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Fig. 1.1B: Effect of current direction on polarnty of deflection:
A_ Towards the electrode—upright deflection

i B. Away from electrode—inverted deflection i
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DEFINITION

Electrocardiography its a recording of the
heart's electrical activity through

repeated cardiac cycles. It is an electrogram of
the heart which is a graph of voltage versus
time of the electrical activity of the

heart using electrodes placed on the skin
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Fig. 1.3A: Magnitude of the defi=ction on ECG:
A_ Positive deflection: height
B. Negative deflection: depth
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Fig. 1.3B: Effect of chest wall on magnitude of defiection

A. Thin chest—iall deflecton

i B. Thick chest—smal deflection i
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Fig. 1.4: Direction of myocardial activation in atrium and ventricle:

~ e\ ==— A Atrial muscle: longitudinal, from one myocyte to other

‘f; <%« B. Ventricular: transverse, endocardium to epicardium
M)

Fig. 1.5: The “dual-chamber” concept:
A. Biatrial chamber

i B. Biventricular chamber i

ECGpedia.org R.C.B. K

Phase 1
Initial repolarization:
~Voltage gated Na* ) P::ase 2
channels close — (! au> N ' ’% .
- Voltage gated K &\w“agae gatedCa® | Mar _— Jactn g
channels begin to open K%n:m:xogenr:jnues ™y S
- Myocytes contraction <\¢——"/ %
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Phase 3
Rapid repolarization:
Phase 0 - Voltage gated Ca?*
hannels close §
Depolarization: cl
Voltage gated Na* - Slow voltage gated K*
channels open channels open
€ > Phase 4
Effective refractory period Resting potential:

High K* permeability

|

Cell Yeshin Time
®M Gibson

<

ochon Potential ) e )




¥ whve - $K N0

PR wpulsu: YL
, AV NodL 0.10
— du,lmj alswo
Mo b ambvack

bmv Mh
vVt vi s

. QRS

tmpvlsts It
Yvndle brmm
Oﬂ' m’n Mo bvnlh.‘»

1. Vi de Smds WM@

bird b \ungs L b WVW\'/‘

Twhve orka s,

Q‘-'. "'»l




R by * ?
7 SAnode  Bachmann's bundle A

The AV node
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Left bundle branch ventricles to
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ECG LEADS

12 leads
f

A. Limb leads B. Chest leads
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Elements of Standard Limb Leads

Fig. 2.2: Electrode placement for ECG recording

Positive Negative View of
Lead Electrode Electrode Heart
| LA RA Lateral
[l LL RA Inferior
I LL LA Inferior




Chest leads (precordial leads)

Zer0 ref O m————

Limb leads I, II, III = bipolar Augmented limb leads

+/Lead/l: right arm - left arm
‘Leaddl: right arm - left leg
Lead/I11s left arm - left leg

Bk = unipolar




Eements of Augmented Limb Leads

Lead Positive Electrode View of Heart
aVR RA None

aVL LA Lateral
aVF LL Inferior

Chest Leads

Midclavicular
N line

Anterior
axillary line

Midaxillary
line

EHements of Chest Leads

Lead Positive Electrode Placement View of Heart

vV, 4th Intercostal space to Septum
right of sternum

Vo 4th Intercostal space to Septum
left of sternum

Va Directly between V> and V., Anterior

Va 5th Intercostal space at Anterior
left midclavicular line

Vs Level with V4 at left anterior Lateral
axillary line

Vs Level with Vs at left midaxillary line Lateral

Lead Ill

Table 2.1: Region of left ventricle represented on ECG

@ / ECG leads Region of left ventricle

14

/ Vi, Vs Septal

Va, Vg Anterior

Vs, Vg Lateral
VitoVy Antero-septal
Vato Vs Antero-lateral
L, avL High lateral
Ly, Ly, aVF Inferior 4/




Electrode Placement Using a 3-Wire Cable

THE ECG GRID

Segmen; —> baseliné N FCG 31 £8y. 1)
W Cilinical Tip: Five-wire telemetry units are commonly used to monitor
leads 1, 11, 111, aVR, aVL, aVF, and V, in critical care settings.

