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Elektrokardiografie = EKG

* snimani elektrické aktivity srdeCniho svalu (zmeéen el. napéti v Case —
casoprostorova sumace elektrickych déju ze vSech srde¢nich bunék soucasné) na
povrchu téla

» graficky zaznam = elektrokardiogram

« zmény vznikaji sumaci el. projevu (elementarnich el. poli) vSech srdeCnich bunék

* postupem viny depolarizace vznikaji z kardiomyocytu dipoly, kolem kterych vznika
el.pole (Ize charakterizovat vektorem)

 soucet elementarnich el. poli = vysledné el. pole — Ize sumarné charakterizovat
okamzitym vektorem el. pole

« amplituda vychylky, namérené v urC. svodu, zavisi na velikosti okamzitého vektoru
a jeho orientaci vuci tomuto svodu



AP v srdci - srde€ni prevodni systém

« sinoatrialni uzel (SA uzel)

* internodalni sinové spoje

« atrioventrikularni uzel (AV uzel)

* Hissllv svazek

* pravé a levé (predni a zadni fascikulus LTR) raménko Tawarovo
* Purkynova vlakna

Ventricular Myocyte Action Potential (simple)
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http://www.rnceus.com/ekg/ekgphys.html

RS

https://www.textbookofcardiology.org/wiki/Cardiac_Arrhythmias



Smer vychylky

EKG — snimani Sireni viny depolarizace

pozitivni kmit = vina depolarizace jde ke snimajici elektrodé

negativni kmit = vina depolarizace jde od snimajici elektrody

izoelektricka I|n|e vsechny bunky bud depolarizované nebo repolarizovaneé
(neteCou zadné proudy)

Three Basic Laws of Electrocardiography
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https://doctorlib.info/physiology/textbook-medical-physiology/11.html https://thoracickey.com/understanding-the-normal-ecg/



Schematické znazornéni konéetinovych svodii
l, II, 1l — bipolarni (Einthovenuv trojuahelnik)
aVvVR, aVL, aVF — zesilené unipolarni (Goldbergerova svorka)

https://www.wikiskripta.eu/w/EKG_vy%C5%A1et%C5%99en%C3%AD

https://thoracickey.com/electrocardiography-6/



Projekce vektoru do jednotlivych svodu
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https://wiley-vch.e-bookshelf.de/products/reading-epub/product-
id/4066671/title/ECG%2Bfrom%2BBasics%2Bto%2BEssentials.html
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Hrudni svody

Wilsonova svorka

Hrudni | Poloha elektrody

svod

V1 4. mezizebfi, pravy okraj sterna

V2 4. mezizebfi, levy okraj sterna

V3 mezi svody V2 a V4

V4 5. mezizebfri, leva medioklavikularni ¢ara
V5 Leva predni axilarni Cara

V6 Leva stfedni axilarni Cara

V7 Leva zadni axilarni Cara

https://www.sciencedirect.com/science/article/pii/S1746809415000373



Fyziologicka krivka
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rytmus

akce

frekvence

sklon el. osy srdecni, prechodova zéna
analyza jednotlivych vin a kmitl
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Rytmus

Sinusovy 60 — 90 / min
Sinovy
Junkc€ni (nodalni) 40 — 60/ min

Idioventrikularni 30 -40/ min

Flutter sini
} nejCastéjSi patologicke frekvence
Fibrilace sini



Rytmus
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Rytmus
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VIny p mohou byt pfitomny v QRS komplexu (ev. bezprostfedné pred nebo po, neni dodrzen PQ interval)
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Rytmus/Akce

i aVR | i Vi

R A R e aVL L Ve VS

B oVF | | V3

_RHYTHM STRIP: 11
'25 mm/se_c:}l ‘cm:/mV

https://litfl.com/



Akce

Pravidelna — QRS komplexy ve stejné vzdalenosti od sebe
Nepravidelna — rizna vzdalenost QRS komplexu
respiraCni arytmie (max. v inspiriu, n. vagus)

NejCastéjSi patologie : fibrilace sini
extrasystoly
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Frekvence
Normalni 60 — 90
Tachykardie > 90 1

Bradykardie <60

o %b 04t nnaaunaeehbblonnyndd
FEp g IIriry

http://www.rnceus.com/ekg/ekgphys.html
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Elektricka osa srdecni

vyjadfuje postupujici sinovou a komorovou aktivaci (soucCet vSech okamzitych
vektord, které tvofi prislusnou prostorovou depolarizacni krivku)

pfi standartnim EKG vySetrfeni rozumime srdeCni osou smer Sifeni elektrické aktivity
béhem depolarizace komor, Cili urCujeme osu komplexu QRS

koreluje s anatomickymi a eletrickymi pomeéry srdce — hypertrofie a dilatace komor,
bloky Tawarovych ramének apod. vedou k vychyleni osy z normalniho rozmezi

_90()
4
-150° Extreme \ -30° T ﬁ Normal Axis
AXIS i LAD ‘ S| 3
- Deviation @’ Lead I M\(J\ Lead " it agm i (-30 to +900)
‘ i 120° o
180° 0° -30 30
lpe e
HAD gg: ,\‘)‘:Ilé 180° - QRS +0RS o° —;+ 180 o
150°
N 760° -
+90° i s
N
+120° +60°
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EKG a jeho hodnocen

Khan
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Deviace osy doleva




Deviace osy doprava
hranice? 90°, 100°, 110°?

po narozeni normalné 110+ (60-160)
okolo 1 roku <100

déti az 140°

dospéli -30° az +90°

https://www.macpeds.com/documents/Pediatric%s20ECG%20Su
rvival%20Guide%20-%20Final .pdf

+ 90°

+ Khan: EKG a jeho hodnoceni

https://thoracickey.com/electrocardiography-6/


https://www.macpeds.com/documents/Pediatric ECG Survival Guide - Final_.pdf

Prechodova zona

Prechodova zona je hrudni svod, kde je
priblizné stejna pozitivni a negativni vychylka
QRS komplexu (QRS komplex je izodifazicky)

Udava rotaci srdce v hrudniku v dlouhé ose
Normalni prechodova z6na je ve V3 — V4

