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Ctyfi pfednasky o NS
ze specialni patologickeé fyziologie

1 Bolest/ poruchy motoriky
2 Zakladni syndromy NS
3 Patofyziologie specialnich smyslu

4 Poruchy kognitivnich funkci, poruchy
vedomi, mozkova smrt
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Syndromy

(1) poruchy perfuze a hypoxie mozku/ CNS
(2) otrava oxidem uhelnatym

(3) poruchy cirkulace likvoru/ hydrocefalus
(4) nitrolebni hypertenze

(5) edém mozku/ CNS

(6) nitrolebni krvaceni

(7) systémova onemocnéeni nervo-svalové ploténky
(8) zachvatovita onemocneni: epilepsie a
migrena

(9) poruchy cyklu spanku/ a bdéni

(10) zvraceni jako priznak podrazdeni CNS
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Poruchy cevniho zasobeni NS
porucha perfuse, mozkova hypoxie

— A. Effects of Abnormal Cerebral Perfusion
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— B. Vascular Occlusion as Cause of Ischemia

Hemiparesis,
hemianesthesia,

apraxia,
r\ apathy

Hemianesthesia,

Anterior hemiparesis,
cerebral a. conjugate deviation,
P visual field defect,
Internal Madial - aphasia, apraxia,
k- | @ ceerelt?ral a hemineglect
- ' :

.4

o i"' Posterior sgp 4 . Basal ganglia ————> Hypokinesia
[ CHONTITNE = A'r:terl%r Internal capsule ———> Hemiparesis
Rating & LA Optic tract ————> Hemianopsia
g  Posterior Thalamus ——> Hemianesthesia
vy cerebral a.

@ ﬂ ‘ Hemianopsia

i

., Branches I, Vi, XIl,

§§ of basilar a. Parkinson’s dis., hemiparesis

g O Mid-brain

r

4

V, VI, VII, hypacusis, ataxia,

i nystagmus, Horner's syndrome

Tetraplegia,
pseudobulbar paralysis

Pons “
Vv, X,

nystagmus, Horner's syndrome,
hemiataxia, hiccough,
hemianasthesia, ageusis,
hypakusis

Medulla & X,
oblongata hemiparesis, Hemihypesthesia

'Topkké

priznaky
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Akutni otrava oxidem uhelnatym

Koncentrace Symptomy

35 ppm (0.0035%) Bolest hlavy, zavraté, dlouhodoba expozice pres 6-8 hod je mozna
100 ppm (0.01%)  Slaba bolest hlavy po dob¢& uc¢inku 2-3 hod

200 ppm (0.02%)  Ditto plus kognitivni poruchy

400 ppm (0.04%)  Bolest hlavy, nastup béhem 1-2 hod

Obluzeni, zavraté, kireCe do 45 min; bezvédomi do 2 hod

0
800 ppm (0.08%) (700 ppm — atmosféra na Marsu)

1,600 ppm (0.16%) Zavraté, kieCe, vodouch a tachykardie, do 20 min. Smrt do 2 hod.

3,200 ppm (0.32%) Zavraté, kiecCe, obluzeni za 5-10 min. Smrt do 30 min.

6,400 ppm (0.64%) Zavrat€ za 1-2 min. Kfece, zastava dychani. Smrt do 20 minut.

12,800 ppm

(1.28%) Bezvédomi po 2-3 vdeSich. Smrt do 3 min.
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Akutni otrava oxidem uhelnatym

— B. O, dissociation curve: O, saturation
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— A. Gas transport

Partial pressures Partial pressures
kPa (mmHg) Fraction (L/L) kPa (mmHg)
Fo, =0.21
15.33(115) Fco,=0.0003
: 21.17 (158.8)
4 | =
4.43(33) % { o
6.27 (47) Expired air (wet)\ Inspired air (dry) [£0.03 (0.23)]
80.10(601)
75.33(565)
Ve=8L/min ‘
¥.=101.3(760) TS >.,=101.3(760)
P Vo=2.41/min Humidification P (sealevel)
13.33(100) | Va=5.61/min o
5.2(39) 4 ’\ . .
Alveoles —‘r Vo,=0.3L/min
6.27 (47) 2 €Oy} O
76.5(574) | Vco, i - -
] Cardiac output (CO)
X,=101.3(760) =6L/min
Pulmonary artery Pulmonary veins
12.66 (95)
5.33(40)
6.0 (45) " Arteries i
Veins 6.27 (47)
6.27 (47) (venae cavae)
<5.33 (40) &
>6.0 (45) co,
6.27 (47) Tissue — H,0
Ny
b
Noble
gases

