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Electrocardiography -
is the main
instrumental method
of heart

investigation.
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Electrocardiography

Elec["rocartﬁographg — method
of bioelectric potential

registration, that appear as a
result of heart work.




a-ec’trocartﬁogram

graphic
representation of
the bioelectrical
forces produced
by the heart
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Electrophysiologic principles

M To understand electrocardiography,
Il one must know certain

¥ electrophysiologic principles
including automaticity, conductivity,
depolarization, repolarization,
refractoriness, and reentry.
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ysiologic princip

The primary function of the heart is fo contract so that it can serve its

role as a pump. Each contraction is preceded by an electrical stimulus.

When a patient has a regular sinus rhythm, the rhythm is initiated by the
discharge of the sinus node. This electrical impulse is conducted through |
the right atrium, into the left atrium and into the ventricles through

specialized conduction tissue. These specialized conduction pathways allow

the heart to be electrically activated in a predictable manner. —_

The Cardiac Conduction System
Interatrial Left
Septum Atrium
Left ‘
Right }., “, & ‘ Ventricle
Atrium RN & -
Bundle of
Sinoatrial His
Mode | oo
Nt
- - Bundle TARY
Atrioventricular Branches —
MNode
—
t‘ & PA“
Right Interventricular - ™
Ventricle ‘ | Septum L~
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Automaticity is
the heart ability
to discharge
electrical impulse
without external
stimulus, and is
characteristic of
the entire
conduction
system.
Contractile
myocardium has
no automaticity
function.

clrdiac

cycle

Cardiac
relaxation

(

Electrical
stimulus
at SA node 3

followed by

ystem

——

followed by

> Distribution
% |by conducting

Cardiac
| contraction

maintains

Blood pressure
and
blood flow
(See Figure 20-20)

generates

“reates

Heart

-

ECG

sounds

Copynght © 2004 Pearson Education, Inc li




Automaticity
* The sinus node has the highest
automaticity and is therefore the
pacemaker of the cardiac rhythm.
In the adult the usual resting
discharge rate of sinus node is 60
to 100 impulses per minutes.

Electrical impulse
. spreads from Sinus
¥  Node throughout
Left and Right Atria
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Automaticity is characteristic of
the entire conduction system of the
heart, but in normal conditions it is
inhibited by the high activity of the
SA node, which is the automaticity
center of the first order. If SA
node is affected, or transmission of
excitation fo AV node is impaired,
the zone of transition of AV node to
the common bundle of His becomes
the pacemaker (the second-order
automaticity center). Impulses are
generated here at a rate of 40 to
50 per minute. Lower part of the
bundle of His and its branches, and
Purkinje fibers are the automaticity
center of the third order, but the
rate of the cardiac rhythm then
slow down to 20-30 per minute.

The Electrical System of the Heart

Bachmann's Bundle
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Cond uCﬁVif}j

 Conductivity is a property of
the myocardium that allows the
transmission of electrical
impulse from one cell to
another, and is characteristic
and of specialized conduction
system, and of contractile
myocardium. But by muscle cell-
Al to-cell conduction is
D Avhode significantly slower than by
Ventricuar_ waeove specializes conduction
s sones - pathways.

(~0.5 misec)
(~2 misec)

SA Mode

Furkinje [
Fibers ™. ad
(~4 misec) %



Depolarization, repolarization, Refractoriness
« The transmission of an electric impulse from one muscle
cell to another is dependent on depolarization,

repolarization, and refractoriness. —

 During excitation, physicochemical properties of the
cell membranes and ionic composition of the —
intercellular and intracellular fluid change to cause the
electrical current generation.

action‘potential propagation ‘// /
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'ﬁefo/aﬂ'zaﬁon, repo/an"zaﬁon. Refractoriness

« As the electrical impulse moves across the cells of the
myocardium, the polarity (negative or positive charge) of the
cells is changed. The resting cell outside has positive charge.
The electrical impulse carries a positive charge into the cell,
changing the polarity:

« This is called depolarization: It is followed by a continuing wave

of repolarization that restores the cell to its original charge:

« The cell is then ready to receive another stimulus.

Voltage
+
+ + +
. **
- " + +
o + +
+ o

Repolarized (Resting)
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Uepolarization. repolarization. Kefractoriness
During depolarization and early repolarization, the
myocardial cell is completely refractory to further
electrical stimulation, and excitability is zero; that is, no
stimulus will produce response.

Refractoriness is the property of conductive and heart  _,
muscle tissue that prevents it from responding to a

stimulus until it has appropriately repolarized. This

prevents the muscle from sustaining a titanic
contraction. poran
Refractoriness is rate-dependent.

The slower the rate and the longer
Ithe cycle, the longer refractory period.

-0

—

0

Voltage (mV)
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Operating principle

* Fluctuations in the
potential difference
that arise during the
excitation of the
heart muscle are
sensed by the
electrodes attached
to the patient’s body
and transmitted to
the apparatus.

b =—ECG tracing
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The ECQ leads

o record a routine
ECG, 12 leads are used
in clinical practice:

3 standard bipolar
limb leads,

3 augmented unipolar
limb leads

m 6 chest leads.




