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Preface to Fourth Edition

Wastever success the previous editions attmned was
achieved we feel through the simplified manner of t:
In undertakung this Fourth Edition we have tned m spite of the
many changes and addiions to apply the same prnaples of
sumphoity and practicality that wese utilized previously keeping
wn rand that this book 15 ntended prnmanly for those who are

beginners and for those who are relatvely mevpenenced in the
field of electrocardiography

Dunng the years before but pnmanly since the publication
of the Furst Edition numerous basic advances 1n the field of elee
wrocardiography have contrbuted a great deal to a better under
standing of the electrophysiology of the heast and the complec
problems mvohed m recording and interpreting accurately the

cardiac electromotve forces This wealth of matenal has been the
result of labors contnbul

. ted by an amazing amay of specralists
clmseal Physiol h hemat
physeial chermsts baoch “clectneal ! s1
ologusts

and axonologists It 1s apparent that thi comp]c‘(‘bédy
of nf lving ph: th 1 prinaiples and
Jaws 15 comphcated and beyond the scope of the average elimical
physican Some knowledge of this matenal and s application
however 15 important to the person who interprets electrocardio

Brams 1n order to replace as much as possible the empinc ap
proach to electrocardiography
1

Memonzing “patterns” 1s no longer

sary E diog: should be * d out” and un
denstood using these prineiples and laws 1 lectrcal
phenomenon as a basis
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The mterpretation of the electrocardiogram 15 comphicated
moreover, by other factors many tricings are borderline a senes
of gradations correlated with the stage of the disease without the
appewrance of a fully developed clectrocardiographic picture
often occurs the normal electrocardiogram encompasses 1 wide
range of records, numerous varables (physiologic pathologic
and techmcal) are frequently present All of these factors com
plicate the analysis of tracings It should 1lso be emphasized that
1 order to avoid errors, not only 1s 1t important for the mterpre
tation to be made 1n terms of the electrical phenomenon of car
diac activation and recovery but 1t 1s especnally important to in
terpret tracings 1n the hght of the climeal preture

In previous editions we have taken 1 strong didactic approach
avoiding controversial issues to a large extent In this edition we
have presented the more important fundamental theones and
concepts, whether controversial or not trying to present them
bnefly and as simply and 1 1s an uncomplicated 1 fashion as
oossible Anyone attempting to read electrocardiograms should
be aware of such important concepts as the dipole theory of
Craib the membrane theory of Bernsten and the application of
the solid angle all of which have been briefly discussed For more
detailed discussions, there are listed 1n the bibliography many
excellent articles reviews and books Progress has necessitated
further numerous changes and additions The problem arose
however concermng how extensive and thorough the alterations
should be m order to present the matenial adequately concisely
and nccuritely without confusmg the reader It has remuned
our primry purpose despite the alterations to present a basic
elementary, concise practictl approach to diagnostic clinieal
electrocardiography primanly for the begmner It 15 our hope
that we have accomplished our purpose successfully .

We have not changed the basic format of this Fourth Edition
but have adhered to the teachings of the threc pioneers in the
feld of clectrocardiography Willem Einthoven Sir Thomns
Lewis and I'rink N Wilson Their ongimal principles have been
changed shightly to brng them up to date Wilson's concept of
projection of regional potential vanations has been mamtuned
since it hs been time tested with considerable chinicopathologic
and cwpcnmcntal correlation and provides 1 sensible logical basis
for the mnterpretation of the climenl electrocardiogram The con
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cept of the instantancous vector and vector loops has agun been
presented. As Sods Pallares stated however “There 1s no real
opposition between the concept of regional potential vanations
and the thought of an mstantaneous vector Both sdeas seem 1o
be correct and sumply represent different approrches to the study
of the dlectical actnaty of the heart” A new chapter has been
added regarding the more recent orthogonal lead system approach
to methods of analysis Our discussion of this subject was not
meant to cover the lead systems m detal, and yet st his been
made sufficiently adequate to enable the beguner to get 4n idea
of the nature and significance of this paricular method of analy

sis Ve have retamed the chapter en vector electrocardiograph
because of 1ts value as 2 basis for mnstruchon and have enlarged
the discussion to wnclude pen infarction bloch and panetal ven

tneular block (focal block) It 1s apparent, however that since
the vectors are dern ed from the conyenhonal sealar electrocardio-
gram the vector electrocardiogram contains no data not present
1n the scalar tracing We mught add that vector electracardiogra

phy has emphasized the mportance of carefully scrutmizing the

metral and final deflections of the scalar tracings
Vanous el d h d

have been added some of which are controversial 1n the pres
ent edition we have discussed 1n addstion to orthogonal Jead sys
tems pen wfarchon block and focal blocks such subjects of
clincal 1nterest as the ventneular overload syndromes the 8,55,
syndrome the U wave wolated T ware negatiity dugnostie
entena for auncular hypertrophy the concents of para systole
and re entry procal Thythm, and ding bundle branch
block Because of thew mpartance as an adjunct to diagnosis
more emphasis has been given to the Enthoven tniangle hypothe
s1s and to the mean electncal ans which relates records taken

whth L des to the el 1
ty events 1n th
hfave enlarged the d onv 3 g,na;::m ﬁhef\m We
o Tal 1nf P
<00 Whtte ernd ) pre-e synds {Wolff Parkan

mal atnal tachycardia with Block basic theon wlecuin
13

changes {membrane theory) 1n depolanzation anflsx:po;,:lgxlzc::lﬂr

ﬂn‘foréf of b\xgd_l;, branch block subendocardra) mfaretron atn:l

mfarction, and T wave changes The recent

dence presented by Pnnzmetal Sod: Pallares am;?r:x?l?lli;‘e
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subendocardial area of the heart 1s elcctrocardiogrphucally s1
lent nlthough controversial, has also been included

Numerous excellent articles, reviews and books have been
added to the bibliography Termimology in electrocardiography
1s most confusing the meanings we have ascribed to the terms
are the ones most widely accepted In attempting to present the
mterial m a clear and lueid manner explanations and discussions
hiwve occasionally been repeated Schematic drgrams are seat
tered throughout the body of the text to facilitate the understand
g of discussions s was done 1n the previous editions A certun
clement of dogmatism had been necessanly utihized, and the
reader must understand the sigmficance and hmitation of such
didacticasm

Agun we wish to acknowledge our indebtedness to the many
mdividuals without whose Inbors experiments, ind contributions
to the literature this book could not have been written We are
very grateful to our Barnes Hospital Heart Station colleagues
Dr Thomas J Walsh and Dr Gonzalo T Roman for their most
valurble advice 1nd suggestions and to Miss Edm M Edwards
the Head Techmcian for her skill and care in mounting the clec
trocirdiogrums and sketches and for her help m typing the re
vision of the book Miss Maulynn J Ilarns handled most ably 1l
the new sketches and the modifications of the older ones Miss
Virgima Cody descrves special acknowledgment of our apprecit
tion for her help, endurance nd patience duning the severnl re
visions and also for her shllful typing of the changes nd adda
tions I'nally to the staff of the Yewr Book Publishers we wish to
express our deepest grititude for ther continued co operation
and counseling wluch rendered our job mmmeasurbly less diff

cult
BerNnanp § Liraan

Epwanrp Massie



Preface to First Edition

We prepanep 2 booklet  Umipolar Electrocardiographic

Notes * for the students of Washington Unn ersity School of Med:
cne and the staff of the Bames Hospital which recened such
favorable comment that we were persuaded to wnte a simple
practical more complete monograph 1n the form of & manual on
the subject 1ntended pnmanly for those inexpenenced m the field
of “V lead electrocardiography heeping i mnd this purpose
we endeavored to approach the subject in an elementary clear
and conaxse albeit dogmatic fashion’ We did not wish however
to apply dogmatism to the pont that the theones of unipolar
] diography would be pted as established facts Much
of our knowledge of electrocardiography 15 after all still empine
The subject of cardiac arthythmias was not dealt with exten
sively since numerous treatises on electrocardiography cover this
field furthermore we wished to keep our presentation uninvolved
No attempt was made to review the subject of unipolar electro-
d h or ext e task

d complex discussions Rather

we tned to set forth the more popular current views 1 a peda
goe approach free from comp}

L= 4 ma X
which would imolve detasled an

Wnitten p ly for the
begmner the manual offess these concepts as a practical basis

for ¥ lead mnterpretation The principles of physics and cardiae
physilogy essental ta thus &

iscusston
simplest of terms Ni hy ding mmfﬂ{:(:"“fd e \hf
throughout the test for ther eluadatwve value )

We wish to express our gratitude and deep ndebtedness to the
many snvestigators i the feld of electrocardiography and par

un




12 CLINICAL SCALAR ELECTROCARDIOGRAPHY

ticularly to Dr Frank N Wilson, without whose efforts and con
tributions this manual could not hve been wnitten We extend
our sincere thanks and appreciation to Drs Maurice Soholow,
Adolph Surtshin Bernard Bercu and W Barry Wood, Jr  who
reviewed the manuseript and offered many helpful suggestions
We are estremely grateful to our Barnes Hospital colleagues,
Drs Wilhlam D Love and Frank B Norbury, and to the Heart
Station techmerns, especaily Miss Edni Edwards for ther
co operation and assistance Miss Carol Deakin deserves our most
sincere pprectation for her 1ble handhng of the sketches which
are so mportant i clanfying the discussions We also wish to
thank Miss Jamice Ly byer for her patient and shilful typing of the
monograph 1nd Mrs Alice Marshall for her typing of the legends
Findlly for the considerate and unfuling co operation of the
Year Book Publishers we wish to express our specril thanks
Bervamp S LipnmaN
Lpwarp Massir
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Chapter 1

Introduction

HISTORY

Tt s1as BEEN known for many years that muscle tissue has
the mherent ability to produce and transmit electnic current As
early as 1856 holliker and Muller demonstrated the presence of
action currents assocated with the heart beat They placeda frogs
nene muscle preparation w contact with a beating heart and
were able to demanstrate twitches of the frogs muscle with each
contraction of the ventncle Ther observations were followed by
those of a number of other wmvestigators In 1887 Waller and
Ludwisg using the capillary electrometer were the first to demon
strate a measurable amount of current 1n the human body asso
ciated with contraction of the heart  But it was not until 1901 that
the current from the human heart beat was registered m an
accurate quanhtative manner This was made possible by the

d of 2 new t the stnng gal by
Willem Emnthoven
The strng galvanometer 15 a precise sensitive mnstrument At
Brst 1t was used to record the heart beats in expenimental re
searches however st was not long before this valuable tool was
utilized routmnely to aid n the clmeal evaluation of cardiac
disease The stung galvanometer designed by Ewnthoven was
based on the familiar principle that a magnet and a conductor of
current will interact The galvanometer consisted of a powerful
electromagpet betw.een the pales of which was stretched o fme
metallic covered quartz filament When the connections were
completed between the resting subject and the galvanometer

19
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strmg the only sigmificant electrical potentials were those comng
from the heart and they were recorded as a deflection of the
quartz string A source of Jlummation and 1 system of lenses
photographed the string shadow on 2 moving film~ Other types of
galvanometnc instruments were devised, one of which was the
oscillograph  This instrument conststed of a small magnet to
which a murror was attached The magnet was surrounded by
coils of wire and suspended by « fine thread When current flowed
through the coils of wire the magnet was deflected and 2 beam
of light reflected by the murror registered this movement Withmn
recent years other principles have been utilized Thus the cithode
ray oscillograph offers direct visualization of the electric waves
as well as a permanent record The use of vacuum tube mmphfica
tion nstruments with heated stylus melting the wax on specrally
prepared paper permits immeditte visualization of the electro
cardiogram, a distinct advantage chimeally

The considerable progress made n the field of electrocrdiog
raphy has been aided and abetted 1n no small manner by the
researches of Sir Thomas Lewrs duning the first quarter of the
twentieth century In 1938 Fraink N Wilson and lus associates
devised the umpolar electrocardiogram The umpolar method of
recording electnicnl 1ctivity 1 the heart was used first for ex
perimental purposes but like Einthovens galvanometer eventu
ally gravatated into the field of clmical medicine Todny the con
ventional chinieal electrocardiograim conssts of twelve leads (the
three bipolar extremity leads the three umpolar extrermty leads
and the usual six umpolar chest leads) compnsing the so called
scalar electrocardiogram Recent mvestigators have devised sev
eral orthogonal lead systems as a basis for true vectorcardiog
raphy (rather than the present populwr empiric vectoreardio
graphic technics) by the use of lnbonious painstaking model ex
permments wnd by the lead vector concept the lead field concept
and other related theories This attempt to record the clectricnl
activity of the heart on a scientific rather than empine basis 1s
for the prescnt time at the experimental level but it may also
some day gravitate into the field of chnical medicine

ELECTRICAL ACTIVITY OF THE HEART

The heart has the inate abihity to contract Each contraction
1s preceded by evaitation waves of electrical activity It 1s possible
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to be completely separated from 1ts normal environ
:;nt?fx:;at: contuue ls be.\{ forp an indefimte period The frogs
heart for example, may be completely ssolated and will contintue
to beat Willam Haney as eardy as 1628 demonstrated d\\;
phenomenon by cutting an nsohk;d heart mto' sm;\ll bl:s n}n!
noting that each portion to beat P y He
observed moreover that the auncular portions beat more fre-
quently than the sentmeular elements Reith and Flack 1n 1907
suspected that the cardiac pacemaker was contaied 1 a collec
tion of spemalized muscle tissue Jocated m the nght auncle It
was Sir Thomas Lewrs who directed attention more particulasly
to the smoauncular node and 1o a better understandmng of the
spread of the excitation wave which precedes every beat of the
heart It 15 now known that the electnc impulse i the normal
heart ongmates 1w the snoauncular node situated 1 the nght
atnum and travels through both auncles in wavelike fashion to
reach the auneuloventncular node winch 1s another group of
specialized muscle tissue located m or near the membranous
portion of the 1oterventricular septum and in the inferor wall of
the nght atnum near the tneuspid sale Here a delay i the
transtission normally occurs until the ventnicles are filled with
blood The exautation wave then passes to the bundle of flis pro-
ceeding along 1ts maun nght and left branches to the Putkinje
system, The night bundle runs along the 1nterventncular septum
almost to the apex of the nght ventnde before 1t branches sig
mificantly ramufyimg to all regions of the nght ventricle The left
‘bundle crosses to the left side of the septum and almost smmech
ately diades mto two groups of fhers The anterter group of
fibers spreads supenorly and the posterior group spreads in
fenorly toward the dphragmatic free wall of the left ventscle
{1g 1) Actnvation of the ventrcular musculature takes place

smutially 1 the septum and subsequently 1n the free walls of both
tentncles

For many years 1t has been assumed that ventneular actna
twn spreads 1 2 radial fashion from the endocardial toward the
epicardial surfaces of these chambers and interpretation of the
QRS complexes has been based ta 2 considerable degree on this
premise Recently Pnnzmetal Durer Sod Pallares and others
have suggested that the subendocardial layers are excited v
rapidly wath no obvious tendency toward radial outw ard spr:ﬁ






CHAPTER 1
INTRODUCTION

HE chincal study of the electrical current accomMpanying
(he Treart s contraction was made possible m 190 by Fin
thosen of Leyden through the perfection of an instrument suf
ficiently sensitive and quick to follow the small ripidly \’lr)\ng,
potentials produced by the heart It tad been known stnce 1845
that the contraction of the heart was accompamed by the pro
duction of electniaty In 1887 Waller demanstrated that a cur
rent could be led off from the surface of the body and recorded
1f only a proper contact were made between the wires from the
galanometer and any two areas of the body including the heart
betneen them At that ume however the medical world was not
prepared to consider serously so complicated 1 diagnostic ap
phance Even the physiologist had difficulty in making use of thus
knouledge for the only mstrument available was the capillary
electrometer wluch owing to us eyt was unable 1o record
with accuracy the quickly varying potentials of the heart beat
Finthoven s string galvanometer was first deseribed 1n 1903 and
m 1906 and 1908 he published the results of hus first chinienl
studtes The climical use of the electrocardiograph soon became
general in the large chinies abroad and the first instruments were
installed 1 thus country between 1910 and 1913
The record of the string galsanometer consists of a seres of
deflecuons or waves (Fig 1) produced photograplucally by the
up and down movement of the shadow of the string of the nstru
ment When the panent 1s connected with the mstrument the
shadow of the string can be seen to mote rapudly 1n response 1o
the current from the heart whichas passing through the patient s
body the wires and the stung wsclf These moy ements are pho
wgraphed by drawing a stnip of film or bromsde paper belund a
shit through which the light from the gahvanometer passes and
with the sinng shadow falhing across it (Fags 1 anq 93) The pro
1
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Some leads were favoribly sitnated to record the hieart s current
some Jeads were unfasorably siyated It therefore hecame neces
sary to adopt standard teads 1n order to frahitate the comparison
of records from different patients Leads from the evremiies
e been unisersally used for chinical work md hne been found
satisfactory because of the ease of appiving clectrodes 10 the
extremities and because the heart occupied & relatinely simule
position between the extremities m thifferent wdisduats Ondy
three of the s, possible combunations of the evtremities were
used as follons

Riht avm—left arm called Lead 1
Raght arm~elt leg called Lead 2
Leit arm—left leg calied Lead 3

Lead 1 1s honzontal 1n relation to the body Lead 2 15 obhique
and Lead $ 15 1n the left lateral postion and 15 more or less ver
ncal This will be clear 1f we consider the relanon of the tno
shoulders and the left lup to each other One must realize that it
1 teatlh from the shoulders and tup that the curvent s led oft
from the trunk. stselt (Fig 2)

In each texd the extrermity nearer to the apex of the heart 15
callea apical winle the other nerer o the bsal region 15 calted
basal The wires from the evtrermuies ave connected to the gal
ranometes o tnt f the apical extremny hecomes positne {+)
m relation to the basal extremsty the veswlung curtent pssing
through the gatsanometer from the ymeal to the basal extremuty
n each fead (dotted Arrons of Fig 2 will graduce an upward
masement of the hine of the recard Tins standard method af
connecting the patent with the galvinometer termimals msures
the waves having the same divection 1 each lead each time the
record of the same indinadua) o5 saken If chse wires e resersed
‘\‘:‘tn;\e]f;r!; 1‘1\(1‘“1)'1’: ::Zlitla$552§e down If the wires are correctly

suged e thete direcuon 1 will
1ndieate 2 change 10 the potentials wathin the heart

PrEcORDIAL LEADS

Duriny recent vears attention s been called 1o the mpor
tance of leads obtamned from the precordium Such Yeads had
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gresstve movement of the photographic film behind the shit con
verts the visible moyvements of the string shadow mito the up and
down waves of the record An upward wave mdicates 1 current

TR i rgr":h
Al
1 1t

lt‘ LR L

- it 41
8| R
" 1
Cby |2 ;
TS il
¢
(Jm 1

Tig 1 The horizontal and vertical rulings
A The honizontal ruling due to the shadow of the millimeter lLines behind
the lens The string 15 at rest and 1ts shadow 1s straight because 1t 15 not now

connected to the patient
8 The string 15 now connected to the patient and shows the movement due to

the electrocardiogram

¢ The rertical hines are now present due to the shadows of the spokes of
the ume marker Each division equals 004 second and between each accentuated
line (due to the wide spoke) the nme ntenal 1s 020 second

in one directon 1 downward wave 1 current n another A
straight Iine mdicates that no current 1s passing for the string
shadow then remans st1ll s the photographic film moves behind
the slit Vertical lines across the record will indicite ume becuse
as the piper moves onward successnve vertical sections of 1t he
behind the shit (I'gs 1 wnd g3)
Tue THREr I EADS FROM THF LNTRIAITIFS
THF Livas LEADS

The fundimenta! fact 1s 15 Waller demonstrated that if two
wires are connected with two 1res of the skin through some
appropriate medium  such as cloth pads wet with s1lt solution
and these wires are connected to the galvnometer the mstru
ment will record 1 current if the two sk arens are both very
near the heart If some distince from 1t these skin areas should
nclude the heart betw een them or the current will be very small
Any parr of reas from which the current 1s led off to the mstru
ment 1s called a lead or dervation Almost exery different lewd
dernved a different vanable electrical current from the same heart
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Some Teads were fnorbly aituated to record the heart s current
<ome leads were unfasorably suated It therefore became ncc:’s“
sary 10 ydopt standard Teads 1n order to fiaintate the compan

of vecords from different pauents Texds from the c\(remmc;
ve been wanersally used for chimaal w orl and hue been [(mrlu
sitsfactory because of the ease of appiung electrodes to the
extremsties and because the heart occupied 1 relinels simdr
position betueen the extremeties in afferent mdnadaals Only
three of the s possble combintions of the extrermties were
used as fallans

Raght arm-—1lelt arm called Lead 1
Rughe arm—Teft leg called Levd 2
1eft arm—Ileft leg called 1ead 3

Lead 1 1s hotzontal 1 relatan to the body Levd 2 15 oblique
and Lead 3 15 1n the left fateral position and 1s more or less ver
ueal This will bie dear 1f we consder the rehnon of the two
shoulders and the left bip to each other One must realize that
1s teally from the shoulders and bip that the current 15 ted off
from the trunk wself (Fig o)

In eich lead the extremity nearer o the apes of the heart i
called apical while the other nearer 10 the bl regron 15 alted
basal The wires from the estremities are connetted 10 1he g
ranomecr so that if the apical extremny becomes positsve (+)
w xehiton to the basal exirernity the tesnttng current passing
tlirau.s the gahanometer from the aprcat to the basal extrenuty
woewh lead (dosted wwrowns of Fig 2) wailt produce an uwpwird
movement of the hine of the recard Thus standard method of
connecung the patient with the gahvnometer termimnls snsures
the wies aving the same direcuon 1n each Yead each tume the
vecord of the sume sndiidnalas 29ken 3 the wires are resersed
::a:\c:;“::(;lt\\:: ::‘\r\neidn\:ss;li :mm 1t the wires are correctly

zed o (herr direction 1t will
wdicate a change m the potentials withun the heart

PRECORDIAL Lgans

Duriag recent vears attention has been called to the impor
e of leads obtaned from 1he precordiam Such feads had
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been recorded previously but their clinical value has only been
demonstrated since 1932 by the work of Wolferth and of Wilson
and therr issociates wnd of many other Inter workers

—— ~—

A e —-—— T

Lig » Nlustrating the reltion of the potential within the heart to the current
obtamed by the tiree lerds The body 15 viened from the antertor aspect Lach
side of the trangle between the right arm ¢he lefe acm and the regon of the
legs (lefi leg) represents one lead

\ cyrrent resulting fromt a potental difference within the heart (arron F)
nould be represented m each lead by excursions of the syme relatine siee as
the protections of this arrow upon the appropritte side of the trnngle The line
of arrowbeads passing through the body from night arm to Jeft irm represents
the flow of current in Lead I 1nd the arcuit 1s completed outside the hody through
the galvanometer as mdicated by the jong dotted arrow between the (wo arms
The flow withie the body 1s indicazed for Lead 2 by the hine of arror heads passine
from night arm to left leg The return flow through the grlvanometer for Lead 2
1s shown by the dotted arrow between the kg and nght arm The flow through
the galianometer for Lead 3 1s andicated by the dotted 1rrow betwcen the ley
and left arm

When one electrode 1s placed upon the precordinm and the
other at some remote pomt such s the back or one of the ex
tremutres the precordinl electrode 1s so much closer to the heart
where the potenual varntions are much greater 1 magnitude
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that the record will be smfluenced almost entirely by \\\c‘“)r‘:t
tentral vnatens of ths electrode The potentinl vanano o
a pant upon the prewrdmm 2re much smller than the p‘nrc
nal vaniations of 1 point upon the heart but they awe suil fine
to ten tumes s great s those that occur at pomts on the extrem
wes These latter potenunls rarely exceed 05 millnoelt lnrl|1)§
QRS group and 02 mitlcokt for the T wve A precordnl Ten '
15 onfy 1 step remoted from 1 direct fexd from the surfxce o
the heart wself and bns been cifled by Wilson a sermdirect
tead Yo such leads the effect of the actisity of the muscle on the
anterior susface of the heart which 1s closest to the electrode will
predominate aver the effects of mare remote portions of the
hieart such a3 the septum ot the postenior wall Decause the
muscle immediuely adjcent o the electvode has the mast i
fluence wpon 3t we shall find that 1 considerable change w the
wurve will result from placing the electrode over different ponts
of the precordmm

Leads commony used mohe the apphication of an elecirade
10 the antenior chiest wall over vanons poruons ef the hewt One
wire 15 attached to 1his electrode and the other to an clectrode
apphed exther to one of the extremities to the postenor chest
wall mesial ta the angle of the left scapula or 16 1 speainl can
netnon which brings the three standird estrematy wires o
gether at a centrl terrmnal of practically zero potential (Chapter
) Because the porentals 1t the site of the remote clectrade are
rebitisely smdl changes 11 1ts posiion have buy hittle mfluence
upon the form of the curve recorded It has therefore been
cilled by some the mdifferent  electrode Its position 1s not
however enuredy a mutees of indsference {Mae 59)

These Yeads m which an 1rea of the precordium nd some
temote area are conntcted o the gahnometer have been called
thest leads or better precordil leads Because of the confusion

y thilerent observers 1 joimnt committee of the

i\‘mvzncm Heart Assocation and the Cardiae Society of Grexn
‘mam and Ireland attempted to stindrdize the usage of these
eatds by recommending the rouune use of one particular pre
cordal lead The commuttee did ot

t mtend o discourage the
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use of other precordinl leads but merely to suggest that thus one
should alnys be nsed It was suggested that tlus precordial lead
be called Lend 1 T (T andicating foot) 1nd that the precordial
electrode be pliced upon the chest wall 1t the extreme outer
border of the cardinc 1pex s determned by palpation or per
cussion wnd the remote o ndifferent  electrode upon the left
Ieg The wires ne to be attrched to these electrodes so that the
wire which was formerly attached to the apicl extrerity of crther
lerd would be attached to the precordial electrode and the wire
from the corresponding basal extrerty would be removed to
the left leg Thus 1f ustug the wires of Lead 2 ehat from the left
leg would be attached to the precordial electiode and that from
the right nem would be attached to the electrode upon the left
feg * Agun umformity of the tachmant of the wires nsures
that the waves shall alwys have the syme duection when the
hemts electricity 1s the syne If the precordinl electrode s more
posttine (4) tha the indiffcrent electrode an upwatd deflection
will result and vice verst

The committee further suggested that the name Lead § R be
used 1f the electrode from this precordil pomt 15 pured with
1 elcctrode on the right arm, Lead 4 L 1f ar as pured with m
electrode on the left nm Lead § B (B mdicaung baek) of 1tas
pured with an elecuode m the left mteiscapulr region nd
Lead 4 T af 1t 1s pured with 1 centra) termmal such 1s descrabed
m Chapter v

A further metsute to msure the umfornuty of precordial elec
trocardiogiams was the recommendation that the precordind
electrode should not exceed 3 cm 1 1ts greatest dimension A
circultr electrode betneen 2 and 3 cm n diymeter ws speaifi
clly recommended The reason for this recommendation 1s that
1t h1s been clumed that @ harger electrode would overhe 1 Iarger
arer of the precordnun 1nd therefore nught 1 certun spectal
errcumstances give nise to 1 curve different from that which
would have been obtamed with « smaller electrode

In view of the fact that many mught thik it desirable to tike

» If the wires of Lead 1 are used the left arm wire 1s to be attached to the
precordial electrode and the right ann wire to the leg elecirode Ti the wires
of Lewd 3 are used the leg wire 15 to be attached to the precordial electrode and
the night arm wure to the leg clectrode
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Jeads from smore than one part of the precordium the Amencan
¢ ogested a ter logy for vecords alitawed with
certun other ;()smons of the precmdn\ electrade s follows
Position 1 1o be i the Tourth mtercosta) spaee 2t the night mar
g of the stermum and 1f the leg 15 used for the mdifferent tlee
trode this Jexd 1s to be ealled CF 1 {chest joot posinon 1) Post
fioh 2 10 be m the fourth mtercostal space 1t the left margm of
the sternum and the lead from this pownt pured suth the Ieft leg
<0 be catted C1 2 Three other positions are designated whnch
lie upon a hne drawn from posiion 2 to the outer border of
the apey beat or to the junction of the mdclwiculyr hine md
the fith mtercostal space of the apex beat cannot be detcrmined
md continued around the left sule of the chiest 2t tins level
Posttean 3 lies . the Icft parasternat Iine Posttion 4 at the mid
claviente fine Posttion 5 at the left antenor 1alhry hine and
Posttron 6 at the lefe midasdiary hne When pured wath the left
leg these teads wwe catled CF 3 CF { (5 and CF 6 If these
postions of the precordial electrade are used i canguuctton
with the central ternunal as described i Chapter 1\ the letter V
(4 mdicating valtage) substituted for ¥ an the numes of the abome
teads will wndicate ths frer 1 they are paind sith the i bt wm
the fetter R should be substisuted for F 1o mdiciie the lexd

It may be noted 1t poswon 4 M1y sometrmes hie just lateral
to the cavdiac apes and in tus case Lead CF 4 and Lead $ 5 wild
be denucal {or CR $and Lead & R) Xt should be emphsyzed
howeer that wih § ead CF ¢ {or CR 1) the point ins reference
to the bony fandmarks of the chest* and with Lead 1 T tg the

posion of the cardhac apex The posttion of these pomnts will e
seen i higure §

A orthodiagrapine study of the situaton of Posions 1 and 2
{ehie fourth smereostal space at the right nd the left sternal hines}

shows that they often he wo tigh to caver 4 portion of the main
T3 13 statement 15 not exact)
t 10 accordance with the yecomnm ndaticn
comm ee but Uis was the sommttees mtention The 2auzt mmmmc‘n:!'mln::r:
st mal 3
placed 1 the fowrth wntercosal § o he b el 1o e

