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NMPOBOAOALLAA CUCTEMA CEPAOLA

Atrial Muscle
(~0.5 m/sec)

SA Node
.......... AV Node
----- (~0.05 m/sec)

Bundle of His
(~2 m/sec)

Bundle Branches

(~2 m/sec)
Purkinje Vmgcétlgar
oers (~0.5 m/sec)

(~4 m/sec)



KPOBOCHABXEHWUE NPOBOOALLEN CUCTEMbI

NMPABAA KOPOHAPHASA APTEPUA (RCA)

SAOHAA MEXOKEJTYOOYKOBAA A

[MPABAA KPAEBAA A (BETBb OCTPOIO

BETBb APTEPUAJILHOTO KOHYCA (50%)

NEBAA KOPOHAPHAA APTEPUA

NEPEOHAA MEXOKEJTYOOYKOBAA A
OVWATOHAJIBHBIE BETBW (1-3)
NMEPEOHVE MEPEMOPOLOOYHLIE BETBU

OI'MBAIOLWLAA APTEPUA
JNNEBAA KPAEBAA A (BETBb TYTOIO

SAN

His

bundle

| ofLBB

Coronary Artery Cardiac Muscle Conduction System
RCA RV-lateraliposterior wall SA node (45%)*
LV-inferior wall AV node (90%)*
Bundle of His
Right Bundle
LAD RV-anterior wall Left Bundle
LV-seprum/apex/
anterior wall
LCx LV-lateraliposterior wall Lefc Bundle
SA node (55%)*
AV node (10%)*

* Represents the percentage of the population in which this feature oceurs.




KPOBOCHABXEHUE MUOKAPOA
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Middle Cardac v.

Posteion intepventiiculag a. (PV)
OR Posteriof Descending a. (POR)

Posteior v. of Lefl Venteide
Raght Ataum

Posteion a. of Lefl Venhiide

S.A. Vedal a. ovligue v. of Left Algium

a. of Right Alium

)

Auracle of Rught Ateaum 9 ( a. of Left Algium

»
\
Small Cardhac v. /
K'\Qh{ Maﬂg'mal a. \-CA \q Clﬂumﬂel Q.
Lefl Margunal v.
Anterao Cagdac W. Eowili i o i
L 5
Great Cardiac V. Lefl Diagonal aa. '

Lefl Anterior Descending (LAD)
OR Anterio mtegventiicular a.



NOTEHUMAN OENCTBUA

SA node

Atrial muscle > k
AV node >
His bundle > 1 — B
Bundle branches —
Purkinje fibres >
>

Ventricular muslice
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NMOTEHUWATN

n E M CT B Mﬂ The sinoatrial node

Sinoatrial node Contractile myocardium
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NMOTEHLWAN OENCTBUA B MUOKAPAE

Action potential of cardiac muscles

Grigoriy Ikonnikov and Eric Wong

Membrane potential (mV)

Phase 4 Phase O Phase 1 Phase 2
ECF Na+ Ca2+
A 4 /
E YyvyYyYy \
ICF K+ K+ K+
Transient K+ channels open and
K+ efflux returns TMP to OmV
1
0 -
Rapid Na+ infl -
ARIC e InTdK Influx of Ca2+ through
through open fast L Cao s dh I
Na+ channels | i ek ok
is electrically balanced
0 by K+ efflux through 3
delayed rectifier K+
B channels
Na+, Ca2+ channels
closed, open K+
rectifier channels keep
TMP stable at —90mV
4
_90 al G
~100

Phase 3

=

p—

K+

Ca2+ channels close but
delayed rectifier K+
channels remain open and

return TMP to —90mV

Time



NOTEHUUAIN OENCTBUA B NPOBOOALLEN CUCTEME

Membrane
potential
(mV)
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B gapldI |n.flu3[(. of Ca? Outflux of K*
0 - spealization \ Repolarization
y Slow influx of Na*
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SNETPUYECKUN BEKTOP

Reference

electrode

Exploring

electrode )
Electrocardio-

graph

Reference

electrode

Exploring
electrode Electrocardio-
< ) graph

The electrical vector is
directed towards the
explorating electrode in
this lead, and therefore
causes a positive deflection

| (wave).

The electrical vector is
directed away from the
explorating electrode in

this lead, and therefore
causes a negative deflection
(wave).



The reference point (Wilson's central terminal) is
constructed by taking the average of all three
limb electrodes. Taking the average of these
yields a reference point located in the centre

of Einthoven’s triangle.

Reference ‘

Horizontal plane

The right atrium is activated first
and the depolarizing wave is directed
towards V1, which displays a positive

deflection.
l l r

Secondly, the depolarization JV b L
spreads to the left atrium and

the depolarization is directed V6
away from V1, which therefore Y
displays a negative deflection. Note the successive transition of the
S QRS-komplex from V1 to V6.

Exploring
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Voltage (amplitude)

>

time

CKOPOCTb 3AINMNCHU

50 mm/s

. 0,2 seconds
— 0,1 seconds

n (0,02 seconds

] 1TmV
JAmplitudI 10mm

~l |
10 mm = 0,2 seconds

CkopocTb 3anucu 50 mm/cek

1 6onbwon kBagpat = 0,1 cek
1 maneHbkmnn kBagpat = 0,02 cek

25 mm/s

' ' 0,4 seconds
— 0,2 seconds

0,04 seconds

1T mV
10mm

| |
10 mm = 0,4 seconds

CkopocTb 3anucu 25 mm/cek
1 6onbwon kBagpat = 0,2 cek
1 maneHbknn kBagpat = 0,04 cek




CkopocTtb 3anucu 50 mm/cek
1 6onbLwion kBagpat = 0,1 cek
1 maneHbkun kBagpart = 0,02 cek

Y IPNEISEE [N [PNSIUIISY ISR

CKopocCTb 3anucu 25 mm/cek
1 6onbLion kBaapat = 0,2 cek
1 maneHbkun kBagpart = 0,04 cek
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YCTPOUBO AMNMAPATA 3KI

BxonHoe ycTponcTso
BxoaHbie

nposoaa KommyTtatop
oTBeaeHniA

Yceunutens

faneBaHO-
!__“._ = AKI-neHTa
,
A

AnekTpoas!

oTBEeaeHuM _
OKI // /// 4
&o o ‘
Peructpupytouiee
W Snextpon ann YCTPOWCTBO
3a3eMneHus

[na 3annucu ncnosnb3yeTcd MaroMHEPLMOHHBLIN NMUCYKMK, K KOTOPOMY NOABOAAT YepHUna.
B HekoTopbIX MOAENAX OCYLLECTBNAETCA Tak HadbiBaemMas Tensnoas 3anmcb K[ ¢
MOMOLLIbIO MNCYMKA, KOTOPbIN HarpeBaeTcd U Kak Obl «BblKUraeT» COOTBETCTBYHOLLYHO
KPUBYIO Ha crieuuansHom Tennoson bymare. HakoHel, CyLwecTByOT Takme
arnekTpokapanorpadbl KanunnsapHoro Tuna (MuHrorpadobl), B KOTOpbIX 3anuck IKI
NPONCXOAUT C MOMOLLbIO TOHKOM CTPYN pas3bpbl3rMBatoLLINXCS YEPHUT.



CTAHOAPTHAA 3AINMNCDH 9KI'

— OnA 3ANNCU CTAHOAPTHOW
OKI HEOBXOOMMbI 10
SQJIEKTPOLOB (9 anektponos angd
oTBeAeHu + 1 3a3eMrieHmne)

3ATMNNCBIBAIOT 12 KAHAJIOB
(OTBEOEHNN) —
OOHOBPEMEHHO, ecnu
no3BosiseT obopygoBaHue, unm
MOOYEPEOHO MNMEPEKJTFOYAA
OTBEOEHWA

| _/Jl—_/  —— 05¢c
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CTAHOAPTHAA SAMNMUCDH 9KI'

CornacHo pekomeHgaumam AHA/ACC no ctaHgaptudaumm n nHutepnpetaunm SKI 2009
roga, rpyaHble oteegeHms V3R n V4R gomkHbl ObITb 3apernctpupoBaHbl y BCEX
nauneHToB, merLmx IKI npnsHakm ocTpon nwemMnn/mMHMapKkTa HKHEN CTEHKN.

@ 4t intercostal space to the right of the sternum
V, 4Mintercostal space to the left of the sternum
@ directly between the leads V, &V,

@ 5th intercostal space at midclavicular line

@ level with V, at left anterior axillary line

@ level with Vs at left midaxillary line
(directly under the midpoint of the armpit)

5t intercostal space,
right midclavicular line




CTAHOAPTHbIE OTBEOEHUA ot KOHEYHOCTEW

B 1913 rogy Bunnem 3MHTXOBEH B COTPYAHUYECTBE C Konneramu onybnukosan craTbio, B
KOTOPOM NPeasioXusl K UCrosib30BaHUIO TPU CTaHOAPTHLIX OTBEAEHUS: OT NMpaBon PYKM K
neBOW, OT NPaBOW PYKN K HOre U OT HOMU K JIEBOW pyKe C pasHOCTAMM noTeHumanos: V1,V2
n V3 cooTBETCTBEHHO. Takasi KoMOMHaLUMA OTBEAEHNN COCTaBNAET ANEKTPOANHAMMNYECKU
PaBHOCTOPOHHUI TPEYronibHMK C LEHTPOM B UCTOYHUKE TOKa B cepaLe.

