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ECG — Electrocardiography

Practical Exercises in Physiology (Spring semester: 4th - 6th weeks)
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Electrocardiography

— Definition: recording the cardiac electrical activity from the surface of
the body

(el. heart activity can also be obtained from the esophageal leads or the heart
surface itself, but these methods are used by other names)
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Cardiac conduction system

QRS ' QRS
p T P
Sinoatrial —\ sl -
node (SA)
Atrial
preferential SA node
ways Atrial myocyte
Atrioventricula AV node
node (AV)
His bundle
| Tawara branches
His bundle Purkynje fibers

_ Ventricular myocyte
Tawara (bundle) Purkynje

branches fibers
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Cardiac conduction system

Function: AP formation and preferential conduction
The atriums are separated from the chambers by a non-conductive fibrous septum - the only way is
through the AV

Sinoatrial node (SA) - natural frequency 100 bpm (mostly under parasympathetic damping effect), conduction velocity 0.05 m/s
— Preferred internodal atrial ways - conduction velocity 0.8 -1 m/s
— Atrioventricular node - single conductive connection between atria and ventricles, natural frequency 40 - 55 bpm, conduction
velocity only 0.05 m / s (nodal delay)

— His bundle — conduction velocity 1-1,5 m/s _
} natural frequencies of 20 - 40 bpm, they have slow

— Tawara (bundle) branches — conduction velocity 1-1,5 m/s i
spontaneous depolarization

— Purkynje fibers — conduction velocity 3-3,5 m/s

Sinus rhythm - AP starts at the SA node
Junction rhythm - AP is formed in the AV node or His bundle
Tertiary (ventricular) rhythm - AP is formed in bundle branches or Purkynje fiber

Ventricular myocardial activation - from inside to outside, markedly synchronized, determined by the onset of excitement
Repolarization of ventricular myocardium - in the opposite direction, less sharp, repolarization isles
Note: natural frequency is the frequency of AP formation unaffected by neural and hormonal control
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Electric dipole

— Electrode: records electrical
potential (P)
— Electrical lead: connection of

two electrodes
— It records the voltage between the
electrodes

— Voltage: difference of el. potentials
(V=P1- 92)
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Einthoven triangle
(standard, limb, bipolar leads)

— Bipolar leads: both electrodes
are active (variable electrical

potential)
— Electrode colors:
R: red, L: yellow, F: green
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Goldberger leads

(augmented, limb, unipolar leads)

— Unipolar leads: one electrode is active
(variable electric potential) and the othe
IS inactive (constant electric potential,

usually 0 mV)
— The active electrode is always positive
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Wilsonova central terminal (W

— It is formed by the connection of limb
electrodes through resistors

— electrically represents the center of
the heart (it is actually led out or it is
calculated)

— Inactive electrode (constant potential)

Central
erminal

Real
central
terminal
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Chest leads

— Chest lead: connection of chest
electrode and central terminal

aVL

e

hrudni elektroda
%@@

— Unipolar leads: chest electrode is
active (positive) and central terminal
Is inactive (0 mV potential)

aVF
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Leads according to Cabrera

920° M
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Analysis of ECG

1. Heart action
2. Heart rhythm
3. Heart rate

4. Waves, segments and intervals

— P wave

— PQ interval

— QRS complex
— ST segment
— T wave

— QT interval

5. Electrical heart axis
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Analysis of ECG 25 mm/s 10 m/av

— A millimeter grid of paper will

help in fast analysis
— See the paper speed (here 25 mm / s)v
— How many ms is one mm?
— ltis good to know how much mV is one
mm

+b.'é2 ! 003 | N "’;ﬁ.’z’r& i +0:01 l +0:02- | | i 4003 i +0:04 | i
25 mmys 1§ mm/mV | [A50/60 Hzl[ad|0.3 Hz] ‘ a5 rEE e TE |

ST R T R B e . e B R T e ) B e T | R R 7. 3% F e p T T3 T R R B e Y T poge | e ke
HR [1/min] P 68 ms