Hfth mrer
e f the chit 3¢ he el of e apes beat at o e o1 SE0Y the

f she apex beat or of the Junction mentioned
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use of other precordi] leids but merely to suggest that this one
should 2lways be used It w1s suggested that thus precordinl lead
be called Lead 4 F (F indicaung foot) and that the precordial
clectrode be pliced upon the chest wall at the extreme outer
border of the cardine apex s determined by palpinon or per
cusston nd the remote or indifferent electrode upon the left
leg The wires 1re to be atiched 1o these electrodes so that the
wire wlhich w1s formerly attached to the apreal extremuty of esther
lead would be attached to the precordial electrode and the wire
from the corresponding basal extremity would be removed to
the left leg Thus if using the wires of Levd 2 thac from the left
leg would be attached to the precordil electrode and that from
the right arm would be attached to the electrode upon the left
leg * Agun umiformity of the attaichment of the wires insures
that the wves shull always have the same direction when the
heirt s electricity 1s the same 1t the precordin] electrede 1s mote
positive () than the mdifferent electrode n upwrd deflection
will result and vice versa

The commuttee further suggested that the name Lead t R be
used 1f the electrode from this precordinl pont 15 pured with
an electrode on the right «rm Lead ! L 1f 1t 15 pured with an
electrode on the left arm Lead 4 B (B aindicating back) of 1t 1s
pured with 1n electrode 1n the left wnterscapular region and
Lead 4 T af 1t 15 pured with 1 centra} ternunal such as described
1 Chapter 1\

A further measure to msure the umformty of precordial clec
trocirdiogrims was the recommendation thit the precordint
electrode should not exceed % cm 1 1ts gretest dimenston A
airculwr electrode between 2 aind 3 cm mn diameter was specifi
cally recommended The reson for this recommendation 1s that
1t hns been clumed that 1 lrger electrode would overlie 2 larger
arex of the precordium 1nd therefore mught 1 certun speci
circumstances give rise to 1 cune different from that which
would have been obtained with 1 smaller elecirode

In view of the fact that many mught thmk 1t desirble to tike

® [f the wares of Lead I are used the left arm wire 1s fo be atrwched to the
precorditl elearode and the nght arm wiee to the leg electrede 1§ the wires
of Lead 3 are used the leg wire 15 to be sttached to the precordial electrode and

the rght arm wire 1o the Jeg electrode
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leads from more than one part of the prcmrdmm the Amencan
commttee suggested a termnology for records obtimed with
rertan otber poswans of the precordial electrode 15 follons
Posttion 1 1o be m the fourth wntercostal sprce 1 the night mar
min of the stermum and 1f the leg 1s used fat the indiffcrent elec
trode thus lead 15 to be calied CF 1 {chest foot posiian 1) Pout
non 2 1o he in the fourth miercastat space at the 1eft margn of
the sternum e the lead from this pomt pured winth the Seft feg
10 be catted CF 2 Three other pasiions arc designited whach
Ve upon 1 hine drann from posiuon 2 to the outer horder of
the apes beat or to the junction of the mudchsenir e i
the ifth itercostal space 1f the apes beat cinmot be determined
and conummed around the left side of the chest 2t this Teve)
Postion 3 ies t the left parasternal ine Posttion 4 1t the ;ud
elavcular lime Posttion 5 at the left anterior waihy line wd
Position 62 the Teft mudaollany hne When pured with the left
leg these feads are called CF 3 CF § ¢F 5 md Cf 6 3§ these
positions of the precordial electrode are nsed m conpnction
with the central terminal as deseribed sn Chapter i the detter V
{1 1mdicating saltige) substituted for F in the names of the 1bore
Teads will mndcate this fact 11 they are parred ssehy the n it wm
tte fetter R should be subsututed for ¥ 10 imndicate the lerd

It may be noted that positson § may sometimes bie just Iteral
to the cardiac apex and 1n this case Lead CF 4 amd Lead 4 T' wsl}
be wdenucal (or (R £ and Lead 4 R) It should be cnphasized
howeser that with Lead CT 4 {or GR 1) the powat s veference
1o the bomy landwarks of the chest® and with Lead 1 F to the
posttion of the cardiac apex The posiuon of these pomnts will be
seenin Figure 3

An onthodiagaphine study of the swuanon of Postons 1 and ?
l;:\ﬁ fourth mtercostal spate 21 the night and the teft sternl hines)
shaws that they ofien bie 100 Tugh 10 cover a portion of the mun

Thu sestement 3 pot
exactly 1 actordaner
comttee. bu. G e (he. commmee s neE Wit (e recommendats s of the

ey sntention Fhe actual vecommen fatacn
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body of the ventricular muscle To 1llustiate this Figure 4 shows
orthodingraphic tricings of stx hearts the numeral 4 ndicating i
each case Positions 1 and 2 1n the fourth mtercostal spice Posi

Iig 3 The site of the precordial electrode Posiions 1 to 3 as indicated by
the Commuttee of the \merican Heart \ssociation are seen at the upper ponts
1 o and 3 as recommendcd by the author at the lower pomnts I 2 and 3
Yosittons 4 5 nd 6 are the same according to both systems of placing the
electrode The outline of the heart 1s indicated as 1f projected orthodiagraphically
upon the antertor chest wall The pomnt ¢ A is posiion 4 as determined by the
Junction of the midcavicular line und the fifth intercostal space The pomnt 4 B
1s the position for the precordial Lead 4 as determined by the locanon of the
apex of the heart It will be vealized that af the heart were not enlarged 4 A4 and
4 B might comade The midclavicular point 15 indicated at MC

tion 1 1s seen to lie over the extreme basal portion of the nght
ventricle or frequently not over the heart at 1ll but over the
nortic rch or completely to the right of the medistnum over
the mrgin of the Jung The are1 of the night ventricle beneath
Position 2 15 the outflow portion of this chimber or the pulmon
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S
ary tonus and 15 W0 ATER which 18 not commonty affected by d’xv"
esse prrucularly not hy coronry antenosclerons The l;un;cl !
& howerer which 18 1 the left stermal e 2t the Jeved of th

—
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Fig { Orhodiagraphic aanet to show the poution of the juncuon of the
fourth and sixth intercostal spaces with the sternum ta relation (o diffesent typey

of ardiac eonfiourat on  The sixth ntercostal sternal junction 18 opposite the
vpper énd of the ens form

upper end of the ensiform Yies over 1 portion of the ventneuhr
myocirdium much more frequently wfected by disese A corre
sponding powt below Posion 1 sn the night starml line will
olten overhie the nght auricde but 1 other cases will overlic 1
portion of the ight 1entricular myocardium as wdicated by the
numeral & on the ngh of the mudiine 1 Figure § Reference
alsa should be made 1o Dressler s determution of the porttons
of the hesrt undestying vanious parts of the precordnl arex His
Musirations also show that the fourth mtercosal spe 15 usually
to0 high ta overlic 1mportant areas of the venwneplar mo
cardiizn
upﬁf’,u;:;g ;{\) :n : :;‘o‘:dulmm the heart jning Figure 4 7 the
3 he fourth Jebe nterspace a the sternat
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Iine (CT 2) nd the lower bemng m the left sternal hine 1t the
level of the upper end of the ensiform In this record T 1s
diphasic (+-) 1n Lead CF 2 but not m the lead fiom oppostte

= --- mmunnlmmmnm‘

f

e

Noiisaies e

Iig 5 Upper hine records from fourth interspace to left of the sternum Lower
lute records from the left sternal border at the lesel of the sixth interspace or
enstform cartilage

A shows differences 1n the height of the wnies of the QRS group and of T
T 15 diphasic (+ —) i Lead CT 2 and Jarge and upward i the Jead from the
left of the ensiform

5 shows marked differences 1n the form of the QRS group in the two posttions
and some difference n the amplitude of

¢ shows differences 1n the form of QRS mn the two positions CF 2 shows a sery
small T wave while from the lesel of che enstform the T warve 1s definitely upright

the ensiform The other 1ecords show differences between the
leads from these two pownts bue these differences are not so sug
gestive of an 1bnormal curse 1s 15 the diphasic T wave

Since the muscle areas of the ventricles lie nemer to the da
phragm 1t 1s suggested that points opposite the enstform n the
right (E 1) and left (E 2) sternal lines should be more useful
than powts as ugh 1s the fourth mtercostal spice and this lower
level has been used mstexd of the fourth interspice 1 obtuntng
the records used 1s illustritions m this volume The designations
EF I, EF 2 and LT 3 may be apphied to the lerds from positions
at the level of the ensiform  the Inst betng below the position of
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CF 3 of the Heart Commuttee The different positions of these
points will be apparentin Figure g \

1t 15 smportant to emphasuze that these orthodiagraphic \f‘vl\C
tngs were made wath the pauent 1n the erect position With : e
pattent recumbent the heart moves upward 1n the chest so that
the various points on the chest wall thereby hecome related to
different parts of the antersor surface of the hert "Tins verveal
displacement of the heart wih recumbeney i accompanted by a
displacement postersorly and probably by a sheht ratauon of the
heatt on 1ts fong axas so that these features contribute 1o the pre
sentation of different patts of the heart beneath any fived point
of the precordium when the patient changes from an upright to
a recumbent posttiont or vice versa This matter has been studied
11 a few cases by Stewart and Bailey who found that there was
usually some change m the waves of the precordia electrocarhio
gram when the patient changed from the recumbent o the sit
tng posuton the most frequent change bewng 4 decrease w the
amplitude of the T wate The amplitude of R also usually de
creased but S although usually varying with posion faled to
show a definite tendency

Expenience has shown that i many piuents more than one
precordsal porat must be used in order 1o obtamn evidences of
myorardral disease Leads from the follow ing points are recom
mended by the author to be taken Towtinely

1 The left sternal hine At the fevel of the ensiform {thus hies

below Posttion 2 of the Heart Association and the lead mw be
called Lead FF 2)

2 A point halbway beteen the first pont ind the next (this
hes below Position 3 of the Heart Assocration and the lead myy
bie called Lead £1 3y

3 Just lateral to the cardiac a

pex {this corresponds 1o 1)
uon of Lead 4 F of the Heart A I o e pos

ssoctation Lead 1
4 The Teft antensor axillars hine at ¢ o

he Tevel of Whe cardane
apex {this corr
‘pc WS 5)c esponds to Passtion 5 of the Heart Assotation
5 1t the heart 15 enlary
ged ta the antenor aalary hine an add,
1l
tional lead should be used from the midaxillary line at the fevel
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Ime (CT 2) and the lower bemg tn the left sternil Imne at the
level of the upper end of the enstform In this record T 15
diphasic (4+—) i Lerd CI 2 but not 1n the lead from oppostte

=

g I

Lend EF 2

Tig 5 Upper hine records from fourth ipterspace to left of the sternum Lower
fine records from the left sternal border at the lesel of the sixth interspace or
ensiform cartilage

A shows differences i the height of the waves of the QRS group and of T
T 1s diphasie {4 —) i Lead CF 2 and large and upward w0 the lexd from the
left of the enstiorm

» shons marked differences 1n the form of the QRS group in the two posinons
and some difference in the amplitude of T

& shows differences in the form of QRS n the two posions CF 2 shous a very
small T wave while from the level of the ensiform the T nave 1s defimtely upright

the enstform The other recoids show diferences between the
Ieads from these two pomnts but these diiferences re not so sug
gestrve of an tbnorml curve 15 is the diphasic T wine

Stnce the muscle areas of the ventricles hie nerer to the din
phrigm 1tis suggested that pamnts opposite the ensiform 1n the
night (E 1) and lefe (L 2) stermal Iines should be more useful
than points as high 1s the fourth mtercostal space and this lower
1evel has been used instead of the fourth mterspice 10 obtumng
the records used 2s illustritions s this 1olume The designations
EF 1 EF 2 and ET 3 m1y be apphed to the leads from positions
at the level of the enstform  the last being below the position of
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taken 1n the erect and recumbent postions the record 1 each
cse being obtaned with the electrode orver the samie point on
the hony thorix

1 sornaceAL LEADS

The use of Jeads from the esophagns his been yesed recently
and severdd clircal studies of normal mdiidnals and of pavents
hase been published Thus far the method hs been too hiutle
used to demonstrate 1ts vifue for climcal mvestgtian 3t s evy
dent howeves that 1t will produce senndsrect curses from the
left auricular muscle and from the bl past of the left ventricle
neither of wluch areas are otherwise natlble to semudirect leads
1t should be capible of demonstrating “bnormility n hese
muscle areas better than leads from the anteror chest wall

It has been shown that when the esophageal electrode lies m
the region of the auricles the aunoiar defiection contuns rapd
ibrattons analogous to the QRS group of the precordsal Jeads
These deflectsons are not present when the esophigeal electrode
1s not over the aunicular muscle Leads from belon the levels 1t
which such aunicular waves are obtuned are probably lewds from
ihe postenior basat poruon of the venincles 1t first ban as the
electrode goes lower it eventually fenves close contact with the

heart as does the precordnl lead from the antenor txllry
ime {Lead CF 5)

TuE NOMENCLATURE OF TRE WAVES

Tigure 6 15 an electracardiographic record taken with the sting
gabanometer by the usual three imb lends The Jeads are not
taken simultaneously as might appear from the tlustrison b
one after another the whole process consumuig from three to
five minutes The series of steps at the left end of exch lexd 1s the
control of the standasdization Fach step 1s dne 10 a difference of
L milinolt of potential applied by the operator i the ctrawe with
the pauient and w1l be seen to measure 10 mm * The position
of \h‘e smng shadew during duastole 15 called the base hne or
zero level and there are groups of waves {deflecuions) pointin
tpward deBectons are meatured fror s

™ top of the hase line 10 th
warve downwatd defient om from o o the b
e & he Lottom of the ase e to the bottom of
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of the cudine pen (this corresponds to Position 6 of the Heart
Association, 1ead Cl 6)

"These wiil cover 1eas ol the myocardium sufficrently remote
from exch other so thrt occrsionally the record from only one or
1o of them will show 1 sigmficint abnounality Tor this revson
the 2uthor recommends that the first four of these ponts should
be routinely used and the fifth pont also m the presence of
mauked cardinc enlirgement

It 15 recommended afso that the mdifferent electiode shall
routinely be plaed upon the left leg bectuse more normal con
trol 1ecords hwve been made by this techmgune nd because st
Iras been shown by Geger to give an abnormal cune more fre
quently than leads usmg the aghe arm In the majonty of cases
if therr position 1s checked orthodingrpically the position of
the electrodc for Leads I'F 2 and I'F 3 will be found to he over duf
ferent portions of the right ventricle Oceastonnlly the posttion
for Lend | T will hie very close to the left border of the hert
usually close 1o the cardine apex bot may be somenhat Iateral
to 1t o1 ove 1t or bath 1bove nd taternl The first two of these
pomnts will ber 1 closer relation to the chambers of the heart
with the varying chest configurttion 1nd heart size encountered
w different pauents than the second ind third positions recom
mended by the Amerrcwm Heart Assoctwton which e detes
mmed by Ihndmuks on the bony thoris alone Depending upon
whether the heart 1s vertical or trmsverse small or Iarge these
Iatter positions mny find quite different parts of the myocwrdium
beneath them m different patients

In women when there 1s i ¢xcesstve umount of brewt tissue
difficulty m1y be expertenced 1n applymg the precordial elec
trode espearlly if the record 15 obtuned with the prtent in the
sittng posttion [t s probbly better to attempt to plice the elee
trode hugh up under the breast so that e comes m the hfth mter
costid space Records tahen with the electrode over the sume part
of the fifth tcrcostl space with the clectrode upon the breast
ue not maternnlly different s 7 rule though the excursions of
all waves are usually somewhat smalier The author has not oly
served as much diflcience between records tiken through and
beneath the breast m the same mdnadunl as between records
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Fach group of waves Tepreserts ane complete cardie contre
ton nd 15 calted an electrocardiogrim The letter phiced oppo
ste the peak of each of these wues Iins been adopted s the
comentiong] name for the nae but 1t 1s not 10 be smphiesd
(hat wves of ke name will 1 ys be due 1o the syme 2ty of
the ewrdiac eycle This 15 nsually the cwe for the peks of the P
wrves 1 the himb fewds and 15 often the case for the perks of T
Bt 1€ 1s nat waal for the peaks of the QRS group to represent
the sune phase thit s the same mstant of crdine wnaty (prae
152} Each heart cycle 1s wshered in by a smnll rounded elevinion
called P This 15 due to the activty of the wncular muscle The
P wise s olloned by a series of wes due to the rctaty of the
<entricuty muscle Fiest there 154 group of shaep ponted upward
and downward deflections called the QRS group If there 15 an
npward deflecion 3t 1s called R of 1 downnard deflection pre
cedes R 1t 15 called Q 1f a downward deficcnon follons R 1t 1s
called § when no R 1s present 1 downward deflection s to he
called QS ¢ At imes there are move than three defiecnons m the
QRS group ot the deflections may not follow the usurl pattern
There may be w upward deflection folloned by 1 downsrd
and then another upnard deflection makmg a sort of M shapcd
complex (Leads CF 2 of Nig ;, s and EF 2 of Fig 5 ¢) Ocar
swonally there are as mny 2s two or three upward nd two or
three downmrd deflections producmg what mght be catled a
sibratory type of QRS group (Lexd 3 of Dig 10) In certun
1bnormal records the largest deflectian of QRS my be down
w1rd in one or more leads Tlus 15 called Q or § according to 1ts
relation to the upsard deflection of the respecine lead or 15 to
be (alled QS 1 there 1s no upnard deflection * Jt 1s not usual to
speak of an wrerted or downward R wave m duscussm, e
clectrocardiograms (See Chapter 1\ for a further discussion of
namenclature )

appenrs 1o rest briefly at or rery close to zero

nd then curves upwasd or downmward from ths point toward the
In order 10 2 o1} confy 10n
1S DeCESSATY 10 poant out th
. 3L provy
|:\\:xc:\|:\‘:|:’l:“n;:”$ K:&::Sme autlor and Q by Wilson :mn]p)m (:;21:;‘::‘
a a comy
o ernoogy and los ocher vesons detaned on pa £ Sy " % 40
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upward ind downw 2d from this base ine The zero level 1s usu
ally honzontl s Lead 1 of Figure 6 though 1t often vares
(wanders) somenhnt either upwud or downwnd dwing the tak

{eatl

Fead 2

Leal 3

]
i
i)

1
i A e
Tig 6 Llectiocardiogram of 1 normal indiidual aken by the three b lead

In 1l tecords the horzontl hines reprosent strength of enrrent one dnvion
=01 mullinolr (00001 volt) The rertrcil Ines represent tme nwts and when
forming 1 system of small squires as m tus record each hme represents 061

second
The serics of steps wclated by arrens a¢ the left end of each Jfead 1s 2 test

of the standardizaton of the mstrument performed by the operator as described
0 the text {page 382

g of the record s 1t does during the lst two heart cycles of
Lead 1 and throughout the whole of Lead 2
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Each group of wes represents one complete cadine comre
won nd 15 catled an electrocavdiogrnt The letter plced "(‘(;"
site the peak of exch of these waves s Heen wopted s the
camenuontt mme for the nave Hut 1t 1s not to be unphed
that waves of 1tk e vame will W He due to the same wcunaty of
the cardiac ovde This 1s usonlly the case for the pets of the P
aaves 1n the 1imb leads wnd 15 often the ¢se for the perksof T
Hut 1t 15 not usut for the perks of the QRS group ta yepresent
the same phase thit1s the sume mstant of cardine actiaty (pge
2) Each heart cycie 1s nshered m by 1 small vounded elesaton
aalled P This 18 due to the ety of the wncuhr muscle The
P ware 1s followed by 1 series of wnes due 1o the 1wty of the
ventncuiar mastle Farst there 15 a group of sharp possted upward
and downward deflernons cbled the QRS group U there ts an
upnard deflection 1t 15 taffed R af 1 downward deflection pre
cedes R 1 1s cifled @ 1f 1 downward deflection follows R at s
alled 5 when no R 1s present 1 downwird deflection 1s to b
called QS * At times there are more thn thiee deflectians in the
QRS group or the deflections may not follow the nsinl pattern
There viay be an wpward deflecuion followed by 1 downwrd
and then another uphird deflection making 1 sort of M st
comples, (Leads CF 2 of Fig , 8 and EF 2 of Fig 5 ¢) Oecn
stonally there ave as many 6 two or thiee upnard md two or
three downuard deflections producng what mught be edled
vibratory fype of QRS group (Lead 3 of Fig 10) In eennun
1bnormnt records the favgest deflecton of QRS sy be down
wrd 1 one or more leads Thys 1s catled Q or Saccording to 1ts
relfation to the upw ard deflection of the respectane lead or 1 1o
e called Q5 1f there 15 no upnard defiection * 1t 15 wot usul to
sperd of an merted or downward R wase m dtscussing Qimeat
elearocndiograms (See Chapter i\ for 2 further discusaon of
nomendature )

Following the QRS group the movements become slower The
linte of the record appe us to rest brsefly at or tery clase 1o sevo

wd then curves npuard or downw ard from this potnt tosard the
I order 0 avoud vonfy on 1

10 10
e bay 0 at out that {revioust
Yo o e "“ﬁ“ml sn‘(c‘d ‘:\: athos and Q by W tson and iy a&l.;‘::'
= compromme 1o &y

g serminology and for other seavony detaied o ;’;:‘5}“ nson of 2 ¢

¢ (s necessary
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pek of the finl deflection called T The curve which forms this
il hmb of T usually 15 concve tawrd the base Iine so that
1t 15 concve erther upward or downward depending upon
whether the perh of T 1s directed upward or downward The
peak of T 1s followed by a return of the record toward the bise
line This portion of T 1s of shorter duratron than the 1mtial
himb of T and because of this the peak of T lies toward the It
ter pare of the wve 1nd the finl himb m1y 1t tmes be 2lmost 1
strught Iine 1t first though ending with 1 slow curving fusion
with the horizontal A broad low wave called U 1s usunlly ob
served following T Tt 1s possibly due to the antbolic actnvaty of
the heart but 1ts cause 1s not definitely understood After the U
wne or if U s not present after the end of T the hne of the
record remuns at zero during the diastole of the heart unul the
next P wave

Though P ind T are usually upward deflections s just de
scribed this 1s not 1lways the case In certan normnal records 1nd
especially in abnormal records ether or both of these waves may
be so small 15 to be 1lmost indiscermible i one lead 1 which
case the wave 15 sud to be of low amphitude or 1soelectric for
example the T wase of Lead 3 Figure 58 p If P or T are found
to be turned downwird they 1re often spoken of s bemng
verted or s a downward P or T wave Occastonally these waves
m1y show both 2 downward 1nd m upwird perk and such 1 wire
1s called a diphasic P or T wave (T s diphasic in Lead 3 of Tig
46 A to F) If 1 diphisic wave has tes el deflection down
ward 1nd 1ts fin1l deflection upward 1t m1y be descibed 1s d
phastc —4  1f 1ts 1mtial deflection 15 upward nd ats final de
flection 1s downward 1t miy be described 1s  diphasic +—
These variations may be normal or ibnormal 2s will be de
scribed Inter If 1t 1s desired to spetk of 1 wave m ¢ certun lead
this may be accomplished by plicng the number of the lead after
the name of the w1se so thit Py means the P wue of Lewd )} R
the R wive of Lead 2, 1nd so on

‘THE AMIIITUDF OF THE DEFLECTIONS AND Ti

Vor tace oF THE WAk
In order that the amphtude of the deflections of different
records may be compartble 1t 15 necessiry Lo standardize the gal
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\anometer so that the deflection resutung from 1 stwdard cur
rent shall be of a standard size The techmaque of the standardien
\on 15 described 1n detail in Chapter N Tt wilt suffice the clunan
10 know that i every properly viken record a deflection of the
string shadow for 1 cistance of 1 cm means that theye Tras heen
a change of 1 msllnolt of potennal 1 the grlvmemeter czant
Currents of different strengths are reprcscmvd by deflections pro
portiontely larger or smaller Records should mchude 1 each
lead a control curve of the standardization for by an mspection
of this both the exactness of the snstrument and the technique of
the operator can be determmned (Chapter 3) At umes the deflee
tions of the precordial leads wilk be so Jarge that 1t will be neces
sy to reduce the standardization Jn such records the standard
rzanion cune should be recorded youunely and it s suggested
that one half of the normal standardization alsays should be
wed thatas 95 om deflection = | natinok
Wath the leads from the estremdies we must consider sep
arately the amphitude of ihe deflections of each of the three dhsef
pans of the record the P warve the QRS group and the T wne
One of the three leads yay be unfavorably siuated for vecording
ane of these parts of the etectracardiogram and sts deflecion will
be small 1n that one fexd The other two leads howerer will
show larger deflections grng a sausfactory ndication of the
true vilue of the patental of this partion of the vecord for
example n Figure 11 ¢ compare the T wave of Lerd 3 with that
m Leads 1 and 2 Owing to the toangular arrangement of the
three leads about the heart only one lead can be uttfavorable for
any one of the three parts of the zlcc(mmr(lmg\'am m A ghen
pavent (Chapter 1)
e o e ot e st f o
gram will usuatly be found fargest
monc lead not so large w the other tao At umes the excursions
'::Z:;CS‘:‘];;:“:\:JYS 01: two lc:;ds while the other fead wall show
with the P yave of PW‘" perhiaps none at all This ss the case
gure 11 A the T wave of Figure 11 ¢ and
[:lc QRS group of Figure 13 ¢ and «t The se of 1he Yarpest ¢x
ursion recorded m any one of the three leads 1s the best indicy
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tion of the voltage within the heart giving rise to that portion of
the electrocardiogrim *

The voltage withm the heart 1s always short arcuited m 1ts
Pssige to the extremities and m tlus exch of the three puts of
the recotd P QRS and T will be affected equally Certun things
neu the heut such 1s volummous lungs penicirdinl flud and
possibly pericardnl fat have e especrally marked effect i re
duang the voltage and therefore the amplitude of the deflcctions
m the three leads from the extremuties The precordial leads
however are not subject to short crrcutting m the same way s
the lends from the extremutics and therefore their deflections
m1y be of normnl size (xmplitude) 1t umes when the voltage m
the limb leads m1y be quite small as shown by low amplitude m
all three leads It will be seen that the term voltage 1s used hele
1s only to be applied to the lcads from the extremities

That waves which 1c due to n 1dentcal potential within the
hent may hwe deffcrent amplitude 1 the three imb leads 1s
due to the fact that the direction of the potentnl witlun the
hent producmg the waves has 2 different relation to the direc
tion of each lend A lead whose direction 1s approxamately pa
allel to the direction of the potential will give 1 good representa
uon of the voltige 1 reltvely Iarge mmplicude of the wie
This 1s the frvorible lead for that potentinl A lend whose direc
ttont 1s approximtely 1t right angles to the direction of the po
tent1nl wathmn the beart will gnve but 1 small amphitude of the
wave no matter hon Iarge the potentinl This may be called an
unfruorble lead for that potenual One lead may be fivorable
for one part of the electrocardiogrim and not for the other puts
Thus m Figure 11 A Lead 3 15 unfuorible for P but fvorible
for QRS wnd for T while in 116 Lead 315 unfuorable for QRS
and for T but favorable for P In TNgure 16 Lexd 3 1s favorble
for QRS but unfrvorble for P and for T

The reader will realize that the amphitude of 1 wnve in 1ts larg
est lead 1s a better indication of the potentinl developed during
that prrt of the heart cycle than the height of this wave in 1ts less
fuvorable leads Low rmplitude or flat wives i one lead may he

*The sollage as here defined corresponds roughly to + hat Finthoven has
called the manifest value or Fm (page 110)
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saken 10 mdicite n mtermediate poson between A upward
and a downnard defiecuon m st lexd Thus distnction n the
1imb lerds between the fow wmplitude of Twwe m one ld and
fow voltage of that wne 15 determimed by the three lewds 15 ¢
very important ane Lo vollage wies are mrunfested by low
amphitude 1n all leads wd mdicate 1 duninsshed production of
electnoty within the heart or a geatly wcreased short-airctuting
of the heart s current before 1t veaches the extremiues

That a wave my have 1 different direction m one of more
Jimb Yeads 1s due 10 the fact that the turrent produang W mty
flow toward the apical extrermuty of one lexd wnd toward the
bl extremuty of wother lead so that i the first cise wm up
ward deflection results and 1 the sccond case 1 downward de
flecuon for example the T wave of Figure 11 A 15 upnard
Lewd 1 and 1 ead 2 and downward m Lend §

Astittrupe oF DEFLYCTIoNs 3 PurcorpiaL 1 rans

The size of the deficctions 1n the precordnd leads 1s not related
(6 the size of the same wave 1n Jeads from the extremities Being
e for the most part to the potentials produced by the poron
ol the hewt lytng uamediately beneath the precordual electrode
these deflections are larger than the 1oltage of the lewds fram the
extremtues and vary mdependently of 1t

DEFLECTIONS NoT DUE TO TUE HFART

Two ruher common cwses of distortion of the record must be
menuoned in order to point out that they re ndependent of
the action of the heart One 15 seen s 2 fne ubrnon of the lux
of the recard m Figove 29 5 and m Lead 1 of Tigures 23 4 md
8 & This at umes may be $0 marked s (o obscure the waves of
the elertrocardiogram Tt 1s due to the tome actnuy of the volun
tary muscles of the exremanes thou_fi not to acturl movement
of the umb I the atm or feg 15 held suffly as with 4 pavsent wh .
ts 1pprehensive or 1f the body or the hmb 15 cold and the sf l\(.‘()
ng reflex evolked these vibrations will be very noticeabile lS‘l .
factory records of patients with tremor or wih cho, e
very difficult to ot ¢ claren my be
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The other type of distortion lrexdy noted 1 Figure 6 1s scen
also mn Iigure 43 B It consists of an upward or downuward dnift
ing movement of the bise line of the record Thus slow drifung
movement 3s due to the reflex visomotor effect upon the shin
vessels of a varymng mental stite The shin change causes 2
change an the electric potential of the Iimb mn some way
which 1s not understood, and this causes the windering move
ment of the bise lne With 1 nervous patient, this movement
m1y be more rapid and mny be 2lmost continuous crusing the
base Iine to move continually over 1 ringe of 5 to 10 mm or
more, and thus make 1t very difficult to standirdize the nstru
ment before t1king the record