MpaBas pyka — KPACHbIN

JleBag pyka — | |
INeBas Hora — 3EJIEHLIV
[MpaBaga Hora — YEPHbIW (3azemneHune)



B

1924 rogy HobenesBckasa npemus «3a OTKpbITUE

TEXHUKN 3reKTpoKkapanorpamMmmbl»
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B 1885-1889 rogbl OMHTXOBEH 3aHMMarncs nccnegoBaHnemM omsanonorum abiXxaHus, B YaCTHOCTM n3ydeHnem paboTtbl GnyxaatoLero Hepea B
MexaHu3me KOHTpons abixaHus.[3] B 1889 rogy SMHTXOBEH NOCETU NEPBbIV MEXAYHapPOAHbIA KoHrpecc no cdousmnonorin B basene.[14] Tam oH
NO3HAKOMMIICS C TEXHUKOW 3anuncu anekTpokapamorpaMmmel, NpogeMoHCTpupoBaHHon Oractecom Yornnepom (aHrr.)pycck. Ha npumMepe cBoen
cobaku Ixummu, kotopomy B 1887 rogy BnepBbie yAanochb 3anucaTtb KapanorpaMmmy YenoBeka Ha KanunnspHom anektpometpe.[15][16] B 1893
rogy Ha 3acegaHum HuaepnaHackom MeaMUMHCKOM accoumnaumm (HUA.)pyCcK. QNHTXOBEH NPEAnoXun K NCNoNb30BaHMIO HOBbI TEPMUH
«3nekTpokapanorpammay. [loaxe, ogHako, OH oTKasancs OoT aBTopcTea B nonb3y Yonnepa.[17] C 1890 no 1895 roabl AMHTXOBEH 3aHUMarcs
YCTPOMCTBOM KanunnApHOro arekTpomeTpa, ynyyas ero yHKUMOHANbHOCTb U YBENMYMBas paspeLleHne, npuMeHas omnsnko-maTemaTnyeckum
noaxod. EMy yganock nony4mTb XopoLume anekTpokapanorpaduyeckune naodbpaxenuns. KaxgomMmy LMKy cepaevyHoro cokpalleHuns
COOTBETCTBOBASIO NATb 3yOL0B, A8 KOTOPbIX QNHTXOBEH BBEN HOBYIO HOMeHkNatypy: P, Q, R, S, T n U, ytobbl n3dexaTb pasHornacum ¢
HomeHknaTtypou A, B, C n D, BBeaéHHOM nM B npeabiaywmnx pabortax no MCCrneaoBaHMO ANEKTPOMETPA, B KOTOPbIX OH HE 3anucbiBar
oTpuuatenbHble 3youbl.[18][19][20]

OMHTXOBEHY He yAaBanocCb YCOBEPLUEHCTBOBaTb KanUMAPHbIA 31IeKTPOMETP HaCTONbKO, YTOObI OH MO NMPUMEHATLCA B
AnarHocTuyeckux uensx. MNoatomy oH Havyan pa6otaTb € APYrMM UHCTPYMEHTOM — CTPYHHbIM rafibBaHOMEeTPOM. SNHTXOBEH He 3Han O
TOoM, 4TO B 1897 rogy noxoxee yCTPOMUCTBO YKe ObINIo CKOHCTPYMPOBAHO Kak CpeacTBO CBSA3M (hpaHLy3CKUM UHXeHepoMm KnemeHTom Agepom.
OpHako annapat Agepa obnagan YyBCTBUTENbHOCTLIO, KOTOPOW He BbINo 4OCTAaTOYHO AN UCMOMb30BaHUSA NPUMEHNTENBHO K
anekTpokapguorpadgun.[3] Tem He MeHee, B cBoer pabote «HoBbI ranbBaHoMeTp» (dpp. Un nouveau galvanomeétre, 1901)[21] SnMHTXOBEH
ynomaHyn annapat Agepa.

B 1924 rogy 3nHTXxoBeH npmnbbin B CLUA, rae noMnMMo NoceLLeHns pasnuyHbiX MEANLMHCKUX 3aBEAEHUIN NpodnTan nekumo n3 yukna Jlekunn
Xapsu (aHrn. Harvey Lecture Series), nonoxun Havano uukny Jlekumin Janxema (aHrn. Dunham Lecture Series) u y3Han o npucyxgeHumn emy
Hobenesckon npemun. MNMpumedaTtenbHo, Y4TO Korga QMHTXOBEH B MePBbIM pa3 npoynTan aty HoBocTb B Boston Globe, oH nogyman, 4to ato nnbo
WwyTKa, Mbo oneyaTka. OgHAKO ero COMHEHNS pa3BesfnIUChb, Korga OH 03HakoMuncs ¢ coobueHnem ot Reuters. B ToM xxe rogy oH nonyyun
npemMuio ¢ POPMYNNPOBKON «3a OTKPbITUE TEXHUKU SneKTpoKkapauorpammbl».[34] 3a CBOK Kapbepy ONHTXOBEH Hanucan 127 Hay4YHbIX cTaTen.
MocneaHss ero pabota 6bina onybnnkoBaHa nocMepTHO, B 1928 roay, n noceswanacb Tokam AencTeus cepaua. iccnegosanusa Bunnema
ONHTXOBEHA NOPOW NPUYMCIIAIOTCS K 4ECATU BENUYANLLIMM OTKPbITUSM B obnactu kapaunonorum B XX Beke.[35] B 1979 rogy 66151 ocHoBaH ®oHA
OWNHTXOBEHA, LIeNb0 KOTOPOro SABNSAETCA OpraHn3aumns KOHrpeccoB U CEMUHAPOB MO KapAnonornn n Kapamoxmpyprin.[36]

OWHTXOBEH fonrue rogpl cTpagan oT aptepuanbHon rmnepteHsnn. OgHako NpuyYnHom ero cmeptn 29 ceHTsbpsa 1927 roga ctan pak xenyaka.
ONHTXOBEH Obif MOXOPOHEH Ha LIEPKOBHOM Krnaabuule B ropoae Yrctrecrt.[4]



YCUNEHHbLIE OTBEOEHUA ot KOHEYHOCTEW

YcurneHHble oTBeAeHNs OT KOHeYHocTeun bbinu npeanoxeHol [onbadbeprepom B 1942 roay.
OHU perncTpupyroT pasHOCTb MOTEHUNANOB MeXAy O4HOM N3 KOHEYHOCTEWN U yYCUIIEHHbIM
anekmpodom [ondbepaepa (cpegHM NoTeHUManom AByX APYrnmx KOHEYHOCTEN).




6 OCEBAA CUTEMA KOOPOMHAT NO BEUIN

+aVR +aVL

+aVF

alll

+aVk

[1na 6onee TOMHOro M HaArMA4HOro onpeaeneHns PasnYHbIX OTKITOHEHWUN
OMC cepaua Bo hpoHTanbHOW NNOCKOCTU Bbina npeasioxkeHa
LecTnoceBada cuctema koopauHat Bayley, 1943



'PYOHbIE OTBEOEHUA

Manubrium
Sterni

V4 V5 V6

',

V .‘,v%' 3
TRl

\ 0 p
\ Siss : >
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[pyoHble oTBeaeHna npeanoxeHsl BunbcoHom (Wilson) B 1934, koTopbin
NpeasioXnI nccnegoBaTb PasHOCTb NOTEHUMANOB MeXAy TOYKaMU Ha MOBEPXHOCTU
rPYOHON KNETKU n ompuyameribHbiM 06bedUHEHHBIM arieKmMpoooM BurbCcoHa
(obpasyeTtcs Npu coegnHEHNN TPEX KOHEYHOCTEN).
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OTBEOEHUA
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OTBEOEHUA MO MASON-LIKAR

Anterior |

The upper limb leads (red and
yellow) are placed 2 cm below

the clavicles, in the infraclavicular
‘ fossa, medial to the delotid muscle.

| -

The left lower limb lead is placed

. in the anterior axillary line, between
the last rib and the iliac crest.

Ground electrode,
placed above iliac
crest.