12 PQ  136ms
71 QRS  98ms

Qr 356 ms Seiva

RR 850 ms QTc  386ms Servis_Praha




1) Heart action

— Regularity of distances between QRS complexes - RR intervals
— Calculate difference: RR — mean RR RR

——

(you only need to choose the shortest and longest RR in
the record)

— Regular action: difference < 0,16 s

— Irregular action: difference > 0,16 s

— Usually pathological
— Beware of significant sinus respiratory arrhythmia - it is very physiological. If you are unsure, ask
the patient to hold their breath during recording

— Note: if one extrasystole is present, but otherwise the action is regular, it is called
regular
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2) Heart rhythm

— Heart rhythm is determined by the source of action potentials that lead
to ventricular depolarization

ventricular depolarization is crucial, because it determines cardiac output
— Sinus rhythm
— AP begins in SA node
— On ECG: present P wave (atrial depolarization) before QRS
— Junction rhythm
— AP begins in AV node or His bundle, the frequency is usually 40-60 bpm

— P wave is not before QRS, QRS is normal (narrow)
— Heart rate is low (40-60 bpm)

— Atrial depolarization can be present in the ECG if the ventricular impulses are transferred to the
atria - wave is after QRS and has opposite polarity because it runs in opposite direction

— Tertial (ventricular) rhythm

— AP begins in other parts of the conduction system, frequency 30-40 bpm
— QRS has a strange shape (wider), because it spreads in a non-standard direction in the ventricles

MUNI
MED
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2) Srdecni rytmus

Sinusovy rytmus — pred kazdym QRS je pritomna vina P — vzruch zacina v SA uzlu, ne na né€j
navazana depolarizace komor

NN PR N PN

Junkcni rytmus — nejsou pritomné normalni viny P pred QRS — vzruch zacina v AV uzlu nebo Hisové
svazku, nizka srdecni frekvence, ale normalni QRS (v komore se vzruch Sifi normalné)

zpétna depolarizace sini
Tercialni (komorovy) rytmus — nejsou pritomné viny normalni P vazané na QRS, vzruch zacina
nékde v komorach — deformované QRS, hodné nizka srdecni frekvence, napriklad AV blok III. stupné

J\f/\ repolarizace sinf /LA
P — depolarizace siny M
T

AV blok III. stupné — komory si jedou tercialni rytmus, siné si jednou svdj rychlejsi rytmus urceny SA
uzlem, ktery se ale neprevadi do komor

nebo
_,_/L N\ /L
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3) Heart rate (HR)

— Frequency of ventricular contraction (because it determines cardiac
output); on ECG - frequency of ventricular depolarizations

-~ HR=1/RR bpm

— Physiological: 60 - 90 bpm at rest

— Tachycardia: > 90 bpm in rest

— Can be sinus (increase sympathetic aktivity, medication, ...)
— Tachyarrhythmias: rhythm is not sinus

— Bradycardia: < 60 bpm
— Can be sinus (increase sympathetic aktivity, sport heart - physiological)
— HR < 50 bpm, rhythm probably is not sinus
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4) Waves, segments, intervals LI

se

PQ |

ﬂR

Q

gm
P wave ' ent

PQ interval
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complex
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segment

T wave
QT interval
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wave P 80 ms
interval PQ (PR) 120-200 ms
segment PQ (PR) 50-120 ms
Q -
complex QRS 80-100ms
R -
S -
segment ST 80-120 ms
interval QT <420ms
wave T 160 ms
Bazett's formula: QTc = o
VvRR
QT depends on RR interval —
correction of QT on RR MUNI
MED




