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Essential ECGs — module 1
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Which best describes you.

. General practitioner?

. Specialist physician?

. Emergency unit doctor?

. Anaesthetist?

. Other medical practitioner?
. Technologist?

. Other?
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EIGHTH EDITION

ECG Interpretation

The

ECG

John R. Hampton

ECGs are not easy — they require knowledge, a systematic approach and practice.

This course will guide your approach to ECG analysis and concentrate on those ECGs that really

matter. e
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What can you learn from an ECG?

Rhythm
Conduction

Structural heart disease
— Mpyocardial infarction
— Hypertrophy

« Atria

» Ventricles
— Pericarditis

Transient abnormalities
— Ischaemia
— Electrolytes

Drug effects

QT prolongation

Primary ECG syndromes

Wolff-Parkinson-White (WPW)
Congenital long QT syndrome

(LQTS)

Brugada syndrome
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Who should have an ECG?

Acute chest pain
Arrhythmia

Suspected heart
disease

Chest pain

Unexplained
blackouts

Hypertension

Major medical/surgical
liness

Drug overdose
Stroke

Patients over 50
Routine check up




What are “Essential ECGs”?

It indicates a lethal condition
o A missed diagnosis may be fatal
o Appropriate treatment will save lives

o The ECG is the only, or the principal,
means of diagnosis

It adds important information to the
clinical diagnosis

o Helps to make or confirm the diagnosis
o Indicates an additional problem
o Aids in prognosis

It indicates an important condition,
not otherwise diagnosable

It indicates an important condition,
not otherwise suspected

It may reassure one




Some examples of “Essential ECGs”
ECGs critical to the diagnosis

* Lethal conditions - Essential for accurate diagnosis
« Complete heart _block | . All arrthythmias
* Acute ST elevation myocardial o _ »
infarction (STEMI) « Itindicates an important condition,

not otherwise suspected

: _ _ « Wolff-Parkinson-White (WPW)
« Serious consequences if not diagnosed pattern

 Atrial fibrillation (stroke)
» Atrial flutter (stroke)

« Potentially lethal conditions
» Healed (old) myocardial infarction e Bundle branch block
« Congenital long QT syndrome

* Ventricular tachycardia

Useful for prognosis

« Left ventricular hypertrophy




N

The ECG records successive
time-dependent
changes in cardiac electrical
potential at the body
surface (vectors)

ECG recording

4

Vector Electrode
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ECG

aVL



ECG waves
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ECG recording

ECG recorder
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ECG recording L

What is the correct placement of Chest lead electrodes?
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Initial approach to an ECG — start with the patient

Clinical context e.g.:

— Level of consciousness, chest pain, shock, no symptoms
First glance:

— Name, ID, date (without these the ECG is useless)

— Start with the obvious:
* Fast, slow or +- normal rate
* Any obvious abnormality: e.g. ST elevation

Detailed analysis

— Don’t be distracted by any obvious abnormalities — avoid a “blink”
diagnosis (exception: cardiac arrest)

— Proceed to analyse systematically




Looking at the ECG

Primary observations Secondary observations
* Ventricular rate: e P waves
* Normal (60—.100/minute) - Present or absent/not visible
* Slow (<60/minute) « Morphology (? Uprightin II,
Fast (>100/minute) negative avR)
* Regularity: | e
]  Relationship to QRS
* Regular complexes
o | | .
. _drtr;;g“ar - PR interval
. Wi "
QRS abnormalities

* Normal (<100ms)
- Wide (2120ms) ST segments
C L(_aftbundlebranch block e T waves
* Right bundle branch block _
- Neither * QT interval

* Delta wave

AAAAAAAAAAAAAAAAAAAAAAAAAAA
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Steps in analysing the ECG
+ Observe and measure * Interpret
* Rate _ * Normal/abnormal
. Regula_rlty » Possible mechanisms of
* ORS W|o_lth y abnormalities
* Any obvious abnormalities « Consider the differential
« Systematic analysis diagnosis
+ P waves » Exclude the impossible
* PR interval « Conclude
* QRS complexes  Rhythm
« ST segments « Structural abnormalities
* Twaves - Alternative diagnoses
< QT « Possible underlying pathology
Summarise Communicate
Main features your findings clearly and
Likely diagnosis succinctly




