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Abstract:

Since its inception, the electrocardiogram (ECG) has been an essential tool in medicine. The ECG isyraareetbdracing of
cardiac electrical activity; it can detect and diagnose various pathologies including arrhythmias, pericardial and myocard
disease, electrolyte disturbances, and pulmonary disease. The ECG is a simleasioa, rapid, and cosffective diagnostic

tool in medicine; however, its clinical utility relies on the accuracy of its interpretation. Computer ECG analysis hasdoecom
widespread and relied upon that ECG literacy among clinicians is waning. With recent technologicalsadveragplication of
artificial intelligenceaugmented ECG (AECG) algorithms has demonstrated the potential to risk stratify, diagnose, and even
interpret ECGS8 all of which can have a tremendous impact on patient care and clinical workflow. In thiw,rese examine (i)

the utility and importance of the ECG in clinical practice, (ii) the accuracy and limitations of current ECG interpretttiathsm

(iii) existing challenges in ECG education, and (iv) the potential use-&0Xb algorithms for comprehsive ECG interpretation

1 Index Terms Electrocardiogram (ECG)ECG Clinical Interpretaton ECG waveds interval &

|. INTRODUCTION

The electrocardiogram (ECG) is one of the simplest and oldest cardiac investigations available, yet it can provide a
wealth of useful information and remains an essential part of the assessment of cardiac patients.

With modern machines, surface ECGs are quick and easy to obtain at the bedside and are based on relatively simple
electrophysiological concepts. However junior doctors often find them difficult to interpret.

This is the first in a short series of articles that aim to:

1 Help readers understand and interpret ECG recordings.
1 Reduce some of the anxiety juniors often experience when faced with an ECG.
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Human Heart

The heart is a muscular structure that is situated in the front of the chest. It pumps blood all through the body in a process
called circulation. Apart from the heart, the blood vessels and blood as a unit constitute the cardiovascular system.

Left coronary
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divides into two
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and the left antenior
descending artery
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Circumflex
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Introduction to the Human Heart

The human heart is one of the most important organs responsible for sustaining life. It is a muscular organ with four
chambers. The size of the heart is the size of about a clenched fist.

The human heart functions throughout a personds | iusclesiptken an
human body.

Besides humans, most other animals also possess a heart that pumps blood throughout their bodies. Even invertebrates
such as grasshoppers possess a heart like pumping organ, though they do not function the same way a human heart does.
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Position of Heart in Human Body

The human heatrt is located between the lungs in the thoracic cavity, slightly towards the left of the sternum (breastbone). It
is derived from the embryonic mesodermal germ layer.

The Function of Heart

The function of the heart in any organism is to maintain a constant flow of blood throughout the body. This replenishes
oxygen and circulates nutrients among the cells and tissues.

Following are the main functions of the heart:

9 One of the primary functions of the human heart is to pump blood throughout the body.

9 Blood delivers oxygen, hormones, glucose and other components to various parts of the body, including the human
heart.

9 The heart also ensures that adequate blood pressure is maintained in the body
There are two types of circulation within the body, namely pulmonary circulation and systemic circulation.

Types of Circulation

T Pulmonary circulation is a portion of circulation responsible for carrying deoxygenated blood away from the
heart, to the lungs and then bringing oxygenated blood back to the heart.

9 Systemic circulation is another portion of circulation where the oxygenated blood is pumped from the heart to
every organ and tissue in the body, and deoxygenated blood comes back again to the heart.

Now, the heart itself is a muscle and therefore, it needs a constant supply of oxygenated blood. This is where another type
of circulation comes into play, the coronary circulation.

9 Coronary circulation is an essential portion of the circulation, where oxygenated blood is supplied to the heart.
This is important as the heart is responsible for supplying blood throughout the body.

1 Moreover, organs like the brain need a steady flow of fresh, oxygenated blood to ensure functionality.

In a nutshell, the circulatory system plays a vital role in supplying oxygen, and nutrients and removing carbon dioxide and
other wastes from the body. Let us gain a deeper insight into the various anatomical structures of the heart:

Structure of the HumaHeart

The human heart is about the size of a human fist and is divided into four chambers, namely two ventricles and two atria.

The ventricles are the chambers that pump blood and the atrium are the chambers that receive blood. Among these both

the right atrium and ventodianed makel eafpt tater ifumgdond hed@metric
structure of the heart also houses the biggest artery in the body i the aorta.

The right and the left region of the heart are separated by a wall of muscle called the septum. The right ventricle pumps the
blood to the lungs for re-oxygenation through the pulmonary arteries. The right semilunar valves close and prevent the blood
from flowing back into the heart. Then, the oxygenated blood is received by the left atrium from the lungs via the pulmonary
veins. Read on to explore more about the structure of the heart.

External Structure of Heart

One of the very first structures which can be observed when the external structure of the heart is viewed is the pericardium.

Pericardium

The human heart is situated to the left of the chest and is enclosed within a fluid-filled cavity described as the pericardial
cavity. The walls and lining of the pericardial cavity are made up of a membrane known as the pericardium.

The pericardium is a fibore membrane found as an external covering around the heart. It protects the heart by producing a
serous fluid, which serves to lubricate the heart and prevent friction between the surrounding organs. Apart from the
lubrication, the pericardium also helps by holding the heart in its position and by maintaining a hollow space for the heart to
expand itself when it is full. The pericardium has two exclusive layersd

9 Visceral Layer: It directly covers the outside of the heatrt.
1 Parietal Layer: It forms a sac around the outer region of the heart that contains the fluid in the pericardial cavity.

Structure of the Heart Wall

The heart wall is made up of 3 layers, namely:

9 Epicardium i Epicardium is the outermost layer of the heart. It is composed of a thin-layered membrane that
serves to lubricate and protect the outer section.
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9 Myocardium i This is a layer of muscle tissue and it constitutes the middle layer wall of the heart. It contributes to
the thickness and is responsible for the pumping action.

9 Endocardiumi It is the innermost layer that lines the inner heart chambers and covers the heart valves.
Furthermore, it prevents the blood from sticking to the inner walls, thereby preventing potentially fatal blood clots.

Internal Structure of Heart

The internal structure of the heart is rather intricate with several chambers and valves that control the flow of blood.

Chambers of the Heart

Vertebrate hearts can be classified based on the number of chambers present. For instance, most fish have two chambers,
and reptiles and amphibians have three chambers. Avian and mammalian hearts consists of four chambers. Humans are
mammals; hence, we have four chambers, namely:

Left atrium
Right atrium
Left ventricle

=A =4 =4 =4

Right ventricle

Atria are thin and have less muscular walls and are smaller than ventricles. These are the blood-receiving chambers that
are fed by the large veins.

Ventricles are larger and more muscular chambers responsible for pumping and pushing blood out into circulation. These
are connected to larger arteries that deliver blood for circulation.

The right ventricle and right atrium are comparatively smaller than the left chambers. The walls consist of fewer muscles
compared to the left portion, and the size difference is based on their functions. The blood originating from the right side
flows through the pulmonary circulation, while blood arising from the left chambers is pumped throughout the body.

Blood Vessels
Your heart pumps blood through three types of blood vessels

Arteries carry oxygen-rich blood from your hearttoyourbody 6 s ti ssues. The exception is
to your lungs.

Veins carry oxygen-poor blood back to your heart.
Capillaries are small blood vessels where your body exchanges oxygen-rich and oxygen-poor blood.

Your heart receives nutrients through a network of coronary arteries These arteries run along
serve the heart itself.

Left coronary artery: Divides into two branches (the circumflex artery and the left anterior descending artery).
Circumflex artery: Supplies blood to the left atrium and the side and back of the left ventricle.
Left anterior descending artery (LAD): Supplies blood to the front and bottom of the left ventricle and the front of the septum.
Right coronary artery (RCA): Supplies blood to the right atrium, right ventricle, bottom portion of the left ventricle and back
of the septum.
Valves
Your heart valvesre like doors between your heart chambers. They open and close to allow blood to flow through.
The atrioventricular (AV) valves open between your upper and lower heart chambers. They include:
Tricuspid valve: Door between your right atrium and right ventricle.
Mitral valve : Door between your left atrium and left ventricle.
Semilunar (SL) valves open when blood flows out of your ventricles. They include:

Aortic valve: Opens when blood flows out of your left ventricle to your aorta(artery that carries oxygen-rich blood to your
body).

Pulmonary valve: Opens when blood flows from your right ventricle to your pulmonary arteriefthe only arteries that carry
oxygen-poor blood to your lungs).

THE ELECTRICITY OF THE HEART
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The contraction of any muscle is associated with eldédct i
electrodes attached to the surface of the body. Silhaauscular contraction will be detected, the electrical changes associated
with contraction of the heart muscle will only be clear if the

patient is fully relaxed and no skeletal muscles are contracting. Although the heart has four chambers, fectrichepaint of
view it can be thought of as having only two, because
ventricles contract together.

THE WIRING DIAGRAM OF THE HEART
The electrical discharge for each cardiac cycle Sinoatrial (SA) node e,

normally starts in a special area of the right

atrium called the O6sinoatri al ( SA

Depolarization then spreads through the atrial

muscle fibres. There is a delay while AV node

depolarization spreads through another special AV junction | pis pundle —E>

area in the atcruiluam, ntohdee 66 at { i ov e njt

(also called the 6AV noded6, or s ofif V t
0the nodedé). Thereafter, the depo i Purkinje fibers
wave travels very rapidly down specialized

conduction tissue, the O0bundle of Rt bundle branch
divides in the septum between the ventricles

into right and lefboundle branches. The left Right bundle branch

bundle branch itself divides into two. Within
the mass of ventricular muscle, conduction
spreads somewhat more slowly, through

specialized tissue called O6Purkinje fibresbo.

Interventricular septum

History of ECG.

The invention of the electrocardiogr aph by Dutch physiologist Willem Einthoven in 1902 gave physicians a powerful
tool to help them diagnose various forms of heart disease, especially arrhythmias and acute myocardial infarction. The
discovery of x-rays in 1895 and the invention of the electrocardiograph 7 years later inaugurated a new era in which
various machines and technical procedures gradually replaced the physician's unaided senses and the stethoscope as
the primary tools of cardiac diagnosis. These sophisticated new approaches providedobjective information about the
structure and function of the heart in health and disease. This review summarizes the origins and development of
electrocardiography and addresses its role in defining cardiology as a specialty.

Understanding the physioloy

The basic principle of the ECG is that stimulation of a muscle alters the electrical potential of the muscle fibres.
Cardiac cells, unlike other cells, have a property known as automaticity, which is the capacity to spontaneously initiate
impulses. These are then transmitted from cell to cell by gap junctions that connect cardiac cells to each other.

The electrical impulses spread through the muscle cells because of changes in ions between intracellular and
extracellular fluid. This is referred to as action potential. The primary ions involved are potassium, sodium and
calcium. The action potential is the potential for action created by the balance between electrical charges (positive and
negative) of ions on either side of the cell membrane.

When the cells are in a resting state, the insides are negatively charged compared to the outsides. Membrane pumps
act to maintain this electrical polarity (negative charge) of the cardiac cells. Contraction of the heart muscle is
triggered by depolarisation, which causes the internal negative charge to be lost transiently.

However, following depolarisation, the cardiac cells return again to their resting charge, known as repolarisation.

These waves of depolarisation and repolarisation represent an electrical current and can be detected by placing
electrodes on the surface of the body.2After the current has spread from the heart through the body, the changes are
picked up by the ECG machine and the activity is recorded on previously sensitised paper. The ECG is therefe a
graphic representation of the electrical activity in the heart. The current is transmitted across the ECG machine at the
selected points of contact of the electrode with the body.