AOOMNONMHUTEJIbHbIE OTBEOEHUA

OnA ANATHOCTUKU MILEMWIA n UHPAPKTA

MWOKAPLOA

JlononHuTtenbHble 3agHNe OTBEAEHUSA
JlononHuTtensHble NpaBble 0TBeAeHUSA

.OTBegeHunsa no Haby
.OpToroHarnbHble OTBEAEHUS
.OTBEegeHnsa no Appuru

oA ANATHOCTUKU AB-OVNCCOLUMALINA TPU KT

.OTBeaeHus no Lewis

ONA OUATHOCTUMKW HACTIEL

CTBEHHbIX OATONOINA

.OTBeaeHus no bpyragy



AOOMNOJIHATENIbHbIE SAOHUE OTBEOEHUA
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OONOJIHUTEJIbHbIE NMPABBIE OTBEOEHUA




OTBEOEHWA IO HEBY

KPACHBIV (-) - Il Mexpebepbe cripasa y rpyavHbi
] _(+) - nog HWXXHMM yrriom fieBow nonaTku
SEJIEHBIN — B obnactn BepXxyLLEe4YHOro Tonyka

OKI™ pernctpupytoT B TPEX nNocnegoBaTenbHbIX OTBEAEHUSX:

1.Dorsalis (KPACHBIV—XXENTbIN) — 3agHeHWKHsAs CTEHKa NEBOTO Xenyaoyka, 6okoBast
obnacTtb

2.Anterior — ocb NpoxoauT napannensHo nepeaHen cTeHke cepaua , kak Bo Il n V4, Hoesown
nHpopmaunm He gaeT
3.Inferior — ocb NPOXOAUT MPUMEPHO TaK ke Kak ocu V2-V3, HoBon MHdopMauun He gaet



[lonyckaeTcs ycTaHOBKa XenToro anekrTpoaa He TOYHO B 00nacTu HUXKHErO yrna JieBou nonatku, a
HECKONbKO nateparnbHee, B no3unymio V7. MIHopMaTUBHOCTb NPU TAKOM MOJSIOXKEHUWN 3NEKTPOAOB
HECKOSIbKO YBENTMUYNBAETCS, a UX HANOXEHUE 3HAYNTENBbHO YNPOLLAETCs, 0COOEHHO Y BONbHbLIX CO
CTPOrMm rnoctenbHbIM pexumom (. ©. baHHMKOB).

CnepoBartesnbHo, 13 3 otBegeHun no Haby ons AnarHOCTUKN MHGbapKTa MMokapaa Hanbonee
Ba)XHO oTBeaeHune D.

B 50-e rogbl . . baHHMKOB NpeasnoXxus pacnonaraTb XenTbln anekTpoq B nosmuyuto V7 (no
3agHen akCUnnspHoM NMHUK Ha YPOBHE BepXYLLKK cepaua). dopma IKI xopowlo nayyeHa UMEHHO
B Mmogndpukaummn 1. ®. baHHukoBa. ObpallaeT Ha cebst BHUMaHNE yBENMUYEHHbIW BOSbTaX
komnnekca QRS. YBenuyeH He Tonbko 3ybel R, HO 1 3ybel Q. OH Takxe gocTuraet
BHYLUMTENbLHbLIX pa3mMepoB (2—5 MM), ogHaKo HuKorga He BbiBaeT WMPoKUM. OYeHb BaXXHO
3aperncTpupoBaTb BepLlunHy 3ybua R, 4ToObl MOXXHO OblSI0 TOYHO CBEPUTL OTHOLLEHNE aMMNNNTYA
3ybuos R 1 Q. lNpu runeptpohum Mexokenyao4ykoBon neperopogkm rinyounHa sybua Q moxert go
cturatb 5 MM. lNpu nHgapkTe mrnokapaa 3ybeu Q B otBegeHUn D 3HauMTENbHO ywnpseTcs,
pocturaet 0,04—0,05 c. Ytobbl nerye opueHTMpoBaTbCs B pasmepax R n Q, cnegyet 3anucbiBatb
OKI" ¢ nsonuHmnen, pacnosnoxxeHHon Bonn3n cepeanHol NIEHTbI, N HE AONYyCKaTb 3HAYNTENBHOIO €€
cmelleHns. Ecnu 3ybel R He 3anucbiBaeTcs 1 BepLUMHA ero He yMellaeTcs B npeaernbl 3anuncu,
cnenyet cHATb OKI ¢ yMeHbLIEHHBbIM BABOE BOSbTaXeM, 3anncas nNpeaBapuTesibHO
MUNNuBoONLTaX. HecobniogeHne aToro npasunia NPUBOANUT K HEMPaBUIbHOW ANArHOCTUKE
NHdapKTa MrMokapaa y 00sibHbIX rMNepTpoduen NeBoro Xenyaoudka.

Kak yacto nomorano Ham npMMeHeHne OoNoNHUTENbHLIX oTBeaeHnr no Haby? N3 1000 SKI B 83
CryyYadax MHgapKT M1Mokapaa 3agHen CTEHKM JIEBOrO Xesfyaovka permnctpupoBarncs Yetye B
oTBegeHnn D, Hexenn B obLenpuHATLIX oTBeaeHusx. OtTeeneHne A, Kak npasuno, aybnuposano
otBegeHue V4, a otBegeHme | nostopsno dopmy V3. CamMOCTOATENBHONO 3Ha4YEHNA 3TU
OTBEAEHUSA AN ANarHOCTUKU MH(papKTa M1MoKapaa He MMeLoT.



OPTOIOHAJIbHbIE OTBEOEHUA

PasnnyatoT KoppuUrnpoBaHHbIE U HEKOPPUTMPOBaHHbLIE OTBeAeHUA. Hanbonee npocTbiMu
ansatTca oteegeHus X, Y, Z, npegnoxeHHole . A. extapem B 1960 r. 3anucbh
nponssoaAT B | oTBegeHnn nocnenoBaTernbHO MEHAA TOYKM HANOXeHUS 9N1EKTPOAOB.

X= KPACHbIIZI(-) — VRS, (+) — V5
Y = KPACHbII{I — cepegmnHa neBou Knumubl, — neBasd Hora
Z = KPACHbIW — nopg yrnom neBou nonartku, — V3

-

[ RL LL

dopma 3ybuoB IOKI, cHATOM B oTBeAEHUM X, O4EHb NOX0OXa Ha oTBeaeHue V5,
aybnupyet ero. OtBeaeHue Y noBTopsieT otBegeHne aVF, a otBegeHne Z konnpyeT ogHo
N3 rpyaHbix oteegeHnn V3 nnmn V4 B 3aBUCUMOCTU OT KOHCTUTYLMM BONLHOrO.

TN oTBEAEHMSA OObIYHO NPUMEHSIIOT B NMPaKTUKe CNOPTUBHOW MEAULINHLI.



Ocu 3 opToroHarnbHbIX OTBEAEHNN B3aUMHO NepneHauKynapHbl U NepecekaroTcs B
npegnonaraemMom LUeHTpe cepaua (puc. 2). [laHHoe obCToATENbCTBO NOMOraeT fny4yile
«YBUOETb» 3NIeKTpUYeckoe nose cepgua BO PoHTanbHOW, rOpU3oHTanNLHOW 1 NPoaoSibHOM
(carutTtaneHon) nnockoctax. ®opma 3ybuos IKI, cHATOM B 0TBeAeHUM X, OYEeHb NOXOXa Ha
otBegeHue V5, oyonupyet ero. OtBegeHue Y noBtTopsieT otBegeHne aVF, a otBegeHme Z
KONUPYeT 04HO U3 rpyaHblx otBeaeHun V3 unu V4 B 3aBUCUMOCTU OT KOHCTUTYLMN BOMNBHOrO.
Bonbluoro npemmyllecTBa opToroHasibHble OTBEAEHUS Nepen 0bLEeENPUHATON METOANKON HE
nmeroT. PasnunyHble aBTopbl NpeanoXxunu npu noMmoLwm 4odaBo4YHOro ConpoTUBITEHUS
KoppurnposaTtb (YCpeaHATb) BEMUYMHY NTIEKTPUYECKNX NOTEHUNANOB cepalua B OTBEAEHUSAX X,
Y, Z 1 B 3aBUCUMOCTU OT 3TOro nosny4vaTb AOMNONHUTESNbHY0 MHdOopMaumio o cepaue. «/cnpas
neHne» OpToroHasnbHbIX OTBEAEHUN MPU MOMOLLX OOMNOMHUTESIbHBLIX COMNPOTUBIIEHNN TaKXe He
OaeT CyuleCTBEHHOro npenmyuiectea nepeq orsegeHunamm V3, avVF m V3.



Anterior

Posterior

F is placed on
the left ankle

e

O Ground
electrode

OPTOIOHAIJIbHbIE OTBEAEHUA no PPAHKY

v

Frank’s 7 electrodes yield a three dimensional view
of the heart’s electrical activity. These dimensions are
presented by leads X, Y and Z. Analysis of these

leads fall under the subject of vectorcardiography.

OPTOIOHAJIbHbIE OTBEOEHUA no EASI

Anterior

®

SEN\Y

®



Frank leads

Frank’s system is the most common of the reduced leads system. It is generated by means of 7 electrodes
(Figure 22 B). Using these leads, 3 orthogonal leads (X, Y and Z) are derived. These leads are used in
vectorcardiography (VCG). Orthogonal means that the leads are perpendicular to each other. These leads offer
a three-dimensional view of the cardiac vector during the cardiac cycle. The vectors are presented as loop
diagrams, with separate loops for P-, QRS-, T- and the U-vector. The VCG can, however, be approximated from
the 12-lead ECG, and the opposite is also true, the 12-lead ECG can be approximated from the VCG. However,
the VCG has lost much ground in recent decades as it has become evident that the VCG has very low specificity
for most conditions. VCG will not be discussed further here.

Placement of electrodes
The electrodes are placed horizontally in the 5:th intercostal space.

e Ais placed midaxillary to the left.

e Cis placed between E and A.

e His placed on the neck.

e Eis placed on the sternum.

e | is placed midaxillary to the right

e Mis placed on the vertebral column.
e Fis placed on the left ankle.

