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

Petr Marsalek
Ustav patologické fyziologie 1.LF UK



How the brain works. _



Ctyfi pfednasky o NS
ze specialni patologickeé fyziologie

1 (Uvodni pfednaska) Bolest/ poruchy motoriky

2 Zakladni syndromy NS

3 Patofyziologie specialnich smyslu

4 Poruchy kognitivnich funkci, poruchy vedomi,
mozkova smrt



Osnova

Bolest.

Poruchy motoriky.
Poraneni CNS.
Poraneni PNS.




Reakce (R) je funkce intenzity stimulu (S), R=f(S)
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Obr. 5-5. Vztah mezi intenzitou dotykoveého podnétu (S) a frekvenci akénich potencialll v senzorickych nervovych
vlaknech (R). TeCky znazorfuji jednotlivé hodnoty u kocek; jsou vyneseny do souradnic linedrnich (vlevo) a logaritmickych
(vpravo). Rovnice vyjadiuje vypocitany exponencialni vztah mezi R a S. (Reprodukovano se souhlasem z WERNER, G.,
MOUNTCASTLE, VB. Neural activity in mechanoreceptive cutaneous afferents. Stimulus-response relations, Weber
functions, and information transmission. J Neurophysiol, 1965, 28, 359.)



Zlaté Ccasy psychofyziky

(viz: Weber-Fechneruv zakon),
Ernst Heinrich Weber, (1795-1878),

Gustav Theodor Fechner, (1801-1887),
*1801, Polsko,

+1887, Leipzig, Némecko,

1850 — dosel k nahlému osviceni smerem
kK exaktnimu popisu smysloveho vnimani
Elemente der Psychophysik (1860),

1878 — definice medianu (= je to hodnota, déelici
distribucni funkci na polovinu)



Extempore (celkem 8 obrazku):
Psychofyzika
aplikovana v praxi, aneb
o Scovillove
stupnici palivosti papricek



Kdo byl W. Scoville ?

W.S. byli totizdva: W. L. S. aW. B. S., a pak byl jeste pacient H. M.:

Wilbur Lincoln Scoville, americky farmaceut, (1865 — 1942)

William Beecher Scoville, americky neurochirurg, (1906 - 1984)
 Brenda Milner, kanadska psycholozka, (1918 — dosud), 2018 ji bylo 100
let (nar. tentyz den jako Vernon Benjamin Mountcastle, 1918-2015)

William Beecher Scoville and Brenda Milner (1957). "Loss of recent
memory after bilateral hippocampal lesions™. Journal of Neurology,
Neurosurgery and Psychiatry 20, (1): 11-21.

 Pacient H. M. - Henry Gustav Molaison (1926 — 2008), neboli
,Padesatileta kariéra nechténého lidského pokusného subjekta
s poruchou konsolidace pameéti“ 8



Design pokusu vedouciho
ke konstrukci Scovillove
stupnice palivosti papricek



Scovillovy jednotky palivosti ucinna latka

(Scoville heat units)
16,000,000,000
5,300,000,000
16,000,000
15,000,000
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60,000

16,000

Resiniferatoxin

Tinyatoxin

Capsaicin
Dihydrocapsaicin
Nonivamide
Nordihydrocapsaicin
Homocapsaicin

Shogaol (dehydr. zazv. olej)
Piperine (peprovy alkaloid)
Gingerol (zazvorovy olej)
Capsiate
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Scoviluv zebricek papricek priklady

3 000 000-6 000 000
2 000 000

1 850 000

1 600 000

1450 000

1200 000

1200 000

1100 000

1 050 000

850 000

350 000 — 580 000
100 000 — 350 000
50 000 — 100 000
30 000 — 50 000
5000 - 23 000
5000-10 000

2 500 -8 000
1000 -2 000

100 — 500

Peprovy spre;