Sources oF Lrror 1N TEGHNIQUE

At the begmming of the record of eich lead mn Figure G 15 the
control of stindardizaton The base line of the record 1s sud
denly deflected upward or downward for ten scile dnisions
which 1n the original record are each 1 mm This 1s done by the
operator who turns mn or out 1 potential of 1 mllivolt (0001
volt) 1n the electric crcut contaimng the patent and the gat
vanrometer The resultng deflcction should be exactly 1 em
should be completed 12 0 02 second or less and should not show
any overshoounyg of the string before finding its new level (For
2 discussion of osvershooung see Chapter <) If these requue
ments are not complied with by the control 1t indicttes an error
m techmque which will result mn the record bewng n inexact
pictare of the electrocardiogrim of the patient It 1s 1 less scrious
error i technique if the deflection of the control should ful 1o
be 1 cm than of the deflecion should take longer thn 002 sec
ond or 1f there should be overshooting (page 387) The first em
cwsily be corrected by 1dding to or subtricung from the height
of the wave 1n the record the percentage error i the control
for example 1f the control deflection 1s only 8 mm 1nstend of
10 mm then each deflection n the record should be 25 per cent
Jarger thn 1t 1s A slow deflection nme or the presence of over
shooting 1n the deflection will result n a distortion of the record
for which 1t 15 very difficult to mrke proper correction
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Py S10LOGICAL ORIGIN OF THE TVAVES

Fhe cardiac muscle produces this compheated series of wues
with exch heart beat because 1t s of complex structure and
amulated to conteact sn 2 complicited fastuon To understand
these waves nd their variaons we must understmd the
romcal structure of the heart and puucuhrl) the mechanism re
sponsible for distnbuting the stmulus that imtates the conttie
uon of the muscle fibers

The auncles contrict 1m responsc to 1 simulus that 1 formad
1n the sino aunicutar node Tins 15 abont 3 em 1 Tength and bies
10 the wall of the nght aunicle just below and mn front of the en
trance of the supensor vena et (Fag 7) The sumulus sprewhs
radally from thus node throughout the auncular muscle moh
1ng the two chambers 1n tontraction atmost synchronously Ar
nung at the auncaloventnenlar node a1 the base of the mnter
auncular septum the contraction produces wn effect upon the
node which stwis an ampulse long the unculoventneuly
bundie (bundle of His) tow~rd the ventucles Tt s possible that
the fibers of the bundle of 1315 may also contract bt they do not
produce a potential wlich 15 demonstrable 1 the chinteal elee
trotardiogram

Coursing afong the top of the mtenentnadhr septum  the
bundle of Hiss dinvades sending one branch down into either ven
tncle The one to the right side runs 1n the wall of the septum
tonard the septal papiliary muscle of this ventnicle comes ta the
surface of the endocardium below this and branching widely
breaks up mto a fine network over the nner surface of the vin
tricle A yather Jarge branch pisses to the mtenor prplig
;nusdc The left branch of the bundle enters the left ventricle
e b e o o

side of the septum where 1
18 usually visble promptly divides mto tso mamn branches Ope

of these passes toward the bse of ea
ch of the ppill
of the left vemnele sending off ma; s on e ks

ny branches on the wa
;\h\ch spread and breal up m1o 4 network grer the winer suz
ace of the veatucle The ramifications of the subendocardial
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brinches m each ventricle penetrate the ventricular wall seem
ng to follow the mun muscle bundles and eventually to make
contict with the muscle fascicult These terminal rumifications

g 7 A diagrammatic view of the hetrt from behind and somenlt helow
The superior yen1 cava (SFC) and the mferior ven1 cvva (11 C) 1ue scen enterin
the rnight tunicle The mouths of the pulmontry verns (I I') are seen enterng
the left auricle The sino quricular node 15 indrcated (5 1V)

The ventricies are represented s if cut open from behind 50 s to show the
auriculoventnicular node (4 7 V) and the aurculoventricular bundle (17 8)
of His and 1ts branchings in the night and left ventricles I Br left bruch
R Br nght branch The pentration of the ranuticitions infe the walls of the
ventricles 1s not indicated

have been demonstrated within one or two mullimeters of the
pericrrdrl surfce of the ventrsculir myocrdim

The spreading of the contraction m the uricles 1s compire
tively slow nd wwelike and gives rise to the P wwve By the
time that P has returned to the base Iine the contriction has
spread to intolve the entire nuriculir muscle Auricular relxa
tion 15 not completed however until from 030 to 0 10 second
after P has begun 7s 1s indicated by the ending of the shight
downward deflection following P secn m Figures 52 A nd 5 This
deflection following P has been called the auricular T wue Tt
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1s responsible for the difference beineen the fevet of l‘l\t b:es;
line of the tecord prectding P ~nd that of the mtersal betw
the ending of I 1md the begnmning of the QRS group The xcrlml
fanon of the mnenlar T wave ouly visible when the conduc
won ume 15 srhedly proloned ot when Aunsculoventriculr
ok 18 present. for coming as it does during, the upstroke of the
T ware 1ts endimg usually 1s obscured

The delay m the pissage of the unpulse from auricles o ven
cricles seems 1o occur at the aunculoventricular node The ts
sues of the aunculoventriculir bundle and sts smifications
aither ventricle conduct the 1mpulse very rapdly 1o the muscle
fibers of the o ventricles The finer brnches of these rumifica
trons are bnown as Purkinje ussue and pass into the vemnentar
wall following the musde bundles for n wnknown distance be
fore makng comtatt with the fibers As has been sud the course
of the Purkinge fibers has been triced 1 within one of two mith
meters of the pericwrdint surface of the ventricles The subpun
cardal tayers of the muscle are the last 1o be snvolved 1n the con
traction and thase fhers near the base of the lele sentricle are
the last of these The whole ventriculyr muscle thus enters 1o
contractton sery rapudly considerin,, 1ts swe because 1t s stuny
lated almost simultaneouddy 2t so many widdy separited ants
by means of this comphicated mechanism

Winle the contraction 1s spreading thronghout the entrius
lar muscle the QRS group s nscnibed When the spreading has
imohed all of the ventricular fibers the QRS group 15 com
pleted The ume 1ken for the spresding of the contraction
throughout the ventricles 15 wbaut the sune as was needed for

the wavelihe spreading throughout the much smtler auncnlar
wass Dusng s ume the electrial

production 1s ronunually
MACVING NS S8y

e3ae potennal and sis sumunated dsrection
within the heart and these varations

e rt
changsng size and dircction of the pﬁaLf of \{\Ze(zllzsmgiogl:‘tu)
Wiuth the whole of the ventnicular miuscle contrcnng :ulld th
quick deflections of the QRS gaup completed 1he hnne of llm
record rests briefly ac or very elose ta zera Ths wdicates a N
proximute electrical balanee at he jmncunn between QRS“:n}:)
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T, and mrks the begtnming of the T wve The T wave dey elops
slowly during the ventricular contiction reaches its peak nd
then returns more quickly to the bise Iine endmg just before

il

/1

“/Lq/ 1y N

, { M-
Ad N

o ‘

Tig 8 Simultancous records of the clectrocirdiogram (F) the heart sounds (5)
and the pressure changes within the night qunicle (4) and the left ventncle (1)
These are represented within the sime system of time Itnes as 1f obtuned from
the same heart beat each hine representing 001 second

Note that the 1 wave of the electrocardio,rim begms before the rise of pressure
within the auricle and QRS group before the nise of pressure v athin the ventricle
and shghtly before the beginning of the first heart sound The end of T slightly
precedes the second hetre sound and the sharp drop of intraventriculir pressure

the time of occurence of the sccond heart sound (g 8)
which time the ventricular contraction has ended

A detuled explnation of the causes of electrical production
during the cardie cycle 1s not yet possible though miny hy
potheses have been advocated nd abandoned In the hght of
present Anowledge however we seem n 2 position to explun
many of the underlymg electrophysiologel phenoment and
these e discussed 1 Chapter v

Tigure 8 has been constructed to indicrte the time relations of
the wves of the electrocardiogiam to other physiological ctivi
ties of the heart It shows within the same system of ume lines
the electrocirdrogram a record of the heart sounds 2s 1f tiken
stmultaneously by means of 1 microphone and a sccond galsa
nometer, a curse of the pressure varitions within the right 1u
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nde and a curie of the pressure Vamanions withnn the left ven
tricle The cunves of tus dnram hue been properly placed
within the time lines by reference to such synchronously taiken
records as could be found in current phystologienl luerture 1t
must be remembered that the ~uncles and ventrictes do not con
tract and relic as a single umt first the two auricles contract
more or less smmitaneously and then after a shght pase the
o rentncles Fren within these myot umits certun fibers rc
cenve the sumulus {the exestinon) before others and these hegin
their contractian hefare the athers Thus relatnely gradual onset
of the contraction of the muscle of different parts of the wall of
the cudiac chambers cwses the nise of pressure within to g
shghtly behind the change m electrical potentsal which 1s the
first evidence of muscle actiaty It 1s for this reason that the P
wave begins before the mse of pressure within the auncles and
the QRS group before the nse of intraventricular pressure Fur
thermore the beginning of the fall of pressure within the cavity
does nat mdcate the ending of the muscular activats but only a
predominance of the relaxing muscle fibers over those that hue
not set relaxed The electrical cunve therefore continues as the
descending hmb of T aiter the pressure begns to fall
The P wave of the electrocardiogram must be referred to the
hegmning of the acusity of the rauscle ibers of the walls of both
auricles since these chambers contract almost simultaneonsly
The P ware begins before the nise of pressure wittun the aunide
and 1s completed befare the auncular contraction has reached s
end The QRS group produced by the beguaning of actinny of
the muscle fibers in both ventricles begns before the r1se of
traventricalar pressure and before the first heart sound The
marked difference between the form of the P wnve and of the
E\Pe\sccg:szs;:ntgf:;?em upon the different manner m winch
us 15 distrabuted to the muscle of the auys
cles and of the ventncles
The T wave reaches s kull deselopment during the ise of

e
| tz?\enmm‘ar pressute 115 peak approximately comading with
the tughest pont of the pressure curve It .

falls when the pr
essure
t\[l)ne 1shfallmg but more abruptly and reaches the hasep hine at
abou!
t the time of the shatp drop of muraventricular pressure
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that goes with closure of the wortic vives The second heart
sound begins with or just after the end of the T wnve as it
reaches the base line From 1ts posttion m the heart cycle the T
wve 1s obviously related to the full devclopment of the ventricu
Inr contraction and to the begmmng and ending of ventnculr
1elxaton

MrASURIMENT OF WAVES

The leight of 1 wave should be measured from the zero level
of the record erther upward or downward accordmng to the
direction of the wave When metsuring upwrd we should start
from the top of the shadow of the string and measure to the top
of the deflection when mersuring downward we should start
fiom the bhottom of the shadow of the string 1nd mersure to
the lowest pomt of the defiection In mersuring the duration of
1 wanve 1t 1s well to find one which lewves the base Imme syn
chronously with one of the ime Imes We may then count the
number of time lines which occur before the deflectton returns
agun to the zero level The wave should he mesured n all
three lends nd the lexd giving the Iargest mensurement of 1ts
duration should be accepted for sometimes erther the beginmng
or the end of 1 wave m1y be unfworibly recorded m one or
two of the leads so that its full durttion does not apperr Figure
g tlustrates this procedure digrimmaucally It wil be noted
that the Q nd S wves are not measured from the lower cdge
of the base ne but from the lower edge of the string shadow 1t
the end of the P R mterval Iihewise the R wave 15 mewsured
from the upper cdge of the string shadow 1t the same pomnt
This 15 done because the P R 1nterval shows 1 steady deflection
of the bise Ime due to the aurrculir T wave upon which are
supermposed the potenuals producing the QRS group  The
difference resulting from the use of the bise line or the PR
level to mensure the height of these wves 1s usually only a shight
one so that ordinanly 1t can be disregnded and the buse line
of the record can be uscd This 15 espeally so if the wane to be
measured 1s 1 hrge one The smaller the deflection of Q or R or
S the greater the importance of using 1 correct pomt from which
to measure these waves
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n measurng the gurnon of 2 w wh begmuin, OF
I yring h 3] 1ne whose beginnti,
ending 15 gradual as 15 common with th Al T wues 1S
di grad \l com n with the P nd

ometimes difficult to decide at winch poines the measurements
5
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F~ & The technique of measurement of the height of the wates and of ther
@raton The brackets belot the fioure i hicte the duratkn of 3 R QRS
and of the whole cnmncubar comples QRS T 1 R equat 010 swaond QRS
expials 010 econd QRS T equals 037 second The verucal rackets ind cae the
measurement of the ey bt of the wates 1 equal {9 mm O cquals 2 mm R
et 159 mm T equals 76 mun

¢ wall be noted that the bos b of P R and T s mensused wps and frem the
top of the base Line the height of @ and § s measured downward from the 1 R

level 10 R were a small defleruon it 1 ould Bate been necessary lo measure 1
from the PR level also | ec sexy)

shall be made Careful wnspecion preferibly with mn,mifica
uon should be used ta determine evactly where the sinng
shadow makes 1ts first departure Trom the basc line This can
only be done exactly when there are no arufacts deforming the
base lme It cinnot 1 many cases be decrded upan within less
than 001 second bur except 1n the duration of QRS 1t 15 not
wsunl for dhfferences of such magnitude ta be of importance 1f
they become so st 15 advisable (o measute several heace cycles
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that goes with closure of the nortic valves The second hexrt
sound begins with or just after the end of the T wave ns 1t
reaches the base ine T'rom ats position i the heart cycle the T
wve 1s obstously reluted to the full deselopment of the ventricu
Ir contriction and to the begmming and cnding of ventricular
relrvation

MLASUREMFAT oF WAVES

The height of 1 wave should be mesured from the zero level
of the record erther upward or downward according to the
directton of the wive When measuring upnard we should start
from the top of the shadow of the sting ind mersure to the top
of the deflection when mesuring downward we should start
from the bottom of the shidow of the string nd mesuie to
the Towest point of the deflection In measurig the duration of
2 wave 1t 15 well to find one which Jeawves the base hine syn
chronously with one of the tune Imes We may then count the
number of ttime Iimes which occur before the deflection returns
agun to the zero level The wue should be meismed m all
three leads mnd the Jead gnang the Jargest measurement of 1ts
duration should be accepted for sometimes erther the beginning
or the end of 1 ware my be unfuorbly recorded 1 one o
two of the leads so that 1ts full duration does not 1\pperr igure
q tlustiates this procedure dugrummancally It will be noted
that the Q nd S waves e not mewsuted from the lower edge
of the base ine but from the lower edge of the string shdow 1t
the end of the P R mtenval Iihewtse the R wave ts measured
from the upper edge af the string shidow e the sune pomt
This 1s done becwuse the P R interval shows 1 steady deftection
of the bisc hine due to the wricular T wne upon which ue
superimposed the potentinls producang the QRS group The
diffcrence resultng from the use of the bise line or the PR
level to measure the height of these waves 1s usually only 1 shght
one so that ordinrtly 1t can be disregarded and the base Iine
of the record can be used This 15 especially so 1f the wave to be
mesured 15 1 Iuge one The smuler the deflection of Q o1 R or
S the greater the importance of using 1 correct pomt from which
to measure these waves
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dicate the pots at which the beginung nd ending of P QRS
and T are to be measured and the respectine mesNILmENs are
mdicated belon Records taken t the standard spred should be
afforded a stmslar treatment wnd s fis been stated preferabily
nith magmficiizon by 2 hrmd lens

FAAMINATION OF THE RECORD

When exanunmg an electrocardiogriplic record the follow
g features of each wave should be noted 10 each lewd

1 The direction of the deflection

2 The height

3 The durition as measured by its straddle on the se hine

4 The form (sharp rounded peaked diphsic notched eic)

n addiron there should be noted m the leads from the ex
Temmes

> The height of the wse 1 the Tead pang the Targest e
curston {voltage)

1 will be helpful for the reader 1o turn 3t thus ime to the
section on How to Read an Flectrocyrdio mpine Record (page
249y Althouch a few terms may be encountered which are not
set fambiar s section will grve an aden of the procedure 1o
be used when mspecting the Mustratons which vl fallow
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and select those mesurements which are longest from the cycles
hving the most definite transition from the base hne to the
wave

T}
1

Ha

g 1o Ahote are Leads 1 2 and § at the standrrd film speed of 20 mm per
second Below are the same leads taken with the camera film moving at 100 mm
per second Note the notching of R 1 and R 2 and the vibratory QRS 3 The
arrows 1n the records at 100 mm pont to the beginmng and ending of the 1
wave the begimning and ending of QRS and the end of T

In Lead 1 the duration of I =008 second PR =012 seccand QRS=010
second QT =030 second

In Lead 2 the durauon of I =012 second PR=01L, second QRS=010
second Q T = 0 3t second

In Lead 3 the duration of P=011 second PR=014 sccond QRS=010

second Q T =0 34 second

Frgure 10 shows 1n electroctrdrogrim tiken at a speed of 100
mm per second which 1s four tumes the normal The arrows 1n
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CIHAPTER U
THE NORMAL ELECTROCARDIOGRAM

HE electrocardiograms  obtuned from  different normal
hearts vary grently from one another 1nd yet <ny of these
records my be called 1 normal electrocardiogram In order to
define the normnl electrocardiogrim 1t 1s necess1ry then to de
scribe the varations found m the different parts of the record 1s
obtamed from many normnal hearts
It 15 dufficult to give an exact description of the fetures of the
normal electrocudiogrim beciuse there are often no exact hmits
to the varintions of the normnl but only 1 zone of gridual transt
tion between normal and abnormil One cin only say that cer
tun features 1re usual 1n records from normal heuts that others
are rare occurrences others very rare nd still others have never
been observed When very rire findings re considered we are
alw1ys enutled to doubt that the heart 1s really 1 normal one
perhaps some unsuspected otherwise lidden diserse my hwe
given rise to the features in question To s1y that the electro
cardrogram 1s normal n the presence of rare features must 1ln1ys
mmolve 1 certun clement of doubt so that m atempt s been
made whenever sufficiently detuled studies are 1sulable to
dicate the degree of probability that 1 given feature 1s normal
There are surprisingly few swsfictory detatled studies of rec
ords from supposcdly normal hearts but the following state
ments e bised upon such 15 1re v ulible wd upon such speertl
studies of disewsed hetrts 15 may gne mformation nbout the
normal electrocardiogrim  Two noteworthy contributions e
Shupley and Hallaran s study of 100 normal males wnd 100 nor
ml females and Barnes study of 50 normal males and 50 nor
mal females References to therr findings will be frequent
The differences between the mnalogous portions of the eight
different records of Figure 11 are typical of thosc that appear
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CHAPTER 11
THE NORMAL CLECTROCARDIOGRAM

HI' clectrocurdiograms obtatned from different normnl
hearts vary greatly from one nother nd yet wny of these

records m1y be called 1 normal clectrocardiogrim In order to
define the norm1l electiocardiogrun 1t 1s necessary then to de
scribe the varntions found 1n the different parts of the record s
obtained from many normal hearts

It 1s dufficult to give an exact description of the featwes of the
norml clectrocrrdiogram becanse there re often no exct hts
to the yuntions of the normatl but only 1 zone of gradual trs:
ton between norml and abnotnl One can only sy that cet
tun features are usual mn records from normal hents that others
are rire occurrences others very rire and stll others hve never
been obsersed When vety rare findings are considered we are
always enutled to doubt that the heart 15 reatly 2 normnl one
perhaps some unsuspected otherwise hdden disease mry hwe
given rise to the features in question To say that the electro
cudiogrim is norml m the prescnce of rare fextures must 1lw 1ys
molie a certun element of doubt so that an attempt has been
mnde whencver sufficiently detuled studies are nvulable to
dicate the degree of probability that @ gnven featare 15 normal
There re surprisingly few sausfictory dernied studies of vec
ords from supposedly normal heuts but the followng state
ments re based upon such 2s are 1 ulble d upon such speent
studies of disewsed hearts s may ginve mformation zbout the
nowmal electrocardiogrun Two noteworthy contibutrons are
Shupley wd Hallraa s study of 100 normal males and 100 nor
mal femnles wnd Barnes study of 50 normal males ind 50 not
mnl femmiles Relerences to therr findings will be frequent

The differences between the nalogous portions of the cight
different records of Figure 11 e typical of those that appear

32
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Jiomts Ths Inonledge his been acenmulated slowly becuse olf
the difficulty of being cermn that a ghen heart 18 surely nnrml\ll
sull by evpenence m correlating the r:lecuoc‘ﬂd\ngr;m ::m;
the symptoms 1nd physicat ugns m 2 targe number of no !
and abnormal individuals considenng also thewr cliucl prog
vess and a certam amount of autopsy material 1t s hecome
possible to make fairly defimte stuements as1o the thanaensties
of the wares of 1 normal electrocardiogrim When wwes are
found which do not agree with these stindards we can predict

that the contricion which produces them 15 1 some w1y ab
normal

Toe Noruat T Wave

The normal P wave 1s a rounded elevaion whose height lies
betneen 07 mm and 25 mm an the lead wineh gives us largesy
excursion In the great myjority of records 90 per cent tecordeng
to Stupley and Hallarin the largest P will be n 1ead 2 In the
remanwg, 10 per cent they faund the hr est excursion divsced
ahont equally between Leads 1 and % Sawmettues Lend U or
Lewd 1 oy show avery small excursion o even none 1t il 2s
recards A and £ of Figure 11 In such vecords the other two leads
will have an equal hesght Differences m the voltage of P
normal hesrts probably depend m pars upon the postion and
sie of the auricles 1nd thesr rehwon 1o the surroundimg orgms
and wn pass upon vanations in the physinfogical condsuion of the
wnolar myecredinm

In about a third of alt records from normal bearss the P wase
shons a notehing or doubhing of 1s peak 1s 1 records A and 1
of Fyyme 1 This aswally appears n 1 eads 2 and 3 bue 2t tmes
ondy wm Lead 2 1n Lead 1 1t is tess commnn but 1s stitl 1 normal
fmding A diphasic P wase {4 — or — 4) hwng both an up-
:::ﬁ angd du;m\\ard deftection apperrs nat wifrequently an Lead

» recotds from normal hearts (1 per cent weording to Ashman

wd Hully bt very rarely m Lead 2 and not italln [ead 1
Notchimg of P shoald not he considered to mdicate wariculy
Wnormalin A studs by 1enss and Gider of 1 group of 22 youn
men from whom possible abinarmal nduiduils were mr;s;’ mrcg
fully excluded showed notching of P 1 one or more Jead

s 17
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m records from different normal hearts They depend upon
shght individual differences in the manner in which the contric
tion involves the muscle fibers of the quricles and ventricles The
differences between different P waves and different QRS groups
depend m part upon differences 1n the relative size and posttion
of the muscle masses of various parts of the 2uricles or ventricles
and m part upon the positron of the hewut i the chest The
varntions of P are probably less influenced by differences in the
pth of the contriction wive because of the diffuse radial spread
ing of the contraiction through the auriculir muscle from the
sinus node The varnuons of the QRS group probably depend
for the most pirt upon differences 1n the path of the contraction
wve m the venmricles due to shight mdividual vanations 1 the
termintl ramificatons of the nunculoventriculwr and Purkmje
systems ‘The varnanons of T 1n the three leads 1re due to varm
tions m the regression of the electrical rcuvity during the Inter
pliases of ventricular systole and early dirstole

The height of the wives may vary n the same pauent from
time to time as the phystological condition of the myocardium
vartes but it 1s impossible to attribute shght differences in the
height of waves which my be observed m records from different
prtients to differences 1 the physiological condition of the
muscle This ts because 1 different pattents the actanl electricity
produced wrthin the heart does not bear 1 constant relation to
the 1mount obtuned by leading from the extremities The nvul
able paths for shart arrciiing the current before 1t reaches the
extremities must vary greatly m different pattents and this will
affect the amount of current reaching the extremities from which
the lexds wre dernved There 15 2lso the question of sarmtions m
the electrical resstance of the ussues 1hout which we know but
Iittle The degree to which the margin of the lung 1s interposed
between the hert wnd the anterior chest wall 1s certunly of con
siderable mmportince 1s cm be readily scen by comparing the
electrocardiogram of the saune mdivadurl tiken during nsprra
tion mnd durmg expirition (Ttg 18) During expirition the volt
age will be found Irger

Since the normnal yvariations 1re so numerous and so marked
1t 1s necessry for the cliniun to appreciate very clearly therr
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hin,
ally found so with rapid heart vates nr{d i ciﬁ::!l:r:\ :\\:‘z‘(d l,i
h of the path of the con
mcreasing the Teng] § o bl that
sime nd at s 1lso cone
expected to Jengihen ths
1 ?m\ ered functional condion (depresston of conductnity)
mght prolong 1t
}u! thpe P wave 1¢ norml w all these respects—its height ats
duection m the three leads ats form and us duration—we L-:ml
conclude that the aurienlwr contracnen has passed 1m a normal
far muscie
way through a normal auncul
In cluldren the duration of P vanes from 001 to 008 secand
the arerage duration betng 0 06 second It 1s always upnght m
Lead 1 nd varely wnerted wm Lend 3 (4 per cent) ot diphasic
{2 per cemy “The volrage of P hs not bees detersmned but the
matmum value recorded was found o be 27 for P fignres over
2 mm bews tare The low hmit of vanation has not been

studsed except for the wmplitude of mdinidunl leads Notching
of Pcand P was occasionally obsenved

Tue PR Lever
THE ACRICULAR T W AvF

From the end of the P wave untd the beginning of the QRS
group the lne of the record rests near 2ero but rarely siays
drectly upon 1t m all three jeads Tlus deflection 15 due to 1
part of the aunicular contraction process 1nd since 1t 1s the aunc
ulw malogue of the T wase of the ventrrcular complex 1t has
been called the auricular T nave It represents the summation
af the T eficets of the auncular fibers Tt 1 usually opposue 1o
? i divection and comes o an end during the QRS group or
shortly thereatter at a time when the voltage of T 1 begmng
(o develop Shipley and Hallorn found dus deflection 1 ene
or more Jeads 1 92 per cent of thewr vecords and sn Lead 2m
90 per cent Tts amplitude did ot enceed 08 mm 1 their series
In the author s normist serses s deflection nas downward in
all three leads 1n 12 records and downward m o leads in 12
T ey o e e e 0 0
level not over 001 mm There ng’M" e o e 2670

present no dimieal sigmifi
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records P was notched seventeen tumes Py ten times wd Py
twice This agrees with the findings m v smaller group of normal
college students who were exunmed by the uthor In this group
of 26 students P w1s notched 1n one or more leads nine times
P_ was notched seven times Pj seven tumes and Py four tumes
Ashmm nd Hull hue reported notchmg m 32 per cent of P
waves i their sertes of 100 normnl mdivaduals Shipley wed Hal
I 1n 30 per cent of their series It scems that notching must
be accepted s one of the norm+l fertures of the P wave

The cause of notching of P 1s not known but 1t may be sug
gested s 2 hypothesis that the normnl P wave 35 composed of
two overlipping electricnl effects one of which 1s due to exch
auricle In the muority of mstances these perks fall <o close to
one 1nother that no notching occurs Occstonally the pah of
the contraction 1 one qwricle from the simus node to the up of
the ppendix o1 the base of the wiricle may be longer than usual
so that the potentil of that ssde will be shightly delyed moreach
g 1ts height Thus the petks of the two electrical effects might
net comcarde s closely as usul and 1 notching of P would re
sult This hypothesis will help to understind some of the ab
normil sarntions of P and will be mentioped further when they
are discussed

Duration of ' The durition of the P wive the width of us
stinddle mensured on the base Iine 15 usually 0 08 second though
often 1s much s 0 10 sccond In 10 of the 1uthor s senes of 26
normal students 1t was found to be between 0 08 and 0 10 second
In one case the durition wis 0 06 second Shipley wnd Halloran
found the duration of P to be 012 second m 3 of thetr records
from 200 normal mdivduais wnd 0 11 second m 13 records All
the others were between 0 08 second and 0 10 second  Ashmn
and Hull found the durition greater than 010 sccond 1 only
onc of 100 records from norntal mdsaduals nd an this record
1t was 0 11 second It seems doubtful 1f 1 durttion of 0 12 second
should be considered normal The duranon of the P wave m_.
dieates the tume necessary for the contriction to spread over the
whole of the aurtculr muscle ind so must be rechoned from
the lerd m which 1t 1s longest—usually Lerd 2 We do not know
the factors which make this time unusually short but 1t 1s gener
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te the P R mtenal but the measurement from another ead
should be used

The R intenal vanes with the heart rate beng shorter
with more rapid rites and longer nath slower ones It also tends
10 be shorter n cluldren than w adults Tt myy be s short as
012 second ox s long s 020 second without bein, considered
Abmormal unless 1t should be found to be at or near this maxs
wum 10 a duld or i an adult with a heart rate of 90 or over
In the e of 186> supposedly normal young men
Ferguson and O Connell found the P R interval longer than 020
second 1n 23 records longer than 021 second m 21 records
longer than 0 22 second sn 9 records Shipley and Hallaran dud
not find any case with P R Jonger than 019 second  Ashman wnd
Hull found but one case with P R as long as 0 20 second and none
loager but they have emphasized the rehtion of hers rate w0
P R duration and the fict that 1 durition of 018 second with 1
rate above 100 1s fully as significant as a durttton of 0 21 second
with a rate below 55 per minute The normal varuons m the
A conducuon tune are dependent upon the functional con
dstion of the conducung system  short conduction time hewns,
dependent upon ¢oad funchional condition g low grade of
vagus acovaty while prolonged eonduction m1y be due to a

poor phyniolopcal condinon of the bundle tissues or excessne
actinity of the vagus

In cluldren the P K mitersal measures from 910 to 0 16 sec
ond the merage bemng 8 13 second