Lead X is derived from A, C and |. Lead Y is derived from F, M and H. Lead Z is derived from A, M, |, E and C.

EASI

EASI provides a good approximation to the conventional 12-lead ECG. However, EASI may also generate ECG
waveforms with amplitudes and durations that differ from the 12-lead ECG. This lead system is generated by
using electrodes |, E and A from Frank’s leads, and by adding electrode S on the manubrium. EASI also provides
orthogonal information. Please refer to Figure 22.



OTBEOEHWUA MO APPUTU

KPACHBIW (-) — Hapa cepeavHo NeBoii KNoUmnLbl
(+) — noA yrrom neBowv nonaTku

3EJIEHBLIN — Ha neBoit Hore

[MocnenoBaTenbHbIM NEPEKITIOYEHNEM PEMNCTPUPYIOT
OKI c Tpéx otBeaeHmn: A1 — A2 — A3



[Mpn NHGapKTe MMoKapaa OH perncTpmpyeTtcs Bo Bcex 3 oteeaeHuax. OteegeHns no Appuru
NOMOIN BbIABUTb NMPU3HaKku nHdapkta Mmokapga B 28 n3 210 HabnogeHuin, B TO BpeMS Kak
obLenpunHATLIE OTBEAEHUS — NULLb B 21.



OTBEOEHUWA O LEWIS (S5)
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Ncnonb3yloT Ans BbiIBNEHUS aKTUBHOCTU NPeACcepanii NPy XXenyao4KoBOor Taxmkapauu.
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AVR 3 2 i 'YW 1V i\ TIREE ¥ ¥ ¥
aVL L B Bt 21y ALl ‘ L

Ve R - V6

B QnekTpoabl yctaHoBreHHble No Lewis. B | oTBegeHnn BugHbl npuaHakm AB-guccoumaunm.

' RS A REL RN RS o 1 IS i

» 3 | A - . .8 IR : . \
’ | —-—— - a - o - ] dond . oy . ot " o b . - - - Sy -
: i - o N A ! e N N AN NI U N | NS
» - _ -



Leads to improve detection of atrial rhyhtm:

In wide complex tachycardia, good detection of atrial rhythm and atrio-ventricular dissociation
can be very helpful in the diagnosis process. An esophagal ECG electrode placed close to the
atria can be helpful. Another, less invasive, method is the Lewis Lead. This is recorded by
changing the limb electrodes, placing the right arm electrode in the second intercostal space
and the left arm electrode in the fourth intercostal space, both to the right of the sternum.
Furthermore gain is increased to 20mm/mV and paper speed to 50mm/sec.



OTBEOEHUA BPYTAQA

Manubrium /
Sterni

@ Brugada
leads

ECG JPEDIA.ORG



OTBEAEHUA OANA MHTEHCUBHOWU TEPAMWUK

RA = white
2nd |CS

RA = white A B Chest = brown /k ;ﬁ,TCgiaCK
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LL = red RL = green LL = red

5-Electrode System



3AYEM OENATb BOOX ?

OKI Ha BOoOxe CHMMAaIOT B criyvyae Hanuimns natonornyeckoro 3ybua Q. Hawwe
Bcero rnyookmn 3ybeu Q Bctpeyaetcs B Il n aVF orBeaeHmax. 3ybubl Qlll, a
Takke QaVF, He 0bycroBrneHHblEe MHPAPKTOM, OBbIYHO NcHe3aoT Nnu
CTaHOBATCSA 0O4YeHb HEDONBbLUMMK NO aMnnMTyae BO BpeMs rinybokoro Baoxa
NN B BEPTMKASIbHOM NOMOXEHNU BOMBHOIO.

[TaTonornyecknn 3ybey, Q, 3aperncTpupoBaHHbIN TOSTbKO B OQHOM N3 3TUX
OTBEAEHUN, HE SABMAETCA ANarHOCTUYECKUM NPU3HAKOM MHAbapKTa.




OYHKUNOHAIJIbHbIE NPOBLI

I.

.[1poba c dunsnyeckom Harpyskon: Tpegmmn u

BGJ'IOSpI'OMeTpI/IFI

'Ipoba c beTta-brnokaTopamu (NpornpaHonorn)
poba ¢ XfIopnaom Kanus
poba c gunnpuaamosriom

.. Blood
-\ pressure
; /’ ‘i cuft

Nurse checks
blood pressure

Electrocardiogram (EKG)
recorded on a machine

Electrodes
attached
to chest

Electrodes
connected
to a machine

Patient
walking
on treadmill




3¥YbLbl, CETMEHTbI, UHTEPBAIJIbI

RR interval (distance between R-waves)

PP interval (distance between P-waves)

PR segment

P-wave
duration

P

ST-T segment TP interval
| A |
| ST segment T U

I Q=@

PR interval
0,12-0,22s

Q (1-60 point: measurement of ST-segment Q
‘ S \depression in exercise stress testing. S

QRS duration
<0,12s

QT duration
Corrected QT duration men: <0,45 s
Corrected QT duration women: <0,47 s

o :
J point: measurement of ST-segment elevation and
éT segment depression in most instances.

The reference level for measuring ST-segment
deviation (depression or elevation) is not the
TP interval. The correct reference level is the
PR segment. This level is also called baseline
level or isoelectric level.



3¥YbLbl, CETMEHTbI, UHTEPBAIJIbI

TP interval

ST-T segment

! . i >
repolarizarions

—

| ST segment U P
P — 1]
O () : .
| { /—v\w—.’.‘;g;‘tﬁ(—mv"*»”' L lopressty b :
PR interval: Q J-60point  "ep sagment L tast! Q
0,1 2-022s S N point 'j' “..(-_ "9 oxerel S

| Weasurement of <T .
. N_/ " Ly ?d,r or 5| _)’;2.{’);,-,_,\“2(4‘;.
QRS duration AT s U

A aLrression af

<0,12 S ar resr

'Corrected QT interval men: <0,45 s '
Corrected QT interval women: <0,47 s




3¥YbLbl, CETMEHTbI, UHTEPBAIJIbI

P PR QRSST T U

Wave Segment Complex Segment Wave Wave




HOPMAIJIbHbIE SHAYEHUA

3ybeu P 0,08-0,10
NHutepBan PR 0,12-0,20
Komnnekc QRS  0,06-0,10

CermeHT ST He namepstor
3ybeu T He namepstoT
Nutepsan QT 3aBucut ot HCC

NHtepBan QTc PaccunTtbiBaloT No doopmyrnam



5 waroB no oueHke IKI

llar 1: KannbpoBka
llar 2: YacTtoTa
LHar 3: Putm
I
|

ar 4: Ocb cepaua
ar 5: 3yoOubl U CErMEHTDI
5.1.3ybey P
5.2./HTepBan PQ
5.3.Komnnekc QRS
5.4.CermeHT ST
5.5.3ybey T
5.6.HTepBan QT
llar 5+1: YBennyeHune kamep cepaua
llar 5+2: Nwemunsa n nHapkT mmokapaa
llar 5+3: Pa3Hoe (nepukapguT, afekTponuTHbIe
HapyLweHns, AeKcTpakapaua n 1.4.)
llar 5+4: CpaBHUTb cTapoe (ecnu ecTtb) 1 HoBoe IKI
llar 5+5: [1aTb 3aknto4veHune




LUAT 1: KAJIMBPOBKA

[TpoBepbTE CKOPOCTL 3annUcu N pasMmep KOHTPOSIbHOro munmeosista (10Mm)




LIAI 2: YACTOTA

300 100 60
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Kak mocuurars 4acTotry npu pasibix RR?
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LUATI 3: UCTOYHHUK PUTMA

Supraventricular Ventricular

Atrial Nodal

ECG' JPEDIA.ORG



LLAT 4: SJIIEKTPUYHECKAA OCb CEPALIA

B BenukobputaHum n CLUA

T A

A ¢ . oL

180° —— | 0°

30°

| -
_/\_ 120° aVF 60°
aVF 900 aVF



LLAT 4: SJIIEKTPUYHECKAA OCb CEPALIA

| B P® un ctpaHax CHI

fopu3oHTaNbLHOE
nonoxeHue

2

nonoxeHue



LLUAT 4: QNNEKTPUHECKAA OCb CEPOLUA

OtknoHeHue 30C BneBo

AndpdepeHunanbHbI gMarHoas:

. [Tuneptpodpusa mmokapga JIK (MN1HK)

. briokaga nepegHen BeTBM NEBOU HOXKK M. [nUca

. [lepBuyHbIN gedekT mexnpeacepaHon neperopoakn (+ rSR’)
- HwxHnm UM

. WPW (3agHe-cenTarnbHOe pacrnosioxXeHune nyyka)

OTtknoHeHne 30C BnpaBo

A depeHunanbHbIM gMarHoas:

. [uneptpodounsa mmnokapga Nx

. brniokaga 3agHen BeTBU NeBon HOXKK M. [uca

. BropuyHbIn gedekT mexnpencepaHon neperopoaku (+ rSR’)
. Bbicokui 6okoBoun nnu sepxyLueyHsii M

. WPW (ny4ok pacnonoxeH B cBob6oaHom cteHku J1XK)