Trinidad Moruga Scorpion
Chocolate 7-Pot

Dorset Naga

Trinidad Scorpion Butch Taylor
Naga Viper, Trinidad 7 Pot Jonah
Satan's Strain Trinidad Scorpion Moruga
Naga Morich, Infinity Chilli

Bhut Jolokia

Trinidad 7 Pot CARDI Strain

Red Savina Habanero

Habanero

PapriCka Birds Eye, Piri Piri
Tabasco papriCka

Serrano

Chipotle

Jalapeno, Tabasco omacka
Poblano

Pimento

11



diskutujme dale
... moznosti objektivniho vysetreni

smyslU, véetné hmatu a bolesti...
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Evokované potencialy
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Evokované potencialy — sluchové (jako priklad)
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Objektivni Audiometrie:
Brainstem/ Cortical Evoked Response Audiometry BERA (CERA)
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Somatosenzorické EP(SEP) - stimulace hmatem nebo

elektrinou

- délka stimulu 2 - 300 ms, frekvence opakovani
vetsinou do 3 Hz

- snima se z ruznych mist v zavislosti na tom, kterou
cast tela mame v planu stimulovat

- bézny prabéhn

P1 N1 P2 N2 P3 N3

16 ms 20 ms 28 ms 33 ms 43 ms 50 ms

nejCastejsi vyuziti:

- pri operacich: patere - neustala kontrola mozku -
mapovani oblasti mozku k odpovidajicim Castem
tela

- zpozdeni signalu pri roztrousene skléroze
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fMRI = rozliSeni nebolestivého a
bolestivého podnetu u hmatu

Jsou to zajimaveé a trochu idealizované teorie,
v praxi je objektivni vysSetrovani smyslu ur€eno
jen pro velmi specializovana pracoviste

Jak je to tedy s bolesti?...
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(1) Bolest
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— A. Peripheral Mechanisms of Pain
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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] 19



Bolest je modifikovana

predchozi zkusenosti
sugesci
emocemi, specialne strachem

soucasnou aktivaci dalsich smyslovych
vstupu

zamerenim pozornosti

20



Bolest
vyvola
aktivaci

pifjem
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) Py
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 29



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). 2



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.

24



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

25



Co se deje pri bolestivé cApsA,C
stimulaci Ly

e aktivuji se tetrodotoxin rezistentni (TTX-R) kanaly

e uvoliuje se z poskozenych bunék ATP a pUsobi
jako mediator bolesti. Receptory ATP jsou
purlnove 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, kterée se uplatnuji zejména pri poklesu

pH < 6.5

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

26



Vaniloidove receptory a bolest

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

Konzumace palivych papricek vede ke
zvyseni prahu pro bolest

Naplasti s capsaicinem se pouzivaji k uleve
od bolesti u kofrenovych syndromu u
prislusnych misnich segmentu

27



Vratkova teorie bolesti — misni Uroven

Gate control theory

CENTRAL

CONTROL *l

GATE CONTROL SYSTEM

[AalP] ‘ —\
NBLFT F ACTION
-4 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

29



Endogenni opioidy

B-endorfin (31 aminokyselin) -
Endomorfin (4 aminokyseliny) - u
L eu-enkefalin (5 aminokyselin) - &
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 _
senzoricky neuron
presynapticke receptory CB2 ve strukturach
= inhibice uvolhovani neurotransmiterd  imunitniho systému
= U Ca? FAAH — hydroldza amid& MK
postsynapticke receptory uplatriuji se také ve vnitfnim
= 11 K* vodivost — hyperpolarizace uchu a ve sluchové draze

membrany
30



Typy bolesti, fenomenologie lokalizace




Headovy zony, Prenesena bolest

Diaphragm
(C4)

Heart
Oesophagus = (T3 and T4)

(T4 and T5)

\

_JL__JSKHHBCH(TH]

Liver and
gall bladder
(T8-T11)

Small intestine

(T10)

Colon (T11)

—= Kidney and
testes (T10-L1)