T QRS Grour

The QRS group 1s subject to an wfintte number of sananions

because each of the three betks can vary i hewg
i\ hetght more or fess
independently of the others When examin

ny this group o

waves In the himb levds we must observe ° g o

1 The relamve b

eight and direction of th
e fargest

echi of the three leads Bk e

9

2 The presence and charaeter of nor
wales

chung or sharring of the

3 Fhe beght of
s ght of the largest deflection 1n any lead (voltage of
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cnce teiched to this deflection though st 1s occasiomlly found
mn bnormal cases to be 1s much 25 25 mm It 15 ustlly Inrge
when the P wave 1s Iuge In the heart block records of Figures
5t b and 52 A 1t cn be seen that the descending lunb of P ends
shightly below the zero level and the downward deflection re
mns for from 02¢ to 028 second so 1f thus represents the
usunl durtion of this deflection the time from the beginning of
P to the ending of the rriculir P wave would be from 031 to
0 38 sccond

THe P R InTFRVAL

The mterval between the begmmmng of the P wune wnd the
beginning of the QRS group seives a5 1 mesure of the time
tiken by the contriction productng mmpulse m passing friom the
sinus node to the venincles It measures the qurculoventnculr
conduction time 1nd 1s called the PR mterval m spite of the
fact that 1t 1s mesured to the beginmng of the QRS group nre
spective of whether Q R or § 15 the first deflection of the group
This interval s 1 Tigure 10 15 not usnally of the stme length
m 1l three lends of the same record because one lead my be
unfrvorible for recording the beginmng of the P wave or of the
QRS group (Chapter 1\) Since the mterval 1s an ndex of the
auriculoventriculir conduction tume 1t 1s obvious that the long
¢st PR mtersal which appears i 1y of the leads will afford
the most correct measurement thus 1s found i Lexd 2 m 75 per
cent of normnal records

In followng this procedute occastonal records will be found
m which the P R intertal 1s longer by 001 or 002 second thin
1t would otherwise hive been bectuse of the mchusion n this
mterval of an nutal soclectrie portion ol QRS This would hne
occurred m the mesurement of P R m Lead I of Tigure g1 It
would rarely be of climeal unportance but ocewiomily m m
crease of 002 second produced n this way mght be enough to
malke the P R 1terval longer than normnl This stturtion may
be suspected mn chineal records if one lead shows 1 shorter QRS
duration mnd 1 longer PR nterval than the others In such
records ths long P R mesurement should not be tiken to indi
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wrcutae by pertrophy (Chapter 1) Tn normrt he;m ‘: ‘:ZE\TIC\:\)Z
combine m produang these \anttons of QRS and Y
one sometrmes another M1y be of predommant sRpAs
these factoys are (3} "The normal \anagons the slmcm{c
and distrsbugion of the termmil whonzanons of the aurcuto
\entucubr bundie widun the twa ventncles (2) the position
of the heart within the thoray whether ransierse ot veruedl
(3) the velation of the weight of the muscle msses of the nght
and Jeft ventricles
Probably chie mast fuportant cause of vaniuons sh the QRS
groups of normal hearts 15 the sanpble distibuton of the ter
muwal athorizations of the Purkinje system wathun the sentracles
Suth vanatons would Tesult 1n the stimblns aTFINZ AL Viniaus
parts of the 1entricular muscle 1n 1 shghtly different order i dit
ferent hearts s that the resufung production of electrical poten
als would be different
Changes 10 the position of the heast upon the daphrignt re
sult 10 gross varntions in the direcion of the long asis of the
heare as well a5 i 2 rotaan of the hewt waund 1ts long 1as
In the rransierse heart the roruon effect results 1 the antenzor
mtenventuculat groove g further from the left barder of
the heart so that the left vemnce 15 more sble antensorly 1
seen i Figure 19 In the serucal heart the groove hes newrer
ta the left cardiac bosder 5o that the lefs sentnicie 1s only shghthy
or not at all vinble on the hearts antertor surface s seen m
Figure 20 Each of these posinons of the heart 15 pt 1o be asso-
aated with a speaal relation of the size of the peaks of QRS
m the three leads Thys s especrally so with the normal hert
less so with hearts shich have a preponderant hyperrophy of
ewlier ventnicle The effect of a transverse postiian of the heart
L i e e e e
even of Figure 17 4 :mo the 13pe of i ¢ and i of Figure 11 ar
g 7 v e obtained 1t pormal hearts The effect
of a verucal possion of the heart—the socilled drop hert —
B e b e v
romally Tecords like Figt re 16 4 are
seenan normnl hears

It does not seem probable that the rclative mass of the vo
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4 The dmntion of the QRS group 1s measured by 1ts width
on the base line

In a1l three leads of the usual normal record there will be
upnard perk ealled R (Fig 1) It may be relanedy smal m
Lead 1 or Lead 3 but 1t usually reaches 1 height in Lexd 2 not
exceeded i ny other I'rom such 1 serses of records 1s Tgure 11
we ¢ sec that 1s the height of R, dimmuishes in relawon to R
50 does the relitive height of Ry merense If one will follow the
serics of records ¥ b ¢ B A 1t will be seen thit R 1s plunly
Itrger than Ry mt record £ while 1 record A these have become
more nearly equal in size nd Ry 1s relatively small Likewtse m
theseriesc p E r 6 asthe height of Ry decrenses i relation to R
the reltive height of Ry wncreases Ry and Rs re seen to be re
aprocil and m this we ¢ discern the mfluence of Finthoven s
11w of the Jeads winch is discussed i Chapter 1\

Excursion Lead 1 + Excurston Lead 3 = Excursion Lead 2

The varntions of the waves Q nd § bewr 1 certun r1eluon
to the relatnve heights of Ry and Re Curves with relitively small
R: tend to huve 1 deeper §; than do curves with lwrge Ry wmd
to have §; small or absent Q 1s usually largest m Lead 3 in such
curves and 1bsent i Lead 1 Conversely, those curves with reln
uvely smill Ry tend to show the $ wave better developed m
Lead 3 than 2 Lead 1 while Q 15 better developed in Lexd 1
than m Lead 3 These things will be apprent 1f the Q wd S
waves of records & B 1nd ¢ are compared with the same naves
of recordse F ¢ mdy

When R bis aelatisely small excurston m Iead 3 1o 1s com
mon for the QRS group in that lead to hwe only smnll excur
siotis so that 1t 1s racher 1 vibratory comples as w1 records ¢ 1d
1t Such vibratory complenes are rire in Lead 1 even when the
vihue of R an that lead 1s reliuvely small When found  they
are not to be considered 1s normal There 1s constderable clmeal
nterest 1 this division of the normal curves o three general
groups 1s mdicated (1) those with relatnvely smll Ry and Jarge
Rs (2) those with R; md Ry about equd and (3) those wih
relatively smll Ry and Inrge Ry The reltnve height of R, md
R. will be seen lter to bve 1 bearmg on the diagnosis of ven
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wilt not be exceeded more thn once m one hundred nd once
m one thousind olseriations \esurements of thus sort x;n}
form a bhasis for the determination of normal and bnormai fea
tures of the clecirocardiognm It seems thata finding wiuch may
be expected 1 less than 1 per cent of norm1l elec(rmrdlogrlam‘s
shauld be regarded as probably abnormal and that one which
may be espected 1 Jess than O 1 per cent of normal electrocardio-
grams should be regarded as almost certainfy abnormal

Large @ 1t has been suggested elsewhere by the ambor that
1f the @ wave in Lead 3 exceeded 2o per cent of the Trgest peak
of QRS found 1 any of the lunb lexds such 2 Q wane wasto be
conudered abnormatly large It was emphasized that the dawn
ward deflection must be followed by an R i order to be called
Q and must not e preceded by anv upward deflection It was
also indacated that a Q; of such salue would he considered noymal
1 the presence of tight avis deviation of QRS (see page 1379

Occasionatly records obtuned from normal hearts wilt show
1Q wane m Tead 3 larger than the himuy just stted Becwst
such recerds ate more frequently found in heants which e ¢hs
eased 1t 15 important to call attention ta the possbuluty that 2
large Qy my occasionally be a normal finding Shipley and Hal
faran found four such records sn thewr series all 1n males a fre
quency of Z per cent Three of these records showed an mverted
Ts and the fourth a diphasic Ts Other observers bave not found
2 Yarge Q, 50 frequentls n normal ndisiduals The author
found onts o such records sn a collection of 277 nonmat per
sanis {rom varieus satrces and Edeken and Wolferth found
only one in records fram 826 normal college students The calen
lated 1nadence of an abnormally large Qs 1n the ! 303 normal
young adults of these two seres 1s approxumately 050 per cent
Most absersers who hate noted this condition 1n norma! heares
lmel found that s appears most frequently though not excly
S{:::“yd :: :mh\ duals with 1 broad 1ype of chest 1t has also been

per cent of records from the heatts of notmal women

during pregnancy and his disappeared from the record of these

s1me women after delssery It 15 not uncommon 1n the electra-
rardsograms of normal wnfants e youn
=

children fr normal
Dearts 1t appears to be due 1o 2 displacement of the apex upward
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tenticles his much mfluence upon the QRS group m 1 hert
of normn si7e but 1f so 1t would probably be alogous to that
found with ventriculwr hypertiophy (Chapter 1)

Wilson has observed that in all of the standard Iimb leads and
m precordinl leads as well lirge Q wves tend to be assoctated
with lirge R waves and lrge S waves with smll R waes so
that the reverse association Iarge Q with small R and Iuge S
with Irrge R should be viewed with suspicton s possibly bemg
abnorml He has also obtuned from 1 sertes of electrocrrdio
grams of 10f normal men betwcen the ages of 20 1nd 30 mers
urements of the height of the different wxves which are shoun
m Table I Tlus table which 1s condensed from the orgiml
2lso shows 1 figure for the mamum value of these wives which

Taste 1
MEASUREMENTS OF 104 NORMAL ELECTROCARDIOGRAMS
STANDARD 1 o1
Mean DeviaTiON M Max Per Cent | PER CENT
mm mm mm mm

P, 0 50 021 [ 12 112 142
P, 115 0 40 03 25 225 273
P, 077 039 02 18 181 209
Q Q 36 Q 45 [ 20 175 246
Q. 0 58 0 59 0 25 236 325
Q. 0 61 0 66 0 30 2 64 369
R, 573 274 15 19 4 14 20 18 53
R 90 39 40 23 6 22 28 26 43
R: 799 4 41 10 200 19 54 24 17
S¢ 178 127 0 60 529 6 B)
Sz 183 152 [} 80 6 42 872
8y 139 167 0 130 6 55 219

492
Ty 205 097 -05 55 0 44 6 31

6 47
T, 299 137 0 80 010] 7 81

{ 43t
Tx 122 122 -20 55 1134/ 5 5i

Th 5 table @ves the mean the taniard dewviation and the max mum and min mum measure
ment of the naves fthe lect ocar hiograms of 104 normal men between 20 and 30 years ofar  In
aiditun to this the la t two columns give the measurement wh ch the mathematical probabit t es
tnd ate w Il ot be excee! d mose often than once 1n 100 ¢ e (1 pe cent) o once m 1000 1 mes
(0 1 per cent) The measurements are ¢ pr sed sn tenths of 8 mullvolt which in the ordinary electro
cardingram equals 1 mm

The two figures oppos te the T deflection tn the ne 1 to last column gve two values of the anable
which may be expected to be equallv ra ¢ the first greater than the m an and the econd te s than
the mean So that figures less than the second figire would be as rare as those greater th n the first
(Ruson P N Trans Asso Life Ins Med D rectors of Amer 1937)
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possibly accompamed by 3 counterdlocknise Totition of the
heart about its long axis N

fossmann has studied the Q wnem yecords from 178 noymal
young people nd has found the mamum normat values of £
mm mLead ] 25 mm mled? md 3 mm mied s The
maximum norma} Q expressed 18 1 percemage of the hghest
QRS peak m the paruculir fend m which 1t ocowrred was 16
per cent for 1 20 per cent for Q@ 2 and 25 per cent for Q 3
“These maxims ate only to be apphed 1o Tecords W w fuch there
1s ot an R wave of 19 mm or mnore and onty 10 Lewls 2 wd 3
when shere 15 not nght aus devntion. He found differences be
ween records obtamed an the suung wd m the yecumbont
postions but even 50 the bove lmns hold good for ewther post
ton With the patient m the stung posion Qa was wnlfected
by deep inspiration 1n 40 per cent of the cuses exprrtion w
areased the size of (3 1 50 per cent and decreased 1t w 1@ per
cent He did not find A single Q 3 grevter than 25 per cent of the
largest peak of QRS wn the lmb leads

One occasionally encounters records 1o «hich 1t s dafficult 1o
decide whether or not the downward deflection of the QRS ¢ roup
should be called Q Tlus doubt arises under three circumstnces
(1} When as 1n Fagure 12 4 the Q wave is preceded by an upuard
deflection which as 1t mcreases and decrewses with the respic
tory sanations n the posttion of the heart 1s somenimes present
and sometimes abscnt In those compleves which show tus smadl
upsard deflecion the complex 1s of the M type and the down
ward deflection should not be called Q wherens 1 those where
there 15 no ! upward deflection it 15 quite properly so
called This condition must be recogmzed 15 a borderlne one
and must be decided arbirartly 1f the downward wate 15 not
usuatly preceded by an upward defiecnon that s 1f Q 15 mare
frequent than the M complex the record may be considered
e et v e 2 e prece of Q
by 1 small upnard deflectn , 13 e M v 15 tsually preceded

on 1f the M compiex 15 more frequent

then the record should be consdered as

having the u
sl sig
nificance attached to the presence of an 3§ complex -

() The sespiratory vavsation of the wanes of Letd 3 may
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Iy t» Records to illustrate sseuntions encountered in the naming of the Q wane
These records are all by Lead 3 but complexes similir to some of these aie
accastonally encountered wr Lead U and 1n precordial leuls

A The first cycle shows 1 Q followed by a notched R After this the complexes
are of the M type with a very small mmtal upnard deflection Ra and 2 larger
secondry upward dcflection Rb In such a record att downward deflcctrons shoutd
be stilaily named n this case

6 tllustrates sarattons i the size of Q The mo smallest Q waves were less
than 25 per cent of the highest R of this patient s clectracardiogram  bat beewse
large @ wases were more frequent the record should be considered to show ths
feature The record also shows varrauions i the height of R this peak ey,
scarcely noticerble  the second cyele

¢ A downward deflecion S preceded by a tiny and mconstint upnard de
flection R The cycles with an R are more frequent so the downward wave is
called S instead of QS

» and E illustrate QRS groups without an R wave esther belore or after the
downnard deflecuon These downward wayes are called QS

[aal
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possibly accompanted by a counterclochwise rotation of the
heart about 1ts long s
hossmann has scudied the Q@ wave n vecards from 178 norminl
young people and has found the mrumum normal vilues of 2
mm m Lead 1 25 mm m Lead 2 wd 3 mn Lead 3 The
mramum normal Q espressed as 1 percentige of the Inghest
QRS peal. in the paruculir Jead m wluch it occurred wis 1%
per cent for @ 1 20 per cent for Q 2 and 24 per cent for Q 3
These manima are only to be 1pplhied to records 1 which thest
55 not an R wave of 19 mm or more and only to T exds 2 nd 3
when there 15 not night awis desion He found differences be
tween records obtmned 1n the sitting nd m the vecnmbent
posttions but even so the above limits hold good for esther poss
tion Wath the proent 1 the sting poswion Qs wis unifected
by deep msprraton 1 0 per cent of the cases expiration m
creased the size of Qg 1n 0 per cent and decreased 1t i 10 per
cent He did not find a stngle Q 3 greater than 2o per cent of the
fargest peal. of QRS in the himb leads
One occasionally encounters records in which n s difficult o
dectde whether or not the downward deflection of the QRS group
should be called Q Thus donbr amses under three nivcumstinces
(1) When as in Figure 12 A the Q wane 1s preceded by n upward
deflection which s 1t ncreases md decrerses with the respirt
tary vanations tn the position of the heart 15 sometimes present
and sometimes 1bsent In those complexes which show this sim)
upuard deflection the complex 15 of the \[ type 1ud the donn
\;\ard deflection should not be calied @ whereas m those where
lmle)‘:d 1sT \;.:‘ mmdnt upward x:eﬂcmcn 115 quite properly so
o s becg: ‘(;“:1“ nlmst xcl vc]c;x,;;med as a borderline one
usually prt(‘ede(?be a:'l:“\r\“:d" Jef) e ard ave 1 ot
frequent than the’M cmr:x l:v (:\ ronon it is 1 Q s more
s having the usual si,fi ; et oo be considercd
t4 Sficance tiached to the presence of 6]

n the particntar tase 3§ honever the wave 1 usinlly preceded
b 1 small upward deflection of the N complex 15 more frequent
then the yecord should be considered as having the \15\2\

ificance attached 1o the presence of an M cum;le\ S’{,

() The sesprratory sananion of the waves of Lead 8 may



46 THE ELECTROCARDIOGRAM

result 1n 1 record showing Q waves of varyng herght sometimes
smaller 1nd sometimes lrger than 25 per cent of the mmamum
deflection of the QRS group s mn Figure 12 8 A change m the
posttion of the pattent by changing the position of the draphragm
15 2lso cipable of chinging the size of Q-+ It seems better to con
sider that 1 lrge Q5 15 present whcn clic magorsey of the Q wives
of the record reach the required size rther than to attempt to
dectde upon ny other grounds A deep wmnspiration m such
patent will usually dimunsh the size of Q. but the fact that 1t
does 50 15 not surprising 1n view of our knnowledge of the changes
m the positton of the heart with wmsprration nor should dimimu
tion or disapperince of Q on 1nsprration have any bearing upon
whether or not the Q wave i question 1s to be considered nor
m or abnormnl

(3) When the QRS groups show no upwird deflection the
sole deflection bemng 2 downuard one * the author believes that
1t as better at present to cll this deflection QS rather than Q
or § as has been previously recommended The revsons for this
are fully discussed m Chapter v to wiuch the reder is referred

Notclung and slurning of the QRS group Notchmng s the
appearince ol two minor peaks pointmg m the syme direction
without the mntervening oppositely directed pex crossing the
zero level It 1s due to n actnal donble chinge in the direction
of the motion of the string shadow It 1s seen 1n Ry of records
p r and H of Ligure 11 and 1 Figure 10 Leads 1 and 2 Shurnng
15 1 thickening or broidening of a poruon of the hne producing
QRS and 1s due to 1 transieat retwdatton of the movement of
the string It occurs normally (1) 1t the pexk of the Q@ R or S
waves as 2 R_ of Figure 11 A md B (2) when the trinsition to
or from the zero level 1s gradudl racher than abrupt as 1 the
descending himb of Rs 1n records 4 and ¢ nd 1n the wscendimg,
limb of Ry 1n record & (3) when the total amplitude of a perk 1s
small as S of all three leads of Tigure 11 3 1 Q, o T1gure 11 A and
Q, of Tigure 11 11 The peak of R of Figure 10 shons m unusual
degree of slurrimy

Notching of the R wave 1s especnilly prone to occur in Leawd 3
when R 15 reluvely small i this lead and Ry s wbout equnil 1o

# Such records ar¢ not cbtained from normal hearts
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R (Figs wEwd w) The QRS of Tead 8 mn these rec:ﬂ\‘s 5“
often composed of a sertes of sanll vibritions s n record i SO
e 1t 1 difficdt or nmpossible to nme the individunl pe \k“
Suck a QRS group My be spoken af as s ratory or sphmcred
Notehing or sturrmg of QRS 15 occasiontity seen w I end 1 when
the excursions 1re rehinely small m thus lewd wd R wnd Rs
abemt equal 1n size but 3115 ¥IVE 10 se€ anything hike the vibrt
tory or splntered we groups which are so common Teadd
1f they are found m Tead 1 the record cannot be considered =
normal one

IF the process which cuises notchung 1s less an degree and oc
curs durmg the upward or downward himb of 2 large wne atis
as though the notch were stretched out and 1t may be chnged to
 sturning or thickening of a section of one hmb of R or § as
1A Lead 3 of Figure 11 & Thes has the same significance as notch
wy It fos a different sort of ongin from the shucring so {re
quently seen as the R ot S waves leave or approach the base Ine

When notching occuts at the peal of 2 wnve 1 results i 2
broademng or thackening of the pek as 1 Lead 2 of Fiure 10
which somenmes may amount to a true nowh as m Figure 11 F
Tewt 3 The normal thickening of the hine as 1t changes direction
at the peak of I or S must be disunguished as different from such
votching or shurring

Notching or sturring of the wases of the QRS group cn be
considered a normal phenomenon when 1t 15 found 1 the begn
ming or end of the group or if 1 the course of ene of the perks
1t appears in only one lead and that Jead one with a refatnely
smill excursion of QRS When notching or shurring 1s found
two leads 1t can be considered normat ouly when tt occurs At the
e e SRS g v o

aueser observed notehing or star
On esien ng a nommal senes of 48 persans 52

2 Tecorded by Lews <
e guttor W owas found 1hat 1 hereas T was wraad doy n»‘fard ‘:n‘ ;‘«“ ‘icmx:{:

W seem evident that shateser feat
are of the nox
& ot o, of QRS @ Lead 3 tends abo to proda
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1ng remote from the base hne m both Leads 2 and $ m three of
their 200 supposed normls The ranty of this occurrence 1s snch
thit 1 1ecord showing 1t must 4t least be viewed with suspscion
It 15 probably not normal to find notching near the petk of R m
1 lead of reltnvely Iarge excursion

Notching md slurring are such evident features of abnormal
electrocudiogruns thit 1t 1s necessary to rexlize that they my
sometimes be 1 normal feature Ther basis m the changg
potentsial produced durmg yentricular contrictson 1s discussed m
Clapter 1v nd qlso what thus m1y men when refened to muscle
function

The voltage of QRS 1t has been stated that the voltage of 1
wnie 1s 1pproumately mewsured by the size of the deflecton m
the lexd givng this wave ats Jrgest value In Frgie 11 then
the voltage of the QRS group would be best shown by R 1 4l
recards but i e m this vecord by both Ry and R In this figure
the vilue for QRS varses {rom 17 mm o 8 mm 1 different
records

In Iewis sertes of 52 normal students the ywntions m the
height of the Ingest wive of QRS were from 5 5 nun to 165 mm
with 1 averige of 11 mm In my own normal series the haight
varred from 8 mm to 285 mm  but these were college studetits
and engaged m 1 certun rmount of competitnne athleties winle
Ieuts series were medict} students nho presumably were older
2nd not so much concerned with zthletics

Stupley wd Hallarm found three women with 1 voltye of
5mm or less ind three men with 1 voltage of between 7 mm wd
5 mm The mramum excursion m their sexses wis 197 mm It
probable that the figures v etther extreme mght not be norm il
and so from 1 study of the frequency of occurrence of the differant
1alites m the combined serses of 278 normal persons 1t scems
I)XOPCX' to set 1 mmnunum ttue of 5 mm md 14 mamam alue
0f 20 mm 15 the normnd humits for the hetght of QRS mn ats hrgest
lead but not proper to consider these hmuts 15 m exut border
Iine between normal and abnormal The average for the com
Dbined sertes was 12 mm Shipley wnd Hallarm found the werage
value tor mles to be 12 £ mm and for females 108 mm

Whenever one lead gives QRS 7 very smadf relatve vilue and
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R is equal m the other o leads the nghest seconded value
should properly be mcreased by 15 per cent 1o obtan 1 ATes
measure of 1ts yoltage * In such recards then the normal Timits
wauld be from 14 mm ta 171 mm The mathematical rensons
for this are endent mn the explnation of Finthovens tible
(pace 110}

Varrations 1 the sohage of QRS oceur {rom tme to ume In
normal persans and frequently m patents with cardiac future
Provided that the QRS group does not change its form m 1y
other way sanatons w 1s voltage can usually be shown to be
comesdent sith varmtons w tie nutnoonal stite of the heart
muscle Small alues seem to mean a muscle which as belon par
perbaps through fack of exerase or perhaps twou b fwigue or
some other fundamental disturbances sn s natoton whle lagge
\alues mean a strong well nourished muscle Dunng comales
ence from an tcute diseve for nstance the value of QRS w
reasts as 1 also does when ihe rondinton of the areultion
mogroves after cardine faluve The differences poied hemeen
me voflage of QRS 1 the tho series of normals just mentioned
may be explamed on this busis the more sedentary group of
Lewts showing smaller values than the more athleuc group of the
au Swar

The difterences i the voltage of QRS which e found in the
records of different normal 1ndivsduals are largely due to vina
tons m the order 1 nhich the difierent portions of the sen
trecttlar musle recene there stumdues through the mmifieatons
of the auricnloventricular system They sre lso largely 2ffected
by the posion of the heart withun the chest parbicalarly by sts
tontact with the ntenior chest wall There tend to he harge
excttrstans 1f the contact 15 extensise and small excursions if the

TE salue s the dargene

Pk of ORS tecorded 1 any fead difiers §

d‘\\\:‘!‘\f«: Aue of QRS mote ard more 23 the d recticn of te mmn;:\n .:::

Lt e l\n‘(\\ )m‘penh:lmht 0 the In¢ of am lead [he lnnx‘:!rd
T ceny of

et pev cems of whe  mandest vatne  when the direckon «f the
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heart 15 Ingely seprrated fiom the chest wAll by overlipping pul
monary or mednstinl tissue The short cncurting of the heart
currents by the viscera 1s mn importnt factor 1nd largely unpre
dictable 1n determimning the relation of the amount of current
withm the heart to the mmount recorded n leads from the ex
trenuties mn different imdvaiduals

Duration of QRS Normnl hearts show differences mn the dur
tion of QRS The time from the begimning of Q or of R which
ever s the fust to develop to the end of R or § whichever finishes
the group 1s the ime consumed by the sprexding of the contixc
tron throughout the ventricles 1n other words the time fiom the
first ventriculir activity unul the contraction lias come to 1n
volve the whole ventricular musculature The longest time meas
urtble 1n 1y one of the three leads gives 1ts conect measurement

It must be emphasized that the duration of QRS must be very
cirefully mesured s ertor may arise because of uncertunty s
to the exact pomnt 1t which the QRS deflectton begins and ends
Several complexes i ech lead should be carefully mspected as
smnll deflectzons at the beginning or ending of QRS my vary
from one cycle to 1nother ind when present may 1dd 0 01 second
or occastomlly 0 02 second to the measurement of the durition of
QRS These smnll deflections are obviously 1 part of QRS but
they re mssing 1n certun cycles beciuse the respiratory move
ment of the heart makes their potentinl perpendicular to the line
of the lend during these cycles so that they are not recorded

In the normnl hearts of adults the duraton of QRS 15 found to
vary between 0 06 second and 0 10 second Shipley and Hallarin
found 1t to be 0 11 second 1n two records and 0 12 second 1n one
of their normal series of 200 McGmn and White found three
tracings with the dmation of QRS gieater than 0 10 second none
greater than 0 11 second They also noted 1 correltion between
the duration of QRS 1nd the heart size s indicated by the height
of the mndividual A longer duration for QRS was found m those
with greater height 1nd a shorter duration n shorter mdividuals
McGinn and White found QRS to have 1ts longest durition i
Iead 3 1 44 of therr 100 normal mdiiduals m Lead 2 m 37
cases and m Lead 1 m 19 cases so that 1t 1s evidently unrelnble
to lnays depend upon the mewsurement of the QRS durztion
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of any one Jead chosen atbitrandy  Ashman wnd Hull‘ct;o:{mllo;
vanation from 0 06 second to 0090 second sn their ser! e
narmal mdrduals They also found 1 correlanon be e;x; o
site and short QRS durationt and lasge size and hrger(ga du a
won Ludentz has mewsured the QRS duntion m 3 rc;nr s
from normal hearts and found the frequency of the various u‘m‘7
uons of QRY as shoun 1 Table Tt will be seen that Led ‘.1
wnd Tead $ tend to give a longer mesurement thn Jead 1 an
that 1 durauen of 0 12 second 15 very yare

Tame 1
DURATION OF QRS (From Ludernz)

Deraion 2| tean 3
or QRS Lewo t | Lean
Recond 1 Per Cemy | Per Cent | Per Cent
06 3 03 18
ar 26 130 VD
08 6 430 5o
99 13 20 210
10 4 00 100
n 1 10 13
12 [} } 08 LR

The duration of QRS 1s also somewhat influenced by the hiere
rate Ashman and Hull and Ludentz hnve both cmphisized thas
the durauon being shorter with more rapid rates and longer
with sloner rates The fact that chuldren s hearts Always have a
sery brief QRS suggests that a short auncalotentricular conduc
tion system combined with a short path through the ventnieylar
muscle will gie abnef QRS group 1t is also probable that vana
%ons n the functional condinon of the Purkange ussue or per
haps even of the sentricular muscle my sharten or Tengthen the
durauon of QRS

The QRS group i children The QRS duraunan 1s shorter 1o

cluldren than 1 adults me wuring from 6 03 to 009 second the
Tatter measurement bewg found only 2 cases i a sevies of 10D
normal cluidren The average was © 960 second According to one

group ol authors the av erage was found to merease grdually with
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meresing 1ge ccording to wnother author st was not fluenced
by age

The voltige of QRS cumot be stated for the authors who
have mmvestigated chuldrens electrocardiogrums have confined
themselves to mesuning the height of the mdiidul waves
the vartous leads The average Ry 1s higher than found m normal
adults and 1s most of the records did not show night or Ieft 1us
devition it 1s probible that this 1s the best 1w uhble mdication
of the voltige of QRS The averages s found by 1coln 1nd
Nicholson vary from 11 to 16 mm in different 1ge groups with
virntons from 65 to 32mm  the usunl low minge being 7 mm
the wsud Ingh ringe bung 26 mm Haflesbring Drauve and
Asher howetcr found R- weraged 115 mm  the ringe beng
from 5 to 22 mm

The dinecnion of the electrica} 1xas ascertuned by the method
of Dieunde has been found by Hfkesbrsng and his assactates ta
vary between 20° and 1402 1 1 serzes of 100 normal children
with the exception of 3 cises wluch gave values ountside of these
hmuts 1 mcoln wnd Nicholson found w therr group of 222 cises
3 cluldren showsng 1 definute predomunance of the night ven
uicle mnd 8 showing predomsmance of the Icft ventricle accord
ing to Fmthoven s signs