Formation of the ECG

Cardiac depolarisation begins from the SA node in the right atrium, causing it to contract. The impulse is transmitted
from the right atrium to the left atrium, which then contracts. The first positive deflection seen on the ECG represents
atrial depolarisation and is labelled the P wave. The normal P wave is < 0.08seconds (two small squares on the ECG
paper) in duration.

There is a short delay between atrial contraction and impulse conduction through the AV node. This period of delay is
referred to as the PR interval. It is measured from the beginning of the P wave until the beginning of the R wave.
During this time the ECG normally returns to the baseline, which is referred to as the isoelectric line. The PR interval
is normally between 0.12-0.20 seconds.
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The Q wave, caused by septal depolarisation, ishe first negative deflection seen on the ECG after the P wave. A
normal Q wave is less than one small square wide.2A Q wave is not always apparent on the ECG. An enlarged Q wave
is significant and indicative of abnormalities.

There is rapid impulse conduction through the bundle of his, the bundle branches, the fasicles and the purkinje fibres.
The deflection seen on the ECG is strongly positive. Conduction spreads through the ventricles from the endocardium
to the epicardium.2 The R wave is the first postive deflection of the QRS complex and the S wave is the first negative
deflection after the R wave, seen below the isoelectric line. The normal QRS complex is < 0.12 seconds in duration.
This is an indication of the speed of conduction of the ventricular impulses. The ECG graph should return again to the
isoelectric line after the S wave.

The final waveform seen on the ECG is the T wave. The T wave represents repolarisation of the ventricular muscle.
This simply corresponds with relaxation of the muscle prior to the next electrical impulse. The T wave should be
positive and should be of no greater duration than 0.16 seconds. The duration between the S and T waves (ST
segment) is not significant. It is important that the ECG graph returns to the isoelectric line between the S wave and
the T wave. An abnormal isoelectric line between the S and T waves provides clues to problems with depolarisation
and should be noted and reported

i P-Wave
1. SA. node 60 1 ..100 bpm Depolarization of T-Wave
2. Atrial cells 557 60 bpm atria in response Ventricular
3. AV node 457 50 bpm to SA node triggering. repolarization

4. Bundle of His 40 7 45 bpm

5. Bundle branch 407 45 bpm
6. Purkinje cells 357 40 bpm

7. Myocardial cells 30 7 35 bpm

Voltage

PR Interval

Delay of AV node
to allow filling of
ventricles.

ST Segment
Beginning of
ventricle

repolarization,
should be flat.

QRS Complex
Depolarization of
ventricles, triggers
main pumping
contractions.

ECG Leads

There are twelve leads consisting of six limb leads (I, I, lll, aVR, aVL and aVF) and six chest lead§)\Vllhe limbleads
consists of standard bipolar (I, Il and Ill) and augmented (aVR, aVL and aVF) leads. The bipolar leads were so named becau
they record the difference in electrical voltage between two extremities.
For example:

Red

R
L | Yellow
N | Black
\ F | Green
) C1 White/Red
I | | C2 White/Yellow
Unipolar leads \J Bipolar leads \ ! C3 White/Green
y C4| White/Brown
C5| White/Black
aVR, aVL, aVF ( A

) ) C6 White/Violet

‘ 12 LEADS I

|
v v

‘ 6 Limb leads ’ [ 6 Chest leads

l 1 [ V1, V2, V3, V4, V5, V6

Lead I: Records the difference in voltage between the left arm and the right arm electrodes.

Lead II: The difference in voltage between thd lef and the right arm electrodes.

Lead Ill : The difference in voltage between the left leg and the left arm electrodes.

In augmented |Iimb |l eads, the abbreviation 6ad refeoots t o
(leg) respectively. They record the electrical voltage of corresponding extremity

Placement of limb leads:
Right arm (RA)
Left arm (LA)
Right leg (RL)]
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Left leg (LL)

Placement of Chest Leads

V1- fourth intercostal space at the right sternal border

V2- fourth intercostal space at the left sternal border

V4- fifth intercostal space at mid clavicular line

V3- midway between V2 and V4

V5- at the same horizontal level as V4 in the anterior axillary line
V6- at the same horizontal level as V4 in the mid axillarg.|

A EINTHOVEN'S TRIANGLE

|Midaxillary line

Figure

THE 15-LEAD ECG
Areas of the heart that are not well visualized by the six chest leads include the wall of the right ventricle and
the posterior wall of the left ventricle. A 48ad ECG, which includes the standard 12i$eplus leads A&, Vs,
and \, increases the chance of detecting an Ml in these areas

i~ 4 ’
Left avi 4 \ [ ‘ 73
shoulder H" e B M v Y
==

18-LEAD ECG
The diagnosis of STEMI by synthesized 18-lead ECG is useful to identify the site of infarction in patients with
infarction of the right ventricular wall (supplied by the RCA) or posterior wall of the left ventricle (supplied by the LCX),
which often fail to be diagnosed by the standard 12-lead ECG.

24-LEAD ECG

The 24-lead ECG is a display of the standard 12-lead ECG as both the classical positive leads and their negative
(inverted) counterparts. Leads +V1, +V2, +V3, +V4, +V5, and +V6 and their inverted counterparts are used to
generate a "clock-face display” for the transverse plane.
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Posterior Leads

=a =

Posterior leads are helpful in suspected posterior myocardial infarction. They are performed by placing
V4, V5 and V6 electrodes in the same intercostal space, but continuing into the patient's back.

V7: in the fifth intercostal space and the left posterior axillary line.
V8: at the same level as electrode V6 and the midscapular line (tip of the scapula).
V9: at the same level as electrodes V6 the left paravertebral line.

RightSide Leads:

= =4 =48 A -8 -2

Right-side leads are recommended in patients with inferior myocardial infarct, when right ventricular
infarct is suspected.

They are also useful in patients with dextrocardia, situs inversus or in some cases of congenital heart
disease

V1: same as normal location.

V2: same as normal location.

V3R: on a line midway between electrodes V1 and V4R.

V4R: in the fifth right intercostal space, in the mid-clavicular line
V5R: in the fifth right intercostal space, in the left anterior axillary line.
V6R: at the same level as electrodes V4R and V5R, in the left
midaxillary line.

ECG Basics - Posterior ECG leads

ST elevation greater then 0.5 mm in leads V7-9 is diagnostic of a Posterior wall Ml

B — | :
Posterior ECG lead placement V7 12-Lead acute Posterior wall Mi
Left posterior axillary
line: '
in the same
LL"‘“L“*V’W“/Y”TW”\\»MN
J‘ wl Va-vé
b Ik EEa oen SushfaRzar ko ok
1 - 4 ) ‘ e— PPHM&
5 3 2 Tip of the left midscapula: s
E g £ in the same horizonal n oF v
Bl S
g Z; § plane as V7-V9 WW“%L\MNMNMWWV;
g fg Ei Vo Y
g o /g . ) Figure 2 - Correct labeling of the Posterior ECG  Labeling the Posterior ECG
il Left paraspinal region:
( ) (V8 ) \() in the same horizonal
i plane as V4-V6
— Tips for recording Posterior Electrocardiograms (ECG'’s)
Should remain
3 | unchanged from * Arm and leg electrobes remain unchanaged
Figure 1 - Posterior ECG lead placement | standard 12-lead ECG * Lead cable V4 connects to V7
Posterior Ml is suggestive by the Please note that V6 is a good reference point for * Lead cable V5 connects to V8
following changes in V1-V3: the horizontal placement of the posterior * Lead cable V6 connects to V9
geiphes Vi, * REMEMBER to handwrite POSTERIOR LEADS on the ECG
*Horizontal ST depression * i i -9 (Fi =
*Tall. broad Rwast (>30ms) If you don't have access toto a 15 or 18 lead i R.ela!)el V4-V6 on the printout V7-9 (Figure-2).
*Upr,ightTwaves ECG machine, then leave V1-3 in their normal Findings may be very subtle, only 0.5 mm.
*Dominant R wave (R/S ratio >1)in V2 position and use V4-6, these leads will then *Always double check your lead placement to confirmed
become V7-9. your in the correct anatomical spaces.

Superior vena cava

> sh and Al =
Ascending aorta - e S Pulmonary trunk” = .y S
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Septal wall
V1iVv2
V3i V4 Anterior wall
I, aVL ,V5-V6 Lateral wall
I, 1, Avf Inferior wall
® RR ®
interval H
L2 . Qar
interval interval

PR QRS ST
segment duration segment

Speed: 25 mm/sec

Wave: A positive or negative deflection from baseline that indicates a specific electrical event. The waves on afug€E@ac

P wave, Q wave, R wave, S wave, T wave and U wave.

Interval: The time between two specific ECG events. The intervals commonly measured on an ECG include the PR interv:
QRS interval (also called QRS duration), QT interval and RR interval.

Segment The length between two specific points on an ECG that are supposed to be at the baseline amplitude (not negative
positive). The segments on an ECG include the PR segment, ST segment and TP segment.

Complex: The combination of multiple waves groupedéther. The only main complex on an ECG is the QRS complex.

Point: There is only one point on an ECG termed the J point, which is where the QRS complex ends and the ST segment begir
The main part of an ECG contains a P wave, QRS complex and T wavewHdwnh explained individually in this tutorial, as

will each segment and interval.

The P wave indicates atrial depolarization. The QRS complex consists of a Q wave, R wave and S wave and represe
ventricular depolarization. The T wave comes after th& @Bmplex and indicates ventricular repolarisation.

Normal Chest Lead ECG

V4 Vs Ve

] =

IJF
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® AR ®
interval
ST e I tar ]
interval  interval %intgrva_l| Sl
= RERE i
[ s | ! 1 mm 0.1mV
VM@| i /\_/\ I [ 1 el D S
] @ b 0.04 sec 5mm||—pe— 0.5 mV
| ! L
: Small box l
+, 0.04s
| | 40ms —_————
p 58 PR QRS ST e 0.20 sec
duratiol L segment duration segment =R Large box

Speed: 25 mm/sec

1. P wave:

It represents atrial depolarisation

Normal duration: < 0.12 s (< 120ms or 3 small squares)

upright in leads |, aVF and V3 - V6

polarity is positive in leads I, I, aVF and V4 - V6; diphasic in leads V1 and V3; negative in aVR
shape is generally smooth, not notched or peaked

=A =8 =4 -4 -4

2 Q wave:

T Qwave is less than 2 small squares
9 Deeper Q waves (>2 mm) may be seen in leads Il and aVR as a normal variant
9 Under normal circumstances, Q waves are not seen in the right-sided leads (V1-3)

3 R wave:

i The R wave represents early ventricular depolarisation

9 The height of the R wave is variable and increases progressively across the precordial leads; it is usually <27 mm in leads V5
and V6. The R wave in lead V6, however, is often smaller than the R wave in V5, since the V6 electrode is further from the left
ventricle

4. PR interval:

9 The PR interval is the time from the onset of the P wave to the start of the QRS complex. It reflects conduction through the AV
node.

I The normal PR interval is between 120 i 200 ms (0.12-0.20s) in duration (three to five small squares).

5. QRS complex:

Duration less than or equal to 0.12 seconds 3 small , amplitude greater than 0.5 mV 1 big in at least one standard lead, and
greater than 1.0 mV in at least one precordial lead. Upper limit of normal amplitude is 2.5 - 3.0 mV.

small septal Q waves in |, aVL, V5 and V6 (duration less than or equal to 0.04 seconds; amplitude less than 1/3 of the amplitude
of the R wave in the same lead).

represented by a positive deflection with a large, upright R in leads |, I, V4 - V6 and a negative deflection with a large, deep S in
aVvR, V1 and V2

in general, proceeding from V1 to V6, the R waves get taller while the S waves get smaller. At V3 or V4, these waves are usually
equal. This is called the transitional zone.

