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INTRODUCTION

Although varyng m detail according to the indvidual case the

average childs electrocardiogram follows 2 smple pattern winch

may be recognized as that of a normal chuld rather through s fack

of abnormal signs than by the presence of any defimite form other
than that by which it 15 d as

as bel to the childhood
group

In the foliowing pages Mlustrative electrocardiograms of average
children are shown together with tracmngs frequently found 1 cer
tam 1 cond It must be d n ths
that the electrocardiogram may be of average form even in 3 badly
damaged heart and it 1s to be d that the ¢l d:
1s only an adjunct to a chimeal examination

The findings 10 this book are based on the study of electrocardio-
grams * taken on 500 children from the wards and chmcs of St
Luke s Hospital New York City, and from pnvate practice For the
sake of untformuty the tracings have been taken with the ¢hild m 2
sitng or propped up positon We have found that children do not
{ear the examinauon shule 1n 2 sttng position as they often do when
supime and agam cardiacs 11 failure cannot ke fiat dunng the test
Infant and child sized electrodes were used for smaller chuldren

The tracings of 350 physically normal fourth year students § be

tween the ages of 22 and 26 years have been used as young adult
tracings for companson with this group

The defiectons and wntervals present 1 a normal cardiac cycle are

considered indwidually and as a whole Normal vanations are noted
and ab traciags are d 4 Ch

found 1 each
Cambridge wstruments ha e been used 1 21
examinstions
* Depaxment of Met e Columbia Upers ty

viL



INTRODUCTION

Although varyng m detail according to the ndividual case the
average childs electrocardiogram follows 2 smple pattern winch
may be recognized as that of a normal chuld rather through 1ts fack
of abnormal signs than by the presence of any defimite form other

than that by which 1t 1s d as bel to the childhood
grou

In the foliowing pages Mlustrative electrocardiograms of average
children are shown together with tracmngs frequently found 1 cer
tam 1 cond It must be d n ths

that the electrocardiogram may be of average form even in 3 badly
damaged heart and it 1s to be d that the ¢l d:

1s only an adjunct to a chimeal examination
The findings 10 this book are based on the study of electrocardio-
grams * taken on 500 children from the wards and chmcs of St
Luke s Hospital New York City, and from pnvate practice For the
sake of untformuty the tracigs have been taken with the ¢hild m 2
siting or propped up posiion We have found that children do not
{ear the examinauon shule 1n 2 sttng position as they often do when
supime and agam cardiacs 11 failure cannot ke fiat dunng the test
Infant and cinid sized electrodes were used for smaller children
The tracings of 350 physically normal fourth year students § be

tween the ages of 22 and 26 years have been used as young adult
tracings for companson with this group

The defiectons and wntervals present 1 a normal cardiac cycle are

considered indwidually and as a whole Normal vanations are noted
and ab traciags are d 4 Ch

found m each
Cambridge wstruments ha e been used 1 21
examinstions
* Depaxment of Met e Columbia Upers ty



Preface

Introduction

TABLE OI' CONTENTS

Chapter 1 The Deflections and Intervals of the

Electrocardiogram of the Child

Il Heart Position Anatomic and Electrocardio-

it
™
v

Vi

Vi

graphic
Bipolar and Unipolar Limb Leads
Unipotar Precordial Leads
The Chnid s Electrocardiogram 1 Disease

The Electrocardiogram 1n Congenital Heart
Lesions

Rate and Rhythms
Appendix
Bibhoeraphy
Index

Vi

16
22
27
33

57

'8
101
106
113



TABLE OI CONTENTS

Preface
Introduction

Chapter I The Deflections and Intervals of the
Electrocardiogram of the Child
Il Heart Position Anatomic and Electrocardio-
graphic
11

Bipolar and Umipolar Limb Leads

TV Unipotar Precordial Leads
v

Vi

The Chnid s Electrocardiogram v Disease

The Electrocardiogram 1n Congenital Heart
Lesions

Rate and Rhythms
Appendix
Bibhoeraphy
Index

Vi

Vi

16
22
27
33

57

'8
101
106
113



CHAPTER 1

The Deflections and Intervals
of the Electrocardiogram of the Chld

The P deflection 15 the term given to the imtial wave 1n the normal
cardiac cycle which 1s the 1mvasion or depolarzation wave of atmal
musculatere dunng which time the imptlse passes from the sioatnal
to the atrioventncular node The time taken by the accession or in
vasion of atmal musculature ts measured by the width of the P
deflection At burth and n the first weeks of Wfe 1he averape duration
of this event 1s 0 056 second. The average pulse rate at this age 13
164 per minute There 1s a definite mcrease 1n P width as the child

grows older as noted by the following measurements From 2 to 12
months the - o

rate of 143
from 2 yea

0078 second and the average rate 18 112 and from 6 to 13 years
the ume consumed 15 008 second While the average rate 13 94
(Tables 1 and 7) In the young adsht the average P width 1s 0 10
10 0 11 second

The vollage or amphitude of the P wave vanes 1n each lead and
35 greatestin lead 2 with an upper luntt of 2 mm In vnipolar Jeads p
waves are on the average highest n Vy and V.

The P wave 15 normally upnght i leads 1 and 2 although 1t may

1
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THF ELECTROCARDIOGRAM OF THE CHILD 3

may #is0 be noted 102 Tess maxd
uve theumatic chuld (Fig

ded degree in the traciags of the 1nac
20) P waves may be absent as atnal

Gbrllavon (Fiss 21a 25aand b and 57A)
The atrial T wave or wave of atnal tepolanzation may be recog

nized as a depression m the PR

segment or 1t may fall adter the
QRS complex. The Ta wave 15
best seen 1 a v block of gh de
gree and 15 apt 10 be more notice
able when P s agh (Fig 56C

The P R wntereal 1s the time
taken for the impulse 1o pass from
the sa node to the sentncular
Tauscle The mteral starts at the
begnning of P and ends at the
start of the R or of the O wave if
present It mcludes the ime taken
1o depolanze the atnal muscle (P
wave) plus the time fa which the
mpulse 1 delayed at the av
node and the main bundle of His
until the onset of veatneular de

(P R segment} The
nterval vanes with heart cate and
body size bemng shorter tn more
rapid and small heasts  As would
be expected the mtersal 1s shorter
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Duagram showing exents of
the tondae eyt by standard lmb
lead a0d sourd wa e catdiograms
Verteal squares= | ;v Harzonal
squares = 004 second

m the wnfant than m the young
child and sn the child than 1n the
young adult The average time of
the PR snenal m the 1 1o
8 week-old wfant 13 0 107 second
with an average rate of 164 ™®T

mne 1n the 2 to 12 month-old baby 0116 second with & rate of
143 and i the 1 to Goyear-old chuld 15 0130 second with an
average rate of 1105 In the oider youngster of 6 to 13 years 152
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THE ELECTROCARDIOGRAM OF THE CHILD 5

t or
the standard himb leads of the normal child bwt moderate nght

depending vpon the rotation
£t axts d 15 not P % ouon
fr‘p:smbn of the heart 1a the chest (Fig 7} Varwton of dev

e e

dartag betd snq

Pieation Were 15 3n popa;,
these leads (P,

5 10 the e of the R deflecyion i
aueat refesred by Dy Ry Cudmote )

Y IDPEW 1A the same Chald wath chanee in the

¢ heart pasition as Seeq
FSPIAUON OF expuratian (Figs 2 and 3) Machia
AT 3 ryht axs dey gt g wath deep b, and ta R,
s the rule 33 the heart g5 hoarontaity placed g5 g children wih
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THT ELLCTROCARDIOGRAM OF THE CHILD 9

Qot R tatts end R or § The aserage of 0065 m the c\l\tldi :
shomer (han that 1 the young adult in whom the uppes ho ;
010 and occosonally 011 second The QRS wfenal 15 usu;hy
shovess over ¥V, where fre clectrode 15 neasest the heant o £2
tyme vames wath age bady swe and buld and heant rale DUWE

e e
¥ | CEEEEEEEEE
= o e nbortnatebupmabcbag
R . S T BT O
POV, -
FE RS Y BT
S AT | N AR

o B Lo

Fig 5 a Marked low voltage m 17 year-old gl with untreated bypo-
fhnrauduon Note wnversion of T wav s 20 1 ads § and 2 slow heart yate and
stuggnh a v conducuion

b For compari on sumilar fow soltage present 1 a 12 year-oW gul with
constn Yive pergardunss The rapad cate s the ¢ fingurstung fe re Yemneuag
PreTIatute COMTAIIONS pres 04 19 feads 7 and 3 are comcidental

greater in heavier hearls and shorer i tfsacy in small hearts and
w those with raptd rates

The antenal 15 commanly increased where thers s 3 fbrosis
of beart musch. 10 caves where a pundle branch 15 blocked and 1n
neht md Yelt ventocular bypentrophy ¥t may be transiently pro-
Tonged 1 acule mlections as 10 acun, rp~umatic fever and duning,
certam th d as uwnder g In the
Wolff Parkunson White syndrome the nterva) ss deng “erted

The @ wore 13 the term gven 10 the snstial downward or negative
deflection of the depolanzation complex of senincular muscylature
and s due 10 an wun ) potentat diffesence duecied anay Srom 1he
elestsods

nahe noemal chid Q wares shen present are Jarger than they
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THE ELECTROCARDIOGRAM OF THE CHULD 11

muscle last 1o be activated such s the Iateral and postenor basal
wall of the feft ventricle and are absent 1n tracmgs taken over
muscle ially nvaded ot first to be acuvated as found over the nght
precordsum The child s Q wave 1> usually absent over Vi and V and
15 deepest in Jeads 3 and Ve It 1s normally natrow with an average
width of 00175 second and depth of 0036 mm with & maxmum of
75mm

Q waves are frequenty seen 1 Jead 1 and m precordal Teads faang
the Teft ventncle i Jeft lat hypestrophy They are
m lend 3 and precordial leads over the nght ventricle 10 nght
sentricnlar hypenirophy

10 teft bundle branch block Q waves are absent o tracings with

+ the tlectrode faang the left precordwm o disinguistung pownt from

those of left ventneular hypertrophy

Abnormal Q deflections are uswally wide and greater thang 25
per cent of the hughest R deflection n the 1 ad

The @ T anterral starts at the begiamng of Q and termunates at
the end of T It includes the time taken by the impulse to nvade the
ventricufar muscle and the time for the complete retarn of the muscle
10 1ts 1esting or polanized state

The nterval varies with heart rate sex and age It vapes also
with the efectrolyte and water balance of the blood as with potassium
foss and sodsym setention with calcrum and phosphorus changes or
disturbances of carbohydrate metabolism  androgentc and other
{actors The interval 18 ancrased m heart fadure myocardiis and
m ventneulyr hypestrophy dunng tomc states m quinsdine

toucauen and i avitamenons a5 well as w hypopotassemia and
hypocak It 1« sh d

effect and occasionally m acute

w hyp and with digitalis
pencardis The labibty of the inter
val wing to its response to such exteral factors makes st usieelable

23 2 constant measute of precision However although 1t 1s profonged
m most dnseases mclud h

fever 1t 15 usetul w
determimng the presencs of achvily 1o questionable rheumaue infee
on when senal tracings are made (Figs 17A B, and C)
The averape measured QT tmte-yal together with its refated
aenge R R oycke may be converted to 2 unaform standard through
.
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y ts peak 15 shorler 1 jeads from the nght precordmm than 1n
wose taken over the left precordwm of the normat child There 1s
slight merease m this tume snterval ot delay 1 the ntnosicod
eflections as the cbild grows older but the relatve ravo of nght
o left contmues (Table 4} The peak of R dwdes the QRS
eflections due (o muscle actvated before from that depolanized
after the impulse reaches the muscle under the explonng efectrode
There may be two upward waves m the ORS complex separated by a
qownward deflection The second wave RY, 1s often seen when the
cectrode 18 over the base of the heatt from fate actvabon of the
conus I sturnng 15 preseet in the highest R near s apex abnormal
conduction s probable The wave 1s commonly extremely Tugh 1n
coneenital heart disease (Fig 132) A late R peak m Vy with earlv
tnnsicond deflection 1 Vg 1s seen s right ventncular hypertrophy
and nght bundle branch block (Figs 13a and 46}

S ware 15 the d of the final d 4 wave of the
depol complex of wuscle owing to negative cavity
b2 beng d through a D depol d wall
10 the ele

ctrode over is epicardial surface

The average depth of the S dufiection i the standard himb leads
of chiddhood 15 3 61 mm and over precordial Jeads 6 66 mm It 15
deepest n leads 2 and ¥V and 1n the \ounger age group It 15 often
absent m the child and may vary m depth 1 I3 dunny respraton
(Figs 22nd 3)

Swaves are deepest mn tracmgs from that portion of the wall where
activation 1s completed first 2s 15 usual 1n unipolar leads taken with
the tenmimal over the nght ventricle a0@ absent where it 15 com
pleted last as over the left ventricle

The junction or ] 15 the term used for the meetutg point of the
QRS complex, with the S-T segment

The 5T segment 15 represented by the duration of tme between
the end of the § wave and the start of the T deflection 1t 15 the

mierval of ume between the com

pletion of di
begmng of reso) o ) epolanzation  and

This segment
v:ncs according to the heart rate bemg longer m slow rates and
shotter when the rate 15 rapid. The average duration of the S-T
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1o s peak 15 shorier 1o jeads from the nght precosdmm than 1n
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of chuildhood 15 3 61 mm and over precordial leads 6 66 mm It 15
deepest n leads 2 and ¥V and 1 the \ounger age group It 1s often
absent m the chld and may vary in depth 1 I3 during sesprauon
(Figs 2 and 3}

Swaves are deepest i tracmgs from that portion of the wall where
activation 1s completed first a5 15 usual 1n unipolar leads taken with
the termmal over the nght ventnicle and@ absent where 1t 15 com
pleted last as over the left ventnicle

The junction or J* 15 the term used for the meetutg point of the
QRS complex with the 8T segment

The ST segment 15 represented by the duranion of tme between
the end of the § wave and the start of the T deflection It 1s the
mienal of tme between the completion of depolarzation and
beginmng of repol. of v 1l This sepment
vanes according to the heart rate bemng longer 1 slow mein:x:d
shonter when the rate 15 sapid. The average duration of the ST




THE ELECTROCARDIOGRAM OF THE CHILD 15

is aiso oppostte to that of the T dcﬂcwon T wave changes from
1volvement of dial and lar surfaces may
best be seen m umpolar kb feads

