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Sinus paused 64

Atrioventricular nodal reentrant tachycardia 65
Atrioventricular reentrant tachycardia 70
Atrial tachycardia 71
Atrial fibrillation 73
Atrial flutter 77
Premature ventricular contraction 78
Ventricular tachycardia 82
Idioventricular rhythm 84
Ventricular fibrillation 86
Torsade de pointes 91
Asystole 92
Pulseless electrical activity 94
Atrioventricular block 95
Bundle branch block 99
Acute coronary syndrome 102
ECG in electrolyte imbalance 113
Pacemaker rhythms 118
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A9 1 Cell membrane potential
WA 2 MIiadndinuuazmsiAaafulniila
AT 3 conduction system of the heart

AN 4 aszaenTnTuineaulWiila

MR 5 MsNeTalWiLuy 3-electrode system Waz 5-electrode system

A 6 short PR interval

A 7 prolonged PR interval

Al 8 Q wave

AT 9 R wave progression

A 10 suuuugey QRS complex

A 11 J point

A 12 ST segment elevation w8z ST segment depression

mwﬁl 13 T wave inversion

A7 14 tal peak T wave

AN 15 hyperacute T wave

Al 16 prolonged QT interval

A 17 U wave

mwﬁl 18 RR interval

Al 19 dnwacadulnihilauni

A 20 limb leads

A 21 suvdon13092 I chest leads

A 22 paulwiilenfidemsadiaue

Al 23 paulwiialenfisem: e

il 24 uaassdumahlniilafidgadufinlnihain SA node

AW 25 Junctional thythm 71lsifi P wave

it 26 uamssdumah i lafideadidialwih
NAFMUKLIATINR1S AV node

A 27 Junctional thythm 7131 Inverted P wave
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i 28 uaavsaum s lWiilaniigedndalwi

negraulumesiuuues AV node

AWl 29 Junctional rhythm fifl P wave mumnas QRS complex

At 30 uanosdumai i lafidaaduiinlwih
fiogApulunefusisuns AV node

il 31 ventricular rhythm; monomorphic VT

it 32 uansaamiilalWihandmumislaiosan

Wil 33 ventricular rhythm; polymorphic VT

it 34 uansaamiilalWihainsilaviessoifinanesiumis

Al 35 ventricular depolarization vector

AWl 36 axis of ECG

AT 37 P mitrale

A7 38 P pulmonale

AN 39 left ventricular hypertrophy

AT 40 right ventricular hypertrophy

Al 41 ST segment elevation

AT 42 ST-segment depression

AT 43 sinus tachycardia

AT 44 sinus bradycardia

AT 45 sinus paused

AW 46 atrioventricular nodal reentrant tachycardia (AVNRT)

AN 47 u,ammiﬁwﬁzgmmiw%mmuiau AV node

AN 48 atrioventricular reentrant tachycardia (AVRT)

AT 49 wnomssedaaalWinIune accessory pathway

A 50 atrial tachycardia

it 51 geAndalwihiiialasieoun

MWl 52 atrial fibrillation

Mwdi 53 aaddialWihvaesmunsfivalaviosuu

Al 54 atrial flutter

A7 55 sinus rhythm waz ventricular rhythm
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Al 56 bigeminy PVC

Al 57 trigeminy PVC

AN 58 couplet PVC

A9 59 short run PVC (short run VT)

A7 60 Ron T phenomenon

A 61 ventricular tachycardia

Al 62 Idioventricular rhythm

AW 63 fine VF

AWl 64 coarse VF

A 65 Torsade de pointes

AN 66 asystole

AN 67 first degree AV block

Al 68 second degree AV block mobitz type |
Al 69 second degree AV block mobitz type Il
A 70 third degree AV block

A 71 left bundle branch block

AT 72 right bundle branch block

mwdi 73 magaauliihialandudu (miror image)
AT 74 ugng groups of leads

A 75 ST segment elevation Tu Lead II, 11, aVF
AT 76 ST segment depression 14 lead V3, V4, V5
AT 77 tall peak T wave