ECG regi'shaﬁon. Electrodes pl-acemenf

Angle of
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leads
proposed by Einthoven

Standard

Standard Bipol-ar Limb Leads

record
difference

1913 vy,
potential

Standardization

The Standard Limb Leads

between two points of

body.

electrodes are placed

on the right arm, the
left arm, the left leg,
fourth

R
,?_A_/T;

R
,LLJM_

1 a

electrode on the right

Bipolar limb leads

| |

Augmented unipolar >
Ii rn% leads

leg is connected with
the earth wire.
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Standard Bi-po!ar Limb Leads

* Lead I is obtained by connecting the right
arm (RA -) and left arm (LA +) electrodes. ==

The Standard Limb Leads

Standardization

mmmmmmmmmmmmmm

FMi:FN |

Augmented unipolar -
limb leads pol
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Standard Bi-po!ar Limb Leads
* Lead IT is obtained by connecting the right
arm (RA -) and left leg (LL+) electrodes.

The Standard Limb Leads

Standardization

s
—

Bipolar limb leads

Augmented unipolar >
Ilm!E: leads

FMi:FN |
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Standard Bi-po!ar Limb Leads
* Lead IIT is obtained by connecting the left
arm (LA -) and left leg (LL +) electrodes.

The Standard Limb Leads

Standardization

Bipolar limb leads

Augmented unlpolar -
Ilrn% leads

FMi:FN |
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Augmented Unipolar Limb Leads

* Goldberger proposed augmented unipolar leads in
1942 year and modified “augmented Wilson's
extremity lead".

« Three augmented unipolar leads are distinguished:
aVR, aVL, aVF.

* The letter "a" is used to designate the augmented

1 R
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Augmented Unipolar Limb Leads

* aVR: augmented unipolar right arm (RA +) lead, the

central (-) terminal is connection of the left arm (LA)
and left leg (LL) electrodes;

The Standard Limb Leads

Standardization

-
T =

Bipaolar limb leads

=
o
FMi:FN |

Augmented unipolar -
Ilm% leads
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Augmented Unipolar Limb Leads
 aVL. augmented unipolar left arm (LA +) lead, the

central (-) tferminal is connection of right arm (RA) —
and left leg (LL) electrodes;

The Standard Limb Leads

Standardization

Bipolar limb leads

FMi:FN |

Augmented unipolar -
Ilmlgn leads
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Augmented Unipolar Limb Leads
aVF: augmented unipolar left leg (+) lead, the central

terminal is connection of right arm and left arm —
electrodes.

The Standard Limb Leads i

Standardization

aVF

1

i

Bipolar limb leads

Augmented unipolar >
leads

1
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U'ni-polar Chest L'eat”s
Wilson proposed unipolar chest leads

in 1934 year.

In the 1938 the

American and British Heart

Associations standardize the nomenclature
of precordial leads.

101 R
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U'ni-polar Chest L'eat"s

V;: fourth intercostal space, right
sternal border

V,: fourth intercostal space, left
sternal border

V3: midway between V, and V, on a
line jointing these two points

V,: interspace in which apex is
located (fifth or sixth); midclavicular
line

Vs anterior left axillary line; on
the same level with V,
B v, left m|daxﬂlar'y line; on the
I same level with V, and V;

Emm
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the QRS changes
commonly seen in leads_
V, tfo V, in a normal
subject.

Cross-section of the heart in the thoracic cage.
Note the relation of chest electrodes to the

B anatomy of the heart.
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Normal ECQ

| 03-NOV-1970 (25 yr)

Male Caucasian
~ Thin - 1851b
] = __A,/\_.‘,L
—-J“‘”J“‘—*L”‘“W‘TV'_“\C”*‘* i
ﬂ" ,L\.. hl!l./\,_.\,‘lk/ sl A !WWJM\/\._
ﬂ__.j.«.m}_a_l-?‘m__ﬁfwé \..__J'/\._.YLWJ.A . ;u\

1IMAR-1996  17:05
@ 1997 Frank G. Yanowitz, M.D.




The most important leads to remember in relation to the anatomy of the heart are:

Right leads Left leads
Lead ITT Lead I
Lead II confirms alterations in lead I or lead III, therefore: S
Leads IITI, IT Leads I, IT

aVF, aVR aVL

101 R
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various speeds, from25 | |

preferred. Once the
speed of the

tape is known, it is easy
to calculate the duration
of the separate elements
of the ECG. Waves
amplitude is measured in
mm, duration - in
seconds.

uF
\..n_.,'l’...l...\La S L S | S S ,,.,_,,_.,_,._ 1 1A i i

The tape may move at SPCGJ Of ECG recortlmg

.f—‘- '—"’\."" 'L AT i

to 100 mm/s, [ i
but the speed of 50 P eer e AT e bt O U s ot
mm/s is usually L Ry
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ECQ paper
The paper graduated in millimeters is used to record ECG.