Recording of the ECG R
Constant speed of 25 mm/sec <2.5¢%!: !
3 3E 133 P T mm IEA L.
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! FHEHIH T :depolanzahor‘f S
it } iiil S } ‘ ; : 3/} 25
S| P | I S SR :
s i
0.04 sec
1 mmj ICJ mv . S
| Large
Small t N box
box ' Fig. 3.2: A_ Atrial depolarization
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B. The normal P wave
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Fig. 3.3: A. The ncrmal Q wave

B. Septal depolarization (1)
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Fig. 3.4: A_. The normal QORS complex

I B. Veniricular depolarization |
The normal P-R interval is in the range of 0.12 to—s Zbk%f S

The normal Q-T interval is in the range of 0.35 to 0.43 sec
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Fig. 1.11: The normal ECG intervals

Fig. 1.12: The normal ECG segments
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Fig. 5.1: Calculation of the heart rate from R-R interval,
if R-R interval = 25 mm; Heart rate = 60/min

]

$

! | |
—————— .';._..»._.—....---‘--.—¢----.-‘

!

!

PN




|1)) l:r;:f:t.s 3) RATE (SMALL SQuARE)
SHoRTLLT: ® ON 25mm|c Imm= LOmg
MBE

200 (UIEACE | Fucacrose §mm = 200mc
LAeGE SauAReS - c
BETWEEN BEATS ol 2:;’6 (LAZ&; SQUAZE\

o
200mex§ = I €3 ry i
e e I

II







THE HEART RHYTHM Rate of impulse :

The rhythm of the heart can be classified on the basis of the

fO"OWIng Cmena A cardiac rhythm at a rate less than 60 beats per minute
constitutes bradycardia. A cardiac rhythm at a rate exceeding
100 beats per minute constitutes tachycardia.

The normal heart rate varies from 60 to 100 beats per minute.

% Rate of impulse origin
% Focus of impulse origin
% Pattem of rhythm reqularity
% Atrioventricular relationship.

—— @—=—~—oo o =

Origin of impulse: Pattern of Reqularity:

A cardiac rhythm originating from the SA node is called sinus The normal cardiac rhythm is regular that is, the interval between
rhythm. The SA node normally discharges at a rate of 60 to 100 the different beats is the same (equally spaced QRS complexes).
beats per minute. A sinus rhythm at this rate is called normal At times, however, the cardiac rhythm may be irregular that is,
sinus rhythm. the QRS complexes are not equally spaced. Irregularity of
Besides the SA node, there are other potential pacemakers in cardiac rhythm is further of two types, regular irregularity and

the heart such as in the atria, atrioventricular junction and the irregular irregularity.

ventricles. They are known as ectopic or subsidiary pacemakers.
The subsidiary pacemakers can discharge at a slower rate than
the SA node.

For instance, an atrial or junctional pacemaker can fire 40 to 60
impulses per minute while a ventricular pacemaker can fire 20
to 40 impulses per minute. It is for this reason that the SA node
governs the cardiac rhythm by silencing these subsidiary
pacemakers




Atrioventricular
Relationship:

The normal cardiac activation sequence is such that the electrical
impulse from the SA node first activates the atria and then

travels downwards through the conducting system to activate

the ventricles. We know that atrial depolarization is represented
by the P wave and ventricular depolarization is represented by
the QRS complex. Therefore, the P wave is followed by the

QRS complex and the two are related to each other

B Results from slowing of the SA node. b

aetfiess

Rate: Slow (<60 bpm)

Rhythm: Regular

PWaves: Normal (upright and uniform)
PR Interval: Normal (0.12-0.20 sec)
QRS: Normal (0.06-0.10 sec)

¥ Clinical Tip: Sinus bradycardia is normal in athletes and during sleep. In acute M|, it may be
protective and beneficial or the slow rate may compromise cardiac output. Certain
medications, such as beta blockers, may also cause sinus bradycardia.

Sinoatrial (SA) Node Arrhythmias

B Upright P waves all look similar. Note: All ECG strips in this tab were racorded in lead Il
B PR intervals and QRS complexes are of normal duration.
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Rate: Normal (60-100 bpm)

Rhythm: Regular

PWaves: Normal (upright and uniform)
PR Interval: Normal (0.12-0.20 sec)
QRS: Normal (0.06-0.10 sec)

¥ Clinical Tip: A normal ECG does not exclude heart diseasa.

m Results from increased SA node discharge.
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Rate: Fast (>100 bpm)
Rhythm: Regular
PWaves: Normal (upright and uniform)
PR Interval: Normal {0.12-0.20 sec)
QRS: Normal (0.06-0.10 sec)

¥ Clinical Tip: Sinus tachycardia may be caused by exercise, anxiety, fever, hypoxemia,
hypovolemia, or cardiac failure.




B The SA node discharges irregularly. e
B The R-R interval is irregular.

Rate: Usually normal {60-100 bpm); frequently increases with inspiration and decreases with
expiration

Rhythm: Iregular; varies with respiration

PWaves: Normal (upright and uniform)

PR Interval: Normal {0.12-0.20 sec)

QRS: Normal {0.06-0.10 sec)

¥ Clinical Tip: The pacing rate of the SA node varies with respiration, especially in children
and elderly people.