= =2 =4 =4

6. ST segment:

9 isoelectric, slanting upwards to the T wave in the normal ECG
9 can be slightly elevated (up to 2.0 mm in some precordial leads)
9 never normally depressed greater than 0.5 mm in any lead
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(. T wave:

T wave deflection should be in the same direction as the QRS complex in at least 5 of the 6 limb leads
normally rounded and asymmetrical, with a more gradual ascent than descent

should be upright in leads V2 - V6, inverted in aVR

amplitude of at least 0.2 mV in leads V3 and V4 and at least 0.1 mV in leads V5 and V6

isolated T wave inversion in an asymptomatic adult is generally a normal variant

8 QT interval:

=2 =4 =849

i Durations normally less than or equal to 0.40 seconds for males and 0.44 seconds for females.

9.QT Interval
1 QTc is prolonged if > 440ms in men or > 460ms in women
1 QTc > 500 is associated with an increased risk of torsades de pointes
1 QTc is abnormally short if < 350ms
1 A useful rule of thumb is that a normal QT is less than half the preceding RR interval

10.U wave

T The U wave is a small (0.5 mm) deflection immediately following the T wave
9 U wave is usually in the same direction as the T wave.
I U wave is best seen in leads V2 and V3

PAEDIATRICEECG
NORMALPAEDIATRIECG

1 Newborn:; 110 8 150 bpm
1 2years: 850 125 bpm
1 4years: 750 115 bpm
1 > 6 years: 600100 bpm
1 Apparent right ventricular strain pattern
o TwaveinversionsinVt3 ( 0j uwanmiel paTternd)
0 Right axis deviation
o Dominant R wave in V1
0 RSROoterpiaVl

1 Marked sinus arrhythmia
1 Short PR interval (< 120ms) and QRS duration (<80ms) A \
1 Slightly peaked P waves (< 3mm in I e =7) '
9 Slightly prolonged QTc (O 490ms il (R s
f  Q waves in the inferior and left precordial leads \ \ ‘ “:m; ‘Evz‘ =) |
Normal QRS axis varies with age: I X 7 AR @ /
1 week & 1 month: + 110° (range +30° to +180°) / = ‘,“‘\‘
1 month & 3 months: + 70° (range +10° to +125°) , \ (
3 months 0 3 years: + 60° (range +10° to +110°) / ‘ ‘ \

Over 3 years: + 60° (range +20° to +120°)
Adult: + 50° (range -30° to 105°)

Placement of paediatric ECG leads
In young children, the right ventricle normally extends to the right side of the sternum. To appropriately
display right ventricular potentials, ECGs for children in the under five-year age group must include an
alternate lead (6 V 4) Brithe right side of the chest, at a point analogous to the left -sided V4.

=A =4 =4 -4 -4

Precordial leads:

1 V1. 4th intercostal space, right sternal border
1 V2: 4th intercostal space, left sternal border
1 V3: midway between V2 and the placement of V4 in adults (5th intercostal space, left mid-clavicular line)
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1 V4R: 5th intercostal space, right mid-clavicular line. Usethis lead for V4R, must label as suchon ECG.
1 V5: anterior axillary line, same horizontal plane as V4
1 V6: mid-axillary line, same horizontal line as V4

Limb leads:
1 Place on top part of arm or leg (less muscle interference)

Determination of Electrical Axis

During activation of the heart, the electrical forces or action potentials which have been generated, are propagated in various
directions. These electrical forces can be picked up from the surface of the body by means of electrodes

aVR aVL

ﬂ aVF

A. The triaxial reference system from unipolar leads
B. The hexaxial system from unipolar and limb leads

The normal QRS axis and axis deviation

Methods o f ECG Axis Interpretation
There are several complementary approaches to estimating QRS axis, which are summarized below:

1 The Quadrant Method & (Lead | and aVF)
1 Three Lead analysis & (Lead |, Lead Il and aVF)
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1 Isoelectric Lead analysis
1 Super SAM the Axis Man

Method 1 6 The Quadrant Method

The most efficient way to estimate axis is to look at LEAD I and LEAD aVFE

Examine the QRS complex in each lead and determine if it is Positive, Isoelectric (Equiphasic) or
Negative:

Ht

POSITIVE EQUIPHASIC NEGATIVE
[R > S] IR = 9] IR < 9]

1 A positive QRS in Lead | puts the axis in roughly the same direction as lead I.

A positive QRS in Lead aVF similarly aligns the axis with lead aVF.

1 Combining both coloured areas & the quadrant of overlap determines the axis. So If Lead | and aVF aréboth positive ,
the axis is between 0° and +90° (i.e. normal axis).

=

Quadrant Lead 1 Lead aVF Quadrant Axis
M-‘(J; /J Normal Axis x
! b 0 to +90° :
| Qo+ POSITIVE  POSITIVE . N(‘(’)’t’ga: ;g;;s
90’ -90 90f :
B *Possible LAD
- POSITIVE  NEGATIVE e
180" -ORS +0RS el 180 i o 180 \ o
= ‘ , RAD
B l NEGATIVE  POSITIVE " o T
- - |
+90° +90 +90° =
aVF -
NEGATVE NEGATVE Al '(5_’355?133;;’

Method 2: Three Lead analysis 0 (Lead I, Lead Il and aVF)
Next we add in Lead Il to the analysis of Lead | and aVF

1 A positive QRS in Lead I puts the axis in roughly the same direction as lead I.

A positive QRS in Lead Il similarly aligns the axis with lead II.

1 We can then combine both coloured areas and the area of overlap determines the axis. So If Lead | and Il
are both positive , the axis is between-30° and +90° (i.e. normal axis).

Leadl ~| -~  Leadll .| Lo o150
o0° :

=

-120° 2

-30° -30
-QRs

180° QRS +ars | oo T b 180° ‘ o
\ / +QRS
\// PN i

+60° 90"

+90°
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1 The combined evaluation of Leadl, Lead Il and aVF & allows rapid and accurate QRS assessment. The addition of
Lead Il can help determine pathological LAD from normal axis/physiological LAD
1 Note: Lead Il or aVF can both be used in three lead analysis

Normal Axis LAD LAD RAD Extreme Axis Indeterminate

PHYSIOLOGICAL PATHOLOGICAL

(0 to +90°) (0t0-30°) (-30°t0-90°) (90°to 180°)  (-90° to -180°) ?)

LEADI POSITIVE POSITIVE  POSITIVE NEGATIVE NEGATIVE EQUIPHASIC

LEAD Il POSITIVE  EQUIPHASIC NEGATIVE POSITIVE NEGATIVE EQUIPHASIC

LEAD lll

or aVF POSITIVE NEGATIVE NEGATIVE POSITIVE NEGATIVE EQUIPHASIC

Method 3 o The Isoelectric Lead

This method allows a more precise estimation of QRS axis, using the axis diagram below.

-90°

A

Extreme
AXIS LAD
Deviation

180°

+120° +60°
+90

Key Principles

1 Ifthe QRS isPOSITIVEIn any given lead, the axis points inroughly the same direction as this lead.
If the QRS isNEGATIVEIn any given lead, the axis points in roughly the opposite direction to this lead.
1 Ifthe QRS isISOELECTRIGequiphasic) in any given lead ositive deflection = negative deflectior), the axis is at 90° to
this lead.
Step 1: Find the isoelectric lead. The isoelectric (equiphasic) leal is the frontal lead with zero net amplitude . This
can be either:

=

1 A biphasic QRS where R wave height = Q or S wave depth.
1 Aflat-line QRS with no discernible features.

Step 2: Find the positive leads.
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1 Look for the leads with the tallest R waves (or largest R/S ratios)
Step 3: Calculate the QRS axis.

1 The QRS axis is a0° to the isoelectric lead, pointing in the direction of the positive leads.

ABNORMALITIES OF QRS AXIS
* Normal QRS axis 1300to + 900

- Right axis deviation + 900 to + 1800
Causes
Thin tall built
Chronic lung disease
Pulmonary embolism
Ostium secondum ASD
Right ventricular hypertrophy
Left posterior hemiblock
Lateral wall infarction

=A =8 =4 -8 -8 8 -n

- Left axis deviation 1 300 to 1 900
Causes
Obese stocky built
WPW syndrome
Cardiac pacing
Ostium primum ASD
Left ventricular hypertrophy
Left anterior hemiblock
Inferior wall infarction

* North-West QRS axis 1 900 to 7 1800
Causes
Congenital heart disease
Left ventricular aneurysm
Synonyms
Indeterminate QRS axis
Extreme right axis deviation
NO MANOG6S LAND

Heart Rate
There are many ways to determine a patientds heart rate
use the sequence method, findRavave that lines up with one of the dark vertical lines on the ECG paper. If the next R wave
appears on the next dark vertical line, it corresponds to heart rate of 300 beats a minute. The dark vertical lined t@i368pon
150, 100, 75, 60, and 50 tmp For example, if there are three large boxes between Rwaves, pat i ent 6bpmhe ar t
There are more accurate ways to determine heart rate from ECG, butsiawviifig scenarios, this method provides a quick
estimate.

Heart rate (beats per minute) = 60 / (the R- R interval in seconds) ,
=300 / (the number of large boxes between two QRS complexes)

® RR ®

interval

* Normal rate (HR 60-100)
- Bradycardia (HR < 60)

* Tachycardia (HR > 100)
PR 0.120.21 sec

PR prolongation 0.22 sec
QRS< 0.12 i

QT [
interval |

ST
interval

0.04s
‘ ™ 40ms

. Pwave PR QRS ST
QRS axis30° to+105° dum ‘ segment duration segment 2,

200ms

Speed: 25 mm/sec
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QTc the corected QT interval (calculated as QTinterval).
It varies with age and gender, but is rough.45 sec.
1 mm[ 10.1 mV
T | S mV
0.04 sec 5 mm 0.5
Small box
0.20 sec
Large box

THE RHYTHM OF THE HEART
As we shall see later, electrical activation of the heart can sometimes begin in places other than theTSA rodewo r d 6 r h
is used to refer to the part of the heart which is controlling the activation sequence. The normal heart rhythm, wih electri
activation beginning in the SA node, is cal

The ECG 6Rule of Fours?d
1 Four Initial Featu res
1 Four Waves
1 Four Intervals
The key is to read each ECG methodically, following the basic structure, looking at all leads, (and please
pl ease PLEASE try not to cheat and |l ook at the comp
of the above.

The FOUR INITIAL FEATURES to look for on an ECG
(1) HisTORY/ CLINICAL PICTURE

This is THE MOST IMPORTANT thing to look at on ANY ECG. Remember, an ECG is just like any other test,
and should always be interpreted in the clinical context , perhaps even mare so.

Simple things need to be recorded, like the name, age, time, patient symptoms (e.g. chest pain) and other
clinical features.

Also do a quick check for lead placement errors:

1 Limb leads: (a) check aVR for upside down P, QRS and T waves, (b) aVL an¥R should generally be mirror images.
1 Chestleads: look for RS pattern in V1 8 changing progressively to QR pattern in V6.

(2) RATE
1 The normal value is between 60 100/min. Lower than this is bradycardia, higher is tachycardia.
(3) RHYTHM
1 Is the rhythm sinus or is it another rhythm? If so, what?
(4) Axis

f Discussion of oOaxiso6 is a whole other blog in itself, so
withd SAM Super Axis Manb.
The FOUR WAVES (or complexes) on an ECG
(1) PwWAVE
1 Lead Il is wsually the best lead place to look at the P wave morphology.
1 Observe the PRwave morphology e.g. in particular P pulmonale or P mitrale.

(2) QRSCOMPLEXES(OR QRSPAWAVESO )

1 Look in ALL leads for the presence ofQ waves.
1 Observe the QRS amplitude and look for QRS progressionthrough the chest leads.
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(3) T wAVES

Look in ALL leads forT waves.

