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PREFACE

This booklet is dedicated to the memory of
Alan E. Lindsay, MD ( 1923—1987 ) master
teacher of electrocardiography, friend, mentor, and
colleague. Many of the excellent ECG tracings
illustrated in this learning program are from Dr.
Lindsay’s personal collection of ECG treasures. For
many years these ECG’s have been used in the
training of medical students, nurses, house staff
physicians, cardiology fellows, and practicing

physicians in Salt Lake City, Utah as well as at

many regional and national medical meetings.

It is an honor to be able to provide this booklet Dr. Alan Lindsay:
as well as an interactive ECG website on the A Teacher of Substance and Style
Internet in recognition of Dr. Lindsay’s great love for teaching and for electrocardiography :
http: //library. med. utah. edu/kw/ecg. This document and the ECG website offer an

introduction to clinical electrocardiography.

ECG terminology and diagnostic criteria often vary from book to book and from one
teacher to another. In this document an attempt has been made to conform to standardized
terminology and criteria, although new diagnostic concepts derived from the recent ECG
literature have been included in some of the sections. Finally, it is important to recognize
that the mastery of ECG interpretation, one of the most useful clinical tools in medicine, can
only occur if one acquires considerable experience in reading ECG’s and correlating the

specific ECG findings with the pathophysiology and clinical status of the patient.

The sections in this booklet are organized in the same order as the recommended step-
wise approach to ECG interpretation outlined in Section 2. Beginning students should first go
through the sections in the order in which they are presented. Others may choose to explore
topics of interest in any order they wish. It is hoped that all students will be left with some of
the love of electrocardiography shared by Dr. Lindsay.

The materials presented in the “Introduction to ECG Interpretation” booklet are for your
information only. All of the materials are provided “AS IS” and without any warranty,
express, implied or otherwise, regarding the materials’ accuracy or performance. You accept

all risk of use of, and reliance on, the materials contained in the booklet.
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Basic Competency in Electrocardiography

e Ventricular escapes or rhythm

NORMAL TRACING

® Accelerated ventricular rhythm
e Normal ECG e Ventricular tachycardia (uniform)

TECHNICAL PROBLEM ® Ventricular tachycardia ( polymorphous or

torsades )
® Jead misplaced e Ventricular fibrillation

® Artifact
e AV CONDUCTION

SINUS RHYTHMS/ARRHYTHMIAS

Sinus rhythm

Sinus tachycardia

Sinus bradycardia

Sinus Arrhythmia

Sinus arrest or pause
Sinoatrial block, type 1
Sinoatrial block, type II

OTHER SV ARRHYTHMIAS

PAC’s (nonconducted)

PAC’s ( conducted normally)

PAC’s ( conducted with aberration)
Ectopic atrial rhythm or tachycardia (uni-
focal )

Multifocal atrial rhythm or tachycardia
Atrial fibrillation

Atrial flutter

Junctional prematures

Junctional escapes or rhythms
Accelerated Junctional rhythms
Junctional tachycardia

Paroxysmal supraventricular tachycardia

1™ degree AV block

Type 1 2" degree AV block ( Wencke-
bach)

Type I 2™ degree AV block (Mobitz)
AV block, advanced (high grade)

3™ degree AV block ( junctional escape
rhythm)

3" degree AV block ( ventricular escape
rhythm)

AV dissociation ( default)

AV dissociation (usurpation)

AV dissociation ( AV block)

INTRAVENTRICULAR CONDUCTION

Complete LBBB, fixed or intermittent
Incomplete LBBB

Complete RBBB, fixed or intermittent
Incomplete RBBB

Left anterior fascicular block ( LAFB)
Left posterior fascicular block ( LPFB)
Nonspecific IV conduction delay (IVCD)
WPW preexcitation pattern

QRS AXIS AND VOLTAGE

VENTRICULAR ARRHYTHMIAS

® Right axis deviation ( +90° to +180°)

e PVC’s ® Left axis deviation ( —30° to —90°)
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® Bizarre axis ( —90° to —180°)

® Indeterminate axis

Low voltage frontal plane ( <0.5 mV)

Low voltage precordial ( <1.0 mV)

HYPERTROPHY/ENLARGEMENTS

Left atrial enlargement

Right atrial enlargement

Biatrial enlargement

Left ventricular hypertrophy
e Right ventricular hypertrophy

Biventricular hypertrophy

ST -T, AND U ABNORMALITIES

Early repolarization (normal variant)

e Nonspecific ST - T abnormalities

ST elevation ( transmural injury)

ST elevation ( pericarditis pattern)

Symmetrical T wave inversion
e Hyperacute T waves

® Prominent upright U waves

® U wave inversion

Prolonged QT interval

MI PATTERNS ( acute, recent, old)

e Interior MI

® Inferoposterior MI

Inferoposterolateral MI
Posterior MI
Anteroseptal MI
Anterior MI
Anterolateral MI
Extensive anterior MI
High lateral MI

Non Q-wave MI

Right ventricular MI

CLINICAL DISORDERS

Chronic pulmonary disease pattern
Suggests hypokalemia

Suggests hyperkalemia

Suggests hypocalcemia

Suggests hypercalcemia

Suggests digoxin effect

Suggests digoxin toxicity

Suggests CNS disease

PACEMAKER ECG

Atrial-paced rhythm

Ventricular paced rhythm

AV sequential paced rhythm

Failure to capture (atrial or ventricular)
Failure to inhibit (atrial or ventricular)

