ECGIItEnEralioniNoIES

1.12-lead vs thythm strip, rate (normal 23 mm/s).Check

calibration: (Dmm wide, 10mm ai&h—:-—l—ml‘[} I

| 2.Rate: Normal 60 — 100/ min method: 300/RR interval
(large squares) or number of QRS complexes x 0 (if paper

=

speed--is-g-f}mm%ﬂr}--—f ._ __' e bl

— m— — =
) ST = S0 [ (eres

.',')tht]:m. C]:Ler:lc pattern — reﬂular/ ;.'eﬁtﬂ.ﬁriﬁ irreﬂﬁlﬁr/ .

irrpgu_la_[lq_i_uegn]ﬂr

4. Axis PR
Normal QRS axis ~-30 to 90 Nt
Left Axis Diviation (LAD) S/
Right Axis Diviation (RAD) - a y)
'NW axis Rotation (clockwise/ anticlockwise) & - T

5. P wave: Present? (esp check Il and V1) Amplitude + duration:

%Mﬂm_{immlﬁghﬂndﬂdeihémﬁ/ﬂm&l&muun_

normal — inverted aVR, biphasic V1, upright I, Il aVFE,

V2-V6

PR interval + PR segment duration 0.12-0%2s nnrma]/ shurt/
long/ varying heart blocks: Ist, 2nd type land II, 3rd degree.
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ECG Interpretation Notes continue.........

0. QRS mm]:-lex: Duration: 00-110msec nurmal/ W'Ide; R wave

peak time Amplitude: normal/ large voltage/ low voltage/

al—tema-ns-Mﬂﬁahﬂlagq-:--nﬂtehed/—-RE}BB/—LEBB

Q wave: Normal: <23% Rinl,aVL, aVF,V4,5,0.

_Pﬂt}mlqaical: Wjj }O.OQS_J other >0.03s + >Imm cleep
R wave Transition: normal V3-4, early: R>S in V1/2 Poor

R Wave Progression: R <3mm V3

T._ST Se&mex_lt Diﬁplﬂ{:e:_'_nenf: Elewfﬂi;_iun/ depre_s_s_iﬂn (J point
vs TP interval) Contour: horizontal /upsloping / downsloping

T wave

Am p].i tude: normal {Q/ 3 R/ pealcec:l/ inversion / alternans

8. QT Interval: Duration: normal 390-450 or 400msec / long

or shm't/

QT dispersion: Method, 3+ QRS in 3+ leads, QT c formulae,

caveats

0.U wave normal 10% T or <15mm/ prominent/

inversio ternans

Yy,

L7
Semfoi i
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_Koch's Triangle 4.

‘ Tendun of Todaro m!.l = =

W' Coronary sinus

Tricuspid annulus

comlaciian lissues b= contained sfhin the Wl
of Eoch wiich most be Dvelded 1o prevem sargical )

| L o adtire atrinl campoinend of thi Meuemnicals |
tamags o strioventricular condaciion

Koch's triangle is an anatomical area located in the
superficial paraseptal endocardium of the right atrium,
which its angles are coronary sinus orifice, lendon of
Todaro and atrioventricular node. Also the elements
anatomically near to it, are the insertion of the iricuspid
yalve, membranous septum, and the Eustachian ridge. This
triangle ends at the site of the coronary sinus orifice

~N ww}w.nurseinfo.in )

inferiorly and, continuous with the sub-Eustachian pouch.
The tendon of Todare forms the hypotenuse of the triangle

and the base is formed by the CS0 and the vestibule of the
right atrium. Variations in the size of Koch's triangle are
common among people with diffierent age and gender.
The Atrioventricular node or the AV node is located at the
apex of this triangle which depicts its anatomical
importance .
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After initiation, each step in the intrinsic pathway is catalysed by the product of the
preceding step: ~ alsotermed Hageman factor, is converted o onconlact
with negatively-charged surfaces e.0. that of subendothelial collagen. For activation lo
its enzymatic form, it requires high molecular weight kininogen and prekallikrein.

- ~N
- converts [actor Xite Xa
factor ia converts focior [ converted 1o 112 s\ 110
{actor 1o converts factor Xto Xa: And to do this itrequires: | 1100 \ O
calcium fons - T o
(factor Wil | 9 b 1] —> § —> | -
S y A -

a negatively charged surface: in vivo, this is the surface of platelets so localizing the

cascade faclor Ka then activales the common pathway of coagulation

-

Inthe cxtrinzie pathway of blood coagulation, a tissue factor is produced after injury.
Likety sources include endothelial cells and the surface cells of atheromatous plagues.
The lactor is held within the plasma membrane,

The tissue laclor interacts with factor - calcium lons and phospholipid to activate
factor K to Xa. Factor Ka then acts on prothrombin according to the common pathway of
coagulation.

Faci . facilltates the cxirinsic pathway by
converting .~ @

‘Factor Ka requires its own co-factors for activity. SN i
These include calcium ions, circulating o,
iacior ¥ and the negatively-charged platelet surface 1 e
for localisation. It is then able o cleave prothrombin ]
et o thrombin o Dl ~m
K e et o 1
§ “ 1
1“ — " - - r
I IO f'lt.i‘rll'l-izl[]‘.'r'l

»

The common pathway of coagulation starts with the conversion of factor X to Xa: in the
intrinsic pathway this s caused by (5107 115, i the exirinsic pathway this ks caused by
lissue factor.

A
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Coagulation cascade continued...

)
Blood coagulation occurs through a serios ol reactions by a groun ol j
mm-mmtﬂMMI“m-u-ﬂﬂmu
follows:

]
-

(__Sowea )

(Clotttng Factors ) | Subsiancos |

|_ Fibrinogen | Liver ]

[_ Thromboplastin (Tissue factor) thimalﬂudnhlltm |

Itmzm I LIven ]

(—  Woacumions [ Gonosman )|

I Wiabile factor (Proaccelerin) [ Uverand platelets )

A

:
Ff.