<V3 znamena rotaci proti sméru hodinovych
rucicek

>V4 znamena rotaci po sméru hodinovych
rucicek

Rotace po smeru Rotace proti sméru
hodinovych rucicek hodinovych rudicek
A: Clockwise Rotation B: Normal Rotation C: Counterclockwise

Rotation

B2 aow
A

R L
L

G2

P P P

Pohled ze spodu

https://doctorlib.info/cardiology/electrocardiography/5.html
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Prechodova zona

Khan: EKG a jeho hodnoceni

normalni
intermedialni sklon

vyrazna
rotace ve smeéru
rucicek”

vyrazna

rotace proti smeru
rucicek*

gR komplexy*

chybéjici kmity R
ve V;-V;5 patologicka Qi

https://doctorlib.info/cardiology/electrocardiography/5.html



https://doctorlib.info/cardiology/electrocardiography/5.html

Prechodova zona

Rotace proti sméru hodinovych rucicek

https://doctorlib.info/cardiology/electrocardiography/5.html

VSimnéte si ,,pravidelnosti” tvard kompexu QRS


https://doctorlib.info/cardiology/electrocardiography/5.html

y

4

Prechodova zona

Rotace ve sméru hodinovych rucicek
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https://doctorlib.info/cardiology/electrocardiography/5.html

Analyza jednotlivych vin a kmitu

Simoatrial
node (5A node)

Atrioventricular
node (A node)

)llll.__.-""n.

,_JLE

AN

Voltage

> o &

f\ Electrical
Time / 'I sequence
[
P ,"I \ T
o~ QI| RIS T T~
_1'.'.I| |
o

Purkinje ‘

fibers

Septum

http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/ecg.html



Analyza jednotlivych vin a kmitu

posun papiru

= | sec =|
Ol spe (1000msec) v
«—25€C | (40m sec) PAPER SPEED - 25mmisec
(200 m sec) —_] |
t 1 imm
P-R Q-T
- Interval | Interval {
5mm * 1 >
I | |
‘ 1 I AR l
e t ! {
| ] T |
ImV i | |
i P | ( U
| | |
| {S l
. | |
Ql l
| ———
— QRS —
Duration
| Small Square = Imm (0.ImV) | Small Square = .04 sec 40 m sec)
VE:;:?L | Large Square = 5Smm (0.5mV) HOR;ZX?:“L | Large Square =.2 sec (200 m sec)
: 2 Large Squares = ImV 5 Large Squares = | sec {1000 m sec)

AN

rastr (mrizkovani) papiru

https://in.pinterest.com/pin/539095017868633500/



1 2

300 3002

| 300, 150
bpm| bpm

Analyza jednotlivych vin a kmitu

3

3003 300:4

100
bpm

EEPEEd:; 25 mm/sec

......

.........

www.litfl.com

300+5

60
bpm

Rate =

300

R-R interval in
large squares




Analyza jednotlivych vin a kmitu

* Nestandartni rychlosti posunu papiru = mohou byt |épe viditelné zmény na EKG

II R R

I, N

Speed: 25 mm/sec

II

5

Speed: 50 mm/sec p

www.litfl.com



Analyza jednotlivych vin a kmitu

e

£ 1S aVF \ Va3 - V6

https://www.pinterest.com.au/pin/407012885045838071/

2 5e *'V‘“JN‘“L*;:”T“WF—VW% ﬂ*—dww ~—

https://www.utmb.edu/Pedi Ed/CoreV2/cardiology/Cardiology4.html



https://www.utmb.edu/Pedi_Ed/CoreV2/cardiology/Cardiology4.html

Analyza jednotlivych vin a kmitu

" i i EeaTagiuedt

_

RSV_ A\
4 \ |

| '

| B

| o8

https://en.wikipedia.org/wiki/QRS complex



https://en.wikipedia.org/wiki/QRS_complex

Analyza jednotlivych vin a kmitu

Vina P - 2,5 mm, 0,1(0,12) s, vzdy negativni - aVR, téz lll a V1
- negat v Il, lll, aVF, pozit v aVR — junkCni rytmus
P pulmonale - vysoka a sSpiCata nad 2,5 mm

P mitrale — Siroka, dvojvrcholova, =0,12s

M right atrium

B left atrium

\

Y

https://litfl.com/p-wave-ecg-library/

http://www.traumayellow.com/em-education/ekg-in-pe


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=0MbblevRvfNccM&tbnid=cVnh5f8Oc5gdKM:&ved=0CAUQjRw&url=http://www.phimaimedicine.org/2012/03/1693-ekg-p-pulmonale-p-mitrale.html&ei=3Q1EUqeyIdDIswa1rIGoDw&bvm=bv.53217764,d.Yms&psig=AFQjCNFh7yBhRXX5G_f7hNBPEX6vvbGC2A&ust=1380278083556312
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https://litfl.com/p-wave-ecg-library/

Analyza jednotlivych vin a kmitu

Vina P

P pulmonale

I i |
M right atrium MVM i M

. B left atrium

avVR avL aVvF

v

T T e

https://litfl.com/p-wave-ecg-library/

* Khan: EKG a jeho hodnoceni


https://litfl.com/p-wave-ecg-library/

Analyza jednotlivych vin a kmitu

Vina P

P pulmonale

| aVR

e https://litfl.com/



Analyza jednotlivych vin a kmitu

Vina P
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https://www.techmed.sk/p-pulmonale-hypertrofia-pravej-predsiene/



https://www.techmed.sk/p-pulmonale-hypertrofia-pravej-predsiene/

Analyza jednotlivych vin a kmitu

Vina P

P mitrale

M right atrium
W left atrium

https://litfl.com/p-wave-ecg-library/

http://pradub-sukhum.com/ECG/3.%20%20P%20wave/P%20mitrale,%20Broad%20P,%20LA%20abn/1.%20p%20mitrale,%20Broad%20P,%20LA%20abn,%20Page.html



https://litfl.com/p-wave-ecg-library/
http://pradub-sukhum.com/ECG/3.  P wave/P mitrale, Broad P, LA abn/1. p mitrale, Broad P, LA abn, Page.html