4) Waves, segments, intervals

name Place and description Physiological bacground Norm

wave P First round wave (negative or positive) Atrial depolarization 80 ms

Interval PQ (PR) Interval from beginning of P to beginning of Q (or R, if Qis Time interval from SA node 120-200 ms
not present) activation to the Purkynje
fibers activation

segment PQ (PR)  From P wave end to beginning of Q (or R, if Q is not Complete atrial depolarization, 50-120 ms
present) AP transfer from AV to
ventricles
Q First negative deflection Depolarization of septum and -
papilar muscles
complex QRS From beginning of R to end of S Ventricular depolarization 80-100ms
R Positive deflection Main ventricular depolarization -
S Negative deflection after positive deflection. -
segment ST Interval of isoelectric line between end of QRS and Complete depolarization of 80-120 ms
beginning of T wave ventricles
Interval QT From beginning of Q (or R) to the end of wave T Electrical systole < 420ms

wave T Second round wave (negative or positive) Ventricular repolarization 160 ms




4) Waves

Wave P:
- Is present?
- Is positive/negative, one-peak/two-peak, high(>0,25mV)/normal/low?

QRS: RS
Q: first negative deflection Examples:
Ventricular R: first positive deflection
depolarization - S: negative deflection after positive deflection
QRS - small deflection (pod 0,5 mV) — small letter
R - Strong deflection — capital letter AﬁRS
ﬂ - Second positive deflection (%) op
Ventricular
repolarization  \Wave T: V
Atrial - Is positive/negative/bipolar?
depolarization \ T - Does it have the same polarity as the strongest QRS deflection?

\ P - Yes: concordant (ok), No: discordant (pathology)
- Bipolar T:
Lead I1 ¢ r_/\ - Preterminal negative (-/+)

Q s - Terminal negative (+/-)
19
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5) EIQCtricaI hea rt axis Electrical heart axis: average direction of

the electric heart vector during ventricular
El. heart axis depolarization (QRS complex)
- (can also be determined for atrial depolarization: P, or
ventricular repolarization: T, but in practice we will
— analyse ventricular depolarization)

+ + avL -30°
Heart axis is physiologically directed down, left, back -
refers to the real placement of the heart in the chest.
— -+ - Here we solve only the frontal plane (limb leads)

I 0°

Physiological range:
Middle type 0° — 90°
aVR Left type -30° - 0°

Pathological range:

+ g Vectocardiogram * 09
I Right deviation: > 120 © (P ventricular hypertrophy, dextrocardia)
aVvF 60° Left deviation: < -30° (L ventricular hypertrophy, pregnancy, obesity)
= MUNI

the axis is also changed when Tawara branches are blocked

o
90 or after IM, missing el. activity of part of chambers MED




Electrical heart axis - evaluation

— Because the el. axis is related to ventricular depolarization in the frontal plane, use
QRS in limb leads: I, II, 111

— Calculate the sum of QRS oscillations in 25 mimjs 10 mim/inv | [AC 50/60 HZl[af 03tz | | | | | | | |

leads |, II, IlI.
When the oscillation is down, it is negative. When the
oscillation is up, it is positive. Use a millimeter grid

QRS=5

_ Lead I: Q=-1; R=6; S;=0; JL

— Lead Il: Q=-1; R=17; S;=-1;
QRS,=15

QRS|”=9 [ i




Electrical heart axis - evaluation

— Draw the Einthoven Triangle with
Goldberger augmented Leads

— Mark the angles around the triangle
(in the circle)

— Lead I:

— O atlead Il is in the center of lead

— QRS, =5, so from 0, measure 5mm towards the
positive electrode, make a mark (or any other units,
ratio is important)

— If the sum of QRS is negative, you will go towards
the negative electrode

— Run a line from the mark perpendicular to the I lead
(parallel to the aVF lead)




Electrical heart axis - evaluation
— Lead Il:

— 0 at lead Il is again in the center of lead

— QRS =15, so from 0, measure 15 mm towards the
positive electrode, make a mark (again, if the sum of
QRS is negative, you will go towards the negative
electrode)

— Run a line from the mark perpendicular to the Il lead
(parallel to the aVL lead)




Electrical heart axis - evaluation

— Lead lll:

— The same way draw line for QRS |, = 9

— Draw an arrow that starts at the
center of the triangle and passes the
cross of the drawn lines

— This arrow shows the direction of the
cardiac electrical axis in the frontal
plane