Look for T wave inversion, T wave concordance or discordance with QRS and the presence of T wave flattening.

(4) UwAVES

Are U wavespresent or not?

The FOUR INTERVALS{(segments) on an ECG
(1) PRINTERVAL

The PR intervalis normally between 0.12-0.20 seconds (35 small squares).

A prolonged or changing (esp lengthening) PR interval indicates heart block. Shortened PR intervals can be because

of WPW or LGLsyndromes, or a junctional rhythm.

(2) QRSWIDTH ( A Q-RIERVALO )

The QRSinterval is normally less than 0.12 seconds (3 small squares).
A widened QRS width indicates some sort of conduction defect with the left or right bundle branches.

(3) STSEGMENT( fi SNTERVALO )

This is probably the most important thing to look at.
€t hen | o o%anda®ttime. tookafor &oping (especially downsloping) or flattening of the ST segments.

(4) QT INTERVAL

The QT interval is the time from the start of the Q wave to the end of the T wave.

In clinical context
Now wedve gone through the system, | etds use
presented with above.

FOUR Initial Features (History, Rate, Rhythm, Axis)
(1) History : 60 year old male, weakness and respiratoryfailure. Lead placement looks ok. (ECG

anonymised, but should have a sticker)

Hmmmm, this is sounding suspicious alreadyé
(2) Rate 0 90 per minute.

(3) Rhythm & Sinus rhythm (P-waves followed by QRS complexes).
(4) Axis 0 about 60 degrees (using Super AxXs Man in leads | and aVF).

FOUR Waves (P, QRS, T, U)
(1) P-waves 0 present but peaked (p-pulmonale).

(2) QRS dwaves6 6 all looking pretty normal.

(3) T-waves & very unusual looking, generally widespread biphasic pattern. Difficult to distinguish from U -

wa v e Aclually, they ARE Uwaves! There is also T/U wave discordance in V2.

(4) U-waves 8 Enough said!

FOUR Intervals (PR, QRS, ST, QT)

(1)PRinterval 6l ooks a bit |l ong. Computer says 212msé

(2) QRS complex 0 i n t & tooka duite narrow, definitely not widened.

(3)STsegment 0 i nt eédifficall tadtell. In most leads, it almost looks like there is down -sloping ST

depression, but I think in the context of what we already know (especially the history), | think an ischaemic

cause is not the top diagnosis.
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(4) QT interval & looks long, and in fact some would say the QT should really be measured at the end of

the U wave! Computer says 504msé so |l etds |l ock it
What is the diagnosis?

These ECG changes are typical of hypokaemia.

But even if you didndot know that, using the OECG Ru

accurately describethe ECG to a more experienced practitioner (e.g. your boss, over the phone), leading to
the diagnosis.

® AR ®

interval

7 step approachto ECG rhythm aralysis

P

ST P ar
interval i,ﬂjeﬂf!_ |

interval

1. RATE g
R
Tachycardia or bradycardia?
Normal rate is 60-100/min. - ©

., 0.04s
{ 40ms
P wave PR QRS ST

2. PATTERN OFQRSCOMPLEXES L Gl 2ooms
Speed: 25 mm/sec

Regular or irregular?
If irregular is it regularly irregular or irregularly irregular?

3. QRSMORPHOLOGY
Narrow complex : sinus, atrial or junctional origin.
Wide complex : ventricular origin, or supraventricular with aberrant conduction.
4. P WAVES
Absent : sinus arrest, atrial fibrillation
Present: morphology and PR interval may suggest sinus, atrial, junctional or even retrograde from the ventricles.
5. RELATIONSHIP BETWEENP WAVES AND QRSCOMPLEXES

AV association (may be difficult to distinguish from isorhythmic dissociation)
AV dissociation

complete: atrial and ventricular activity is always independent.

incomplete: intermittent capture.

6. ONSET AND TERMINATION

Abrupt : suggests re-entrant process.
Gradual : suggests increased automaticity.

7. RESPONSE TO VAGAL MANDEUVRES

Sinus tachycardia , ectopic atrial tachydysrhythmia : gradual slowing during the vagal manoeuvre, but resumes on
cessation.

AVNRT or AVRT: abrupt termination or no response.

Atrial fibrillation  and atrial flutter : gradual slowing during the manoeuvre.

VT: no response.

P Wave

P Wave

The P wave represents the depolarization of the left and right atrium and also corresponds tomatmﬁmtywmeakihgf

the atria contract a split second after the P wave begins. Because it is so small, atrial repelarization is usually ontEGH.
In most cases, the wave will be smooth and rounded, no more than 2.5 mm tall, and no mofethaseconds in duration. It
will be positive in leads I, Il, aVF and V1 through V6.

ABSENT P WAVE

The P waves are not discernible in the following conditions:
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- Atrial fibrillation In atrial fibrillation, P waves are replaced by numerous, small, irregularly occurring fibrillatory waves, producing
a ragged base-line.
- Atrial flutter In atrial flutter, P waves are replaced by flutter waves (F waves) that give the baseline a corrugated or saw-toothed
appearance.

- Junctional rhythm In a junctional rhythm, P waves may just precede, just follow or are buried in the QRS complexes due to near
simultaneous activation of the ventricles anterogradely and the atria retrogradely.
- Ventricular tachycardia In ventricular tachycardia, P waves are difficult to identify as they lie buried in the wide QRS complexes.

- Hyperkalemia In hyperkalemia, P waves are reduced in amplitude or altogether absent. This is associated with tall T waves and
wide QRS complexes.

INVERTED P WAVE

The P waves are normally upright in leads Lu, Linand aVF, since the atria are activated above downwards towards the inferior
leads. If activation of the atria occurs retrogradely from below upwards, the P waves in these leads are negative or inverted.
Inverted P waves are thus observed in the following conditions:

- Junctional rhythm In a junctional rhythm, inverted P waves may just precede or just follow the QRS complexes.

- By-pass tract Inverted P waves are seen if the atria are activated retrogradely through an accessory pathway bypassing the A-V
node. This is known as a by-pass tract and occurs in WPW syndrome.

CHANGING P WAVE MORPHOLOGY

* Wandering pacemaker rhythm In this rhythm the pacemaker, so to say, wanders from one focus to the other. The focus of origin
of impulses varies from SA node to atrium to AV junction. This results in P waves of variable
morphology.
* Multifocal atrial tachycardia In this rhythm, impulses arise from multiple atrial foci to produce an atrial tachycardia or a chaotic
pattern of atrial activation. Therefore, the P wave configuration changes from beat to beat.

TALL P WAVE

The normal P wave is less than 2.5 mm in height. It is the sum of right and left atrial activation, right preceding the left. If the right
atrium is enlarged, the deflection of the right atrium is superimposed on the left atrial deflection resulting in a tall P wave exceeding
2.5 mm in height.

Therefore, a tall P wave is representative of right atrial enlargement Of the biphasic P wave in lead V1, the initial
component is larger A tall P wave is also known as P pulmonale, since it is often caused by pulmonary hypertension or P
congenitale, since it may be observed in congenital heart disease.

Initial Right atrium

pulmonale: Tall and peaked P wave P wave in V1; large initial component

BROAD P WAVE
Therefore, a broad and notched P wave is representative of left atrial enlargement Of the biphasic P wave in lead V1, the terminal
component is larger A broad and notched P wave is also known as P. mitrale since it is often associated with mitral valve disease.
The common causes of atrial enlargement have been enumerated

_/v——

t

Terminal
component

>
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P wave abnormalities in right and left atrial enlargement

PR Interval

The PR interval is the time from the onset of the P wave to the start of the QRS complex. It
reflects conduction through the AV node.

The normal PR interval is between 1208 200 ms (0.120.20s) in duration (three to five small squares).

If the PR interval is > 200 ms,first degree heart block is said to be present.

PR interval < 120 ms suggestspre-excitation (the presence of an accessory pathway between the atria and ventricles)
or AV nodal (junctional) rhythm

Prolonged PR Interval & AV block (PR >200ms)

Delayed conduction through the AV node
May occur in isolation or co-exist with other blocks (e.g., second-degree AV block, trifascicular block)

FRST DEGREE HEART BRCK

DEFINITION

PR interval> 200ms (five small squares)
There is delay, without interruption, in conduction from atria to ventricles
6 Maerdkd f i rst degree heart block is present if PR interval

First degree heart block

CAUSES OFFIRSTDEGREHHEARTBLOCK

Increased vagal tone

Athletic training

Inferior Ml

Mitral valve surgery

Myocarditis (e.g. Lyme disease)

Electrolyte disturbances (e.g. Hyperkalaemia)

AV nodal blocking drugs (beta-blockers, calcium channel blockers, digoxin, amiodarone)
May be a normal variant

CLINICAL SIGNIFICANCE
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1 As anisolated finding this is a benign entity that does not cause haemodynamic instability
1 No specific treatment is required

ECGEXAMPLES

Example 1
[ ” ’] B O O '*""']v*’:*’ff I I I |

! |

|
HE
| | |

panpunn!

HE e e R IR RR R
|
I

|

1 Marked first degree heart block
1 PRinterval > 300 ms, P waves are buried in the preceding T wave

Example 2
EESEEEEEEERE I SRS BiEE EEEE BRI El v Ep SnEEEL S
i 16 v _’1_\1“_’—— EEEm ym“::ll/ i “V/!T"\m_ i e 1
4 1S5S} RS 19AEH MRt MAGGE ERSE 48688 /N0 1HEDS X ——— A b ot R s A R N e e e R PR e e A e e e A
Il aVvF VR‘ i ¢ V6
1 Sinus bradycardia with 1st degree AV block
1 PRinterval > 300 ms
Example 3

1 Normal sinus rhythm with 1st degree AV block
T PR interval 260 ms

SECOND DEGRERAV BLOCK(M 0BITZ |) WITH PROLONGEDPRINTERVAL

DEFINITION ORMOBITZI BLOCK(WENCKEBACH PHENOMENQON

Progressive prolongation of the PR interval  culminating in a non-conducted P wave:

1 PR interval islongest immediately before dropped beat
1 PRinterval is shortest immediately after dropped beat

fRERaREERE SaEi Y V'”/\WW—’M‘/\“W‘—’_—/\J\ J,_/\

AV block: 2nd degree, Mobitz type | ‘
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OTHERFEATURES

The R P interval remains relatively constant

The greatestincreasein PR interval duration is typically between the first and secondbeats of the cycle
The RR interval progressively shortens with each beat of the cycle

The Wenckebach pattern tends to repeat in P:QRS groups with ratios of 3:2, 4:3 or 5:4

MECHANISM

Mobitz | is usually due to reversible conduction block at the level of the AV node
Malfunctioning AV nodal cells tend to progressively fatigue until they fail to conduct an impulse. This is different to
cells of the His-Purkinje system which tend to fail suddenly and unexpectedly (i.e. producing a Mobitz Il block)

CAUSES ORNVENCKEBACHPHENOMENON

Drugs: beta-blockers, calcium channel blockers,digoxin, amiodarone
Increased vagal tone (e.g. athletes)

Inferior Ml

Myocarditis

Following cardiac surgery (mitral valve repair, Tetralogy of Fallot repair)

CLINICAL SIGNIFICANCE

Mobitz I is usually a benign rhythm, causing minimal haemodynamic disturbance and with low risk of progression to
third degree heart block

Asymptomatic patients do not require treatment

Symptomatic patients usually respond to atropine

Permanent pacing is rarely required

ECGEXAMPLES

Example 1

55 SR PYE e /R ) ,L.Jl/\«!/'“b\
AN { i { 1

o8 VRO 7 b S U §NG1 BB BN 1266 7 1
1

o | | l A
;,\IL{AA.\«I,/\,\_\,,"‘N/\AJ/\—«J\ @/ L—‘/ £ '\’\—1/ i A

e AL AL LA AL B L

Mobitz | AV block

Progressive prolongation of PR interval, with a subsequent non-conducted P wave
Repeating 5:4 conduction ratio of P waves to QRS complexes

Relatively constant R P interval despite irregularity of QRS complexes

The first clue to the presence of Mobitz | AV block on this ECG is the way the QRS complexes cluster into

groups, separated by short pauses. This phenomenon usually represents 2nedegree AV block or non-
conducted PACs;occasibnally SA exit block.