B This arrhythmia has such a fast rate that the P waves may not be seen.
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Rate: 150-250 bpm
Rhythm: Regular
PWaves: Frequently buried in preceding T waves and difficult to see

PR Interval: Usually not possible to measure

QRS: Normal (0.06-0.10 sec) but may be wide if abnormally conducted through ventricles

¥ Clinical Tip: SVT may be related to caffeine intake, nicotine, stress, or anxiety in healthy
adults.

B The block occurs in some multiple of the P-P interval. {VQ)‘)‘:S N
B After the dropped beat, cycles continue on time. _ e~
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Rate: Normal to slow; determined by duration and frequency of SA block
Rhythm: Irregular whenever an SA block occurs

PWaves: Normal (upright and uniform) except in areas of dropped beats
PR Interval: Normal (0.12-0.20 sec)

QRS: Normal {0.06-0.10 sec)

¥ Clinical Tip: Cardiac output may decrease, causing syncope or dizziness.
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® Pathophysiology
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Atrial Flutter

Normal Sinus Rhythm

"‘___’_’——_!I

B AV node conducts impulses to the ventricles at a 2:1, 31, 4:1,3r§re_a—terrati0 {rarely 1:1).
B Degree of AV block may be consistent or variable.
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Rate: Atrial: 250-350 bpm; ventricular: slow or fast
Rhythm: Usually regular but may be variable

PWaves: Flutter waves have asaw-toothed appearance
PR Interval: Variable

QRS: Usually normal {0.06-0.10 sec), but may appear widened if flutter waves are buried in QRS

¥ Clinical Tip: The presence of A-flutter may be the first indication of cardiac disease.

¥ Clinical Tip: Signs and symptoms depend on ventricular response rate.

m Rapid, erratic electrical discharge comes from multiple atrial ectopic foci. s weak P wie

B No organized atrial contractions are detectable.
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Rate: Atrial: 350 bpm or greater; ventricular: slow or fast

Rhythm: Irregular agns
PWaves: No true P waves; chaotic atrial activity Shakle —3 omene
PR Interval: None 00 over YA
QRS: Normal {0.06-0.10 sec) unshdl > Shek ( (\j“\h@m)

1D

¥ Clinical Tip: A-fib is usually a chronic arrhythmia associated with underlying heart disease.

¥ Clinical Tip: Signs and symptoms depend on ventricular response rate.




~ e Ventricular Arrhythmias

Atrialfibri"ation (AFib) iS the most common type of heart arrhythmia B QRS complex is >0.10 sec. P Waves are absent or, if visible, have no consistent relationship
i to the QRS complex.

AFib occurs when the
upper chambers and
lower chambers are not
coordinated, causing the
heart to beat too slowly,
too quickly, or irregularly.
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Rate: 20-40 bpm

Rhythm: Regular
Normal heartbeat Irregular heartbeat PWaves: None

MMW AN NI « PR Interval: None
i QRS: Wide (>0.10 sec), bizarre appearance

¥ Clinical Tip: Idioventricular rhythm may also be called agonal rhythm.

Premature Ventricular Contraction (PVC)

B Usually PVCs result from an irritable ventricular focus. @P)q)\ 3 Oy &

B PVCs may be uniform (same form) or multiform (different forms).

B The pause following a PVC may be compensatory or noncompensatory. <ilent );j—’
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Rate: Depends on rate of underlying rhythm
Rhythm: Irregular whenever a PVC occurs
PWaves: None associated with the PVC

PR Interval: None associated with the PVC
QRS: Wide (>0.10 sec), bizarre appearance

¥ Clinical Tip: Patients may sense the occurrence of PVCs as skipped beats. Because the
ventricles are only partially filled, the PVC frequently does not generate a pulse.




7< Premature Ventricular Contraction: Uniform (same form) Premature Ventricular Contraction: Ventricular Bigeminy (PVC every other beat)
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Premature Ventricular Contraction: Multiform (different forms) i i i i
remature Ventricular Lontraction: Multito fiferent forms Premature Ventricular Contraction: Ventricular Trigeminy (PVC every 3rd beat)
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Premature Ventricular Contraction: Couplets (paired PVCs) : :

14 ] i SOUPIBES |1 Rate: 100-250 bpm X A V&N
: Rhythm: Regular S7) A L=
PWaves: None or not associated with the QRS \W° \9»‘/" Us*e/

PR Interval: None -

:i' QRS: Wide (>0.10 sec), bizarre appearance
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¥ Clinical Tip: It is important to confirm the presence or absence of pulses because
monomorphic VT may be perfusing or nonperfusing.
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SR S 1333 EEE 13 R SR 18 ¥ Clinical Tip: MonomorphicVT will probably deteriorate into VF or unstable VT if sustained
and not treated.
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B QRS complexes in polymorphic VT vary in shape and amplitude. (/-Op G_/a
B The QT interval is normal or long.

