalovych vlaken, pak jejich
atrofie

31



Horni motoneuron

= Pyramidova draha “?
nebo
= Extrapyramidovy systém ?

32



Porucha horniho motoneuronu,
priznaky
= Plegie, paréza
= Spasticita
* Priznak sklapovaciho noze
= Hyperreflexie
= Klonus

= Abnormalni exteroceptivni reflexy
(Babinskeého reflex, vymizeni abdom,
cremaseterr.)

= (neni atrofie, nejsou fascikulace)

33



Horni motoneuron: co to tedy je”?

Je to klinické oznacCeni pro sestupne
motoricke systémy, nikoli jen pro tr.
kortikospinalis

Mozek — lateralni priznaky, hemiplegie

Micha — segmentalni priznaky, paraplegie,
quadrupleqgie

34



Poruchy
horniho
motoneuronu

— A. Lesions of the Descending Tracts

R
* Spasticity

Clasp-knife effect

Normal

35



Spasticita

= Zvyseny odpor kladeny pasivnhimu
pohybu, ktery se zvysovanim rychlosti
pohybu zvysuje (fenomen sklapovacinho
noze)

= Spojena s hyperreflexivitou

= Centralni spasticita (patol. excitace)

= Spinalni spasticita (interneurony)
— Flexorovy reflex
— Spasmus extenzoru (fragment lokomoce?)
— Senzoricko-motorickeé reflexy 36



Misni sok u ¢loveka

Phase Time Physical exam finding  Underlying physiological event

1

2
3
4

0-1d Areflexia/Hyporeflexia Loss of descending facilitation
1-3d  Initial reflex return Denervation supersensitivity
1-4w Hyperreflexia (initial)  Axon-supported synapse growth
1-12m Hyperreflexia, Spasticity Soma-supported synapse growth

In both

meningeal irritation
and spinal shock
extensor systems
take over

flexor systems

Decerebration

37



(3) Poraneni CNS.

38



Poraneni CNS versus
poraneni periferniho nervu

39



Progression of CNS injury
(Spinal Cord Injury, SCI| as a model)

local swelling at the site of injury which pinches off blood
perfusion - ischemia

Excessive release of glutamate and excitotoxicity of
neurons and oligodendrocytes at the site of injury

Infiltration by immune cells (microglia, neutrophils)
Free radical toxicity
Apoptosis/necrosis

40



Pathophysiology

¢ Common Sites
oC5-6and T12 — L1

¢ higher the injury, the greater the motor/
sensory loss: refer to syllabi/dermatomes

¢ neuro dysfunction depends on the level of
the injury
© T1 or above QUAD (tetraplegia)
© T2 or below PARA
© Above C4  Resp. Paralysis

41



Pathophysiology (Extent of Injury)

Complete

¢ Loss of voluntary
movement/sensation
below the injury

¢ reflex activity below
level of lesion may
return after spinal
shock resolves

¢ worse prognosis for
recovery--

Incomplete

¢ (1) Varying degrees
of motor/sensory loss
below the level of
injury & (2) central,
lateral, posterior
injury
¢ Three tyvpes

¢ Central Cord

¢ Brown-Sequard

¢ Anterior Cord

42




Incomplete SCI BROWN-SEQUARD
(cord hemi—section)

On same side as injury--
loss of motor, touch,
pressure, vibration

BUT palnltemp intact

On opposite side of

Loss of pain and temperature injury--loss of
SENBaTon Snensose ke pain/temp BUT,

~ Loss of voluntary motor
control on the same side motor, touch, sensory
as the cord damage vibration intact
Cause:

Jrown-Séquard Syndrome

43



Incomplete SCI  ANTERIOR

loss of motor,
pain/temp

mixed sensory loss

touch, proprioception,
vibration remains
intact

Cause:

Anterior Cord Syndrome

44



— C. Paraplegia

Frontal
suUperior gyrus

‘Micturition center’

in pons — - A
|
|

Reflex loop ——

i
- - ' o
- \
-
Sympathetic — >
Distension Inferi :
receptors nferior mesenteric
ganglion
| |
S
!,{A
L @
I
Para-

sympathetic =

Pudendal nere

Automaticke
vyprazdnovani
mocoveho
mechyre

u paraplegie
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Souhrn/ Dotazy/ komentare ?

Dekuji
Vam za pozornost

-Toto je v jakékoliv formé
(PDF, PPT, PPTX atd.)
neoficialni vyukovy material

- pro interni potrebu

- nesirit

- pro dotazy kontaktujte:
Petr.Marsalek@LF1.CUNI.CZ
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