U reare 1s the term goven to the  postive after potential of muscle
contraction It starts at the end of the T wase and 1s usuaily not visible
1 the chuld s tracing However i slow thythms and 1 the presence of

hypop it may o fly be fauly p nt (Figs
53¢ and 55C)
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TRE ELECTROCARDIOGRAM OF THE CHILD 1S

1s also opposite to that of the T deflecion T wave changes from
1 t of epicarchal and endocardial far surfaces mav
best be seen m umpolar b leads
U ware 1s the term gnen to the  positive after potential of muscle
contraction It starts at the end of the T wave and 15 usvally not visible
w the child s traung However 1 slow thythms and in the presence of
h i may fly be fauly p (Figs

53¢ and $5C)
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more honzontal posttion The electrocardiographic position of the
heart may also be honzontal and left electrical axts deviation 15
wsual (Fig 7)
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clectrocatdiographic posiion of the
and Jeft elecineal axs deiation 35

more honzontal position The
heart may also be honzontal

vsmal {138 7)

Fie 7 Sundard and wnpolac Geb leads of childrer wil average pre
coresal tads showing:
Sen e n 1 1n 11 yearold ginl

nanos

Change m heart posion with attendant vamations 1n the selatwe
reltionship between the nght and left ventrcles may be found n
the same chid Dumag deep h 1A mepimation for example the
daphraem descends and the heart bemg relatively fixed at its base
will n followng rotate on s longtadinal aus w0 8 clockwice
direction <o that the left ventncl. les below the nght ventricle
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devation may depend on a mechanical shift 1 the relanonstup of
the two ventncles 1o the chest or 1t may be due to disease or mal
formation 1 winch hyperyrophy of etther ventnicle 15 commonly
present

The electrocardiogram of the normat child 15 peculiar to that child
Agart fram the changes consistent with growth and from those vana
tons seen 1 the axts devition of the ventrcular cunves on rotation
of the heart around 1ts longitudimat axs the general charactenstwes
‘present 1n a normal child s elect 4 are retamed b
childhood years with remarkable constancy

Such differentiating pownts appearing 1o be nherent gualies of the
sndidual s cardiac activity are 1nverted or diphasic P waves 1n leads
20r 3 the presence of U waves the sturning or splitung of QRS

comp! xes the ongn of the S-T segments and the ratio of the voltage
of L11oL3

Many of these signs ate due 10 the consututional type of the
diidual child, and they may be found 1o several members of one
famiy Simlanties 1 the tracings of sibhngs are often so strking
that diff of the el d is rendered diffienit as
1n the records of the siblings nlustrated (Figs 8 and 10) In Fig 9
the tracings of two children & brother and sistes are compared A
resemblance 15 agam present and shows low voltage of lead 1 1n
both and a drphasic T3 w one and nverted T3 1n the other Higher P
wave amplitude 15 present i the gk and greater T wave voltage
the by as s usually secn 1n companison between the sexes

The P wase of atral actywity 15 gr ater m height m the standard
bimb leads of grels between the ages of 6 and 12 years than 1t 15 1 boys
of W age group The components of the QRST group of the
standard hmb leads are of greater amplitude 1 boys than m guis
w the 6-10-12 ace group (Fig 9) In this connecnon 1t 15 of mterest
ta note that Benehe 1a 1910 gbserved 1 s studhes on the anatomy
of the heart that the relause volume of the atria to the ventncles
Wis greater i e femnle than m the male

A 12 years of age all standard Limb Jead deflections are on the
nerage geater 1w amplitude 1 boys than 1 oiis The average
heart rate an puls of 6 years and under and of 12 years and over
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deviation may depend on a smechamical shift 1n the relauonstip of
the two ventrcles to the chest or 1t may be due to disease or mal
formation 1 which hyperrophy of eher ventnicle 15 commonly

cesent
" Thc‘ electrocardiogram of the pormal child 15 pecubiar to that chid
Apart fram the changes consistent wath growth and from those vana
trons seen m the axts devition of the ventricular cunves on rotation
of the heart around 1ts longiodmal axs the general chamacienstis
present 1n a normal chuld s d are retamed h
childhood years with remarkable constancy

Such dfferentiating pomts appeaning 1o be inherent quakies of the
sndividual s eardiac actvity ase 1nverted or diphasic P waves 1n leads
20r 3 the presence of U waves the sturnng or sphitung of QRS

corapf xes the ongin of the S-T segments and the ratio of the voltage
of Lo L3

Many of these signs are due to the constitutional type of the wm
dividual child, and they may be found 1o several members of one
famdy Sumilanties 1 the tracings of stbbings are often so strking
that diffe of the el d is rendered dfficolt as
1n the records of the siblmgs nlustrated (Figs 8 and 10) In Fig 9
the tracings of two children a brother and Sistes ary compared A
resemblance 15 agam present and shows low voltage of lead 1 1n
both and 2 tphasic T3 i one and inverted T3 m the other Higher P
wave amplinde 15 present i the gl and greater T wave voltage 1n
the by as s usually secn 1n compinson between the sexes

Th. P wave of atnal actswity 15 gr ater m hesght an the standard
bmb leads of gurls between the ages of 6 and 12 years than it 15 1 boys
of W age group The components of the QRST group of the
standard hmb leads ase of greater amplitude 1 boys than m guis
w the 6-10-12 ace group (Fig 9) In thus connection 1t 15 of mterest
10 note that Benehe 1n 1910 abserved 1 bis studhes on the anatomy
of the heart that the relative voleme of the ana to the ventncles
Was greater e femnle than m the male

A 12 years of age all standard hmb Jead deflections are on the
ferce geater n amplitade 1 boys than m ol The average
heart rate an puls of 6 years and under and of 12 years and over
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Stous acthythmea 15 less frequently seen m boys than n gls
where 1 3§ common between the ages of 7 and 12 years of

The monocardiogram of Vfann, or vecforcardtogran N
Wilson, gives an interesting maight mto the relationstup between

TR T T

e
PR

e

Fig 10 Tratmg showny, leads 2 {fom 140 brothers (A 2ed B) § and 7
yeans ofd who had congenstal heart tesions. Incomplete a v block s present
m both boys

standard tead el dog and the changing 1 field
of the beart

For this study a record 1s made 1 the form of a loop by the
tunction of the apices of several mstantanecus axes which are deter
mined from the tracings of two of three ssmultaneous standard leads
and notd at consetuine penods Although tmeconsuming with
pres mt methods the vectorcardiogram promuses to be a valuable
asset espeenlly m the study of congenutal heart lessons
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Stous archythmea 15 less frequently seen wm boys than i guls
where 1t 3§ common between the ages of 7 and 12 years
The monocardiogram of Yann,
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Fig 10 Tratmg showy, leads 2 {rom two brothers (A 2ed B} § and 7
years ofd who had congenstal heart lesions. Incomplete a v block s present
n both boyx

standard fead el diog and the ch;
of the heart

g field

For this study a record 15 made 1 the form of a loop by the
tanctian of the apices of severs!l wistantaneans zxes whick age detes
mined from the tracings of two of three ssmshtzneous standard leads
and notud At sonsetuine penods Although tme~consoming with
pres m methods the vectorcardogram promrses to be a valuable
asset espeenally w the study of consenntal heart fessons
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Standard Jead 2 Electrodes are placed on the nght arm and
feft leg so that potential vanations from the nght arm and left leg
roots ate noted n the tracimg (When comsidening simultaneous
pomnts of the curves in different leads 1ead 2 equals the sum of leads
1and 3 for all pracueal purposes ) P waves ae usually upnght
30d greatest 1 this Tead They may sbow a slurnng on the upstrohe
2r4 rarely they may be wmverted 25 a postuonal effect Q waves are
offen absert but they may be deep R waves are usually tall When
oresent § deflections are often deepest m lead 2 T waves also reach
these greatest standard lead heght 1n this lead very rarely they may
be merted because of heart posiion

Standard fead 3 With electrodes placed on the left arm and left
g potential vamatons from the left atm and left leg roots are
registered 1 the tracing P waves are mverted 1n lead 3 n about 10
per cent of normal childrent Upright R waves usually dommate the
QRS complex in the normal chuld 1n this lead however i a horzontal
electrotardiographic position Jeft axis deviation with deep S or QS
waves may be seen Q and S waves ate often deep and may disappear
of vary with position T waves are inverted 1n lead 3 n abour 35
Pt cent of normal children

{n contrast 1o these bipolar leads urupolar leads record potentials
from one y only the exph 2 de the other the m
difiercat electrode bawng ot the socalled zero potential As the de
ficions w wpolar mb feads are small augmented umpolar lanb
tads as introduced by Goldberger are almost unnersally used
These are designated as aVy aVy and aVe leads Umpolar leads

are vatuable as a means of companson between the nght and left
ventrigles The el d

phic curve vanes ding 10 the
portion of the heart that faces the imb root on which the electrode 1s
placed This may be roughly erther the great onfices of the heart
of the bt or Jelt ventnr le In the normal heart a relationship exists
butsetn standard and umpolar lmb feads so that 3f L1 resembles
L2 \R 15 uimitae but wmverted and of L3 1s the mverse of L1 VL

resembles LY glso of L2 and L3 ave mmilar \F
Af VL - VR =1y VP 15 also simlar

VR=12 YF - VL =13 {Fg N
VR the tmpolar nght arm lead or as 1s more commonly used
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Standurd Jead 2 Electrodes are placed on the sght am and
elt leg so that potential varations §1om the nght asm wnd left leg
roots are noted n the tracing  (When congidenng sumultaneous
pomts of the curves in different leads lead 2 equals the sum of Teads
1and 3 for all pracucal purposes ) P waves are usually upnght
00 greatest n this Jead They may show a slurring on the upstroke
ard rarely they may be wnverted s 2 postonal effect Q waves are
offen absert but they may be deep R waves are usually tall When
presert S deflections are often deepest 1n lead 2 T waves also reach
these greatest standard tead herght 1 this Jead very rarely they may
be merted because of heart posiion

Standard fead 3 With electrodes placed on the left arm and left
g potential varations from the left arm and left leg roots are
registered 1 the tracing P waves are mverted 1n lead 3 in about 10
per cent of normal childrent Upright R waves usually dommate the
QRS complex in the normal chuld 1n this lead however m a horzontal
electrocardiographic position Jeft axis deviation with deep S or QS
waes may be seen Q and S waves ate often deep and may disappear
or vary with position T waves are inverted 1n lead 3 1n abowt 35
Pt cent of normal children

{n contrast to these bipolar leads unipotar teads record potentials
lrom ome y only the exph 4 de the other the m
differcat electrade bawng at the socalled zero potential As the de
ficnons w wpolar unbr feads are small augmented umpolar lumb
hads as wiroduced by Goldberger are almost wnmersally used
These are designated as aVe aVy and aVe leads Umpolar leads
are valuable as a means of comparison between the nght and left
ventricles The el d phic curve vanes ding to the
portion of the heart that faces the hmb root on which the electrode 1s
Placed This may be roughly erther the great onfices of the heart
Z:‘\::Q:g':;o; ‘:5; ventrt le In the normal heart a relationship exists

12 AR :“ H:h(i::. :1::(;’;11; Ilm: feads so that sf L1 resembles
resembles L1 gl f Lo td C; i 1.3 55 the mverse of L1 VL
AEI VL — VR Ly Vrm e are similar VF 15 also similar
VR the o e - " =12 YF—VL=13(Fg 7)
2d or as 1 more commonly used
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but snay be diphasic o rarely wverted The usual QRS complex 1n
(he VL, lead of a child consists of an RS curve often of low voltage
However the form depends on the electrical position of the heart and
1 15 occasionally difficult 10 determing whether the base of the heart
or the epicardial surface contributes more 10 the form of the QRS
complex 1n this lead 1f the electrocardiographe position 15 verueal
the left arm root will face the clockwise Totated nght veptncle and
the tracing will show an 1S complex and mverted T wave uma
honzontal tlectrocardsographic paswon the left shaulder will face
the counterelockwise rotated left ventncle and a QR will be msenbed
and the P and T waves may be mverted when they will 4150 be 50 1
VR leads The semwvertical electrocardiographic position shows low
voltage of QRS m VL. and the h 1 d, ph
position gives Jow voltage m VF The $-T segment, which 15 usually
1soclectric 1s occasionally elevated or depressed (Fig 7)
¥ F, the umipolar keft lep lead or aVe the augmented vmpotar left
Teg lead shows the potential vanations of the left leg of left bip jomt
staulat to those of the surface of the diphragm facing the heant
P waves are usually upnight m VF leads The form of QRS in the
childs VF lead depends upon the electneal postion and rotation of
the heart In the verucal electrocardiographic posttion VF 15 simmlar
1o leads over the left ventricle and will show Rs or gRs ventriculas
compl xes with huth R waves 1n the honzontal electrocardiographue
position the QRS form an VF resembles those over the nght ventricle
e e e 8 e
ntal possson the QRS
complexes in VF are small When there 15 forward rotation of the
apex the left leg lead will face the epicardial surface of the left ven-

(‘r:’ctl‘e and Sn qR Ruslll be seen in VF and when there 1s backward rota
ot an £5 or Rs will be present reflecty
o~ cting potentials from the nght

Q waves 1 VF may be seen 1 normal tracngs They are usmilly

followed by tall R waves wath a ¥
ate peal. A
narrow R s abnormal as 15 true Fo A

also when 1t
by 2 QR m VR Rarely T waves m o et

ay be mverted normall
but they are usually posttive 1n thas l);nd e a0 ¥ Ve
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Dt sy be diphasic ot rarely veried The usual QRS complex 1n
the VL lead of a child consists of an RS curve often of low voltage
However the form depends on the electrical posttion of the heart and
1 1s occasionally difficult to determune whether the base of the heart
ot the epicardial surface contributes more 10 the forn of the QRS
complex 1n this lead 1f the electrocardiographe position 15 verueal
the Teft arm roat will face the clockwise Totated night veptncle and
the tracing will show an 15 complex and mverted T wave l{wma
honzontal tlectrocardsographic paswon the left shoulder will face
the counterclockwise Totated left ventricle and a qR will be msenbed
and the P and T waves may be myeried when they will 4ls0 be s0
VR feads The semivertical electrocardiographic position shows low
voltage of QRS 1 VL and the h { diograph
posttion gives Jow voltage m VF The $-T segment, which 15 usually
1soelectnic 1s occasionally elevated or depressed (Fig 7)