Krevni
Plyny
Arterio-

venozni
diference
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— A. Cerebrospinal Fluid (CSF) Flow

Dura mater
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— A. Volume Changes of Brain Compartments
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— B. Cerebral Edema

———
-

# //4\ /’/’\
Energy deficiency \ #

v

f crt Sl
P Lot ..
V \ 2 Of vascular origin

\
\
HOentry  N\\_

\ S Cell swelling é
1 Cytotoxic cerebral edema

— C. Effects of Increased Intracranial Pressure

Headache
Nausea
Vomiting
Coma
Bradycardia
Hypertension
Squint
Fixed pupils

Photo: Hollwich F. Taschenatlas der Augenheilkunde

3rd ed. Stuttgart: Thieme; 1987

1 Papilledema 2 Additional effects 3 Herniation




nom mnoistve likvoru, alebo rastom nddoru
v lebeinej dutine, prip. zvii&enim obsahu
v lebe&nej dutine z inych pridin (napr. pri
pseudotumoréznej encefalopatii; obr. 50).

Klinicky obraz ovlddaji priznaky subjek-
tivne a objektivne.

Subjektivne priznaky:

L. velmi prudké bolesti hlavy, a toflokali-
zované, ale iwifizne. itnym typom su
ilové t pri nidoroch v IV.
komore. Sti ndhle, zva&a provokované zme-
nou polohy hlavy, velmi intenzivne aZ nezne-
sitelné so sii¢asne zvySenym tonusom Sijové-
ho svalstva, nitenym drzanim hlavy a ¢asto
s bradykardiou. MdZu néhle prestat, ked
niddor alebo cysta uvolni cirkuldciu likvoru.
Cefalea je prejavom driZdenia bolestivych
intrakranidlnych  $truktir, predovietkym
senzitivnych  nervov, mozgovych plien
a ciev.
Cefalea pri ICH ma niektoré osobitosti:
zvaliuje sa v [ahu, L Bl

, W J

zviiGuje sa pri hibokom inspiriu a adr-

2. divenie s nauzeou alebo bez nej — je
prejavom tlaku na bladivy nerv;

3. zavraty su priznakom (priamym alebo
dialkovym) postihnutia vestibuldrneho apa-
ritu;

4. oslabenie zrakovej ostrosti;

5. poruchy VNC, poruchy pamiiti, oslabe-
nic spontdnnosti, spavost, delirantné stavy
a pod. V popredi je cefalea.

Ohjcktiv}t: priznaky:

. zyySeny,. tlak_likvory pri lumbadlnej
punkecii priom zloZenie likvoru je chorobne
zmenené, napr. pri nidoroch je zvySené
mnoiZstvo bielkovin;

2. spomaleny pulz;

3. edematézna papila na oénom pozadi. Je
to jeden z najdélezitejsich objektivnych pri-
znakov ICH. Meria sa v dioptridch, ich
zvySovanie (zniZovanie) je presvedEivym dé-
kazom zhorSovania (zlepSovania) zdravotné-
ho stavu chorého. Ak chorobny proces trvé,
edematzna papila sa meni na atroficky,
ktord je biela. Sii¢asne klesd i zrakova ostrost
a chory nakoniec oslepne, ak sa choroba véas
nepoznala a neliedila;