THe §T Srovest

The begunung of the fust lunb of T may be at the zero level
o1 slightly above or bedow 1t It often will follow the zero kel
for 1 few hundredths of 1 sccond before starting o curte upward
o1 downwrd toward the peak of T lyng etcther 1t zero as m
1 erd 2 of Nigure 11 4 or shghtly 1bove or below 1t In other rec
ords wnd usually  other leads of the same record the T wate
starts immediitedy to develop ns fst imb wathout Wy such
approsumatcly tsoelectric poruon (Lewds 1 and 3 of Tig 11 4)
The first portion of the T wave has been cilled the RT or ST
mtersal or scgment and thus termunology Ins led to some won
fusion of nomenclture by leding to an crroncous considertion
of thus portion of the T wate s 1 separate entity The term seg
ment seems to be Jess Inable o lead to tlus maccuracy of thought
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t
referable Tt must be empliasized that the §T sig!;;c;
fmd :el\s l;he first limb of the T ware antd ends e the p,c:m "
? “I-r'\m\r)c 13 lustrates some of the types of 5T segn
g

e TV

Fug 3 Tre ST swevment 1t will be noted thacin o £ ¢ and L the ST sepment
tants 3t the zeto Ir £ n B and K abve ths deaed aotm € & F ot ad g
Welow 1 The sero Iine 1 drann throu b the top of the sion, vadaw whon tte
T save s apward and thronel che bottoms of the strim, shadow ¢ hen the T
e

do omad Tapss s £ ¢ K € and ) would ot be normat of found m
feats ) and @ but noull be pormal i Lead 3

monly encountered an pormal records The first two types A and
R are those usuilly found 1n Leads 1 and ¢ types ¢ and & are
scersionatly fovnd 1n these leads but any type shown m the fig
ure may be found 1n Lead 8 This figure does pot mcude 24 of
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the norml forms tthen by the § T segmeng and the T wue bur
the varieties not shown are rare It will be obsersed that the § T
segment tends 1o be convex toward the 1soelectric level When
the peak of T 1s upnard, the ST scgment 1s concave upnaud s
MA B¢ b e FRwdL Ity st shightly 1bove the 2ero level
s m B nd hoor at this Jevel or shightly below 1t as n ¢ p and
Fand pass to 1 upward T by the usual upward concasaty When
the peik of T ss downward 8T will be conce downward s
m e 1 and J or my be strught 1s i 1 starting cither 1t or
below the zero level In normal records S T will occastonally be
found to begin abose the zero lesel wd then curve downward
to form wn mverted T and m Lead 3 1t may occasionlly, s §
origmmte below zero and curve shightly upward before turnng
downward thus simulating the vorovry T wave (g 66)

When the 8T segment starts below zero mnd curves upward
trom 1ts pomnt of origin to the peak of T s 1 ¢ 1nd p of Tigure
13 the resulting T wave should not be referred to 1s diphasic
The term dipliasic T hnd best be restiicted to those curves
which the § T segment moves 1n one direction 11y from zero
forming an 1pex d then returns to zero and crosses 1t forming
1 second qpex so that the peak of T 1s found i the opposite direc
t1on to the first apex s seen m wunves F £ and L oof the figure
whuch represents the —+ type of diphasic T wase Curves 7and &
should not be referred to 1s diphaste beciuse although the 1pices
are 1 opposite directions the peaks are on the sune side of the
zero level Drphisic T wves occastonlly ocenr m normal records
i Lead 3 rarely 1in Lead 2 and never in Lead 1 Attention 1s
1gun called to the suggestnon mde on page 361 that the taim
diphasic should be followed cither by the signs —+ or by the
signs +~ to ndictte the dircction of the first md second pices

The 8 T segment cannat be considered 1s bnving any defintte
pownt of ending before the peak of T but 15 merely the fivst hmb
of the T wure One of 1ts most important features 15 the leved of
its beginmng the pownt of origin of the T wnve from the QRS
group which may be called the S T yunction Deflection of thus
ST juncuion above or below the zera level of the record 15
part due to the wriculr T wuve which my sull persist 2t this
time of the heart cycle and 1n part to the potentinl produced by
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the sentricular muscle u ths ume The wneubr T wne s 1e
sponsible for the desition of the string shadow between the end
of 1 and the beginning of QRS but we know that this defiecuon
does not aluays remun constwnt from the ume 1t disappers o
QRS unui its endsng durmg the first imb of the T wne Usa
Ay honerer tts unphtude 15 5o small as to be neghyible

The deflection at the ST junction was found m Whe mthor s
sertes 10 be usially tbove the zero level of the record m two or
m three Yeads (16 cases) oceasionally below w m one or more
texds (7 cases) and 1n 3 cases exactly upon 1t

Shpley md Hallwran found that m 220 complexes withouy
tncufar T wave the 5 T level (junciion) was nsually 2bore zero
m Lead 1 slways abose n Lend 2 and abowt equathy draded m
Lead 3 between a position abose d below zero ‘There wis n
wteresting difference betweon the sexes i Leads § and 3 mnles
hning this lesel more frequently Above zero 1 Lead 1 and

Tante 11
LEVEL OF THF 8- JUNCTION

!
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the normal foims t1ken by the S T segment and the T wanve but
the varieues not shown re rare Tt will be obscried that the ST
segment tends to be comvex toward the ssoelectric level When
the peak of T 15 upwud the T segment 35 concase upnard s
nAECpE¥F K ndr It my stare shghtly 1bove the zero level
1530 B and »oor at this level or shightly below 1t as i ¢ » nd
¥ nd p1ss to m upnard T by the usanl upward concusty When
the pewk of T s downward ST will be concrve downward as
m G, H and J or my be strught 1s 1n 1 starting erther 1t or
below the zero lesel In normal records S T will occastonally be
found to begin 1bove the zero level and then curve downward
to form m umeited T and m Lead 3 1t may occrsionally 1 3
ongmate below zeio nd cunve shghtly upward before turnmg
downward thus stmuliung the coronary T wave (g 66)

When the § T segment stuts below zero mnd curves upwud
trom 1ts pornt of origin to the peak of T as m ¢ wnd b of Figure
g the resultng T wave should not be referred to s diphisic
The term diphasic T had best be restricted to those curves mn
which the 8§ T segment moves 1n one direction w1y from zero
forming an 1pex and then returns to zero and crosses it forming
1 second tpex so that the peak of T 1s found 1n the opposite direc
ton to the first apex 1s seen 1n curves £ F and L of the figure
which represents the —+ type of diphisic T wase Curves  md &
should not be referied to as diphasic becnuse although the pices
are 1n oppostte duections the peaks we on the sume side of the
zevo level Diphasic T waves oceastonadly occur i normal records
m Leid 3 rarely i Lead 2 and never mn Lead 1 Attention s
agun ¢alled to the suggestion made on pige 361 that the term
diplisic should be followed cither by the signs —4 or by the
signs +— to mdrcte the direction of the fust 21nd second pices

The § T segment cunnot be constdered s having defintte
pont of ending before the petk of T but 1s merely the first himb
of the T wue Qne of 1ts most important features 1s the Jevel of
sts begtnung the pont of etigin of the T wave from the QRS
group which mny be called the § T junction Deflection of this
ST juncuon 1bove or below the zero level of the record 1s
pare due to the ariculr T wae which my st} persist at this
ume of the heart cycle and m part to the potentn produced by
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fernales having 1t more frequently bilow zero in Lead 3 Thar
measurement of the §T junction 1n relation to the PR el
gase values 2s shown m Table 111 which 1lso ncludes wntogous
measurements by Barnes Figure 1y a and B show two records
from normal young men with nnusuatly large deflection of the
ST mcton Shipley and Halhow obserted a divect relation
between the size of the deflection of the § T junciion nd the size
aof the QRS deflection m the syme Texd so that they did not find
therr masimal vatues with a QRS group of low amplitude They
found 20 records with downward Ts and upsard cometty of
the § T segment simalr 1o the coronary T wive There were
also 10 records with upnard T and 1 downuard comennty of the
ST segment

The $ T segment may remain -t the level of the ST junction
for 1 few hundredths of a second perhaps for as lon,, as 0 12 sec
ond or 0 16 second but usually starts at once or Amost smmed:
ately to mose away from zero toward the peak of the T wne
Thus part of the T wave 55 of great importance because of the
sigmificance of the 11nations occurring s 2 result of myacardiat
disease and under the wfluence of digitalts It will sometmes
vart shen the T wave does not o1 st may vary more defimiehy
than does T

In uiidven the 5T anction 1s very rarely deviared from the
wsociectrie Jesel Hafkesbrung and tus assoctes found 1 shightdy
hove zero 1n Tead 2 1n 7 cases 1n theyr series onee mn Lead |
and once m Lead 3 The size of the deflecction nas usually 05

mm never 15 mnch 1s 1 mm In one case there ssa shight down
wed deflection (075 mm m Led )

Tae T Warve

The T wave was formerly considered thie tast of the ventricular
waves but a1 now seems thar U must also be mcluded T has
several spenial features whach should be noticed 3) us direcuion
w the thwee leads whether upnrd or downward
mum excursion w whichever lead

form of sts pmual imb 11 the fan
Durection of the T nare In re
T wave 1s directed apsard 1

(2} ats ma~
ths occurs {voltage) (3) the
m of us apen () us duranion
cords from notmal hearts the
Leads 1 and 2 though the sue
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T, 13 Records with unusually arge deviation of the § T juncuon (A and )
and sath imerted T 2 (O ocetirnn,, 1o othersise norma! young men

A and 8 Record A was obtained from a man who was a member of his college
track tewm In this record the ST junction 15 +06 mm n Iead 1 12 mm
Lewd 2 and 08 mm m Lead 3 In w the valnes arc 03 mm 10 mm and 0> mm
respectively

cand p These records were tiken with the patient in 1he sevied (€) and i the
dorsal (p) posttions It will be seen that the T wave which 1s diphasic (+ —) or
;mverted 1n Lead ~ and imared 1 Lend 3 when he 1s erect becomes upnight in

Lead 2 when he 1s lying down
[56]
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or even terted T3 just 181t tends to produce 1 sm';)) nr‘ !il‘
\erted QRS group 1exd 3 Stupley 1nd Hallarn found .‘S
records with left s deviation of QRS among their normy
(18 per cent} and 1o of these had m myverted T In the com
ined normal sertes of Lests and of the author there were seven
records (10 per cent) that had 2 smil notched QRS sumlar
to that of Figure s1 F with R, equal to or Jirger thn R sn
it the electrcal wus was most 1 not quite w the feft of
qormial Al of these records also showed a downnrd Ty On
the other hand a2 person with a Joog nurros chest Decmse of
the resuiting verucal postion of the hewt {prpe 3 would tend
10 hme T relatsely smallin Lead 1
45 with the QRS group loweser the position of the heart
15 anly one cause of varianon m the directron and herghit of the
T waves i the three lexds Vamatons in the spreading of the
contraction w ive wil lead to varrations 1o ats recession so that
certam ferures of QRS re apt to be wwsounited with certam
directions of the I wave tn the three leads The reader s
referred to Chapter 1\ for @ discussiont of thus subject The
changes m the T wue which are often assoaated with an
bnormal direction of the electuen] was of QRS (page 99) su,,
gest tint an imerted T; may some times result from the influence
of a predominance of the night ventnicle dunng contrciion I
pormal hearts without tight aws deviatron of QRS the raver
ston of T, my be related to an unusually greit mfivence of
the night sentncle dunng the laner part of the contricuion
In hine with this e 15 the obseryaton that ta the cambined
vormal series of Lewts nd of the authar there were sivteen
records with downward T, (20 per cent) Seven of these hne
been menuoned bove as shown,, a tendency ta or a shalt
left avis devation of QRS and the imerted Ts m these may
tse been due o an upsard tlung of the cardiac pes The
other nme showed a ORS 1n Lead 3 like that of Figure 13 A
T Y i e i 5 ke the QRS of
liese nine 1 -.rd b hon iste 103 ¢ p) Fae of
‘:m& dcu’:nm:c t(:i éR‘SW‘;):i anothe;‘ featire suggesting right
marhed 5, so that § appmac!::dakm acvely small Ry with well
i size of st did not equal or
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1 one of these leads m1y be snnll n relruon to the maamum
shown 1n the other About one third of the records from normal
hearts hwe 1 downward T Terd 3 1s m Figure 11 4 md ¢
About one seventh shon 1 diphwic (—+) T wue m Iewd 3
1s seen m Figure 76 A which 1s 1 record from 1 normal heart
though often the phases are not so marked 1s m thus record
The remammg two thurds will show an upward T, Shipley
and Hallwan found tho records m their sertes with notched
T, wnd one with 1 diphasic T,

There 1s 1 small number of mdividuals whose heues appar
ently wre normal but who nevertheless have w electiocrdiogrun
with an inverted T wave in Leads 2 and 3 if the 1ecord 15
obtuned with the patient scited erect These mdnaduals are
usually of the hyposthenic type 1nd when they assume the re
climmg posttion the T wave 15 found to be upright i Lend 2
and possibly 1lso 1 Tewd 3 Records of such m individual e
seen 1n Figure 14 ¢ md p The wering of m abdominal sup
porting belt usually will retuirn the T wase to normal m Lead 2
These mdiiduals someumes show the symptoms described s
neurocirculatory asthenir sometumes they are apparently quite
normal The reason for this change of the T wave with posttton
1s not understood It has been suggested that 1t 1s due to the
changed contrct of the hieart with the chest wall and diphrigm
1t hias lso been ascribed to 2 changed blood flow 1n the coronary
sinus resulting from the chge m posiron It 1s 1important to
bear m mund that when records 1re tthen with the patient seted
an mversion of T_ and Ty may be found rarely in 1 normal heart

The directton and form of T 1 the three leads depeads apon
the direction of the current within the heart producng the wnve
ad wpon the telion of tlus curtent to the three leads One
could determmne the electrical aas of T more esdy than thae
of QRS bechuse 1ts perk 1s more nearly in phase wn the threc
leads but 1t 15 not customary to do so as  description of the
direction of the peak m exch lewd 1s simpler wnd gives the sume
wformrpon

A downward Ty may 2t times be due to 1 high postion of
the diaphrigm Thus wonld up the pex of the heart upnnd
wd rotate 1t shghtly nd tend to produce a rehtiely small
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ot even merted Ta just as 1t tends to produce 1 sl or 1:\
serted QRS group n lead 3 Shipley wnd Hallarn found 2}
cecords with left s desration of QRS among thew normls
(10 per cent) and 1o of these had an merted Tz In the com
bined niormal series of Lewis and of the anthar there were <even
records (10 per cent) that bnd 1 small notched QRS; sumlar
t0 the of Figure 11 ¥ with Ry equal to or hr.cr thw R so
dat the electncal aus was almost 1f not quite to the left of
normal All of these records afso showed a downward T On
the other hand 1 person with a Jong narrow chest heawse of
the resulung vertical position of the hiewrt (p1,e 89) would send
o hune T relanely small in Lead 1
s with the GRS group howeser the position of the hewt
15 emly one ctuse of saratton 1 the direction and heght of the
[ waves n the three leads \arnnons 1 the sprexdig of thie
contricion wave will lead to vinauons m us Tecession so that
certamn features of QRS 1te apt to be 1ssoctited with certam
directions of the T wane m the three lexds The ryeader s
referred 10 Chapter 1\ for 1 discussion of this subject The
changes 1 the T wue which are often wsocnted with n
thnormat direction of the electrical s of QRS (page 99) sug
gest that 1n myerted T may sometsmes result from the mfluence
of 1 predommance of the nght ventricle during contrction In
normal hearts wathout tight s deviaton of QRS the nver
:xhoen r(:{iyh'xr,‘;::zml;: :;zf::e:l :]0 :ul\ unusually great mfluence of
i, lm: e d ln,, he Ditter part of the contraction
s the observanon that mn the combined
'y‘:::r\si :‘clrl\rfsd:;i\i‘fzrx:l alixd ::) the withor there were sivtecn
been mennoned bove as‘ sl(\k\ Ii: o ’St\en of these Ime
teft anis deviation of QRS OI\‘ ln merted o o7 2 shabt
rue boen aon Zm 1l e imerted Ty n these myy
b ﬂm“edan u;;(“sar alung of the cardine apes The
with Q alare Ra e i Lead 3 Like that of Figure 15 a
Lo x and mo 8 wiwve nhich 1s hike the QRS of
2d 3 with rght s devircon (Figure 1§ g
these nine records showed anmhﬂ-b{m € v) Fue of
s devimon of QRS that 15 a relnme;:rfmst‘lzieslm:‘ night
war i 3 with well
heid Sy 50 thu § approachied R in size of 1t did nat equal ot
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exceed 1t Such 1ccords 1s these nine suggesting the predommant
effect of the nght venticle upon T may result from 1 dis
proportionately short pach along the right branch of the auric
ulosentiiculu bundle on m unusually long path m the et
bianch

Toltage of I' If the height of T be measured 1 the lead
showng 1ts Igest exawmsion, 1t will 1arely be found gicater
than 6 mm m recoids from normal hents nd rrely less than
I mm The vunble relation of this measurement to the voltige
of T must be boine 1 nund (pae 410) Shipley and Hallwrn
found the lugest excmsion of T to lie between 15 mm nd
5 min 1 all but 12 of therr series * Tour gnve metsurements
of 1 t mm onel mm and one 08 mm S\ 1ecords all from
men gave mesurements over 5 mm  thiee of these between
5mm wd 6 mm and thiec over 6 mm  the ligest being 6 8 nun
The combined series of Lewis ind the author showed the Iargest
excursion of T between 15 and 5 mm a2l but eight records
fve of these showing 2 value of 1 mm and thiee 1 value of
55 mm In these three series of 27% 1ecords sin records gnve 1
vilue of I mm one of 08 mm  nine gne 1 value more than
5 mm nd four of these berween 6 mm and 68 mm (1 par
cent) Only 2 per cent then gwe 1 value of Jess than 1 mm o
moie than 6 mm for the lagest cseutsion of the T wave T'rom
1 considertion of the flequcncus of the various mesurements
1t would seem that records with the Migest excursion of T less
than I mm probably ate not to be considered novmal no ne
records with the largest excursion greater than 65 mm

As nuth the QRS gioup (page 49) thus measurement 1ecords
only 87 per cent of the voltage when the T wxe of one led
15 practiclly ssoelectric md the other two pprovimately of
equl size This was the cise in "Il of the tecords of Lewis
series which gue a 1 mm measurement for the Inrgest T wnve
If the Inmits of normal height me between 65 mm and 1 mm
then 1 such records the hmits would be reduced to 5 mm and
08 mm

The phystologieal cuses of vuntions m the voltage of T are

* [ exsonal communication
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not kuown In a general way 1t seems to e nfluenced by the
strength of the cardie coniTction beng large wn the hearts of
aditetes and w the same person becomng hrger after exercise
and smalfer after a pertod of acute Wiiness Thit the voltage of T
may be affected by normal pliysiological mfluences has been
proved by the demonstrivion of s decrese Alter mels i 7 o0 9
narmal voung men The vanations m the voltage of T do not
pualiel those of the QRS group exatly for m R wne toward
the upper himt of normal my be seen sn a normal person who
has an average T wave and vice versy There 15 howeser 3
oeneral parliel between the voltrige of QRS and of T 1n normil
records so that a large voltage of QRS 15 usually wssocrrted with
 large saltage of T while the same 15 true s 10 low voltage A
record shonld be viewed with suspicion wineh his a QRS votage
taward the upper hmut and the T wue toward the lower lumt
Or Ice versa

It must be emphasized 1,3 that what has heen saxd about
the voliae of the QRS and the T wases 15 applicable only to
records whach arise by 1 normal process of contraction. Abnoymal
mades of contraction i themselves chinge the voltr,e of these
waves 35 15 porited out an Chapter v so that f for cvample
the QRS group 15 notched or sturred the voltage of QRS md
of T 15 lhely for this revon o be different from whw 1 nould
tine been wathout the notching

T/;( 7 wave tm dJuldren 1s ways directed upnard i Leds 1
and 2 and s with 2dults 15 directed downnard m Lewd § 1n
abaut one third ;;ll\c (lasa st s diphasic m Lead 3 sn abour 7

Cr cent more € voltag
E]m the werage ch)ldr:n";xflix :::e’\drl:\“be rametiat larger
ments “hu\\o have been published 1t o from the mesure
mum and muimum vilues might \,;s I;f;( flear vt dhe
frve been made 1 each of (h: thre, ndacd opements of T

¢ stand

uithout considening the relatse heigits an
s\;am:\s“:;m: :\‘1;1 '\\m\a\;\e measurements of

14 ha! um oltag
sthl to determine what &ec ;‘o‘:’g:;,a:] 9 mm but it 1 not pos

1t of ¢

fe valv
e owing to the wav the stattstics haye been collec:z; of T mght

ard feads separately
the three leads Tt
Lead 1 and Lead 2
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QT Duration

The duriion of T camot be considered to give n mdication
of the durition of the ventricular systole becanse of the v
tions wlnch mty occur m the duritton of QRS It 1s best to
consider the total dutation of the ventriculir complex (Q T)
15 1 guide to the durtion of systole 1rom the very begining
of the QRS group there are more wd more muscle fibers en
tnng mto contriction unul At s end Al are contracting
Tven the intrventricular pressure begins to rise before the end
of the QRS group 1s reached (Fig 8) so that 1t 15 quute illogicl
to consider the durition of T s mdicating the durinon of
systole It 1s true that the tot1l duraton of the yentricular com
plex 15 gretter than that of the mechmmel contracuon but
these probably bear 1 more constant relationship than do the
duritton of T and the mechamcal effect

The QT durition must be deternmed from the lead
which 1t ss longest Shipley wnd Hallran found this to be Lead 2
m 95 per cent of their sernies Other tinngs bemyg equal the
QT dwiatton will depend upon the heart rate In the author s
sertes of norml mdnaduals the heart 1ates ind duration of the
venticulir complex appeared 1s follows

Taviz IV
DURATION OF VENTRICULAR COMPLEX
Durartiov {SEcosps)
RATE Numser oF
Cases
AVERAGE Low Hign
! -
52 H 46
60 to 6) 8 40 36 42
70 79 10 375 34 40
80 to 82 4 355 34 36
90 to 99 3 34 34 34

Thus sertes 1s too smll to enable us to draw far rexching con
clustons but 1¢ ppears that 1f wath 2 heart rite of 70 or more
the duration of the ventriculawr complex should be greater than
40 second we could not constder the heart action normil
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Bazett has pointed out that the velation between \lhe ;::::‘n‘n
of systole and the heart rate can be expressed by the v
QT=h Voyde X the hewnt cycle 15 detenmmed from ',;
measurement of severil beats it can he written s RR The Q
witers 1yl should 1so be measured in severat heats and the formula

T

n be wnitten h= -?—' Bazett found the average value for h
RR

K
to be 037 for men nd 0 10 for women

Cheer and Lt and Shipley and Hallaran have also i estigted

the value of K and have obtained somewhat differ

ent figures s
follows

Tarte \

T

. Mison | Avseace | Masen
—_— R — e
“\ate | 'm0

Bazett

Femal | E 400

—_— R

Male 0| s |
Che rard s !

Female  3v 388 01
T B
Shipley and  Afale BT E 433
Hallaran Female 330 as 450

!
—_—
The diffevences m
differences m merh

d has heen found (o sary under the mfluen
trcularly wuhy dalag o

ce of disease par
ot of the heart and
of drugs

wder the mfuence
Ashmm and Huly have studicd thas canstant and
{ormufa QT =038, Klog 19 (RR
abose for males and suggest that he
Tmeasurements 1n fema)es

It as imposwible 40 choose beryeen these formulys because of
€ probainliey that they all haye certan defects apng centain ad
Mages 41l agree thae the QT durition g5 shorter with ncreas

feel thae the
+ 07} 15 better tlan the
figure 0375 be used for

thy
a
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g heut rate wnd that for the syme heut rate the duruon 15
longer 1 women than m men Whichevet formula one uses wd
that of Bazett has hd the most use 1t present, will be found =
satisfactory basis for further mnestigauion of accessory factors
affecting this {funcuon of the heart

There 15 good v idence from expertmental work that the durm
aon of systole will be mercwsed with mereised diastohe fillmg
af the ventricles even if the tate remuns unchnged It 1s possible
that the relitton betwcen heart rite wd the duration of the
entriculir complen my thus express the degree of cardre dibta
fron 1t the sarious rites but this 1s 1s yet chinieally unproved

The state of cardiac nutrition has been suggested s 1 posstble
cse of the vartiuons m the durition of systole paor nutition
causing prolongition nd vice verst This theoty has some sup
port from certun obsery 1itons by Meakans bug stall aw uts fnther
proof

Tne U Ware

The U wave 1s assocrated with the recovery phase of heut
muscle md comes at the tume when the so cilfed  supernormat
recovery phse mught be expected (page 198) Ventriculw pre
mature beats e found to occur durimg the coune of this nive
especially when coupling 1s present When the hewt rate 5 100
per munute or mote the U wae 1s obscured by the following P
With slower 11tes 1t 1s found to follow the T ware md with sery
slow rates 1t takes its orugmn from the descending hmb of T Tts
frequency his been varously 1eported by different aunthors de
pending upon the wmplitude of the deflection which they hwe
demanded before grving the wave 1 mame Lewss and Gilder
found 1t m 90 per cent of thewr serics of normls, considering
only the hmb leds Tt ts lsa frequent i records by precordil
leads In limb leads sts height varies from 01 to s much 15 15
mm md its duriton from 0 16 second to 024 second In pre
cordinl leads 1t may be as large as 2 nun - being usually Inrgest m
Lead 4 R It 15 increwsed in size after exeraise md 1t the end of
- period of forced holding of the breath Its begqinning h1s been
observed by Papp to bear a fixed relhnon to the QRS group so
that when the Q T duraton 15 fonger than 040 second 1t tends



» 1y Precordia) leads from three normal mdniduals A B and ¢ In each
case 1l ¢ leads from above downward are from peints E 1 which 18 10 the stermat
T ¢ to the 1 bt of the enssform E 2 which 15 1n the stermal line to the feft <l
Ue eniform E 3 whch s hall way between this and the next 4 which 18 just
10 the left of the ape< of the ficart as determined ty paljation percusion and
suscultauon € whch 15 at the level of pos tion 4 but at the anterior axallary
Tne €6 which 15 at the same level but at the mudauiltary line In each of these
pos tons the electrode 18 paired w th the left leg whuch 19 indicated by the Yester
F Note that there 15 a progressnely ncreasng height of R from position 1 to

4 o1 5 after v hich ut decreases As these were normal hearts posions 5 and 6
were inareas ngly remote from the heart st elf

1651
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to fuse with the descending imb of T This may result 1n an
apprent great prolongation of the T wave It has not heen found
mnerted 1n records from normal hearts either 1n limb lexds or
precordinl leads

NoryAL PRECORDIAL LEADS

The description of the normal variitions of the waves of pre
cordinl leads 15 even more difficult than the description of the
norml sarntions of the waves obtuncd by the standard leads
because few normal hearts have been systemaucally studied and
especially beciuse different authors bave not always used the
sime precordial pomt or the sume site for the indifferent elec
trode when makling their studies of norm1l persons The fetures
of a curve obtuned from the fifth mterspace near the sternum
differ radhcally from those of a curve obtuned from just beyond
the 1pex 1rrespective of where the mdifferent electrode my be
pliced and there are known to be minor varuons dependent
upon whether the indifferent electrode 1s placed upon nght arm
left wvm or leg The resons for this are discussed 1 Chapter ™\

Figure 15 15 1 ser1es of records obtained by Leads EF 1 to CF 6
the techmque for these leads has been described 1 Chapter 1
It 15 seen that R becomes progressively larger 1s we pass from
night to left rcaching v+ maxamum which 1s usually found at
Pomts 4 or 5 and after this dimimishing S 15 usually misimum
at Point 2 and becomes progressively smaller 1t pomts further
toward the lefe It may often disappear 1t Points 4 or 5 A small
©Q m1y be found 2t Point 1 and often 1t Point 5 also T 1s nsually
largest 1t Pomnt 2 or 3 and becomes progressively smaller 1s the
electrade 1s moved toward the leht

A series of records from 30 normnl subjects obtamned from
precordinl ponts 1 to 5 has been reported by hossmnn but
since he used the central termmnal described by Wilson s the
mdiffcrent pomnt s measurements are not exact critertn for
records obtuned from the sime ponts when the leg 1s used for
the indifferent elecirode His Leads avre Vi V.V, ¥V, wmd V
according to the terminology suggested by the commttee of the
Americin Heart Assoctation The values however would prob
ably not differ by more than a few milhmeters from those ob
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runed when using the leg as the different pownt Ttble V1 con
tarns mesurements from tis article and shows the maumum
munaum memn and stndird devitons of the vanons deflec
wons hie obtaned It also shows the mvimum mimmum nd
mean vahtes for the various wanes obtmned by 1end § Fan 200
cases and by Lead 4 I i 21 cases by Stupley nd Hallman and
the values obtamned vsing the right wm nd left leg for the m
differemt electrode and two precordinl points m  group of 114
norwmals consisng of children and adults reported by Sorshy nd
WWood Table VII shows the values obtuned by Barnes i records
from 20 nornil men and 50 normal women unn,, Tewds CF 1 to
CF 6 Shanno hus determuned the 1alues of the deflecuon of I
oAl QRS Q R § §T and T wates 1 100 normal young women
and bas reported s results i such a wy asto give an 1des of the
frequency of the different values Further studies grung the fre
quency of these nd other metsurements m normals e greatly
nieeded He found 1 Q w nve only once n CF 4 but 1n 20 per cent
of records by Lead CF 5 It never exceeded 2 mm 1n amphitude
The §T junction was elevited 1n 17 per cent but never more
dian Zmm- in generad s maxtmum and wimimum salnes agree
with those of Barnes for females as shown in Table V11
The P wave in precordial leads 15 usually betrer marked mn the
region of the sternum than toward the apex Tt may be directed
upward or downward or may be diphasic m records from normal
indnaduils In leads using the nght arm for the mdiffcrent elec
trode P 1s usually lager and 1s more likely to be upright than
Teads usmig the le,
1t will be noted from the tables that n R wave 15 almost
:‘\;;:&i lf’n“:c“‘ d“‘i‘“““gh 1t may be very tmy nd occasonally
ot m(::; :“r[om the right of the sternnm and occastonlly
2 ecords from the left of the sternum In leads
(\:::C ‘}l\“:n pen with the ndifferent electrode placed upon the
s be s smafl as 1 5 mm or 1 mm (
found the mimmum viue of R to be less tha
posiaions i records from Semades hut ant
et
St impottance hecn
freecarcal feads bave been stressed 15