If an ECG is recorded at a speed of 50 mm/s, one small
block represents 0.02 second on the horizontal lineand 1 _
mm on the vertical line. Since a large block is five small
blocks wide and five high, each large block represents

0.1 second (horizontal) and 5 mm (vertical).

0.02 second

-+

I'I mm

FMi:FN |
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0.1 second

V.



0.04second e

-—
I1 mm
O —» 5 mm
Ti e
T-' "“'—"!. AEEEEEEE
T z v
|Eiazanzzs
' -
l = ._'rﬂzml.m? T T RR Interval : 0.2 second
%a:-f:_- A5E U R " QRS Complex : y

% PR QRSF—

QT

If an ECG is recorded at a speed of 25 mm/s, =
l one small block represents 0.04 second on the horizontal
Iine and 1 mm on the vertical line. A large block e
g represents 0.2 second (horizontal) and 5 mm (vertical).
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ELECTROCARDIOGRAM

U;.er-.i'c Slr:nm
R O.ISImV
- I e
1 mrr] 0'0.4 sec v 1lmml 0.11mv
(25 mmisec) (10 mmimv )
—
P |, +—5-T—— z
A~ r?ﬁe%t segrment J U
\__.\ T
/
P-R Q
interval
+ S-T L
S interval
- QRS ¥
interval
<t Q-T interval » ——
L] -
The electrocardiogram is simply a graphic representation of the e
= clectrical forces produced by the heart . —
PATY
o s
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QRS Duration
| |

Atnal VE'F\‘{;"ICUIBF Ventricular
Depolarisation Depolarisation Repolarisation

PR Interval
- QT Intverval “EEE
In each cardiac cycle there are two electrical processes:
depolarization and repolarization. -
Depolarization is an electrochemical phenomenon that occurs -
rapidly. =

i

Repolarization is an electrochemical phenomenon of energy
restoration that occurs more slowly.
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P wave

Right atrium depolarization Left atrium depolarization

The P wave is the first upward—
| = deflection and is the graphic

representation of the e
electrical activation of the

0.08 — 0.1 second atria.
The normal P wave formation. As impulse at first cause
excitation of the right atrium
and than the left atrium, the
ascending portion of P wave ..
reflects depolarization of the ™
we,,  right afrium, and descending

portion reflects depolamza’ruon~
of the left a‘rr'lum P

-
-

Right atrium

Sinoatrial node

Left atrium

W, Atrioventricular node



mm.
2.The normal P wave is upright in the I, IT, aVF, V, - V, leads.

3.P wave may be upright, fwo-phased in IIT, aVL, V, leads, and
sometimes even inverted in the IIT and aVL leads.

4 P wave is always inverted in the aVR lead.

|

1.The normal P wave duration is 0.06 - 0.10 second, amplitude - 1-2

Fl1izY |
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P - G intenal

The P-Q interval measured
from the beginning of the P =7
wave to the onset of the Q
(or R) wave. Includes
activation in atria, the AV
node,

The normal P - Q duration is
0.12 - 0.2 second.

-~ P-Qsegment

P-Q interval

1 R
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The P - Q segment, measured from the end of the P
wave to the onset of the Q wave, represents mostly the
delay in activation as the impulse passes through the AV
node.

— R w]

PR segment

. PR interval |



Venfricu ar comp eX

Q wave_represents depolarization of the interventricular septum.
*The normal Q wave amplitude in all leads except aVR is not more
than % of the R wave amplitude, and its duration is 0.03 second.

Q wave may be deep and wide in the aVR lead, or even QS complex
may register.

*The normal Q wave is inverted in I, IT, IIT, aVL, aVF, V, - V, leads.

F1i:MN 1|
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R wave represents the process of depolarization
of the ventricle-

sinpatrial node

Atrioventricular node

’f;sr 15z 79 |



R wave

o Wave

1. The normal R wave amplitude
is 5-15 mm

2. The normal R wave is
recorded in all standard and
augmented limb leads. In the
aVR lead R wave may be low
or even absent.

3. In the chest leads R wave
amplitude increases from V,
to V,, and than slightly
decreases in V; and V, leads.

4.Ry,, reflects activation of
the interventricular septum,
and R wave in V,, V, V, leads
activation of the right and
left ventricles.

FMi:FN |
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S wave formation on the

ECG reflects

depolarization of the -
basal parts of ‘
intferventricular septum
of right and left
ventricles.

S wave

1 R
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S wave

1. The normal S wave is inverted, its amplitude in the
different electrocardiographic lead is within the —
large ranges, not exceed 20 mm (2.5 mm on the |
average). —

2. Inthelimb lids S wave amplitude is low, except aVR
lead, in the normal position of the heart in the chest.

3. Inthe chest leads S wave amplitude decreases from
Vi, V, to V,, and in V5, V, leads S wave amplitude is
very low or S wave may be even absent.

i 4. Equal S wave and R wave amplitude in the chest leads

‘ are usually in the V5 (“transition zone") or (rarer)

m between V, and V; or V; and V,

FMi:FN |
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The QRS interval, measured from the beginning of
the Q wave to the end of the S wave, represents the
process of depolarization of the ventricles. The normal
duration of the QRS interval is 0.06 - 0.1 sec., this time —
corresponds to the intraventricular conduction.