. XOBbJ1

. [lekcTtpokapaus

Pe3koe otknoHeHune 30C
OudpdepeHunanbHbIN
ONarHos:

. [uneptpodusa mmokapaa M
. BepxyweyHsin IM

. XenygoukoBasa Taxvkapaus

. [unepkannemus




Cuctema Kabpepa (Cabrera)
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LLIATI 5: 3YBEL P

Depolarization of
left atrium

Depolarization
of right atrium

denonapusauuna npepcepanmn I
. [lepBasi nonosnHa 3ybua - NpPenMyLLECTBEHHO NpaBoe
npencepave

. BTopasa nonoBuHa — neBoe npeacepave

. Mexay — asyxnpeacepaHaa genonspusaumg

AHanus

. Jlydwe Bcero BuaeH Bo |l (Boonb ocu npeacepanin) n s V1
(nonepek)

. Ecnn BonHa P nnoxo BnaHa B V1, nepectaBnTb 3anNekTpoa Ha
pebpo BhbiLLE

OnuTenbHOCTbL

. <120 mcek ot Ha4yana o koHua (0bbi4HO 80-100 mcek)
AmnnuTtyaa

. 0.2 MB (2 mm) B cTaHOapTHbIX OTBEAEHUAX

. 0.1 MB (1 mm) B rpyaHbIX OTBEOEHUSIX




LLIATI 5: 3YBEL P




LLIATI 5: 3YBEL P

MHOEKC MAKPY3A = P(cek) / PQ (cek)

OTHOLWEHNE NPOAOIKUTENBHOCTU 3ybua P k gnutensHocTn cermeHta PQ. B
HopMme paBHO 1,1-1,6. Ecnn cOOTHOLWLEHME YyBENUYMBAETCS , 3TO MOXET rOBOPUTL
0 runepTpodounun npencepamn.



LLAT 5: UHTEPBAIJ PQ

Bpems mexay Hadanom genonspusaumm npeagcepann 1 XxXenyoodkos (npeacepans

n AB-y3en)

OnutenbHOCTbL
. 120-200 mcek, 3asucut ot HCC
YanuHeHue PQ ( >200 mcek):
. Hopma
. AB-6bnokapa | ctenenu
. JlekapcTBeHHbIe npenapaTtskl (AUroKCKH, Bepanamus, 6-bnokatopsbl)
. 'mneptnpeos (penko)
YkopoueHue PQ ( <120 mcek):
. Hopma
. HwxHenpencepaHbIn puUTM
. [loBblilWeHHas cumnaTnyeckas akTUBHOCTb (yckopeHHoe AB-npoBeaeHue)
. WPW
. Cunpgpom LGL
. Al
bonesHn HakonneHns
D,enpeccvm PQ:
. Hopma
. [lepukapgut
. XOBbJI

YN

Normal PR interval (0.12-0.22 s)

PN

Prolonged PR interval (>0.22 s)

Deimje)\_/\

Short PR interval (<0.12 s)




LLAT 5: KOMIMJIEKC QRS

OrneKkTpuyeckasi cuctona unm genonapusaumns
Xenyaoykos
[MepBasa yactb — MXKI1 n JDK+IXK, BTOpas 4actb - JIXK

amepdeTcd B OTREIeHN C caMbIM 1HMPOKUM QRS

OnutenbHOCTbL

60-110 mcek

YwupeHue QRS ( >110 mcek):
.bnokana HOXkuM n. nca
-Abbepauus

-KenynodkoBbin pUTM
JlekapcTBeHHbIe npenaparsl
Junnepkannemud
Juneptpodpuma mmokapga JOK
Huskun Bonbtax ( <0.5 mV B ctaHAapTHbIX U <1 MV B rpyAHbIX):
-Kapgnomuonatums

J[lepukapgmanbHbIv BbINOT

XOBJ1, nneBpanbHbIN BLIMNOT, NEBOCTOPOHHUIN MHEBMOTOPAKC

[T pyaoHas kneTtka (oXXupeHue, aHacapka U NoakoxHasi amgusema)
Junotnpeos

.CHMWXEH CTaHOapTHbIN BOMbTax

BbiCcOKUi BonbTax:

Juneptpodpuma mmokapga JOK

. [OHKaga rpyaHas cTeHka

JJ10BbILLEH CTAaHOAPTHLIN BOSbTaX




rS

R Rs gRs

: | : A b o i The first wave is negative
The first (and only) i The first wave is large i Initially a small positive and small (q), followed by

wave is positive and and positive (R), followed§ wave (r), followed by | alarge positive wave (R)
thus an R wave. : by a small negative wave ;| a large negative wave (S). : and finally a small negati've
(). 5

......................................................................................................................................................................................

Initially a large negative A single negative wave A large negative wave (Q), The negative wave manages
(Q), then a large i is called a QS-complex. i followed by a small i to pass the baseline, and is
positive wave (R). : positive wave (r). : therefore qualified asan S

5 5 i wave.

.....................................................................................................................................................................................................................................................................................

Initially a small negative|  Notching on the . The negative deflection !
wave (q), followed by upstroke of the i does not manage to
a large positive wave R wave. pass the baseline and
(R). i can therefore qualify
5 b a&an s wave. i Examples of fragmented

: QRS-complexes.



[MpenmywecTBeHHoOe HanpaBrieHue QRS

A) Net positive QRS-complex B) Net negative QRS-complex C) No net direction

D

More positive than negative. More negative than positive. Roughly similar amounts of
negative and positive area.

[Mporpeccus 3ybua R

Normal R wave progression Abnormal R wave progression
Frequently seen after myocardial infarction



MHTepBan BHYTPEeHHEro oTkNoHeHus

| 10,03¢ R’
|
—Dy <
! o
l‘ ’ & Coronary artery
'. t Trabecula
V1 r—/ : HFibrous pericardium
P — T
! EfE £ £3%
| TE® T T 22
g2 3 8 s g g
| 8£3 2 B &
| §5§ = Haa
<""‘ Q2 | |
‘ A Serous
pericardium
a

a n 6 — HopMmanbHaga NPOAOIMKNTENBHOCTbL MHTEPBAria BHYTPEHHENO OTKMOHEHUS
B oTBeaeHun V1 = 0,03c

B otBegeHun V6 = 0,05¢c
B U I — yBeENMMYeHne BpeEMEHN BHYTPEHHENO OTKITOHEHUSA



R-wave peak time

R-wave peak time (Figure 9) is the interval from the beginning of the QRS-complex to the apex of the R-wave.
This interval reflects the time elapsed for the depolarization to spread from the endocardium to the
epicardium. R-wave peak time is prolonged in hypertrophy and conduction disturbances.

Normal values for R-wave peak time follow:

e Leads V1-V2 (right ventricle) <0,035 seconds
e Leads V5-V6 (left ventricle) <0,045 seconds

-+ Coronary artery

R wave peak time

—

i Trabecula

-Fibrous pericardiun

|

Epicardium

[ visceral Iayer/

Endocardium —

Purkinje fibers —C
Myocardium
parietal layer

Subendocardium

Serous
pericardium

Figure 9. R-wave peak time is defined as the time interval between onset

of the QRS complex to the apex of the R-wave.



LLUAT 5: MATOJIOTMYECKUM 3YBEL Q

Definition of pathological Q wave
] « Duration >0.03 seconds and/or
« Amplitude >25% of R wave amplitud

R wave amplitude .

Q wave duration

L Hence, the Q wave visible here does
B e amplitudeT\ fulfill criteria for pathological Q waves.

20.03 cek n 20.1 mV >0.03 cek n 20.1 mV
nnn QS AVR V1 unn QS

>0.03cekn=20.1mV =0.03cekun=0.1mV 20.03 cek n 20.1 mV
nnm QS nnn QS 20.02 cex nm QS unm QS

20.03 cek n 20.1 mV 20.03 cek n 20.1 mV
11 v QS >0.02 cek unn QS v QS

>0.02 cekBV2-V3nnmn QS BV2n V3
20.03 cek n 20.1 mV vnn QS B I, I, aVL, aVF unn V4-V6
natonornyecknn Q omkeH perMcTpMpoBaTbCa Kak MUHUMYM B ABYX OTBEOAEHUSIX

OudchbepeHumanbHbIX ANarHo3 npu natoriornyeckom Q:
. IHghapkT mnokappa

. Kapgnomumonartuma (F'KMI1, 6onesHn HakonneHus)

. Potauusa cepaua (no unu NpoTmB YaCoBOW CTPENKN)

. HenpaBunbHO HanoXeHbl anekTpoab! («KPYKMU» Ha «HOTU»)




CpaBHeHue 3yoOL 0B Q y pa3HbIX NaLUeHTOB

Patient 1

V5 A V6 N
Normal waveforms.

Adequate R-wave progression.
Small (septal) g-waves in V5 and V6.

Patient 2
V2
[l H~1,/\
V3 V4
b
V5 V6
e
Patient with STEMI 5 days earlier. Suboptimal

R-wave progression, pathological Q-waves in
V4-V6.

HVVV ﬂ“\[”\
HAV-"H‘“Y/\
[t

Patient with a history of STEMI. Loss of R-waves in
V1-V3, which has left QS-complexes in these leads.