Rate: 100-250 bpm

Rhythm: Regular or irregular

PWaves: None or not associated with the QRS
PR Interval: None

QRS: Wide (>0.10 sec), bizarre appearance

¥ Clinical Tip: It is important to confirm the presence or absence of pulses because
polymorphic VT may be perfusing or nonperfusing.

¥ Clinical Tip: Consider electrolyte abnormalities as a possible etiology.

m Chaotic electrical activity occurs with no ventricular depolarization or contraction.
B The amplitude and frequency of the fibrillatory activity can be used to define the type of

fibrillation as coarse, medium, or fine.

 Saada b

Rate: Indeterminate
Rhythm: Chaotic
PWaves: None

PR Interval: None
QRS: None

¥ Clinical Tip:There is no pulse or cardiac output. Rapid intervention is critical. The longer the
delay, the less the chance of conversion.




Ventricular Fibrillation (VF)

MakeAGIF.com

Asystole

B Electrical activity in the ventricles is completely absent.

Rate: None
Rhythm: None
PWaves: None
PR Interval: None
QRS: None

¥ Clinical Tip: Always confirm asystole by checking the ECG in two different leads. Also,

search to identify underlying ventricular fibrillation.

¥ Clinical Tip: Seek to identify the underlying cause as in PEA.

Pulseless Electrical Activity (PEA)
RN
B Monitor shows an identifiable electrical rhythm, but no pulse is detected. w"‘"ﬁd
B Rhythm may be sinus, atrial, junctional, or ventricular in origin. o~ 5’17\"‘/
o

PEA is also called electromechanical dissociation (EMD). . € yﬁ
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Rate, rhythm, P waves, P-R interval, and QRS: Reflect underlying rhythm.

¥ Clinical Tip: Potential causes of PEA are pulmonary embolism, MI, acidosis, tension
pneumothorax, hyper- and hypokalemia, cardiac tamponade, hypovolemia, hypoxia,
hypothermia, and drug overdose li.e., cyclic antidepressants, beta blockers, calcium channel
blockers, digoxin).

Atrioventricular (AV) Blocks

m AV blocks are divided into three categories: first-, second-, and third-degree.

First-Degree AV Block

| !

Rate: Depends on rate of underlying rhythm
Rhythm: Regular

PWaves: Normal {upright and uniform)

PR Interval: Prolonged (>0.20 sec)

QRS: Normal (0.06-0.10 sec)

¥ Clinical Tip: Usually AV block is benign, but if associated with an acute M|, it may lead to
further AV defects.
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Second-Degree AV Block

Type | (Mobitz | or Wenckebach)
B P-R intervals become progressively longer until one P wave is totally blocked and produces
no QRS. After a pause, during which the AV node recovers, this cycle is repeated.

Biocked beat

-
o

Rhythm: Irregular

QRS: Normal (0.06-0.10 sec)

Rate: Depends on rate of underlying rhythm

PWaves: Normal (upright and uniform)
PR Interval: Progressively longer until one P wave is blocked and a QRS is dropped

¥ Clinical Tip: This rhythm may be caused by medication such as beta blockers, digoxin, and
calcium channel blockers. Ischemia involving the right coronary artery is another cause.

make agitcom

Second-degree type |




Second-Degree AV Block
Type Il (Mobitz 1)

B Conduction ratio (P waves to QRS complexes) is commonly 2:1, 3:1, or 4:1.
B QRS complexes are usually wide because this block usually involves both bundle branches.

. ] |

Rate: Atrial rate (usually 60-100 bpm); faster than ventricular rate

Rhythm: Atrial regular and ventricular irregular

PWaves: Normal (upright and uniform); more P waves than QRS complexes
PR Interval: Normal or prolonged but constant

QRS: Usually wide (>0.10 sec)

¥ Clinical Tip: Resulting bradycardia can compromise cardiac output and lead to complete AV
block. This rhythm often occurs with cardiac ischemia or an MI.

Third-Degree AV Block

B Conduction between atria and ventricles is absent because of electrical block at or below the
AV node.
B “Complete heart block” is another name for this rhythm.