((ecwrzoan) {E e :
f’-

I _Christmas factor (plasma thromboplastin “]

|

[_ Fibrin-stabilizing factor J

Diagram: 3 pathways of clot formation _‘"

—®—® Eig

Fy
S =

o

o '-

I@
+

e
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‘the fetal circulation is the circulatory system of a fetus.)
The term usually encompasses the entire fetoplacental |

circulation, which includes the umbilical cord and the
blood vessels within the placenta that carry fetal blood,

i T

l (Liver) --i—(nunms-llnnnsus} ),‘
\ Z \ Q) (Carbon)  /
\\ //umm"=nni | Dioxite. \/
/ vein \\
(Oxygen)

.

" Umbilical Vein + 2 Umbilcal Arteries =

\

Umbilical Cord J

lof ?@mmm-m;mﬂmmm




Fetal Circulation Made Easy Continue:

The fetal {prenutal}circulﬂtiun works cliﬂerenth from normal post natal

circulation, mainly because the lungs are not in use. Instead, the fetus

obtains oxygen and nutrients from the mother through the placenta and
the umbilical cord. The advent of breathing and the severance of the
umbilical cord prompt various neuroendocrine changes that shortly

transtorm fetal circulation into postnatal circulation.

Physiology

Blood from the placenta is carried to the fetus by the umbhilical vein. In

humans, less than a third of this enters the fetal ductus venosusandis

carried to the inferior vena cava, while the rest enters the liver proper

from the inferior border of the liver. The branch of the umbilical vein that
supplies tM&]:_lt lobe of the liver first joins with the portal vein. The

blood then moves to the right atrium of the heart. In the fetus, there is an
opening between the right and left atrium (the foramen ovale), and most
of the blood flows through this hole directly into the lelt atrium from the

ri;-iht atrium, thus bupassin#. pulmnnﬂru circulation. The continuation of

this blood flow is into the left ventricle, and from there it is pumped

_t]:llm,a]:l i@ aorta into the body. Some of the blcgd moves from the aorta -

through the internal iliac arteries to the umbilical arteries, and re-enters

the placenta, where carbon dioxide and other waste products from the

fetus are taken up and enter the maternal circulation. Some of the hlmﬂ
entering the right atrium does not pass directly to the left atrium through
the foramen ovale, but enters the rigtht ventricle and is pumped into the

pulmonary artery. In the fetus, there is a special connection between the

pulmﬂnﬂrg artery _ﬂncl the aorta, called the ductus arteriosus, which

for respiration at this point as the fetus is suspenclecl in amniotic ﬁu.i-::l].

The core concept behind fetal circulation is that fetal hemoglobin
{H]:!-F) has a hig.’:u‘;'r aff inity for oxyden than does adult ]:lemc:-gln]jin.

which allows a diffusion of quﬂé;l from the mother's circulﬂtnrq system

to the fetus.
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(' Introduction To Heart Blocks )

Which type of AV block is it?

>

Miss P Wavey

!uaiﬁata 'ﬂ' interval 1

~ CONSTANT [PRI>0.2secS) i VARIABLE B
_— —it
Evaluate P QRS RATIO & h
Commonjrano 2 i3amanias 5 J
/- By
[ 1:;" J ::“ } VARIABLE J‘[ CONSTANT
! ! . d
2ndDegree  2nd Degree Type1 |
N Type 2 (Mobitz) m:mtm_g"m__ NESohne I
Il the A is far from P, Ill—f'lm-l Longer. longer. longer Ithhﬁllh‘l
then you have throungh, then you have HI'IHIHHHI - agree, then you have na

aFIRST DEGREE MOBITIN mum

1- How to try to remember these AV blocks
ind Degrea Znd Degrea Typa 1

?. P. g.}
Mr QRS "1'““ ; "m" = PR |\,\ vor
I ‘5'"_ u q}g.

hxd
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Introduction To Heart Blocks continued..

i ™
| Heart block is a disease or inherited condition that causes a fault within the heart's natural

pacemaker due to some kind of obstruction {ur block”) in the electrical conduction system of

| the heart. Despite the severe-sounding name, heart block may often cause no symptoms at all

- In sOme cases, or nt:caslﬂnnl misse& heartbents ln ﬂlIl'E:l' cases [whjch can cause ]ight]zendeduesﬁ,
|| syncope Halntmgl and pulpitntiuns], or may require an artificial pacemaker tobe imp[unle&,

| depending upon exactly where in the heart conduction is being impaired and how
signiticantly it is alfected. -

| In severe cases where the heart's ability to control and trigger heartbeats may be completely
| inetective or unreliable, heart block can 115unll1g_be treated ]}1,1_ inserting an artificial
pacemaker, a medical device that pmviclea correct electrical impu]ses to trigder heart beats,

compensating lor the natural pacemaker's unreliability. Therelore, heart block frequently has
' no etlects, or mild and occasional elfects, and is not lite-threatening in the vast majority of

‘tcases;and isumulh; treatable in more serious cases.

The human heart uses electrical signals to maintain and initiate the regular heart beatina |

| living person; incorrect conduction can lead to mild or serious symptoms depending upon the
location of the blockage and how severely conduction is being blocked. Conduction is

|| initiated ln; the sinoatrial node rainu.s node or oA n:u:]e'].and then travelsto the

| atrioventricular node ("AV node’) which also contains a secondary “‘pacemaker” that acts asa
'thackup for the SA nodes, then to the bundle of His and then via the bundle branches to the

-t point of the apex ol the lascicular branches (shown in the diagram on the riﬂht}. E-]u:kuﬁes are
|| therefore classitied based on where the blockage occurs - namely the SA node

| (Sinoatrial block”), AV node ("AV block” or AVB), and at or below the bundle of His

(Tatra-Hisian" or Tnfra-Hisian block” - respedivehjl Infra-[Hisian blocks may occur at the left

or right bundle branches (bundle branch block”) or the fascicles of the left bundle branch

I ':'fnsr:iminr block™ or ﬁemiblnck']. SA and AV node blocks are each divided into three

I lr:]e;greea.r with second deﬂme blocks ]Jein,g divided into two types (written either type lTor Il or
+type Lor ), The term "Wenckebach block"is also used for second degree type 1 blocks of

either the SA or AV node; in addition muddeg:ee]:lnckitqpelmdﬂmahu sometimes
| known as Mobitz 1" and Mobitz 2" Cimimnl_] speaking, the blocks tend to have more serious

| potential the closer they are to the ‘end'of the electrical path (the muscles of the heart
regu]aled hq the ]Jeadbeal:l, and less serious eﬂects the closer t]:leq are to the start

| (at the SA node), because the pﬂtentm] ﬂlsruphun becomes g greater as more of the put]:' is

| blocked from its ‘end point. Therelore, most of the important heart blocks are AV nodal blocks
‘tand infra-Hisian blocks. SA blocks are usually of lesser clinical signiticance, since in the event

| of SA block, the AV node contains a secondary pacemaker which would still maintain a

heart rate of around 40 - 60 beats per minute, sufficient for consciousness and much of daily

life in the majority of individuals.