Tble VI) Barnes
D 2mm oanall gy
y i the first three post
il vrlues obtaned 1y
tse smail values of R m
a sign of myocardial dis
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cse prrecnlarly of mfuction When 1 small R 1s normal how
crer 3t will be rccompamed by a hirge § a feature which docs
not 1pper m the table Without 1Jarge § 1 small R s less ikels
to be normal

The 1pex of the R wave of precordinl leads 1s 1 pomt of greit
tmportince for 1t marks the tme of arrnval of the contincuon
stimulus beneath the precordnl elcctiode (page 322) Its owr
stoml 1bsence 1n records from the right of the sternum 1s con
sidered due to the fact that m this positson the elcctrode 15 not
over ventricnlwr muscle but over the A V onifice The tune of 1ts
occurrence my be mewsured from the hegimning ot the QRS
group of the precordinl Jead and 1t will be found mm normal
ficees thae 1e usually occurs earlier e records from new the
sternum than m those from the 1pex or beyond The difference
i tme usutlly does not exceed 002 second Somctimes the dif
ference 1s very shight and occasionally there 1s no difference m
the time of ppearance of R in records from these different
postions The ume from the begimng of QRS to the peak of
R does not exceed 0 01 second 1n normal records cven m Leads
iTdCr5

[he duriton of the QRS group of precordial leds 1s ipprost
mately the stme s that of the durttion of the nidest QRS of the
stindrd leads This matter however has not been carctully
mvestigited Notching or slurring, of QRS 15 commonly found m
precordinl records from normal hearts especinily i leads from the
regron of the mteventricudar septum and cardeac apex where 1t
1s thought to result from the interference of the electric effects
approwching the surfiwce of the muscle benerth the clectrode
thiough the right wnd left ventricies stmultineously Curves fiom
the nght ot thus regron do not show notching unless the electrode
15 plced to the nght of the stcrnum nor do conves pbtined to the
feft of the 1pex

The $ T junction occurs 1t 1 potnt somew hat further from the
buse line than mn the stindird lexds Shipley and Hallaran usny,
Lead ¢ T found W upwrd deflection m oser ik of the recards
with the maumum deflection of 2 mm They found 2 downward
deflection very rurely (2 per cent) md the mrxumum dedlection
was 06 mm Sorsky and Wood and 1lso Barnes usually found the
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ST juncuion abose the soelectric level 1 leads from the pex
sometsmes as much as 2 mm- Tt was occasionally below the 150
electric reaclung 1 muamum in this direction of 1 mm The
contour of the ST segment 15 usually shghtly comen 1oward the
Lrse bine 2s 1t passes ta the perk of T It usuatly begins almost
ymmeduately at the § T junction although occistonatly after 1
short level interval Tn 4 records of Stupley wd Hidhmns senes
the curve from the § T juncuion to the peak of T was diplinse
(=) 7t first shightly downward befote wrnng upward toward
the peat. *

As 1n the standard Jeads the first imb of the T wave 1s usmlly
concare upeard the peak of T 1s further from ns begionun,,
thn from its encing and the final limb of T 15 more sieep than
the first hmb and may be most straight although showing 2
gridual cunve concave upward at s fusion with the bwe hine
The T wave 15 directed upwird exeept m lewds from the night
sternal margin where 1 18 occasionally soelectne diphasic ox
downward Sorshy and 1 ood found occastonil records wath dowsn
wirdly directed T waves 1 the lefy pecroral left leg letd which
ins the precordint electrode well to the left of the sterml margin
Their senies included many chnldren and electrocardiogruns of
nonnal children bave been Irequently noted to show 1 down
ward T an leads from the lelt of the sternum but nor n e s
from the apex. Barnes dad not Gind any downward T wanes o the
left of the sternum but found one recard with diphsic Tin €T 2
in a femate

The QT duranion of precardial leads 1s not apparently dhffcr
ent from that of the standxrd leads although this has not s yet
been studnd carefulhy Naotching of the T wive protiably 1s not
:l:::::;\l‘x;ans Prrcordlz‘llls l’::(:e : b seen n secords from

s wsuatly show a well developed

'
1 \u;\eﬂfﬂllu\smg T Ttss apt to be more promiment than 1n the
standard leads and m records fro

m normal hearts 15 gl
rected npward e
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It 15 belteved for rewsons which are elaborated Chapter 1
that more thin one precordial lend should be t1hen and that for
ordinary diagnostic purposes precordial posittons 2 3 1 and 5
should be used pured with the left leg

Precordial leads m cluldren In children the QRS group of
precordtl lexds tends to show 1 smaller R and Irger 5 in leads

TasLe VIII

SUMMARY OF FEATURES OF NORMAL ELECTROCARDIOGRAM IN
LIMB LEADS

P QRS sT* T
Heghtn larg
st lead 07t25 51020 mm t +13to 1to65
mm } ~1 mm mm
Dyrection
Lead 1 Upward Chiefly upward (R) Usually up | Upward
Q) or § may be present| ward
esther singly or together
but netther aslarge as R
Lead 2 Upward Chiefly upward (R) Usually up | Upnard
Q or § may be present| ward
erther singly or together
but neither aslarge as R
Lead 3 Upward di |Q S or both may equal| Upward or] Upward di
phastc or| but not exceed R QRS | downward] phasic or
downward | group may be of vibra downward
tory type
Form Rounded |One twoor three sharply | Usually| Peaked
may be| pomnted peaks or vibra | concave
natched tory group toward
A peak may be notchedin | peak of T
alead of relatively small
excursion or near base
line
Duratton Not more | Mot more than 0 10 sec Variable |QT vanes
than 010 usually| with heart
sec short rare 032 to
042 sec

P R interval vanes with heart ¢ te 0 12 to 0 20 second
* Measured 1n relation to P R level 1f this &iff rs from ero
I vecords where one lead 53 diphasic o 1 oelectric and the amplitude n the other lead about
equal the normal values for P vary from ¢ 6 mm to 2 mm for QRS from 47 mm to 175 mm

aad for T from 08 mm t0 5 6 mm
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from the apical posiuon than 15 uswatly found rccn:ds of
dults The R honerer usually rerches a swe of at lewt 7 mm
In children fess than 14 ot 15 veats {eads {rom near the sternum
often show an imened T wave but Lead 4 F v 11 always show an
upward T ware Lead EF 3 or OF 3 will sometimes show n
iserted T w we but less frequently thn FF2orCF2
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It 15 believed for reasons which are elborited in Chapter 1
that more than one precordint lead should be taken and that for
ordimry diagnostic purposes precordinl posittons 2 3 4 and 5
should be used prred with the left leg

Precordal leads i cluldren In chuldren the QRS group of
precordinl feads tends to show 1 smaller R and farger S m fends

Tasre VIIL

SUMMARY OF FEATURES OF NORMAL ELECTROCARDIOGRAM IN
LIMB LEADS

l r t QRS ST* T
Heightan larg
est lead 07tw25 5t 20mm t +13 0 11065
mm —1mm mm {
Direction
Lead 1 Upuard Chrefly upward (R) Usually up | Upward
Q or § may be present! \ ard
either singly or together
but nexther as large as R
Lead 2 Upward Chiefly upward (R) Usnallyup | Upward
Q or 8 may be present] ward
erther singly or together
but neither aslarge as R
Lead 3 Upward di |Q S or both may equal| Upward or| Upward d
phasic or| but not exceed R QRS | downward| phasic or
downward | group may be of vtbra downward
tory type
Form Rounded |One twoor three sharply | Usually Peaked
may be| pomnted peaks or vibra | concave
notched tory group toward
A peak may benotcbedin | peak of T
a lead of relatn ely small
excursion or near base
hine
Duration Nat mare | Notmore than 0 10 sec Variable QT vanes
than @10 usually| wih heart
sec short rate ) 3210

042 sec

P R 1nterval varies with heart rate 0 12 to 0 20 second

* Measurad 1n relation to P R level tf th s differs from zero

4 I records whers one lead 1s dipha s¢ of tsoelectrie and the ampl tude in the othe 1 ads about
equal the normat values fa P vary from 06 mm to 22 mm for QRS from 47 mm to 175 mm
and for T from 08 mm to 5 6 mm



CHAPTER 11
HYPERTROPHY OF THE CHAMBERS O THL HEART

HE results of hypertrophy of one or another chamber of
Tlhe heart afford the most frequently observed clectrocardio-
graphic abmormalities Hypertraphy of the muscle 15 not o be
considered as an evidence of myocardial disease for 1t may Anse
from purely mechameal causes which demand an meresed pro
pulston of blood by the chmber affected

s examples of this hypertrophy of the feft vemricle my be
aused by high blood pressure or disease of the aorue valve wd
nghtyventricular hypertrophy by congemtal nrrowing of the pul
Tmonary attery ot increased pressure i the pulmonary arrcut due
1o mitral disease Besides the mechameal causes of hypertrophy
there 1s what ight be catled a pathological cause 1f the muscle
ofa ventricle 15 diffusely affected by discase s power 10 propel
bload watl fal biood watl accumulate within 1t the demand upon
& wll be thereby ncreased and a hypertrophy will result  The
electracardiogram of such 3 heart will be affected by the hyper
tophy bt aho by the diserse so that 1t 15 usually posaible to
disnguish from the record whether 1 heart 15 hypauophied by
purely mechrnical cases mnd has 1 pracucatly sound musdle or
whether disease of the muscle may be a cause of the largement

We stafl ronsider e ths chaprer only the changes i the clec

trocatdiagram whick arsse from hypertrophy of the musde and
nat those due 10 115 disease

ALRICULAR Hs PERTROY Hy
The determimatiey

ardiogam rests u

sieal mate,

n of auricular wpertrophy from the electra
Pon rather meager correlations of chineal and
tal Chimeat and electrocardiographie correlr
cated oy ted that such auricular hypertrophy as 1s asso

“ith mitral stenosis usuaily vesults 1n a2 P wave m lunb

kel
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feft auncle alone did not show an sbpormal hesght of P \Inr).c;l
mcrease 1 the amphitude of P (wore than 35 mm ) \;:\s ;n u‘c g
more frequent when there was trtcusprd as well as mira \in A a:i
disease and the P naves of these cases were wsually wider an
Ledly notched

mt;r_k;: :;hmy}m abserted chinreatly tho cses behieved 1o have
ungomplicated triguspid stenosis and both of these show 'ed agh
sharply peaked P waves without abnormal duration Wath pal
motiary stenosis the P wave shows an increased voltige and olien
an tncreased duration Winternitz has pownted out that hyper
tophy of the right aundle 15 usually assorsnted with a small
though ugrught P and a large amplitude of P and Py s0 thu P
may reach a height of 3 or 1 mm Notchung wnd mcreased dura
won are ot be believes caused by tght awncutar hypertrophy
The abore obseriations seem to point to the conclusion that 1n
mareased herght of P probably 1s 1he result of hypertrophy of the
nght aunicle that mcreased height durauen wad notching are
probably the result of the hypertrophy of both aurtcles It mast
be remembered that the height of wites 1s subyec to physialogical
sarations and that wath a sertously fuhing heart the same heart
nught not show as large an amphitude of P as 1t would were the
muscie 1n a betzer state of nounshment

Since the P wave 1s due 1o muscle 2cuvsty duning the spreading
af the contraction over the auricles 1t 1s understandable on the
oretical gronnds that more electric potenual would be produced
when the muscle s mereased 1 tuckness and that thus the height
of P would be wcreased It 15 also undesstndable that 1t would
ke longer for the contsction wave to spread throughout the
ealirged awndes especally the large left auncle so that the
durwtion of P winch represents the ume accupred by this spread
wg would be prolonged mver the normal humits The noiching
can be expianed on the bsis of the hypothests mentioned on
page 36 for ot the anrucles are unequally enlarged therr poten

1ils will be more Mkely to deselop to a mavmum 1t different
umes cwsing a double peal or notching

In these 1ecords with unusu il large P waves 1t1s commen to
nm‘e that the P R level 1s further below the z¢v0 lece! than nor
wal This deflectson 1t has been pomted out 15 due to the annen
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Ieads with thnee fertmes conspreuously frequent (1) The heght
of P 15 excessive being found 2 mm or more 1n the lead haung
the Tugest excurston m 75 per cent of any lrge group of secords

s

Iig 16 Records from four different lieirts to show varyng degrees of nght
avs devahion of QRS A indicutes the lewst degree and o the greatest Note that
S increaces i size n redatton to R as the degree of desittion increases In ¢ and
D 5 shous d pro,ressive HiCrease 1 1 size

Records 4 and B cach have a Imye and wede P wave andicative of auncular
lypertrophy B has 2 plunly notched I wive 1 each of tie three leads

from heatts with mreral stenosts ind normal thythm (Ig 16 1
and ) The wase 1s sometimes found s Jarge 1s 5 mm (2) The
duration of P 15 excessive bang over 0 10 second m 85 per cent
of the records (I'g 16 4 8 wd ¢) (3) Notching of P (g 16 B)
occurs with unusual frequency bemg found 1n 1bout 60 per cent
of records from hearts with mitral stenosis nd m only 1bout 30
per cent of records from supposed normnls

Master and Berlmer have reported 2 smali sertes of cases of
uncomplicated mutral stenosis proved at wopsy The records
shoned 1 P wave of 2 mm or more in one hlt of the cises
notching m 2lmost all wnd wdemng i somenhae less than half
The cases which had the lwrge T waes (2 to 35 mm) wnere
shown to have hypertrophy ot the right auricle s well 1s hyper
trophy of the left wuricle those eses with hypertrophy of the
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It 1s possible to determune the direction of this e]cclru:'l: ?l\x(;
fram the refanon of the suze of the largest QRS excurston n\ln
i any lend to the size of the corresponding defiections ":\"C“
Jeads This may be done roughly by means of Figure 21 With
records like those of Figure 13 nhen QRS shons its chiel deflec
tton upwrd tn all three leads the viltes may be represented 1
Lead 14+ Lead &4+ and Lead 34 Thus places the elecirical axas
of these QRS groups withm the sector lying berween 30° and
907 within which sector we find the elecancal aus of QRS m the
great majonty of noyml hearts

When the direction of the asts of QRS pomts more townrd the
panent s ight hnd records hhe those of Figure 16 wall be pro
dnced with the chnef deflection of QRS downward 1t Tewd 1 nd
upward m Lead 3 The sector (Lend 1 Lend 24 1 ol 34y am
Fagure 73 will he found to sepresent the deflections of these
records bt othier secords il be found with deflections lymg
the sector stibl furcher to the night (Lead 1 Lead 2— lead 34
When the electncal asis of QRS lies within enther of these
sectors 1t may be said to be deviated to the nght or to show right
axts deviation

When the direction of thie axis of QRS points more towrd
the patient s left hand records like those of Figure 17 will be
produced with the chief deflecion of QRS upward i Leads 1
wnd 2 and downward in Lead 3 The sector (Tead } + Lerd 24
Lead 3-~) of Figure 21 will be found to represent the deflecttons
b these records Other records wall show deflections which xre
represenited by values found m the sector still further to the left
ftead 14 Jead 2— Lead 3--) When the electrical avis of ORS
bes waban enher of these sectors st may be sad to be dev me:] o
the left or to show feft avis devigtion

When falloving vecords of an mdnidnal case over a period of
ume 11 myy be desirabile o be more exact and determine the
““5‘;‘ of the electrical axss by she method of Einthoven (p
F:ml :;c“:) but for general chne cal deagnoms a grouping accord

- e sectors of Fagure 21 15 quute adequate The progressine
I(c(lpl’l)u\ varaton of the values 1 the three Jcads which vesult
s;::: ': :::a‘::nﬁs m lh; direcuon of the angle of any potennal arp

gure: but will be hest appreciated f the fust por
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It T wave and since 1t 1s prolonged mto the ventricular complex
1s far s about the beginning of the tise of the T wate 1t 1s Iikely
that 1t 15 responsible for the fact thae certun of these records show
this portion of the T ware defimtely below the bise lme Ths
can be observed m Leads 1 nd 2 of Tigure 16 A 1nd 5 15 well as
1 other ilustritions thioughont this book showng an unusu?)
departure of the P R mterval from the base line

VENTRICULAR H) PERTROPIN

Hypertiophy of onc or the other sentricle hs ¢ very defimte
cffect upon the QRS group producing the changes which Lewis
speaks of 1s 1 sign of right or left ventriculir preponderince
memng tht the right ot left ventricle 1s preponderantly hyper
tiophied This use of the word preponderance has the fault of
overstressing the pmportince of the weight of the ventricles
When the term was mntroduced the ventricular weight ritio was
constdered to be 1 more mmportant determinmg factor m the
form taken by QRS i the thiee leads than has been shown by
wperience to be the case Tor this 1eason 1t scems better to express
these yarntions of the QRS group by some term which 1s refer
ble only to this group

It 1s pownted out m Chapter 1\ ¢hat the varying direction of
the waves of QRS 1n exch lead 1s due to the fact that there 1s a
desclopment of electrical potential within the heut which 1s con
tinually varymg both in direction and m mgnitude throughout
the durtion of this group of wites At some time during the
course of QRS there will be mscribed 1n one or nother Ierd of
most 1ecords 2 deflection which 15 Iarger than any other This s
usutlly due to the hewt potentinl of greatest magnunde * nd
thus potentil has been called the electrical avis of QRS Certun
records my hive two equally Jarge excursions m dpcent leads
thit 1s Leads 1 and 2 or Iexds 2 ind 3 These usually represent
the sime hetrt potenunl wnd ndicate the potenual of the elec
trical was of QRS

* \n cxception to this might occur occasionally when the greitest potental
had a dircction at right angles to one of the icads so thet only 87 per cent of wts
salue was recorded in the most fasorible lead In tius record some other hewrt
potentint which w1s not quite so frrge nught twtually gne 1 Iarger excarson h the
yecorded electrocardiogram 1f its direction were parillel to a Jead
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deviation of QRS 4s the degree of anis deviation mc!'eal:s!cse (S);
entag
n increxsingly hrge percentag
shows an excurston which 15 & d
R, untl it mway equal Ry or even exceed 1t as n records ¢ and D

e Tty i T
=M e
< SR

Y
e

By, 1 Retords from four dsfferent hearts to show dilerent degrees of left
avs Acuation of QRS A b the least matked levanon and p the moest Note
e § ceases nse s telwon 19 R as the deorec of deviation ieredses
mubar p S i arger than R Jacand p 8 shous an eereaan ly farge defiecion

o QRS by a durason of 01 serand
Sy 1s often absent from these tecards This wall be seen to be the
rererse at the behavior of §; and Sy 1 the presence of night axis
deviauon of QRS With increasing left anis deviattan R becomes
relamely smatler and § yelanely larger (Fig 17 ¢ and 1) just
45 occurs with marked night a%is desianion Such a Lead 2 maght
be part of o recard showing either nght or left anis devinuon
and without the other leads we tould not say wiirh 1t was for
example compare Lead 2 of Tiguses 16 ¢ and 17 ¢ When $;
ques the largest encursion of QRS 1 any lead and § approacties
the size of Ry we banve an extreme grade of left axis desiation
Fig 1y m

O 15 wswally present m Yexd 1 of records showing left axis
deviavion of QRS When 1t 2 promment 11 Lead § the record
should be suspected of wdicating m abrormal spreading of the
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tion of Einthoven s table on page 408 1s 1eviened In this table
and 11 Tigure 21 21l values ne made proportional to 1 mumum
value of 10

Right avis dewation of QRS will be present when Ry 15 larger
than R_ and there 1s a downward deflection m Lead I Qccaston
lly there will not be an R wave n Lead 1 only a downward
deflection called QS If R. nd Ry are cqual 1t will mdicate n
electrical ax1s on the borderline of normal (Lead 1 = 0 Lead 24
Lead 34) It 15 better to consider the reltive size of the deflec
tions of QRS n Lewds 2 aind 3 thwn to consider the rehtne
heights of R and S in Lerd 1 because the Jarger dellections of
Rz and R, represent the predomlmm electrical forces and 1t 15
usul for these peaks to represent approsimately the sune mstnt
an the QRS group wherets Ry ad Sy m1y occur enlier or lter
and be related to lesser electrical potentinls

Figure 16 shows four records A B, ¢ and p with increasing
degrees of right axis devintion of QRS As the degree of s
deviation increwses Sy shows an excursion which 1s an increas
ingly Inrge percentage of Ry unul 1t my equal Ry or even exceed
1t as 1 records ¢ 1nd o of the figure As §; becomes relitnvely
luger R. becomes 1 smller fraction of the largest excursion of
QRS and S. tends to become larger A Q wve 15 very rirely
found 1 Lead 1 of records showmng right 1xs deviwuon and
nhen so found 1t usully indicates an abnormahity of the spread
ng of the contriction which has been produced by cardrac dis
erse Q 1s commonly found m Lead 3 and may reach a consider
able size 1n thas lead It may be present 2lso mn Lead 2

Turther right axss deviation of QRS leads to an merease of 5y
and §- at the expense of R; 1nd R. until eventually R; 15 fonnd
more thin twice as large 1s R 1s 1 records ¢ and p of the figure
Such a marked degree of deviation to the rght 1s uncommon

Left axis devation of QRS will be present when Ry 15 Inrger
than R; and Lead 3 shows S Inrger than R It 1s usunl for the
R wave 1n Lead 3 to be small 1ad occastonally 1t m2y not be
present so tint there 1s only 1 downward deflection called QS
Occastonally the donnward deflection 1 Lexd 8 will be found to
precede R which casc 1t will be ealled Q (g 96 8 ¢ o) In
Figure 17 are four records with ncreasing degrees of left as
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system and 1n the posiuon of the beart 25 1t hes nuhun the c\\‘e.u
have been discovered to haie an importint mfluence \\pon‘ i l\\s
feature of QRS as has been pownted out m Chapter 1 so thit a
(ew records from normal hearts are found to show stight dygrees
of night or left anis deviation of QRS The effects of disease upon
the branches of the bundle of Hus are such as to completely de
suoy the relationship between hypertrophy and the electnical avis
of QRS

Frreer oF Posimion oF HearT

Tt will be well here 1o disenss fusther the cffect upon the
electrocardiogram of the position of the hewt m the chest We
fave pownted out that this cin modify the record varyng the
relatne size and direction of the waves i the three leads It acts
11 thts 1y upon all the waves but most upon the QRS gronp
and least upon P The wnfluence upon the electrocardiogram of
the changed posttion of the draphragm duving expiration can he
welf seen 1n Figure 18 whese Lead 3 shows a gridual decrense m
the size of R with comaident increase n the size of § It will be
seer that as 8, increases in size the relation of Ry and R becomes
more defintely that of left axis devianon

The amphtude of Ty becomes smaller reaches reta and even
tally a shightly downward T appears The wncrease observed in
the <olage of the QRS mwoup and of T with wncreasing feft 1ais
deviauen duning enpiration 5s beheved due 1o the uneoy enng
of the heare by the lung margng allowing bettes comact of the
beart with the antenior chest wall

These vamauons 1n the eecrrocardiogram are due to the move
ment of the duphragm making the heart ie more wansiersely

at full expiratson and more verncally withm the chest when the
diphragm swrhs wath

The heart 15 relansely fined
at wts buse by Whe avachiments of the arterses and veins and the

apex 1s relausely movible so that the nse and fall of the dua
phragm rotates the longiudinal diameter of the heart upon the
bse as 1 fived pomnt 1t will mose as ne viex, the patient from
wm front m a counterclochwsse direction during expuation and
m a cddochwise drrection during spiratton Th:nlxnrt will rotate
Bpan ats long 1413 at the same tme twisting 50 that the antenpr



84 THE ELECTROCARDIOGRAM

contriction If Qs 15 Inrge (see page 137) m the presence of left
s deviatton the QRS group 1s considered to be ~bnormal,
though cardinc disease 15 not necessarily implied

When the electrical asts of QRS 1s deviated toward the right
or towird the left of normal such chinges are usunlly due to
hypertrophy of the night or of the left ventricle though occa
stoml normal hearts will give records showing this sign (page
41) It 1s necessiry however that the ventricle should be hyper
trophied m excess of ny hypertrophy of the other ventricle
which my coexist It must be 1 preponderant hypertrophy and
this w1s the ongin of Lewts texms right or left ventricular pre
ponderance as apphied to this electrocardiographic feature

Hypertrophy of the right ventricle only tends to produce rec
ords Iike those of Tigure 16 when the left ventricle does not
mcrerse proportionately at the sune ume The change 1s duc to
2 predominince of the electrical effect of one ventricle over that
of the other For exumple m Lewnis sertes 1 hea-t with ventricu
Iar weights of Ieft = 158 gm and right = 98 gm  the L/R ritio*
being 1 61 1 which 1s 1 horderline right preponderance showed
an electrocardiogrim with the QRS group 1 follows

Lead! R=1mm §=4mm

Lead2 R =5mm S =3mm
Lead 3} R =6mm S=1mm

This 1s 1 example of shight nght avis deviation of QRS smu
Jar to record a of Tigure 16 Another heart with ventricular
weights of left = 105 gm 1nd night = 128 gm  the I /R rio
bemng 082 1 wlinch 1s 1 marked nght preponderince gie
record with the QRS group 1s follows

Lead! R= 05mm S=8mm

lead2 R= 80mm S =5mm

Lead3 R=110mm S =3mm
Tlus 15 an cxample of moderate or marked right vas deviation
sumzlar to records B or ¢ of Tigure 16

The direction of the electrical ax1s of QRS w1l be affected by
other things than hypertrophy of the right or left ventnide nd
particalarly if there 1s not much cardhic enlrgement  Varintsons
wm the distrtbutron of the branches of the uriuloventriculyr

# The norm! L/R ratio virtes between 15 1 and 221
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the anterior sutface Both the motements of the long s of the
hreart and the sorauon wpon 1ts long axis take part mt producsng
the changes whith ate seen wub respirabon The auncles u\m::l
feast 50 P 13 least changed The QRS group 1s most changed an
T not so much a5 QRS

A fluorpscopic examnation dunag sespiration mas sometimes
rerveal the change 10 the dwrection of the amitomical jong s of
the heart to be as much as 30° The camadent rotiion on the
long aws can usually alsa be observed Obsiously the electro-
cardiogram by the three leads must vary 1f the heart moves as
much as s for 1f anythung but a arcle should rotate as much
25 30° 1t would Le suce to have a different appearance when
\iewed from a constant durection such as 1s represented by each
aof the leads (Chapter 1\)

1 few hearts however does the amatomical axis vary as much
as 30° wuth respration the usual rotation bewng about 15°
Often the daphragrauc excursion 1s shght and often the heart
espectally 1f of the vertical type will rest <o Lighuly upon the
daghragm as to be scarcely affected by ws mouon Respiratory
sariation of a wave appers most plamly i whuchever lead gives
1t the smattest relative value for 10 tus lead the youatton of the
heart can more easily change the wave from an upward to 4 down
ward deflection ot sice versa Tlis 35 why the vibratory type of
QRS 1s especnlly ldely to show definite varattons with the
TeSpiratory molements

i the diaphrigm as permanently lugh m the thomx a cond
tion usually associated with 1 bicoad hypersthemc type of chest
(F1g 19) or with an obese abdomen the heart will be permn
nenth rorted so that s long auts will fse horzontally and the
rentricles and septum widl be rauated as wihs lefy o entricular
Inpeitrophy  The effect on the waves of the c\eclmcardxogmm
will be o change their proportienal yalue 1 the three Yeads so
LT e et sl Lt o Ty
rcords G or 1 of Fipure 5, group s bikely 1o resemble those of
fttcs tadscatin 5 me" ot :r even record & of Figure 17 the

4 gt s devsation of the QRS group 1
a neart which had a sentricular weight tato with a balance
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surface moves toward the right s the dixphragm nises with e
pirition, thus tending to produce 1 relationship of the ventricles
and the septum to the chest wall which 15 stmilar to that pro

Luﬁi’# ! 1“ lhr]wf i ;:
W o iy ,ij Jll‘ !
G L e e
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Tig 18 Flectrocardiogram by three leads to show the changes in the waves
resulng from forced msp and exy At the beg of each lead
the chest was in the posttion of full insptration During the Iead the breath was
exhiled and at the end forced expiration was usedd The compleses underneath
the portions mirked normal (MORY are typical of those found in the records
of this patent when breathing maturally It will be seen that 2t the delt of the
figure duning inspiration the QRS group shows an clectrical axis witlin the
normal zene At the nght duning the cxpiratory portion of the figure the
eleetrical axis of QRS 1s markedly toward the left The voltage of the QRS group
ncrerses during exprration

The T wae 1lso changes dunng expirition becoming smaller in Leid 3 and
Targer n Lead 1 that 1s s clectnical s 15 also rotated somewhit toward the
lefe The voltage of T changes but shightly but 15 Jwger duning expiration

duced by left ventriculwr hypertrophy The anterior interven
tricular groove 15 displiced toward the night so thie the lefe
ventricle 1s more visible on the antertor sw fice of the heart With
mspiration 1s the diphragm moves downw ard the hert rotates
so that the antertor surface motes on 1ts longitudinal s towrd
the left and produces 1 rehtionship of the ventricles and the
septum to the chest wall ike that produced by hypertrophy of the
nght ventricle The anterior mtery entricular groove 1s displiced
toward the left so that the left sentricle becomes Iess visible on
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1 linits mmght
t hr yet sull sathen norma
P |"h“§€cl::::;f,‘l‘\:n‘f‘;“§‘ \\\?c Tygare 16 A showing shght n;,h't
G“: ?1::\?1:)0:\ of ng One with 2 ventnenhy weight rano with
axi

|7

Le o2 SW uete avea <f the heart <f a relatuely stender man {\tter Bagdeen
A v njummol §Roenig  logy anl Ralsom T vapy 9878 1972

the balwace too far toward the left just beyond the normal
it giae 1 record of the type of » ¥ or ¥ of Figure 11 not i
g the \eft preponderance wiuch was present