Obr. 50. Syndrém intrakranidlnej hypertenzie

Podfa Monroovej~Kellieho tedrie ka2dé zvyienic obje-
mu v intrakranidlnej dutine znpridiiuje rvyienie ICH (u
dospelého Eloveka). Obsah lebenej dutiny tvoria mo-
20g. kev a likvor. Ani jeden komponent nie je stladitelny.
ZviEovanie obsahu prebicha spodiatku na ikor komor
a cisterien, pripadne atrofie mozgu Zvyieny ICH sa
made neskdr kompenzoval extrakranidlnym presunom
likvoru a krvi. Prietok krvi mozgom sa zmentuje,
mozgové tkanivo je tlafené k foramen occipitale mag-
num. Vypoditalo sa, #e na zmenienie mozgového abje-
mu o polovicu by bolo potrebaé 10 000 ton (Halbourn,
1943)

Intrakranialni
hypertenze,
subjektivni a
objektivni
priznaky
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Obstrukcni hydrocefalus

Obr. 56. Rozliéné pri&ny vzniku
bitrukéného hydrocefalu

L X normilna cirkuldcia likvoru,
) — uzdver [oramen interventri-
“ulare, 3 — uzéver III. komory,
4 — uziver v oblasti corpora
Hladrigemina, 5 — uzdver na
lkonci IV. komory, & - uzdver
wonkajsich likvorovych ciest

cisterna
aminens

granulationes
arachnoideale
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Obr. 55. Schéma angiografic a.

carotis interna v predozadnej

projekii pri intrakranidlnyck ex-

panzivnych procesoch rozlitnej

lokalizécie

1 — normdlny nédlez, 2 — expan-

zivny proces v preseldrnej oblasti, P
3 — axpanzivny proces v celovom

laloku, 4 — expanzivny proccs
v temporilnom laloku, 5 — angio-

| ©,
Angiografické ¥ % Pty
nalezy
u intra- m ®
kranidlnich ¥~ =
expanzi
(Bartko, 1985)




Nitrolebni krvaceni

Hemorrhagic contusion Inner and outer dural layer Subdural hematoma

Retroauricular ecchymosis
(due to basilar skull fracture)

Traumatic intracranial hematoma

.
(Duration of A

unconsciousness) o
erate Severe

HT
24 h+

1h+

Classification of head trauma (HT) by Glasgow Coma Scale (GCS)
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Glasgow Coma Scale
Eye opening (E)

Glasgowska
stupnice
vedomi/ :

bezvédomi ol

+modifikace
pediatricka |

Pediatric GCS

#

> Extensor "
response =2 Nil (no response) =1
4 Verbal response (V)
3 what e Scream,
2 e i - Yesterday groan,
- ?s this? | & o ' F‘% Mother moan
1 = uey | ) N Inappropriate " |ncomprehensible
6 ) _ f words =3 sounds =2
5 a8 1972
§ i R i conversation=4 Nil=1
' Abnormal flexion to pain (decorticate) 3 Oriented =5
Abnormal extension to pain (decerebrate) 2 Coma score (E+ M+ V)=3 to 15
‘None 1 16



Glasgowska stupnice hloubky bezvedomi

Glasgow Coma Scale

1 2 3 4 5 6
Opens eyes in ~ Opens eyes
Does not ) Opens eyes
Eyes ODEIL EVes response to 1N response spontaneousl N/A N/A
pen €y painful stimuli to voice P Y
Makes no Incomprehensible . Utters. Confused, Oriented,
Verbal Inappropriate . . converses  N/A
sounds sounds disoriented
words normally
Abnormal
Extension to flexion to Flexion / Localizes
Makes no  painful stimuli painful ~ Withdrawal to . Obeys
Motor L : painful
movements  (decerebrate stimuli painful . .. commands
: L stimuli
response) (decorticate stimuli
response)

The scale comprises three tests: eye, verbal and motor responses. The three values
separately as well as their sum are considered. The lowest possible GCS (the sum) 1s 3

(deep coma or death), while the highest is 15 (fully awake person).
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Umela ventilace/ ,,zelezné plice*

TULLLERIREL

= .m'u'uu'uummuu'-?,"

==
I

Umeéla ventilace

*pfi paralyze dycacich svalu
sambuvakem

* pri resuscitaci z ust do ust

. *» T-spojkou pri celk. anestezii

* (pretlakové) dychani (angl. ventilator)