AWl 78 sine wave

A 79 flattening T wave

A7 80 short ST segment Wz prolonged ST segment
AN 81 atrial paced rhythm

Al 82 ventricular paced rhythm

Al 83 atrioventricular sequential pacers

il 84 paulwihiidle 12 leads A 1

it 85 aauluiiala 12 leads Asedi 2
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Myl 1 apuddumssfouasihduanalwihuesila
A1 2 Fundemsnetalni limp leads

m31971 3 untemINetalwi chest leads

a7l 4 Groups of leads

A91971 5 ECG criteria for the diagnosis of
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vladuedsrzivszneulufenguuadifinuauifiee susaduan
Adalvila (impulse formation) lasaunuies a1u1sanszsuliiAndndvinou
(action potential) wazsostodmanalwihlugangueadihlwiuassadnduiailald
wadnfmuiiorladsemusmuiulaeiidulodulaseie vilisadiodiaduinse
AUAUNIUNIT9I9321I01WARR (low-resistance junction %38 gap junction) A13LTNF
Tugnuazivilvmmsndededuanalnihderudunon q eg105mis Jonszduli

amuilowlanasiududonaznionq Au'

avAUs:nauzavs:uumsuruihiurole

asAUsznousAnluszuumsihlnihuesiila (cardiac conduction system)
U3znaunle sinoatrial node, atrioventricular node, conducting fiber uas ion Ineil

NURLDUARIY
Sinoatrial node

Sinoatrial node (SA node) unguigadegluialavissunsn Inddumoi
2OINROALRDAAILIUIATI (vena cava) vimﬁwﬁl,ﬂumaﬁﬂu%m: 130 pacemaker cell
FoiuanriialwihuesialafvhliiAadndvine (action potential) Jurou 1ntue
wilenhliiadfeglndidaadndndlnihse 4 duly nnuadiddndlwiigonild
waslaeseu wRouHudsI e lneisuaailaesuuendeluiesuudie
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dulU atrioventricular node (AV node) uazialavissaomusiay wasnauiiowila
winziunavi A Andvieufmeanuafidedu iupusuifianzueseadly
Fumistiu 9 Fendn intrinsic pacemaker rate funguiuagung SA node AANuAgoNan
Tun1zUnf SA node Fordumuvsiofifnuasnnnsiiuuesiala Aad Ao 60 - 100

Ass/un 2

Atrioventricular node

Atrioventricular node (AV node) Lﬂuﬂ@jmméﬁaauiu%nmawim:wjmwﬁa
fuilavesuuuazaisen Tunnzunimsteduanalnihanmlavesuuasluesas
suduseonIy AV node iwue esnnwadnduiewilaiesunuaziesaoiulyls
Feuserulaonse fifeadulalaseneiuszauiuly AVnode Foidusmmvungniisa
lumsiiusmesilaesmsuaniuaiousinseoduaalnihanilaiesuuiifens
madusuAulullinuaslugailaresdoldaaseniinsnszgu

AV node ilunguigadisunsosiedyanalnilfiesudfidniiudies
40-60 ASorond AoiulunzUaRsesusuanalnindesin SA node doasostaos
T 1A59n97 wid SA node ldmunsasieduanalwinlamuyuni AV node 819vh
wehfiuny ﬁﬂﬂﬂﬁulw%ﬁﬁﬁmﬁuﬂmiw%mﬂ AV node 71 junctional rhythm® aguigas
suvsslamunonisluialafivhmihfiduaadufinliihiieguan SA node Baang
i ectopic pacemaker wulslusialavssun wilavessuuasluiufisessoszning
NOUUULAZYBIN (junctional pacemakers) mivi'wmum\jmjmmémdwﬁmﬁ]ﬁﬁinmﬂo
wemdevaesuvdsludasnanfeidudld mngadudalwiddundeiasavinli
davazveonaulninlafisuuuuiAedy wimadnarodmunieiliaduliihinlad