-
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_ The Ca:iac QRS Axis |

Wave ol depolarisation

®




The Cardiac QRS Axis continued.....(Working out the cardiac axis):

i _STE.P—I chl the most E-mp]:msl:/]:nphﬂs:c 1:::1]3 leac] or

(isoelectric lead). / l‘

Tl

STEP-2:Look a ﬁ;@ﬂdf@lﬂfulea&mnmna ﬂ-tM

I mnryvaru | Vi Yy W 0 B

ﬁhEPEI]JEHdICU]ﬁIECG]ﬁl& Sls’rers (Alw&qsgo apart romeach UtllEInl

STE P—iﬁ:lsi]:eimpulsemosﬂgﬂeimomn&iom:dsﬂﬂs_

lead) or —ve (moving away from this lead)?

me;ls lt;nwun;h Imq] + _/\_ \""r‘ v-m:b‘rmn}h awat) lrgm 1-3.;1;:1

STEP=4:Is the euniphasiclead truelyeuiphasic? —“I’ES—“'qnu

have found your cardiac axis. @

STEP-5: Slightly more +ve? - move the axis 12" towards

the euiphasic lead. A

v

-STEIS-E):_Sliﬁiz_i:y more -vei.j - move the axis If}uﬂw-ﬂ‘l].

Ay

V
_Now you have found your cardiac axis
to the nearest 15°)
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Posterior Wall Myocardial Infarction

4 \
| ) Posterior Wall ECG Lead Placement

rPnsterinr ECG lead placement 1 rPnsteriur M1 is suggestive by
the following changes in
2 i, V1-V3:
7= : *Horizontal ST depression

i % ) *Tall, broad R waves (>30ms)

3 ¢£'2 *Upright T waves

iNE *Dominant R wave (RIS ratio

§ 275 fﬂ in V2 y

QOO - -
V1-V3 Should remain unchanged
from standard 12-lead ECG

\. Figure 1 - Shows correct positioning of poslerior leads )

Left postonar: | § Tip of the left Left paraspinal
axillary line: midscapula: in the region: in the same

in the same = .
: .ama hori
horizontal plane same horizonal horizonal

as V4-V6 plane as V7-V8 plane as V4-Vé

( vabecomes\7 ) (_ VshecomesV8 ) (_ V6becomesVd )

~

" Please note that V6is a good reference point for the horizontal placement of the

posterior electrobes V7-9.

If you don't have access to to a 15 or 18 lead ECG machine, then leave V1-3 in their
normal position and use V4-6, these leads will then become V7-9. —

Figure 2 - Correct labeling of the Posterior ECG

—1 !

Saanmas WWW

*Mote that only 0.5 mm of ST elevation is required to make the diagnosis of posterior Mi
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(_TYPES OF QRS COMPLEXES )

=7}

"The first (and only) wave positive and thus an
_Rwave.

r.l

N “?'
i

I\

" The first wave positive is large and positive (R),
_followed by a small negative wave (s).

-

5

A

Initially a small positive wave [r), followed by a
_large negative wave (S), )

~,

[nm first wave is negative and small (), lnllmﬁ

by a large positive wave [R], & small negative [s). )l

=
=
=

Initially a large negative [0, then a large
positive wave [R).

=

A single neuative wave is called a 0S-complex.

.

a-"""-k:'——-'_'f'l-"'_

rl large negative (Q), followed by a small positive
 wave [r),

NS

‘The negative wave manages to pass the
DIIIIIIIB. and is therefore qualified as an s wave.

=

e

Initially a small negative wave (n), followed by a
JII'IB positive wave (R).

;

A
.
i

) -\ \
| I 1

Notching on the upstroke of the R wave.

N

‘The negative deflection does not manage to pass
_the baseline, therefore can qualify as an s wave.

rli_/\/\_

HL‘-—_--";

il A{Ao.nmpm oi m“mgnull qns-l:nmlllulns.

Mwﬂ_

a

.
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Right Ventricular Wall Infarction )

@] inical Signi{ica nce:]

Rlﬂhf ventricular infarction complicates up to 40% of inlerior m
Isolated RV infarction is extremely uncommon. Patients with RV~
infarction are very preload sensitive (dueto poor RV contract llltg} and

can develop severe hypotension in response to nitrates or other

prelqad-reducing_qaﬂnta Hg potension in rig]:lt vEnirit:_ulﬂr intarction is
treated with fluid lunclin_g. and nitrates are contraindicated. The ECG

changes of RV infarction are subtle and easily missed!

&'_L:ﬂv to spot I'_iﬂl_’lt ventricular iﬁarcti_ma

"The first step to spotting RV infarction is to suspect it.. in all patients withl

inferior STEMI!

In patients presenting with inlerior STM riﬂ,]:t ventricular infarction is

suﬁﬁested by the presence of: ST elevation in V1 - the only standard ECG

lead that looks directly at the right ventricle. ST elevation in lead I >

lead Il —because lead Ill is more “r_i.q]:tf:Wﬂrcl {ﬂﬂil'l&“ than lead [l and
hence more sensitive to the injury current produced by the right

ventricle. Other useful tips for spotting right ventricular MI: ST elevation

in V1> V2, 8T elevation in V1 + ST depression in V2 (= highly specitic for
RV MI). Isoelectric ST segment in V1 with marked ST depression in V2.

