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Periferni nervovy systém
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Periferni nervy

motoricke

senzitivni

vegetativni

smisené (vétsina perifernich nervu)



Patologie periferniho neuronu

segmentalni demyelinizace - jen myelin
(zanétlivé, metabolické, hereditarni)

axonalni degenerace - jen axon
(toxickeé, zanétlivé, hereditarni)

Axonalni ztrata



Klasifikace nervovych viaken

(Erlanger a Gasser)

Typ vidken Funkce Polomér Rychlost Trvéni Absolutni
(m) vedeni hrotu refrakterni
(m/s) (ms) perioda (ms)
A
it propriocepce, somatomotoricka 12-20 T0-120
B dotyk, tlak 6-12 070 04-05 041
¥ motorickd pro svalova veténka 36 1530
8 bolest, chlad, dotyk 2-5 12-30
B pregangliove autonormni <3 315 12 1.2
Zadni kofery | balest, teplota,
tast mechanorecepce, 04-1.2 0,5-2 2 2
reflexni odpovedi
Sympaticka postgangliova sympaticka 0,313 0,7-2,3 2 2

' A a B vlakna jsou myslinizovana, vidkna C nikoliv

Gannong, W.: Pfehled Iekaiské fyziologie, 2010



Smiseny periferni nerv
o

Obecné plati:
- &im vétsi prumér uvazovaného nervového vlakna,
tim vétsi je rychlost vedeni

= SirSi axony jsou spojeny s propriocepci a somatickymi
motorickymi funkcemi - dotyk, tlak

« tenCi axony slouzi vnimani bolesti teploty, teploty a
autonomnim funkcim



Excitace a vedeni
7

elektricky
<chemicky => chemicka dysbalance
mechanicky
= > |okalni potencialy (nesiri se)
- synaptické
- generatorové

- elektrotonické
=> akcni potencialy (Sirici se)



Klidovy membranovy potencial
.

2 elektrody
na povrch nervu - pres zesilovac => nemeri zadny
potencialovy rozdil

« jedna na povrchu — druha intracelularné => nameri
potencialovy gradient

v klidu je vnitiek bunky vuci povrchu elektroneqgativni
=> membranovy potencial — u neuronu = -70 mV




Latence
G

« uCinna stimulace vyvola charakteristickou potencialovou
zmenu =>

« v okamziku stimulace => kratka vychylka od zakladni
linie => — zpusobeny tokem proudu
od stimulacni elektrody k registracnim elektrodam
na obrazovce osciloskopu oznaci okamzik stimulace.
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Latence
Gl

» Po stimulus-artefaktu — nasleduje izopotencialovy
interval, koncCici s pocatkem akcniho potencialu =>

5 = doba kterou potrebuje vzruch k
prekonani vzdalenosti stimulacni elektroda —
registracni elektroda.

= Je-li znama doba latence a vzdalenost mezi
elektrodami, je mozné vypocitat
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MNC Record #3 Ulnar nerve R 16:56:31
[Sonch R TRateNon-Recurrent  [Level:  369mA [Dur.05ms | Single
s Step: 3 Average: Of | Rectify: Off

.-237mA| Recording Site : ADM

2mv
. Stimulus Site s | me | 'Y |mves
_33.7ma [|AT: Wrist 36 75 19 106
2mV1 | A2: Below elbow 13 73] 221 107
~ || A3: Above elbow 93 76/ 21| 107
' 33‘7m A4: Axilla
—5 v [AS: Eb's point

Wrist-Below elbow 1180 37/ 49
~||Below elbow-Above elbow 105 20/ 53
2mv| | Above elbow-Axilla
| |Axilla-Erb's point




Akcni potencial
T

= prvni projevem iniciace akcniho potencialu (AP) je
—cao 15 mV

= v okamziku narusta
rychlost depolarizace — stopa na osciloskopu
dosahne izopotencialove urovne (nulovy potencial),

-ca3bmVv

» nasleduje - rychly pokles ke klidové
l:lrovnl => axonu e pfelmit {transpolarizaca)