Ventricular rate

Rate = number of QRS complexes x6
Normal (60-100/min)

ﬂ 12 QRS x6 = 72/min
10 seconds >

<
Slow(<60/min)
6 QRS x6 = 36/min

e e

Fast(>100/min) © e
| 32 QRS x6 = 192/min
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Regularity

Regular — sinus rhythm (may be irregular, due to respiratory sinus arrhythmia)
e

Group beating —ventricular bigeminy

U
T
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Regularity

Intermittent pauses during otherwise regular rhythm
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QRS width (adults)

Normal (100ms) Wide (2120ms)

vi Al /”“’"“\’\f‘qﬁ

Vi .
KM QRS duration is
80ms difficult because
_Beit m(:]asured 140ms the difference
In the chest between the upper
leads

limit of normal
(100ms) and wide
V2 A '\“M"Jv\ : ww (120ms) is only

Js i half a small block.

V3 A . ey /\’J\ﬁ.
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Typical patterns of right & left bundle branch block

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

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

.........

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

V1 & V2 positive
rSR’ in V1

Broad terminal R
in V1

Normal left
ventricular
activation (septal
g, rapid R
upstroke in V6)

Small, broad
terminal s in V6

V1 & V2 negative
V5 & V6 positive

Initial sharp
deflection V1 & V2
(< 40 ms)

Onset to nadir of S
wave < 70ms

Slurred R wave

Absent septal q
wave

Inverted T wave

LBBB




P waves

The sinus node encircles the

entrance of the superior vena

cava into the right atrium.
Sinus P waves therefore are
negative in aVR (moving
away) and positive in Lead Il
(moving towards).
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PR interval

The time from the beginning
of the P wave to the
beginning of the QRS complex
(normally 120-200ms)

The PR can be prolonged with
slowing of conduction in the
AV node and/or His Purkinje
system

15t degree AV block

360ms

m—




QRS complexes

Width
* Normal (£100ms)
*  Wide (2120ms)
Mean frontal plane axis
* Normal - 0 to +90°

* Borderline — 0 to -30° (depends on
age — normal in older adults)

Size
« SinV1+RinV5<35mm (3,5Mv)
* R:SratioinV1l<i
Q waves
« Normal in aVR, V5-6 (small septal q)

e <40ms wide and <25% of QRS
height in limb leads

-90°

-120° ,-60° >-30°
\ / Left axis deviation
-150° \ / \
\ / -30°
Ny 0° to -30°
\)‘/ Depends on age
+180° — T T T 0°
+150° +300°
> +90° J Normal axis (adults):
Right axis deviation Il 0° to +90°
+12 +60°
+90°




Mean frontal plane QRS axis

aVLis equiphasic,
therefore the axis is
perpendicular to aVL

Lead Il is at 90° to aVL;
the axis is therefore
parallel to Il. Il is
positive, therefore the
axis is +60°.

CASSA
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ST segments

| \
|

Normal Elevated
Depressed



QT interval

Q-T: measure from beginning of the QRS
to the end of T wave

measurements in seconds
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Measure the longest QT — usually V2 - V4

Correct using Bazett's formula -

................................
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Q-T

v R-R
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-3 b odecs < 0.44s (440ms) — males
< 0.46s (460ms) - females



What is a normal ECG?

Normal sinus rhythm
Normal PR interval

QRS normal
— Duration
— Size
— AXIs
— No pathological g waves
Normal ST segments and T waves

Normal QT interval




# ECG 1



e | A aVL V2 (\'\&VS

11 aVF V3 Vé
s this ECG:
l—l b) Abnormal?