Analyza jednotlivych vin a kmitu

Vina P

P mitrale — ,p-wave terminal force® = dvoufazova p (svod V1)
,2amplituda® x ,trvani“ > -0,04 mms

Amplitude (uV) x Duration (ms) A sastii |
P-wave terminal force | B [ EsEIN
V’V’Yfﬁ’\r’vﬁ*‘\r’; \f“.*%\/\/ﬁ' ﬂ/\

Khan: EKG a jeho hodnoceni

https://www.researchgate.net/figure/Calculation-of-P-wave-terminal-force-ECG-with-the-P-
wave-highlighted-in-green-and figl 319038827

Normal |/ \_ | “\_—
we | /TN | A -

https://litfl.com/p-wave-ecg-library/



https://www.researchgate.net/figure/Calculation-of-P-wave-terminal-force-ECG-with-the-P-wave-highlighted-in-green-and_fig1_319038827
https://litfl.com/p-wave-ecg-library/
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//elentra.healthsci.queensu.ca/assets/modules/ECG/left_atrial_enlargement.html
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Analyza jednotlivych vin a kmitu

Vina P

P biatriale (p cardiale) — biatrialni hypertrofie

Il zvod
=2.5mm

=120ms

g

www.techmed.sk



Analyza jednotlivych vin a kmitu

Vina P

P biatriale (p cardiale) — biatrialni hypertrofie
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Analyza jednotlivych vin a kmitu

Interval PO(PR) — izoelektricky, 0,12-0,2 s — zmény s frekvenci

pruchod AV uzlem, Hissovym svazkem a Tawarovymi raménky
prodlouzeni nad 0,2 s - AV blok 1. st.
zkraceni — WPW syndrom, LGL syndrom

1° Block

3 R

https://www.memorangapp.com/flashcards/135263/SW+Ohio+Bradycardia/



Analyza jednotlivych vin a kmitu
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Analyza jednotlivych vin a kmitu
Wi

« www.litfl.com



Analyza jednotlivych vin a kmitu

QRS komplex — depolarizace komor, <0,12 s
>5 mm koncetinove, >10 mm hrudni svody

depolarizace septa zleva doprava (septalni kmit Q v levostrannych svodech)
prevaha levé komory nad pravou komorou

aktivace posterobazalni ¢asti komory (kmit S)

Khan: EKG a jeho hodnoceni

voltazova kriteria (hypertrofie komor x obezita, vypotek)
abnormalni tvar (raménkové blokady, extrasystoly)
patologické Q (infarkt myokardu)



Analyza jednotlivych vin a kmitu

ViVs V5 Vg
g
elektroda elektroda
V(1) V()
F\‘/(')'-V(m) X
S V() 4
vil) Q vy

Khan: EKG a jeho hodnoceni

https://litfl.com/



Analyza jednotlivych vin a kmitu
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Analyza jednotlivych vin a kmitu
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Device: 9361 Speed: 25 mm/sec Limb: 10 mm/mV  Chest: 10 aafaV [ #0-0.5-100 Hz W | PHOSOA P?
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Analyza jednotlivych vin a kmitu