¥ F, the umpolar left leg lead or aVy the augmented umpotar left
Teg lead shows the potential vanations of the left Teg or left bip jomt
stulat to those of the surface of the diphragm facing the heart
P waves are usually upnight m VF leads The form of QRS i the
childs VF lead depends upon the electneal postion and rotation of
the heart In the verucal electrocardiographic posttion VF 1s sinmlar
1o leads over the left ventricle and will show Rs or qRs ventricular
ceompl xes with huch R waves 1n the honzontal electrocardiographic
position the QRS form in VF resembles those over the nght ventricle
showng deep § wares which may dusappear on deep mypuation
(Fiz 2) When the heatt ts in the semihorszontal posstson the QRS
complexes in VF are small When there 15 forward rotation of the
apex the left leg lead will face the epicardial surface of the Jeft ven-
tnicle and a gR will be seen in VF and when there 1s backward rota

Hon an 1S or Rs will be present reflecting potentials from the night
rencle

Q waves i VF may be seen i normal tracings They are usmilly

followed by tail R waves with a late peal, Ab
5008 Q wit
narrow R s abnormal as 15 true . AN

also when 1t 15 nat wceog
by a QR i VR Rarely T wares gy

may bde inverted normall:
‘owt they are usually posttive in thas Jead Y NE



CHAPTER 1V

Unipolar Precordial Leads

Precordial Unipolar Leads According to the entena of the New
Yorh Heart Assocration precordial leads are taken on the chest at
desired pomnts over a hine extending from the nght sternal margm at
the level of the fourth intercostal space to the junction of the left
midclavicular hee with the fifth intercostal space continuing at this
lcvel around the Lt chest Ruight-chest leads are taken over the nght
chest in a similar manner (Fig 11A and B)

‘5g "
of 6 year-old asthy
W) M:" :;q::m)hc gl A. Postenior antenor view B Left anterior ablique

Posttians of uaspolar precordral feads shown by peanies on chest

27



CHAPTER 1V

Unipolar Precordial Leads

Precordial Unipolar Leads According to the entena of the New
Yorh Heart Assocration precordial leads are taken on the chest at
desired pomnts over a hine extending from the nght sternal margm at
the level of the fourth intercostal space to the junction of the left
midclavicular hee with the fifth intercostal space continuing at this
lcvel around the Lt chest Ruight-chest leads are taken over the nght
chest in a similar manner (Fig 11A and B)

Fig 1
of 6 year-old asthy
W) M:" :;q::m)hc gl A. Postenior antenor view B Left anterior oblique

Positions of unpolar precordral feads shown by pennies on chest
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CHAPTER IV

Unipolar Precordial Leads

Precordial Umpolar eads According to the entena of the New
York Heart Assotiotion precordsal Jeads are taken on the chest st
desired ponts over a ine extending from the nght stemal margin at
the level of the fourth mtercostai space to the junchion of the eft
midclavicular hng with the fifth intercostal space continung at this
level around the left chest Rught-chest lead are taken over the night
chust in a sumitar manner (Fig 11A and B)

(ﬁg 1"
of & yearold asthmatke girl
view (Aier He La) &1 A Posterior antenor yiew B Left anterior obhigue

Positions of unmolar precordial Yeads shown by pennies on chest

e

27
T



CHAPTER IV

Unipolar Precordial Leads

Precordial Umpolar eads According to the entena of the New
York Heart Association precordsal feads are taken on the chest at
desired ponts over a ine extending from the nght stemal margin a
the level of the fourth mtercostai space to the junchion of the feft
midclavicular hng with the fifth intercostal space continung at this

level around the left chest Rught-chest lead are taken oner the nght
chust in a sumitar manner (Fig 11A and B)

(Fig 1"
of & yearold asthmate giel
e A et z.a) &l A Postenor antenor view B Left anterior obligue

Positions of unmolar precordial Yeads shown by pennies on chest
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h
Justration showing average pre. intrinsico d denf'lre‘ocrf":‘n:sh zu:
nermal ranges 1o V1and in VB ot d fferent oge grovp:
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Table 4

diphasic 1 the infant becommg less commonly so 1 the older child
where they are usually clearly visible and with greater amphitude than
V 1n other chest leads In the newborn and the infant under 8 weeks
an 1solated R wave or Rs curve followed by an mverted T wave 1s the
rule for the QRS form in Vy The amplitude of the R deflection
V) gradually decreases with the age of the child so that in the 6- to
13 year old age group an 1S 15 the usual form although the T waves
continue to be mverted Very rarely the R waves are absent and a
deep QS 1s present The ntnnsicord deflection occurs earlv i the
course of the QRS group {Table 4) In the normal chuld T m V, 15
rarely upright and the ST yunction 15 frequently elevated

The vanous form of the QRS complex found m V, are attnibutable
n most part to the diferent poswions w which the heart m™ay be
found 1f the electrode should Lie over the nght ventncle the yntial
deflection will be an R wave If it hes aver the nght atnum and
faces the great onfices of the heart as 1t does when the heart 13
isplaced backward and to the left, a QS of 1S will be present In

this case R 15 prominent 1n 2V also and the transion zone will be
shifted to the Lelt.
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th
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Table 4

diphasic 1 the infant becommng less commonly so 1 the older child
where they are usually clearly visible and with greater amphitude than
V 1n other chest leads In the newborn and the infant under 8 weeks
an 1solated R wave or Rs curve followed by an mverted T wave 1s the
rule for the QRS form n Vy The amplitude of the R deflection
V) gradually decreases with the age of the child so that in the 6- to
13 year old age group an 1S 15 the usual form although the T waves
contnue to be mverted Very rarely the R waves are absent and a
deep QS 15 present The ntnnsicord deflection occurs early in the
course of the QRS group (Table 4) In the normal child T V, 15
rarely upright and the ST yunction 15 frequently elevated

The vanous form  of the QRS complex found 1n V, are attnbutable
n most part to the different positions 1n which the heart may be
found 1f the electrode should hie over the nght ventricle the nstial
deflection will be an R wave If 1t les over the nght atnum and
faces the great onfices of the heart as 1t does when the heart 15
displaced backward and to the left, a QS or 1S wil be present In

this case R 15 promimnent 1n aVy also and the transwon zone will be
shifted to the left.
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¥y (The tracing 15 taken with the explonng electrode placed at
the left costosternal margin at the level of the fourth intercostal space )
P waves are occasionally iverted or diphasic i this lead 1n the child
The usual QRS form 15 an RS curve Rarely a small g wave 15 seen

m nfants under 1 year of age
S waves are usually deepest 1
this lead although in the younger
age groups especially S mav be
deeper 1 leads Vy and V, than
mV Twaes are

Incidence of inverted and d ghas ¢
T waves i precond of feads i 135

verted 1n Vi the younger chid
They are tverted 1m 643 per
cent of normal chldren under 6
years and 27 2 per cent 1 those
of 610 13 years (Table 4) The
S-T junction 13 usually ssoelectnie
although 1t may be Taghly efevated
or depressed w this lead (Fig
12)

Ty (The explonng electrode 55
placed midway between the pos
tions for V. and V, ) Because of
the small s1ze of the child s chest
s fead and that of V are fre
Quently omitted from the child s
elucuncardnogmm €XCEPt m spe
cal mstances The mitial deflec
uon 1n Vy 15 usually an R wave

healthy ch Idren ot d flerent ogey.
100
AY
s0p—R
Y n 80
7
60
50
40—
Fry S
20 ,——-1
0
7
]
VI V2 ve  ye
ST Peront iverted Twave under 2y ars
i 2h6

- S0
TP ce tdphose Taove unde 2ye0 s
Pyt 2156

* 6L
Table 5§

and T waves are usually inverted 1n children under 6 years of age

A1 the age of the child inereas

tage of the R w eV
waves are u

Save are upr

*a 5 and hig

the second ye

UpTIEh Sonall gy g

shows a ee ¢ 1

> * P and 1 deflections are
'Ves are common aft
S all ages 1n thys \eag Fer the secand year

ABR curve 15 usual
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¥y (The tracing 15 taken with the explonng electrode placed at
the left costosternal margin at the level of the fourth intercostal space )
P waves are occasionally iverted or diphasic i this lead 1n the child
The usual QRS form 15 an RS curve Rarely a small g wave 15 seen

m nfants under 1 year of age
S waves are usually deepest 1
this lead although in the younger
age groups especially S mav be
deeper 1 leads Vy and V, than
mV Twaes are

Incidence of inverted and d ghas ¢
T waves i precond of feads i 135

verted 1n Vi the younger chid
They are tverted 1m 643 per
cent of normal chldren under 6
years and 27 2 per cent 1 those
of 610 13 years (Table 4) The
S-T junction 13 usually ssoelectnie
although 1t may be Taghly efevated
or depressed w this lead (Fig
12)

Ty (The explonng electrode 55
placed midway between the pos
tions for V. and V, ) Because of
the small s1ze of the child s chest
s fead and that of V are fre
Quently omitted from the child s
elucuncardnogmm €XCEPt m spe
cal mstances The mitial deflec
uon 1n Vy 15 usually an R wave

Ithy ch Idren t d flerent ages.
100 hea‘ chidren g
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Table 5§

and T waves are usually inverted 1n children under 6 years of age

Al the age of th

e of the R w
waves are u

®aver ate upr

*a &5 and hyg

the second ye

Upright Small y

e child increases, v

shows a ee ¢ 1

> * P and 1 deflections are
#aves are common aft,
S all ages 1n thys \eag et he sesond year

ABR curve 15 usual
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The Chuld s Flectrocardiogram in Disease

Bundle Braneh Block

Bundle branch bloc 1s due to an cbstructing defect or anomaly
1n the conduction pathway of one or the other of the branches of the
bundle of His tesulung n delay 1n acvation of the affected ventricle
Absent Q waves and broad notched or bifid R waves with delayed
intnnsicoid diflections and widened QRS complexes of 0 10 second or
more charactenze the tracings over the epicardual surface of the
blocked ventncle of the child Narrow R deflections and broad S
waves with widened QRS 1ntervals are presest over the opposite
ventricle (Table 6 and Figs 13aand b 30 35 and 41A)

Bundle branch block 15 not rare 1n congemital heart disease es
pecially 1n lesions of the atmal septum and less commonly of the
ventneular septum It may be found in long standing cases of aortic
tegurgitation and mutral stenosis

As a transitory finding bundle branch block may be scen n
patients with acute wfections such as diphtherie myocardis and
acute rheumatic cardiis In the early stages of the chromc form
transient bundle branch block may be noted It may be seen as a
manfestation of tovicity dunng drug therapy such as with quimdimiza
tion

Arborusation block 15 the term oceasionally used 1n describing
bundle branch block which shows low voltage 10 the standard himb
leads (Fig 14)

(Text continned on p 36)
33
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The Chuld s Flectrocardiogram in Disease

Bundle Braneh Block

Bundle branch block 1s due to an cbstructing defect or anomaly
1n the conduction pathway of one or the other of the branches of the
bundle of His resulung n delay 1n activation of the affected ventnicle
Absent Q waves and broad notched or bifid R waves with delayed
intnnsicoid duflections and widened QRS complexes of 0 10 second or
more charactenze the tractags over the epicardial surface of the
blocked ventricle of the child Narrow R deflections and broad S
waves with widened QRS intervals are presemt over the opposite
ventricle (Table 6 and Figs 13aand b 30 35 and 41A)

Bundle branch block 1s not rare 1n congemtal heart disease es
pectally 1n lesions of the atnal septum and less commonly of the
ventneular septum It may be found in long standing cases of nortic
tegurgitation and mutral stenosis

As a transitory finding bundle branch block may be scen 1n
patients with acute wfections such as diphthentic myocardis and
acute rheumatic cardiis In the early stages of the chromc form
transient bundle branch block may be noted It may be seen as a
mamfestation of tovicity duning deug therapy such as with quimdiniza
tion

Arborusation block 15 the term oceasionally used in describing,
bundle branch block which shows low voltage 10 the standard himb
feads (Fig 14)

(Text continned on p 36)
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Fig 14 Arborizaton block (bundle branch block with
lgt)“ihowﬂ 1n standard limb leads of 10-year-0id girl with chinical

signs of vensncular septal defect

Righs BBB

Lejt BBB

NDTCHING OF QRS COMPLEXES WITH
Qrs (NTERVAL 10 SECOND OR MORE

NOTCHING OF QRS COMPLEXES WITh
QRS INTERVAL 0 10 SECOND OR MORT

Form of QRS curve 1 hmb leads de
perds on heart posiion Ip is usual to
see late wide S i leads 1 and VL, late
ntched R an VR Wik R feads 3
and VF

The QRS outline 11 Limb Jeads depends
on the heart position but usually shows
high R waves in leads 1 and VL with
deep § of QS 1n leads 3 VF and VR

QRS compleses 10 V and ¥ usually
show SR curves with wide and tall R
and n erted T waves

QRS 11 ¥ and V usually shows QS
ar 1§ with elevated R T segment and
upright T

QRS m V V and V ysually shows
qRS with prominent S and vpnight T

QRS V and V usually shows ab-
sent Q waies notched R waves with
depres ed R T segment and snverted T

The mtninsicoid deflection s delayed
over the nght precordium starting 007
weond or more aftet the onset of the

QR curve and 1s RoTMmaj over the Jeft
Aentncle

The intrinsicaid deflection 1s Jate over
th el precordum  startng 004
steand or more after the QRS onset
and ts aormal over the nght ventricle

Table 6 Differentiation between right and left bundle branch block i 4 child
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12ation block (bundle branch block with low volt
age) shown i standard limb leads of 10-year.