]

my

—g5 L stimulus

—70 F




Zmeny vodivosti pro Na+ a K+ béhem
akéniho potencialu

vl ivioat
rmmalhlfecm®
membrany 5 _akini potencidl v
—30 I3 —
Jy b vodivost pro sodik EID_
| A=

I1 |II —
— 20 II | EI:'_
iI| \ 4 vodivost pro 404
—10 VY draslik |
.III I'. -. rEE 2:'_
’ MY i

| I -_I_ -~ I I

0 1 2 3 4

ms

Gannong, W.: Pfehled Iékarskeé fyziologie, 2010
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Zakon ,,vSe nebo nic*
Gl
" = minimalni intenzita stimula¢niho
proudu, ktera vyvola ak¢ni potencial
prahova intenzita se meni s trvanim podnetu.
- ¢im slabsi je podnet, tim delSi musi byt jeho trvani
a naopak
- dalSi vzestup intenzity podnétu nevyvola narust AP
ani jinou zmenu
- podnet podprahové urovné AP se neprojevi
Akcni potencial podle podminek bud’ vznikne nebo ne
=>zakon ,,vSe nebo nic*
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Akcni potencial
— -«

= Pri zacinaji se otevirat
napetove rizeni Na* kanaly => mistni odpoved’
= na urovni jsou depolarizacni sily

natolik intenzivni ze prekonaji repolarizacni deje =>
akcni potencial

« okamzik kdy vznika hrotovy AP je spoustéci uroven

wvidlivioat
mmalhifecm®

Katodické proudy = jsou depolarizujici  mmr 7 -knipstensia

—A30 I3 .
J1 v vodivost pro sodik
A

Anodové proudy = tlumi tvorbu vzruchu |, i

! viod ot prio
-0 A \ o draslik
| A\
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Co je elektromyografie ?

Funkcni metoda
Registruje napetové zmeny na nervovych
a svalovych vlaknech

Odrazi zmény elektrickych
projevu motorické jednotky

Testy senzitivnich vlaken




EMG laborator




zemnici + registracni elektrody
N\




Stimulacni elektrody




Koncentricka jehlova elektroda




Zakladni testy

ASSESSMENT OF DIABETIC POLYNEUROPATHY

S| I Amplitude | Excitation

Myelin

 kondukc¢ni studie =——>

L7t
[ ] 1 4
* jehlova EMG (JH)
Rep Stim Review #3 Rom e R 11";13:56

 testovani NS prenosu —>

2m Zms | SimMode: [EIM/ Srge
imFreq: 3 3
ml AL ™
g i
[Rontronrstmulsce
Pot | Peak | Amp. Stim.
No. | Amp | Decr Level
m | %
[ 380 0| [5Z8mA |
2 311 14 526mA
3 287 20| 526mA
4 274 24 526mA
5 273 24 526mA
6 268 26| 526mA
7 282 22 526mA
8 281 22 52.6mA
9 294 18| 526mA
10 296 18] 526mA




Kondukcni studie = testy vedeni nervem

Zakladni vyznam pro odliseni leze
demyelinizacni - pomala rychlost vedeni (m/s)

axonalni - normalni CV, nizka amplituda CMAP



Motoricka vlakna MCV

belly - tendon - negativni vychylka

supramaximalni intenzita ( 10% nad max. )

stimulace mezi 2 misty

povrchova registrace
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R MEDIAN - 4P R MEDIAN - APB
. Latenc Ampl Dur Area
me m\/ me myUme

1. Wrist [ 405 9.

9/ 625 351
2.Ebow | 915/ 10.2/ 6.75/ 36.8
3. Axilla [10.20 981 6.70 356
4. EP (1455 86/ 655/ 30.2
5. C8 Root | [~
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mis
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Parametry pri stimulaci motorického nervu

CMAP - compound muscle action potential
( sumacni svalovy akcni potencial)

* distalni motoricka latence - DML ( ms)

* rychlost vedeni ( m/s)
« amplituda CMAP (mV)

CHAPTER 3 Nerve Conduction Study 25
Peak-to-Peak J Negative-Peak
Amplitade

Negative
Dug:tion

A4

l«— Latency 'I’Ot;l.l
Duration

FIGURE 3.4. Components of the CMAP. NPA, negative-peak area; PPA, positive-peak area; NPA',
additional negative-peak area. Total area = (NPA) + (PPA) -+ (NPA).