+ 4. .. + - - -+ pe - - + e .
SH R 5% IERAIAIAN RRaLs r FwY FEBES i aa 3 + said sais. et 5T R h 1 I { sm e s 3 164 IZREII2331 aha 51 s reme e e et E Y
ve T ® HHEE I ma T vy 4 == 31 . 256 Fw 1 - 50 58 1 o ve 55 o 1 PEN
' e : + g v i P28 FR N 4 roar = aw 732 sEE IEEATERAE 4 - 3 .
s i 1 3 - e .o T T %
3 3 T T 3 > o ad 3t 1 1
133 T seas: ) T 3 : T e e B . + e * e
3 e 1 T T T + 2 1 e 3t% sosss BB s
‘ 2 - [I0Y S8R08 008gs senes sonss Do SN si Sz I . - . 3
H + $ 3 t T 3 pag Ie - 2% 3
3 T - FERS Sue ' %
: ! i85 1 s : o H= sisdizadlsnislITEEIIEIITIED s 2 = : : . 3 f
e ST T o83 Saiad IRIRS ITnes = < - 1. vie - e 2
I3853 338 - = s = = 2 58 e - r o ve 5  § paee o " 3 : veree
+ . - -+ Tegeieife JeSRs TN + U 9 i Biie S Eats sRsIg snbra s Ea TrRE EARES s8 PN T P
Ter b [20] SOR0 sas 33T IEge e > et 3 '
it z $ + Tt % e : 3 T+
e s ¥ ' » w1 1 T ! ™
1 $ $ ea 3388 Thie
ﬁ" pees 22oes S Basss saw : f‘ [ BIRS S 2e0s: IS ess Sness I e o y»: . o |
- - s & & < - 3 3 3 3> < .5 1
ora 1 b s i 3 - : ! :
=se * $ » > ‘e - </ ﬁ.. boree
- HH T i ¥ coies .8 e sHp 353053, (1323 13328 5 B 3 == ‘s o]
3 oI : : 3 eas 1 - -
‘e - L - .4 1 1 " ) o ' A ¥ 4 > —— . »e ' - A & &
s b )
. b els I > =23 5N ' tezes soy 138 sa338 5 T T .
- St NNl PNES pasn s u ¥ [35338883s (3 = v 3 Herig 32 B bt 8% -
< e - - . . 4ot - 1213~ 13338 B - b - : T
REsI o f I : infiranssasiien f THEre : : 3 5312835 S335 oS : :
I 1 T eI It i 4 1 = 7 + T 28 o b s .
T g : T T T ’a ' ' 3 » o - e 3 " - - 2 - -
ey e '3 IETTS INTE : 131 SS TR S WALy SRS IE3 33 EB83 IS s = T e + TowE 3 : 3 by
e T '3 T S T 4+ T T T + - ..
1 3 : T 1 3 T
: : : : ve e 1 =3 B! 3 183 1T nE saw s saa: o :
% s r e eebissasEi iRtLD o 2 = : v . T
4 R T ; + + : + + - T . - =
: : it »oes a1 3 3 1 '3 1 1
1 3 Il : + T v - - e it
T + +—— + - + < -t ——— peees pe 2 i re 3 e 21T H; - it > 3
T > . '
*jT‘ 17T 3 : * : T R 1 3 3 18 88 1. H - s
e + : 9 25558 vam e 3 F18es ¥u Bua THIRT e o z .
e . T3t reils e 1 S Rt IR et St St e izRRiERE) = = : 3343 i : > 22 as =t
o - + 3 s T T 2 . ; : s 3 Y 53
t By : S 133 33833 s0ss: : EIEEE LISEY fmats reset s att PRSE) Soaes SETEE I8 3 R ¥ T
e aiead b eeEIEIIIIEIIEAIEIgL 1T 3 iee 2 : : t : ey a1 3
T his : 5 : T '+ 3 " : e - sm s u
: - : 1 : bes 1231 : 3 3T ¥ : SRR rrEe s R 3 :
s v 3 - Sone 4 smenuan. FIRES IBEBE bAd * 1 I 1 I L 8 ismanas
3 - - * ™ * T .
3 3 1 TILs T s — : - - - - - -
: : o 223 T IR T TR : ; = 3 18822 22073 ERERE EIRRE NS 6
- . 19! b P S SRS B SHOETROET e sl + ; + :
s il - — 3 . - - ‘ 3 1
3 v sm e cwas 3 ' T 0 : 1 ' ™ rus
* . > ' 3 + - =
1 - - - s IRITEIES I 10a s S SR Tsss i ST i T e $ &
138 33881 188882 = - “geie e " EEEET Y - 1
un H 3 3 " "4 eu mETEs ’e $ Tt (o |
- = : = w nae -
i 1Y res = T3 - =
= o3 IOUTE IRINY AN NN siReY I IeeE vass 2 iEesies i isH : $ & i > a0 3 ;
HHE i TEENTS 3 ENE N 3 T H i : S
3 : =1w33 INDE 3 3 = eI snts sl o3 s T > = = - : a T
3 =X T3 3 $ : 141 3 3
T . - ot v
.. .. - * b 11 - f4 4~
- . a2 IRt e “do +4- :vc - ::A‘ . ¥ I3 ~ . 4 +
. : : - : e bon! : T e T P
3 B3 I3 > s3I M % > 3 .2 e nans .- s ! T
- . . IS ERERE S 3 3%  « = s et he : 1 ye 3 ‘a = -
3 T e o $ - » - . e. s o
4 49 3 ; : 3 S 1 T 3 33 ITEY EEENY BRNSs anny penny Ins SRt ST ts - il : _L_
-- I T I T " s T 2 3 . T . - s : T
- T *t 1 : t TW- T $ 1 . : 1; ' - - 2 1
3 3 188 32333 53a3E & Igssss 4
. . . - + B8 St I2822000¢ 10844 sones e s 222! VT IS < be 3 [s eessats:
T $ ’ +=*
Seel I - . o 1 : v s
+ - - - - s - paees = e : rinee e SR o
oo 34 1988 shens ssaRs snaas s ve > T
e EegIeT 3t 08s SRene ISR 20 10 5 33N IReas : 1SS 33as e aes: i Saa s
s T "o rus T =T ‘s : - : .
s a4 5 I T3 3 3 " n ywe 3 33 + - ?
—e 3 e 1 TITNY JeRs N t8ne runee PR TEE 221 btss leSBI IS 7 I : RS 2 3= i I3 :
rees semma IR3 RRSS! + +5= ey 1T ' s T + .o : bt
: 3 T T ' :
"hass 2T T - - - - P REEs s
T T333tT : - - eess S a3 [I2 88483 hhees 23228 1221 (2SI 3RES =353t 3 3 i
< B3 PETTE 2N0TE 19048 Sogms s $0S 82 2R 281 SRRIN BT LO0 13 3 13323 o St
L > oo 3 1 ' e . e LT :
e = 1 3 T "oy ’e rs ;1 4 T - 4 13 ===y
. - + s rrded e - dspadie IS ES pRTTH B IS PSS RasSs t=aay 3 T
be 23eT N 7T o T s oo : 7
o =+ - et aasse : ; :
- I=] - 1 -— . . . - *o - - S8 S80e et - + -y b
> . < : r83s s 233 tesssaces cazas Z2aRE rRR - - 1 3 >
3 t - <t S : = : - < . ¥ -
= cwan — : : - e - = IR oS
Sass il 2 - < s [Seiashl | Said Saass e B : - B 13388 2 253
s sam 1 <3 + + . I I3 oy 1 - 1Y ] b 3 3 ' I
T e 1 ree e - +
T e g T 3 1 | it It 3 1 ! Tt rg e u e : 3 % yess pEIEE 1vss i H
31 23IEEEEINEIT) 3 23833 56 1 T — : - T T 2 semenre T 'y s ¥ - e vas
3 : 1 3 — : : 1T 3
3% Seus = a3 1 3 I 3 ‘t:ﬂ + 1 JTIFE 20002 ranns suns < -4
svina iaad s T T : N : : e - T > 3 , 5 55338
. + + B2 38! s e Hit . b 3 e ARl snas: & rew rET TS we 14
& $ ru = : = < e L S IR nmnT IR 12t 'h AR eas moe: % :
- - 3 ' - . T T 3 's : poy j3333 +
= I EE R TE N T 128 3mas 3 : 3 1 ' " rum 1 o4 - T
. $ $ b 18 T ST INERT BEE A b s + Poss Sete rete o =5
13sahlesi e [Ross et Soaas 201 FESSE LABAL samme mes +4 4% 3 3 > W - 3
- - - o b ger e T ' . 3
T : T :
s ‘ st e 12 aes i t2TT 2! t TTEEint SeSak Si58ssenesienn: TTRE S SiisiieTImEN 3329 18! FT3 20892 eoes: 281 2282s
195 rana S T (s 8 I33 13381 - . - + — [RRSS oo v " g o8 3 : 1