-0ld gil with chinical

Left BBB

NDTCHING OF QRS COMPLEXES WITH
Qks (NTZRVAL § 10 SECOND OR MORE

NOTCHING OF QRS COMPLEXES WITH
QRS INTERVAL 0 10 SECOND OR MORT

Form of QRS curve 1t hmb leads de
pengs on heart posibon 1t is usual ©
see late wide § in leads 1 and VL, late

ntehed R un VR with R feads 3
and VF

‘The QRS outline 11 Limb Jeads depends
on the heart position but usually shows
Bigh R waves ia Jeads 1 and VL with
deep S or QS 1n leads 3 VF and VR

QRS complexes 1 V and V usually
show 1SR curves with wide and tall R
and n erted T waves

QRS 11 ¥ and V usually shows QS
or 1§ with elevated R T segment and
wpright T

QRS V V and V ysuslly shows
QRS ®ith prominent S and upfight T

QRS V and V sually shows ab-
sent Q wases notched R waves with
depres ed R T segment and inverted T

The mtninsicoid deflection s delayed
over the aght precordium starting 0 07
second or more after the onet of the

QR curve and 15 normaj over the Jeft
Aentncle

The intrinsicod deflection 1s Jate over
th left precordum  startg 004
sttond or more afer the QRS onset
and 1s aprmal over the nght ventricle

Table 6 Differentiation between right and left bundle branch block 11 th child
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snus o vagal sumulation The P 7 segment will then be scenh(ohbc
equal to the P J segment found dunng a cycle of ectopsc ¥ ylkmd
Thus 1 not the case 1n true bundle branch block, where the blocke:
¥ 1 segment 1 increased i duration

Carihac Hypertrophy

Cardiac hypertrophy 15 usually first localized to a single heart
chamber There 18 an merease 1n the sze and weight of each muscle
fiber in the muscle mass affected Other chambess may or may not
be mvolved later 1n the course of the disease

Atrind fiypertrophy may be found m patents m whom an m
creased load 15 present m the atna of the heart as m those with
pulmonic tricuspid or mitral stenosis atna) septal defects pulmonary
disease and centain types of myocardial nfarction

In such cases where there 15 marked atnal actvity the P waves
may be wider than 011 second and as hugh as 25 mm They may
be peaked tall broad notched or slurred and are best seen i V,
V VR and VL leads (Fig 56A and C)

Hvpertrophy of either ventricle commonly shows a delay i the
duration of the intnnsicoid deflect on w1 the tracing taken over the
hyp d ventnicle m with that taken over the
rormat ventnide The R waves are usually markedly tacreased m
voltage and smafl S defl with deg ¢S T mav be
seen m hads facing the hyperirophied vemncle while the inverse
1s {ourd over the normal ventntle The QRS wrerval s moderately
wereased to 01 or @ 11 second over an hypertropiied efy venncle

ard the trnswonal zone will be noted to be nearer the affected
ventnele than normal

Left ventricular kvpertrophy, as mav commonly be found m
such conditions as tricuspid atrests and aoThe stenoses marked co-
arctation of the aorta and long standing severe patency of the ductus
aneriosus may show the following changes

¢ ¢ and feads facing the nght sentricle show 1§ of QS waves with

o detay w the intnnsicord deflection The §-T segment 1s elevated n
these tracngs and T 15 wpright
e and leads facmg the by h

d left ventnicle
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wane ot vagal sumulation The P J segment will then be seen to be
equal to the P J segment found dunng a cycle of ectopic shythm
Thus 1 not the case 1n true bundle branch block, where the blocked
¥ 1 segment 1 increased i duration

Carihac Hypertrophy

Cardiac hypertrophy 1s usvally fiest localized to & single heart
chamber There 15 an mcrease m the suze and weight of each muscle
Gber w the muscle mass affected Other chambers may or may not
be mvolved later 1n the course of the disease

Atrial fiypertrophy may be found m patients whom an m
creased load 15 present m the atna of the heart as m those with
pulmonic tricuspid or mitral stenosis atnal septal defects pulmonarv
disease and cenain types of myocardial infarction

In such cases where there 15 marked atnal actvity the P waves
may be wider than 011 second and as hugh as 25 mm They may
be peaked tall broad notched or slurred and are best seen n Vy
V VR and VL leads (Fig 56A and C)

Hypertrophy of erther ventricle commonly shows a delay m the
duration of the mtnnsicoid deflect on e the tractg taken over the

hyp d ventricle 1 p with that taken over the
normat ventrde The R waves ate usually markedly wcreased m
voltage and smafl S defl with dep ST

mav be
seen i hads facing the hypertrophied ventncle while the inverse

1s {ourd over the normal ventnele The QRS wrerval s moderately
wereased 1o 0 1 or 0 11 sccond over an hypenropiied lefy venrncle
ard the teanswional zone wifl be noted to be meater the affected
ventnele than normal

Left ventricular kvpertropliv, as mav commonly be found m
such conditions as tricuspid atresta and 20TUC stenoses marked co-
arctation of the aorta and long standing severe patency of the ductus
anetiosus may show 1he followmg changes

¥ ¢ and leads facing the nght sentncle show 1S ot QS wanes with
To delay n ihe intrnsicoid deflection The §-T sepment 15 elevated 1
these tracngs and T 15 wpright

be and feads facmp the hypertraphied left ventnicle commonly
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intervals and nght axis deviation However with the heart m 2
honzontal electrocardiographic posiuon Ieft aus deviation may be
found and occasionally m this position an 1S cutve may be seen n
all standard himb leads QR complexes are the rule 1n VR leads and
Q waves with T nversion are commoz 10 leads 2 3 and VF (Figs
36A and 48)

Differentiation of nght ventricular hypertrophy from nght ‘bundle
branch block 1s dificult at times The shorter QRS mterval and
absence of notching of the R waves over the hypertrophied ventricle
together with the presence of small R waves over the left pre
cordmm suggest hypertrophy rather than nght bundle branch block
(Figs 13a 36A and 46)

Ventrieular Stram

Ventricular stramn® has been descnibed as a functional disturbance
of heart muscle which 15 usually reversible and whose electrocardio-
graphic signs are simifar to those of muscle injury which affects
the repolanzation process only S-T segments become depressed and
T waves mverted while the QRS curves remain vnchanged It has
been suggested that when the 8 T T changes as noted above are found
without merease 1n amphitude of R and S waves ventnicular stram
without hypertrophy may be presupposed and that when the S-T
T changes described above are not found in the presence of mcreased

Itude of R 2nd § ded hyp phy withont
stam 15 present also that combined QRS S-T and T changes
suggest the presence of hypertrophy with strain

Veatreutar Mrvocardial Infaretion

Veatroutor myocardial wfareuon follows an acute ischemia of a
fart of ventnculas muscle whose blood oxygen supply 1s either sud
denly cut off or becomes 1mad g for s d The

affected muscle becames necrotic and 15 rephiced by fibrous tissue
The lesion 1s rare 1 the chid and the dhagnosis may be easily missed
Coranary circulation in the ehyid diffess from hat of the adult, In the

Thete h s been enticsm of th
¢ use o cular stran™
g s of the e of the term weotnicula 5 n elecire.
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intervals and nght axis deviation However with the heart m 2
honzontal electrocardiographic posiuon Ieft aus deviation may be
found and occasionally m this position an 1S cutve may be seen n
all standard himb leads QR complexes are the rule 1n VR leads and
Q waves with T nversion are commoz 10 leads 2 3 and VF (Figs
36A and 48)

Differentiation of nght ventricular hypertrophy from nght ‘bundle
branch block 1s dificult at times The shorter QRS mterval and
absence of notching of the R waves over the hypertrophied ventricle
together with the presence of small R waves over the Jelt pre
cordmm suggest hypertrophy rather than nght bundle branch block
(Figs 13a 36A and 46)

Ventrieular Stram

Ventricular stramn® has been descnibed as a functional disturbance
of heart muscle which 15 usually reversible and whose electrocardio-
graphic signs are simifar to those of muscle injury which affects
the repolanzation process only S-T segments become depressed and
T waves mverted while the QRS curves remain vnchanged It has
been suggested that when the 8 T T changes as noted above are found
without merease 1n amphitude of R and S waves ventnicular stram
without hypertrophy may be presupposed and that when the S-T

T changes described above are not found in the presence of mcreased
ltude of R and § def hypertrophy without
sitan 15 present also that combined QR

S S-T and T changes
suggest the presence of hypertrophy with strain

Veatreutar Mrvocardial Infaretion

Veatroutor myocardial wfareuon follows an acute ischemia of a
fart of ventnculas muscle whose blood oxygen supply 1s either sud
denly cut off or becames 1rad quate for 1ts d ds The
affected muscle becames necrotic and 15 rephiced by fibrous tissue
The lesion 1s rare 1 the chid and the dhagnosis may be easily missed

Coronary circulation in the chyd diffess from that of the adult, Inthe

Thete h s been enticsm of th
¢ use o cular stran™
g s of the e of the term weotnicula 5 n elecire.
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wtervals aad nht axs devistion Hopever with the heart 1 2
honzontal elretsocardiography, posion 1eft nxis deviatron may be
foand and cccasionally 1 this posion an 1S curve may be seen in
21l standard fimb leads QR complexes are the rule 1 VR feads and
Q wares with T imversion are common in leads 2 3 and YF (Figs
36A and 48]

Differennanion of nght sentncular Mypertrophy from nght bundle
branch block 15 difficult at times The shorter QRS mterval and
absence of notchung of the R waves over the hypertrophied ventriele
together with the presence of small R waves over the left pre
cordwim suggest hypertrophy sather than nght bundle branch block
(Figs 132 36A and 46)
Yentrieular Sirain

Vemncular strais® has been desenbed as 2 § \ t
of heart muscle which 15 usually eversible and whose electrocardio-
graphic signs ate stmdar to those of muscle mjury which affects
the repofanzation process only $-T segments become depressed and
T waves mverted while the QRS cutves remain unchanged Jt has
boen suggested that when the S-T T changes as noted above are found
wuhowt werease @ amphiude of R and S waves ventricular stram
wihout byperteophy may be presupposed ond that when the ST

T changes described above are fiot found 1n the presence of mcreased
amphtd. of R and § defk B

ypertrophy without v 1
Stroift s prisent also that combmed QRS ST and T changes
suzgest the presence of hypertrophv with stram

Ventrienlar Myoeardeal Infarction

Ventricular ryyocardsat infarcuon follows an acute 1schemia of a
part of ventnicular muscle whose blaod oxygen supply 15 exther sud
dealy cut off or becomes madequate for 1ts 1d ds The
aflected muascle becomes necrone and s replaced by fibrous tissue
“Thelesion 15 rate 1 the child and the diagnosis may be eastly rssed

Coronary ewrclation i the chuld daffers from that of the adult, In the

There hat beens

TATA Bt o o

of the use of the 1etm “veatrilar strma™ 0 eletarnn
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wtervals aad nht axs devistion However with the heart 1 3
honzontal elretsocardiography, posion 1eft axis deviatron may be
found and cocasionally 10 this posion an 1S curve may be seen 1
21l standard fimb leads QR complexes are the rule 1 VR feads and
Q wares with T imversion are common in leads 2 3 ond VF (Figs
36A and 48)

Differennanon of nght sentncular hypertraphy from nght bundie
branch block 15 difficult at times The shorter QRS nterval and
absence, of notching of the R waves over the hypertrophed ventpicle
together with the presence of small R waves over the left pre
cordium suggest hypertrophy rather than nght bundie branch block
(Figs 132 36A and 46)

Yentrieular Sirain

Ventneular strais® has been desonbed 283 € 4 t
of heart muscle which 15 usually reversible and whose electrocardio-
graphic signs ate stmdar to those of muscle mjury which affects
the repofanization process only $-T segments become depressed and
T waves mverted while the QRS curves remain unchanged Jt has
boen suggested that when the S-T T changes as noted above are found
withowt werease 1 ampliude of R and S waves ventncular stram

waheat hypertrophy may be presupposed ond that when the § T
T changes deseribed atove are tiot found 1 the presence of mcreased
amphnd, of R and § defl hypertrophy without ve 1

straunt s present also that combined QRS ST and T changes
suzgest the presence of hypertrophv with stram

Ventrienlar Myoeardeal Infarction

Ventricular ryyocardsat infarcuon follows an acute 1schemia of a

part of ventniclar muscle whose blood oxygen supply 15 enther sud
dealy cut off or becomes madequate for 1ts L d

ds The
::E:;:d muscle becomes necrotic and 15 replaced by fibrous tissue
p SN 15 rate 10 the chuld and the dingnosss may be easily missed
Tonary eirculation i the chid differs from that of the adult, In the
There hat beens
o e ‘m:rr\,\‘xrr:-;m no:': e use of the term “wentrigular strais™ s glecaro.
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The leston 15 transmural and ss most frequently found i the
antepsor and apical portions of the Jeft ventricle whieh 1s the area
supplied by the antenor descending branch of the Jeft coronary
artery the vessel most usually affected

Oceluston of the nght coronary artery will cause miarction of the
postencr wall of the left ventricle and often mncludes the postenor
portion of the septum 1n the affected area

The electrocardiographic diagnosts 1s made only on chiractensie
chanses n the QRS complezes with S T dssplacements and, or ypicat
T wave changes

The first electrocardiographic sign of myocardial nfarction Which
may be found 15 fypical of muscle mjury and 1s represented by an
upward displacement of the RS T segment over the affected area
The elevanon s usually transitory and of short duration and 3t dis
appears when the affected muscle dies or recovers

The vola ¢ of the positine mtnnsic deflection decreases and may
disappear while a deep ne ative or Q wave appears over the necrosed
area this bung intapable of wmpulse response allows the potentiat
variations of the adjacent ventntular canity 10 be transmmited through
the snfacction o the oveslyng electrode 1 portions of fiving muscle
are present 3n the lesion small R waves or notchung of the Q waves
sl be seea These sgms may be transient of permanent

T waves registered from marginal epicardial porvions of the

necrosed area may become deeply snverted 1n theis terminal portions
and may remain so 1ndefintely
When el

phic signs of myocardial nf are
present progressiie changes are eatly and rapid 1 serial tracings

An anteroseptal wall 1mfarction of the left ventncle may show
Hpical chances m LY VL V, V V, and A'A

I anterolateral wall
mfarction disturbances may be seen as well in feads V and Vg

o~

= u o\ cumplex 18
deprossed 1 § usu-:ktﬁs‘;d ‘?nd‘ln\:ﬂcd T waves Thg 5T 52?.3‘3\‘; ‘-:
T preent  leads 1o ey merpolated and ectopic suncular beats



THE CHILDS FLECTROCARDIOGRAM IN DISEASE 41

The leston 15 transmural and 15 most frequently found 1n the
antersor and apical potions of the 1eft ventricle which 15 the arca
supplied by the antenor descending branch of the left coronary
artery the vessel most usually affected

Occluston of the nght coronary artery will cause farction of the
posterior wall of the left ventncle and often mncludes the postenor
portion of the septum 1 the affected area

The electrocardiagraphic diagnosts 15 made only on chrractensie
changes 1n the QRS complexes with 5 T displacements and, or yypicat
T wave changes

The first electrocardiographic sign of myocardial infarcuion which
may be found 15 typical of muscle mjury and 1s represented by an
upward displacement of the RS T segment over the affected area
The elevation 55 usually transitory and of short durationp and st dis
appears when the affected muscle dies or recovers

The volta ¢ of the positine mtrmsic duflection decreases and may
disappear whie a deep ne ative or Q wave appears over the necrosed
area this bung intapable of wmpulse response allows the potential
vanations of the adjzcent ventncular cavity 10 be transmmited through
the snfacction o the ovestying electrode 16 portions of fiving muscle
are present in the lesion small R waves or notching of the Q waves
will be seen These sigms may be transient or permanent

T waves tegstered from margnal epicardial porwons of the

necrosed area may become deeply smverted m their termnal portions
and may remain so 1ndefintely
When el

phic signs of myocardial 1nf are
present progressiie changes are extly and rapid n senal tracimgs