When Gtlier ventrscle 15 more than shightly hypertroptued
50 that the telaton of us weight to the other ss deaidedly abnor
wal the wlluence of this preponderance combined wath the
dnged relanon of the 1wo vemrieles to the antenor plane of
the chest will affect the QRS group strongly enoughy to awr
fante the effect of m abnormal position of the heart ot ap
unusual distribwtion of the bundle branch tisue within 1he
senncles Shight degrees of mss preponderance may only serve
to caumterintance the efiect of an oppmite ype of QRS group
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shghtly toward the right should be ssociated with a high dia
phragm the shight prepondeiance of the right ventricle might be
concealed by the effect of the position of the diaphragm and the

v/ {

Fig 19 Silbouette area of the hert ind great vessels of a stocky man Inside the
sihounette area the vential surface of the heart and the poston of the vahios
have beeu schematically represented  /After Buwdeen  dAmerican Journal of
Roentgenology and Radium Therapy 9 827 1922)

QRS be normal Likewise a normnally bilanced heart with a ngh
d1iphragm would tend to show a QRS w1th shight left axis devia
tion and one with a ventricufar weight rito shghtly toward the
left yer wathin normnl hmits would be certun to show a defimte
left axss deviation of QRS

A permanently low diwphragm such 1s 15 usually associated
with 1 long narrow chest has just the reverse effect on the wases
of the record The heart hings more vertically s shown 1n
Figure 20 and the effect on the record 1s that P and T are Iikely
to be reltively small in Lead 1 nd QRS to have characterstics
J1ke those of records A and B of Figure 11 or even hike Figure 16 A
T will never be turned downvard in Lead 1 by this position of
(e heart as 1t m1y be m Lead 3 by 1 transverse position In the
tong narrow thorre a heart with a ventricalar weight ratio nith
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AriEneTs To Eapress THE ELFCTRICAL ANS OF QRS

Vanous atempts have been made 10 astisbe an exact nuwmert
al raung which would wdiare the degiee and the direction of
deviation of the elarical aas Finthoten determned the diree
on within the body of the potenual winch produced the largest
excursion of the QRS group s method of determunng the
angle of any porential sathin the body from the values dens ed
from the three Jeads 15 detmled 1n the Appendix He dd nat
nonerer mndicate how the QRS group of certam unusual records
should be treated nesher those m which the values of corre
spondmighy named peats 1 the three leads dud not fulfill his
formula nor those with an equally large but oppositely directed
QRS defiection 1 Leads 1 and 3 nor these with the largest
defiecuon occurnn,, tuice m the sume letd but in opposite direc
tions as when R=~§ In the last tho categones 1f the synchro
nous poruons of the QRS group are determined for the other
feads there will be found to be two electrical aves m quite
different directions

In yecords with the highest peaks of the QRS groups occurnng
at the same mnstant m the three leads so that the height of Lead
1+ that of Lead 3 equals that of Lead 2 1t 1s easy 10 apply Fm
thoren's rable or Dheuarde s graph to determine the direction
of the current withuin the heart {Appendi\) In records with
the high peaks not representing the same tume nstant of QRS
so that they are out of phase  the 1bove formula will not be
found cotrect for the perks i the three leads do not repre
sent the same potental within the heart even though they
may bave the same name It 55 necessary by wnspection of the
QRS group n the other tvo leads to determine the part of
QRS n each lead which comades m tme with the peal of
the largest deflection It may be helpful to measure under Jow
magmfication the distance from the beginmng
g of QRS to dus peal and t pmang or e end
other leads at the same time a[(o e e the dellection m

er the begintng of QRS or
preceding 1ts ending When measurements ate o\:mmed which
approximately fulfil Emthoven s formula 1432 115 saus

factors to derne mathematically the smallest value from the two
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which mny have resulied from n abnormal position of the hert
or from 1n unusul distribution of bundle branch tissue For
example 1 vertieal heut whose normal electrocardiogram 1s like
that of Tigure 11 A would nced more mass preponderwnce of
the left ventricle to produce  left s deviation of QRS than
would 1 trnsverse heart whose normal record was ike that of
Tigure 11 r With more markedly prepondernt hypertrophy
of etther ventricle the features of positton wd bundie brinch
distribution become of dunimishing smportance As 2 result of
this an enlrged heart which grves 1 1ecord of erther nght or
left s devintion 1s much more likely to hve this becuse of 1
muscle prepondernce than ts 1 heart with the sme degree of
electrocwdiogiaphic vartion but without enlugement

The effect of lateral displacement of the heart When the
pauent turns on the left or on the night side thete 1 to be
seen 1 change in the clectrical s of QRS and of T Turming
the patent on the left side marked changes appenr giung
rise to 1 rotatton of the clectrical 1xs of QRS towud the night
5o that R becomes smaller and 8 Inrger 1n Lead 1 and Q md R
become larger in Lead 3 The electricnl s of T 1s less affected
than thit of QRS When the paucnt twns on the right side
stmular though less marked changes apperr This change with
position m1y be due to the heut falling to one side m the
chest s the pattent turns and thus changmg the anatomicil
axs of the hewrt Along with this chnge 1n the matomical s
there 3s 1 certun amount of 1ottion of the hent on the longt
tadinal 1ns which will also contitbute to the chmges observed
m the wes

A stmlar tendency toward ught 1xs deviation ippears when
the hent is displiced to the left s 4 result of pulmonary tubercn
losis esther by fibrosts or by pncumothorty When the heut
15 tinsposed 1s 15 found with congemtil dexnocudin the elec
tocrrdiogram shows n wnversion of il of ats wves m Lend 1
wiule the wises of Lewds 2 and 3 resemble those of m oids
nary record of right s devirtion of QRS In dhus w1y Tequured
and congenutal dextrocardi1 cn be differentinted 1f other signs
1re not more evident
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which may hase sesulted from an abnormal position of the heart
or from an unusual distrsbution of bundle branch ussue For
esample a verucal heart whose normal electrocardiogram 1s hile
that of Fagure 11 a would need more mass preponderance of
the left ventricle to produce a Jeft ax1s desiation of QRS than
would a transverse heart whose normal record was ke that of
Figure 11 F With more markedly preponderant hypertrophy
of either ventricle the features of position and bundle branch
distribution become of diminishing rmportance As a result of
this an enlarged heart which gives a record of either night or
left axis desiation 1s much more hikely to have this because of 2
muscle prepondcrance than 1s a heart with the same degree of
electrocardiographic vanation but without enlargement

The effect of lateral displacement of the heart When the
pauent turns on the left or on the right side there 15 to be
secn a change n the electrical asis of QRS and of T Turning
the pattent on the left side marked changes appear giving
rise to a rotation of the electrical axis of QRS toward the night
so that R becomcs smaller and S larger 1n Lead 1 and Q and R
become larger 1n Lead 3 The electrical axis of T 1s less affected
than that of QRS When the patient turns on the nght side
simular though less mirked changes appcar This change with
position m1y be due to the hewrt falling to one side m the
chest as the patent turns and thus changing the anatomical
axts of the heart Along with this change n the anatomical axis
there 15 a certun 1mount of rotauon of the heart on the longt
tudinal axts which will 1lso contribute to the changes ohserved
m the waves

A similar tendency toward night axis deviation appears when
the heart 1s displaced to the Jeft as a result of pulmonary tnbercu
losis etther by fibrosts or by pneumothorax When the heart
is transposed as 1s found with congenital dextrowardia the elec
trocrrdiogram shows m mserston of all of its waves i Lead 1
while the waves of I eads 2 and 3 resemble those of an ordt
nary record of nght axs devtation of QRS In this nay acquired
and congenital dextrocardia can be differentiated 1f other sions
are not more evident
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ArrrueTs To Express TE ELECTRICAL AX1S OF QRS

Vartous attempts have been made to ascribe an exact numen
cal raung which would indicate the degree and the direction of
devtation of the elecneal auis Emnthoven determined the direc
uan within the body of the patential which produced the largest
evcursion of the QRS group His method of deternming the
angle of any potential within the body from the values dernved
from the three leads 15 detaled 1n the Appendin He did not
however indicate how the QRS group of certain unusual records
should be treated neither those m which the 1alues of corre
spondingly named peabs 1 the three feads did not fulfill Ins
formula nor those with an equally Jarge but oppositely directed
ORS deflectian n Leads 1 and 3 nor those with the largest
deflection ocontring wice i the same lead but an opposite direc
tons as when R ==$ In the lust two categoties 1f the synchro
nous portions of the QRS group are determuned for the other
leads there wiil be found to be 1wo electrical axes s quite
different directions

In records with the lighest peaks of the QRS groups occurring
at the same instant 1n the three leads so that the beight of Lead
1+ that of Lead § equals that of Lead 2 1t 1s easy 10 apply ktn
thoven s rable or Dicwatde s graph to determine the direction
of Yhe current withun the heart {(Appendix) In records with
the tagh peaks not represenung the same tme nstam of QRS
3o that they are out of phase  the above formula will not be
fownd correet for the peaks an the three leads do not Tepre
sent the same potennal within the heart even though they
™3y have the same mame It 1s necessary by inspecuon of the
QRS group m the other o leads 1o determine the part of
% o st o ot 10 e i 1 e of
ma vmt?auon thcodma ma}( egiul o measue undes low
g of QRS to thus “cf rom the beginming or the end
OK;'\E( leads at the “1!5:“ 1 - (“’ Tease the dfﬂﬂ'illﬂn mn
precedin $ ume after the begimnng of QRS or

> 31s ending When measuternents are obia;

raed
approvimately fulfitt Emthoven s forrauta 14322 1t 15“51:!?‘
factory 10 derive mathemaucatly the smallest value y

from 1he o
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larger ones and discard the actual mesurement of the smallest
excursion

At times one cannot determine the cotncident time phases 1n
the three leads with sufficient exactness without a record of
two leads taken sunultneously When this 1s necessary and not
wulible the following procedure will suffice to obtamn an ap
proxamation suffictently accurate for most purposes

‘When the two Irgest waves of QRS occur mn Leads 1 and 2
or 1n Leads 2 and 8 1t 15 usunl to find these two peaks represent
g the sme wmstant of the QRS group— m phase —nd therr
values should be used to derive the vilues of the other lead Tor
example Tigure 16 a giies Rz =13 mm R =11 mm Hence

QRS; =R —Ri(11 - 13) = —~2mm
Iigure 17 A gnves Ry~ 1" mm R =12 mm Hence

QRS; =R: ~ Ry(12 = 15) = ~ 3 mm

When the two Iargest waves are found in Leads 1 and 3 1t will
not be possible to predict which peaks will fall 1t the sune time
wmstaint We must try to decide tius by mspection of the record
with magmfication measuring from the beginming of QRS of
each lead to the respective peaks It 1s not usual n such records
for Ry 1nd $; to occur at the same tzme so that the larger of the
two should be used m combration with the sularly nimed
perk of Lead 2 When R; and 83 re of equal value (or S and R;)
1t 15 best to consider thit Lead 2 =0 Such records s has been
sud hate tno electrical axes of equal voltige which differ con
siderably from each other

Lewis suggested 1 method of obtuning an mdex of ventricular
preponderance by the formula (Ry — Rg) + (S3 — Sy) the height
m mullimeters of the waves tn the leads bemng indicated by Ry
S; Ra: and S; He did not mention what he considered to be the
normal Iimzts for the result of this formula expecting probably
to determine this by 1 sufficient number of autopsies with weigh
ing of the separated ventricles White and Bock suggested a
very stmular formula (U; 4 D3) — (D1 + Us) 1n which U 1s the
height m mllimeters of the largest upward deflection of QRS
and D 1s the height of the Inrgest downuard deflection 1n the
leads ndicated by the figures The result of thus formula will
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Aufier from that of Lewss formuta anly when Q 1s Iarger than
S either Lead 1 or Lend 3

Lewrs formuls 15 more sound thearetically than Whaes for
the Q and the § waves of Leads 1 and 3 are apparently gos erned
by different ventnicies wd not by the same ventricle s they awe
cansidered to be i Whites formula In an antempr to deter
e what the normal bmits nught be for Lewss formulr the
author reviewed 30 cases published 1 part by Tewts and m
part by Cotton The ventricwlar wesghts and electrocrdiographiee
records of these patients were compared and for hearts without
preponderint hypertrophy of ewther ventricle the inden figure
usually lay between +20 and —30 A figure grever than 420
then should indicate lelt sentniculr preponderance and one
fess than ~10 T ht ventncular preponderance Whie stites
that 430 or more mdieates left 1as deviation with a bovder
zance between 420 md +30 and that —15 mdieates ni ht axis
deviauon with 2 border zone of ~10 10 —15

These formults hace two obtious fauits (1) 1t 1s diffacult to
apply & proper numerical correction for displicement of the
long axts of the heart The angle of Finthoyven lends itself more
teadily ta suth a correcuion () Their mast wmportng defect s
that the idex 15 dependent upon the actual amphtude of the
waves 1s recorded in the three leads to suck i extemt that when
this becomes vers small 11 15 not possible to obiam large values of
the mdex Figure 0 A for nstance with measurements of { epd
1= 42 Lexd2 =41 Tead 3 = —1 would hwe the electrical
axts of QRS accardin, to Tinthosen s method definy
\[f‘,t—:i )rmﬂ!(\;\*’ﬂ;;l u[ a l-= 0 Tins record gives an index of 42
\(ilhc n)\casmcmmll;\\: ‘ccr; ‘;"‘l‘l’:l]’;) olx ‘;1 mcf ol Tingeand Y
153] the index would be 430 x{’lucc(! n (li([(zo FI0) — a8+
ronmal 15 defaitely to the Yefy of

wely 1o the

Tigure 17 8 which wndicates defin,
QRS weording to Emthoven s method

that 15 alpl, °

Lewd 1 = 2w Pia = 10

E, ;e)‘; o -:,l(;)Lf’dx 20 Lead 3en 3y gines an ndex figure

e I+ 2)]{ whiel 1s withim the Ttmus of nor:nal

opuing 2 fermyl;
Bock anempes 212 "u[a sumiar to that of White and
ot the error resulting from the

ste left axis deviation of
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varntions i the wphtude of the excursions in different records
His formula 1s

© = U) ~ (01~ Uy
(O + U) max

In this formulr O and U are the yalues of the Irgest upnard
and lirgest downward deflection of the QRS group n Lead 1
for the first parenthests and Lead 3 for the second parenthesis
The value of (04 U) max 1s obtuned from erther Lead 1
or Lead 3 depending upon which of these leads gives the Irgest
figure for the sum of the largest upward ind largest downward
deflection He suggested thut positive values mdicited 1 pre
dominance of the left heart wnd negrtive values 1 predominance
of the night heart but had not determined 1t what pomt the
hewrt mdex should be constdered to indicate an abnormal
predomunince

Carter Richter 1nd Green suggested subtrictng the chief
upnird and downward deflections in Lead 1 to obtun 1 value
for Lead 1 and subtracting the chief upward wnd downward de
flections of Lead 3 to obtun v value for Lead 3 The values so
obtuncd were then used to determine by a geometrie graph
detised from the formula of Linthoven the direction of the
electrical s shich would have produced such values for
Leads 1 and 3 This wn effect determunes the algebraic sum of
the upward nd downward deflections of these leads and bises
the dectrical avs upon these derned figures There 15 doubt
s to what such an algebraic sum represents and greater doubt
1s to what 1s represented by the clectrical avs derived from two
such figures

Recently the Criterin Commuttee of the New York Heart
Associition Is suggested 1 method of determiming  the devin
tion of the electrical axis of QRS Upward peiks are to be
regarded s positise and downward peaks as negune The
algebraic sum of the QRS deficctions of each of the three lexds
15 to be determined There 15 considered to be no dewmation of
the electrical 1as of QRS af this value 15 positve or zero n
Lead 1 positive 1n Lead 2 and positive or zero int Lead 3 Left
deviation of the electrical axis 1s said to be indicated when the
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algebraic sum of the QRS dellection 1s posune m Lm(;\ }7 3:3
n Lead 2 neatne n Lead 3 If1t1s negainie in Leads ": N
3 the degree of left axs deviation 1s to be cnmlderc;: marke t
Raght dettation of the electrical axss 1s considered to be presen
when the algebraic sum of the QRS deflections 1s negative ’2
Lead 1 with a posttrse satue m Leads 2 and 3 If Leads L and 2
both gve a negatise value the degree of the right deviation 15
marked 1f negatne m all three leads the degree of nght axis
deviauion 1s more marked This method 15 smlar 1o that of
Carter Ruchter and Green mn that st ronsiders 2 mathemtical
mean value for exch of the Teads It does not deal with the clec
trienl axis of any particular recorded potential Tt docs not in
fact derne an axis but assumes that the QRS group 15 a whole
18 expressed by the 4 or — value of the algebraic summation
of the positn e and negatne deflections of each lead Itis doubtful
+f thys 15 alwags the case, but the 1dea 15 based upon Wilson s sug
gesuiows as to the mportance of the area of the QRS group {Chap-
1er 1)

Tt 15 indeed unfortunate that so many methods have heen
sug.ested to express the relauon of the QRS group to sentricular
hypertroplty for none of them 1s capable of producng figures
which can be closely correlated wath definne degrees of hyper
wrophy The fiures express something about the QRS group
but this annot be transierred with exaciness exther to Inper
trophy o1 10 relatine preponderance of the nght or left
sentneular musele masses The correlation with entncular
preponderance 1s better when the heart s large When st 15 of
edum or normal size the correlation 15 very poor as has been
shown pacncutarly by the work of Hermann and Wilson On
this 2ccount 1t has seemed to the author that for chimeal pur
poses it will suffice o view the QRS group pannally as 1t were
and to determine the direction of the axis of
flecion of QRS by nobing
n each lead and fiting

the largest de
the divection of the largest excursion

these values o the w
ppropnate section
of Fiure >3 When the salues 1a the thy g

e lewds do not approxt
wtely fultll Einthoven's law of 14302 gty bel\er;:)xs he
sa1d to comapute the smallest from the two targer by substituning

g
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them 1n the 1bove formulr unless the smallest value should be
in Lead 2 In such cases, by using the vertical tume lines care
fully measuring from the beginning of the QRS m each lead

]
-10
-0

LA

Hig 1 A schem: to represent praphcally the direction of the defections
the threc lewds resulung from any potestial within the heart with 2 dir ction 10
thys plane The arcle 15 dnrded into six sectors when the potentrl under con
sideration has a dwection parallcd to any of the radu wathin v sector the dtrection
of the deflections n the three Icads will be v indicated by the (+) or (—) sipns
When the potential 15 prrallel to the side of « sector one of the lerds will show
no deflection (= 0) and the other twe will hne equal deflections The dircction
at the center of cxch sector eg, 60 1n the + + + sector will prodace (wo leads
with equal s tlues the remaining lead hvng 2 value exactly donble Fhe maments
indicate the proporuonal dutrsbuton of values in the three lead at the angles
indscated 1€ the maximum deflection is 10

we can often arrive at 1 very good approxumition of comncrdent
time points 1n the three leads

When the values are all upunard (+) the leads may be repre
sented by + + + and the angle of such a potential Iies withmn
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the sector (4 30° to 490 ) as may Dbe seen by referring 1o Tig
ure 21 "Tins may be called the sector of normal balance for the
QRS geoup 1 Lead Lor Lead $ 15 small 1 relation to the others
then the angle of the potential Iics near the lower or the upper
border of this sector When the border 1s reached the feadt wall
gve a zero (0} value and this would constitute 1 borderlne night
or left deviaton of the aus of QRS We must now consider the
Jon., ax1s of the heart noting whether 1t 15 unusually veruaat or
wansene 1 5o we must tahe s 1nta account 1 considenng
what sigmificance 1n regard to ventneular hypertrophy 15 to be
attached to the angle of the electnical vas of QRS We can cor
rect for the unusual position of the heart by rotating the angle
of the axis shghtly 1 the direction of the moyvements of the
hnds of a clack, 2f the hewrt hes too honzontally nd counter
dodwise 1f the heart 15 too vertical

A moderate r1, it or left axis devianon of QRS will be shown
by the values in the Jeads bemg — + + or 4 - — respeciiiely
with the neganne value always dess tha the value of Lead 2
for example the measurement of Figures 16 A and 17 &

164 Leadl=-25 Lead2= 4105 Lead 3 w 413
174 Lead! =417 Lead2 = +115 Lead 3~ ~55

3 the value m Lead 2 becomes equal to or less than the value

m Lead 1 1n vecords wath right axss deviation s in Tigure 16 n

168 Teadl= -6 Lead 2= 46 Leadd = +12

then ne may consider the avs deviation of marhed Qegree §{
2

Leid 2 approaches zera or hecomes 4 munas value as 1w Figure

16 ¢ or higure 16 0

168 Leadie~6 Lr 2= 05 Lead 3w 455
the degree of devianion shiould be constdered as very marked
Ui vecords showing lefr avis desiation of QRS the condinion

#s analogous Figure 17 & wdicating 2 moderate degree and Fig
4
wre 17 € mdicating 2 marhed degree of left aus deviation °

175 leadl= 4405 Lead 2z =
e Leadtati 2= 45 Lead3 w55

10282 & —3 Lead 3 n —16
R praceice the measureme; Y Yy mto the
¢ nis may be f) { t
‘ e fitted pictoriall: i

I
oltage of QRS The berght of the tasgest recorded wave of
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QRS n whatever lead this may be varies n general with the
degree of ventriculw hypertrophy tending to be large if a
marked right or left axis devition 1s shown It 1s also on the
erage Iarger 1n generally enlarged hearts which show 1 normal
direction of the 1x1s than 1 hearts of normn) size Both of
these statements we made with the qualificition that the physto
logical condution of the muscle should be equally good or equally
poor n the hearts compared nd that there 1s no myocardil
abnormality which would distort the QRS group or extricardinc
condition to produce unusual shoit crcurting of the heart s cur
rent A heart with the muscle mn 1 poor physiological condition
will tend to have sl waves no matter what the degree of
hypertrophy so that this [ictor will often reduce to normal or
Tess the stze of the excurstons of the QRS of 1 much hypertrophied
heart The effect of 1n 1bnormal path of the contraction wave due
to myoctrdild diserse 1s not predictable (Chapter iv)

Increased duration of the QRS group In many records with
marked left 1sas destitrion che durition of QRS 1s wmcreased o
more than 0 10 second The prolongation of QRS m many such
records 1s due to the mcreased thickness of the ventricular muscle
thiough which the contraction wave must pass i gotng from the
endocudnl to the pericwrdinl surfice We know from cxpers
ments upon dogs md from reidings on the human heart that the
list part of the veatriculn musde to become mvolved m the
contriction 1s 1t the bisal part of the left ventricle Since QRS
Jasts untl the whole of the ventricular muscle has entered into
contrrction 1t 1s readily understindable that thuckening of the
left ventricular muscle may cause 1 prolongation of QRS The
rate 2t which the contraction passes through the ventricular wall
of the dog 1s 5 mm per 001 second 1If it were the sume rte
man and 1t 1s Iikely that 1t 1s slower then n 1dded centimeter
of thickness of the ventriculwr wall would prolong QRS for 002
second

We should not then consider 1 duratton of 0 11 second ab
normnl for the QRS of records showing marked left s devia
tion and 1if the heart 15 very Irge or the 1xis devianon very
marked 1s in Figure 17 p even 0 12 second my be due to the
hypertrophied ventricular wall and not to disewse of the con
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quctng tssues Excludmg from considerition €ases " b““;“e
Lranch block winch we bnow e a wide QRS bec““;c °h a
delayed conduction to on< ventricle a general relwonshep l‘"
Leen demonstrited between the weight of the fieart and the
aratian of QRS
d\l‘::m‘t‘mn nd Wilson houever have produced cudence to
chow that even when the left ventreular watl s much thickened
the duration af QRS need not be prolonged Price and Pardee
also have found that even very large hearts muy have 1 norma
durition of GRS Framall these obsersations 1 seems that thongh
a prolon., itien of QRS to 0 12 second m7y 2 tumes be due to an
increased thnehness of the leftyemncuiir wall vetin other heasts
wmy be due to 1 shghtly dehyed conducuon m the left bundie
Lranch (incomplete bundle brmeh block see page 128) sach as
rutght result from stight depression of the funcuon of thus nssue
Sucht 1 disturbance of the funcnion of the bundle branch would
be expected to cause 1 mrked left was devtstion of QRS with
1 prolonged QRS durtton and an meerted Ty as w Figure 17 0
Wuhaue wnersion of Ty wcomplete hundle branch block prob
abiv should not be dwmnosed
When the duration of QRS 15 greater than 810 second sn
avsotiaunn with right aas devon we ™y condlade thw
Al but exceprionat cases there 15 delayed conduction wn the nghy
bundle branch  Tladenin, of the wall of the night ventridle
does nat serh 2 suffe tene degree to cawse 3 prolonginon of the
QRS group except w certawy cases of congenital 1bnormahy
Fure 90 O In doubtfd cases precordial fewds may pne n
formatan regarding the ume of arrnal of the contrchon over
chfferent parts of the precordium (page 129) which will help o
deade nhether or not bundle braneh Block. s present
\ The T‘umr The T wate s not changed by sentncair
\‘\!i’;:"r‘c’gn“\( ls“::l:;)s this 15 extreme and possbly wot men then
marked right axis deviation of QRS (Fig 16
e oyt 5 17 o T
s devation af QRS pou arge series of records warh nghe
<4 per cent shoned 2 downwardl
directed T and ¥, In a sertes wath | Y
myerted with or v b Left s devianon T, was
vithout Ty with abowt the same frequency



100 THE ELECTROCARDIOGRAM

Bunes wd Whitten hme found 1 stmilr reltionshup and
hime suggested that these changes in the T wave are due to the
prescnce of ventricultr strain They defined this s 1 physiologc
myocardil disturbance due to the fact that the muscle 15 1shed
to perform work 1 excess of 1ts mettbolic cxprcrty They belierve
that there 15 wn merevsed hydrogen 1on concentrition nd
shortencd durition of the contriction m the ventricle ffected
The resulting electrical imbalinee affects the T wave nd the
lead or leads ffected re determined by the affected vennucle

Rykert ind Hepburn studied 20 cases with mrked left s
deviation nd mversion of T, 1n 4 of these careful micioscopic
study Tuled to reverl any myocudinl degeneration or fibrosis
so that hypertrophy w1s the sole 2bnormal teatuie of the muscle
Rykeit and Hepburn pomted out three other features which 1re
frequently found m electrocudtogrims ssociated with muked
left yentricular hypertrophy (1) The § T junction 1s defuntchy
below the 1soelectric line m Lead 1 and usually sbove the 1so
electric inc mt Lead 3 In Lead 1 the S T segment passes to the
peth of T with an upwrd convenity which sometimes rises suff
aently above the level of the 8§ T junction to suggest 1 coronry
T wuve In Letd 3 the 8T scgment 1s concve upward mnd 1s
not unusinil m 1pperrnce (2) The voltage of QRS tends to be
Inrge (3) The voltage of T tends 1o be lwrge Recently Barnes
has mentioned these fetures of the ST segment 15 addisonat
signs of left sentricular strun

In the cise of records with right s deviiion the T wae
sometumes shous 2 slight elevation of the $ T junction mn Lend
1 but without wny other unusual feature In Leads 2 and 3 T 1s
often nverted (25 per cent) nd the ST junction m Lead 3
1» often somewhat below the 1soelectric Jevel the remunder of
the ST segment bemng m no w1y temarkible and showing the
usul comentty tow d the bise line commonly observed with
an myerted T This 1s the clectrocardrographuc prcture which
Barnes ind Whitten hrie atatbuted to right ventriculu strun
(F1g 39 A)

The one clinical conditton which seems to afford 1 good
ample of acute right ventricular strun 1s embolism of 1 branch
of the pulmonary artery After tins occurrence the electrocardic
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gram does not tend to develop nght axts deviation although ‘:
may develop a larger Sy thin was present previousty The ey
qze of the § wave however may not be more than 3 or 4 mm
A Q waveoften developsin Lead 3 and may teach such asize that
1t 1s more than 25 per cent of the largest R deflection The ST
segraent usually 1 found to begm below the ssoelectric hine i
Lead 1 In lead 2 st may show an upunard comexaty 25 1 the
coronany T wave while Tg 15 imverted and the ST segment
although comvex toward the base line may or may not show
the coronry diphastc (- —) appearance These chnges 1t will
e noted are m so many ways different from those Winbuted
10 chrome right ventricar strasn that 11s difficult to wdmat thnt
they are the results of a similar process

The direction of the electnaal avis of QRS howerer often 15
assocrated with a defimite direction of T in the different leads
though the direction of the awis 18 not apparently the sole deter
munmng factor Nar does inverston of T scem to depend upon the
degree of deviation of the axis for a marked axs deviation may
coextst with an upward T wave m all three leads Nor does 1t
depend upon the degree of ventnicular hypertrophy for a sirmlar
reasont It seems as though the direction of the rus of QRS 1s
2 controlhing factor so that when the contracuon s affected by
some other imfiuence left 1us deviation leads to an mmersion
of ) and perhaps also T while with night asis deviaton T
and T, become mrerted Whether thas wfluence 15 ventricular
Strun of a relatine coronary msufficiency  the muscle hasing
outgronn the capacity of 1ts arteries to supply its needs or 4
dilwation of the affected ventricle with resulung elongation of
the bundle branch and shghe delay sn the spreading of the con
\raction to this veninele 15 2 matter still to be decided