LLAT 5: CETMEHT ST

Touka J (40-80 mcek oT 3ybua S)
cpaBHuBaTb C usonuHnen (TP nnm PR)
B HOpMe ST Ha n30nmMHUM ¢ HebonbLunM nogbemom nepeg T (<0.5-1Mmm aneBaums)

HDenpeccua ST:

. FOpU3OHTarnbHas unn KocoHucxoadwasa genpeccus 20.5 MM B BYX CMEXHbIX
OTBEeAEHUSAX.
Anesauusn ST:
=20.1 MM BO BCex CTaHOAPTHbIX OTBEAEHUSAX
>0.05 mm B V7-V9
=20.15 mm (k) n 20.2 mm (m) B V2-V3

20.1 mV 20.1 mV 20.1 mV 20.1 mV 20.05 mm
20.1 mV 204my RN 201my 20.05 MM
20.1 mV 204my LAY 201my 20.05 MM



Action potential
in contractile cell

ECG recorded on
body surface

0

-

ST segment

The plateau phase (phase 2) corresponds to the ST segment

on the surface ECG. The membrane potential is relatively
unchanged during this phase and most ventricular cells are in
this phase simultaneously (more or less). Therefore there are no
electrial potential differences in the myocardium during phase 2,
which results in a flat and isoelectric ST segment.

Acute ischemia is virtually always confined to a specific area,
where the cell's membrane potentials change (due to ischemia).
Thus, electrical potential difference occurs in the myocardium
and this displaces the ST-segment up or dow.



Kak ero nameputb ?

 +J-60 point

The PR segment is the baseline The magnitude of ST
(reference line) for measuring segment elevation is
deviation of the ST segment. measured in the J point.

J point

A\

4 small boxes equals 4 mm
ST segment elevation.

—

The magnitude of ST segment depression

is measured in the J point in most instances.
Occasionally it is adviced that the J-60 point
be used instead (particularly during exercise
stress testing). If the ST segment is horizontal,
then there is no difference in the magnitude
of the ST depression in J and J-60.

50 mm/s

3 small boxes equals
3 millimeters ST segment

160 point  depression.



A Physiological ST-segment depressions

Uppatlutande

/'

Upsloping ST-segment depression is a normal
finding during physical exercise. It should be
considered a normal finding, provided that
T-waves are not inverted. Hyperventilation
may cause similar ST-segment depressions.

C ST-segment depressions caused by acute ischemia

B Non specific ST-segment depression

Sy

Hypokalemia and high sympathetic tone causes  Digoxin (a drug used to treat atrial

ST-segment depressions with flat T-waves and fibrillation and some caess of heart
more marked U-waves. High sympathetic tone failure) causes a curved ST-segment
also causes tachycardia. depressions.

Characteristics

Real life examples

Very typical of ischemia.

M MngL\ AA\/\AA\IAA/\
— ~

Note

When considering myocardial ischemia,
deviations in the ST-segment always
indicates ongoing ischemia. ST-segment
deviation may be accompanied by
T-wave changes, but it is the ST-deviation
that indicates acute ischemia.

Typical of ischemia. Horizontal depression

with distinct ST-segment.

de Winter's sign

Downsloping with Downsloping with Horizontal depression
positive T-wave inverted T-wave with short ST-segment.

de Winter’s sign is an exception to the rule that upsloping
ST-segment depressions are not ischemic. de Winter's sign
implies the presence of upsloping ST-segment depressions
with prominent T-waves in the majority of the precordial (chest)
leads. This is a sign of acute ischemia, most often caused by a
proximal occlusion of the left anterior descending (LAD) artery.



B Typical non-ischemic ST-segment elevation

A Characteristics of ST-segment elevations caused by ischemia

Convex Straight upsloping Straight horizonal  Straight downsloping Concave

s 2 - /
ST-segment elevations caused by ischemia typically displays a convex or straight Non-ischemic ST-segment elevations are extremely
ST-segment. Such ST-segment elevations in presence of chest discomfort are strongly common in all populations. They are characterized
suggestive of transmural myocardial ischemia. Note that the straight downsloping by a concave ST-segment and a greater distance
variant is unusual. between the J point and the T wave apex.

€ Examples of ST-segment elevations caused by ischemia D Real life example (limb leads shown)
W h A/\ -aVR

I1I
ST-segment elevation can vary markedly in appearance. These six H ~L\ H’V\f\

examples were retrieved from six different patients with STEMI.

ECG from a male patient (age 61) who experienced chest
pain while driving to work. Note ST-segment elevations
as well as reciprocal ST-segment depressions. There are
also pathological Q-waves (leads Ill, aVF and perhaps Il).



LLAT 5: CETMEHT ST

AuddepeHunanbHbIX ANMArHo3 nNpu anesauuun cermeHTta ST:

. CUHOPOM paHHen penonapusaumn

. nospexaeHne mnokapga (OUM, nocne SUT)

. MuonepukapauT

. HapyLweHune nposoanmocTu cepaua (BJIHM, BMNHMN, BHABIHMT, WPW u
9OKC)

. rmnepTpodma mmokapaa

. aHeBpuama JDK

. rMnepkanmemus

. apyrue (rmnotepmust, cniapom bpyraga, XOBJ1/TOJTA/JIC/nHeBMOTOpPAKC,
reMmopparm4ecknin UHCYsbT)

OndhepeHunanbHbIN AMarHo3 npu genpeccumn cermeHTa ST:
. MLuemma mmokapaa

. MHdapkT muokapaa X (aenpeccna ST B V1-V2)

. HapyLweHune nposoaumocTu cepgua (BJTHM, BIHMN, WPW)

. rmnepTpodma mmokapaa

. lekapcTBa (aHTUaPUTMUKU, OUTOKCUH)

. ONEKTPOSINTHI (TMNOMarH1Un- 1 KanMnemus)

. remopparmy4eckum UHCyIbsT

. KaTexonaMuH-nHayuupoBaHHas genpeccust ST




LLATI 5: 3YBELU T

amnnuTtyga obbidHO <2/3 3ybua R
ocn T n QRS cosnapgatot

Amnnutyaa v HanpaBneHHOCTb T:
Hu3kas amnnutyaa (10% ot R)
nnockum (ot 1 oo -1 mm)
oTpuuatenbHbi (0T -1 40 -5 MM)
rmy6okun «-» T (oT -5 o -10 mm)
rMraHTcknMn «-» T (<-10 mm)

AunddhepeHunanbHbIN AUarHo3 npu nameHeHunax syoua T:
. Hopma (goetn <1 mec «-» T B V1-V3)

. BTOpU4YHO (6bnokaabl HoXeK n.['nca, rmneptpodunsa muokapaa)
. MLLEMNST MMOKapaa (CTPOro CUMMMETPUYHbIN T)

. MuonepukapauT

. KOHTY31a MUoKapaa

. Nponanc MMUTparnbLHOro KrnanaHa

. OUTOKCWH

. reMmopparn4eckum UHCyIbsT

OcTtpenwnn/lfiukoBbin T (Bbiwwe QRS):

. rMnepkannemus

. PaHHASA MWEMNA MUoKapaa




A Normal T-waves B Large T-waves

Hyperkalemia cut
Normal T wave Normal variant P ; > Hpesaite T il : -

2 : 2 Large, symmetric, pointed can be seen in transmural ischemia.
Smooth transition from ST- Large, asymmetric T wave with with shot base Hitaki’ Broad Based smnatns
segment to T wave. T wave broad base. Often in conjunction ; ol B + SY e
o ey R . R not pointed. Almost always seen in
is slightly asymmetric with with slight J point elevation in 8 ; 3

conjunction with ST-segment

a steeper downslope. leads V2-v4. levation

€ Biphasic (diphasic) T-waves

—A/\/— ’ \ Whenever spotting a biphasic T wave,
try to determine whether it is actually

a positive or negative (inverted) T-wave
Both these T waves are negative (inverted) This T wave is positive by definition by viewing the terminal portion of the
since the terminal portions are negative. since the terminal portion is positive. Twave.

D Negative (inverted) T-waves

LL b L L

Post-ischemic Acute (ongoing) ischemia Cerebrovascular insult Hypertrophic PERIMYOKARDIT
Symmetric T wave, with varying T wave inversion with pattern cardiomyopathy T wave inversions
depth. Ranges from flat Twave to  simultaneous ST-segment Very deep (gigantic) T Symmetric T wave occur after norm-
very deep T wave inversion. deviation (most commonly wave inversions in the inversions, most comonly  alization of ST-
Inverted T waves do not equate ST-depression). Note that chest leads. Some studies  in V1-V3. Often very segment elevations
acute (ongoing) ischemia, but it is the ST-segment deviation report this finding in up deep and accompanied in perimyocarditis.
rather appear after an episode of  that represents the acute to 30% of patients with by large R waves. Occasion- T wave inversions
ischemia! ischemia! intracerebral hemorrhage. ally accompanied by ST- often seen in most

segment depression. leads.



BTopun4yHblie uameHeHunsa cermeHta ST-T

no- e A

Left bundle branch block
(lead V6)

Left ventricular
hypertrophy
(lead V6)

Right bundle branch
block (lead V1)

Pre-excitation
(delta wave)

Right ventricular hypertrophy
Large R-waves and ST-segment
depressions in V1-V3. In case of
chest discomfort, one must
consider possibility of postero-
lateral transmural ischemia as a
differential diagnosis.