— Note. logically, only lines from two leads are
sufficient

The cardiac electrical axis for ventricular
depolarization in the frontal plane is 70 °




Atrioventrikularni blokada: porucha

Diag nOStiCké Viniti EKG prevodu vzruchu ze sini na komory

Arytmie: porucha srdecniho rytmu

i

Fibrilace: nesynchronizovana

aktivita kardiomyocytd i S
PR=0.16s PR =0.38s

l
\ V‘J . Normal complex AV blok I. stupné
WJMM F‘ fibrilace (prodlouzeni pfevodu vzruchu ze siné na
| 1 ! | komory, prodlouzeny PQ int.)
. norma

inova fibri AV blok
sinova fibrilace )
(chybi P, ,zubata" izolinie, RR IL. stupne P P P P p P
nepravidelné, frekvence 80 — 180 bpm)

(nékteré vzruchy se neprevedou: vyskyt P,
po kterych nenasleduje QRS

||||||
T T
1T
1T

V\’\/\vav\ﬂ/\/\“ﬂ[\/\f\ﬂ/\/“w AV blok | G e
komorova fibrilace 11I. stupne gt it et i H

oF !

(srdce nefunguje jako pumpa, poskozeni R ; il R o
25 mozku po 3 — 5 minutach fibrilace) Kompletni blokada prevodu vzruchu ze sini na komory,

P a QRS se objevuiji nesynchronizované




Diagnosticke vyuziti EKG

ischemie srdce, infarkt myokardu

A B (elevace ST)
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elektrolytova nerovnovaha - hyperkalémie

Normal tracing (plasma K+ 4-5.5 meq/L).
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Diagnosticke vyuziti EKG

24-hodinové monitorovani EKG (Holter)

Patient: 10: Crannel | 31-DEC-87 Page 1
5 ‘..‘L,,.‘.ﬁx,_,ﬂu,fvwur._ﬁ,A,Jvugjg.vum.,\...r-., AL AL LA A
AAAAAAAAIAAAAAAAAANAAARA A Uﬂa R ki A b A AL
33 A, AR AAARAAAAAAA DAL AL A A
A AAAAA A A A AR AAIAARA AL A
1538 Ak A u\fﬁmv«uw\, A ‘J,JVLAJH,V\,—-L—L fo A LY .L«Lu,-f |,, LI L
i * AAAAAAA \AW—«\JJ\ AAAAAAAASS AR A
53 Attt A Mm A AA M«JA,HJWLM LAAAAAARAA Jw{ AL
l l\-.,‘ ﬂlﬂm«ufﬂﬂ\% A k,-.wgw{w ‘‘‘‘‘‘ lrkr"\rjl\r‘b AL J\, ﬁ«i o w-L-}k ‘v-l\f
15:40 At A A AAAAAAAA N MN | AAAAAAAAL LA AL
A A A A JLM\MJWJW. A uwu .,UM,H
15:41 40 ’A»-L\ At A M\,JM N UJJJV\W AR LJ& e
hoh A U‘f}a S A AAAAAA AR LA AR AN A—Mr.mii et AAAA
5.2 ASAAAAALAAAAA L,HANM,F MAAA A LA AL
1 mt\m A A A AL LA o
5.4 mm LA AAAAAA, J,uu I hm AMAAAAAAARAEA A Ay ,\r, | AL,
Ut A A AAAA AL A LA LA LS A u
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Dodatek k EKG
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SVOd " a aVR Vs$imnéte si vzhledu EKG ve svodu II a aVR.

Oba svody se divaji na elektrickou srdec¢ni
aktivitu z podobného uhlu (odchylka jen
30°), ale aVR ma opacnou polaritu (diva se
4 avL -30° na srd_ce vzhlru nohama v porovnénll' s II). |
Proto jsou svody II a aVR podobné, jen vici
sobé zrcadlove obracené.