An anteroseptal wall imfarction of the left ventncle may show
Hpial chanees n LY VL V, V V, and V, In anterolateral wall
nfarction disturbances may be seen as well m leads V and Ve

M A LuTRpIeR 18 P
deprened 1 A and steveret e ur penered T waves The 5T seEment s
e preent w Teads ©and gy O A4 ectopic suncular beats
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nomonic of the condiion  those shawing deep S waves and pe
sstent dwplacement of RST segments 1o teads 2 and 3 togeth
with fugh R and wpnght T waves w. VR and tho e having deep
or QS defections st mmverted T waves I Iead 1 and lugh R wav
nlead 3 Unesual totanons of the heart folloswing myocardial mJy
are the mam causes of these electrocardiographic changes

Kheumstic Fever

Transitory electrocardiographic changes are usually present *
some degree 10 acute rheumatie cardits
During my mtemeship and fater while attending on the Chuldre
Service at Bellevue Hospital 1n the 1920s 1 siudied 2 group of 1
chiidren of 13 years and under who bad acine rheumatic card
and to whom cigitahs was gaven only rarely and spannglv at ¢
ovme Electrocardiograms wete also then repeated only occasions
but each child n the group had at least one tracing taken Of th
61 showed first-degree a v block 11 second-degree block whi)
4 chifdren complete a v dissotiation was present  Atngl fibnlla
occurred m 9 cases of whom the youngest was 9 vears old (7 of 1
vhuidren died wathin a few manth  after the onset of fibrllat
1 cinfd showang atrial bl bined with plete 2 v bl
and 1 ventncular fibrillation 2s a texmmal event
The findings depend upon the seventy and focation of the Je:
W these 2re difiuse abnarmahines may be found m alt parts of
cardac cvcle with P wave and QRS curve widening and notcl
ST displacements and T wave changes Dhsturbances of 1m
conduction 1n the unchatted pathways of the atna or 1 the b
of His and its branches are recogruzed by a widening of the P
when the fesion 1< w1 the gtria of by a prolongation of the P R
QRS wtervals when 1 the o v pode the bundle or gts bran
When there 15 delay 1 the umasion and retreat of the im
theoysh aflammatory reachion of the ventncular mu cle the
segment shaws an wenase 1 me deration 1 the epicardial st
of th beast s affected as i acute pencardis ST displacement

D1 e
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nomonie of the condion those showng deep S waves and per
sstent displacement of RST segments 1 teads 2 and 3 together
with fugh R and upnght T waves VR and tho ¢ having deep S
or QS defiections with mverted T waves 1 Iead 1 and lugh R waves
nlead 3 Unusual totavons of the heart followsng myocardial mpry
are the fam cawses of these electeocardographic changes

Kheumstic Fever

Transttory electrocardiographic changes are usually present * 10
some degree 10 acute rheumatie cardits

Dunig my tup and later while ding on the Cluldrens
Service at Bellevue Hospitol 1n the 1920's T swudsed a group of 108
chnidren of 13 years and under who bad actnve rheumatic carditis
and to whom digitalis was gaven only rarely and spannglv at that
ome Electrocardiograms were also then repeated only occastonally
put each child n the group had at least one tracing taken Of these
61 showed first-degree a v block 11 second-degree block while m
4 chifdren complete a v dissotiation was present  Atngl fibnllation
occurred m 9 cases of whom the youngest was 9 vears old (7 of these
shuldren died wathin a few month  after the onset of Sbrlation)
1 ctufd showng atrial fibrill bined with compl,
and 1 ventncular fibrilation 25 2 termmal event

The findings depend upon the seventy and focation of the Jesion
¥ these are difluse abnormalines may be found m all parts of the
cardac cvcle with P wave and QRS curve widening and notchung
ST displacements and T wave changes Dhsturbances of mpulse
conduction in the uachatted pathways of the atna of 1 the bundle
of His and s branches are recogmized by 3 widening of the P wave
wihen the feswon 52 3 the atria or by a prolongation of the b R and
QRS stervals when 1 the o v gode the bundle or fts branches
When there 15 delay m the mvasion and retreat of the impulse
throush wnlamemnstory eachon of the ventneular my ce the QT
segment shows af taervase n e doration 1f the epicardial surface

of th heart s affected 35 1 acute pencardits S-T displacements and
DT ey

a v block
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Fig TTA  Standard limb Jeads taken over consecutive weeks op 2 12 bear

¢ The T deflections have become deeply 1nvetted 1n all leads and she § T
segments are sorlectne but 9, vaue fo show upward convexity and the QT
of G407 second 15 agam above pormal

& The cracing telutos ta Ongtoal faem, The QT continues ta be prolonged
o1 0403 second

Lente Rhenmate Pericardiig

Acute penicarditis frequently shows a typnal electrocardiogram m
the early swses of the acwe p oc 55 The changes are usnally rapid
and transttory depending honerer on dhe natute of the vafection
They are charactenshic of sprcredral mury and sfect first the deviation
ot the § T segment and later the T deflection {fie fiest SN 19 2 police
sble clevanon of the ST segmen m1 the three standard hmb leads

(Text congnued on p 4%
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Fig TTA  Standard limb Jeads taken over consecutive weeks op 2 12 bear

¢ The T deflections have become deeply 1nvetted 1n all leads and she § T
segments are sorlectne but 9, vaue fo show upward convexity and the QT
of G407 second 15 agam above pormal

& The cracing telutos ta Ongtoal faem, The QT continues ta be prolonged
a1 0403 second
Leute Rhenmatic Peniearditia

Acute penicarditis frequently shows a typnal electrocardiogram m
the early swses of the acwe p oc 55 The changes are usnally rapid
and transttory depending honerer on dhe natute of the vafection
“Shey are Shavackensuit of eprcardtal myury and sBect first the deviation
ot the § T segment and later the T deflection {fie fiest SN 19 2 police
sble clevanon of the ST segmen m1 the three standard hmb leads

(Text congnued o 48
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THE CHILDS T LECTROCARDIOGRAM IN DISEASE

et rb—
et e

e

e

E1g 19 Standard and umpolar lmb leads and umpolar precordial leads
from a 16 year-old boy with wmactrse cheumatic aortic disease and hypertension

The tracing shows sinus rhythm with marhed left avs devialion and early
Ieft ventncutar hypertrophy The d ep S present i fead 3 does not change on
deep 1 piration 18 cases of left ventricular hypertrophy

drostane pressute n the pencardml sac The QT mierval )5
wwually nermal

Conatrictire persearditis may be secogmzed m the electrocardio-
gram by the finding wn serial teacings of a riped and steady decrease of
wane amphitude 10 it leads toeether with an increase m the heart
rate T waves are frequently inverted In the late stages of constricive
pencardis the voltage 1s extremely low Sumilar low voltage s seen
in advanced untreated hypothyrotdista where the heart 1ate 15 how

SVET Aery siow 1 contzast 1o that of consinictive pencardits (Figs
5b and 23)
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Standard and yrupotar imb leads and umpolar precordial leads
from a 16 year-old boy with wmactrse rheumatic aortie disease and hypertension
The tracing shows sinus rhythm with marhed left axis devialion and early
Ieft ventncutar hypertrophy The d ep S present n fead 3 does not change on
deep 10 piralion 111 cases of left ventricular hypertrophy

hydrostane pressute n ihe pencardial sac The QT mterval 15
wwually nermal

Conatrictire pericardits may be secogmized m the electrocardio-
gram by the finding n serial tracings of 2 riptd and steady decrease of
ware amphiude m 2l teads tooether with an increase n the heart
rate T waves are Trequently inverted In the late stages of constrictive.
pencardis the voltage 15 extremely low Similar low voltage 1s seen
n advanced untreated hypothyrotdist where the heart 1ate 1 how
ever \ery slow wn contrast o that of constrictive pencarditis (Figs
5band 23)



_____ﬂ_*__ﬂ__;__ :_,..__a W

., *__E__a.__ i B

_ e 8 _ﬁaﬁz
i _j___ ,mm_“mmw_:Mﬁﬁ.a
e
e ik | oegdennteei
MM o

ki
f_ﬂ o il o mmﬁﬁ%_,%

THE CHILD'S ELECTROCARDIOGRAM 1N DISEASE 51

..S~== =_ ...gg a
_2_3_3_@_ m__mm._“__m_____wg_m i

1d boy with

Coarse “f* waves of fibailation and mght ans

deviation are present. Digitalis efect noted by depressed and mmverted T waves

m leads ? and 3

E___E____?.__._s_ E:E:..ﬁﬁﬁ“ﬁﬁ

w case of 10-y

Atral

cardiys and mutral stenosis

Fe 20 2

1d boy with sortic

b Standard :mb leads taken from 14-y
of theumatic orngin. Conduction 1 delayed in the enure pathway the PR

tnterval being 074 second and the QRS 0 11 second Marked left axis devia
tiof 15 present
effect may result from an abrupt reversal of shunt 10 a wide septal

signs of

B

often shows

hy of sudden

Py

smp and hyp

defect. The

neht \entneular

e

P

deep S waves and depressed 8 T segments w lead 1 with deey
and elevated S-T segments m lead 3 T wases are mverted 1a Je:

and over the nght precordium where also R waves are of

and i the pauent should survnve as sudden disappearance There are
The condition 15 most rate 1 4 chuld

P Q
ad 3
ten noted



==_=ﬂ== _%aaaaﬂ

phenni

: fh

.=

e oG Y =

o R e |
0 G, O
LT B
ol
wﬂ_ﬁ_“_w il E_%____ i

-1\-=

THE CHILD'S ELECTROCARDIOGRAM 1 DISEASE 51

id boy with

Coarse “f” waves of fibatlation and nght anis

deviation ave present. Degstalis efect noted by depressed and mmverted T waves

1 leads 7 and 3

{ _____m__ﬁ { __________m..= ___
¢=_~%___€._ i e
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1 case of 10y

Atral

carditis and mutral stengsi

Fig 21 2

1d boy with aortic

of rheumatic ongin, Conduction 1 delayed in the entire pathway the PR

b Standard b leads taken from 14-y

nterval being 074 second and the QRS O 11 second Marked left axis devia
effect may result from an abrupt zeversal of shunt n a wide septal

fion 15 present

1stc signs of

h

oftenn shows
strain 2nd hypertrophy of suddea appearance

defect. The

neht ventncular

P Q

kad 3

and +f the patient should survive as sudden disappeatance There are

deep S waves and depressed S T segments 1n lead 1 with dee
and clevated S-T segments m lead 3 T wases are wmverted 10

and over the nght precordum where also R waves are often noted

The condition 1s most rate 1n 4 chuld
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FHE CHILD S ELECT! ROCARDIDGRAM IN DISEASE 53

Fig °3  Standard himb lcad tracing vith Tesersed type lead CFd—seep
w:ufmnany 1n 03 ediions of books on el¢éctrocardiography—from 12 year-old
2111 with constrietve pescardns T e 1s marked fow voliage The heast yate

¥ rapid (\13 per mmwey The PR terval 15 6 16 second The QT wnterval
of 040" second » profonged T wav g

are merted w fead 3 and slightly
wpbasic 1 Yeads 1 a0d 2 Ar t 1 ¢ s
present

Digitgles and the Flectrocardiogram

The desired and usva) therapepbe e%ect of digitabs 15 1 slowing
the heartbeat Besides 2+ 2 drcetly on fieart muscle digrtahis acts
an the cardiowntubstory center and (hrough vagal stmulation de
presses e conduction of impulses between the atna and veptucles
The beart rate s lowered the PR mterval s lengthened and the
QT mweeval 5 shortened as the Josered fevel of senstviy to
cafowt present i the heart e fmlore agam becomes normal The
normal upsard concauty of the ST segment ss deepened and the
segent becomes devressed  excep. accasionally w the VR apd
Wwhete w may b clevaned  Ihese eeces may be seen i precordal ag
well a5 i standard imb Jezds Mantaned dygtalis effect 1 folloned

bY a lowerng of T wate anglude and final swvetswon of the T
deflecuion (Fles 31a 235 and 36B)
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4p 93 Standard himb ead trating ¥ath Teversed type Jead CFd—setn
ocfxfmh:ﬂy n ol tdons of books on eléctiotrdwgraphy—from 12 year-old
giel wih consteetive pencardis Th oo s macked {ow voltage The heart rate
s rapid (113 per munwer The PR terval s 0 16 second The QT interval
of 040% second w prolongsd T wav s are mmerted n fead 3 and slightly
diphasic 1 leads ) 20d 2 Az oceayonal ventricufar premature contraction 1s
present

Digitales and the Flectrocardiogram

The gesired and usual therapeutic efiect of dugrtabs 15 10 sTowing
the heartbeat Besides a~ g davetly on feart muscle  digrtahs acts
an e cardinbebutory geater and Chsough vagal stmulation de
presses Yoe eonducuon of impulses berween the atria and ventncles
The heart tate 1s Towered the PR imtersal ts lengthened and the
Q7T meerval 15 shortened as the Josered fevel of sensitwity ta
cafclum present 10 the heart m faugre agam becomes normal The
tormal upward concasity of the ST segment ss deepened and the
sepmemt becomes deoressed exeepy occasionally w the VR togd
where it may be clevated Jhese eacrs Ry be seen m precordial as
welt a3 i standard hmb Jeads Mawmtaned digstalis affect 18 follonzg

bY a lowerog of T ware amphtude and final wwverson of the T
deflesuion (Fies 31a 25 and 36B)
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fef aus devianion witt

Fig 25 a b Digtalis effect
seen i standard hmb leads of two
children receving digitalss for heart
failure

a  Tracing shows slow atral
fibnifation with slight nght axis
deviation and coarse atrial osetlla
tions ST segments are deeply de
pressed in leads 2 and 3 From 2
10-yearoMd boy with mutral lesions
and failure

b Rapid atnal fibriflation with
right axis deviation coarse atnial
oscillations and frequent ventricu
lar premature contracions  The
ST segments 1n deads 2 and 3 are
depressed and concave downw:

ard
Trating of a 9 year-old boy wnh
mitral disease

Tracing showing digitalys of
% an adolescent hoy (AF)
with diagnosis of rheumatic aore
msufficiency