FMi:FN |
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Sequence of Ventr'icuIar'CPepolar'iza‘rion
= =

IH..r"'E

e L —

QRS Complex 4 .. QRS Complex

Lead II 2 Lead II
8 @
> 3 III g

| I -
[ -3 'l -
| e
1 i Ir--r—__4 g
QRS Complex QRS Complex |
Lead 11 Lead I PATY
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+

+
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The ST'segmeht'
* represents the period when all parts of the
ventricles are in the depolarized state. The

ST segment duration depends on the heart
rate.

5T segment TP segment

il The QRS complex_/\ \

i Terminates at the J
i point or ST junction.

Ermrm
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T WaVe€ represents repolarization of both ventricles.

The normal T wave is asymmetric: the gradual ascent
converts into a rounded summit, which is followed by
abrupt descent.

FMi:FN |
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T wave

. The normal T wave duration is
0.12 - 0.16 second,
amplitude - 2.5 - 6 mm.

2. The normal T wave is always
upright in I, IT, aVF, V,-V,,
T;> Tip.and Ty > Ty leads.

3. T wave may be upright, two-
phased or inverted in ITT, aVL
and V, leads.

4. The normal T wave is always
inverted in aVR lead.

QRS Complex
o
R

ﬁ

ST Segment

T




QA - T int-erval- (QRST complex), measured from the

beginning of the Q (or R) wave to the end of the T wave, represents —

electrical ventricular systole. ‘
Tts duration depends on the cardiac rate. —
The Q - T interval in women is longer than in man.
For example, at the rate of 60 - 80 beats per minute,

Q - T duration is 0.32 - 0.37 second in men,

and 0.35 - 0.4 in women.

1 )

TTTTT
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T — P interval

measured from the

2

end of the T wave to
the beginning of the P

P
|
-

S

S

I 1
| I
_ ,\I .‘1,

m~

wave, represents
electrical diastole of
the heart.

I'ts duration depends

|

g on the heart rate .

S

rL/\J\ | SN
e

1<
P S ~1

Electrical systole Electrical diastole
(QRST)

(I =P)

ST segment TP segment
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1.

2.

O S

Interpretation of the ECG

Determination of the Cardiac Rhythm
Regularity (regular, irregular).

Determination of the Cardiac Rhythm
Pacemaker Site (sinus, nonsinus).

Measurement of the ECG Amplitude.
Calculation of the Heart Rate.

Determination of the Electrical Axis
of the Heart.

Measurement of the duration and
amplitude of the ECG waves and
intervals.

ECG conclusion



Interpretaﬁon of the ECQ

1 .Determination of the Cardiac

Rhythm —
Regularity. The R-R infervals in regular

rhythm should be equal. Its fluctuation

normally does not exceed 0.1 second (+10%).
intervals

Greater variations in the R-R

duration indicate irregular cardiac rhythm.
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Regul-ar cardiac r}\gﬂwm

1. The R-R intervals are equal.

2. Its fluctuation does not exceed
0.1 second (£10%).

| | | ; "‘ | | |
![ /N I A\ i N {l Fa\ f

f A\-“\-f\_}L-/ w\_j'r/ \\'\'—/\_J!‘b-/ MJ 1;/ W\J!lw/ 4 MJ :‘/ P*—«-:\.J |[/ ‘%:b/ﬁwd /-/ Hhsassss




Irregular cardiac rhﬁﬂnm

1. The R-R intervals are different:;

2. Its fluctuation exceed 0.1
second (ﬂ:10°/o).




Determination of the Cardiac Rhythm Regularity

» Compare regular and irregular cardiac  _
rhythm '

ErisErERTREETSE SR TRRE I CEnER

} ECG tracing of a normal heart rhythm,

[E e e e e e R Ry

In atrial fibnllation. the tracing shows tiny, irregular "fibnillation™
waves between heartbeats. The rhythm is irregular and erratic.

Wi



Sinus rhythm criteria

NORMAL SINUS RHYTHM

Impulses originate at S-A node at normal rate

2. Determination of the Cardiac Rhythm Pacemaker Site

1.The normal sinus rhythm is characterized by
upright P wave in lead II following by QRS complex:;
2. The P waves configuration is equal in each lead;

3. Heart rate is 60-80 beats per min.

fITI
Tmy
|

A b

b

105

*

All complexes normal, evenly spaced. Rate 60 — 100/min.

W m



2. Determination of the Cardiac Rhythm Pacemaker Site

Nonsinus rhythm ==
1. Atrial rhythm,

2. Junctional rhythm,

3. Ventricular rhythm,

4. Wandering pacemaker,

5. Pacer rhythm

F1i5:M |
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3. Measurement of the ECG Amplitude (voltage).
The R waves amplitude are measured in standard leads.
If the amplitude of the highest R wave does not exceed
5 mm, or the sum of the R waves amplitude in the three
standard leads is less than 15 mm the ECG voltage is
considered decreased.