30° G 02 ) B o ] SR

I11

aVF o
120° 60
(o]
20 MUNI
29 Diky jinému vzhledu ma QRS v aVR a II svodu rlizny zapis. MED




QRS ve svodech a el. osa

[aYR| ] ]

30 Fyz

Pro ZJednodusem vypoctu vychylek ]e Q prvn| km|t R druhy kmit a S tieti kmit

vychylky
QRS

soucet

vychylek
QRS

QRS =5
QRS = 15
QRS =9
QRS = -10
QRS = -3
QRS = 11

Zapis
QRS

gdRs

qRS

rSr

gdRs
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vychylky soucet QRS  Elektricka osa jinak

QRS Najdéte svod s nejvetSim a nejmensim souctem vychylek (jen tak od oka) —
Q=-1 tyto svody budou na sebe kolmé. Uhel svodu s nejvétsSim souctem QRS bude
R=6 QRS=35 uréovat priblizné el. osu srdecni. Nebude to dokonale presng, ale to v praxi ani
S=0 neni potreba.
Q=-
R=17 QRS = 15
—|5=-1 avL -30°
- Q=0
et R=10 QRS =9
i S - _
[ EEEEEZIPY o
~ /4~ R =-11QRS = -10
e S=0
M ' Nlo=0 R
.§=63 QRS = -3 T 300
| Q=-1 El. osa srdecni o
néco vic nez 60°
- R=13 QRS =11 1l Il (protoZe QRS aVL je IVI U I\I I
S =- aVvF 60° lehce zaporné) I\/l E D




Urceni elektrlcke osy srdecnl - Jak to dopadlo podle pocitace?

Average}d QRS complex | : _; g ‘ ; j Amplitudes [mV]

r 25 mm/s 10 mm/mv ‘ , R B [l P+ p- Q R S R s J | st0 | T+ T-
_— R + —— = SSAl dahad dhhhd
5 L ‘ ] R ] I | 006 | - - | 040 | 009 | - - | 003 003 028 -
T EEE R B e ol [m [ 005 | - | 044 140 | 042 | - - | 003 | 005 | 048

R L o R T R va il S [m | 002 | 003016 | 110 | 007 | - - | 001 002 021 -
A B e 3P T [@R | - |005) - | 007 |08 | 009 - [003]004] - |03
! = ! lr\ = v‘\, = S Lav | 004 | - - | 011|040 | 005 - | 001 O [ 004 -

e ‘ H ‘ : avF | 003 | - | 015 125 [ 009 | - - [ 002 003 034 -
b e e e e o E U Ty | 002 | 002 | - | 041 | .02 ] 009 ] - | 008 | 003 | - | 018
A o i opp i v | 008 | - - | o6 |10 - - [ 011 | 0a1 [ 030 [ -
6 A =y 2 EEE ) | Sl v | 006 | - - | 059|092 - - | 009 | 015 | 042 ] -

L i £ ve [ oos| - [ 009] 155 | 028 | - - | 004 [ 007 | 058 | -
i Bl FLﬁ avL v2 : vs | 004 | - |-016 | 143 | 014 | - - | 002 ] ovs | o5l | -
B B8 EEsER] 1 3 v6e | 004 | - | -045]| 112 | 013 | - - [ 001 | 004 | 037 | -
[ S ! 1 i 38 ERIFE _ | |Intervals [ms] Interpretation must be authorized by physician
| EEEanrmEEEEaEElITEE
[ P e | B et | e 81 ] ,
S | s 1 2 SR EP e L | Automatic marker setting
f | | | RS RS PQ 5 Patient's age unknown

‘ 111 aVvF V3 V6 ' QRS 93 Bradycardia
— ’f P T

| : B Ffier QTc 395

i el. osa pro depolarizaci sini

m— el. osa pro depolarizaci
komor
. 0sa pro repolarigaci komor

S e BT poifei e e B
45 mm/s 10 mm/qV [AC 50/60 Hz]fad 0.3 Hz] |
= 5 T -+ i = =

e AL LA L TR LA L L /\_,,.ﬂ |

[ 777 T e 7 3 EEER OO R Py {7777 ¥ 55 B B P ™ o EEER FEp P 7 T 006 +0:07 | RS €Y. 7254 FEVE: EEEE) FEEE 177 ™ R ERER Rt Bt 70 17
| 1 | | . Los | | : 1 ' i i i i H i ! 1 | ! | | : 1 : 1 2

HR [llminj
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Flutter sini

— Pravidelné pilovité zuby mezi QRS.

drr pr i h A ant  Pravidelné RR, tachykardie.
— Podkladem je krouzivy vzruch (re-entry) v

T e e cinich.