Sinus thythm 15 Present with frs
quent sterruption by ventr; ylar
premature contractrons

h sembonzonta) electrocardiograp, R
honzonta) elec Tocardiographic osition
heant The ST seqments i leads 1 3, W aV VY g v on of the
and concave ypward

d V are depressed
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Fig 25 a b Dignals effect
seen i standard hmb leads of two
children receving digitalss for heart
failure

a  Tracing shows slow atral
fibnifation with slight nght axis
deviation and coarse atrial osetlla
tions ST segments are deeply de
pressed in leads 2 and 3 From 2
10-yearoMd boy with mutral lesions.
and failure

b Rapid atnal fibriflation with
right axis deviation coarse atnial
oscillations and frequent ventricu
lar premature contracions  The
ST segments 1n deads 2 and 3 are
depressed and concave downward
Trating of a 9 year-old boy wnh
futral disease

¢ Tracing showing digitahs ef
fect 1 an adolescent boy (AF)
with diagnosis of rheumatic aore
msufficiency

Sinus thythm 15 present with frs
quent sterruption by ventr; ylar
Prémature contractions  There g5
ectrocardiagraphic posion of the
V and V are depressed

55



CHAFTER Y1

The Electrocardiogram 1 Congemtal Heart Lesions

Caongerutal Yleart Disease and the Electrocardsogram

The electrocardiograms of many children with congenital heart
testons show no differenttating signs from those of the normal child s
tracing Simular negative findings may be seenun the electrocardio-
gram of the newborn wnfant with congennal heart disease 1 whom
charadterntic changes may appear as soon as the effect of mechamcal
stram becomes evident on ventnicuiar muscle and anatonuc position

Other traungs of children with congenital heart lesions however
falf urd r specific types which mzy awd i the diagnosis of the lesion
or lesions present Some give electrocardiographic ewidence of
marked posional changes owing to abnormat rotations of the heart
caused by the cardiodynamics of the lesions present Some tracings
again may be typical of nght or left ventnoular “stran or hyper
trophy It should be noted i this connection that ventricular hyper
traphy is recognized best m the urpolar precordral leads and that
2 wiaten of the electneal ans 1o the nght or et 1n the standard

limds teads 15 frequently due 10 Totation of the heart and reliance on
ths $1gm as an 1nd of hy

phy 15 often misteading. Marked
ght or left axis deviation 1s howener usual evidence of hyperteaphy

of the respecuve ventricle Qther traciags may show diphasic QRS
complenes 1 o or mote of the standard hmb leads 1 which the

57
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The Electrocardiogram 1 Congemtal Heart Lesions

Congerutal Hleart Disease and the Electrocardiogram

The electrocardiograms of many children with congumtal heart
fesions show no differentating signs from those of the normal child s
tracing Siular negative findings may be seenan the electrocardio-
gram of the newborn infant with congenital heart disease 1n whom
chacavterntc changes may appear as soon as the effect of mechamcal
stran becomes evident on ventnicuiar muscle and anatonuc position

Other trautngs of children with congenital heart lesions however
falt urd ¢ specific types which may aid m the diagnosis of the lesion
or lesions present Some gwe electrocardiographic evidence of
marked posonal changes owing to abnormal rotations of the heart
caused by the cardiodynamics of the lesions present Some tracings
again may be typical of nght or left ventncular “stram  or hyper
trophv It should be noted i this connection that ventricular hyper
trophy 1s recogmzed best an the umpolar precordial leads and that
@ viayoen of the efectneal axs 10 the nght or Yeft 1n the standard

limb teads 15 frequently due to rotation of the heart and relsance on
this sign as an of hy

phy 15 often misteading. Marked
nght or left axis deviation 1s however wsual evidence of hyperteaphy

of the respecuve ventricle Qther traciags may show diphasic QRS
compieses 1 o or more of the standard L leads 1 which the
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ELECTROCARDIOGRAM T CONGENITAL HEART LESIONS 61

N

i

Tig 2% A Flecirocar
diogram of 2 yearold pr}
{L de R) with coarctation
of the aorta {Acknowledg
mentto Dr Edward Hardy )
The tracing shows  sinus
thythm with no deviation of
the electrical aus and inde
termunate efectrocardiograph
position

B Electrocardiogram
taken i EM a2 14 year
o\d gl with coarctation of
The zonta and armested sub-
Bacterial endanternits and cal
Gufied myeotic aneurystm he
fow the site of coarctation
The findings were corroborated by astopsy The electrocardiogram shows simus
thythm with low voltage 1 lead 3 (The chmeal findings 1n this case were
decribed 1o At Hea t] 203 7 1940 )

Subaortic stenosis Owing to a developmental arsest i the n
volution of the butbus cordis a shelflike band of ussse perasts
below the ortic valves  Electrocardiographic findings are symilar to
those noted above (Fig 30}

Bicuspid aoruc valve No chamactenstc electrocardiograptue signs.
ar~ found 1 thus lesian (Fig 31)
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Tig 29 A Flectrocar
diogram_of 2 year-old gir}
(L de R) with coarctation
of the aorta {Acknowledg
ment to Dr Edward Hardy )
The tracing shows sinus
thythm with no deviation of
the electrical aus and inde
terminate electrocardiograph
position

B Electrocardiogram
taken 1 EM a 14 year
o gl with coarctation of
the aonta and arested sub-
bacterial endarteriis and cal
aified mycotic aneurysm be
fow the sie of coarctation
clectiocardiogram shows simps

Subaortic Stenosis. Owing

to a duvelopmental arrest m the 1
volution of the butbys cords

s a shelflike band of ussue persists
below the aortie valves Ekclmcaxd:ogmphxc findings are simsfar to
those noted aboye (Fig 30y

Bicuspid gorne vahe No chamactenstc clmmcaxdlographlc signs.
ar found in thig lesian (Fig 31
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Fiz 31 Tracing showimg mitws shythm with night axss deviation aad heatt
1 the verueal sleptoeay L osmanh mee -
e

antee
defec
poe
:

The X
¥ putonIc cons
avunt was reterred by Dr Ruth Cudmore )

The electrocardingram wn anomalies of the coronary artertes
Coronary artenes Mmav va+y 11 s22¢ of number n distnbution and
W ommn The most wmportant chmcal anomaly of the cotonary
systemy foond o those cases whers the coronary artery aryses from
Ge pofwonery antery ere sigms of Coromary wsofficency and
yocardial wehema appest Patches of wedge shaped degenttation
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Fig 33 Tracing showing situs xby\hm Wit night axs deviation and heatt
m fhe veruea) tlegireay L osmanh  mor
e

anec
defec
pewe
1 The X
4 PUMHODIC TORNS.
avent was reterred by Dr Ruth Cudmore )

The electrocardingram wn anomalies of the coronary artertes
Cosonary arteries wav vavy 12 52¢ 1 nvmber 1w distnbuuon and
™ ommn The most mmportant chmeal anomaly of the cotgnaty
systemy foond o those fases whers the Coronary artery anses from
@ pofoeery anery Ve sgms of coromary wsufficiency and
wyoeardal wehema appest Patches of wedge shaped degencration
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SRR P L]
ermpea— WAL ST

Fig 35 Right bundie ranth block 15 seen 1n s case (AF 3 of at al
3t €

vue Lwl

parteal sutes wversus the chambers of the heart are reversed A
mzror image of fead 1# 35 present 1 the electrocardieisam 2nd feads
2 and 3 ste interchanged Two of the umpolar kmb leads ar, also
mgerchanged VR taking the character of the normat VL lead and
VL. resembling 3 wswal VR lead Precordial leads are sitlac to
those over the night chest in the normally placed hears {Frgs 38
and 39}

tess commonly an wsolated dextrocardia with reversal of heart
<chambers 15 seen Differentision from the above form i made by
Physical and & as el d ph
Changes desoried obove 278 also present 1n this condwon (Faip 40)

1 otz d dextrocardia without reversal of heart chambers may be
) but is 1 d

¥ with external factors which
e 3 marked counterclochuise rotation of the heart on us long
aus The nght ventnicle will then be shifted to the night and dorsad

‘:::\&\ \g\\\n\c 2m omm\fo;x 3 sfant m front of the wracing tefore the observer
PPt uph Al ¥ e nght and e
T ot e S, 2o ght and left asm electrodes are reversed
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Fig 35 Right bundie ranth block 15 seen 1n s case (AF 3 of at al
3t €

vue Lwl

parteal sutes wversus the chambers of the heart are reversed A
mzror image of fead 1# 35 present 1 the electrocardieisam 2nd feads
2 and 3 ste interchanged Two of the umpolar kmb leads ar, also
mgerchanged VR taking the character of the normat VL lead and
VL. resembling 3 wswal VR lead Precordial leads are sitlac to
those over the night chest in the normally placed hears {Frgs 38
and 39}

tess commonly an wsolated dextrocardia with reversal of heart
<chambers 15 seen Differentision from the above form i made by
Physical and & as el d ph
Changes desoried obove 278 also present 1n this condwon (Faip 40)

1 otz d dextrocardia without reversal of heart chambers may be

) but is Ty d

e 3 marked counterclochuise rotation of the heart on us long
aus The nght ventncle will then be shfted to the fight and dorsad

with external factors which

‘:::\&\ \g\\\n\c 2m omm\fo;x 3 sfant m front of the wracing tefore the observer
PPt uph Al ¥ e nght and e
T ot e S, 2o ght and left asm electrodes are reversed
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Fig 37 Trac pef Smmnbe = .

with severe “colic
nosis 2nd  ed sh
TmurTurs were at
1n ths type of ¢2

3 olliany ouL was prorurent ant tortuous The
left ateem and ventricle were

hypertrophied and dilated and showed extensive
fibrosis Microscopically endocardial fibrosis was marked Subendocardial ne
crosis and myocardia) degencrapion and Fbrosis were present.

ot Group 3 The positional changes present however disappear on
removal of the offending agent (Fig 41A and B}

BDexirocarda combined with pulmonic stenosts shows a mior
picture of lead 3 10 which a large R deflection is present R s also
promnent (Fig 42)

The elertrocardiogram in uncomplicnted Fisenmenger's cont
plex In thus not uncommon congenital heatt lesion a dextroposition
¢f the aonta wath 2 hugh atervertnenlar septal defect and didmted or
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Fig 37 Trac pef Somnnte = €
with severe “colic
nosis 2nd  ed sh
TOLITALSS wers Bt

1n ths type of ¢2
Thew are

3 otiauy UL was prorurent an3 tortuous The
left atewen and venuricle were hypertrophied and dilated and showed extensive
fibrosis Microscopically endocardial fibrosis was marked Subendocardial ne
crosis and myocardial degenerasion aad Fotosis were present.

ot Group 3 The positional changes present however disappear on
removal of the offending agent (Fig 41A and B}

BDexirocarda combined with pulmowme swenosts shows a mimor
picture of lead 1 10 which a large R deflection is present R 13 also
promnent (Fig 42)

The elertrocardvogram in uncomplicated Fisenmengers comt
plex In thus not uncommon congenital heatt lesion a dextroposition
¢f the 20nta wath 2 hugh interventncular septal defect and ditated o
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gram may show 1averted T waves 1 two ot more standard himb
Teads Raght wms dewsation has not been observed Depression of
e 5T segments may be marked (Fig 44)

The el liog i pure pul stenosts Pulmonic
stenosts may be of valvalar type w which the three sermilunar cusps
are fused or 1t may be infundibular 10 type where the pulmonary
conus 15 mvolved 1n developmental arrest and 15 narrowed In either
type nght ventricular hypertrophy 15 present and usually appears
mp dral leads of the d Right bundle branch
biock 15 not rare 1n ths condiion (Fig 45A and B)

The electrocardsogram wn tetralogy of Fallat In this common
cambined congental lesion of the heart pulmonic stenosts is assoct
ated with d of the aorta far septal defect and
night ventncular hypertrophy The d shows marked
atnal and night v hyp phy The P defl are large
and peaked especrally in lead 2 Q3 1s usvally promunent and the
T waves are often diphasic or inverted in the standard himb leads
Rowaves are Tugh 1n 'V, and VR and the S defiecuons are deep over
Vs and Vg postions Fusst-degree 2 v Nock may be seen frequently

i the tetealogy  whale tugher degrees of 2 v block and bundle branck
block are luss common (Fig 46A B and C)

The electracardiogram n transposition of the great ressels
This anomaly 15 probably due to fallure of normat rotation 1n the
carly stages of heart development The pulmonary artery arises from

the feft ventncle and the aorta from the nght ventnicle Life depends
o1 asscated lesions The el diogram shows no ch
sins (Fig 47)

The electrocardiogram in tercuspul atresa There 1s an ovcls
ston ot hypoplasia of the trcuspid valse of mfective ot develapmental
ongm A nonfuncioning nght ventrnicle snd hypoplastic or atresic
pulmonzry artery are concomttant findings m ths malformation
To be compatible with e ths leston mevitably presents an associated
lesion of tesions of which the most comuon 1s an atral septal defect

The electrocasdiogram shows ninad and left ventrcular hyper
trophy Left axis deviation 15 usually but not always present depend

(Text conginued on p 75)
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ELECTROCARDIOGRAM 1N CONGENITAL HEART LESIONS 75
1ng on the position and rotation of the heart 1n the chest {(Fag 4BA
and B}

The electrocardiogram in anomalous placement of tricuspuf
calres (Fbsgein’s disease) The postenor Jeaffet 1s displaced down
ward mnto the neht ventricle Right atnal enlargement and tncuspid
wnsufficiency ate commonly present ‘The clectrocardiogram shows
night atrial hypertrophy with Jasge and wide P waves and frequent

d disturb T ] tachycardia and premature
contractions may be of frequent occurrence (Fig 49)

The electrocardiogram sn 1sofated ventricular seplal decfects
{maladie de Roger) The lesion 1s commonly hugh 1n the septw

m
and ventricutar hypertrophy 15 The £ 8
ustially y to the d of this lesion Large

diphasic QRS complexes with components of equal size (hatz
Wachtel sign) may occasionally be present i two standard hmb
teads but this sign 15 not pathoynomome and may disappear 1 the
older chuld

1t 55 21 mteresting fact that conduction 15 so rarelv affected in
dufects of the ventncular septum Even when the septum 1s absent
s 1 cor buatriatum triloculare ot cor biloculare and where the post
fon of the bundie and its branches 1s most sregular conduction 15
rarely disturbed As the bundle develops before the development of
the septum 1t 15 unbikely to be affected by later appeanng mal
formanons of the septum However complete or mcomplete a v
block does occur although rarely and bundle branch block also
may be found 1 defects of the ventncular septum (Fig 50}

The electrocardiogram in single ventricle with radimentary
outlet chamber (cor biatriatum trornlare) There 15 a per
sistence of the common ventncle and bulbus cords owing to an early
arrest of development of the heatt One or both vessels may anse

{Text connnued on p 78)