0.04 sec 0.2 sec
—

| | |
EKG Grid Box a1
e a

1my
-]
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3. Measurement of the EC6 Amplitude (voltage)
Low ECG voltage High EC6 voltage

A :

.A.
i1
[ertie

e b

* MI N « Ventricular hypertrophy
*  Myocarditis « His bundle branch block
™ < Pericarditis

« Cardiosclerosis

Ecmrm
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R R-R Interval R

I
Qs

4. Calculation of the Heart Rate. In regular cardiac rhythm the .
heart rate is determined by formula:
HR 89 :  where 60 is a number of seconds in minute, w

R=R R-R - duration of the R-R intervals in seconds. :

|




Normal heart rate

NORMAL SINUS RHYTHM

Impulses orginate at S-A node at normal rate

b_.n r-}x p

— .05

ﬁ
Iy

’f;sr 15: P |
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Beat per minute (bpm)
—
Z
<

Zz
| —
depends on |

140 bpm 20- 100 bpra &0 - B0 bpm age and 40 - 60 bprm
Ti fitness level |
L |
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Sinus tachycardia

A sinus rhythm of higher than 90/min is
called sinus tachycardia. It occurs as a
physiological response to physical
exercise or psychical stress, but may
also result from heart failure.

SINUS TACHYCARDIA

Impulses ariginate at S-A node at rapid rate

)

All complexes normal, evenly spaced. Rate =100/min.



Bradycardia

* A sinus rhythm of less than
60/min is called sinus
bradycardia. This may be a
consequence of increased vagal or
parasympathetic tone.

SINUS BRADYCARDIA

Impulses ariginate at 5-A node at slow rate

AJnL A \A A n.JnL ~

All complexes normal, evenly spaced. Rate < 60/min.




Calculation of the Heart Rate —
NORMAL SINUS RHYTHM Compar‘e R_R inTer‘VGIS

Impulses originate at S-A node at normal rate

S-A nod
ﬂ TmV
L '
_/\J}__/'\ I\ b_./“ / =
10s
| |
All complexes normal, evenly spaced. Rate 60 — 100/min —

SINUS BRADYCARDIA

Impulses originate at S-A node at slow rate

PN [ ZNPN | E2NPN (2N




5. Determination of the Electrical Axis of the Heart

Right Arm

Left Arm

[Ty

101 R
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5. Determination of the Electrical Axis of the Heart

EFTi: P |
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5. Determination of the Electrical Axis of the Heart
 Left axis deviation (LAD) range
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5. Determination of the Electrical Ax

Right axis deviation (RAD) ran
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intervals.
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6. Measurement of the duration and amplitude of the ECG waves and ™

—— & mm ——p T
t t i
0.2 sec A mm
R 0.5 my
F S
| -
v
1Tmm 0.04 sec ¥ 1T mm 0.1 my

k25 mmisec

( 10 mmimy l

P-R
P = —S-T ——p T
B3 segment
™= | | ment g, , U
% "l
[
P-R »Q
interval
o S-T P
S interval
% QRS ¥
interval
ot Q-T interval -
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7. ECG conclusion. In the ECG conclusion it is necessary to
note following: =
1.Reqularity of the cardiac rhythm (reqular or mregular)
2.The cardiac rhythm pacemaker (sinus or nonsinus
rhythm);
3.The heart rate;
4 Position of the electrical axis of the heart;
5.Presence of the four ECG syndromes:
arrhythmias,
abnormalities of conductivity,
atrial and ventricular hypertrophy,
myocardial damage (ischemia, injury, necrosis, scar).
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P - mifr‘ale

« The left atrial
enlargement occurred
most commonly in the
patients with mitral
valve defects.

« For this reason, this
type of the P wave

morphology if often
termed P - mitrale

e cabe s A -
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LEFT ATRIAL HYPERTROPHY

With the left atrium
enlargement, the =
frontal plane P
vector is oriented
more horizontally
and is of longer
duration because the

left atrial activation

is prolonged.

PP |

>
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_Left Atrium Enlargement P - mifrale

Therefore, P wave duration is greater than 0.1
second, and amplitude of the left atrial phase of P
wave increases that can cause splitting of this wave .

ight atrial activation Left atrial activation -/V\-—/ \/—r-—"'_‘"-"—

ﬂ The P wave in left atrial hypertrophy

i i Right atrial activation

~N

N

B EFY

LeadsT, aVL, V,, Vs, V,

>
g

JF

P - mitrale |



Diagnostic ECG Signs of Left Atrial Enlargement

1. High-amplitude and two-
peaked P wave in leads I, ad
IT,aVL, V,, Vs, V.. ‘

| JJL”J\’VWWA‘




Diagnostic EC6G Signs of Left Atrial Enlargement

2.Inlead V, (rarer in V,) P
wave is initially positive and e

terminally negative or {\ V\r\f “er T A}\/A —
negative P wave in V, is

formatted.
, - | | | I11 aVF V3 Vo

P

"

Y | Normal biphasic P wave in V1 —
AR B PAT)

.



Diagnostic Electrocardiographic Signs of Left

Afrial Enlargement * 3. In lead ITII negative

or two-phased
(+ -) P wave (inconstant

sign).