Right ventricular infarction is confirmed by the presence of ST elevation

in the right-sided leads (VOR-VOR).

s B’
Imfawiser BED Wil gl Yenrrksular gHY p Wall Trvals osbene
1. i wm i I vieh
Rt Bt e pant Eem et o S Pk, SRR
A | 1
|2 THERT - '
- J ’I Py 1 Ilr ’ .!II- 5 i &
'I] -TI"' e Jhy, b, ill..' iy fls Ty i 'r”_ - - “-I-. I
sy v R 1P e BEERT = S SN R S VI DRSS VA PREY
A e e
o

httpsy/lifeinthefastiane. com/ecg-library/right-ventricular-infarction/
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Right Ventricular Wall Infarction.... Continue:

T,

@gm-sided T

-

There are several different approaches to recording a right-sided ECG:

.eé'i cumptete set ﬂf.ri&.].:t—-sidea leﬁds is obtained ]:ng piﬂcinﬂ ieﬂdﬁVLﬁ in

a mirror-image position on the !’i.ﬂ]:lt side of the chest {EE'E diaﬁrﬂm* ]:ieluw}l

[_t mat) be simpler to leave V1 and V2 in their usu_a] positions ﬂ.l_'.ll'.ll just
transfer leads V3-0 to the riﬂht side of the chest (i.e. VIR to VOR).

The most useful lead is VAR, which is obtained l)l.] placing the V4

electrode in the Dth right intercostal space in the midclavicular line.

ST elevation in V4R has a sensitivity of 88, specificity of 78% and
diagnostic accuracy of 837 in the diagnosis of RV ML

ECG Basics - AECG right-sided chesl leads

IS TSN

Tediem ) WA B b i

Right-sided ECG lead placement

111111

1
]
i
SNNENRDSREEEER

Poge=w [ - Carrest dsaiting af e Righe wded (B
Lt L it i L b b b A A t L A L A i L A R 2

A complets sei ol right-sided leads (s shtained by placing
izads Vi-G in o mirmor-image position on the rght side ol he
chesi Lsee Hg-1 diggram),

It may be shmpéet to leave Y1 and ¥2 in their asial positions aad

Jsi tramsher beaits V3-6 10 the right sie of the chest [Le V3Rt
VEHL

e 1. Tt Bight. e carroct pas@lanieg of FCE iends

Aways double check your lead placement (o confirmed
your in the correct anatemical spaces

EEEEENEEEEEONEEEEEREEOENENER

“The most useful lead is VAR

EENEEESEEEEEER

LA L LI L L LI i Ll Ll

© Wnbes Mane Tl Tl

https:/Mifeinthefastlane. comfecg-libraryfright-ventricular-infarction/
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Ventricular Tachycardia (VT) Signs

(i Signs of Ventricular Tachycardia

dlﬂl -.lfq il "'le’-.q ul.-J ,”ll 4 AN

r-_j

I | |._II .III. TT .I.II...T |I. Ir |II
|.-' I/ |.I | |.I T { .l !

U’Erjrbruad uumpiexes {b‘lﬁﬂms}

R i ]

A fusion beat - Dressler beat occurs when sinus and ventricular electrical
impulses coincides at the same time to produce a hybrid complex/beat. If
L] Jlacts upon the ventricular chambers itis called a ventricular fusion beat. L LT

(A capture beat occurs from the production of a ventricular complex by R
a supraventricular source in the cardiac cycle after atrioventricular L“n
Capture beat

tA'-."j dissociation, for the atria to regain control of the ventricles.

(" Josephson’s sign — Notching near the nadir of the r
S-wave. ("Josephson's sign ) R

Brugada’s sign - Is the distance from the onset of the (/71|
QRS complex to the nadir of the S-wave is >100ms. i

(' Brugada'ssign )

i
Extreme axis deviation ("northwesl axis") — QRS Is positive in aVR and negative in ;+ a'-.'r'F

Ifd-._ .r'—"'\ i Y i
( Positive concordance ) ( Negative nn m:nﬂla nce )
() W O
AN AAAAAAAAN ﬂmmww VWV

@ () @

AAMAAMRARAAAAAL vy

(E) (T,

AV AMAAAAA,

( AV dissociation {F Ellﬂ QRS nnmplexes at different rates).
+

Mﬁfut.

Ahsenna oftypical RBBBor I V\f\-
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[Score |

-~

A
|

« Clinical signs and symptoms compatible Yes [] 2
with DT No [ ]
I — 7
' - 1.
+ PE judged to be the most likely diagnosis e O 8 n |
m '
g - ;.
e ~, .
« Surgery or bedridden for more than 3 days Yes [ |
during past 4 weeks No []
§_ )
r"r_ ~ !
. Previous documented DT or PE i m
Ma
.'"r_ - iy,
« Heart rate > 100 min Yoo O m
No []
+ Hemonptysis Yes [] n I
No [ ] =t
= -
{7 . 5
* Active cancer [treatment ongoing or within Yes []
previous 6 months or palliative treatment) No ]

-

Ko

<4 points unlikely PE
>4 points likely PE

<2:10W pretest

probability

7y

=

> 6: HIGH pretest

probability
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(T

[ WELSScore V)

| ._1'\.'.'
|| I -

1 Clinical feature
« Active cancer (treatment ongoing or within previous 6 months | [~
or palliative treatment) il . O
L A Pk

-

B
+ Paralysis, paresis, or recent plaster immobilization of lower s
extremities il O

-mmulmﬂ*mﬂmmm [ —
{1 Dbrevieus 12 weeks requiring general or regional anesthesia ||| .

"'.

b I
- localized tenderness along the distribution of the deep venous

I« calt swelling > 3 cm compared to asymptomatic leg (measuring | |
10 cm below tibial tuberosity

- b T
11| =Nonvaricose collateral superficial veins —

1
f;.

=
> 3: RIGH pretest
probability 1

'
probability
I

A8 lanon Wimer - (00 & Cardiniogy (lstration Page




ECG Limb Lead Reversal Errors

2 . ~
LA+ RA lead revarsal
= “\-{ 1 there s P wave Inversion inlead |, chock |
(Leadlis inverted ) @ for LA-+» RA reversal

| Q l'rh "Rlso, it the other complexes in lead | appear

H ~A—A— A | inverted, check for LA «—» Rl reversal,

L .

H.-_ EETWRLIFEN [NEFY N B | v Ary@ L W e P Esl e __p-"

Quick notes to spotting LA/RA reversal; With reversal of the LR and RA electrobes,

Einthoven's triangle Nips 180 degrees

Lead | is completely inverted [P wave, QRs B horizontally '""”'_ an awis lﬂ_rfm by lead aVF
complex and T wave).