Tracing shaw g wurror wnage wn lead § aceom,
pamed by uptight P
o '_’;::h‘i“lg: Sr::t;trsel of ;rm Yeads right becomes left axlspdesulxc: a::;
fft;(;\tzrdtqmphw’ ps“;nme “an &V the beart 15 seep to be 10 a semiborizontal
2 patant w s a2 5 month-old gied {R.E.) referred by
Dr Edw:
2\& ‘\:\:x‘;n shoved np ¢yanosis a0d was well raunshc{i and d;:l?p:‘:“?n
errocandia wuh persy tent Ieh aorie arch ‘was preseny

" thy



ELECTROCARDIOGRAM 1N CONGENITAL HEART LESIONS 75
1ng on the pasition ang rotatson of the heart in the chest {Fig 4BA
and B}

The electrocardiogram n anomalous placement of tricuspuf
calres (Fhsten’s disease) The postenor leafiet 15 displaced down
ward 1nto the nght ventnicle Rght atra) enlargement and tncuspid
wnsufficiency ate commonly present The clectrocardiogram shows
nsht atnal hypertrophy with large and wide P waves and frequent

d disturb T 1 tachycardia and premature
contractions may be of frequent occurrence (Fig 49)

The electrocardiogram sn 1solated ventricular septal defects
{malade de Roger) The fesion 15 commeonly Jugh in the septum
and ventricutar hypertrophy 15 n The el £ 8
ustially y to the of this lesion Large
diphasic QRS complexes with components of equal size (hatz
Wachtel sign) may occasionally be present 1 twa standard lmb

teads but this sign 15 not pathoynomome and may disappear 1 the
older chuld

1t 15 21 interesting fact that conduction 15 so rarelv affected in
dufects of the ventncular septum Even when the septum 13 absent
as 1 cor bratratum triloculare ot cor biloculare and where the post
fon of the bundie and its branches 1s most srregular conduction 15
rarely disturbed As the bundle develops before the development of
the septum 1t 15 unlikely to be afiected by later appeanng mal
formanons of the septum However complete or mcomplete a v
block does oceur although rarely and bundle branch block also
may be found i defects of the ventneulat septum (Fig 50}

The electrocardiogram in single ventrcle wth radimentary
outlet chamber (cor biatriatum trfornlare) There 15 a per
sistence of the common ventncle and bulbus cords owing to an early
arrest of development of the heatt One or both vessely may snse

{Text connnued on p 78)

Tracing shawiag wurvor wnage wn tead 1 acepmpanted by uprighy
t P waves
I:-. |:>_;;::hd 13 0‘\': m‘;trs\?l of ;rm Yeads right becomes feft axlspdesulmn and
ange of leads aV and aV  the
d%mm“m‘m v & hieart 15 seen 80 be 1n a semihorizontal
e patiust W s 2 S month-old giet {h.E.) referred by Dr Edw
1"‘:: ‘“{}1‘,“ shawed no cyanosis and was well raunshu‘é and de::l?p::“x
aled devracardia with persy tent Ieh 2ortic arch was preseny
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Fig 4% Traesng of d-month-old cyanotic infant {1 g2 C 3y wih dextrocardia,
WS WVETWY and Signs suggesting pulmanic sterosss as the marn lesan The
standard limb Ieads show marked deviation of the electrical asis to the Jeft,
hich o 3eversal of the arm terminals (1) heeomes marked nght agis deviation
{Lead Ix shoutd be read from eube to lefe)
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Fig 4% Traesng of d-month-old cyanotic infant {1 g2 C ) wih dextrocardia,
WS WVETVY and Signs suggesting pulmonic sterosss as the marn lesan The
standard limb Ieads show marked deviation of the electrical asis to the Jeft,
hich o 3eversal of the arm terminals (1) heeomes marked nght agis deviation
{Lead Ix shoutd be read from eube to lefe)
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Fig 46 A Elettocardwgram  of 16~
month-old boy (EN ) with chinical dragaosts
of tetralogy of Fallot confirmed by autopsy
Cyanosis and polycythemia were present A
barsh systolie murmur was heard over the
heart, foudest i the third left intercostal
space The pulmonic second sound was di
minished Under X ray exammation the heart
was seen 10 be boot shaped in the antero-
POSIETIOT ViIew  WitD B concawmty noted an the
arca of the pulmonary arc and the great ves

sely were of narraw sadth 1o this view The
lune fietd w 1w &

B Tracy
Fal

tomased 10
Marked

oo nzhnl 7 yearo\d boy
and nght sontc 25ch wh « By was successtult
the feft subclavian antery ! ! e

fght efectrical axs devistion with vertical ehectrocardiographic po-
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Fig 46 A Elettocardwgram  of 16~
month-old boy (EN ) with clinical diagnosis
of tetralogy of Fallot confirmed by autopsy
Cyanosis and polycythemia were present A
barsh systolie murmur was heard over the
heart, foudest i the third left intercostal
space The pulmonic second sound was di
minished Under X ray exammation the heart
was seen 10 be boot shaped in the antero-
POSIETIOT ViIew  WitD B concawmty noted an the
arca of the pulmonary arc and the great ves
sely were of narraw sadth 1o this view The
lune fietd w 1w - &

e ngl 7 yearo\d boy
20 nghy morie 2vch wh « By was successtult
the feft subclavian artery ! i S e

fght efectrical axs devistion with vertical ehectrocardiographue po-
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Tracing tahen on a % moath-ofd ©rl (MH) who had shown
rahized cyanosis since bith A harsh Systohic murmur was heard
loudest oner g tied and fourth fef intercostal sp.
over the Precord,

aces and was transmitted
um and back A systolie thnull was balpable oser the area
of mavmum \ntensuy The X T3y studies showed an absence of the puimonary
¢ Bng & boomine €ardiac shadow
The Electrocardiorram 16 Sharactersie of right atrial and Jeft veatricular
Urertrophy Lty un devation with horeg
e heant 15 preceny.

ontal electrocardio,

P defiections are farge ang peaked

Braphic position
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Fiz 4y 4 Tracing tahen on a & month-ofd girl (MH ) who hag shown
Modetate genery);
loudest guer gy,

2¢d ¢yanosis since bith A harsh Systohic murmur was heard
< hird and founth Tefu siercosta) spaces and was transmitted
O W0 precondium ang back A systolic thall was Dalpable oser the ares
of maumum \ntensuy The X T3y studies showed an absence of the puimonary
¢ Bng & boomine cardiac shadow

e trocardiorram 1o Sharactersie of right atrial and Jeft veatricular
SPertophy Legy XIS deviation ity horizontal ¢leetrocardiographue Pposition

the hean 45 present. B defiections are large and peahed
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antenor oblique view no left atnal accentustion was secn on the barum
filled esophagus Repeated clectrocardiograms showed as above the large
and wide P waves i lead 2 typical of atmal fiypertrophy There was no
deviation of the electrical avis Arrhythmia has been a constant finding Short
phases of situs bradycardia, at 52 beats a minute vary with runs of atriat
parovysmal tachycardia wath 2 rate of 158 per minute Frequently ectopic
Beats appear smely Chimical diagnosss, Ebsteins disease

L‘ _— [ ye, i
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0 Ty

. “':3;5 :rhz:: adsymp(um free 6 year-old boy (R } with ventricn
:‘:“;‘E 2 e o h‘ad‘bheatl:hnz’:)gctdp wched :ys(:hc murmur at third left
e i e, eh | swce bath A systobe thrll was
Srcrrocati 2 X ray studies showed a pormal
e L e s Bl 52
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antenor oblique view no left atnal accentustion was secn on the barum
filled esophagus Repeated clectrocardiograms showed as above the large
1 wide P waves tn fead 2 typical of atnal fiypertrophy There was no
deviation of the electrical avs Arrhythmia has been a constant finding Short
phases of situs bradycardia, at 52 beats a minute vary with runs of atriat
parovysmal tachycardia wath 2 rate of 158 per minute Frequently ectopic
Beats appear smely Chimical diagnosss, Ebsteins disease
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. “':3;5 :rhz:: adsymp(um free 6 year-old boy (R © } with ventricu
Tl g showe aharsh high p iched systolic murmur gt thied left
pelpable 1o e ) “h had been nonced since burth A systohe thell
me area X ray studies showed a porgl heart outhine ;\:

Hetrocatdiog "
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i shows sinws vhythm wath o Selay 1n conduction T waves are
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candiograph posiion Repeatedly tracings over the precordium and around the
chest were of stmufar form although varying in voltage

B Traomg of 4-month-old Chimese gl (CY ) who entered the wards
cucally alf with pneumocotcic memngitis No heart murmurs were noted
but the chuld was cyanotic and died soon after admussion

At 2ntopsy a cor biatniatum triloculare was found The heart weighed 40 gm
and was toangular 1n shape The aorta arose from the mamn chamber to the
oght of 2 small p ¥ attery which ma charnber
A single atnoventricufar valve was present dwiding the atria from the single
sentricle A wide atrialseptal defect was present The standard Limb lead
(I?‘dng. shows shght nght axs deviation with elesation of the S-T segment m

2

mﬂ:o vp(l Tracing from 2 month

R) wh -

who was admitted to  §5 -

;:e k\;d; in craical condition with E ... o

bean g, canons and dyspnea The VT v -
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il murmur 0t (ol £, mda T N

mf;'fh St 4 weels nether enlarge = & N
n :{;g":‘he;n TOr tyanosis had o &

0%t Mortem examuna g ™ t
00 shos na T
S Sy Marked bypertrophy and = i s

1 e of th z

T"\':"\:: BTt Was open an the moty <% s 5 B 'é Aty
ventneyyr s SOWS Binal and nght 4. " ] ; oA
o g nertonty Markeq ngm M¥Ta . E ]

Sllograph ¢ pet Verical eletire-  me oz f w3 a

oper art position. e
1), s present The P
150 1m1ad 2 R 15 of hich o phlud: 4 geﬂ«uuns are high and wide
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canfiograph postion Repeatedly tracings over the precordium and around the
chest were of stmufar form although varying 1n voltage

B Traumg of 4-month-old Chinese gul (CY )} who entered the wards
crucally 1ff with pneumocotcic memungitis No heart murmurs were noted
tut the chuld was cyanotic and died soon after admussion

At 2ntopsy a cor biatniatum triloculare was found The heart weighed 40 gm
and w35 toangular 1 shape The aorta arose from the mam chamber to the
oght of & small p ¥ attery which ma charnber
A single atnoventricufar valve was present dwiding the atria from the single
sentricle A wide atrialseptal defect was present The standard Limb lead
(I?‘dng. shows shght nght axs deviation with elesation of the S-T segment m
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RATE AND RHYTHMS 8

braun lestons espectally those affecting the medalla It may be m;‘te‘g
in hypothyroudism  Sinus bradycardia 18 rare m the cardiac c!
except 25 8 digitabis effect Stus arrhvinm and sinus argest are
usual accompaniments of a stow fheart rate (Fig 53¢}

Smus Arrhythma

Sinus atrhythrua 35 an aregulanty of sinus thythm m which the
RR cycles vary more than 01 second The arrhythmia has no
chimucal significance and 1§ common 1n the child especiatly so 1 those
over 7 years of age (Fig 534)

Sinus Arrest

Sinus arrest 1s an arrest of suws rhythm in which a complete
cardue cyele 15 blocked or falls to appear The resultant pause almost
equals 190 normal cycles The condinon may be physiclogical and
170t rare in the normat child (Fig S3e)

Prematare Contracuon

An abnormal heart contraction that anses from an ectopic focus
and disturbs the regulanty of the basic rhythm 15 a prematare con
irthon Premature comtrachions may be of anal atnoventncular
nodal ot ventnieular ongin They may be tecogmzed m the elictro-
cardiogram both by their abnormal posiion 1 the cycle and by ther
tuarte form A compensatory pawse may be scen following the
ectopie systole There 18 no compensatory pause when the ectopic
beat 15 tnrerpolated w a slow thythm the prematurely contracted
ventricle has then had time i which to tecover from s tefractore
perod and 15 recepuive for the amval of the normal excuation
impulse (Fig 16) Premature contractions of each type may be
found 1y the normal infant and child although those of atrial form are
the most vsual They are also found in acute heumatic fever and
other infechious diseases and 1w typho d fever dunng the penod
of slow rate Premature contractions may also be present i con
genutal heant discase as i atnal and tncuspid valve anomaties

aithough this finding 1s 0ot as frequent as it 15 1n the adult with an
atnal septol defect.



RATE AND RHYTHMS 8

braun lestons especially those affecting the medulla It may be note‘:ii
in hypothyrondism  Stnus bradycardia 18 rare m the cardiac c!
except 25 3 digtabis effect Swmus arrhvinmi and sinus argest are
usual accompanmments of a stow feart rate (Fig 53¢}

Smus Arrhythma

Sinus atrhythoua 15 an aregulanty of sinus thythm m which the
RR cycles vary more than 01 second The arrhythmia has no
clinical ssgmficance and 1s common 1n the child especally 50 1 those
over 7 years of age (Fig 534)

Sinus Arrest

Sius atrest 1 an acrest of stus thythm in which o complete
cardie cyele 15 blocked or fails to appear The resultant pause almost
quals two normal cycles The condition may be physiological and
18 B0t rare 1n the normal chid (Fig S3e)

Prematare Contracuon

An abnormal heart contraction that anses from an ectopic focus
and disturbs the regulanty of the basic rhythm 1s a prematare con
iehon Premature contraclions may be of anal atnoventncular
nodal ot ventneular ongin ‘They may be tecogmzed m the eluctro-
cardiogram both by their abnormal posiion m the cy¢le and by ther
brzarte form A compensatory pause may be seen following the
ectopic systole There 18 no compensatory pause when the ectopic
beat 15 wnrerpolated n a slow rhythm the prematurely contracted
ventricle has then had time i which to tecover from us refractory
feriod and 15 receptive for the armval of the mormal excuston
mpylse (Fig 16) Premature contractions of each type may be
found 1 the normal nfant and child although those of atriat form are
the most vsugl They are akso found in acute rheymatic fever and
other infectious diseases and 1w typho d fever dunng the penod
of slow rate Premature contractions may also be present 10 con
genutal heart disease 23 m atmal and tncuspid valve anomabies

although thus finding 15 not as frequent as 1t 15 1 the adult with an
atoal sepial defect.
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Couplng ot alternation of ectopic With regolar contractions s not
fare 1n chldren especally 1 thase who have had recent pulmonary
infections and dunng digitalis toxicty (Fig 54b and ¢)

Atrial premature contractions Ectopic P waves are usually
wnerted they appear prematurely and are followed by a P R terval
that 15 not shorteped  Atnal P may be present
1n the normal chid They may also appear 1 acute theumatic fever
and other wfections They are occasonally seen n the child with
congenutal heatt disease (Fig 54a and b)