aegluuy
Conducting fiber

Conducting fiber udulashdaalniluile vimhiigoduaiodih
nagaiiflalwilugodausie g veoviala Soduafioumeliihlwianadsums
ludawadiieguaems wennntudisnsasodpaalnihldeoudisnsisuie
05-40 Asosiawnd @ Uszneusie tuiiaeends (bundle of his) tutiaudiud (bundle

branches) waziwea3aualwiues (purkinje fibers)
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aszuumsivliAndndiom suriliwasaduiiowlanasuazaaom
Aedesiuleseu (on) ddw 3 via ldud Twunsdeu (potassium [K]) Tofen
(sodium [Na*]) uazwAaLdea (calcium [Ca*]) Lméﬁaﬁﬂm:ﬂ:ﬁﬂ (resting state) 10usze:
Alifimawasuuasuszaliih Tnnadeudulvgjorluwad lodeudnlnaaguan
waduazueadendiulnaedludeiuiemeludulandiuiile (sarcoplasmic reticulum)
Tuszesfivinauenwadivszauaninanitlugad Gananizlnanlsdu (polarization)
1o SA node s5wdanaluih TahliAnanumedngluiviliiAnnswasuulag
Fndlihuuderiuead vlilufenuruuus (sodium channel) Wa Tuifsuainuen
waddniguad vlienumednd i luwadwfounnaunmedunn wadiofn
msflwalsiodu (depolarization cell) uazfinavitliunnideosluszuuieuiamely
dulonddle Wihduwadviliduloveniiu (actiny uazluledu (myosin) aduie
wlanam wdsnniulodeuuruunaln saulwuns@eununus (potassium channel)
e illwunadesluwadinieuonuenwadvilisauanluoadana wadiodin

Swanlsiudu (repolarization cell) nanuiievilanaiesy 2

+ +
+ +

+ + + + + + + +

resting cell depolarization cell repolarization cell

AT 1 Cell membrane potential
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nrzuanmaAndndvuresnfuileilaFuansesinuesideuladd
duszezlifimaAsuuao sz lwiidsty sudlefinsnszduliiAamaAsuuta
Aagliih TmalauazUavesdoclesanumieuirad Jeiimandouiiveslesouin
uazeenwad InmiliAnduuazrmeivengasniuiionls wodu phase 4,0, 1, 2

waz 3 muasusei!?
Phase 4: Resting membrane potential (baseline)

uszezinveoidoriugad luszezimeluwadaduiileiladdndlwiduay
Lﬂm:a:ﬁauﬁa:ﬁmim:ﬁjumavl,w% Hudrsiinganiiewlenmes (diastole) el
waddlwunaidoumnn luvasimeuongadilufouuazuaaioumnn soziiilszauan
menenwasnanmolugas manglnihmelugasluszesizoimainaulszunn

-90 Aadlaa (millivolts; mV)

Phase 0: Rapid depolarization

'
al al

uszezifimanszdulfiiamanfsundasdndluih Tanlavoslufon
wuuua (sodium channel) vlledauanuenaaditigagotonmns loRsuds
duloseuuinifledugadunn vilianusednglniluwadiuasuan -90 dailias
Ui +10 fadlaad asiidadlnineswasiinmainivethornsilusaznasusy
w5138nANEYe (action potential) viliAnnszuIuMIATwanlsiwdu (depolarization)
Foviliindaiiolavam anugeuasdndlwihdetuegiuanuduiunoslufoniio
meouenad Welufsudieaduinaanaihlianududurelniouiioguanuad
AAROLIDE 9 UMABLREY 20 mMEg/L (MUnAUTzII 140 mEglL) Sevinlviwad lusmunse
aanszduliiAnAndvinoluidld Fo3unszesiiin effective refractory period (ERP)