Lead aVR often becomes positive.

There may be marked right axis deviation. |

-
LA+l lead revarsal

" 11 P waves or GRS complexes appear inverted

| A f\ In lead HI. check lor LA+ LL reversal.

“However. be aware that physiologic left axis
] I . g e s e, S o | deviation can cause a negative QRS in lead |

(‘tead il s inverted ) "
M — P ———— || ypwavelsiaroer inlead | thaninieadll, ||
a\_ ) \_check for LA+ LL reversal. 9

This has the loliowing efiects on the ECG: [|§ With reversal of the LA and LL elecirobes,
Einthoven's triangle rotates 180 degrees
Lead Ill becomes inverted. vertically around an axis formed by lead aVvR.

Leads | and Il switch places.

Leads a¥l and aVF switch places.

Lead aVR remains unchanged.

n © 2018 Jason Winter - ECS & Cardiology lilustration Page )
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ECG Leads Errors continue...

T v J—
[ (Creanr.n.and maninvertea )(ve>) | | This has the following effects onthe ECG:
o “ VT 1 teadunecomes imvertea
y | Leats W vcome vore and s
| y STV H iaads svmantow sunchpiacen.
1. | *Lead aVLis unchanged.

Quick guide to spotting RA/LL reversal:

Leads I, 1L 11l and aVF are all completely
inverted [P wave, QRS complex and Twavel.

Lead aVh is upright.

With reversal ol the RA and LL electrobes,

Einthoven's triangle rotates 180 degrees

around an %
axis formed
by lead aVL.™"

LA ++ Rl lead reversals

(" LA/RLIN) lead reversal has the following | |
ECG features:

 Lead il records a flat line (zero potentiall.
“Lead aVR approximates to an inverted
| IeadiL
L'Mmﬂmn_w

Quick guide to spotting LA/RLIN] reversal
Lead Il is a fiat line.

Wiith reversal ol tha LR and

ALIN] nlectrodes Enthoven's |

triangle collapses 1o verythin Y,

“slice” with the BA slectrade 8t its \',

aper The LA and LI elecirodes now "-..E

record almosi identical voitages. e S
making the differonce batween "\, .

Them negligible (Le lead (0 = el T,
Lead aVM runs within this thinstice, 1\ "
u:ln-mmmﬂmuuﬂnT
The dispiacement of (e neutral

electmde readers leads oWl opd aWF mathematicaliy
identical but appears different 1o the kaseling ECG).
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ECG Leads Errors continue...

y '
- \
in - S RA s RLIead reversals e =
N TR Ao "”‘_ ummmm i)
| Lead | becomes an inverted lead IIL.
i (. S . S— ! - Lead Hl records a flat line Lzero potential)
“ Lead 11l Is unchanged,
| Leadt aVL approximates an inverted lead Il
M A\ | |oads aVR and aVF become identical.
lllllmmmlllllllu.J

Wiich reversal af tie A8 and RLIN) electredes. Hntones
trianiht callarses 1 vory (hin “Hics” with s LA slecirods

Quick guide to spotting RA/RLIN] reversal: 3 15 Bpax

Lead 11 is a flat line. st pmatobysansriel e
myking the Sifference botween hem . Y
nogligibie (e iead il - rernl ) / J{

L mil W rams winkin this o shice, ! '., III ||II|II
[SCING SpOrELUnIAely soaeiie o lead . fon |
Bispacemen! of (ha neutiad electrody vy f ,|"
renders laads a¥R and VY ninibematically ",
LT —————T +-".....-"

(b ibiREiam] ta 1 Badekiog §COL [

s
7 Y |
Bilateral Arm-Leg Reversal (LA-LL plus RA-RL)
[ Bilateral arm-leq reversal has the following ECG.
| 28ro potential = . leatures:
= ' * Lead I records a llat line [zero potentiall.
I _!'!ﬂlm-mlﬂl
;i i ol i | Lead I is inverted.
Inverted . gV and a¥l become identical.
My * aWF looks ke negative lpad 1L |
9 J )

1l i glacirodes on et wim ang tusaped with (halr cormespanding
Quick Guide To Spotting Bilateral Arm-1eg B jeu electrode [LA with LL, RA with ALL Esthoven's iziangle collapses
Reversal 19 & vary (hin ulice with (e LL slectrode & 13 xpex

The Ak sndd LA siecirades

ingw wifENrg o0 adiscent igel] recard b '7’
Lead lis afiat line. almost entical voltages, whichmakes |« _p / "flll
Ihe diMerencs between them negligible . Y
i iLe lead | = rorel LosdsIL Ml amd sWF 0l ' ,a-n,
become idemical (sguivaiont i imvertod |,/ /
lead (111, =3 They are ofl oow measaringihe ¢« S
solage iNbeconcs butwosn B et s ¥ .2/ -
the iogz The disatacemeon of (he nestral 8
S thecirode renders eads s and 3V mathematically ieatical
such Ihat 1hey ppear exactly aliko (but Miferemt 1o (he basoling [CO1

Ik,;& © 2018 lason Winter - ECG & Cardiology lllustration Page )
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Sgarhossa criteria

Mi Diagnosis in LBBB or paced rhythm

Sgarhossa's criteria are a set of electrocardiographic findings generally used to identity |

acute myocardial infarction in the presence ol a left bundie branch block (LBBB] or a

L ventricular paced rhythm. This was first described by Elena B Syarbossa in 1996,

7
’ /" Rules o appropriate discordance fu *ﬂ‘?*u T
inlBBa
Mormal finding with bundia branch biock
is appropriate T wave discordanca, In
othar words, tha T werve will bo deflected

opposite the lerminal deflection of the
i, QRS comple. Wormal for LRES i) tor LBBE

"( Excessive Discordant/concordant T wave and STSegments in1BBB )

The original three criteria used to diagnose infarction in patients with LEBB are:

Sgarhossa Criteria (or diagnests ol Mi in LBBB
Concordant ST elevation Concordant ST depression hﬂ:;"l'l“
*l-i:l“" > 1mm in Vi3 :s::':m-nl il
Iscore 51 Iscore 31 Iscore 21