LUAT 5: UHTEPBAI QT

Nutepsan QT | npun 1t YCC
QTc (Bazett's dbopmyna)=QT/VRR (cek)

HekoppurupoBaHHbin QT
45-65 B MuHyTy: 0.36-0.46 cek
66-100 B muHyTy: 0.33-0.43 cek
>100 B MuHyTy: <0.33 cek
KoppurnpoBaHHbin QT (QTc)
390-450 mcek (MY>XX4YMHBI)
390-460 mcek (KeHLLNHbI)

YBenu4yeHue nHtepsana QT:

OnNeKTPOSITHbIE HapPYLWEeHUs (TMNoKanum-, MarHUm- N Kanbumemms)

AHAOKPUHHbIE HapyLweHus (rmnotmpeonansm, runepnaparmpeongmsm, eoxpomountoma,
rmnepanbLoCTEPOHU3M)

NMaTonorna mmokapaa (Mwemus, UM, mnokapant, opagnaputmma, nonHaa AB-bnokapga,
KapanomumonaTtuns Takouy6o)

NMaTtonornsa LUHC (cybapaxHongarnbHoe KpoBOM3INAHME, remaTtomMa Tariamyca, MHCYIbT,
9HUedanuT, TpaBMa rofiosbl)

HapyweHuns nutaHmna (HepBHasa aHOPEKCUA, roriogaHne, gneTta ¢ NPUeEMOM XNOKNX
NPOTENHOB, racTpornsiacTuka, uneo-etoHarbHbIM aHACTOMO3 U Lierinakus)




Kak oueHnTb gnutenbHOCTb UHTepBana QT ?




Kak oueHnTb gnutenbHoCcTb UHTepBana QT ?

[MpumeyaHue:

HR yoapoB B MUHYTY
QT B cekyHaax

QTc (M) <450mc
QTc (PK) <460mc




Kak oueHnTb gnutenbHoCcTb MHTepBana QT ?

QT
QTc =
Bazett's formula: \/E_R
QTc = 3Q T
Fridericia's formula: \/R_I_{

Hodges’ formla: QTc = QT + 0.00175 x (HR - 60)

The Framingham study:
QTc=QT +0.154 x (1- RR)

[MpumeyaHue:

HR yoapoB B MUHYTY
QT B cekyHaax

QTc (M) <450mc
QTc (PK) <460mc




Kak uameputb nHtepBan QT, ecnu 3ybey T UaMeHEeH ?

b&.{

aseline \ tangent

KacaTtenbHasi nepecekaer
N30NNHUIO Nepen
OKOH4YaHuewm 3yobua T.
Ecnn nposoauTtb
N3MepEeHMa OT Havana
3ybua Q go TouvKu
nepeceveHuns 3ybua T ¢
©a3oBoOW NUHMEN, TO
NPOOOIMKUTENBHOCTb
nHTepsana QT Oyget
3aBblLLEHA.

baseline

( tangent \

HecmoTps Ha TO, YTO NUHKUA
SKI Tak n He pocTuraet
N30SIMHNUN, U3MEPEHNE
OOIMKHO NMPOBOANTLCA MO TEM
Xe npaBuniam, YTo U B
nepBOM criyyae.

baseline ,-\ L f tangent
[Mpn GudpasHom T
KacaTernbHy NpoBOAAT K
HanbonbLleMY BO3BbILLEHMIO
OTHOCUTESTbHO U30MNHUM.
[MpooomKnUTenbLHOCTb
NHTepBara B pa3sHbIX LUMKnax
MOXET BapbupoBaTb. B aTtom
CllydaeM HY>XHO HauTn
cpegHee 3Ha4YeHne HECKOSbKNX
N3MepeHnn.
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NMOKA3AHNA

1. AnarHoctmnka MBC (nwemmnyeckasa 6onesHb cepaua)

- cTeHokapaua lMNMpuHumeTana (Basocnactuyeckas),

- 6e3boneBas («HemMasi») nwemMmmnss Mmokapaa,

- cTabunbHas 1 HectabunbHasa CTeHoKapaus,

- NepeHeceHHbIN MHAPKT M1okapaa, ocobeHHo 6e3bonesas ero popma

- COCTOsIHME nocrie nepeHeceHHOW BHe3arnHom cepaeyHon cmeptun

2. [lnarHocTtrka apTepuarnibHON rmnepToHUn

3. lnarHocTuKa HapyLUeHWIA CepAEYHOro puTMa

- cuHapom cnabocTn CUHYCOBOTO y3na,

- cuHgpom Bonbda — MNMapkuHcoHa — YanTta (BlNB — cuHapom),

- CUHOPOM yANUHEeHHoro nHTepeana QT,

- MepuaTenbHasa apuTMug,

- AB — bnokapga, cMHoaTpmnansHas bnokaaa,

- XXenyao4vkoBble TaxmKkapamm

4. MNopoku cepaua

- ANS OMarHOCTMKN HapyLIeHWU pUTMa, HepeaKo COnpoBOXaatoLwmx NpnobpeTeHHbIe NOPOKKN cepaLa, 0COBEHHO NOPOKN MUTPANbHOro KranaHa
5. NnaHoBoe obcnenosaHne

- Nny, noanexawumx onepaTtMBHOMY BMeLLATENbCTBY Ha cepaue 1M Apyrnx opraHax

- NAUMEHTOB C caxapHbiM Anabetom (guabeTnyeckas aHrmonaTusi — NATONOrMsi COCyaoB, B TOM YMCIE N KOPOHAPHbIX)

6. KoHTponb a(hekTMBHOCTU NneveHus

- QHTMAPUTMNYECKOIO N aHTUAHIMHANbHOrO (NPU CTeHOKapanun),

- kKapavoxupyprudeckoro npy BC (CTEHTUPOBaHWE KOPOHapPHbLIX apTepuii, aOpPTO — KOPOHapPHOE LYHTUPOBaHWE) N NMPU apUTMUSX
(pagmoyacToTHas, nasepHasa abnsuma — paspyLueHMe AOoNONHUTENbHbIX NPOBOASLMX NYTEN B cepale, YCTaHOBKa UCKYCCTBEHHOIO
KapAnoCTUMYNSTOPa U KOHTPOMb ero adheKkTMBHON paboThbl),

- Ha3Ha4eHue 1 oueHKa 3PPEKTUBHOCTM aHTUIMNEPTEH3NBHBIX (CHWXatowmx ALl) npenapaTos.

MoHuTOpunpoBaHUe No Xontepy MOXeT OblTb Ha3HA4YeHO NPU MNOSIBNIEHWUN CNEAYIOLNX CUMNTOMOB Y NaLMeHTa:

- fassiwme unu xryydme 6onum 3a rpyauHon n B obnactu cepaua, ¢ uppaguaumen unm 6e3 Hee (oTaatoLLme nog nesyto nonaTky, B NEBYO PyKy
WK HET);

- 6onu B NeBOV NOMOBUNHE FPYAHOM KMNETKM MHOTO XapakTepa, C YETKOM CBA3bO C U3NYECKON Harpy3kon unm 6e3 Hee;

- XapaktepHble 6onu B obrnactu cepgua B HOYHbIE (YaLle B NpefyTpPeHHUE) Yacbhl — XapakTepHbl ANnsa cTeHokapauy MNpuHumeTana;

- YyBCTBO HEXBATKM BO34yXa, 3Nn304bl BblpaXK€HHOW OAbILK/ C YAYLWSIMBLIM KallunewM;

- nepuogmnyeckue nepeboun B paboTe cepaua, YyBCTBO 3aMMpaHus cepaua;

- YacTble rofoBOKPYXXEHUST N/MnM 0BMOPOYHbBIE COCTOSHUS.