¥
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Latency |
A [
Onset
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Duration
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B
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FIGURE 3.5. Components and shapes of the CNAP. A. Components of the sensory or mixed CNAP.
B. Commonly observed CNAPs with the surface electrode. Initial positive deflection is not observed.
€. CNAP with the abnormal temporal dispersion (dispersion phenomenon).




Senzitivni vlakna SCV

Ortodromni x Antidromni technika

Senzitivni nervovy akcni potencial
(SNAP) - snimani z nervu

 Amplituda (uV)
« Rychlost vedeni (> 50 HK, >40 m/s DK))



Senzitivni neurogram

SNC Record §g Shuienyaiiac Uhar nerve R 1727:35
SRRSO | Rale: 15Hz [Level 100mA [Dur.02ms |Single
[Step: 1 |Average:Off | Rectify: Off
6.1.0
Recording Site . Short finger
Stimulus Ste e | me | [P
A A1: Wrist 35 4.4, 13
2 A2 Below elbow T4 91 7
A3 Above elbow
Ad: Axilla
A
3 -
Segment e B
Short finger-Wist 110{ 350 31
A Wrist-Below elbow 2200 39\ 57
4 Below elbow-Above elbow
Above elbow-Axilla




PRUMERNE NORMATIVNI HODNOTY
KONDUKCNI STUDIE MOTORICKYCH

VLAKEN
nerv DML latence F viny
medianus 4,2-4,4 ms 31 ms
ulnaris 3.2-3,4 ms 32 ms
peroneus bms b2 ms
tibialis 5 ms' 54 ms

Ambler, Z. et al: Klinicka ne

urologie, Triton, 2008




PRUMERNE NORMATIVNI HODNOTY
KONDUKCNI STUDIE SENZITIVNICH
VLAKEN

nerv

medianus

ulnaris

radialis

peroneus spf.

suralis

Ambler, Z. et al: Klinicka neurologie, Triton, 2008
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Demyelinizacni leze
(CMT1, CIDP, GBS-AIDP, MMN)

« prodlouzeni latenci
» zpomaleni rychlosti vedeni

* blok vedeni nervem castecny nebo uplny



Motoricky neurogram n. medianus —
demvellmzacm leze u CMT

MNC Record Median nerve .R 16:27:45
e NR Rate:Non- Recurrent Level: 83.1mA {Dur;0.5ms | Single

810

5o otep. 2 |Average: OF | Reciify. OF

- | . . | | 47.-1mA s .
1 /\l\/— : ' — —smv | Recording Site . APB

Stimulus Site e | ma | o | e
A AT: Wrist 9.4\ 76/ /58\22.7
2 A2: Ebbow 19.4/) 81\ 53| /216
A3: Axilla
A4. Erb's point
A
3 ' ' ' ' ' ' ' 5 mv
,Nolrm.a o Segment ] o]
DML<40ms s b
A - W
A MCV >50 m/sS s ||Eibow-Axila
: : - . : : : Axdlia-Erb's point




Motoricky neurogram n.medianus
blok vedeni MMN

MNC Record #9 Median nerve .R 16:31.08
e NR Rate:Non-Recurrent | Level: 83.1mA |Dur:0.2ms | Single
= [Step: 3 [Average: Off | Rectify: Off

610

| Recording Site . APB

Stimulus Site o
A1 Wrist 4.0
A2: Elbow 11.0
A3; Axilla 146
Ad:. Erb's point

Segment RN

Whist-Elbow 230 7.0 33
2mv || ElDow-Axilla 155, 36| 43
- Axilla-Erb's point

L




Axonalni leze
(DPN, CMT2, toxické neuropatie)