Vi
AAA004



S G ol 0 1 aVL V2 V5
"""" QRS 80ms
:[f1Vanh.__‘,qﬁ,,A__,~,~_~yA_ﬁ_____deAm/\_.__ajk_/\,__njtf/\ __AA,/A\___~_fJL//\-—___-A,/
IiI?, aVF V3 ﬁ V6
Rate 72/bpm (12x6) Irregular

A:?Sv;nm/s 10mm/mV  40Hz
l—l Slow Fast Slow

5 =
v AAA004

Sinus arrhythmia 1




ERiERstsRint st ba e

aVL V2

PR 140ms

e T o e A A

25mm/s  10mm/mV  40Hz

e
| AAAQ04




SinV1=12mm

r\—\v

QRS axis +60°

25mm/s  10mm/mV  40Hz

b nat b b S k£ e

e

Vs

RN

V6

SinV14R in V5 =22,5mm
Rin V5=10,5mm

- =

QRS 80ms

PE P

g



et

S VIR AN V5S=:22:5mm

SinV1=12mm :
RinV5=10,5mm

i
e

QRS 80ms

PR 140ms
QT B380ms. QTc 416ms

HWMM/\/AJL/J (gmﬂﬂ;ﬂw

HE ] aVF V3 V6

Rate 72/bpm (12x6) Irregular
”%5?“n/5 10mm/mV  40Hz

. SERE A AR i R R i A

Normal ECG - sinus arrhythmia 1

AAA004



Normal Adult ECG values

P wave
— Axis: +30° to +70° (+ve Il, -ve aVR)
— Duration < 110ms
PR interval:
— 120 to < 200ms (3-5 small blocks)
QRS
— Duration: < 100ms (= 2.5 small blocks)
— Axis: +0° to +90° (0° to -30° grey zone)
— Size:SinV1+RinV5/V6 < 3.5mV (35mm)
* RinavL<1.1mV (11mm)

QTc
— <440ms (males)
— < 460ms (females) b, 40—



# ECG 2
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ETE

e What is the ECG diagnosis?:
a) Sinus bradycardia with RBBB
b) Sinus bradycardia with RBBB + first degree AV block

H ' ABG002a

Vi
25mm/s  10mm/mV  100Hz C) Complete heart blOCk
d) Sinus bradycardia with right ventricular hypertrophy 2

V3 Vo6



ks

VR
3 criteria to diagnose CHB
1. P>QRS complexes (YES)

2. Escape rhythm =regular (YES)
3. No relationship between P and QRS complexes (YES)

avL \f tvz V5

QRS 200ms - wide

[N Sl e B e PR DS

Rate 30/bpm (5x6) Regular

BN NR | BN 10,/ S50 SR e o T i e

wsmms 1ommimy 1001, RAtE <40/bpm = complete heart block until proven otherwise!
2




Complete heart block is a medical emergency and
patients should be referred for urgent pacing

[

N A e~ AN L f
/\‘—"_A_———:——_d\'—h"\/ N ! . - ~ \ it \ WAl \ [ "'. SRR i o
[N % Y AN R e — it
Mechanisms of death with CHB:
1. Pause-dependent Torsades de Pointes 2. Asystole (ventricular escape

rhythm fails)



# ECG 3



JW
_What is the ECG diagnosis?: - |

~a) Mobitz type | (Wenckebach) AV block with LBBB

’_j) . Mobitz type Il AV block with LBBB

s tptas yan

aVL Vi

~¢) Complete heart block
d) Sinus arrhythmia with LBBB

aVF

=
<

A

e

25mm/s  10mm/mV  100Hz

'

ABCO03

V4




JiERe: Semnans
: B WRV te 48/bpm (8x6) &

E w 'ORS 180ms - wide|

Irregular - pauses

ABCO03




JL”‘M“V
B - Rhte 48/bpm (8x6)|

V5

ez RO 4 criteria to diagnose Mobitz Il AV block

H 1. P>QRS complexes (YES)

| 2. Atleast 2 consecutively conducted P waves (YES)
U‘h»/\w aVE | '3, Intermittent pauses due to blocked P waves (YES)

{3 »sums  1ommmv 100, | 4. PR intervals before and after block are equal (YES)

pEAAT

o

Mabitz Type Il 2" degree AV bloc

ABCO03



Second degree heart block is a medical emergency

and patients should be referred for urgent pacing

3a



# ECG 4



What is the ECG diagnosis?: “%
Acute anterior ST elevation myocardial infarction

a)
b)

|

It

c)
d)