¢  Khan: EKG a jeho hodnoceni



ta

h vin a km

dnotlivyc

I 4

yza je

Anal

———
. e RS T T ma) e
[ P s ST ROSHS SN R OSESE SESUE SN D S e S .
v s - l.l'w'?:.q oo swt e
I R vnesdoiibia -
- ot tetdgrradoiitbontdbins . -
b tbb e b o ard b b - cbe +
(w EOTATREES SRE 3
| b— Heddaidd
EETVE SSSE FERTT FES4
- e - ISOE SES
-
—trdrrm e
SERES G888 SabE:
TS SH0NS Hae PSS SR S8 IS SEEET
- rrerberee vosp bbbl
et and | INE R SuGDE Banhe eosligosi Lol oy
S SUERE ST e ety RN SNaet
e : § SET: Haa
- P . ~4080RAL
8 _<eepaseetveve P o <B4 seTR
st . pbesiadeacas
- et reeaty et
4 bad e .ot - obosedores
ees BRSNS OB e freee \- RS SRS
. PESSE S . 8882 S SN ams 104 WSS REE S
SRS SRR S SEN [ERSS SO &4 adbiee
bt soas SESS SRS boe
' 3 y
T sueve ruzss suses PESSE DRSS Pt » eussa
.t o cboibioss . e prtetes
v ovrpaosetboiab Vb
' rereg S SSSSy Fess sse e
(S SHNEE SHNSS ShENE ¥ vosshiss 4+ I
Sahad i -
: k% FEEET SESEE SHBPY EEEN 0 TS SRS SERNY EEB el = NS AU
: - el LoD e e, s R )
y + FES EEEEE SUTEE EEWW + SN FERSS SS0Nt pe p
v RESSS DS s R
- ————t e b g b . ~epr e 4
b vordaiad e g d LT LTTRTT —
R il Y » B e e SR
ve b .y e e .o 4 - - -~
.- . - - 1SS EN mx U3 3ol
¥ 1 1 : T
rove .. PR
T -~ - .- i . <
- - Trardeena - * R e
. - . - 5 riwebreseadsid .-
S SO PR SIRES IR -+ - ket o
tie e g vprrerdrerAbrertbocen e i .
repprcerees »
= - * cdiek . sisfonistans -
- P &4 e - B R - —re . -
P SR RERSESREY ) S rpaesebiosadiis -
——e crtrrifteees e SRR R e
Rl R R R R R R SIS B
+eedroedpireidatoiqbinafiob BB3 ISEE SEERE SE2 A | SBUN
T
s . - I £ e =
- vv!}.«..ﬂ‘ e et I AR RRERE
T R : e . - e anaad R
it R KRN N b crebaite NG
R L fote r»-' e 4 -4 .
A R R S S a RS - + “qons b
el e e » SRR .
sprrabfrangda poerrtrrisbiacibbocs 5 - —t o
FREEREES haan | sew bosebotactonotds : + e 4 g
SHSSE NS’ 4 SRSEE Suaa IRSE S8sas e 10eH B8/ : ISSES S5 S0
bey SRS S BTN IS4 AZAEN FTESS RN ERGRN SN L +
ofoaaldiol Bl SHTTS LRI ERINE B NSA Enas
IS BRSNS Su S bt or gad - + ..
R R R 4ah - - e
ed e st rian P s e -
¥ 3 3 $ ‘
i 1 I IS SRS U BT WY
B 4 - -
BOPE SN <
hvc' T 7- I '
‘e
sdidesire ] - cabbas
+ . -
FE RSt . :
I R R PR
R R ada -3
by -ebis i ENSS SSS2E
444144t R .
N R . - Lfrrasbrana - ‘e
444 PN SHeRE . B - PESES 1 : +
BEEEN ¥ Rl B R - - - R 4 4 T
- - sttt b dar A rantsae ——
b haa . s S - -
- - . + - .- + e e
R SRR At - — caeidians v R e S - 1+
rorarecaddod Gedrrea b oy - by idleia :
R Sui )D e i 18 8% 8w g bbsa
$ : 1 '
B & AEREE R eeS & - - et e SRR naY
id < N Peal 3 + “ — vmn >
Tt - = IS SpusN b ooy R B T S .
+ - —ry R B -
: + 2
b A AL S - ey .4
e -—re
$ T = :
= Terabaia,
3 ++vodos Frdesey P
b4 ooedas - - 7 y
vt bdais el s - N+ R R
ol 2 S L1 4545
- , 40 d - - + 'u..?[...r,.v
ryee
re r 2 = 3 ot
MH teprrende ¥ &l . - —— “
: 3 e
>t L b o - b N DR
> i1 - F'wi 3 % - 3 .
s e ¥ e : |3 g *
e + e FS w - — b s k1
3 e 1 - 3 IEEEE EEETY 03 —
. 3 i — re e 3 e 334 s =
" 4 3 1 1 | B
b 3 - e i 5 il : 3 ' 'Y 4w "y
> ey ITEED N B EBED | i | & B 3
: T : 1 = Tt
- > IR ARt AARRE SR s R -
IS o s = =l I 3 ro s
. ' 1 1 b 3 .
: - . 11 : b :
— .
e ne o : =1 o b 19 &: P bbdibdd
rrrbbpbbdiiid : . : obobabdiline -
- I ases 5858 oS00, o = ‘ S0 SoSSs BE) Sasy ' & —~
+ +
P R LR & - reveterrogaseides Bibos
- - et R 4 . * . t.&.H'? L0 SR
e dodpreasddil F - e 4. 4+t
bt ISESE FUSTE ABNE e RE 01 . = K IEES S edaadid il
T ?
- + trrbiar b - i R TR SN O SR =S
e 1 FSESE SESSS SRS! § 04 SOSE SESNE SN I8 SNSON b
e SESWE SN Fewas e 3 sadadiiil t SessTasna
e b + Rl CE DT P UEE el . D {b,?n’.'f DR
* :
IS FTNES AN SEE SESES _SEEE USRS
.- yerdeseigoa BRNSY :
- - . rrrgeens
- , bt — gt
- R -
- A S B N -
44 : ot SirTesseass
-t <+ : -
% e
. PESSESSNES S I TTPES PORS T RPREY +eperergrral
R . . .
e N R e
et 2 . 4 »t D s R
o - - soesbialloteciidiy
e thhais YESSS 289 B4 T
I8 seowH IS PUSNE 8208 99 b4 4 by
- - el Rd PRILRR RS
R AR . S tfrere crdracsboosetlandl e
D e i s SRSt e 4 - RSB o
R R B V"H
R R R reea g -
2 e
* - D -+ R
" R - B =T - .
LR RERRN + e RS Rl R B S S -
e b s '
- - . st odpa
b - IS pea ot PESNE Py 09
I8 SENSS S8 81 : +4++4- - el Lo 4 . +
e - - - ‘ 4 sosdesne <4~
: 3 - ™ :
) R .. -— el [ . T
DR bt - hbdaabe bt
— 3 133 . . Rt e egeere
‘ ree - I8t -+ vobrrbotPiaidiaiae
R ST 4o e Rl D, (i
28 OEoE bt e + e -+ -
3 -— - - ¥ £% em: 44
1 3 11 : ) e
: - ?
— crpee + ——b s yrsetreseborecdon -—— IS
‘- : + : ISE Suaes ssens
- - BISERSETE S - - ESRSSFREETIRENG NG
- 3 4
- o w ] :
fﬁti POS) | S PP —t-at . tasadesicdocactoios
e s it b + y 3 ' 4
58 BB td -+ LD Dl et i >4
be Puvespeed | HEen s IBSE SRSES bEEeE mas Tfrrrdrriefeace
- PR