MoBITZ Il BLOCK(HAY BLOCK)

DEFINITION ORMOBITZIl BLOCK(HAY BLOCK

A form of 2nd degree AV block in which there is intermittent non -conducted P waveswithout progressive
prolongation of the PR interval
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Ar r ows idrodpedd@RSeomplexes (i.e. norconducted P waves)

OTHER FEATURES

The PR interval in the conducted beats remains constant
The P waves Oomarch througho at a constant rate
The RR interval surrounding the dropped beat(s) is an exact multiple of the preceding RR inteval (e.g. double the

preceding RR interval for a single dropped beat, triple for two dropped beats, etc)

Mobitz type Il rhythm strip demonstrating non -conducted P waves

MECHANISM

Mobitz Il is usually due to failure of conduction at the level of the Hi s-Purkinje system (i.e. below the AV node)

While Mobitz | is usually due to a functional suppression of AV conduction (e.g. due to drugs, reversible ischaemia),
Mobitz 1l is more likely to be due to structural damage to the conducting system (e.g. infarction, fibrosis, necrosis)

Patients typically have a preexisting LBBBor bifascicular block, and the 2nd degree AV block is produced by
intermittent failure of the-brreemadmimlgodkas)ci cl e (obil ater
In around 75% of cases, the conduction block is located distal to the Bundle of His, producing broad QRScomplexes

In the remaining 25% of cases, the conduction block is located within the His Bundle itself, producing narrow QRS
complexes.

Unlike Mobitz I, which is produced by progressive fatigue o f the AV nodal cell s,
phenomenon whereby the His-Purkinje cells suddenly and unexpectedly fail to conduct a supraventricular impulse.
There may be no pattern to the conduction blockade, or alternatively there may be a fi xed relationship between the P
waves and QRS complexes, e.g. 2:1 block, 3:1 block.

Mo b i

CAUSES omvioBITzII

Anterior Ml (due to septal infarction with necrosis of the bundle branches)

Idiopathic fibrosis of the conducting system (Lenégre-Lev disease)

Cardiacsurgery, especially surgery occurring close to the septum e.g. mitral valve repair
Inflammatory conditions (rheumatic fever, myocarditis, Lyme disease)

Autoimmune (SLE, systemic sclerosis)

Infiltrative myocardial disease (amyloidosis, haemochromatosis, sacoidosis)
Hyperkalaemia

Drugs: beta-blockers, calcium channel blockers,digoxin, amiodarone

CLINICALSIGNIFICANCE

Mobitz Il is much more likely than Mobitz | to be associated with haemodynamic compromise, severe bradycardia
and progression to 3rd degree heart block

Onset of haemodynamic instability may be sudden and unexpected, causing syncope (StokesAdams attacks) or
sudden cardiac death

The risk of asystole is around 35% per year

Mobitz 1l mandates immediate admission for cardiac monitoring, backup tem porary pacing and ultimately insertion

of a permanent pacemaker
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3rd degree or complete heart block

ECGFEATURES OF COMPLEFHEART BLOCK

1 Severe bradycardia due to absence of AV conduction
1 The ECG demonstrates completeAV dissociation , with independent atrial and ventricular rates

Complete heart block: There is AV dissociation, with the atrial rate (~100 bpm) independent of the ventricular rate
(~40 bpm)

In complete heart block, there is complete absence of AV conduction, with none of the supraventricular
impulses conducted to the ventricles. The perfusing rhythm is maintained

by junctional or ventricular escape rhythm. Alternatively, the patient may suffer ventricular standstill leading
to syncope (if self-terminating) or sudden cardiac death (if prolo nged).

PATHOPHYSIOLOGY

1 Complete heart block is essentially the end point of either Mobitz | or Mobitz Il AV block

1 It may be due to progressive fatigue of AV nodal cells as per Mobitz | (e.g. secondary to increased vagal tone in the
acute phase of an inferior MI)

1 Alternatively, it may be due to sudden onset of complete conduction failure throughout the His -Purkinje system, as
per Mobitz Il. This can be secondary to septal infarction in acute anterior MI, or as a result of progression of
conducting system disease causing truetrifascicular block

1 The former is more likely to respond to atropine and has a better overall prognosis

CAUSES OF COMPLETE MET BLOCK

The causes are the same as foMobitz | and Mobitz Il second degree heart block. The most important
aetiologies are:
91 Inferior myocardial infarction
AV-nodal blocking drugs (e.g. calcium-channel blockers, beta-blockers, digoxin)
T Idiopathic degeneration of the conduct i ngrifasgcglaridatk ( Lenegr

=

Clinical signif icance

1 Patients with third degree heart block are at high risk of ventricular standstill and sudden cardiac death

1 They require urgent admission for cardiac monitoring, backup temporary pacing and usually insertion of a permanent
pacemaker

DIFFERENTIAL BGNOSIS

Complete heart block should not be confused with:

1 High grade AV block : A type of severe second degree heart block with a very slow ventricular rate but still some
evidence of occasional AV conduction

1 AV dissociation : This term indicates only the occurrence of independent atrial and ventricular contractions and may
be caused by entities other than -dompbeitathemdét dbé otk
ventricular rhythm such as AIVRor VT)

ECGEXAMPLES
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Example 1

amads NCL LAl f ” S

Complete He art Block:

9 Atrial rate is ~ 85 bpm
1 Ventricular rate is ~ 38 bpm
1 None of the atrial impulses appear to be conducted to the ventricles
1 Rhythm is maintained by a junctional escape rhythm
1 Marked inferior ST elevation indicates that the cause is aninferior STEMI
Short PR interval (<120ms)
A short PR interval is seen with:
1 Preexcitation syndromes
1 AV nodal (junctional) rhythm.
Pre-excitation syndromes
1 Wolff -Parkinson -White (WPW) andLown-Ganong-Levine (LGL) syndromes.
1 These involve the presence of an accessorpathway connecting the atria and ventricles.
1 The accessory pathway conducts impulses faster than normal, producing a short PR interval.
I The accessory pathway also acts as an anatomicak-entry circuit, making patients susceptible to re-entry

tachyarrhythmias.
1 Patients present with episodes of paroxsymal supraventricular tachycardia (SVT), specifically atrioventricular rentry
tachycardia (AVRT), and characteristic features on the resting 1dead ECG.

WOLFF PARKINSONWHITE SYNDROME

The characteristic feaures of Wolff-Parkinson-White syndrome are a short PR interval (<120ms), broad QRS
and a slurred upstroke to the QRS complex, thedelta wave.
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LOWN-GANONG-LEVINE SYNDROME

The features of Lown-Ganong-Levine syndrome LGL syndrome are a very short PR interal with normal P
waves and QRS complexes and absent delta waves.

AV NODAL (JUNCTIONA) RHYTHM

1 Junctional rhythms are narrow complex, regular rhythms arising from the AV node.

1 P waves are either absent or abnormal (e.g. inverted) with a short PR inteval (=retrograde P waves).

1 ECG: Accelerated junctional rhythm demonstrating inverted P waves with a short PR interval (retrograde P waves)
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PR segment abnormalities

These occur in two main conditions:
Pericarditis
Atrial ischaemia

Pericarditis

The chaacteristic changes of acute pericarditis are:

PR segment depression.

Wi despread coishape d@ds &ddleé evati on.
Reciprocal ST depression and PR elevation in aVR and V1

Absence of reciprocal ST depression elsewhere.

NB. PRsegmentchangesare relative to the baselineformed by the T-P segment.

Typical ECG of acute pericarditis.

PR segment depression in V5 due to acute pericarditis (note also some concave ST elevation)

avR
| h { /

PR elevation in aVR due to acute pericarditis (note the reciprocal ST depession)
Atrial ischaemia

PR segment elevation or depression in patients with myocardial infarction indicates concomitant atrial ischaemia or

infarction.
This finding has been associated with poor outcomes following MI, increased risk for the development of
atrioventricular block, supraventricular arrhythmias and cardiac free-wall rupture.

Liuds criteria for diagnosing atri al i schaemi
PR elevation >0.5 mm in 4 & Vs with reciprocal PR depression in M & V-

PR elevation >0.5 mm in lead | with reciprocal PR depression in leads 1l & llI

PR depression >1.5 mm in the precordial leads

PR depression >1.2 mm in leads I, II, & llI
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1 Abnormal P wave morphology: M-shaped,W-shaped,irregular,or notched (minor criteria)
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PRDEPRESSION IN INFEBPR STEM INDICATING CONCOMIANT ATRIAL INFARCTI®D

I

A A

N e et IV
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aVvR

b1 . Y
avl

A—A—A—

aVF

RPN SB[ NEY S SN

)

I -
B I S S U
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Profound PR segment depression in inferior leads: (A) with clearcut TP segment; and (B) without clearcut

TP segment; in acute inferior myocardial infarction. Note also STsegment elevation in inferior leads.

(Reproduced from Jim et al.)

Measurement of PR-segment depression: (A) with clearcut TP segment; and (B) without clearcut TP segment.

(Reproduced from Jim et al.)

A Q wave is any negative deflection that precedesan R wave

The Q wave represents the normal leftto-right depolarisation of the interventricular septum
Q wayves -saeddéeads (§, pML,cva &ntl W6) s e e n
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The Q Wave

decfprdendeadinde e foofeeddenste B

Q waves in different leads
Small Q waves are normal in most leals

Deeper Q waves (>2 mm) may be seen in leads Ill and aVR as a normal variant
Under normal circumstances, Q waves are not seen in the rightsided leads (V13)

Pathological Q Waves

Q waves are considered pathological if:
> 40 ms (1 mm) wide

n

t
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=

> 2 mm deep
> 25% of depth of QRS complex
1 Seeninleads V13

==

Pathological Q wavesusually indicate current or prior myocardial infarction.

Differential Diagnosis
Myocardial infarction
Cardiomyopathies fi Hypertrophic (HCM), infiltrative myocardial disease
Rotation of the heart i Extreme clockwise or counterclockwise rotation
Lead placement errorsfi e.g. upper limb leads placed on lower limbs

=A =4 =4 =4

Loss of normal Q waves
The absence of small septal Q waves in leads V& should be considered abnormal.
1 Absent Q waves in V56 is most commonly due to LBBB.

==

Pathological Q wave:
1. Ml
2. Left ventricular hypertrophy (in V1, V2 and V3)
3. LBBB
4. Pulmonary embolism (only in lead IIl)
5. WPW syndrome (in lead IIl and aVF)

R wave Overview

The R wave is the first upward deflection after the P wave. The R wave represents early
ventricular depolarisation

Abnormalities of the R wave

RR
interval

®
There are three key R wave abnormalities:
1. Dominant R wave in V1
2. Dominant R wave in aVR

3. Poor R wave progression

ST U2 QT
interval  interval interval {

1. Dominant R wave in V1

| +, 0.04s

40ms

CAUSES Ebva PR QRS ST

duration segment duration segment

T Normal in children and young adults N
Right Ventricular Hypertrophy (RVH)
0 Pulmonary Embolus
Persistence ofinfantile pattern
0 Left to right shunt
Right Bundle Branch Block(RBBB)
Posterior Myocardial Infarction (ST elevation in Leads V7, V8, V9)
Wolff-Parkinson-White (WPW) Type A
Incorrect lead placement (e.g. V1 and V3 reversed)
Dextrocardia
Hypertrophic cardiomyopathy
Dystrophy
0 Myotonic dystrophy

Duchenne Muscular dystrophy

2. Dominant R wave in avVR
Poisoning with sodium-channel blocking drugs (e.g. TCAS)
Dextrocardia
Incorrect lead placement (left/right arm leads reversed)
Commonly elevated in ventricular tachycardia (VT)

0.20s
200ms

]
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3. Poor R wave progression
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described with an R wave

Poor R wave progression is

Prior anteroseptal Ml

LVH
Inaccurate lead placement

May be a normal variant

S WAVE

The S wave is the first downward deflection of the QRS complex that occurs after the R wave. However, a S wave

may not be present in all ECG leads in a given patient.