Tupauluihislanssfunsmdaenniu (upstroke) Tr0wes QRS complex
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Phase 1: Rapid repolarization (notch)

Wuszesilodonurnuuada Solufilodeudnoas Tuvasilnuwmadon
wrunua (potassium channel) Wa vililwunaidonluwasindsuesnanwagas
71057 (K" efflux) vilsingmdasiliuduiiansmaoninfufiofisudiuangedn fdnvaus
fu noteh Fuifluszezizuinmsamemvesiila wio3lwanlsiwdu (repolarization) 7
dAndwludiodu g szesiinserunsmdrsnasluniulniiiladasees QRS complex

Aoulu ST-segment
Phase 2: Plateau phase

fuszoziAnsnalswduseiilosn phase 1 3zl Tnuna@onurnunauas
wARL@enLTuLYS (calcium channel) 1Wa villnunsdouluwasindsuosnuenions
fauupafouainuenwagiAioudigas (Ca* influx) amsfitdunsmsuLanoliiu
Ilnunadandoinfoussnuonwadaunaduuaaifondonfewdiiead szazinsadu
aaulnfilaludisves ST segment

Phase 3: Repolarization

uszezAnsinanlswdudiogaiie ssozilupa@enuruiuadn Tuoasd
Twuna@enuruuuadonndn illnuns@amnionesnuenwadizos 4 dndlwily
waRdoanmaaos | sudedndlindumedfilszinm -80 fv -85 fadlnd
il lnunsdouwonunada unalinduiedlanaiom szosinsoruaauliin
Wilalugisves T wave

NAnsTuIuMIARdRgThouessnguiewlafinauine ugasmstAndng
youuazmatAnaauliihilaldmouandlunmi 2
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+20 -
A
<
=
0- %
v A
6:92
-20 =
o
3
-40 = <
-60
-804
< Phase 4 »y | resting membrane potential Phase 4
uanwad K Na® Ca®
-100= Fovfuvad -90 mv.l T tlo mvT T l Q& h -85 mV.
Tuwad Na* K* K* K+ -

i 2 mMmsAndndviurazmsiiarauliila

ar1aumsasvna:urluihaoviole

szuumsth iihweesiala (cardiac conduction system) fisAumsssosayaia
14 (electrical impulse) uazinigishliinmssedanalnilneiiiamnmeanniilaies
vl laviesanethe Sasaaussil

SA node aswaryryuluih

paulwisilaunddaaduialwihi SA node WosHodmwanalwihudunlusds
nRNIARUTATEsABAUT laRBIUNIN (crista terminalis) wiunlUsomasnauile
vilaviosuudiduq Tasdfiamonsuiandrsenluiedrs wazunanawdoialasly
TUfunen Bunnszuiumstaeiin atrial depolarization devinlsiilasiosundiusm ugng

Wity P wave Tupauluiiila
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AryryruTihgndvid AV node

FeaalWiiain SA node soriuidumsmsideaalwia (Internodal
pathway) lUgs AV node THmusnaiivszana 0.04 89 0.12 3ud deiuhdaaia
IfehuladufefiouAusundsdy Wesain AV node fvmadn Sdosszniowas
(gap junction) ldsnn Feunnguuadulililadudunse egluszduiduiugiu
(isoelectric ling) 53319 P wave uaz QRS complex ugaslisiuiiu PR interval lunau
IWiiala