*4 The P wave duration
IS more than 0.1 second.

FMi:FN |

»
-
=)

.




A hypertr
\‘&
\

\ e

ECG
| in right atrial

ophy

EFTi: P |

.



 Since right atrial
enlargement is often
due to pulmonary
diseases, the terms

* P - pulmonale is
used to describe
this P wave

morphology

Woemimar



RIGHT ATRIAL HYPERTROPHY

*Right atrial
enlargement causes
the frontal plane P
wave axis to shift
vertically.

'P

Wi



P\ig‘\f Atrium Enlargement
Since the right atrium if the first to be activated, prolongation of

its activation time as a result of enlargement does not cause
widening of the P wave, but only increased amplitude. —

The normal P wave

Right atrial activation Left atrial activation




lagnosTic Electrocardiographic Signs of Right =
Atrial Enlargement

1. High-amplitude, peaked P _,J\/_,\ v’\/ﬁ» ,J\/_,\ /J\ff\_

wave more than 2 mm,
higher ’rhan 7 of the R

I ]
P - pulmonale T # e
Seeic dpereend

T i:P Y |

' Normal monophasic P wave in lead |

.



Diagnostic Electrocardiographic
Signs of Right Atrial Enlargement

2. Positive, peaked P s

wave (or its initial ,J\/_,\ v’\/ﬁf ,J\/_f\ ’A"“‘

right atrial phase) in
leads V,, V..

I avL V2

—
SRR AR
i
B
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Diagnostic Electrocardiographic Signs of
Right Atrial Enlargemen’r

3. Low-amplitude P wave vﬁ/ﬂf A/\/_/\ J\ -
inleads I, aVL, V,, Vs,

V.. in lead aVL it may be

negative (inconstant T VL V2 vs
sign). A ” L /\ ~ “ AA/_/\



Diagnostic Electrocardiographic Signs
of Right Atrial Enlargement

4 The P wave duration is not more
than 0.1 second.




DIAGNOSTIC
ELECTROCARDIOGRAPHIC SIGNS
OF THE VENTRICULAR
HYPERTROPHY
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in left
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LEFT VENTRICULAR HYPERTROPHY
Large S wave in leads V1 and V2, large R wave in V5 and VB

Diagnestie ECQ Signs of Left Ventricular Hypertrophy

 1.Increased  voltage
of QRS deflection.

* In the presence of
ventricular hypertrophy
the increased
magnhitude of the left
ventricular forces from
the hypertrophied left
wall  results in a
increased magnitude of
the main QRS vector.
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Diagnestic ECQ Signs of
Left Ventricular
ngert'rophg

The left leads I, aVL, V,, V5 V,
how high-amplitude R waves and
he right leads ITI, aVF, V,, V,,
V;show a deep S wave.

e
A-d
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Disgnestie ECG Signs of Left
Ventricular Hg-pertrophy i

2. Increased
duration of the QRS
complex as a
consequence of the
increased muscle
mass, and the QRS
complex is widened

Left Ventricular Hypertrophy
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Diagnestic ECG Signs of Left Ventricular flypertrophy
* 3. The ST segment is

depressed and the T wave is
pog WRY inverted in the leads I, IT,
/\.«/J\ GVL, V4, V5, V6. In The r'lgh‘l‘

aVR -/\/J
-

|
precordial leads (Vy, V,) the T
wave is upright and the ST
B " N s segment may be slightly
ﬁ1 3 V/\J s elevated.
« ST segment and T wave changes
are result from the altered

7 e = = ventricular depolarization and
repolarization processes in the
presence of left ventricular

N

L

.~ hypertrophy.
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4. Left axis deviation. In the left ventricular hypertrophy electrical ==
axis of the heart have a leftward orientation because the left
ventricular mass is greatly increased and there may be an anatomical
change in the position of the heart. R;215mm, R ,211mm, or
R;+S:1r>25mm. -

Normal axis

Horizontal Axis

Normal ventricles

iz |

1
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LV hypertrophy LV hypertrophy
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« 5. The transition
zone is_displaced to

the right (V,). In
marked hypertrophy,
the enlarged left
ventricle as moves a

little  the  right

ventricle to the
right, and heart
turns around its
vertical axis against




Left Ventricular flypertrophy

6. The deep S wave is preserved in lead TIT during deep

inspiration. During deep inspiration the diaphragm lowers, and if axis —
deviation is positional, deep S wave disappears because the heart
assumes normal position. And, if axis deviation is caused by enlarged
left ventricle, deep S wave preserves in lead IIT during deep
inspir'a’rion.

h




ECG criteria for LVH

* The Sokolow-Lyon
 There are several index:

sets of criteria used

S wave in V; + R wave in

fo diagnose LVH via o1 v/ (whichever is
electrocardiography larger) > 35 mm (> 7

* None of them is Iar'ge squar'es)
perfect, though by . pinaVL > 11 mm
using multiple
criteria sets, the
sensitivity and
specificity are

increased.

FMi:FN |
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* The Cornell
voltage
criteria for the
ECG diagnosis of
LVH involve
measurement of
the sum of the R
wave in lead aVL
and the S wave in

lead V3.

