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Since the invention of electrocardiogram (ECG), the study of it has marked a lengthy history of 110

years. ECG used to be one of the only two methods of diagnosing heart diseases, and it remains the most
widely used even today, with its scope of examination ranging from cardiology to other medical fields.
Every medical student, when studying the course of “Clinical Diagnostics,” encounters some rudimentary
knowledge of ECG. Meanwhile, ECG is also an important component of all kinds of standardized testing as
a basic skill to be mastered by medical students. The ECG content in this book is highly correlated with the
content of “Clinical Diagnostics.” Selecting typical ECG examples and providing vivid diagram to illustrate
the ECG characteristics and elucidate the formation mechanisms in a systematic way, this book is designed
to help students develop ECG interpretation skills while gaining a theoretical background. It is written in
both languages to familiarize students with the medical terms often used in the profession, benefiting future
examination of references and literatures in English. Building upon the material of “Clinical Diagnostics,”
this book introduces new concepts recognized internationally in an effort to spread the most updated
knowledge on ECG.

The ECG examples provided in this book mainly come from my own accumulation over the years.

Some are provided by my colleagues, for whom I am very much thankful. Much time has been devoted
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to perfecting the illustration used in this book, and I would like to thank my husband and son for their
continuing understanding and support.

The path toward understanding ECG is an infinite one. Thus, I look forward to comments and
suggestions regarding the ECG used in this book. My email address is liuxia9110@163.com.

Let’s begin our journey of understanding the ever-changing ECG!

Cardiology Department of Ruijin Hospital
Shanghai Jiaotong University Medical School
Liu Xia

May, 2015
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1. ROURF Fi A K

e [ : RA)FILA(H);

e [[ . RA(-)FILL(+);

oIl: LA(-) FILL(+).

2. Jin He SRR SR Bk

eaVR: RAG)FI[LA+LL | (-);

*aVL: LA(+)fI[RA+LL |(—);

*aVF: LL(+) f1[ RA+LA ] ().

3. F R AR SR

Electrocardiography (ECG) is recording of the electrical activity
of the heart on skin during each heart beat. ECG device detects and
amplifies tiny electrical changes generated by depolarization and
repolarization of the cardiac muscle, and translates them into a curve.
In a normal heart, the cardiac impulse originates from the sinus node
and spreads throughout the atria to activate the atria. After completion
of the atrial activation, the impulse reaches and passes through the
atrioventricular (A—V) node, and then travels through the His bundle,
the right and left bundle branches, the left anterior and left posterior
fascicles and the Purkinje fibers (His-Purkinje system) to activate the
ventricles. This cardiac rhythm is termed normal sinus rhythm.

Electrodes and leads

For a routine ECG, 10 electrodes are attached, four to the limb
and six to the chest wall. The information from the limb electrodes
is combined to produce the six limb leads ( I , I , 1, aVR, aVL,
and aVF), which investigate the heart in the vertical plane. The six
precordial leads (V1 to V6) investigate the heart in the horizontal
plane. The information from these 12 leads is combined to form a
standard ECG.

1. Bipolar limb leads (frontal plane)

e [ : RA(—) to LA(+);

o]l : RA(—) to LL(+);

oJll : LA(—) to LL(+).

2. Augmented unipolar limb leads (frontal plane)

¢ aVR: RA(+) to [LA and LL](—);

e aVL: LA(+) to [RA and LL](—);

e aVF: LL(+) to [RA and LAJ(—).

3. Unipolar (+) precordial leads (horizontal plane)

* VI: right sternal edge, 4th intercostal space;

* V2: left sternal edge, 4th intercostal space;

e V3: between V2 and V4,



o V1: i E A% A E ;

o V2: Mg E L I E ;

*V3: V21 V4 FE 2 [A];

*V4. %ﬁ%*%%ﬂ%ﬁ],

*V5: MATER V4 SBOKF;

*V6: 4k Va4 FEOKF.