//ecg.utah.edu/lesson/9

https


https://ecg.utah.edu/lesson/9

Analyza jednotlivych vin a kmitu

svod | ! " aVR aVvL aVF
D eXtrO kard i e —‘"’AV'"\ 7 ‘ ‘ ~71 {"\ Py
‘_“_,._‘JL_A\M ko —"""r“’ i | {3 |
Zaména svodu aVL a aVR s i ! ¥
Zaména svodu Il a Il V, v v V, v Ve
Pokles voltaze v hrudnich svodech V1-V6
i .

svod | I 1] avR avL aVvF

Dif. dg: | | | e |

Dextropozice (dextroverze) srdce (srdce vytlaéeno A | . 4 ‘ i O
doprava napf. onemocnenim plic) = koncCetinové svody
témé&f normalni, zménéné hrudni svody : . ehi . : .

i

Zaména koncetinovych svodu = neméni hrudni ‘1” it ‘ | A

svody l L y l\\ 11 1700 RS

Spodni zaznam je pfi zrcadlové obraceném umisténi elektrod

Khan: EKG a jeho hodnoceni
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Analyza jednotlivych vin a kmitt

aV R P i

aVL Ve

aVF V3

o www.litfl.com

VS

Vb



Analyza jednotlivych vin a kmitu

Dextropozice srdce |
VNWW‘;I \"“‘: ""'5, ""—“"’" ; \ 4 ..\"‘s-v—..‘."‘ n " AN i"‘
| S5 5 1 . ! i | I
' = I P 1 00 g O O 0 9 O R 9 i P 2N RV
Frama EAoR RSN Sl RS SRy MRS SN RER EEE RNE a0

,dl,_.b{"}“‘-sq{—/\\_,w'mf“" (et (P s e
g f
1R i | 4 LA ‘ |
| 15 | il
aul ! ' A e AN N N N AN T
\M‘W\MMM.M_“ ) : i ' i
: | i i i |
_")!"‘-\-_"/\.-\N!,./\_-\,N'M-__,. 1 l‘ N : '

,JL;,__'/\M /A’W-'A_”N‘V/\f'/

Student, 21 let, bula na levé p“’Ci, srdce pfeﬂaéené dOpI’ava- «  hitps://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.632141



https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.632141

Analyza jednotlivych vin a kmitt
Dextropozice srdce

\,JA\,'./\_.-«,I—/\_AJU/\.—-\Jr/\__,\.,/\.-AJ/\M A \91-‘.’} y ] ™ .W‘N-”\/
|

LNJW&JH\J@W/@ ALLal LA 4 Al A

| | | /\._..JL,/\___,__",/\ML_/\,__J,./\__,__ EA L LA
z ! : : : : = '
UF‘—/\J l l ] !r—MIP d ’ . ‘ = = [ :

Tentyz student, EKG po drenazi buly.

e https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.632141



https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.632141

Analyza jednotlivych vin a kmitu

Zaména koncetinovych svodu L-P

B b e RN

[I
W

naVF ﬂ n ’V6 ’

www.techmed.sk



http://www.techmed.sk/

Analyza jednotlivych vin a kmitu

Zameéna svodu hornich a dolnich koncetin

Svod | izoelektricka linie

Khan: EKG a jeho hodnoceni



Analyza jednotlivych vin a kmitu

ST usek — izoelektricky
(ne zcela vodorovné, ne ostry uhel do viny T)
patologie — elevace, deprese

Subendocardial Transmural
Ischemia Ischemia
B
| \
Isoelectric
line
- - . i
Normal ST depression ST depression ST elevation
(downslope) (horizontal)
T wave

Inversion

https://www.gmcmedicine.com/post/angina-syndromes
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Analyza jednotlivych vin a kmitu
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Analyza jednotlivych vin a kmitu