These criteria are specilic, but nol sensitive lor myocardial intarction. A total score of = 3 1S reporied
to have a specilicity of 90% lor diagnosing myocardial infarction

Smith modified Sgarossa rule; | (ffrpiio g |
Criterion 3 I o e 1 e

il mwy critniis are mEl

al at least | mm discordant 5T sagment elevation

F W i N
B Thin (125 Lbswray L Mool Brascs Bsrs Bewl Tpersnn Snenat lnemon

Fiactw o |06 U cemewaid A
- Eﬂ_ et s Bt B [ Moy F Liicslong T dola 1 e el ) oo £

rl i A ﬂ_ | Sirwart [ Dowang § Fera VL it U Dot of Dt Wit Sariaca i
et ey S, R "'":rq. - ‘....._.,,.'."'_1 e l.ﬂ_al_r“-'a""a,r LT e st b Beagmrs of ST o Pt of Lo R Armcd Mgt

,.l s I'.' A i "& . e Lo e il TR (5% T Do [T0Y

| il (o ([ B ¥ | v 1
| ™ i } 'I;I'd-\. 'Ih H e iy B T Ih-\..l"'- "_I' L3 Il'--

e f ] e T | Py eTe T ———

M A win b damn || o by |
PR o g g LW R R AT === | =

y wim) ARl CRELE R T sk [ e || v R e

FE 1 C e e il ey s 3 BT 1

N AN o
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ECEG Leads and Artery Localization MEMO

O

Lateral

lateral \"'"®
Circumfiex-LCX

ANTeTIOF g uerior Descending LD

High
Lateral ll

Cx or LAD i
RCA or LCX

Inferior

()

RCA or LCX
Inferior

£
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Mnemonic for Kawasaki Disease — “CREAM”

i
Kawasaki disease (mucocutaneous lymph
node syndrome) is a rare childhood disease
that causes inflammation in the walls of
small-sized and medium sized arteries.

- Itis most often seen in children under the
age of 5 of Asian descent. It is somewhat
more common in boys than girls.

A\ "Fever [for
more than

3 tlays)

‘Swolien

lymph
nodes

il P -
Small and medium vessel vasculitis

There is no known cause for this disease and it is not contagious.
There is no single test for Kawasaki disease and in order to

diagnose it, you must look for symptoms.

B
=
ﬂ: Conjunctivitis (non-exudative)

.

I\

ﬂ: Rash (polymorphous non-vesicular)

b <

=
E: Edema (or erythema of hands or feet)

B
oo — —

A: Adenopathy (cervical, often unilateral)

.

e

>
- -
M. Mucosal involvement (erythema or

fissures, strawberry tongue)

" complications: Treatment:

"Coronary artery aneurysm "High dose ASA
_"Myocarditis WiG

—_ _— —




'ECG 12-Lead Memo

flimll leads [12-lead ECG Mneumonic (LISA - L) l}nestlean;
— R— -

——T i

kllll’E!Illn InFERIOR
I"'\. e,

(1)
-

o FHLEE-1 e

:-Illm-lllF

Hﬂ-!m!ﬂl-e

Electrode Placement 12 lead Wi Locations Vertical Leads/Frontal Plane
( !mm Arm (RA) RA (-] to LA (+] ] NIGH LATERAL ) Ty

RAL-I Mo LLI+] SERTICH, LA /PRON AL FLME
( Ilal‘l leg 1 LAT-) 10 LL(+) J[INFERIOR e s s s

i Smymemed o nr lmb ienis
am) () (mGHTATRUM )
7ok 73 —H—

(avF) (LL[+] to [RA & LAI (-]
¥1 ) ain ics. Right stermal border Ismummn

U3 X Haliway between V2 & V4 _JANTERIOR et ot et
VA 5th icS. mid-clavicular line “JANTERIOR atoater T cheat e

HORITENTEL FLAKE
@Im-umu-umm-ﬂmmxm Uniseia <1 sheetlegde
@Wmnmuuﬁummmmmxmu '“H:Il:lm
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12-Lead ECG Mneumonic (LISA - L)
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A / I .
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BASIGIELEGIROCARDIONOGY

A e
: gl | |e=c®l l-3
1= m -
4= ] Tm
I -
o [ = e
8 z & 32
Ty m m.._l.“
— ] - — Faan
= ﬁm_lu
B
3 -5
=t HAHTM
a8 Dle=o
- -3
| Y = -3
8 g2 | g =< a3
" m S E 3
s 8 Mln
8| | 8< = -3
o= - Hhm.m._l
| S{1°
2 W e n_..uTm
— 8= HA”TH.M
[- =] =
A e = 8
- = |8-3s
al & S =<8-33
g | B8
\AA B i e

Y - Axis Amplitude in millivolts
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N B T

{ Basaal S=m

mm | W greater than 3.5 mm, then
meeets Ceitoria, teh b

fpuivalent tz g 15 degies
¥ bt angie

Coved type STE Saddle - back type STE Saddie - back type STE

ECE pattern in Brugada syndrome. type 157 segment elevation, elther
spontaneously present or induced with the sodium channel-blocker challenge
test, is considered diagnostic. Type 2 and 3 may lead to suspicion, but the drug
challenge is reguired lor diagnosis.

Brugada syndrome has three different ECG patterns:

Type 1has a coved type ST elevation with al least 2 mm (0.2 mV) J-point elevation and a
gradually descending ST segment lollowed by a negative T-wave.

Type 2 has a saddie-back pattern with a least 2 mm J-peint elevation and at least 1 mm
ST elevation with a positive or hiphasic T-wave. Type 2 pattern can occasionally be seen
in healthy subjects.

Type 3 has either a coved (type 11ikel or a saddie-back (type 2 likel pattern. with less
[an 2 mm J-point elevation and less than 1mm ST elevation. Type 3 patiern is nel rare in
healthy subjects.

P

g

First described by Spanish cardiologists the Brugada brothers in
1992 by Dr. Pedro Brugada, Ramon and Josep Brugada.

Brugada syndrome is an hereditary disease that is
associated with high risk of sudden cardiac death. Itis
characterized by typical ECG abnormalities: RBBB type
ST segment elevation in the precordial leads (V1 - V3),

Brupada syndrome have been shown to be associated with
mutations in the SCN5A gene that encodes for a sodium ion
channel in the cell membranes of the muscle cells of the heart
(the myocytes]; this is often referred Lo as a sodium

channelopathy.