:
AL AL
Q-s

In the normal ECGhere is a large S wave in V1 that progressively becomes smaller, to the point that almost no S
wave is present in V6. A large slurred S wave is seen in leads | and V6 in the setting of a right bundle branch block
The presence or absence of the S waes aot bear major clinical significance. Rarely is the morphology of the S
wave discussed.

In the setting of @ulmonary embolispa large S wave may be present in leéd part of the S1Q3T3 pattern seen in

this disease state. At times, the morphologthefS wave is examined to determine if ventricular tachycardia

or supraventricular tachycardia with aberraigpresent; this is discussed elsewhere.

<25mm
QRS Complex 1
Y
tQ S
QRS Complex 55),7.85530

As the name suggests, the QRS complex includes the Q wave, R wat%ewand. These three waves occur in rapid succession.
The QRS complex represents the electrical impulse as it spreads through the ventricles and indicates ventricular diepolarizati

As with the P wave, the QRS complex starts just before ventricular ciiorrac
It is important to recognize that not every QRS complex will contain Q, R, and S waves. The convention is that the Q wave is

always negative and that the R wave is the first positive wave of the complex. If the QRS complex only includes an upward
(positive) deflection, then it is an R wave. The S wave is the first negative deflection after an R wave.
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Under normal circumstances, the duration of the QRS complex in an adult patient will be between 0.06 and 0.10 seconds. The
QRS complex is usually positvin leads I, aVL, V5, V6 and Il, lll, and aVF. The QRS complex is usually negative in leads aVR,
V1, and V2.
The Jpoint is the point where the QRS complex and the ST segment meet. It can also be thought of as the start of the ST
segment. The-point (al® known as Junction) is important because it can be used to diagnose an ST segment elevation
myocardial infarction. When thepbint is elevated at least 2 mm above baseline, it is consistent @it& sl

* R wave voltage is at least 5 mm in the limb leads and at least 10 mm in the precordial leads.

* There is normally no variation in the QRS voltage of consecutive beats in a particular lead.
- The normal QRS axis ranges from 1 30° to +90° on thebhexaxial reference system.
- R wave magnitude increases gradually from lead V1 to lead Ve representing transition from right ventricular to left ventricular
QRS complexes.
- Physiological q waves are seen in leads Li, aVL. They are less than 25 percent of the ensuing R wave in size and less than 0.04
second in duration.
- R wave voltage does not exceed 4 mm in lead V1 and is not more than 25 mm in lead Vs and V.

- The normal S wave is larger than the r wave in lead V1 and smaller than the R wave in lead Ve. It does not exceed a depth of 7
mm in lead Ve.

The width of the normal QRS complex does not exceed0.08 sec or 2 small squares.

Abnormalities of QRS Complex

LOW-VOLTAGE QRS COMPLEX
The voltage of the R wave in the QRS complex is normally at least 5 mm in the limb leads and at least 10 mm in the precordial
leads. If the voltage of the tallest R wave in the limb leads is less than 5 mm and that in the precordial leads is less than 10 mm,
the electrocardiogram obtained is called a low voltage graph.

Accordingly, the causes of a low voltage ECG graph can be classified as follows:
- Due to low voltage generation
T Hypothyroidism
I Constrictive pericarditis
I Diffuse myocardial disease

V, v, Vs Vi

V, V,
Hypothyroidism: Low voltage graph; T wave inversion

QRSCOMPLEXNAMING CONVENTION

R Rs rs qRs
i The first wave is negative

The first (and only) The first wave is large Initially a small positive AR e foitomed o
wave is positive and and positive (R), followed | wave (r), followed by g eirrald osfl‘\',c wWeve (R) v
thus an R wave. by a small negative wave a large negative wave (s). | o % 2”""“‘/ s hall e gatie
(s)- wave (s).

Qr rsR”
A large negative wave (Q), | The negative wave manages
followed by a small to pass the baseline, and is

positive wave (r). therefore qualified as an S
wave.

N
Vi

QR

< §

Initially a large negative | A single negative wave
(Q), then a large is called a QS-complex.
positive wave (R).

53

Initially a small negative Notching on the
wave (q), followed by upstroke of the
a large positive wave R wave.

(R).

-

The negative deflection
does not manage to
pass the baseline and
can therefore qualify

prelmilsadinily Examples of fragmented

QRS-complexes.
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QRS Width

Normal QRS width is 70-100 ms (a duration of 110 ms is sometimes observed in healthy subjects). The QRS
width is useful in determining the origin of each QRS complex (e.g. sinus, atrial, junctional or ventricular).

1 Narrow complexes (QRS < 100 ms) aresupraventricular in origin.
1 Broad complexes (QRS > 100 ms) may be eitherventricular in origin, or due to aberrant conduction of
supraventricular complexes (e.g. due to bundle branch block, hyperkalaemia or sodiumchannel blockade).

“ B T )

f ft f f i it
it i ‘ ’ Al |

j ”R_‘_J\q A ) I‘ /
L AN u,k__
ExampleECG showingbothnarrow andbroadcomplexes

Sinus rhythm with frequent ventricular ectopic beats (VEBS) in a pattern of ventricular bigeminy. The
narrow beats are sinus in origin, the broad complexes are ventricular.

Narrow QRS Complex Morphology

Narrow (supraventricular) complexes arise from three main places:

1 Sino-atrial node (= normal P wave)
91 Atria (= abnormal P wave / flutter wave / fibrillatory wave)
1 AV node /junction (= either no P wave or an abnormal P wave with a PR interval < 120 ms)

Examples of Narrow Complex Rhythms:

| | P | l l |
| | | “
| mmmm e | YJ ;/\.J t \_Jyr/\__/\ “‘_/ N \. = \_/\_J 'r‘/ oA r/ caceEmmE

Sinus rhythm : Ead narrow complex is preceded by a normal P wave.

AP I BTN

Atrial flutter : Narrow QRS complexes are associated with regular flutter waves.

v.’<n:
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Junctional tachycardia: Narrow QRS complexes with no visible P waves.

Broad QRS Complex Morphology

Broad/Wide QRS Comple xes

1 A QRS duration > 100 ms is abnormal
1 A QRS duration > 120 ms is required for the diagnosis of bundle branch block or ventricular rhythm
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Broad complexes may be ventricular in origin or due to aberrant conduction secondary to:
Bundle branch block (RBBBor LBBB)

Hyperkalaemia

Poisoning with sodium-channel blocking agents (e.qg. tricyclic antidepressants)

Pre-excitation (i.e. Wolff-Parkinson-White syndrome)

Ventricular pacing

Hypothermia

Intermittent aberrancy (e.g. rate-related aberrancy)

Example of a Broad Complex Rhythm:

WA

Ventricular tachycardia: Broad QRS complexes with no visible P waves
Ventricular vs supraventricular rhythms

Differentiation between ventricular complexes and aberrantly conducted supraventricular complexes may

be difficult.

In general, aerrant conduction of sinus rhythm and atrial rhythms (tachycardia, flutter, fibrillation) can usually be
identified by the presence of preceding atrial activity (P waves, flutter waves, fibrillatory waves).

However, aberrantly conducted junctional (AV nodal) complexes may appear identical to ventricular complexes as
both produce broad QRS without any preceding atrial activity.

In the case of ectopic beats, this distinction is not really important (as occasional ectopic beats do not usually require
treatment).

However, in the case of sustained tachyarrhythmias, the distinction between ventricular tachycardia and SVT with
aberrancy becomes more important. This topic is covered in more detail here.

Fortunately, many causes of broad QRS can be identified by pat  tern recognition:

Right bundle branchblock pr oduces an RSR® pattern in V1 and deep sl ur
Left bundle branch block produces a dominant S wave in V1 with broad, notched R waves and absent Q waves in the

lateral leads.

Hyperkalaemia is associated with a range of abnormalities including peaked T waves

Tricyclic poisoningi s associated with sinus tachycardia and tal/l R (
Wolff-Parkinson White syndrome is characterised by a short PR interval and delta waves

Ventricular pacing will usually have visible pacing spikes

Hypothermia is associated with bradycardia, long QT, Osborn waves and shivering artefact

High Voltage QRS Morphology

Increased QRS voltage is often taken to infer the presence ofleft ventricular hypertrophy.

However, high left ventricular voltage (HLVV) may be a normal finding in patients less than 40-45 years of age, particularly slim or

athletic individuals.

There are multiple ovoltage criteriad for | eft ventricular hyp
Probably the most commonly used are the SokolovLyon criteria (S wave depth in V1 + tallest R wave height in V5V6 > 35 mm).

Voltage criteria must be accompanied by non-voltage criteria to be considered diagnostic of left ventricular hypertrophy.

Low Voltage QRS Morphology

The QRS issaid to be low voltage when:
The amplitudes of all the QRS complexes in the limb leads are <5 mm; or
The amplitudes of all the QRS complexes in the precordial leads are < 10 mm

Electrical Alternans

This is when the QRS complexes alternate in height.

The most important cause is massive pericardial effusion, in which the alternating QRS voltage is due to the heart swinging back
and forth within a large fluid -filled pericardium.
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Spot Diagnoses
These cardiac diseases producadlistinctive QRS morphologies that are important not to miss:

1 Brugada syndrome (partial RBBB with ST elevation in V12)
1 Wolff-Parkinson White Syndrome (delta wave)

il
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Tricyclic poisoning (wide QRS with dominant R wave in avVR)

(J WAVE)

OSBORNWAVE (J WAVE) OVERVIEW

The Osborn wave (J wave) is gpositive deflection seen at the J point in precordial and true limb leads. It is
most commonly associated with hypothermia. These changes will appear as a reciprocal, negative
deflection in aVR and V1.

The J point in the ECG is the point where the QRS complex joins the ST segment. It represents the
approximate end of depolarization and the beginning of repolarization as determined by the surface ECG.
There is an overlap of around 10ms.

The J point may deviate from the baseline in early repolarization, epicardial or endocardial ischemia or
injury, pericarditis, RBBB, LBBB, RVH, LVH or digitalis effect.

J point J point
J wave
. Osborn wave

c i i
J point J point
J point in &) normal; b) J point elevation; c) with Osborn wave (J wave); d) J point depression

Note The letter J on the ECG defines 2 totally different aml unrelated events. TheJ point is a point in time
marking the end of the QRS and the onset of the ST segment present on all ECGs. Thd waveis a much less
common, slow deflection of uncertain origin originally described in relation to hypothermia.