Repolarizace sini: - neni na EKG normalné vidét

i aVR vi e
EMEDU Third Degree AV block (Complefe Heart Block) J{

\s

\. \._/

vs |

e
|
By S ER l S Gt H_.A_{ \L’——T r/\\%__}\_.«/\—\_w__{r_/\..*{.r

"e

I aVL

LL aVF V3 Vé
R s
|} I |
I = ¥ QRS c:om,blexes without correlating p-waves
P waves Marching through v =
,\_/\__/\_,_ -t “J\MMM-——J\)L_/\mM_J\ R R it FIA /*\.‘__t

https://slideplayer.com/slide/13033801/


http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=dS1s1iobu2-JjM&tbnid=mRlNFx1h4WQpCM:&ved=0CAUQjRw&url=http://www.emedu.org/ecg/givemall.php&ei=RkxFUumDJs3CtAaIsIHwBA&bvm=bv.53217764,d.Yms&psig=AFQjCNHx4IH_617ii5JvpCxzEafd7IdS7w&ust=1380359442500410
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=dS1s1iobu2-JjM&tbnid=mRlNFx1h4WQpCM:&ved=0CAUQjRw&url=http://www.emedu.org/ecg/givemall.php&ei=RkxFUumDJs3CtAaIsIHwBA&bvm=bv.53217764,d.Yms&psig=AFQjCNHx4IH_617ii5JvpCxzEafd7IdS7w&ust=1380359442500410

Analyza jednotlivych vin a kmitu

,vlna sinové repolarizace (atrial repolarization wave) — T auriculare (Ta)"

4

- b

;._._.i{“_-;._._;-_Hg;__-_j;_i;_ « TN PENTS SEDIN DONSN peos e |
. — Normal ST
Atrialrepolarization 4 epression of atrial ST segment A

without QRS repolarization depression -

http://hgmeded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html



http://hqmeded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html

Analyza jednotlivych vin a kmitu

,vlna sinové repolarizace (atrial repolarization wave)*

—[ w ’l w‘/\'/\A *’\l‘t/WJWWMWMA /\N'u AN /\A) r oY k\«ﬁ \/\J‘/\«M

—I’NLPN r*'\ﬂ/"*l »«&M{;\;«m )‘W\ﬁw \'\»H(’W L/\Nl/\’“/\’\ﬂ/\’\“k%ﬂtv\lv\\h/w%wdu

http://hgmeded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html



http://hqmeded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html

VIna sinové repolarizace vs. ST deprese

,S 1 deprese”

';, il i ||

e B e i |

1536 R Y i '
Al — Normal ST ST

trla.lilepo arll:{z;tlon depression of atrial d segm.ent

without Q repolarization epression ( R
http://hameded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html ﬂ 3 L’J\N/VJ
{‘m aVF

Khan: EKG a jeho hodnoceni


http://hqmeded-ecg.blogspot.com/2011/11/atrial-repolarization-wave-mimicking-st.html

Analyza jednotlivych vin a kmitu

Vina T - repolarizace komor, pozitivni V4-V6, negativni aVR
- malo specifické (aktivni proces ovlivnén metabolickymi pochody)
- <5 mm koncetinoveé, <10 mm hrudni svody (8 mm Zeny); <0,12s

T wave morphology

Lo o

Normal Biphasic Bifid / notched Broad / slow Flat
I

Nonspecific ST-T wave abnormalities

| |
| -
| | | N\
Hyperkalemia  Repolarization Variant Strain Prolonged QT interval e o
Prolonged
\ Enlarged
Ischemia T-wave shrinks & U- Q-TU interval

nverts

S .
ECG JPEDIA.ORG Image citation: Modified from http//fbltcz/eny

VOd|VOSt K+ kana’lﬂ OV|IVﬂéna kalém”’ https://www.tomwademd.net/hypokalemia-from-the-internet-book-of-critical-care/



VinaT —=inverze T

Analyza jednotlivych vin a kmitu

- patologicka ve |, I, V3-V6

Ischemie — mUze byt spojena se zménami ST specifickymi pro ischemii
(nespecifické zmény ST + inverze T = nespecificky nalez)
zalezi i na srovnani s predchozim stavem

Koronarni T - >5mm

2

\

(difuzni = kardiomyopatie, ischemie, hypertrofie,
myokarditida, subarachnoidealni krvaceni, ionty, alkohol aj.)

Melké inverze — dalsi pfiCiny: hyperventilace, postprandialné, normalni varianta EKG, pneumotorax aj.

Nespecificka inverze T — mozny ischemicky i neischemicky puvod

Zaveér zalozeny pouze na vinach T je vzdy nespecificky, nutno korelovat s ostatnimi nalezy a anamnézou



Analyza jednotlivych vin a kmitu

VinaT-inverze T
- fyziologicka aVR, V1
- Jjuvenilni EKG, afroamericka populace® — az V3

L1 L2 L3 avR aVvL avF

A

V1 V2 V3 V4 V5 V6

+ Khan: EKG a jeho hodnoceni



Analyza jednotlivvch vin a kmiti

V1 { | V4
Vina T —inverze T
- koronarni T il

o _ § ’ ~\.r"""‘\._,, { \\/A,\,\/q /*\\/, ,,v\..J r— '\/,.‘,,_, {_,-\/_a.‘—
- specifi¢téjSi pfi souasnych | | Lt
zménach useku ST | |

N2 _ V5

Vg | T i il

» Khan: EKG a jeho hodnoceni



Analyza jednotlivych vin a kmitu

Vina T —inverze T
- subarachnoidealni krvaceni — i ,koronarni“ T ma fadu pficin

+ Khan: EKG a jeho hodnoceni



Analyza jednotlivych vin a kmitu

VinaT-inverze T
- nespecifické zmény, mozny vliv ischemie

Vi Ve

P x[ W '{ ke

V3 ! | VB

+ Khan: EKG a jeho hodnoceni



Analyza jednotlivych vin a kmitu

Vina T — vysoka voltaz , 'I|
N

Hyperkalemie

Hyperakutni infarkt myokardu (,goticka T“)

Fyziologicka varianta normy



Analyza jednotlivych vin a kmitu

Vina T — vysoka voltaz

Hyperkalemie

..........

. .
] | |
‘ .
: L] :
, ‘ . . .
| 4T \
R f ! o el
i i
| | | | |
T T

« www.litfl.com



Analyza jednotlivych vin a kmitu

Vina T — vysoka voltaz

Hyperakutni infarkt myokardu (,goticka T")




Analyza jednotlivych vin a kmitu

Vina T — vysoka voltaz

Fyziologické varianta normy

AM_JLLAL\

avR avL avF

V, V, V, Vs Vg
i B B e R e L L LIt R i IR IR i
Khan: EKG a jeho hodnoceni
hyperkalemia 'normal variant' hyperkalemla 'normal variant'

Pl 2 By 2y

https://acadoodle.com/articles/5-ecg-changes-of-hyperkalemia-you-need-to-know



https://acadoodle.com/articles/5-ecg-changes-of-hyperkalemia-you-need-to-know

Analyza jednotlivych vin a kmitu

vina U — nejasny puvod (repolarizace Purkyrfiovych viaken?)