© 2018 Jason Winter - ECG & Cardiology lllustration Page



02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

| I I | L (A
g 01 {03 ]05|07 09| 11 |13 |15 | 1|19 |21 (2312527 1293133 |35/ 37139
.

™ 5
( Extreme right Lelt axis I/EFTH'-T: Find the most eniphasic/bhiphasic limb lead or 1

axis deviation deviation | | (isoelectric lead).
é A & = 2

STEP-Z: Look al the llamnlllnullr lead running at 90°
tothis. = = 3

STEP-3:1Is Ihl impuise mostly +ve? (moving towards this
lead) or -ve [Imoving away from this leadl? =

' | | Psitive Complex @ h ﬁ Neoalive Complox @

STEP-4: Is the euiphasic lead truely euiphasic? 'flis -you

have found your cardiac axis.
A, N2

STEP-5: Slightly more +ve? - move the axis
15° towards the euiphasic lead. @

\\"1': STEP-G: Slighty more -ve? - move the axis
L ‘ormal | | 19°away. Now you have found your cardiac axis to the
\ anis /) \_ nearest 15° 2 )
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First Degree AV Block

B51 BASRE [PNBST PRSAE

S Tommmy

Rhyihm: Regular
Pl interval:  Prolonged >0.20 sec
F Wave: Normal

ORS: <012

drd Degree AV Block
P waves are not refated to the GRS complexsas

§ BESER!IASASN RERSY o

HSmmyere pmamy

Rhythm: Regular

PR interval: None

P Wave: Normal does not relate Lo QRS
0RS: Normal or wide

Second Degree AV Block - Tyvpe |1
{unka Maobhite 1, Wencekebach):

P-R INTERWRLS BECOMT PROGRISSIVELY LONGER
UNTIL ONE P WAVE IS BLOCKED, AND A QRS IS DROPPED

B BRI [PRAR BPSr JEEY

LT R [ TP T TR

Rhythm: Irregular

PRinterval:  Increasingly Prolonged
F Wave: Normal

ORS: <0.12

Complete Right Bundle Branch Block

[RRCEig] wi i Ve

e bl | mpan phomis ,,.,!'., [T T P
P Bemrgj i riglic bvalle Bieei b bam b e sg@i rriibidi = md diats m s died o prjrale
wopidllyin dimegi g oy Bl Jegiph
# Tt alusiid S ) Sl B Riad o8 il W 1B I sl

L L B B e N R N e ey r— = ———

Rhythm: Regular
PR interval: Normal

P Wave: Normal
URS: Wide >0.12

Second Degree AV Block - Mobitz Tyvpe 2
Common ratio 2:1. 3:1. or 4:1

1764 PRSAESA P35 FeNt

LT RS E R L TE S Ty

Rhythm: Irregular
PR interval:  Normal (more P waves then QRS)
P Wave: Normal

ORS: Usually wide >0.10

Complete Left Bundle Branch Block

LEATE ‘ ’Y\ Wi
[ "'_'_'G-rf-;_ |  Megadtir NS | [T T——y
Lafwsbebarl fesets | Wil ot b il I el

P interval:  Normal

P Wave: Normal
ORS: Wide =0.12
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e b= e f"l""'“.‘ oy T — . C R |- — U ey I.I... ZTaruins b sl '| I..-__I.. T ._.__Il—l.ll....._
b LI s | [ "'| 0 n I\ | - '[ £ = ==
Wil o WL Lests] UL Wi DS UeslULR)

Seriminotassitinjievels
A.normal (35-55 mEql)

M\A-/M*

- Normal intervals and
complexes

B.about (7.0 meql)

BV W V. D

- Peaked Twaves (usually the earliest

sian of hyperkalaemial

- P wave widens and flattens, PR

seament lengthens. P waves disappear.

C. (8.0-9.0mEqL)

PVAS VAV A PAV AV A S

- Prolonged QRS interval with

hizarre morphology and
development of sine wave

conduction hlocks.

D. (>0 mEquL)

WAVAVAVAVAVA S

- Sine wave [a pre-lterminal rhythm).

Wide, bizarre QRS. causes:
Asystole, VF, PEA with hizarre wide
complex rhythm.

Hynerkalemia i elevated potassium (k+), Potassium s
vl for regulating the normal electrical activityof the
neart. Increased extraceflutar potassium reduces
myocardial excitability, with depression of both
nacemaking and conducting tissues.

e progressively worsening of ynerkalaema leads to
SUpRression of impulse generation by the $A node and
teduced conduction by the AV node and His-Purkinje
system,resulting in bradycardia with junctional
ventricular escape rhythims and conduction blocks and
ultimately cardiac el
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LVH by voltage criteria - (Sokolow-Lyon Index)

Limb Leads
| an |

IV strain

| RinaVl>1imm |

Cal>tmv

Leftward shift in trontal Anls -30°

A ®
WavE e

LAD is associated with LVH

Right-sided Leads
S | .

18 mm

Deep S wave in V1 or V2

Left-sided chest Leads
| VSorVe |

23 mm

Gauses o Consider

Pressure Overload
Rortic Stenosis
Systemic Hypertension

Volume Dverload
Congestive Heart Fallure
Rortic Regurgitation

ST depression and
T wave inversion (TWI

can occur in leads with
prominent R waves.

The S wave in W is deep

Im this example above we measure
the S wave in V1 at 18 mm.

Add the 5 wave in V1 plus the R wave in V5 er
VE. I the sum is > 35 mm, then [VH is preseal.

>33 mm is significant

The R wave in V5 and VG is high

In this example above we measure
the A wave in V5 al 23 mm.