OsBORN WAVE CAUSES

Characteristically seen inhypothermia (typically T < 30C), but they are not pathognomic. Causes of non
hypothermic Osborn waves include:

Hypercalcaemia[Otero et al]

Acute myocardial ischaemia [Maruyama et al]

Takotsubo cardiomyopathy [Zorzi et al]

Left ventricular hypertrophy due to hypertension [Patel et al]

Normal variant and early repolarization

Neurological insults such as intracranial hypertension, severe head injury andsubarachnoid haemorrhage
Severe myocarditis

Brugada syndrome [Bjerregaard et al]

Le syndr ome d(@dmthics\dErguerr e

No definitive physiological cause for the deflection has been described, despite numerous postulates.
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Compared to othdrypothermiainduced ECG abnormaliti€se.g. sinus bradycardia; supraventricidarhythmias, QT
prolongation and AV block), the Osborn wave is thought to be the most specific

HISTORY

Eponymously associated withJohn Jay Osborn(1917-2014) following his 1953 6 ¢ u rof iemjt descyipdion
in hypothermic dogs. See below for a deep dive into the eponymous history.

Osborn Wave ECG examples

Example 1

1

1 Subtle J waves in mild hypothermia [Temp: 32.5‘;6 (90.5°|5)]
1 The height of the J wave is roughly proportional to the degree of hypothermia

CONTROVERSY REGARDINGRMINOLOGY

Occasionally you may encounter other terms used to describe Osborn waves (J waves). Some authors have

used the term J wave deflection to describe such a large, prominent deviation of the J point from the
baseline. Ot her terms used predipooddnlty warvceldu d daunmgh et h
sign of Osborno.

There is little consensus regarding terminology, nature, and prognostic significance of the J wave.In the
setting of hypothermia, this phenomenon is most commonly referred to as an Osborn wave.

Abnormalities of the J point

1 Elevation or depression of the J point is seen with the various causes ofST segment abnormality. It may be elevated
as a result of injury currents during acute myocardial ischemia and pericarditis, as well as in various other @tterns of
both normal and abnormal ECGs

91 Elevation of the J point occurs with benign early repolarisation

1 A positive deflection prior to the J point is termed a J wave (Osborn wave)and is characteristically seen
with hypothermia.

T wave Overview

The T wave is the positive deflection after each QRS complex. It represents ventricularepolarisation.

NORMALT WAVE CHARACTERISBC

1 Upright in all leads except aVR and V1
1 Amplitude < 5mm in limb leads, < 10mm in precordial leads (10mm males, 8mm females)
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1 Normal finding in children
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Duration relates to QT interval

A T wave follows the QRS complex and indicates ventricular repolarization. Unlike a P wave, a normal T wave is slightly
asymmetric; the peak of the wave is a little closer to its end than to its beginning. T waves are nositighyipéeads I, Il, and
V2 through V6 and negative in aVR. A T wave will normally follow the same direction as the QRS complex that preceded it
(positive or negative/up or down). When a T wave occurs in the opposite direction of the QRS complergliy gefiects some
sort of cardiac pathology.

T If a small wave occurs between the T wave and the P wave, it could be a U wave. The biological
basis for a U wave is unknown.

RR ®

interval

T wave abnormalities

[ taTm |
(interval

ST
interval

Peaked T waves
Hyperacute T waves
Inverted T waves
Biphasic T waves I
6Camel Humpd T waves Tl

Pwave PR QRS ST -
Flattened T waves | duration  segment duration segment it

Speed: 256 mm/sec

e g

Peaked T waves

nait ses

o R

o 82 £
S EADE T SRR Sk ki A i
Tall, narrow, symmetrically peaked Fwaves are characteristically seen irhyperkalaemia

Hyperacute T waves (HATW)
Broad, asymmet r hypemtutedy-wives dHAEW) are seendn the arly stages of SFelevation
MI (STEMI), and often precede the appearance of ST elevation and Q waves. Particular attention should be
paid to their size in relation to the preceding QRS
preceding QRS compkx is of a small amplitude.

They are also seen with Prinzmetal angina.

Prinzmetal angina
LOSS OF PRECORDIAL-WAVE BALANCE

Loss of precordial T-wave balance occurs when the upright T wave is larger than that in V6. This is a type
of hyperacute T wave .

The normal T wave in V1 is inverted. An upright T wave in V1 is considered abnormali especially if it is tall (TTV1),
and especially if it is new (NTTV1).
This finding indicates a high likelihood of coronary artery disease, and ’ I ‘ 1

when new implies acute ischema | | | |
Inverted T waves | |
i H g . ‘1 | | ! |
Inverted T waves are seen in the following conditions: W”f d“pr“JVWJWN[ /w\ﬁ/\d/w[/
v

g
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Persistent juvenile T wave pattern

Myocardial ischaemia and infarction (including Wellens Syndrome)

Bundle branch block

Ventricular hypepdtrtogprhrys)  6strain

Pulmonary embolism

Hypertrophic cardiomyopathy

Raised intracranial pressure

** T wave inversionin lead Il is a normal variant. New T-wave inversion (comparedwith prior ECGs)s always
abnormal. Pathological T wave inversion is usually symmetrical and deep (>3mm).

Paediatric T waves

Inverted T-waves in the right precordial leads (V1-3) are a normal finding in children, representing the dominance of
right ventricular forces

Persistent Juvenile T -wave Pattern

m\v/—\—‘\— S e N N [N o N e Nl
) ‘ |
|
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T-wave inversions in the right precordial leads may persist into adulthood and are most commonly seen in young
Afro-Caribbean women
Persistent juvenile Fwaves are asymmetric, shallow (<3mm) and usually limited to leads V13

Myocardial Ischaemia and Infarction

T-wave inversions due to myocardial ischaemiaor infarction occur in contiguous leads based on the
anatomical location of the area of ischaemia/infarction:

Inferior = 11, 1ll, aVF
Lateral = I, aVL, V56
Anterior = V2-6
NOTE:

Dynamic T-wave inversions are seen with acute myocardi&
ischaemia

Fixed T-wave inversions are seen following infarction, usually in | ,—\/*—L/
P . . o —nV A bag e
association with pathological Q waves it E R

i VL
Inferior T wave inversion due to acute ischaemia
i ‘ \ |
. . . . . ) —N L A T e
Inferior T wave inversion with Q wavesd prior myocardial 1 : VF | |
infarction ' :
ghve i b & S NRBINRR AR ot oo 11 : oVL
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|
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T wave inversim in the lateral leads due to acute ischaemia

Anterior T wave inversion with Q waves due to recent Ml

Bundle Branch Block

In bundle branch block, T-wave inversion is an expected finding, even in the absence of ischaemia:

1 Appropriate discordancerefers to the fact that abnormal depolarisation (such as in bundle branch block) should be
followed by abnormal repolarisation, which appears discordant to the preceding QRS complex in the form of ST-

depression and T-wave inversion

LEFTBUNDLEBRANCHBLOCK

N R s

91 Left bundle branch block produces T-wave inversion ir

RIGHTBUNDLE

el -
1

forthy e

P 8 L8

Vi V' \'2] Vé
w R rSR' qRs
s

LEFT BUNDLE BRANCH BLOCK RIGHT BUNDLE BRANCH BLOCK

i | LT o) SR | (%

{
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1 Right bundle branch block produces T-wave inversion in the right precordial leads V1-3

Ventricular Hypertrophy

LEFTVENTRICULARIYPERTROPH{LVH)
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1 Left ventricular hypertrophy (LVH) produces T-wave inversion in the lateral leads I, avVL,V8 (| eft wventri cu
pattern), with a similar morphology to that seen in LBBB
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RIGHTVENTRICULARIYPERTROPH{RVH)
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1 Right ventricular hypertrophy produces T-wave inversion in the right precordial leadsV1-3 (r i ght ventri ct
pattern) and also the inferior leads (ll, Ill, aVF)

PULMONARYBVIBOLISM

1 Acute right heart strain (e.g. secondary to massivepulmonary embolism) produces a similar pattern to RVH
1 T-wave inversions in the right precordial (V1-3) and inferior (ll, Ill, aVF) leads
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1 Pulmonary embolism may also produce T-wave inversion in lead Ill as part of the S Qu Tu pattern
1 Swaveinleadl, Q wave inéad Ill, Fwave inversion in lead Il
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RAISED INTRACRANIALRESSURECP)

1 Events causing a suddernrise in intracranial pressure(e.g. subarachnoid haemorrhage) produce widespread deep F
wave inversions with a bizarre morphology

Biphasic T waves
There are two main causes ofbiphasic T waves::

1 Myocardial ischaemia
1 Hypokalaemia
The two waves go in opposite directions:

Biphasic T waves due toischaemia o T waves goUP then DOWN i e

Biphasic T waves due to Hypokalaemiad T waves goDOWN then UP

Wellens Syndrome
Wellens syndrome is a pattern of inverted or biphasic T waves in V2-3 (in patients presenting
with/following ischaemic sounding chest pain) that is highly specific for critical stenosis of the left anterior

descending artery.

There aretwo patterns of T-wave abnormality in Wellens syndrome:
1 Type A = Biphasic T waves withthe initial deflection positive and the terminal deflection negative (25% of cases)
1 Type B = T-waves are deeply and symmetrically inverted (75% of cases)

Note: The T waves evolve over time from a Type A to a Type B pattern

WELLENSTYPEA
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Wellens Pattern A (Type 1)
WELLENSTYPEB
! L
L |
VR
1 Wellens Pattern B (Type 2) Wellens Pattern B (Type 2)

6Camel humpd T waves
@amelhumpd T waves is a term us e dwalkeythathame b dovbtetpdaki There de s
are two causes for camel hump T waves:

1 Prominent U waves fused to the end of the T wave, as seen in severe hypokalaemia
1 Hidden P waves embedded in the T wave, as seen in sinus tachycardia and various types of heart blok

Prominent U waves due to severe hypokalaemia

Hidden P waves in sinus tachycardia

‘ |

|
1 i
! i
L |
- \
| %

Hidden P waves in marked 1st dégrée hearf block

Hidden P waves in 2nd degree heart block with 2:1 conduction
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Flattened T waves

Flattened T waves are a nonspecific finding, but may represent

Ischaemia (if dynamic or in contiguous leads) or
Electrolyte abnormality, e.g. hypokalaemia (if generalised)
Ischaemia

Dynamic T-wave flattening due to anterior ischaemia (above). T waves return to normal once the ischaemia
resolves (below).

Vi V4

T waves return to normal as ischaemia resolves

HYPOKALAEMIA

Note global T-wave flattening in hypokalaemia associated with prominent U waves in the anterior leads (V2
and V3).

\ _Almv / |avR _ A V4

| ¢ A
" i fave___ A AlV3 i aJlive

TP SEGMENT

The TP segment is the portion of the ECG from the end of the T wave to the beginning of the P wave.

This segment should always be at baseline and is used as a reference to determine whether the ST segment is elevated or

depressed, as there are nocéiiedisease conditions that elevate or depress the TP segment.

During states of tachycardia, the TP segment is shortened and may be difficult to visualize altogether. It is good tthexamine

TP segment closely for the presence of U waves or atri@itgdtiat could indicate pathology.
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QTINTERVAL

QT
interval

+, 0.04s
40ms

1
P wave 0208

Def|n|t|0n duration se::em dlsstison segsr;!renl SEztomcni
Time from the start of the Q wave to the end of the T wave

Represents time taken for ventricular depolarisation and repolarisation, effectively the period of ventricular systole from
venticular isovolumetric contraction to isovolumetric relaxation

=a =4

THE QT INTERVAL IS INVERSELY PROPORTIONAL TO HEART RATE:

The QT intervakhortensat faster heart rates

The QT intervalengthensat slower heart rates

An abnormally prolonged QT is assoedtwith an increased risk of ventricular arrhythmias, espediallgades de Pointes
Congenital short QT syndronmas been found to be associated with an increased risk of paroxysmal atrial and ventricular
fibrillation and sudden cardiac death

=A =4 =4 =4

How TO MEASURE THEQT INTERVAL

The QT interval is usually measured in either lead Il of6yBowever the lead with the longest measurement should be used
Several successive beats should be measured, with the maximum interval taken

Large U waves (> 1mm) that are fds® the T wave should be included in the measurement

Smaller U waves and those that are separate from the T wave should be excluded

Themaximurnslopeinterceptmethods used to define the end of the T wave (see below)

=A =4 =4 =4 -9

— — -
QT Interval QT Interval QT Interval

Intersection of T wave maximum slope with the isoelectric line

Left, middle: Smaller U waves anthose that are separate from the T wave should be excluded from measurements
Right: Large U waves that are fused to the T wave should be included in measurements

The QT interval is defined from the beginning of the QRS complex to the end of the T waweaXiheum
slope intercept method defines the end of the T wave as the intercept between the isoelectric line with
tangent drawn through the maximum down slope of the T wave (left).