* historicky model pro mechanickou ventilaci
jsou ,zelezné plice”
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Systémoveé poruchy nervosvalového prenosu

Action potential

Local : /

anesthetics —""""-LN
+ Botulinus toxin

MNa

_\ CE!I-

—
Mg®", hemicholine
Antibodies 3 ACh— & Physostigmine

Suxamethonium Qo 3 \‘__// Curare
& :
J Q

- p Q@ VY f
( 'h_:_.-’ ] Mﬁd‘t}

Na® ACheg;j
Muscle cell \

Contraction
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Myastenické syndromy

— B. Myasthenia Gravis

Viral infection

DCrw2

Ky

v
Sensitization
against ACh receptor-
like structure

Antibody

formation iil

H?patﬂlva sljmulatilun A 1

Myasthenia gravis

Genetic ; }l.
i disposition 3 i
DR3, . 2

Thymoma |

— C. Pseudomyasthenic Syndrome

1 ¢
(]

J

Lung carcinoma

F 2
Ca™"

Sensitization
against Ca”“channels
of the tumor cells
Antibody
formation
ol A
Riapetﬂive stimu htit!:n ~

v

50ms

Lambert-Eaton
myasthenic syndrome
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Poruchy myelinizace

" Rm
Na - R

high I%"\;v Iov"\; '+
P
S

1

Small leakagew
currents

Propaga
action potential

Myelin
sheat

R,, R, = Ranvier nodes

normal
Stimuli
- -
1 ‘ > > —>
- it —Hit
2 ‘—»—»—)—)-—)C‘-
— M -

3 s

— A. Development and Effects of Demyelination

Action potentials / \

Toxlns Genetic
\ \ /‘/ defects

Demyelination

-

Ro¥ GCuf

5 ————>—>——> -
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Normalni nalez: EEG rytmy:

Alfa rytmus, 8-13 Hz, nad oblasti parieto-occipitalni, vyrazny pii zavienych ocich.

Beta rytmus, 14-30 Hz, nad frontalni oblasti

Gamma r., 40-60 Hz, interferuje s nim nejcastéjsi ruSeni elektrickou siti, 50 Hz, nepopisuje se.
Delta rytmus, do 4 Hz, napftiklad pf1 synchronnim spanku.

Theta rytmus, 4-7 Hz, naptiklad pti synchronnim spanku.

— B. Wave Frequency Pattern of EEG

Nfuwmﬂh”““””’*“”“””““*“*“”ﬂ“
o 8-13Hz fﬁul"k é‘\“ﬁ'-‘r‘ }ij':'vmwmwww'm‘ ‘
R O AP PNl Y
B 14-30Hz A RNy SPN——— 1

g A o S A Al A
0 4-7Hz

r\mrw\’n‘hIﬂ’m"'ﬂfva'ﬂﬂ"l’&v\A/"rwvwl/\“guﬁnj‘"ﬂ.'h

8 0.5-3Hz
ﬁj%ﬂj&&foﬂjkﬁj\ﬁfU\ﬂflﬁJlf

1 Normal EEG frequencies

=

J" = e ) \‘ 1 BT ;
'l |;|"- il - l(ﬁ
.‘L: } ! " ' ql‘_PL \,s ‘ J \_1' v sl ) [l

L H A H e d TN RERE R EE
spike-wave complexes in absences

i ! !
'.v_. of RN
{ s
h. i

3 Rhythmic




— A. Epilepsy

Lack of sleep
Hypoxia

Localized seizures
(e.g. Jacksonian epilepsy)

Motor
(fits)

Sensory
(hallucinations)

Fever lnjunes Genetic defects Tumors, Poisoning
bleeding, (alcohol),

\ l / abscess  inflammation
Cell swelling

Hypmldivity

Autonomic Cognitive Emotional
(salivation) (‘déjawvu’)  (rage, laughter)

Unconsciousness

Epilepsie:

Kortiko-
Thalamicky

a
Thalamo-
kortikalni
zpétnovazebny
systém pro
modulaci
smyslovych
vstupl
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Migrena - fosfeny