Rate: Atrial: 80-100 bpm; ventricular: 40-60 bpm if escape focus is junctional, <40 bpm if
escape focus is ventricular

Rhythm: Usually regular, but atria and ventricles act independently

PWaves: Normal (upright and uniform); may be superimposed on QRS complexes orT waves

PR Interval: Varies greatly

QRS: Normal if ventricles are activated by junctional escape focus; wide if escape focus is
ventricular
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m Either the left or the right ventricle may depolarize |ate, creating a “notched” QRS complex.
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Rate: Depends on rate of underlying rhythm

Rhythm: Regular

PWaves: Normal {upright and uniform)

PR Interval: Normal (0.12-0.20 sec)

QRS: Usually wide (>0.10 sec) with a notched appearance
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¥ Clinical Tip: Commonly, BBB occurs in coronary artery disease.

The ventricular conduction system

Sinoatrial node (SA node)

Atrioventricular node (AV node)

—_

His bundle

Left bundle branch

Posterior fascicle
Anterior fascicle

Right bundle branch
Purkinje fibers

L——— AVsystem ——!

L— His-Purkinje system

Right Bundle Branch Block

QRS =0.170 sec

CRS normal or deviated to the right
Slurred S wave in leads | and Vg

RSR’ pattern in lead V,; with R" taller than R
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W Clinical Tip: Patients may have underlying right ventricular
hypertrophy, pulmonary edema, cardiomvyopathy, congenital
heart disease, or rhbeumatic heart disease.

Left Bundle Branch Block

m CRS =0.10 sec
B OCRS predominantly negative in leads V, and V2
B OCRS predominantly positive in Vg and Vg and often notched
m Absence of small, normal Q waves in I, aVL, Vs, and Vs
m Wide monophasic R waves in |, aVL, V., Vs, and Vg
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¥ Clinical Tip: Patients may have underlying heart disease,
including coronary artery disease, hypertension,
cardiomvyopathy, and ischemia.




Normal

Ischemia
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Q 2.Inferior Ml (treatment is aspirin or morphine)

Infarction

¥ Clinical Tip: Once the acute M| has ended, the ST segment
returns to baseline and theT wave becomes upright, but the Q
wave remains abnormal because of scar formation.

branch
m ECG changes: ST segment elevation in leads

Inferior Mvyocardial Infarction

B COCcclusion of the right coronary artery —posterior descending

I, I, and aVvVF
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¥ Clinical Tip: Be alert for symptomatic sinus
blocks, hypotension, and hypoperfusion.

H
:

bradycardia, AV

Anterior Miyocardial Infarction

B Ccclusion of the left coronary artery —left anterior descending
branch

m ECG changes: ST segment elevation with tall T waves and
taller-than-normal R waves in leads Vz and V.,

W ClinicalTip: Anterior MI freguently involves a large area of
the myoccardium and can present with cardiogenic shock,
second-degree AV block type Il or third-degree AV block.

Lateral Mvyocardial Infarction

W Occlusion of the left coronary artery—circumflex branch
B ECG changes: ST segment elevation in leads |, aVL, Vs, and Vg

P4

¥
¥

IBEeRRERIIN)

T

e dads

¥ Clinical Tip: Lateral M is often associated with anterior or
inferior wall MI. Be alert for changes that may indicate

cardicgenic shock or congestive heart failure.




Septal Mvyocardial Infarction

B Occlusion of the left coronary artery —left anterior descending
branch

m ECG changes: pathological Q waves; absence of normal R
waves in leads V,; and Vz

3

¥ Clinical Tip: Septal M| is often associated with an anterior
wwall MI.

dLa,QDJ—“ Das V) ) ) - (vv(/,___{}

7 Table 2.1: Region of left ventricle represented on ECG

Region of left ventricle

Vi, Vs Septal

Va, Vg Anterior

Vs, Vs Lateral
VitoV, Antero-septal
Vato Vg Antero-lateral
L, avL High lateral
Ly, Ly, aVF Inferior

ECG leads

Posterior Miyocardial Infarction

B Occlusion of the right coronary artery (posterior descending
branch) or the left circumflex artery
Tall R waves and ST segment depression possible in leads V.,
l(v2 Va, and V.
m ST segment elevation in true posterior leads, Vg and Vo

W Clinical Tip: Diagnosis may reguire a 15-lead ECG because a
standard 12-lead does not loock directly at the posterior wall.
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EKG QUle V|eW (F’\ SimpleNursing

9 strips to know for the Nclex

Normal sinus rhythm

Bradycardia

Ventricular Fibrillation (V Fib)

Ventricular Tachycardia (V Tach)

Atrial Fibrillation (A Fib)

SVT - Supraventricular Tachycardia %WMWWW

Torsades de Pointes W\W\/NW\QM\JW\WU\J\W

Asystole - flatline