ECG criteria for LVH

 The Cornell criteria
for LVH are:

« Swave in V3 +R
wave in aVL > 28 mm
(men)

 Swave in V5 +R
wave inh aVL > 20 mm
(women)

FMi:FN |
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The Romhilt-Estes poi;\; score system
("diagnostic" >5 points; “probable" 4 points):

Voltage Criteria (any of):
Ror Sinlimb leads 220 mm 3
SinV;orV, 30 mm
Rin Vg or Vg 230 mm

ST-T Abnormalities:

ST-T vector opposite to QRS without digitalis 3
ST-T vector opposite to QRS with digitalis 1
Negative terminal P mode in V; 1 mm in depth and 0.04 sec 3
in duration (indicates left atrial enlargement)

i | Left axis deviation (QRS of -30° or more) 2

FMi:FN |
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ECG criteria for LVH

Other voltage-based criteria for LVH sl
include: _

e Lead I: R wave > 14 mm

1 ‘ aVR /\Af/\' V4
 Lead aVR: S wave > 15 mm /\/\l \/Vw Vi / =

e Lead aVL: R wave > 12 mm

« Lead aVF: R wave > 21 mm

* Lead V5: R wave > 26 mm J\\J i A
* Lead V,: R wave > 20 mm ﬂ-ﬂr/\ - J\j\_\/
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ECG
in right
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“\ hypertroph
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Diagnestie ECQ Signs of Right Ventricular Hypertrophy

1. Right axis deviation.

Normal axis Right Axis Deviation -

™
f B

RV Hypertrophy

'f;s! [5:F9 |



Diagnestic ECQ Signs of

Rig‘\t- Vehfritul-ar Hﬁperhroph
* 2. The right leads ITT,
aVF, V,, V,, V; show
high-amplitude R

waves and the left ; VJ\VJJ\ﬂ
eads I, aVL, Vy, Vs Vo [ s
show a deep S wave. “
RVI >/ mm or RV1+ SV5,6 J\A'—m \/ JJ\'V‘A%
> 10,5 mm. =y A]&AN\/AWA




tagnestic ECQ Signs of Right Ventricular
Hg-perrrop‘w —

3. Duration of ﬂ-{e QR S Right Ventricular Hypertrophy
complex. In contrast to ’
the pattern in left
ventricular hypertrophy,
the QRS duration
seldom is prolonged (to —
0.12 second), because ],:
even with hypertrophy, V, v, v, v,
the thickness of the

right ventricle does not

exceed that of the left.
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Diagnostic ECQ Signs of Right- Ventricular ngertro-phv
4. In leads ITI, aVF, V,, V,, V;the ST segment may be depressed and the
T wave inverted over the hypertrophied right ventricle. When ST - T wave

changes are present, it is often indicate of more severe right ventricular
hypertrophy.
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5. The transition zone is
displaced to the left (V, RIGHTVENTRICULAR HYPERTROPHY
- v6)—' In the mgh-f Wide S wave in leads V1 andVE,Iwidel?lwaveinUSEdeB |
ventricular the muscle BN A8\
mass is increased, and the \ &%
heart tends to rotate on
its longitudinal axis in a
clockwise manner, so that
the right ventricle
becomes more anterior and
the left ventricle rotates
posteriorly. The septum
i rotates similarly, becoming
i more parallel fo the
- lane of the body.

m frontal
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ECG criteria for
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CORONARY (ISCHEMIC) HEART DISEASE

The term coronary heart disease includes such
diseases as angina pectoris,

8 myocardial infarction, and
il coronary cardiosclerosis.
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ECG signs of the coronary heart disease

associated with electrical changes.

ISCHEMIC ZONE

INJURED
ZONE

NECROTIC
ZONE

MUSCLE f
-'F\ |

INJURED |
MUSCLE

l
ISCHEMIC
MUSCLE

If the coronary artery is occluded the involved
heart muscle progresses in sequence through three
stages of damage toward infarction. Each stage is

101 R

.



I.s C"\ emia * Ischemia develops in

conditions when the
insufficient amount of blood —
Ischemia IS deliver'ed 1-0 The hear"l' ¥

Injury
Infarct
Electric force due to infarct

muscle through the coronary —
arteries, and themyocardium
does not receive the
necessary amount of oxygen.
Ischemic damage to the
myocardium  alters  the
sequence of ventricular —
activation and affects the [

I repolarization or the w
H recovery process of the —

heart. Pan
h B "
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Tschemia

These changes alter the
electrical field of the
heart, resulting in T wave
modifications.

Ischemia is recognized by
symmetrically inverted T
wave.

Ischemia is a reversible
= process unassociated with
£ histological changes.
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w\r’%

F1i5:M |

»
»
=)

.



Irjury
repolarization processes.