R

25mm/s

|

m

V1

Pericarditis

Anterior and inferior ischaemia
Acute inferior and posterior ST elevation myocardial i

e

10mm/mV  100Hz

FBAO19

aVL

T

nfarction

A SE I e i

1




25mm/s  10mm/mV  100Hz

|

V1

FBAO19

Rate 66/bpm (11x6)

SinV1=21

4

1
seeemn i

nm

Sin V1+R

L
e

Rin V5

in V5 =461

(\/V_JJ

i

il

E25mm

gt

1

QRS

Regular

SEEiHE R

L

i i

90ms




|

It

aVL
ST segments elevated in

the inferior

ANy

25mm/s  10mm/mV  100Hz

ﬂ Acute inferior and posterior ST elevation myoc

V1

FBAO19

aVF

4

3
FRihis

QT 440m

I

HSRRRRE A
ik
=

A’

ardial infarction

SEEiHE R

4




1,1' : aVL \') 5
ST segments elevated in
et the anterior leads

; Acute anterior ST elevation myocardial infarction
FCAOQ12

=z
L oSinmis - 10mmimV. . 100Hy

da



Regular Irregular

Narrow QRS Narrow QRS

WIDE QRS WIDE QRS

Regular Irregular




Regular Irregular

Narrow QRS Narrow QRS
SinEJS tachycardia Atrial Fibrillation
Atrial flutter Atrial flutter/tachy + variable AVB
AVIRT (AVNRT, AVRT) Multifocal atrial tachycardia

Atrial tachycardia
Junctional ectopic tachycardia

Ventricular tachycardia AF with BBB

SVT with BBB A flutter/tachy + variable AVB + BBB
SVT with IVCD Preexcited AF

Paced rhythm Polymorphic VT

Antidromic AVRT
Pre-excited SVT
WIDE QRS WIDE QRS

Regular %) CASSA Irregular
2 @ CASSA o .

oooooooooooooo



# ECG 5



aVR

é

aVL
What is the ECG diagnosis?:

F/\_—\J

F/\/\J

1

a) Atrial fibrillation

ﬂ b) Atrial flutter with variable AV block

: Maw_ o
ASmm/s . 10mm/mV. - 150H2 ¢) - Atrial tachycardia with variable AV block
H CBAOO4 d) Multifocal atrial tachycardia

HN

V6



Rate 108/bpm (18x6) Randomly irregular

: !;; @ gﬁé%ﬁwumm SOCIETY

V5

QRS 80ms
WI/NKJ\’AM

‘ Low amplitude, rapid, irregular fibrillary waves; variable amplitude and morphology

{ |

23mm/s LOmm/mV 150Hz

iV
| CBAO04

Randomly irregular, narrow QRS tachycardia: Default diagnosis = atrial fibrillation §



# ECG 6



What is the ECG diagnosis?:

a) Left bundle branch block

b) WPW pattern

L e e

| s T aVF V3 L VV6
/

;,25mm/s i e c) Right bundle branch block

- SACC001

Non-specific intraventricular conduction delay

”ﬂ%ﬁ%dkﬂ%%w



Dominant broad
terminal R
r'SR complex

QRS axis +60°

:25mm/s 10mm/mV ~ 150Hz =

|

MJVH

QRS 140ms

MJM/L

Normal rapid

“Accoo1 Rate 66/bpm (11x6) Regular

|

R upstroke,
small broad s

Typical right bundle branch block 6



# ECG 7



W

aVR

hat is the ECG diagnosis?:
e a) Left bundle branch block
it WPW pattern

L B

c) Right bundle branch block
d) Non-specific intraventricular conduction delay

HMMMJJ\NJW

S |1 aVF

.25mm/s......10mm/mV. .. 100Hz

ik

Y

ACDO04

T\TT%




Y'Small initial r
<40ms, deep S

V5
Onset of QRS to

[

i

nadir of S <70ms

e

160ms

S |1 aVF

Rate 66/bpm (11x6) Regular

.25mm/s......10mm/mV. .. 100Hz

Ly

Absent g wave,
slurred R wave

i
[

iEH

ACDO04

Typical left bundle branch block



Summary
* Approach to ECG analysis

— Overview
— Rate, rhythm (regular or irregular), QRS width
— Systematic analysis