* normalni nebo jen lehce zpomalena
rychlost vedeni

* nizka amplituda CMAP

* chybi blok vedeni a temporalni disperze



Axonalni léze

MNC Record #3 Ulnar nerve R 16:56:31
[SumchNR ™ TRateNon-Recurent |Level: 369mA |Dur05ms | Single
5ol Step: 3 [Average:OF | Rectify: OF

Aﬂf.. .. =7l RecordingSte  : ADM
2mv

6.2

1
f e ow w w m Stimulus Site |
A _ o 337ma||A1: Wiist 36| 75
2 2mv| | A2- Below elbow 731 73
A i et - A3; Above elbow 93 76
A . . . . . . ‘ . .7m A4: Mlh
3—/.'\\f'* o Z2TT AS: Erb's point
A . Dist
4 2mv Segﬂnm mm| ms
o wrist-Below elbow | 180 37
A ||Belowelbow-Above elbow 105 20
5 2mV1| Above elbow-Axilla
P Avxilla-Erb's point




Stimulace k proxim.svalu




Nervosvalova plotéenka

Ploténkova zéna

Presynapticka
membrana —

Synapticka
Stérbina —

Postsynapticka —f==
membrana

Prof.Ambler
*1940 +2013

Doc.Keller sl
*1945 +2014

Napétim fizené
Na*kanaly

Y
Aktivace svalu
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Princip NM transmise
fyziologicka vychodiska

uvolnéni ACH zavisi -
mnozstvi vesikul ACH +
influx Ca?*

Kvantovy vylev o)
depolarizace 0.5-1.0 mV

> \[EPP

/miniaturni excitacni
postsynapticky potencial/

o 77 Mot

o0 Axonalterminal of
°,  presynaptic neuron

Postsynaptic
membrane

lon channel open

Synaptic 2
vesicles containing

|
[
n oW
\ | s
‘ \
\
|

neurotransmitter

molecules 00 Nt

Part of degraded
neurolransmitter_q\to V, 0

0
lon channel closed |

Copyright 2004 Peasson Education, Ine, publishing as Benjamin Cunmings
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* pulzni vylev — po aktivaci AP
vyvola depolarizaci 50-60 mV

« prah pro vznik AP je 15-20 mV

Princip NM transmise
fyziologicka vychodiska

IEPP/

safety faktor - rozdil AP
t]. 30 - 40 mV

The Neuromuscular Junction

Terminal button AR -7
" oitage-gated caicim channel

Vesicle of acetyicholine \ 3

/ £ > b = .

V) ¢ @\ P e L &\ YA
7 .ﬂ é \ 'fff ® ® 19g /, o/e]
e \ O T AR / e o
Acetylcholine receptor si %f—fm m m m ; & (o

r-gated ¢

Motor end plate

ook  muscle EPSP

safety
factor

-6 . N
\ threshold for action
80 | potential in muscle

0 2 4 6 8 10 12 14

¢ time (ms)

time of action potential in
somatic efferent neuron

membrane potential (mV)
£
=




ACH kompartmenty

) XNeuromuscuIar
@ Junction

1. Acetylcholine is
transported to the
axon terminal

2. Acetylcholine bind
to its receptor on
the muscle

Sodium enters and
depolarises the

Receptor for
neurotransmitter

=== okamzité uvolnény ACH === pohotovostni ACH === z3lozni ACH 40



Elektrodiagnosticka klasifikace
poruch NM transmise

» Postsynapticka - MG, organofosfaty,
kurare

* Presynapticka - LEMS, botulismus, Mg

* Pre + postsynapticka - paraneoplasticky,
kombinace LEMS + MG
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Test repetitivni stimulace RNS
* snadno dostupny - rychla dg.
* relativhe jednoduchy