FIGURE 1. Photographic negative of a migraine phosphene protocol.
The scintillating phosphene was progressing through the lower quad-
rant and part of the upper quadrant of the left visual hemificld.
Thirteen drawings were made between 2 and 29 min after the phos-
phene appeared near the centre of the visual field. To evaluate the
distance between the migraine phosphene and the centre of the visual
field, several radii were drawn across the protocol. The angular
distance from the fovea centre, computed i degrees of visual angle,
is indicated by circles. Circles and radii were added (o the protocol
sheet after the observations were made. Observation distance, 34 cm.
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Migréna - skotom

trailing scotoma obacrved on a dynamic random -dot nolse pattern (TV
screen without program). The scotoma is perceived as a homogeneous
ncutral grey. Some of the phosphene particles (dotted) appeared in a 25 of 30
pure red or green colour, some in deep black (Grasser & Landis, 1991).



Normalni cyklus bdeni a spanku,
(bez syncronizace s cyklem denniho svetla)

Shifting in absence of
external time indicators

End of sleep

Onset of sleep

Circadian rhythm
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>

Sleep pressure

Poruchy cyklu bdeni a spanku

Normal sleep phases

1 Day Night NREM sleep pressure

Net sleep pressure _

1/REM sleep pressure

— =
‘Normal’ on- Tage

R Jetlag | A Delayed sleep phase insomnia na rko I e ps 1€

Diurnal rhythm
displaced

d

— poruchy

Depression e Excitement . .
. Sloop 5 Raised lovel retikularni
Serotonin deficiency (?) deprivation of excitement

formace
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Centrum zvraceni/
zvraceni jako priznak od NS

Apomorphine, bacterial

N nicotine, toxins,
digitalis, hypoxia, | Chemoreceptor
uremia, etc. trigger zone

Motion sickness, \
vestibular disease

Intracranial
pressure

Exposure to radiationl

Psychogenic

Pregnancy AD

Warning
Outbreak of sweat  Wide pupils
Flow of saliva Nausea  Retching

(area postrema)

‘Vomiting center’
(reticular formation)

Medulla *

Inflammation

Delayed €
gastric
emptying <€—

Distension

‘Heavy'
meal

Intestinal
obstruction

Inflammation and overtension
of peritoneum, bile passages,
pancreas, intestine, etc.

Pallor
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Priciny zvraceni

1 Intracranial
hypertension -
Irritation

2 Drugs — nicotine,
apomorphine, etc

3 Kinetosis

Radiation disease

5 Pregnancy

AN

6 Psychogenic

Pharyngeal irritation

8 Local gastric
irritation — food
poisoning

O Peritoneal irritation,

ileus

10 Other internal
organs — heart etc

N
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Sympaticka a parasympaticka N. soustava,
Periferni a centralni NS

© ACh nicotinic4° muscarinic ACh
receptor : [ receptor
® NA ganglion
Ve l
°—< ©) target
, P preganglionic fiber © e tlss%e
spinal
eord postganglionic fiber
/ (i
—~@ o B o
receptor
schematic arrangement of autonomic nervous system p pa rasyrp\pathetlc
S: sympathetic
effect of effect of
sympathetic parasympathetic AChon NA on
nerve nerve § NArelease | ACh release §
terminal terminal Q S
v )
2 o
5 5
<

P 1 T

plus plus
- ACh .NA
electrical stimulation of nerve
NA: norepinephrine
ACH: acetylcholine

reciprocal presynaptic regulation of neurotransmitter release 30




Vegetativni nervovy systém,
Jeho polarita, (Ci dualita):
Parasympatikus versus sympatikus.
Utok a/ nebo Ut&k versus relaxace, regenerace.