If a deficient blood
supply persists injured
muscle progresses to

o J
.'i’ — -

Ecmrm

is recognized by ST segment elevation.
These changes are caused by persisted ischemia,
which lead to more significant alteration of the

Zone of ischemia -._

The injury patterns are  zwoow ‘ \
a I SO r'eve r'S i b I e . ?one of infarction ~____

Ir . N ,,"”
il necrosis. /
|

\\ {

N N— Myocardial

Myocardial ischemia
causes ST segment
depression with or
without T wave
inversion as

result of altered
repolarization

Myocardial injury
causes ST segment
elevation with or
without loss of

R wave

infarction causes
deep Q waves

as result of absence
of depolarization
current from dead
tissue and receding
currents from
opposite side

of heart

101k
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Necrosis or infarction

With infarction, "a dead zone" appears and become

electrically inactive.

Dead or necrotic muscle tissue is inexcitable and incapable of _—
producing an action potential. -
Such tissue acts as a passive conductor of the potential forces
generated in viable areas of the myocardium.

In the event of myocardial death, a Q wave appears and the R
wave deflection decreases in amplitude or disappears.

The depth of the Q
wave is directly proportional to
the relative thickness of the
dead zone, and the height of
the R wave is directly
proportional to the amount of
living tissue that escapes death.

————
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Diagnestie ECQ signs of mﬁocartﬁal infaretion

Decreased R wave amplitude or its absence in the leads facing
the necrotic myocardium. (R; + Ry; + Ryrp) ¢ 3 = less than 5 mm. :

—
12-0CT-1927 (69 yr)
Male Cauvcasian
LR I At ~~ ~
B [ !
! aVL
——
—
i
A ! i Nt
liips=r TR DR AT R TN C
1 aVF |
06-FEB-1997 13:21 _—
PA
@ 1997 Frank G. Yanowitz, M.D. -
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Diagnostie ECAQ signs of mﬁocartﬁal- infaretion

Deep and wide Q wave, deeper than % of the R wave

amplitude, and wider than 0.03 second. -

V R F R V —

5T
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Diagnestie ECAQ signs of msocartﬁal- infaretion
Pathological T wave - high ischemic or inverted (++, +-, --, -+).
ST segment changes.

Discordance of ST segment and T wave in opposite leads. —

That is, ST elevation in the lead I and depression in the lead ITI; -

T wave upright in the lead I and inverted in the lead IIT.

Concordance of ST segment and T wave in opposite leads is an ECG ™
sign of Thegﬂgina pec‘rou:ii:m} . 1o |
el
b b e b
i_m-fﬂ"»——l"f"t-.WJ"”'A"L—MJ"’""L;’Jhmw‘mﬂ e —
| | h s -
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Evolution of mﬁocartﬁal infaretion
The clinical myocardial injury pattern does
not remain stationary, but changes.

Evolutionary ECG alterations take place over
a period of hours, days, weeks, month, or even
years.

The series of changes has been arbitrarily
separated into stages .

Vﬁ VF! VH

V
= I._,.ST
/Wf o
D T
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Transmural Infarction
— Before coronary occlusion —

Hear! muscie normal

Normal ECG

EVol-uﬁon of msocardial- ihfartﬁon

~— Onset and first several hours —

=

-

IR
o=

Subendaocardial injury and
myocardial ischemia. No cell

death (infarction) yet

R wave normal T wave
or nearly normal —»

ST segment
elevated

First day

lschemia and injury extend 1o
epicardial surface. Subendo-
cardial muscle dying in area
of most severe injury

R wave amplitude
diminishing
N\

\m
ST elevation
more marked



E\m -uﬁon (& mgocartlia- ih

Transmural infarction
nearly complete, Some
ischemia and injury may
be present at borders

1 wave gone T wave
I . .
r nearly gone [ inversion
\ / beginning
¢

ST elevation
may decrease

Significant
J wave -~

First and second days ——

retion -

After several
- weeks or months

After 2 or 3 days “

Transmural infarction
complete

No R wave Desp T wave

.." inversion
/

\

ST may be
at baseline

Marked
Q wave ——=

Infarcted lissue replaced
by fibrous scar, sometimes
bulging {ventricular aneurysm)

Some R wave T wave
may return - | often less
= | inverted

v

\

ST elevation
may persist

if aneurysm

develops

Significant
Q wave
usually

persists
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Stages of the myocardial infarction A B.
Stage 1 - acute: abnormal Q wave, elevated ST J\X —
segment, and inverted T wave.
Stage 2 - evolutionary: deep Q wave, ST segment c. D.
= isoelectric, and inverted symmetrical T wave. — — —>
! Stage 3 - recovery: deep Q wave, ST isoelectric,
™ and T wave refurning to normal. £ :AA
Wl Stage 4 - stabilized: T waves normal, only — —

m evidence of old infarction is the deep Q wave.

Evolution of Acute MI
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Location of the myocartﬁal- infaretion

 Leads I, IT, aVL - anterior infarction.




Location of the mgocartﬁal- infaretion

« Leads IIT, IT, aVF - posterior infarction. |




Location of the myocardial infaretion

« V., V, - septal infarction.



Location of the mgocartﬁal- infaretion

« V., V, - apical infarction.
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Location of the mgocartﬁal infaretion

* Vi, V¢ - lateral infarction.
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