* reprodukovatelny

42



Princip RNS

merime amplitudu/areu CMAP
porovhavame 1....4....10 CMAP

Amplituda/area CMAP zavisi na poctu
aktivovanych svalovych viaken

pocet aktivovanych vlaken zavisi na
velikostl interakce mezi mnozstvim

uvolnéného ACH a mnozstvim AChR
(postsynapticky)
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Princip RNS s nizkou frekvenci

 stimulace 2-3 Hz - prevaha vyplaveni ACH nad
influxem Ca 2" ==mmp klesa mnozstvi ACH v
synaptické $térbiné e riziko podprahového EPP
SYNAPTICKA DEPRESE

* UMG - deplece ACH pri 2-3 Hz + nizky pocet AChR

=P Nizky EPP 1 aktivace svalovych viaken wp
klesa amplituda CMAP = DEKREMENT

44



Nizkofrekvencni stimulace — dekrement

KONSTATNI + REPRODUKOVATELNY +
TYPICKY ,, PATTERN*

500 uV

ﬂ\\?@ﬂ‘} e

2ms

w\

x‘__H

StimMode: [REEIM / Single

Stm Freq: 3Hz No. In Train: 10

Stim Dur: 03 ms Stim Rjct: 05ms

Time: 13:28:22

Comment:

Pot P-P Amp. Area | Area Stim.

No. Amp | Decr Decr Level

mV % mvms| %

1 0.88 0 342 O] 51.8mA
2 0.75 15 2.86 16| 51.8mA
3 064 27 252 26| 51.8mA
4 061 31 2.37 31| 51.8mA
5 0.57 35 226 34| 51.8mA
6 0.56 36 223 35| 51.8mA
7 0.58 34 2.26 34| 51.8mA
8 055 37 223 35| 51.8mA
9 0.57 35 2.31 32| 51.8mA
10
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Princip RNS s vysokou frekvenci

» vysoka stimulacni frekvence > 10 Hz

 prfevaha influxu Ca 4" nad depleci ACH
mmm) SYNAPTICKA FACILITACE
a vznika INKREMENT

* typicky pro presynaptickou poruchu
LEMS "




Vysokofrekvencni stimulace - inkrement

EP STIM REVIEW # 1 o R ot 13:08:07

RECALLING NUMBER:

500 ms

[N o
5wV 2 ms STIM.MODE: QIMs\] / SINGLE
sTiM FREQ|l 20 Hz ) NO. IN TRAIN: 100
STIM DUR: NQ&.2 STIM RJCT: 0.5 ms
TIME: 11:50:17
COMMENT :
1. S5 STS & .__j‘,"/"“‘l\ . POTY PEAK | RMP . ARERA | ARERA STIM.
1 i B S e NO . AaMP DECR DECR LEVEL
S mv % mvms %
- : 1 4.03 o! 10.40 0| 30.6mRA
2 3.25 19 7.02 32| 30.6mA
3 2.85 29 5.52 47 | 30.6mA
a 2.66 34 5.12 51| 30.6mA
5 2.65 34 5.06 51| 30.6mA
6 2.77 31 5.29 49| 30.6mA
7 2.96 27 5.68 45| 30 .6mA
8 30T 21 6.14 41| 30.6mA
9 3.37 16 6.62 36| 30.6mA
10 3.69 3 7 .22 31| 30.6mA
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Metodika RNS

PRACTICE PARAMETER FOR REPETITIVE NERVE STIMULATION AND SINGLE FIBER
EMG EVALUATION OF ADULTS WITH SUSPECTED MYASTHENIA GRAVIS OR
LAMBERT-EATON MYASTHENIC SYNDROME;:

SUMMARY STATEMENT

pouceny a zahraty pacient /vysadit inhibitory
ACHE predem — obvykle nebrat ranni davku/

supramaximalni intenzita stimulace : + 30%
supramaximalnée

dokonala imobilizace koncetiny

dokonala fixace registracni a stimulacni
elektrody
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Metodika RNS

» kazdy dekrement je podezrely-artefakt
» proximalni svaly jsou citlive|si nez akralni