« Examples of essential ECGs

Normal

Complete heart block

Mobitz 1l 2" degree AV block

Inferior and anterior ST elevation myocardial infarction
Atrial fibrillation

Right bundle branch block

Left bundle branch block

. Next module: 7 more ECGs

NOo A WDNE

bl (%) CASSA
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Free download

You will find answers to a lot
of your questions in this app
The app has been redesigned
and updated

The new version includes
searchable terms and clinical

correlations

GETITON
» Google Play

# Download on the
¢ App Store

APPtitude

Comprehensive ECG reference guide, with diagnostic
approaches for arrhythmias and abnormal waveforms




ECG

ONLINE

Email address

Password

EGG

DNLINE  —

This free web-based resource was developed for students to allow self-directed learning of
ECGs. It consists at present of 5 modules, each of 5-6 ECGs. The ECGs must be analysed
systematically before coming to a conclusion. The correct answer is then provided with backup
text to explain the reasons. The user can move forward, or redo the same ECG as desired.

ngonIIne UCt daC. Za ©University of Cape Town



http://ecgonline.uct.ac.za/

< [El} ecgonline.uct.ac.za ¢ [ﬁ (]

ECG Online ECG Online +

_l\/\,_ ECG Online ENLARGEECG  SAVE

Step 1 Clinical scenario
Rhythm analysis

A 74 year old woman is admitted for elective knee
Step 2 replacement. Prior to the surgery an ECG is done
Waveform analysis and the Anaesthetist asks your opinion.

W Summary of analysis
1] avL v2 V5

Regular
Narrow complex

QRS complex [t Bradycardia with a ventricular rate of 54
‘ — L »‘Ak—a\(m
- avF ! V3 s P wave upright in Il / inverted in aVR
| P wave before every QRS complex

QRS complex after every P wave

Normal P wave morphology

HHANMWMTW Constant PR interval measuring 160 ms
The PR interval is normal

Smm/s  10mm/mV | 150Hz . 005B . 12SL 252 . CID: 3 EID:9 EDT: 15:31 27-JAN~2004 ORDEF

QRS width 80 ms

Normal QRS morphology

&0 g ms . J degrees QRS axis -45 degrees
Left axis deviation

QRS width QRS axis

@ Normal morpholo Normal axis Pathological Q in inferior leads 3
9 ploiogy O ; ; < g} Q : Poor R wave progression
(O Right axis deviation Pathological Q in anterior leads
@® Left axis deviation QS complexes in lateral leads
(O Extreme axis deviation Premature narrow complex

Premature wide complex
Narrow escape beat / rhythm
Wide escape beat / rhythm

Capture beat Sa m p | e ECG

Fusion beat

Normal R wave progression
Poor R wave progression
Dominant Rin V1

Increased left ventricular voltage

Low QRS amplitude Electrical alternans

O00OO0o0o0oo0oooo

o008 O0o

© University of Cape Town



The ECG Atlas of
Cardiac Rhythms

This book contains around 95 full size 12 lead ECGs which are analysed in detail. It
covers all the rhythms you are likely to see in practice grouped into:
* Bradycardias and conduction disturbances
> * Abnormal rhythms at normal rates (including paced)
‘ * Narrow QRS tachycardias
* Wide QRS tachycardias
"v

=
S
N

To get the book, go to: http://www.ecgrhythmsatlas.com/



http://www.ecgrhythmsatlas.com/

Consumer
watch

<

Secure app for
data collection

Courtesy Zachi Attia, PhD

Universal Data Platform
125,610 ECGs in 5 months

4
i

Patients enrolled by state
(and 11 countries, not shown)

1903 — Willem Einthoven

ECG dashboard

N

Patient engagement:
robust data collection
Circulation 2024:149:411

Figure. The evolution of the ECG.
Al indicates artificial intelligence; App, application; and AUC, area under the curve. A is in the public domain (PD-US).

Al analysis

Left ventricular
pump strength
AUC=0.88

CARDIAC ARRHYTHMIA SOCIETY
OF SOUTHERN AFRICA

CIAL INTEREST GROUP OF SA HEART
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