171 nodal premature contractions anse 1 the atnoventncular
node and cause the B deflection by retrograde action 10 appear just
before dunine, ox after the QRS complex which 1s of supraventricular
type Nodal systoles may be found in the normal child s teacmg as

well as i those with acute rheumatic fever and other infections
(Fig S4c)

1 entricular prematuye contracfions anse 10 €CLOpIC foct of the
setricle The QRS complex so formed 15 bizarre tn outline fesem
bline somewhat the wide natched QRS curve of a blocked bundle
branch The contrachon may be of nght or of left ventnicular ongm
and may be recognized as such 1n the standard lead 1 If she mam
QRS defiection 1n lead 115 upnght the sysiole 35 of nght vemncular
origin if downward of left ventncular ongm

Although less common i the normal child than premature
systads of supraventricufar Ohim ventnicular premuature contractions
g occtr 1 the child wathout cardiac pathology They are more
frequent 1n chuldren with acute nfecuons especially of rhewmane
a6 pufmonary euology and m nephnuc and endocrine disorders

3 Swmws tachycards wih Tate of 200 per munute i § omh-old
with acute infecton Atria) and ventricular 2 venals
o oo Complexes and mtervals are

b Same m 6 yearald g With b haee ' ,

€. Smusprad L
8oy Heart rate | A le ' | ¢
<omplex Low U &

4 Sinus aret

\ary 1g ength

€ duius atrest in normal & year-old child Thy
90 novmal beats 10 which the €T 15 2 Pause almost equal to
e ich the heart waits tg recesve stumitus from the potmal

s Tty tliunh jomt pans” The P P sntersals
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Couphing ot alternation of ectopic with regular contragtions 1s not
are 1 children especaally 1n those who have had recent pulmonary
Infections and dunng digitalis toxsaity (Fig 54b and ¢)

Atrial premature contractions Ectopic P waves are usually
wsented they appear prematurely and ate followed by a P R mterval
that 15 not shortened  Atmal p may be present
1n the normal chid They may also appear 1 acute rheumatic fever
and other mfections They are occosonally seen 10 the chid with
congenutal heatt disease (Fig S4a and b)

17 nodaf premature contractrons anse 1 the atnoventncular
node and cause the P deflection by retrograde acuon o appear just
before dutne. o after the QRS complex which 15 of supraventsicnlar
type Nodal systoles may be found in the normal child s teacmg as
well as m thote with acute rheumatc fever and other wnfecuons
(Fig S4c)

Ventricular premature contractions anse i ectopic foct of the
setricle The QRS complex so formed 15 bizarre tn outline fesem
bline somewhat the wide natched QRS curve of a blocked bundle
branch The contrachon may be of nght or of left ventnicular ongm
and may be recognized as such 1n the standard lead 1 If sthe man
QRS defiection 1n lead 113 upnghs ihe systole 35 of nght vemncular
angin if downward of left ventncular ongm

Although ltss common 1w the normal child than premature
systohs of suPraventricutar ongn ventnicular premature contractions
do occtr 1 the chld wathout cardiac pathology They are more
frequent 1 chuldren with acute infecuons especially of rhenmatic
sod pufmondry euology and in nephtc and endocrine disorders

3 Simws tachycards with Tage of 200 per munute i § monh-old ml
with acute infecton Atrial and vemtricular cevals are
pepice i Complexes and mtervals are

b Same 1n 6 year<ld gl With e hase

. Suimusbrag P
B0y Heart rate
<omplex Low U &

4 Sinus ant u -

\ary 1g Yeagth 2 reutiiunh jomt pans” The P P sntersals
€ Siius atrest n normal 6 year-old chid There

%0 formal kals n whic e o o Pause almost cqual to

Py fuch the heart waits tq cecesve stimutus from the normal
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<
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Fig 85 A, B Two cases showing Wenchebach s syndrome 1n 6- and 8 year
old boys, respectively suffering with acute thenmatic cardiis The P R inter
Vals inctease m duration progressively until the P wave falls dunng a refractory
reriod of the ventricle and 15 blocked. The following P R interval 1s of normal
duration and the cycle 15 Ttepeated

€ Atnoventnicutar ot nodal thythm in a 6-yeat-old normal boy with acute
Upper tespiratory infection P waves are inserted, and the P R interval 1s shart
ened U waves are visible followang the T deflections

D Paroxysmal a v thythm m 8 year-old gl showmg cardiac asystole and
9ccasional ventricular escape beat dunng ocular pressure (Case of Dr Alfred

Mgriann §

E AV interference dissocration appeanng 1 an 11 year-old boy with
theumate carding. (Case of Dr Herbert von Gal ) The atnia responding to the
depressed S-A node beat at a slower rate than that of the ventricles which react
1o a8 ectopie focus 1n the a v node of ventricle

AV thythm may be present as a contenttal anomaly of conduction
and1s usually of ittle elinical significance The thythm 1s often transt

tery and the position of the P wave may \ary in respect to the QRS
comples especally an those cases where a v thythm 15 due to
i stalis or ¢ her toxsc effect (Fig 55C and D)
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Fig 55 A, B Two cases showing Wenchebach s syndrome 1n 6- and 8 year
old boys, respectively suffering with acute theumatic cardis The PR snter
vals increase n duration progressivelv until the P wave falls during a refractory
peniod of the ventricle and 1s blocked. The following P R interval 1s of normal
duration and the eyele 1s repeated
Atnioventricutar or nodal thythm 1 a 6-year-old normal boy with acute

Upper tespiratory infection P waves are inserted, and the P R interval 1s shart
ned U waves are visible followang the T deflections

D Patoxysmal a v rhythmn 1n 8 year-old girl showing cardiac asystole and
Secasional ventricular escape beat dunng ocular pressure (Case of D Alfred

griann
E AV interference dissoctation appeanng in an 13 year-old boy wth
theumatee carditss (Case of Dr Herbert von Gal } The atnia responding to the
depressed S-A nody

p ¢ beat at a slower rate than that of the ventricles which react
‘@ 22 sctopie focus 11 the a v node o ventricle

AV thythm may be present as a contenttal anomaly of conduction
and1s usually of ittle elinical significance The thythm 1s often transt
tery and 1he position of the P wave may \ary in respect to the QRS
omplex especially 1n those cases where ay thythm 15 due to
i stalis or ¢ her tone effect (Fig 55C and D)
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Fig %6 A Fistdegree a v block of transitory duration The P waves are
notched and widsned The B R interval 5 03, second The PR segment 15
Towered (Case of acute theumatc fever |
Asin A P waves are supenmposed oa T deflecions in 6 year-old chufd
with & tve carditis
C1  Sccond-degres a v block P and R waves fafl regularly and P R inter
vals are equal The first atral or P wave 11 each cycle 1s locked by a re
fractne ventricle gving 2 ¥ 1 degree of block Note the Ta wave (uverted}
following the second P deflecuions
Cu  The same ehld as abose dunng pha e of & L L av block Three
searold boy with tetralogy of Fallot. The S-T segment 15 occasionally de
Presed by 3 Ta wave
Compiele a v block 1 an 1 year-old boy with venthicular septal
P waves and R waves fall regularly but beat no selationstug ‘aseeg lni:‘(;:-
The P R ntervals are rreeutar

node dunng 1ts sefractile stage when the ventricnlar TeEsponse being
blocked no QRS complex wif) appear The succeeding P deflectian
15 foliowed Dy 2 normal P R itenval and the cycle of 1nereasing
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of vtuinele beat 2t a more tapd Tate QRS complexes appear more
frequently and usually without relation to P waves however, normat

conduction mmay appear for one ot more cycles 1 the course of the
thythm (Fig. 55E)

Atnal Paroxysmal Taclycaedia

This 20 abnoemal transttory thythm consisting of o phase of
opd amal premature contractions which appear without pause
regalarly one after another The condition 15 occasionally seen the
newborn 1n whom no chimcal ewdence of cardiac disease can be
found 1t may also be found im children with congemtal heart
disease especially 1n those with atgal and tncuspud leafiet anomalies
1 whom 1t may appear on effort or dunng acute nfections it may
octur 1 cases of short PR interval or Wolff Parkinson White
syadrome It 1s not common 1n acute sheurnatic fever although it
£y occur (Figs 26 49 [L2 and 3} and 57C)

Aty R

Nodal Par 1 Tachyeardia

This 15 an ectopic regular rapid thythm with its ongin m the

AV mode P waves may precede or fall upon or follow the supra-

far type of QRS comp which are d The tachy-

caha may appeat 1n a normal ¢iid and no cause may be found 1t

my be seen 1n chuldren with congennal heart disease and 1z those
sith short B R conduction tme (Figs 55D and §7D)

Ventrieular Paroxysmal Tachycardia

This 15 an ab hycardia which 1 the ventricle
and consists of a suceession of rapid and almost regular ectopie
sentneular beats The chythm 1s very rare i the chuld especially
thoee under 10 years of age 1t may appear 1 the rheumatic cardiac

With widespread myocardial damage and rarely m congenutal
Cardiaes (F1g STE)

Atrigl Flutter

Atial Rutter 15 a disorder of atnal conduchion 1 which there are
abnormal rapid and regular atnal contrachions with a rate averaging
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o ventnele beat at a more rapid rate QRS complexes appear more
frequently and usually without relation fo P waves however, normat

conduction may appear for one or more cycles n the course of the
thythm (Fig. 55E)
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otur m cases of short PR interval or Wolff Parkinson White
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oy occur (Figs 26 49 [L2 and 3} and 57C)
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Nodal Par 1 Tacl d

This 15 an ectopic regular rapid thythm with its ongm m the

avnode P waves may precede or fall upon or folow the supra-

far type of QRS pl which are & The tachy~

“arha may appear in a normal ehild and no cause may be found It

may be seen 1n children with congental heart disease and 1 those
wuth shont P R conduction ume (Figs 55D and §7D)

Ventrieular Paroxysmal Tachyeardia

This 15 an abnormal tachycardia which onginates 1 the ventricle
and consists of a suceession of rapid and almost regular ectopc
sentrcular beats The thythm 1s very rare mn the child especially 1n
thoee under 10 years of age 1t may appear 1n the rheumatic cardiae
Wi widespread myocardial damage and rarely m congenutal
Cardiacs (¥1g STE)

\trial Flutter

Ateial Ratter 15 a disorder of atnal conduciion 1 which there are
abnormal tapid and regular atpal contrachions with 4 rate Sveraging

" e
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common m atnal futter seen 1 mfancy Vanous degrees of block
may be present in the same pauent

The condition 15 rare m the chuld although many of the tachy-
cardsas found 1n the newbom are due to tus condmon and 1t may
occastonally occur 1 the child with advapced mutral disease or
cases with hypertrophy and dilatation of the nght ataum as o
Ebsiein s disease

The electrocardiogram shows toothitke regular atal flutter waves
which follow one another without pause and without respect to the
ventnicular responses which fall regularly usually with a 1 213
or 1 4 or mixed degree of block Flutter or fl waves are best seen
nidsZand3andm Vyand vV (Fig 51B)

Atrfal Fibrillation

Atnal fibnitaion 15 a completely wregular heart action 1o which the
ateid are in a constant state of rapid wrregular, and ineffectual motion
and m which ventneular fesponse 13 also rregular 1n force and
thythm  Atrial acuvity 1s tepresented 1 the tracing by uncqually
sized and spaced small “f waves P waves are absent and the QRS
complexes vary ta voltage and appearance (Figs 21 25 and S7A)

Atna) fibrllation 1s tarely seen mn the child It may be present 12
sovere rheumaue cardits espeenily w those children who have
greally enlarged hearts and mufral lesions The rhythm may be
paroxysmal or transitery i type and may appear as a s1izn of digitalis
toxicty when 1t will disappear on the removal of the drug It may
als0 acout as 3 transient finding 10 typhoid fever and dipithena apd

has been found on embolization of a coronary artery from vepetative
endocarditis

Vemnenlar Fibrliation

Fibultanon of the ventricles 15 a grave disorder of the heartbeat m
which the ventnicles contract with total wregulanty of facce and rate
The electrocardogram shows large rapd wregular oseillations of
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Boyy
- e ~
Age  Number of Cases Average  :Standard Deviation Range
3 9 013 Q04 017-015
4 13 013 003 010-016
) 24 014 007 012-017
s 2 013 002 01}-017
7 3 014 00 011-019
3 31 014 00 010-018
9 33 013 001 010-016
10 27 014 001 010-018
1 19 014 001 012-016
i 135 014 008 012-018
Girls
3
4 b3 013 001 010016
] 33 [ 00 010-016
6 29 013 001 012-016
? 35 014 0o? 011-D16
b4 30 a4 001 017016
5 ¢ ol 002 012-0 16
b s ou 00 012-016
n " 014 0o 012-016
i 5 s oo? 013016

Table 8 Showing average P R intervals withowt reference
te heart r.
l:\ a study of ™ normal school children 3 1p 13 years of :vrdgl &“‘“nd

1w
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Cycle lenzth Square oot
VOH 9683

046 0678
048 4692
050 a7e7
oS 072
054 0727
054 0738
R 0749
Q5% 0760
060 0773
06) 0787
063 0800
066 0812
068 0828
0% 083%
o 0855
2714 Q866
076 QR0
a7 0882
620 0895
ag? 0905
Q84 oNns
986 09.7
088 0935
990 0950
1 106

116 108

Table 11 Approumate square roots of eycle Jenpths fof use m determuning
QT values

Emihosen’s Triangle

1a an electncal sense the night shoulder the left shaulder and the
feft Wp form an eqmlateral tmangle m the fromal plane arownd
the heart The heart thus hes approvimately equidistant from each
of the three pownts 1 the r h

y 5
tively of the
body The complicated pathway of elecinieal actwity passing through

the heart on atntal or venuticular activation may be reduced to 2
single vector which may be calculated from any two of the three
standard leads by Emthovens formula® of simply by uaing Em
thoven s tnangte which 15 3 more erade but useful method (Fig 59)

Tangent of alpha € where alpha equals the antle berween the axss angd
&Y

honzonia) & the 2mplitude w o Lumeters of the QRS wave 1 fead 1

What of QRS 10 Jead 3} The Jength of the axs e o &
T RS drad ) e of the manifest potential diere nce

Iyt
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amplitudes 1 millimeters of Ry and Sy from the sum of R, and §;
P D White suggests that if thus index measures over 30 mm abnormal
Ieft axis deviation 15 present with normal border line of 20 to 30
if 1t measures under —15 mm abnormal nght axis deviation 1s
present sath a normal border line of —10 to —15
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