AryryinuTwihgnavll conducting fiber

ganalwiiann AV node dudoluds conducting fiber Tnadslufivuia
panda (bundle of his) MniuedusialdsTuRausuddena (right bundle branch)
wazUumauS1udi19te (left bundle branch) Tnsduanalwiiunlumemudaannnin
mosue iliwileiladudheiadndlnineundsiuendndes andundse
Tugowesaualwiues (purkine fibers) uaznduiiawilavissa Tasurarnsmululy
FuLen AITUIUANTELSEA major ventricular depolarization vilnguiiewilavisssne
fus nserunTmdsninluaduluivialadisues QRS complex wisansilaessns
dusuds Anglwilueadisuansmasdes ¢ Wunalinduflewlansad aseiu
nsntrsmaslunaulniuinlatisues QRS complex, ST-segment uaz T wave &6
mssowasihdyanalniivesilasguldfousndlummoi 1 urzami 3
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mseh 1 sguarumssssuazhdyanaliioesiila @

AU anuslumsildir  sasnSlunsadodaaia

. Tasosiovnsiale N o

f (m/sec.) 1# (beat/min.)

1 SA node <0.01 60-100

2 atrial myocardium 1.0-1.2 None

3 AV node 0.02-0.05 40-55

4 bundle of his 1.2-2.0 25-40

5 bundle branches 2.0-4.0 25-40

6 purkinje network 2.0-4.0 25-40

7 ventricular myocardium 0.3-1.0 None

SA node

)

Internodal pathways

AV node

.

Bundle of His

A 4

Right- Left bundle branch

A4
Purkinje fibers

AW 3 conduction system of the heart

(WS§I55A ARA1, 2563)©
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Ueduniwaconisuniuizaovnole

mahdgaraliianganuialaiilsludesnduiieiladausie g 10w
MIRIHIUF e W aRNAAR VAT L ST UABULRILARDUNINTBEI19TE NI
wasludugagdsifss nszuiumsilgnmuaunisilfsuuaslamenaisdadasil”

s:uuUs:andalubana:zgasiuu

MInIzRUlIzEmMTunImAn (sympathetic nervous system) vinlsidane
Uszannnaouesdiumsu (norepinephring) TUsuAuMsuILA (beta receptor) U AV
node VilAnAnEvEITuTeil phase O (rapid depolarization phase) fAiduuasdl
WBNWRYA (amplitude) gy yladudusiuazuseiu WAATZAUU TR NTUNUNAA
(parasympathetic nervous system) Imﬂm:ﬁmﬁuﬂi:mmaﬁﬂ (vagus nerve) uaie
Uszamaznasezigiialadiu (acetylcholine) ludususisusian3ia (muscarinic
receptors) utiiaviuiaduas AV node viliiAndndvihnuldennuazmnilnihanas
fnaviliialaiudias dousesluuiidnadeniailwiila fde uaiilaaidy
(catecholamine) ﬁqwéﬂﬁwamms:ﬁutﬁuﬂa:ﬂm%uwwmﬁﬂ fue@nalafu (acetyl-
choline) fignsAmemMInTzAulIzam NI NINNMAR

aianinslad

'
I al o

InReusfifiunuandifsensiousendniowils laua Tnunsdoy
(potassium) uxATi@an (magnesium) lewRey (sodium) uazuARLdau (calcium)
nswnaoufiveslessy (ion) vevdidnlnslasdonanenisiindndluiivesoag
aguiiemls TnunadeuiulosouddafivliAnnsuisuudasdndlniiwila
I Wesnnideruwaduasniudomliwenlilnumaiaunugonitlosousiadu g
maisuudaesziuvesnunadeuluiendoiinadenadsuudasdndlniiila
DEIUIN

mzTwuna@auluiengs (hyperkalemia) vinlsimsamasivaswadndaile
ylauuniiund aaulwisialad T wave gondnd wenanuulwunadandananis
Wouves SA node, AV node unzszuumsidanalninesialaiesarsvirliala
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Fowuinee @ dauazlwunaidenluidend1 (hypokalemia) viliananulilunisgn
nazduraoiadndaiileala (slowed conduction) maulu#hwialadi T wave mndiuni
(flattening T wave) ®