* negativni klidovy dekrement == pouzit
prolongovanou maximalni izometrickou
kontrakci 1 min. === opakovat RNS a 1 min.
=) dekrement se objevi za 2-4 min.
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Metodika RNS

 testujeme minimalné 3 svaly- 1 distalni /ADQ/ +
2 proximalni /trapezius, anconeus/,

» pfi negat.nalezu m.deltoideus, EDC, QF, TA

* Facio-bulbarni lokalizace : m.nasalis, m.fronta!_j)s



Interpretace RNS

* normalni NM transmise- zadny
dekrement / tolerance do 5 %/

* dekrement 5-10% - podezrely- nutno
opakovat a vysetrit dalsi svaly

 dekrement > 10% - jasne patologicky

o1



Funkcni charakteristiky dekrementu

» postkontrakcni facilitace - po 20 sec
izometricke kontrakci dojde k snizeni

dekrementu

» postkontrakcni exhausce - po 1..2..3..5 min.
se dekrement znovu vyvine v puvodni
velikosti

52



Funkcni charakteristiky dekrementu

6 Decrement 9 00: 00s

- Pre Conditioning 5pps

AMP
. 5 ; : ‘ ' . . ; : . 10.0mv 4: 76% A
11 20ms 9: 7B% OmA HI
200us
B
OFF

" Post Conditioning=- ihned

4. 95%
9:  94%

15 - Post Conditioning = 1 mirm,.
4: 78%

EMG laborator FN Motol 53




Funkcni charakteristiky dekrementu

) 3 ns/D

3Hz

ampl. -76% -18% -75%

W area -80% | ¢ -26% -78%

L ‘ |||1||||||
Klidovy dekrement thned po 12 ¢ aktivaci 1 min po aktivaci

Prof.Ambler, NPP 2010



Postsynapticka porucha (MG)

« amplituda CMAP - normalni

» postkontrakcni facilitace - mala zména
CMAP

* nizkofrekvencni stimulace 2-3 Hz

\ 4
dekrement amplitudy a arey CMAP

500 uv 2ms StimMode:  |LEXIN / Single
........ [Stm Freq: 3Hz [ No.in Trair
[Stim Dur: 03ms | StmRjct ms
........ Mime: 132822
' Comment:
ﬂgi/%f S Pot | PP | A
X_\ K\?&J S TS &\% Ng Amp Dg:?

naing O

EMG IaboratoESFNM




Presynapticka porucha (LEMS)

inicialné nizka amplituda CMAP /ADQ < 2 mV/
vyrazna postkontrakcni facilitace (> 100%)
nizka frekvence 2,3 Hz === dekrement
vysokofrekvencni stimulace > 10 Hz

¥

nejprve dekrement, pak mkrement CMAP

Yiner nerve

111111

!—mv

WWWWMWWWMMMMW

—
— -">~\~\\\§~&lr | [RE [ B

Armnp. Area Area [ St
A ol
N/ N e
AT ALY
o= S
52 30.6mA
12 S
o8 A
29 30 . 6mAa
es v
A
s

EMG IaboratoEGFNM



Senzitivita a specificita testu NM transmise

specificita senzitivita
« AChR Ab vysoka 70 - 87 %
« RSN test  stredni 55 - 77 %

« SF EMG nizka 77 -100%

S



Limity EMG diagnostiky

* NM choroby — siroka heterogenni skupina
poruch

* ruzné nosologické jednotky konverguji do
spolecneho EMG obrazu (metabolicke, toxicke,
zanetlive, hereditarni poruchy PNS Ci
kosternich svalu) 1

» 7 EMG nelze soudit na etiologii



Limity EMG diagnostiky

algoritmus vysetreni se tvori individualne a
neni vzdy standardni, to jsou jen metodiky

nékdy se musi ménit v prubéhu vysetreni

nutny kompromis mezi fadou faktoru
(bolest x Casova naroCnost x pfinos vys.)
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