Ladder diagram

Y N BN BN
S

AV

AV junctional extrasystole

ECG' JPEDIA.ORG



IAMNOHUMbI B SNNEKTPOKAPOUOIPAD®UN

Cungpom BenneHca (Wellens' syndrome)

CuHgpom bpyraga (Brugada syndrome)

Cungpom WPW (Wolff-Parkinson White)

Cungpom LGL (Lown-Ganong-Levine)

Mahaim-Type Pre-excitation

Romano -Ward

Lange—Neilson and Jervelle

Sgarbossa criteria (MHapKkT mmokapaa Ha gone b JIHI)
Kputepun Cmuta

Tako Tsubo Cardiomyopathy

brnokaga MobwuTu, |

[lepeoanka Camonrnoa-BeHkeHbaxa (Wenckebach Phenomenon)



9-LLAIFOBbIN ANNTOPUTM AHATIU3A 3Kl

1.KannbpoBka

2.4CC

3.Putm

4.3nekTpunyeckasi ocb

5.3ybubl U CErMEHTbI

6.YBennyeHne kamep cepgua

7. lwwemunsa n nHpapkT Mmmokapaa
8.Pa3Hoe (nepukapauT, arekTposInTHbIE

HapyLUEeHUA, AeKCTpakapans u 1.4.)
9.CuHTe3s



7-LLATOBbIU AITTOPUTM OLIEHKU PUTMA

Lar

UCC

PerynapHocTb

LUnpnna QRS

BonHa P

BonHa P n QRS

Havano u KoHew

BarycHble npoObl

OnucaHue

Hopwma ( 60-100), 6paan- n Taxukapaus

PerynapHbin (CUHYCOBLIN), PErYNAPHO HEPETYNAPHbLIN
?AB-6n0|<ana [l CT.) U HEperynspHoO HeperynapHbI
MepuaTtesribHast apuTMusl)

Y3KnI (HampKenyao4KoBbIn), LIMPOKUKN (Kenyao4KoBbIN
nnn abeppaHTHbLIN)

CuHycosbint (+ P B I, Il, Il n aVF), AB-y3anoson nnu
peTporpagHbIi U3 XXenyago4ykoB

AB-guccounauymsa

BHesanHo (re-entry) unm nocteneHHo (aBTomMaTnusm)

[MpekpallueHmne (re-entry) unun sameansieHme
(MepuaTenbHas apuTMUA UNU CUHYCOBas Taxukapaus)



[NOJIESHBIE CCBITKW:

nctopus passutna metoga KM
- bonbLuaga Konnekumnsd
pasnu4HbIX kencos no IKI
- NoTeHUnan AencTBms B
kapanomumoumte KHAN ACADEMI
- NoTeHUMan JeENCTBUSA B
nencmenkepe KHAN ACADEMI
- oTBeaeHusa no Lewis

- oTBeaeHus no Haby, Appurn n optToroHanbHble OTBEAEHUS
- xopowwnn 6nor no IKI Ha pycCKOM, MHOIO MHTEPECHLIX
cliyyaes
ecgwaves.com — MHOrO KpacuBbIX BEKTOPHbLIX N306paXxkeHui
http://lifeinthefastlane.com/ecg-library/ - ewé oamH kayecTtBeHHbIX 6nor no KT,
MHOIO CCbISTOK Ha Opyrue pecypchbl






21 year-old female seen in the emergency department with complaints of chest pain and
shortness of breath. What does this ECG show?

I avR Vi Ya

W W
hl'(__."

| IIT H L avF W3 \H

I1

a)Right atrial abnormality b)Left ventricular hypertrophy (LVH)
c)Left atrial abnormality (LAA) d)No abnormality e)Right ventricular hypertrophy



This ECG is entirely within the normal limits. The rhythm is sinus at about 78 bpm. Basic intervals are as follows: QRS duration 0.08s; PR interval

0.13s; and QT/QTc interval 0.36s/0.39s--all are within normal limits. The QRS axis is also normal at about +70 degrees. There is no ECG evidence

of left or right ventricular hypertrophy. P wave morphology and duration are normal. R wave progression is normal, as are the ST-T waves. -
1

I avR V1 a4

| IIT ﬂ L\ avF W3 \h

I1

a)Right atrial abnormality b)Left ventricular hypertrophy (LVH)
c)Left atrial abnormality (LAA) d)No abnormality e)Right ventricular hypertrophy



32 year-old male with history of a recent syncopal episode. Which ONE of the following
diagnoses applies to this ECG ?

o

I avlL Ve

I1I av'F V3

I1

a)Severe hypokalemiab)Right ventricular hypertrophy (RVH) c)Left atrial abnormality (LAA)
d)Normal ECG  e)Left ventricular hypertrophy (LVH)




This ECG shows sinus rhythm at about 67 bpm with all intervals being within normal limits; PR .08s; QRS .08 s; and QT/QTc 0.40s/0.41s. The
QRS axis is also within the normal limits at +68 degrees. There is no evidence of left or right ventricular hypertrophy and the percordial leads
shown normal R wave progression.

A diagnosis of probable vasovagal episode was made since this occurred after he had been standing and had a prior history of a similar episode.

I avR Vi i

A

I avlL Ve =

I1I av'F V3

I1

a)Severe hypokalemiab)Right ventricular hypertrophy (RVH) c)Left atrial abnormality (LAA)
d)Normal ECG  e)Left ventricular hypertrophy (LVH)



Which one of the following statements about this ECG from a 24- year-old male is
CORRECT?

I avR V1 g

MLM'{LAA AKJW VS

I1I av'F V3 L=

I1

a)The ECG shows right ventricular hypertrophy b)The ECG shows left ventricular hypertrophy
c)The ECG is within the normal limits  d)The ECG is consistent with severe hypokalemia
e)The ECG shows left atrial abnormality



The ECG shows sinus rhythm with a physiologic sinus arrhythmia at an average rate of about 60 bpm and is completely within the normal limits.
The basic intervals (PR interval 0.15 sec, QRS 0.09 sec, and QT 0.39 sec) are all within normal limits. The P wave duration and morphology are

normal. The precordial leads show normal R wave progression with very slight ST segment elevations (V2-V6) consistent with normal variant early
repolarization. The QRS axis is normal at about +60 degrees. There is no evidence of left or right ventricular hypertrophy.

Severe hypokalemia generally causes repolarization (QT-U) prolongation (usually with flat T waves and sometimes ST sagging), often with
prominent U waves.

JL—JMMWWMM

I1I av'F V3 L=

I1

a)The ECG shows right ventricular hypertrophy b)The ECG shows left ventricular hypertrophy

c)The ECG is within the normal limits  d)The ECG is consistent with severe hypokalemia
e)The ECG shows left atrial abnormality
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A patient with atrial fibrillation with a 'Lewis Lead' positioning of the leads. Compared with the
normal lead configuration, the atrial signal is enlarged. Although some parts have a 'sawtooth’

appearance consistent with atrial flutter, the rhythm is atrial fibrillation as there is a changing
pattern in the atrial activity.
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18-year-old pre-op ECG for knee surgery. What does this ECG

show?

—

|
o
|

kk"‘\

Limb lead reversal

av'R

avl

avF

L\VW

Vi

.

W3

0

A

e

a)
d)Coronary sinus rhythm e)Multifocal atrial rhythm (MAT)

S

b)Ectopic atrial rhythm (EAR) c)Dextrocardia

Y4

WS

Vs




Limb lead reversal. The left and right arm leads are reversed. The clue is inversion of the P wave and QRS complex in lead |I. Whenever you see a

negative P wave and QRS complex in lead | the likely diagnosis is limb lead reversal.
Dextrocardia is another possibility, but in dextrocardia there is loss of R wave progression in the left chest leads which is not seen in this tracing.

Another clue is the dissimilarity of the morphology of the QRS complexes in lead | and V6. No evidence of multiple P wave morphologijes are

present ruling out MAT.

(The variability in heart rate here is due to respiratory sinus arrhythmia, a physiologic finding that is most apparent in youpger healthy subjects.)
Alsd, note the slight J point/ST elevatiopsfin leads with a positive QRS, consistent with normal variant (benign) eadly repglarization pattern.

avlL Ve

::
I av'F V3
I‘]

b\k"\

Limb lead reversal b)Ectopic atrial rhythm (EAR)

a)
d)Coronary sinus rhythm e)Multifocal atrial rhythm (MAT)

i

A

e

c)Dextrocardia

WS

Vs




Vent. Rate:88
——Durat i ons——
QRS: 80 ms
—Intervals—
RR : 681 ms
PR : 146 ms
QT : 368 ms
QTc: 417 ms
QTd: 44 ms

Age : 59 YEARS Sex : FEMALE -—Axes——

P :« 62 °
Race: BLACK QrRS: 17 °
T <« 30 °




This ECG is nearly completely normal. We say "nearly" because there are VERY subtle changes
which may or may not be chronic. Unfortunately, we know nothing about this patient's history or
circumstances except age, gender, and race, and the fact that she was an Emergency
Department patient. If she presented with chest pain, the ECG might be viewed completely
differently than if she presented with a fever.

So, first, let's look at what is within NORMAL range. Most of these characteristics will be readily
seen by your BASIC LEVEL students. The rate and intervals are within normal ranges. The
rhythm is normal sinus rhythm. There is good R wave progression in the precordial leads. That
is, V1 is primarily negatively-deflected and V6 is positive, with Leads V2 through V5 gradually
becoming more and more positive. The frontal plane axis is within normal range - Leads | and Il
are positive. This would be a suitable ECG to use when introducing beginning students to the
12-lead ECG.

As for what is NOT NORMAL, there are several subtle characteristics. First, the P waves are
slightly tall and have a pointed appearance. The P wave in V1 is biphasic. This can represent P
PULMONALE, a sign of right atrial strain. This is often seen with pulmonary disease. One might
also expect to see a shift of the frontal plane axis to the right if there is right ventricular
hypertrophy as a result of increased strain on the right heart, but here we see a subtle shift to the
left. The axis is still within normal limits, but at 17 degrees, it is closer to the left than the right.

The ST segments here are not perfect. One could argue that there is VERY slight elevation in
Leads | and aVL, and the shape of the ST in V1 is coved upward. Lead llI's ST segment is flat,
and the T wave is inverted. Without clinical corelation, it is impossible to determine the
importance of these changes. It is a good discussion to have with your more advanced students.

As said, it would be MUCH easier to ascribe meaning to these changes if we knew something of
the patient's chief complaint, symptoms, and history.
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