When notched T waves are present (right), the QT interval is measaredife beginning of the QRS
complex to the intersection point between the isoelectric line and the tangent drawn from the maximu
down slope of the second notch.

CORRECTEDQT INTERVAL (QTC)

1 The corrected QT interval (QTektimateshe QT interval at a ahdard heart rate of 60 bpm
1 This allows comparison of QT values over time at different heart rates and improves detection of patients at increfised risk o
arrhythmias

There are multiple formulas used to estimate QTc. It is not clear which formula iesheseful:

1 Bazettformula:QI= QT / & RR
9 Fridericia formula: QT= QT / RR*?
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Framingham formula: QTc = QT + 0.154 (I RR)
Hodges formula: QTc = QT + 1.75 (heart rafie 60)

Note The RR interval is given in seconds (RR interval = 60 / heart rate).

Bazett and Fridericia are logaritiic corrections whereas Hodges and Framingham are linear correction formulae
Henry Cuthbert Bazetterived his formula in 192@azett formulds the most commonly used due to its simplicity. It ever
corrects at heart rates > 100 bpm and woderects ateart rates < 60 bpm, but provides an adequate correction for heart rates

ranging from 60 100 bpm

Louis Sigurd Fridericialerived his formula in 1920 from 50 healthy individuals aged 3 to 81 yearBreldericia formulas the

observed QT interval diviell by cube root of RR interval, in seconds

Charbit B et abtudied 108 patients and found that automatic QT correction using Bazett formula had a sensitivity for detectio
of QT prolongation of 54% while automatic QT correction using Fridericia formuld ®@%b sensitivity
At heart rates outside of the 8A00 bpm range, the Fridericia or Framingham corrections are more accurate and should be use

instead [Framingham heart study, 1992]
I f an ECG is fortuitously
Fortunately,

there are now multiple phone apps

c algpin,uhe abdolute BT ihtervaltsHowd bp @sediinsteat! 6 s  h

that will calculate QTc for you, for

exampleMDCalc.comhas a quick and ea§)Tc calculatothat is free to use.

NORMAL QTC VALUES

QTc is prolonged if 440ms in men or > 460ms in women

QTc > 500 is associated with an increased risk of torsades de pointes

QTc is abnormally short if < 350ms

A useful rule of thumb is that a normal QT is less than half the preceding RR interval

Causes of a prolonged QTc (#dms)

Hypokalaemia
Hypomagnesaemia
Hypocalcaemia

Hypothermia

Myocardial ischemia

ROSC Postardiac arrest
Raised intracranial pressure
Congenital long QT syndrome
Medications/Drugs

HYPOKALAEMIA

Apparent QTc 500ms
There are prominent U waves in precottiads
This patient had a K of 1.9

Hypokalaemiacauses apparent QTc prolongation in the limb leads (dudxduBion) with prominent U waves in the precordial

leads.

HYPOMAGNESAEMIA
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1 QTc 510 ms secondary lypomagnesaemia
1

1 Hypocalcaemia
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1 QTc 510mgue to hypocalcaemia
1 Hypocalcaemiaypically prolongs the ST segment, leaving the T wave unchanged

HYPOTHERMIA
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1 QTc 620 ms due to severe hypothermia
1 Severehypothermiacan cause marked QTc prolongation, often in association with bradyarrhythmias (Bsglesia

AF), Osborn wavesnd shivering artefact

MYOCARDIAL |SCHAEMIA

QTc 495 ms due to hyperacute Ml
Myocardial ischemigends to produce a modest increase in the QTc, in th&@BMns range

This may be useful idistinguishing hyperacute MI from bigm early repolarizatioboth may produce similar hyperacute T
waves, bubenign early repolarisatiqfBER) will usually have aormalQTc)
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RAISED ICP
[JRARTHO00109 | International Journal of Research and Analytical Reviews (IJRAR) \ 279



https://litfl.com/wp-content/uploads/2018/08/Hypomagnesaemia-QTc-510.jpg

© 2023 IJRAR August 2023, Volume 10, Issue 3 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

1 QTc 630ms with widespread T wave inversion dusuisarachnoid haemorrhage
1 A sudden rise in inticranial pressure (e.g. due to subarachnoid haemorrhage) may produce characteristic T wave changes
(6cerebral T wavesd): widespread, deep T wave inversions

CONGENITAL LONG QT SYNDROME

QTc 550ms due to congenital long QT syndrome
There are several congenital disorders of ion channels that produce a long QT syndrome and are associated with increased ris
of torsades de pointesd sudden cardiac death

= =

Causes of a short QTc (<350ms)

Hypercalcaemia

Congenital short QT syndrome
Digoxin dfect

Hypercalcaemia
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1 Marked shortening of the QTc (260ms) due to hypercalcaemia
1 Hypercalcaemideads to shortening of the ST segment and may be associated with the appearance of Osborne waves

CONGENITAL SHORTQT SYNDROME
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Very short QTc (280ms) with lapeaked T waves due to congenital short QT syndrome

Congenital short QT syndrome (SQTiSkn autosomal dominant inherited disorder of potassium channels associated with an
increased risk of paroxysmal atrial and ventricular fibrillation and sudderacateath

1 The main ECG changes are very short QTc (<380ms) with tall, peaked T waves

=a =4

SHORT QT SYNDROME MAY BE SUGGESTED BY THE PRESERE OF
1 Lone atrial fibrillation in young adults
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Family member with a short QT interval

Family history of sudden cardialeath

ECG showing QTc < 350 ms with tall, peaked T waves
Failure of the QT interval to increase as the heart rate slows

* ]

DIGOXIN
Short QT interval due to digoxin (QT 260 ms, QTc 32Qapprox)
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Digoxin produces a relative shortening of the QT interval, along with downward sloping ST segmer
depression in the | ateral | e a dvave flattenieg\ardrinseesiort, and Kk ¢
a multitude of arrhythmias (ventriar ectopy, atrial tachycardia with block, sinus bradycardia, regularized
AF, any type of AV block).

QT interval scale
Viskin (2009)pr oposes the use of a O0QT interval scal e¢
syndromes (once reversibleusas have been excluded):

QT scale.
Males Very long QT. Females
LQTS even if asymp ic. Exclude II°
470 480
Long QT.
LQTS when supported by symptoms, family history or
additional tests.”

— 450 460
8 Long QT possible. 8
o Additional tests when indicated:* Repeated ECG, Holter, @

\E_' T-wave morp ay, , epinep g E—

adenosine-challenge.

L 390 a0
LS Normal QT. G
360 370
Short QT.

SQTS when supported by symptoms or family history.
Additional tests: Repeated ECG, Holter,
T-wave morphology (?), electrophysiologic studies (?)
330 340
Very short QT.

SQTS even if e

Drug-induced Q¥Prolongation and Torsades
In the context of acute poisoning with folonging agents, the risk of TdP is better described by
theabsoluterather tharcorrectedQT.

More precisely, the risk of TdP is determinbgl considering both thebsolute QT intervaland thesimultaneousheart
rate (i.e. on the same ECG tracing).
These values are then plotted on @Enomogram (developed byChan et al) to determine whether the patient is at risk of TdP.
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1 The QT nomogram is &linically relevant risk assessment tool that predicts arrhythmogenic risk forirdtuged QT
prolongation can be used for risk stratification
1 A QT intervatheart rate pair that plotshovetheline indicates the patient is at risk of TdP.

QT Interval Nomogram
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THESTSEGMENT

ST Segment
The ST segment is the flat, isoelectric section of the ECG between the end of the S wave (the J point) and
the beginning of the T wave.

1 The ST Segment represents the interval between ventricular depolarization and repolarization.
1 The most important cause of ST segment abnormality (elevation or depression) ismyocardial
ischaemia or infarction .

® AR ®
interval
ST LA QT
interval = interval interval
W
‘ Q@ ©) L /’\J\
i
I I ., 0.04s
l 40ms
. Pwave PR QRS ST NN
- duration  segment duj&fation segment oS

Speed: 25 mm/sec

Causes of ST Segment Elevation

Acute myocardial infarction
Coronary vasospasm (Printzmetal ds angina)
Pericarditis

Benign early repolarization
Left bundle branch block
Left ventricular hypertrophy
Ventricular aneurysm
Brugada syndrome
Ventricular paced rhythm
Raised intracranial pressure
Takotsubo Cardiomyopathy

=8 =4 =4 =8 4 -4 -4 -4 -8 -4 -4

Morphology of the Elevated ST segment
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Acute STEMI may produceST elevation with either concave, convex or obliquely straight morphology.

ST Segment Morphology in Other Conditions
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Patterns of ST Elevation

ACUTESTELEVATION MYOCARDIAINFARCTIONSTEMI)

ST segment elevation and Qwave formation in contiguous le ads. Follow the links above to find out more
about the different STEMI patterns.:

Septal (V1-2)

Anterior (V3-4)

Lateral (I + aVvL, V56)
Inferior (11, 11, aVF)

Right ventricular (V1, V4R)
Posterior (V7-9)

=A =4 =4 =4 4 =4

There is usuallyreciprocal ST depression in the electrically opposite leads. For example, STE in the high
lateral leads | + aVL typically produces reciprocal ST depression in lead Il (see example below).

Coronary Vasospasm (Prinzmetal 6s angi na)
1 This causes a pattern of ST elevation that is very sintar to acute STEMIA i.e. localised ST elevation with reciprocal ST
depression occurring during episodes of chest pain.
1 However, unlike acute STEMI the ECG changes are transient, reversible with vasodilators and not usually associated
with myocardial necrosis.
1 It may be impossible to differentiate these two conditions based on the ECG alone.

Pericarditis
Acute Pericarditisc aus es wi despread concave ( 0saddIPR begménd )
depression in multiple leads, typically involving I, II, 1ll, aVF, aVL, and V6.
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Concave Osaddl ebackdé ST el-6withdepressed PRhsegmenssds |, 11, 11,
There is reciprocal ST depression and PR elevation in leads aVR and V1.

Spodi c kwasfirssdesgribed by David H. Spodickin 1974 as a downward sloping TP segment with specificity for
acute pericarditis.

Benign Early Repolarization
Benign Early Repolarization(BER) causes mild ST elevation with tall-Tvaves mainly in the precordial leads.
BER is a normal variant commonly seen in youuy, healthy patients. There is often notching of the Jpoint i
t h &éish-bookd6 pattern.

The ST changes may be more prominent at slower heart rates and disappear in the presence of tachycardia.

There is slight concave ST elevation in the precordial and inérior leads with notching of the J-point (the
0f tholbkdé pattern)

Left Bundle Branch Block (LBBB)
In Left bundle branch block ( LBBB) , the ST segments and T wdvies
they are directed opposite to the main vector of the Q RS complex.

This produces ST elevation and upright T waves in leads with a negative QRS complex (dominant S wave),
while producing ST depression and T wave inversion in leads with a positive QRS complex (dominant R
wave).

1 Note the ST elevation in leads with deep S wavesfi most apparent in V1-3.
1 Also note the ST depression in leads with tall R wavedi most apparent in | and aVL.
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