L6 we sild balh measprements logether [rom
Ve Ve

SV + BIVG) = &1mm [>35 mm)
“This meets the criteria lor VR

© 2018 Jason Winter - ECG & Cardiology Illustration Page

The Sokolow-lyon index

SinVI+RinVSorve
iwhichever is larger]
> 35 mmor 3.5mi =

(7large squaresl.
or B in aVl > 11 mm
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(LEIAHTTCRE N (¢ ECG waves, segments and intervals )
 ECG Memo Card ) ey vy

Sten Measuretie QT |

milliseconts

iFa el 0NG4S e Chl Stei 2 Meastite e RiRin(erval
T e HIiSecons
OigZUlNSEE AT AT
)i OJIISEE Stend:Gel heSuare tootolthe

el e i) Vil e | IEEALIGU
ISl oG DISeerl
Usmell o =000858 | FrarTe

e msee §
0.04
SEC

5mm |
X - Axis time in seconds

Time se—pp /| — Bilinte vl
g;}m 0 [ <inmsess) A ——
L Normal Values PR interval ORS interval 0Tc Normal

0.12 secs — 0.20 secs ||0:06 secs — 0.10 secs 0.35 secs — 0.45secs
For Heart Rate Align First R wave | [ERNST Ssmall |1.2small 2.5 small | prolonued it >450ms in males.

underthe arrow below A A | EEGE boxes hoxes hoxes or >A60ms in lemales
~——10 mm '

ipp- & €D G dD €& €D E&D D €D €X) €D €D ¥ €5 @
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Measure PR, QRS, QT & (-wave

Lo

- Axis Amplitude in my
ST Segment

+
—
|
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0T Interval: How to measure it

Bazett - Corrected QTc

- Normal QTc values: (OTc is prolonged i > 440ms in males or > 460ms in lemales.
> 500ms is associated with increased risk ol torsades de pointes. QTc is abnormally short il < 350ms.

RR interval

M= ’ mamum

| s

Lead 1l or V5 is recommended  FIOUre 2. f;*—lTIIm__:
07 Interval Usually the best leads to apply ':llﬂiliﬂ[;m!u:;.m--
ve technique -Imimlﬂmmmme
should be excluded,

|

EIIF -./m:

Measuring the QTc

$tep 1. Measure the 07 in
milliseconds

Slep 2. Measure the i-H interval
inseconds

§1ep 3. Get the Square root of
the f-A interval

Bezetts Formula: L oterval
RA

’

"Abnormally long and short QT intervails have heen shown to be associated with an
risk for life-threatening ventricular arrhythmia and EIIIIHIIIII cardiac death.

" The 0T shortens at faster rates and lenthens at Slower rates | (@7 - Gorrected a¥ intervar —
“The corrected OT interval (QTc) estimates the QT interval at  heart rate of 60 bpm, this allows consecutive R waves

o7 imerval = 0 wave 1o end of

comparison of QT values over e aldifierent heart rates and improves detection of arhyihmias. | ¥ wave
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Figure 1

ECG Basics - Posterior ECG leads
ST elevation greater then 0.5 mm in leads V7-9 is diagnostic of a Pasterior wall M

Posterior ECG lead placement

II
.
-
-1
'
=
L

Left paraspinal region

= =
b =
= =
re— —_
~

= ¥
= an
- —
E -
= L 4
=

B £
= -
a -
= A
=

T

= =

©
O
©

siandard 17-lexd ECC

r

Posterior M is suggestive by the
lollowing changes in Vi-V3:

"Rorizonial ST depression

“Tall. broad R waves [>30ms)
“Upright T waves

‘Dominant kR wave [R/S ratio =11 in V2

Please nate that V6 is 2 pood reference point lor
the herizontal placement of the pasterior
electrobes V19,

It you donl kave access 1o a 15 or 18 lead
ECE maching, then leave V1-3 In thelr narmal
pesiion and use V4-6, these leads will then
hecome V1-8.

12-Lead acute Posterior wall M
Labeling the Posterior ECG
o | R Vi a0
: L__....;.I,_,-_.-_L_,—_ k"'ihf-_'-\rwfr.l — w"—'1||n., L Y '-,r".___‘d'-r""-._._.-.i'._.-ﬂa...-.
M i | | Wl I F
I e — e W e S SR
1 l Ve
L W Vi e

| wd-.ﬂw’mﬁﬂr—ﬁ{fﬁ-im\ﬂmw_

!

Figure 2 - Correct labeling of the Posterior ECE

L
WVE

Tips for recording Poesterior Electrocardiograms (ECE's)

“Arm and leg electrobes remain unchanaged

"Lead cable V4 connects to W7

*Lead cable W3 conneclts to V8

“Lead cable V6 connects to V9

*REMEMBER to handwrite POSTERIOR LEADS on the ECG.

* Relabel V4-V6 on the printout 7-9 (Figure-2).

* Findings may be very subtie, only 0.5 mm.

* Always double check your lead placement to confirmed
your in the correct anatomical spaces.
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_ECG Vertical & Horizontal Leads |

ECG Leads Perspective Views

VERTICAL LEADS/FRONTAL PLANE
HIGH RIGHT
LATERAL ATRIUM
INFERIOR ——
b e (LD

L -

.

SEPTAL/ | i
ANTERIOR E@ } @ ANTERIOR

@ mrenion | (B) urennt O wou
St CL mid-clavicatar line Haliway bofwenn ¥4 8 V5 4 Mii-ailary iine. eve with i
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NORMAL

T-U wave fusion

<_ HYPOKALEMIA

Peaked T wave

LY i i
‘B il !

HYPOCALCEMIA

» QT interval

Shortened ST segment

/ HYPERCALCEMIA

& Jason Winter 2016 - The ECG Educator Blog

Electrolyte effects on the ECG

HTPOKALEMIA (low blood potassium):

* » Amplitude and width of P wave

* 5T depression and flattening or inversion of the T wave
* A U-wave may be visible

* Long QT interval due to T-U fusion = {long QU interval)

* fusion of QRS-T
*Tall tented T waves

* low amplitude & wide P-waves, due to slowing of conduction,
* P waves will eventually disappear

HYPOCALCEMIA (low blood calcium):

* Prolongation of the QT interval
* Prominent U-wave

* T wave flattening and inversion
* Marrowing of the ORS complex

* Prolonged ST and ST-depression
* Reduced PR interval

HYPERCALCEMIA (high blood calcium):

*Wide QRS

* Disappearearance of p waves

* Tall slightly broad peaking T waves

* Shortening of the QT interval

* Osborn waves () waves) sometimes seen in severe hypercalcaemia

PERIALEMIA (high blood potassium):
* QRS widening