— Pravidelnost je dana pocCtem ,otocCek”
vzruchu na prevedeni na komory (na

obrazku: 3 otoCky na 1 prevedeni na

komory).
— Pokud flutter nevymizi, meni se ve fibrilaci
sini.
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Fibrilace

Fibrilace: nesynchronizovana aktivita kardiomyocytu

Sinova- chybi P, slabé nepravidelné ,,zubatd" izolinie, RR nepravidelné, frekvence 80 — 180 bpm,
neni zivot ohrozujici, ale vyCerpava srdce

WMM@% fibrilace
JWVA—\“JL"—J\/FJLA normal

Komorova — srdce nefunguje jako pumpa, nulovy srdecni vydej, poskozeni mozku po 3 — 5
minutach fibrilace, bez v€asné defibrilace se kardiomyocyty vycerpaji a prechazi v asystolii

AP A/ o

Asystolie — neni pritomna elektricka aktivita,
neda se resit defibrilaci
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Extrasystoly

— Supraventrikularni — ektopicky vzruch

vznika v sini nebo v prevodnim systemu AV
— QRS komplex extrasystoly ma normaini tvar (vzruch se komorou
Sifi normalné),
— vina P nema normalni tvar (maze byt zaporna &i zakryta QRS),

_’
— muze byt s postextrasystolickou pauzou (pokus se vzruch Sifi
zpétné sinémi a vybije SA) !

— Ventrikularni — ektopicky vzruch vznika v komore P Atla prematurs compiex
— QRS komplex nema normalni tvar (,obluda®)
— pfi pomalé srdecni frekvenci je bez kompenzacni pauzy
(extrasystola je vmezerena mezi normaini QRS) o sinusovém 1 FEErri i b e R L EE R EEE D
— nebo obsahuje kompenzacni pauzu, pokud dalSi vzruch
pochazejici z SA uzlu pfijde v Case, kdy je komora jesté
refrakterni

Ventricular Extrasystole

35 Fyziologicky ustav, Lékarska fakulta Masarykovy univerzity




Ischemie srdce
A

elevace ST

(Pardeho vina)
B

o Patologické Q
Transmuralni infarkt

Negativni T (obraceny
smér repolarizace)

Elevace ST — nékteré
Casti tkané se
depolarizuji se
zpozdénim

Patologické Q
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11 Rhythms Nurses Need to Know

Basic EKG/ECG Rhythms

Common & Formal Rhythm Names 6 Second Rhythm Strip | Identiflers |

V-Fib No P Wave,

Ventricular Fibrillation NO GRS

Regular,
V Ta Ch No P Wave,
Ventricular Tachycardia - - Wide QRS

NO PULSE

. Irregular,
Torsade de Pointes NogWave,

Type Of Ventricular Tachycardla Wide QRS

NO PULSE

mr@>x"MNn0OIwv

*Synchronized Cardioversion possible for SVT if medication ineffective.

Regular, P
Wave Hidden,
Supraventricular Tachycardia - i Normal QRS

R | 9
STEMI P Wave,

ST Elevation Myocardial Infarction ST Elevated

. Irregular,
A-Fib lm-l L
Atrial Fibrillation 1 Erratic Waves | * GRS normally narrow but not atways k=10 1y
Reg or lireg,
A-Flutter No P Wave,
Atrial Flutter T sawtootn- pattern bzl e

PVC m gt

Premature Ventricular Contraction = No e _, Wide QRS

5 B e m A5
Rate: Slow (<60 bpm) Normal GRS

Reg ular,
P Wave,

Rate: Fast p 100 bpm) MNormal QRS

Regular,
NSR =
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