Failure to pace (atrial or ventricular)
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Basic Competency in Electrocardiography
( Modified from. ACC/AHA Clinical Competence Statement, JACC 2001 ; 38 2091)

In 2001 a joint committee of the American College of Cardiology and the American
Heart Association published a list of ECG diagnoses considered to be important for
developing basic competency in ECG interpretation. This list is illustrated on the
following page and is also illustrated on the website with links to examples or
illustrations of the specific ECG diagnosis. Students of electrocardiography are
encouraged to study this list and become familiar with the ECG recognition of these

diagnoses. Most of the diagnoses are illustrated in this document.

fRizO B E R E AR

(&% B : ACC/AHA IfaKREE i, JACC 2001; 38: 2091)

2001 4¢, EE.OMERY2(ACC) FRE RIS (AHA) BREART — K
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1 THE STANDARD 12 LEAD ECG

The standard 12-lead electrocardiogram is a representation of the heart’s electrical
activity recorded from electrodes on the body surface. This section describes the basic
components of the ECG and the standard lead system used to record the ECG tracings.

The diagram illustrates ECG waves and intervals as well as standard time and

voltage measures on the ECG paper.

Fig.1-1
1.1 ECG WAVES AND INTERVALS—What do they mean?

(1)P wave: sequential depolarization of the right and left atria

(2) QRS complex: right and left ventricular depolarization

(3)ST - T wave: ventricular repolarization

(4)U wave: an electrical-mechanical event at beginning of diastole

(5)PR interval ; time interval from onset of atrial depolarization( P wave) to onset
of ventricular muscle depolarization ( QRS complex)

(6) QRS duration; duration of ventricular muscle depolarization( width of the QRS
complex )

(7) QT interval ; duration of ventricular depolarization and repolarization

(8) PP interval ; rate of atrial or sinus cycle

(9)RR interval; rate of ventricular cycle
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1.1 OREERRENEMERRRTA?

(1)P wave(P i) : WAL BB .

(2) QRS complex( QRS ) : £ LEMALERREW .

(3)ST - T wave(ST BtFI T ) : LEREM.

(4)U wave(U ) : EFiKF-BIME - PUAREMF,

(5) PR interval (PR [A]HH) : MCo B3R IR BRAR (P PR I ) .02 LT HR BR R
(QRS HAZHHFR) HE[a]

(6) QRS duration( QRS [a]3) : 0> % HLERAR A 4] .

(7) QT interval (QT [A]}H) : L2 T URBRAR .00 2 B AR 45 A A IS ]

(8) PP interval (PP [A]#H) . SEMEJEN, 2 4 P 2 8l (et ia] .

(9)RR interval (RR [d#}) . =MEH, 2 4 R P2 8] @y AstE] .
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1.2 ORIENTATION OF THE 12-LEAD ECG

1.2.1 It is important to remember that the 12-lead ECG provides spatial
information about the heart’s electrical activity in 3 approximately orthogonal directions
(think: X, Y, Z) .

(1)Right - Left (X)

(2) Superior — Inferior (Y)

(3) Anterior — Posterior (Z)

1.2.2 Each of the 12 leads represents a particular orientation in space, as
indicated in Fig. 1 =2 (RA =right arm; LA =left arm, LL =left leg) :

(1) Bipolar limb leads ( frontal plane) :

® Lead | : RA ( —pole) to LA ( +pole) (Right-to-Left direction)

® [ead I: RA ( -) to LL ( +) (mostlySuperior-to-Inferior direction)

® Jead : LA ( -) to LL ( +) (mostlySuperior-to-Inferior direction)

(2) Augmented limb leads ( frontal plane) :

® Lead aVR: RA ( +) to [LA & LL] ( =) (mostly Rightward direction)

® Lead aVL: LA ( +) to [RA & LL] ( =) (mostly Leftward direction)

® Lead aVF: LL ( +) to [RA & LA] ( =) (Inferior direction)

(3) “Unipolar” ( +) chest leads (horizontal plane) :

® Leads V1, V2, V3 (mostly Posterior-to-Anterior direction)

® Leads V4, V5, V6 (mostly Right-to-Left direction)

Right Arm Left Arm
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1.2 12 ZEORERTTESES

1.2.1 —EEAGE 12 B H E SRR — N T 0 N R I S B SL AR i 22
E#EE, A3 AMERKT R EEAM(X, Y, Z§H) .

(LA -% (X)

(2 E~TF L)

(3)# - J& (2)

1.2.2 12 REPHE—-NREHART AR TTE, wE 1 -2 Fis
(RA=ALEM; LA=ZA BB, LL=ATFB)

(1) DR AR B (A ) -

o I ®Ek: RA(-1) B LAC + &) (A ZAET7 )

o II%Ek: RA(-)F| LL( +) (i k@ FI5m)

o MFHk: LA( -)F| LL( +) (A EEI FJ51a)

(2) s Bk (8 ) -

* aVR: RA( +)B|[LA&LL] ( -) (a4 EJ7m)

® aVL: LA( +) B[ RAKLL] ( -) (faZ EJ5 1)

e aVF: LL( +)BI[RA&LA]( -) (1@ FJ5[a)

(3) Mg Bx (K1) -

® V1, V2, V3(\JEIa AT @)

* V4, V5, V6(MATa T i)