-"'-."x____--"'-«_J‘Ill-. a-"'-“-"-..____-"u_.-lr. --'"-M"x___—-"'u_}lll-. d-"'-“'"-.____-"'u_lllll-. a-ﬂ"'.-.ll"-.__.
25 P e P "
U Ll L L U

https://www.nottingham.ac.uk/nursing/practice/resources/cardiology/function/u_wave.php

Varianta normy
Hypokalemie
Hyperkalcemie
Tyreotoxikéza
aj.

Stejny smér jako vina T

Inverze viny U: hypertenze, ischemie


https://www.nottingham.ac.uk/nursing/practice/resources/cardiology/function/u_wave.php

ta

h vin a km

jednotlivyc

yza je

I 4

Anal

LIt
e aesid §

'l
Fe ki

H
111

18144
T

U - hypokalemie

HH
i

,;£
114
I

HrHi

st $i44
it

260 mavs 100 mm/mV

40 He

https://www.grepmed.com/images/4955/electrocardiogram-emergencymedicine-internalmedicine-criticalcare-cardiology-diagnosis-uwaves



https://www.grepmed.com/images/4955/electrocardiogram-emergencymedicine-internalmedicine-criticalcare-cardiology-diagnosis-uwaves

Analyza jednotlivych vin a kmitu

Interval OT — vyjadfuje systolu komor

https://www.wikiwand.com/en/QT interval



https://www.wikiwand.com/en/QT_interval

Interval OT

Analyza jednotlivych vin a kmitu

- prodlouzeni: hypokalcémie
hypokalémie
hypomagnezemie

- zkraceni: hyperkalcémie
hyperkalémie
digitalis

e N |




Analyza jednotlivych vin a kmitu

Interval OQTc — korekce QT intervalu na srdecéni frekvenci (Bazettova rovnice)
hodnoty 0,4-0,44 s

QT

QTcp =

(1s)

Prodlouzeni QT vede ke vzniku arytmii



Interval QTc

Analyza jednotlivych vin a kmitu

| avR |

i aVL

Hii ‘ ' aVF

+ Khan: EKG a jeho hodnoceni



Nacvik popisu EKG krivek

www.researchgate.net

www. litfl.com

www.techmed.sk
www.liberaldictionary.com
www.teachingmedicine.com
https://johnsonfrancis.org/
WWW.ecgwaves.com
www.cardiopaedia.com
www.wikidoc.org

ecg.utah.edu

www.flickr.com
http://hgmeded-ecg.blogspot.com/
www.umem.org
http://e-coretvasa.cz/pdfs/cor/2019/04/10.pdf
www.pedicardiology.net
https://ykhoa.org
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Sinusova tachykardie

https://www.researchgate.net/figure/ECG-on-admission-Sinus-tachycardia-at-103-bpm-no-evidence-of-ischemic-changes_figl 304629787
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V4
‘A,,\ _'W
avL V2 V5

Vi

avR

V6

V3

III

II

V5



III avF V3

ST A L A T [ R o e e il | | e

V5

Deviace osy doleva (levy predni hemiblok)
https://ykhoa.org/d/image.htm?imageKey=CARD/115972
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25mm/sec | | | | | | 60~ 0.05 - 40 Hz



TS SRS A SRR T

25mmisec | | | | | 60~ 0.05 - 40 Hz

Sinusovy rytmus
https://www.researchgate.net/figure/Repeat-12-lead-EKG-showing-normal-sinus-rhythm_fig2 322504203
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I aVF

P pulmonale, deviace osy doprava

https://ecg.utah.edu/lesson/7
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Ektopicky sifnovy rytmus

https://www.researchgate.net/figure/ECG-shows-an-ectopic-atrial-rhythm-The-atrial-rate-is-63-beats-min-and-the-P-wave_figl4_234099417







Nizka voltaz QRS, rotace po sméru rucicek (?inkompletni BPRT?), sinusova tachykardie

https://www.wikidoc.org/index.php/Low_QRS_voltage
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https://www.researchgate.net/figure/ECG-showing-sinus-bradycardia_figl_ 292735763
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II aVL V2
I aVE 33

Inverze T, Q ve spodnich svodech

http://hgmeded-ecg.blogspot.com/2015/01/persistent-juvenile-t-wave-pattern.html
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Fibrilace sini (inverze T ve spodnich svodech)

https://johnsonfrancis.org/professional/coarse-atrial-fibrillation-on-ecg/
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Nodalni rytmus (AVNRT?)



HR74 PVCO RESP18 T137.8

rL_mx S

V5




HR74 PVCO RESP18 T137.8

e ] ]

1

aVL

aVF

r

V2

V3

Vilna U, spodni Q kmity

https://litfl.com/hypokalaemia-ecg-library/
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Deviace osy doprava (levy zadni hemiblok)

https://ekg.md/content/left-posterior-fascicular-block/
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ST deprese (V2-V6, hrani¢ni I, aVF; hrani¢ni elevace aVR)

https://www.researchgate.net/figure/Marked-ST-segment-depression-from-V2-to-V6-ECG-leads-with-a-significant-drop-of-arterial_figl 265737574
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Prodlouzené PQ - AV blok 1 stupné, rotace proti sméru

https://umem.org/educational_pearls/2229/
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Akcelerovany noddlni rytmus / AVNRT

https://www.teachingmedicine.com/lesson.aspx?|_id=66
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Inverze T (korondrni T), elevace ST ve V1, vysoka voltaz QRS

https://ecg.utah.edu/lesson/11
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Rotace po sméru rucic¢ek, osa doprava, nizka voltaz QRS (?) (CHOPN)

https://doctorlib.info/cardiology/electrocardiography/5.html
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