— B. Referred Pain
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Dalsi patologicke
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bolesti hlavy,
neuralgia n. trigemini,

migréna (bude zminéna
u syndromu jako
zachvatovite

onemocneni),...
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PREFRONTALN]

S L okalizace
vedeni bolesti
v ramcl drah

CNS

MOZKOVA KURA

THALAMUS

YIL=VPM=¥D

PODKOROVE STRUKTURY
{(VARDLOY MOST,
PRODLOUZENA MICHA)

RACTLUS
SPNOTHALAMICLS
VINTROLATERALES

DRACHEALLS

PATERNI MicHA
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Priblizna lokalizace senzorickych, afektivnich

a kognitivnich slozek bolesti

_POCIT POCIT
NEPRIJEMNOSTI BOLESTI

POCIT
OHROZENI

AUTONOMNI A
NEUROENDOKRINNI
REAKCE




— C. Pain Relief

5

Anesthesia,
alcohol

Morphine

3

Electroacupuncture,
transcutaneous
nerve stimulation

Morphine

Cooling,
Na" channel blocker

Perception
Suffering

lamus

Central

grey matter

ﬂl

Cooling,
PGE synthesis
inhibitor

<

Raphe
nuclei

Avssociated
autonomic
reaction, motor
response

> Anterior
column

— Inhibitory
pain tract

e
Trans-

ection

Moznosti

boje proti bolesti
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(2) Poruchy hybnosti/
poruchy motoriky

37



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

38



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

Mar m al Segmental Axonal Rei vatio Myopathy
motor units demyelination degenera tion )

) -.}' 3
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Poruchy motoricke jednotky

— A. Diseases of the Motor Unit

Amyotrophic
lateral sclerosis

s Death of supra- > Hyperreflexia,

spinal neurons spasticity
Spinal i of Paralysis
muscular atrophy | == eatn o L —
1 _ Fj.!r' = —> L motoneurons —>  Fasciculation
Poliomyelitis | —

Autoimmune ‘ o-motoneuron
Metabolic _\
(B,, By, deficiency, > Slowing of conduction velocity,
diabetes mellitus) ———> disorders of sensory functions

(sensory loss, paresthesias) Paralysis

(lead, alcohol)

5 Toxic _,/’7
/

Genetic (Charcot-
Marie-Tooth syndrome)
Autoimmune -
] ;o Fibrillations BErae




Poruchy neurogenni a myopatie

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

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

reflexu (Babinsky)

41




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)

42



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

43



Horni motoneuron

= Pyramidova draha “?
nebo
= Extrapyramidovy systém ?

44



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

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

= (neni atrofie, nejsou fascikulace)

45



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

46



Poruchy
horniho
motoneuronu

— A. Lesions of the Descending Tracts

47



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 48



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

49



(3) Poraneni CNS.
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Poraneni CNS versus
poraneni periferniho nervu
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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
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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

53



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

94




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
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Incomplete SCI  ANTERIOR

loss of motor,
pain/temp

mixed sensory loss

touch, proprioception,
vibration remains
intact

Cause:

Anterior Cord Syndrome
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Incomplete SCI

conus medullaris/cauda equina

¢ Compression of lumbar-sacral area
¢ Conus T11-L1
¢ Cauda L2-sacral

¢ Better prognosis because injury in “horse tail” area
¢ Loss of motor is variable

¢ Sensory unimpaired

¢ Flaccid bowel and bladder

¢ Impaired sexual function

Y



— C. Paraplegia

Frontal
sUperior gyrus
‘Micturition center’
in pons — A

[ Paraplegia

Reflex loop —e

Distension
receptors

!

Sympathetic —<l>

Inferior mesenteric
ganglion

n ?

»
!,14
? vt

Para- ¥
sympathetic =

Pudendal nerve

Automaticke
vyprazdnovani
mocoveho
mechyre

u paraplegie
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