azupai@enluiRengo (hypercalcemia) vilvidndlWtae phase 2 (plateau
phase) uurnunty wnaadouungdoas i nuaslfnaiduas vlinduie
wlanemunniuai efiszpznisameiivesnauiesiilaguas sialadetumuse
Lazi595u dauanzuaadouludens (hypocalcemia) vldnduniiowslansasium
mstumvesiilaluiiuszdnsain '

aladsnludens (hyponatremia) viTlinszuaunsdlnan lsidudivinli
Andndveuasnduiiowlaguas vivls phase 0 (rapid depolarization phase) i
WONNAYA (amplitude) sae 19V SA node wensswiyanalwinziuiu 1hn
mMzinlaiuRndszeiia sinus arrest b "

anzuunil@euludons (hypomagnesemia) wunaihdoufunuingifay
Tumssamanaamahouueseadua:maAndagihog maszduunniidaulufans
wlinszuaumslodenTnumadoudy (sodium - potassium pump) s mAnUAR was
ylidndvhouluszesinuesderuiraduazszzmainsnalnedureosadiauai

WusumasAgiviliiAannsilawmuindemzunssuia Torsade de points
WA

MIVNRINUNAAUILaR Ao oA ludulnswedn (adenosine triphosphate:
ATP) fanusidulumsawpai@ouuruuua (calcium channel) ARREANSII1H
anaoiliupaiduunuiuansusuassansnszsuanas lwagsuAadndhoulad uas
morenRenudunanu ilddesitsszviowas Uad msihdwaaliiianag

mliiadifonaautinelwi
suaovigaanawitionaty

AN lumahlnihdsiveddunatiavesloiAsuusuuualy phase 0 (rapid
depolarization phase) asfiiloiionusuuuain vilaAnRngiugs viliiinag

'

auAnd i AuwadnogdsiAssunniohlnihlaig
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AWAUNUTWA

waandanumumulnihgevilihdyanalwihlad wu AV node 1woad
PWIALEA H91uteeenoges ursldifsuutuiuatosningagou g luila
finnusunulnihgedorhdanadwii e

asu

yilaueiesiifnasuniaiiey mmsadugadudalwih dnhliAnanums
FadlihAueadingfos wazdededyaalnitidunen q TnefigaiFuduil SA node
doseuanailihlues AV node, conducting fiber waznguiioilamusisu aszuammsi
Andusmasiludedimi vlveasnduiewlensiesuuuazssiimanamifieu
wienAusilouduwasifeiiu audusaduifensennnilala wasansialadum
dndlwihveswasisanasilinduiemlenmei assuaumsmoliiiveeiles:
Suduiursseulnddnasoile SA node sfudmanalni nrzummIiAauag
soulugnuaziilinladududon:lnofinstuuazamemeasuiuld dasiindu
wazanasesdnd lwihviliAnduady (waveform) fisnusatuiinduasvaaulni

Wl (electrocardiography)
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nuu@nia uni 1 s:uumsufuihaovhole

[ 4

dolallugnGuduiinlinadndvinu luadulwilialeuni
n. AV node
9. SAnode
A. right atrium
g. left ventricle
2. dolanangnAesiisarunisairoussiivlniiesale
n. wadnduilealaldmunsaiilwihld

n3UszeW vagus nerve vihlsiialatuiiat

=

A. SA node audaalnilfsiniiwadeiindu
0. AV node Freiinsnsisilumsthlwihlugilaesss
3. telaviminiinsesvieniedanalnininialavesuuniuasludeialarossns
n. AV node
. purkinje fiber
A. bundle of his

d. Interventricular septum

]
ad

4. lossuielniifinasensuasuutasaaulnilnialeuindign
A. sodium
. chloride
A. calcium
d. potassium
5. n1snszﬁu1ﬁsﬁmﬁfwa115sﬁii’u (depolarization) lutielallusnvndiAyvesns
innaulnfialsAnnAsuuss
n. P wave
. T wave
A. ST segment

J. QRS complex
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