Fight and/ or flight versus relaxation.
(nekde ale vice, nez 2 volby: viz alfa a beta adrenergni)

Cholinoceptors Adrenoceptors:

Nicotinic receptors: o Usually excitatory

— All postganglionic, (exceptin Gl tract, where
autonomic ganglia cells they are indirect relaxants)
and dendrites B Usually inhibitory

- Adrenal medulla (except in heart, where

Muscarinic receptors: they are excitatory)

- All target organs innervated 8, mainlyin heart
by postganglionic para- _ o
sympathetic nerve fibers B2 in bronchi, urinary bladder,
(and sweat glands innervated uterus, gastrointestinal tract,
by sympathetic fibers) etc.
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— A. Schematic view of autonomic nervous system (ANS)

Sympathetic division
{Thoracic and lumbar centers)
Transmitter substances:
Preganglionic: Acetylcholine
Postganglionic: Norepinephrine
{Exception: Sweat glands,

some muscular blood vessels)

Parasympathetic division Controlled

(Craniosacral centers)
Transmitter substances:
Preganglionic: Acetylicholine
Postganglionic: Acetylcholine

superordinate
centers

l
- /7 = @

=

Lower co!on 2 E
Sacral [
\ Unnary &
B J' bladder Genrtais |

’ )——= Postganglionic: Cholinergic o—— Preganglionic: Cholinergic e——( Postganglionic: Adrenergic

— Vagus
nerve
Thoracic oo s

(o= ‘(:-‘ Smootﬁ muscle
—.: =g Liver
}_‘ = w Pﬂncreaé
L f 4 ’ at

Lumbar & s Fat and sugar metabolism

o o ff
Cholinergic ¥EE E

Genitals h | /: TS
Urinary bladder Adrenal meduﬁa

Symp +, symp -
paras -, paras +

Oko a vegetativni systém

uvnitr jsou jen hladke svaly,
midza — paras., cholinergni,
mydriaza — symp., alfa1 adren;
akomodace, m. ciliaris,
do dalky — symp. beta2,
na blizko — paras.;
slzné zlazy - paras.;
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Poruchy autonomniho nervoveho systéemu

— A. Sympathetic Nerve Activation

. Emotions Hair becomes erect
Eye opening
Pupil dilation £ Pty
) _ Hypoglycemia _
Salivary secretion 4 Sweat secretion 4
Bronchial dilation Drugs Skin pallor
Fallin blood pressure Blood
Heart: f pressure t
Con-_ 4
""a"t""YRate Glycogenolysis 4
Stroke volume 4 (liver, muscle)
Conduction i i
e t Lipolysis ¢
Vasodilation: Endocrine etc.:
Heart, liver, Glucagon E
muscles Corticotropin 4
Somatotropin 4
Vasoconstriction: Renin 4
Skin, lung, kidney, gut, Insulin, histamine {
sex organs
; ; Uterus contraction
Ejaculation
Intestinal motility 4
Leukocyte
mobilization, Muscle tremor
thrombocyte

aggregation ' Sphincter contraction




— B. Lossof Parasympathetic Stimulation -

Anticholinergic drugs

Pupil dilation

Inhibition
of sweating

Tachycardia

Decreased motility:

Bronchi,
gut, bladder
(but not sphincters)

Decreased secretion:
Tears, saliva,

bronchi,

gastrointestinal

No erection d
No vasocongestion
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— A. Functions of the autonomic nervous system (ANS)

Parasympathetic division (cholinergic)

Ganglia: Ny and M, receptors
Target organ: M; oder M; receptors

Controlled by

superordinate centers

(e.g., hypothalamus)

Sympathetic division

areceptors (o, IP3+ DAG4; oy: cAMPH ) B receptors (cAMP4)

(Preganglionic cholinergic: Ny and M, receptors,
postganglionic mainly adrenergic)

Eye £ Eye (o) i Eye (B2) Cholinergic
Sphincter pupifl. A e £ C Dilator pupillae Far accommodation
Ganglj:$ };;rt» Ciliary muscle € )~ Y x g,ﬁ'g;’;"’” \ i s of ciliary muscle
mandibuiare — yaerimal glands A ) - 1l S—CA Sweat glands
d =/ Ganglion B
Submandibular \—.-"\\_ pmffgomfamum } Vil Subma'nd(iibular _ Heart(B,andpB;) |
gland 2~ Chord i 7 glan Faster stimulus foni
Parotid gland A = ai s (3\ X < conduction gyo;tg:{lhgelnlgcmc
et W oot anglion X Geivical Mucus secretion Heartrate 4
Activation _ wm — ! 7 —C e
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