(RA=1 FiE; LA=Z BRE; LL=A T %)

— o EENEARFIERE

L HL R M TE iU S L, e A R4l
Mo TEGFEEYTHIRR A, B ] B BLZRFR
HB o D R B a4 W PL.Q R,
S THIU, WE 1,

1. P AR R A 0 5 22 0 B 19 L B
. IEHHE:

o [ AN FERE

e aVR FEK{EIE ;

o [if[H] <120 ms;

* JRiIF <0.25 mV,

2. QRSEREREA LERK, BHESL
OERPHHD . EFHE:

o I AN ZC M 06 S ) I

*aVR I V1 FEKEF T

o HRTSHR R EBEm TR E R m L L
B 2);

* QRS it [A]: 60~100 ms, fXF.OERR

g—& LBEEAMI \/Ls

* V4: mid-clavicular line, 5th space;

e V35: anterior axillary line, horizontally in line with V4;
* V6: mid-axillary line, horizontally in line with V4.
(RA=right arm, LA=left arm, LL=left foot)

The components of the ECG and the normal values

A normal ECG is a curve with waves or complexes and
segments. A wave is a single deflection turned either positive or
negative, and a complex comprises of consecutive deflections. A
segment is a distance between two waves or complexes. The letters
that mark the various components of the ECG are P, Q, R, S, T and U
(see Fig. 1).

, | e
WA= & 3 S oo
Fig. 1 Components of the ECG

1. P wave: represents the sequential depolarization of the right
and left atria. Normal values:

e uprightinleads I and II ;
* inverted in lead aVR;
e < 120 ms in duration;
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Fig.2 Patterns of QRS complex in precordial leads

Herstra]

3. STEAL FIAMTEI G, RFELE
PRt AR MR IT IS, IEH{E: T RLH
BB, SH M EL N PREG TP EL,

4. THEARFROLEEW . [EFE: @M
) 3K QRS I i 1] — B

o [ MAIV3I~V6FEEHE T ;

* aVR FHLEIE , V1 E & e g ;

o M SFEEAT LU E

5. U BB UHRIANE A2 O EAAT L,

6. PR [a] ] M P FF 16 2 QRS I P46, 1R
T FIF R OEF R FEXEl

GBI Bt A IO R A A

HerpfeS. IEHE: 120~200 ms.
7. QT [H M\ QRS P F4A 2 TR fRE
D EBRAR NS AR A E] . HEFE(E: 350~450 ms.,
QT [a] A Bl O AR A T AR Ak, O E NS,

e <(0.25 mV in amplitude.

2. QRS complex: represents the right and left ventricular
depolarization, normally the ventricles are activated simultaneously.
Normal values: ‘

e upright in lead Il and in left precordial leads (V5 and V6);
e inverted in leads aVR and V1;
¢ QRS complex changes from mainly negative to mainly
positive in precordial leads (see Fig. 2);
* QRS duration: width of QRS complex, 60 ~ 100 ms in
duration, represents the duration of ventricular depolarization.

3. ST segment: between the J point and the beginning of
the T wave, represents the period between the end of ventricular
depolarization and the beginning of repolarization.

Normal values: lies in the baseline (isoelectric) or slightly above
or below it, either the PR or TP segment is used as the reference
baseline.

4. T wave: represents the ventricular repolarization.

Normal values: usually follows the QRS complex in orientation
in the same lead.

e upright in leads I and Il and in V3 ~ V6;
e always inverted in leads aVR and often in lead V1;
e can be inverted in lead Il .

5. U wave: origin for this wave is not clear. Many ECGs have no
discernible U wave.

6. PR interval: from beginning of P wave to beginning of QRS
complex, represents onset of the atrial depolarization to onset of the
ventricular depolarization. During this time the electrical impulse
is conducted through the A—V node, the bundle of His, the bundle
branches, the fascicles and the Purkinje fibers.

Normal values: 120 ~ 200 ms in duration

7. QT interval: from beginning of QRS complex to end of
T wave, represents the duration of ventricular depolarization and
repolarization. General guide: 350 ~ 450 ms.