PrEcoRDIAL LeADS Wity HyPERTROPHY OF Rt or
LeFr VeaTricts

The varations of the precordial electrocardiogram associated
with night and Yelt sentricular hypertrophy hzuae been stud; :d

but the vavations due 10 nght and lelt avs deviauon have e
as yet been disingwished from these due 10 hypertroph Im“
ftkely that the sanauons of the QRS group at least ar Arlogons
e analogous
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1 the two conditions if not 2lso the varations of T Wath right
ventriculir enligement the QRS group tends to show 4 deeper
S wave with il posttions of the clectrode and 2 smaller R wue
than usutl 1 records from the 1egion of the apex and bejond
Wheres 1n normal heuts the peik of the R wue tends to fill
Inter 1n lewds from the 1pex thin m leads from the left sternal
border 1s has beun stated on page 72 records with night hyper
trophy m1y show the R peil comncdent 1n these two posttions
and occastonaily even Iater 1t the right sternal border than 1t the
aper The T ware tends to be myerted most frequently i leads
from the right side of the sternum less frequently from the left
of the sternum 1nd oceastonally m leads from the region of the
apex

With left sentricultr enlwgement the QRS group tends to
show n especinlly Inrge R wave 1n leads from the apex md one
which 1s smaller than usual ind vt umes missing m leads from
the left sternal mugin The ttme difference between the peak of
R 1n the sternal leads 1nd in the lead from the apex 1s usually
greater thin normal i these records wd mcreasingly so with
the degree of hypertrophy The T wae 15 especally likely to
be mverted m leads from the apex or beyond less likely mn the
prasternal Jead and rarely an the lelt sternal lewd

It 1s not ccrtun whetha the T wave changes of precordinl
leads from hearts with right or left ventricular enlrgement e
telted ta the varntions of QRS or ue due to some wdditron
feature such 1s ventriculir strun or defictent coronary flow or
myocardil disexse The sitnatton 1s stmiar to that of the T
nave changes 1 limb lewds s discussed on pige 99 It has been
observed however that with lelt ventriculr enlargement the T
wave of the lead from the apes 1s only found myverted when there
15 1 very Irge R wave n tlus lexd

Wood and Seltzer hive determimed that n pauents with Jeft
1ss devittion due to upward displicement of the diiphrigm
st w1s usual to find wversion of T m precordnl leads from the
right of the sternum and not uncommon to find 1t m lexds from
the left of the sternum They found 1t rarely m leads from the
apex They pomted out that the fincing of n mverted T wave
1n leads from the right of the sternum m7y be of nd m dis
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unguishing between Jeft axas desiation due to upward d‘:iphcc
ment of the cardiac apex by a ligh draphragm and that due to
sigmficant enlargement of e deft sentncle I T 1s npright in
thys lead no mference can be daawn but of 1t 15 mserted en
largement of the left entricle 15 unlihely

CLINMCAL APILICATIONS

Auncular hypertrophy will be suggested by the changes m ¥
that hase been described Tt may be assoaated withi venous
congestion 1n aither the pulmonan ot the systemc vems The
former 15 far more common and the accepted electrocardio-
graphic signs of aurscular hypertrophy probably depend mostly
apon a hypertrophied left auricule \itral stenosts causes the
most marked auricular fiypertrophy but mitral regurgitation has
a2 smilar though Jess marked effect The effect of trcuspsd sieno
s1s 10 causing a P wave of lar e voltage s been menuoned Dis
ease of the 2ortie vilve will ncrease the work of the left auncle
when the left ventricle fauls to empty 1tself properly and the
same 1s true of ugh artersal tension thus these conditions lead
only secondanly to auricular hypertrophy

The finding of nght or left axis dessanon of QRS s nat al
wavs an mdication of the presence of ventricular hypertrophs
the axis deviation may be due as has been said to minor con
gemtal vanations n the distnbution of the bundle branch ussue
and 15 somenhat mfiuenced by the posttion of the heart  the
chest the vertical type of heart tending to produce 2 night axts
wd the horzonal type tending to produce a left axis of QRS
Deviaton of the electrical axis of QRS may be assocrated with
hypertroply of both ventricles the one whose sign 1s most
pressed upon the electrocardiogram being hypertrophiued to a
greater degree Nor 15 1t uncommon to find a much hyper
BT AT
the o veninicles have become ‘h o2 hus ndicates o

htpertrophied and that the Yefy

has by pertrophied more than the nght sa that the normal relation
of their s17e 15 retasned In considening the su
or(lcflz xas deviation of QRS we must ke wnto account the
actual suze of the heart and s position within the chest the

gruficance of nght
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Inrger the heart, the greater importance 1s to be attiched to 1
deviation of the electrical axs s an indicitton of hypertrophy
of one or the other ventricle With smaller hearts the posttion
or the peculiirities m the distributton of the contriction wave
m1y be predominintly mmportant Havng observed the presence
of absence of abnormal devintion of the electrical s we mast
now attempt to 1ppruse the size of ech ventricle separately and
to consider wht might have been the cause of the hypertrophy
which mny be dingnosed

Hypertrophy of the nght ventricle mny be caused by disexse
of the pulmonary arterres with mrtowing Chronic emphysemm
and chrome pulmonary tuberculosis often lead to hypertrophy
of the right ventricle, the nmowed pulmonary cpitlry bed
probably betng the ciuse Certun congental abnormihues of
the heart cruse great hypertrophy of the nght ventricle Pul
monuy stenosis  patent mterventriculywr septum  nd patent
ductus rtertosus obviously would do tlus but 1 pitent fora
men ovale or 1 prominent ventriculir band would not Con
gental cardine defects may also be rwccompnied by abnormnhties
of the branches of the wriculoventricular bundle so chie at
ttmes the hypertrophy will be accompanted by an normal
path of the contraction wine Tlus will distort aind vitite the
electrocudiographic sign of ventricular hypertioplry

Mutral stenosts Jerds to an hypertrophy of the right ventricle
through 1 dimnung back of blood m the pulmonary cipilhrzes
thus ncrewsing its work Mitral regurgitation does this also
though secondanily and only after overtinng the left ventricle
Hence the earliest records with this valve lesion may show 1
left s desiation of QRS later ones gring 1 normal QRS and
Inter sull as stenosis develops 1 right 1xis devition

Hypertrophy of the left ventricle 15 caused by disease of the
aortsc valve either regurgitation or stenosts by arterni hyper
tension by coronary arteriosclerosts by matral regurgttiion nd
by diffuse myocardil degenerition Long contmued stretuots
phystcal exertion occisionally may lead to left ventriculr hyper
trophy though more often to n hypertrophy of both ventricles
so that QRS 1s not chnged Arterial hypertension and aortic
stenosis cause the most marked left ventricular hypertrophy and
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25 they afiect the nght ventricle only secondarily lhfﬂ‘“g“ lhn‘:‘“;c(
of the left they lead to marked grades of Tele s desity

S
Ql;houg\\ \he determmation of a prepondevant bnpertrophy “:
euther ventrice 3§ not the Most 3MpOINNL inforsmation derned
from the electrical cunves yet it cannot be obtained su any other
way and often throws an wmportant lght upon a doubtful ding
nosts The presence or bsence of hypertrophy of the 11 ht ven
wicle 1 often a factor i deading whethier the yumbling
dastolic murmars heard at the apex when aprhic regurgitation
15 also present are due fo 1 comcident mitral stenosis or 1o the
aartic regurgitatson by the mechamsm described by Thint The
presence of a Tight ax1s deviation 1s a proof that mtral stenosts
1s present though 1t 15 not uncommon to Hind a QRS wih the
normal relation of the waves in the three Jeads due to 2 bikanced
typerirophy from 1 shght degree of stenosis combined with the
Aorue lesion

Tuao valuddar lesions desenie spectal mention A pure uncom
phcited matral regurgitaton will usually gne an electrocardio-
gram showing a shght or moderate degree of left axts desration
ar a normal ventnicular relanon arrespectve of the amount
o hvpertrophy of the heart Uncomplicated aottic regurgianon
1s usually associated wath left axis devinion but there re many
hat show 1 normal direction of the axis Most of these have hittle
or no enlargement of the hewrt and are often without the 1n
creased pulse pressure so charactensuie of this valse lesion Yet
the mutmur may he qute rypeat and often fuxly loud \Most of
these patients have 1 vertsen) positton of the heart which could
mask a shaht Jeh side by pertrophy as presiously explamed In
certan crses howeter 1t 1s impossible to explain the lack of
abnormal avis deviation

The ehimein 1s sure to wonder frou exdct a measuremen! of
relatice yentrienlar s thys electrocardiograplne sign has been
found to fe ¥t 1s nat patticularly exact but 15 hble to be

mote so the more definue are the evidences of cardiac enlarge
ment Those hearts with a definte pathological preponderance of
erther ventricle usually gine a definite am:de\mtmn of the QRS
group The discrepancies bets een the rec

ords and the ventnicular
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larger the heart the greater umportance 1s to be 1ttached to 1
deviation of the electizcal Axs 1s m ndicition of hypertiophy
of one or the other ventricle With smaller hents the position
or the peculiuities i the distribution of the contriction waue
m7y be predomumantly importint Having observed the presence
of absence of "bnormal deviation of the elecerical wis we must
now attempt to ppruse the size of exch ventricle separately nd
to consider what might hve been the cuse of the hypertrophy
which may be dignosed

Hypertiophy of the nght vennicle may be caused by disease
of the pulmonmy artertes with nartowing Chronic emphysema
and chrome pulmonary taberculoss often lead to hypertiophy
of the right ventricle the narrowed pulmonary capiliwry bed
probably bang the ciuse Certun congenital 1bnormalines of
the heart cruse grewe hypertrophy of the nght venticle Pul
monnry stenosis p'll(,n[ mtenventrrculu SC[)[HH] and p’l[cnt
ductus artcriosus obsiously would do s but 1 patent fort
men ovale or 1 prominent ventriculir band would not Con
genit1] cardine defeets may so be accompanted by tbnormalities
of the brinches of the auriculoventricular bundie so that 1t
tumes the hypertrophy will be accompuued by an 1bnormnl
path of the contrwction wwe This will distort and vtnte the
electrocwrdiograpluc sign of ventricular hypertiophy

Mitral stenosts leads to i hypertrophy of the right ventricle
through 1 dimming back of blood 1n the pulmonary cipilluies
thus increasing 1ts work Mural regurgitntion does this also
though secondanily nd only 2fter overtnung the Ieft ventricle
Hence the earliest records with this vahve leston m1y show 1
Teft was deviation of QRS later ones gting 1 norml QRS and
Jater sull 1s stenosis develops, T right 1as devition

Hypertrophy of the left ventricle 15 caused by disease of the
aartte valve cither regurgttation or stenosis by arternnl hyper
tension by coronary artertosclerosts by mutral regurgitation and
by diffuse myocardinl degeneration Long contmued stienvous
physteal exertion ocersionally mny lend to lefe ventricuiar hyper
uophy though mote often to n hypetrophy of both ventricles
so that QRS 1s not chwnged Arteral hypertension and 1ottic
stenosts cause the most marked left ventricular hypertrophy and
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as they affect the night ventricle only secondanly through fulure
of the left they Jead to marked grides of left axs devintion of
QRS

Though the determintuion of a preponderant hypertrophy of
euther ventricle 1 not the most important information derved
from the electrical cunves yct 1t cannot be obtuned 1 any other
w2y and often throws an important light upon 1 doubtful ding
nosis The presence or absence of hypertraphy of the right ven
tncle 15 often a factor 1n deading whether the rumbhin,,
diastolic murmurs heard at the apex when zortic regurgitation
1 also present are due to a comadent mitral stenosis or o the
antuc regurzitation by the mechansm described by Flnt  The
presence of 2 righe avus deviation 13 2 proof that mur) stenmis
18 present thouzh 1t 1 not uncommon 1o find 1 QRS with the
nommal refatton of the waves in the three leads due to 2 balanced
hvpcmnphv from a slight degree of stenous combined with the
aottic lesion

Two valoular fesions deserve specra! mentinn A pure uncom
phiez ed mutrat regurzianon will vanlly give an elertrocardin.
§1am she ving 2 dlizht ar maderare degree of left axis deviaton
oF a narmal vert ten'tr ref1rion srrespective of the amount
of hwﬂ'lrnphv of the hearr { nenmplicated aortie TeZUT AT
Susilly asacrated with fefr avss desiirion but there are many
that show 2 neemal drrertion of the 2t Vst of thew hase Titrle
O ra enlirvement of the heart and are often without the n
:;‘::’1’ ;ﬂ:;c Fresure w0 eharacteristic of thie valve leuon Vet
e Pm;”:n;: Fe qure el and often farsly loud  Viear of
Tk st ':;e a vettictl posirion of the heart which entld

tsicle fepertrephe as [reviensly explaned In

Certay
ot BORELE 1 i imprcatie t explan the Tach of
2000tma] 245 dpyg wen

The eliney,
felttie vonyy,
found 1 4o
ore ¢ the

DI wender fir « sxact a4 men urement of
rular gze ¢y,

r(fﬂmﬂh‘d/f»’fﬁlp/nf tign Fa feen
YOS 0r [ etentarls e qer Tug i 1y liable o e
MIYE defingte are the o (ence of cardiie enlarge
Berr st 2 depr [ ahwlemel frebenderancr of

eup Theg A e e dec e of the ORS
T"Pacie b \opp thye rereedy e the ventrienir
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weight 11tios e uswally of such 1 character that they might w
huve been due to 1 modification of the QRS group by 1 verts
or a transverse posttion of the heart within the chest At imes
extreme varntion of the electrical 1xts may be found withe
crdrac enlargement This usually 15 due to pathologteal chang
i the muscle

SuviraAry

The electrocardiogrphic diagnosts of aurcular hypertiop
m1y ndicate 1 disunction between hypertrophy of the rig
nd of the left wuricle Hypertrophy of the right aunicle 1s es)
enlly assocnted with 2 hrge voltnge of P winle hypertrop
of the left anricle 15 especinlly associated with ncretsed dui
tion d prominent notching of P

In the dignosis of ventriculir hypettrophy we are able
determie with fur accuracy whether the nght o the k
ventricle 1s cluefly affected The greater the cirdine enle
ment, the greater our accuricy m this respect In mikmg 1l
diagnosts we must constder hoth the direction of the electric
as of QRS md the direction of the atomicnl s of d
heart as determmned by 1 vertical o1 1 tansverse position of U
heart witlun the chest

Hjypertiophy of the night ventricle may be dingnosed wi
an enluged heart if 1ight s devintion of QRS 1s found Wit
out cudinc enlrgement 1t should not be dingnosed 1f the hier
15 of the vertical type with ¢ low drphrigm With 1 normai
trinsverse position of the heart ind right 1ws deviation hype
trophy of the 11ght ventricle 15 probable

Hypertrophy of the left ventricle m1y be dirgnrosed with 1
enlarged heart 1f left axis deviation of the QRS 15 found Withoy
cardric enlirgement st should not be diignosed if the heart 1s ¢
the transverse type with Ingh diaphragm With 1 normal or vel
tical position of the hent md left 1wus deviaton hypertiophy
the left ventricle 15 probable

Hjypertrophy of both ventricles my be drgnosed with i en
Inrged heart 1f there 1s nerther right nor left s deviwon o

ORS
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CHAPTLR IV

CHANGES DUE TO MYOCARDIAL DISEASE
AND FUNCTIONAL ABNORMALITILS

HE most 1mportant feature of electrocardsographic diag
Tnosxs depends upon the frct that myocardual disease cm
change the electncal mamfestauion of the heart beat and therely
produce abnormal wues in the electrocardiogram Such electro
cardiographic abnormalities will be present w hether the heartss
vegular or sregular fast or slow They depend wpon the abnor
maliy of the muscle of the chambers concerned and therefore
are found each tme the chambers contsact

Beats 1msing from abnormal foct such as premature beais and
tachieardias also produce abnormal waves Such waves re
readily disungwished by the presence of the arshythma from
those due to disease of the muscle

Functional aniatiom in the muscle are also capable of caus
tng changes in the electrical waves The electrical production may
be changed 1f the muscle 15 ahnormal because of fauigue or of a
defictent blood supply or because of the action of drugs or of
touns These are temporary vanations lasung only as long as
the cuusitive agent 15 actine 1f the cause 15 operatnne for a long,
pertod of time structural changes may supervene A single
record may not suffice to tell whether an abnormahty s due to
abnormal funcuon or to disease but later records or a revien
of the clinical features of the case should enabie us to decide

ABNORMALITY OF THE P Ware

Auncular premature beats or auricular tachycardia often te
sult from avricular myocardial disease byt may alsa be either
oXIC OF neurogenic i arnun Aunicular fibrillation or aurseylar
ﬂullc{ (Chapter su) are usually due 1o structural dusease of the
auricles but alse may be due to t

OXIC OF
! Or ¢ven to neurogenic
9
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cwses Ixcept for the imphications from the finding of these
aurhythmis little could be learned until recently about the
auncuiar musde from the changes m the form of the P wase

Tig . A Abnormal I waves notched and with macased duration The ven
tricular compleses show right avis deviation of QkS

B Abnormal P waves imerted m Leads 2 and 3 The sentricular complexes
show marked Ieft axs deviation of QRS a curous donble topped T nave
Lead 3 a diphisic T wanve an Leads I and 2 The waves marked T 2 m Leads
land 3 and Tin Lewd 2 wre m fact the U wane

Very few clintenl pathological correlttions h e been reported to
yustify the dignosts of special pathologicil changes 1s the cause
of P wave abnormality The P wave somettmes presents 1 quite
abnormal apperance however aside from the changes described
1s resulung trom hypertrophy

Abnormal P wnves ne seen i Figure 22 A mnd B and such b
norm1l wives often persist We believe this 1bnormality 1s due
to a facal disease 1n the wricular muscle because marked notch
ing of P or tnversion i Lead 1 or i Leads 2 and 3 are the type of
changes which would be expected to result from the 2bnormal
contraction due to disease of the ruricular muscle Limbert has
recently windicated 1 specific deformity of P as resulting from oc
clusion of aurtcular branches of the coromiry arteries namely
a double topped P wive or 1 diphisic (4 —) P or an imerted P
Thesc features are best marked in Leads 2 and 3 as m Fagure 22
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»and 3 He emphasized alsa that 1n the acute stage there mght
deformity of the PR mtersal

be an wmened dowme shaped Y of ar
{auricular T) Master has emphasized the frequency dar
creased height of P during the acute stage of ventricy .
farction but the mechamsm of its production 1s 2 matter o
speculation At present since 1t dots not se<m O be‘cm;ﬁﬂtd lm
any particular site of the lesion It seems more lhely to be
due to some phystalogical ciange such a5 punculir dilnation
than to pathologreal chan,es (it the quncular mascle Unusuatly
large P waves are lso frequent i records from panents winh
toxic gm!er

The only experimental work which has come to my 1ttention
bearng upon this 15 1 smgle record published by Lewss to Mus
trate another matter 10 which marked notching wnd lrge size
of P were present after one auncular appendix had been crushed
Notching of P 13 the sort of change wiich might be expected 1o
follow an snjury of thus sort Disease might i a sumfbar way
lead to an terruption of the normnl path of the contraction
wate or (o an uneven spreading of the contraction to the night
and left auncles and this would cause a notched P wane

Unfess 1t leads to arrhythmia auncular myocardins has hule
eflect upon the functional abihity of the heart for the force of
the hewrt beat 15 1n the ventricular contraction Myocardial dis
ease 53 but rately localized 1 the aunicles but nevertheless an
abilny to diagnose auricular Tayocarditts may occasonally Sise
a hetter insight into the pathatoguat processes of cextain patients
mn whom ventnicular disease 15 enther absent or 1s msufficient to
change the ventrienlar curtes

When the largest excursion of P recorded sn the hmb leads
i lessthan T mm we bave an indicaton of a PooT e of nutrt
non 2 poor functional condition of the muscle This may be
cilled low voltage of P Only 7 cases {18 per cemt) 1n the com
bined normal senies of 78 cases of { ewis nd the uthor gie
amesurement of less than | mm - for the hrgest P wave and only
1 of these less than 07

mm A abnormally small P wine mmght
so resubt from 1 ddfuse dusease of the wneulr muscle 1n con

1Tt 10 3 focal process which would be more Nkely to cause a
notched P wave Small P waves ate seen afier prolanged mnicc
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tious diseses nd 1n hearts which e dingnosed s huang nar
rowed coronry rteries In both instances the fictor of poorly
nourished muscle mty evidently be present The P wune has
often been seen to mncrease 1n size during convalescence from mn
fections diserses nd fter recovery from cardinc farture and s
both are occrstons when the conditton of the muscle 15 1mproy
g these observations e cated m [further support of the
by pothests

Since 1 hypertrophied tunicle will gne 1 P wave of gretter
than normal size when 1ts muscle 1s in good condition 1t will he
rare for the P wave from such 1 heart to sink below the size which
hiis been constdered t mumumum for ~unicdes which are not
hypertrophied

ABNORMAL VENTRICULAR WAVFES

Lach of the waves of the ventriculwr complex 1s subject to van
ation mn height width and form s 2 result of thnormality of the
contraction of the ventriculw muscle The resultng ventricuirr
complexes therefore may differ widely from one case to mother
and 1t 1s rre for the compleses from different patents to have
more than the most general rescmblance to each other The QRS
group myy be Itge or small increased 1 width or notched nd
along with these changes the T wave may be hrge or small or
m1y he wnverted mm one or more leads Certun fetures how
ever tend to occur together m specil combimuons so that we
find certam types of abnormal sentrrcular complexes

Bundle Branch Bloch The most frequent combinition of 1b
normalities of the ventriculir complex ppears to be ascribible
to a specil sort of pathological leston A discussion of the mode
of 1ts production may well serve 1s an mtroduction to the discus
ston of the other changes wn the ventniculir complex resulting
from disetse

If 1n a dog pressure is made over the branch of the auriculo
1entriculrr bundle which carrtes the sumulus from the mun
bundle to the right ventricle the passage of this sumulus will be
blocked The left ventricle then s the only one to be fected by
the impulse from the A V node The left scntricte 1s the first to
contract and the nght venricle then becomes mvolved by the
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spreading of the contraction from the left ‘Lﬂ(l’lil‘ﬂ ;hr::;:ﬁ;‘{ ?\l\i
imterventrenlat septum Wiath this change i the charac
spreading of the \entricular contraction the form of the ven
tncular complex immediately changes 1o one showmg certun
features seen 1n the records of Figuves 23 and 24 wludh are
rom human hearts constdered to have disease affecung one of
the bundle branches and mterfermg with its function

The typical characteristics of these electrocardiagrams as they
are obtaned from patients are as follows (1) the sentricular
complex has 2n abnormally wide QRS group the durauon beng
at Teast 0 13 second and nsuatly 0 16 second (2) The QRS gronp
uswlly though not always shows sturnng or notching 1n more
than one lead or there may be a notching of one or more of the
peabs (3) The largest wive of QRS 15 usually oppositely directed
m Leads 1 and 3 esther upward in Lead 1 and downward in
Lead 3 or vice versa such curves are said to be of the discordamt
type Certain vecords may have the largest wave of QRS 1 the
sime direcuon m Leads 1 and 3 either both upward or both
donnuard these curves are spoken of as concordant types (1)
1f the P wave 1s present 1113 followed by the ventricular complex
after a PR mterval which 1s usually norma) though occaston
ally varving degrees of heant block mny be presemt 1 auncular
fibrillation 18 present these bundle branch block compleses will
oceur with the inregularity charictersstic of this condition as s
Figure 24 Certamn other specal charactenisiics of these cunves
sl be deseribied under the captions of the sarious types of righe
and left bundle branth block, complexes

The mcreased duration of QRS wmdicates that the contracuon
has taken an abnormally long ume 10 volve the whole af the
senmicalar mass This 1s because 1t must now spread from gne
veniricle to the other through the ventrtcular muscle of the sep-
tum wmstead of bemng dustributed to both ventricles almost stmul
tantously by the night and left branches of the bundle of His
and their ramuficanions When the contraction has spread through
the septum from one entncle to the other 1t 1 distibuced
throughout the second ventricle by means of the branches of the
‘a‘u:cul:esﬂ{\:lcuhr conducung tissue sithin that ventricle That

passes from the muscle of the septam to the ramficanons of
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the condneting ussue nd thence through this tissue to the re
munder of the muscle of this ventiele The contiaction passes
through the ventriculu muscle 1t 1 much slower speed than
along the auriculoventricular conduction system In the dags
heare the figures are 500 mm per second for ventrcular muscle
versus 5000 mm  per second for the conducting tissues Durmng
the normral human ventricular contraction the dustribution of
the tmpulse to the entire mner surfice of both ventricles 1s prob
1bly completed m 002 or 003 second The remunder of the
008 or 010 second needed for the complete spreading of the
contriction (shown by the dumuon of t e QRS group) 15 ocen
pied 1 1ts passage through the tluckness of the ventricalar walt
It 1s evident from tius that the spreading of the contiction hiom
one ventricle to the other through the septum would greatly pro
long QRS

We are 1ible to determine fiom the direction of the chief de
flections of QRS 1n the three leads wihieh of the ventricles s the
fivst to enter mto couttrcton I'rom s we deduce thae the
bundle brnch to the oppostte ventricle 1s affected

Tor 1y years the locrhization of the leston 1 hearts showing
bundle branch block was mcorrectly stated beciuse too close m
malogy was drawn between the humn electiocrrdiogiun and
the records obtuned from dogs after cutting or crushing the
branches of the bundle Thu erroneous concluston was further
established by a report of the pathological studies of two bumn
hearts which gave electrocardrograms of this type Eppmger wd
Stoerck teported this study 1 1 very mcomplete form but con
cluded that chiey had found 1 leston of the right bundle briuch
1n two pitents with records lthe those of Tigure 23 4 On the
other hand Oppenhemmer 1nd the tuthor in 1920 1eported find
1ng 1 the heart which gve the record of Tigure 23 3 2 destruc
tron of the right brauch of the bundle nd 1 the heart gnang
Tgure 28 5 1 leston of the left bundle branch with the night
branch quite intact

Other withots particularly Mabum wd Yater also hve
vestigated the microscopre patholagy of the bundle branches of
hearts which hve given 1ecords of bundle branch block It 15
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common 1 these hearts to find esidence of atmormlity 1 both
branches of the bundle so that the wmterpretanon of the func
wonat tesult 1« difficute Ths dufficulty 15 imerewsed by the ocea
sional findmng of bundle branch block without evidence of gross
mtesruption of the anatomicy) structure of esther bundie branch
1t 15 evident that a bundle branch necd not be entirely destroyed
1 order to have sts function so depressed as to produce charac
tenstic electrocardiogtaphic teratons 1 1s probable that when
both branches are affecred the more serrously ffected brinch de
termines the form of the electrocardiogram Even though the
anttomical evidence for locilizaton of the leston s still some
what confusing 1t hns become increasingly enident with more
numerous nd more uselnl studies that the ongin) lochzanon
of the site of the lesion was mcorrectly stated

Addinonal evidence regarding the Jocrhzation of the lesion
productng bundle branch block hns bren obruned from the
human electrocardiogram as a result of the study of 1he cunves
af venumicular premature beats obtuned by direct electrical sum
ulnon of the hwnan ventricles (Chapter 1) Four separae
woups of ymestigatars are in pracucal agreement i wributing
eurves with the QRS group directed chiefly upward in Lerd Y 10
\ prematute beat sarng m ihe nght vemncle and curves with
QRS directed duefly dowpnward i Lead ) 1o 2 premature beat
stutng wm the ko sentndle Only occanional exceptions are
wated (Chapter 11 Tt 55 probable that bundie branch block
curves we more peardy uniform m thewr mode of development
than are sentriculac prematire contracutons beewuse there 15
only one bundle branch w each ventcle 5o that the contracuon
stimulus has only this ane mode of entry 10to the sentrcle when
the otber braneh 1s blocked Premature bewts on the other hand
;‘L’;“S:':I‘\‘(‘C: ";:‘:1‘!:!!:':;;): :z‘(::::; suuatons so that the sumu
of premature beats by the direction “\Eﬂ\)Rmcs The locahzavion
the newer concept of the local nof QRS in fead 1 supports
pundle broeeg, ‘[)‘Dd - alization of the lesion responsible for

reain obsers,

both premature beats and bundle

anons make 1t probable that
modifled by

branch block cury
€5 may be
the presence of a preponderent ventricular hyper
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trophy so that the general rules of localization may not apply 1n
the specific mnstances

hountz has added further evrdence mn favor of the newer lo
calization by cutting the bundle branches of revived human
hearts The newer more cirefully controlled animal experiments
also hve contributed results which indicate that the older 1deas
of the localization of the lIesion of bundle branch block were 1n
correct Wilson 1nd his associates have studied direct leads from
the ventricle of the dog and also the human precordial leads,
and have applied the results to 1n analysss of the curves of bundle
branch block It 1s Inrgely through this work that the present
loclization has come to be accepted so 1t will be discassed here
m some detul

As 15 pomnted out in Clipter 1x (page J22) the ume of nin d
of the contriction sttmulus benetth the precordinl electrode 1s
mdicated by the perk of the R wuve of precordial leads This
obsersation made 1t possible to confirm the localization of the
Teston 1n curves showing bundle branch block by determining
over which ventricle this perk was developed erliest and there
fore winch first entered mto contriction  Stmultaneous records
of Lead 1 and of the precordial Ieads were obtaned 1nd the time
between the occurrence of the peak of Ry and the peak of R
the precordinl lead was measured It was found that in the cases
giving records now considered to indicate right bundle branch
block the peak of the R wave occurred much Inter 1n curses
from the sternum 1nd the left stern1l border than 1n curves from
the apex and beyond (I'g 29) Tlus dely of the R wae over the
right ventricle they attributed to block of the right bundle
branch Likeunise they found that 1 c1ses giving records of the
type now considered to indicate left bundle branch block the
peak of the R wave was much earhier m the precordial leads ob
tuned from the sternum 1nd to the left of the sternum than m
leads from the 1pex and beyond (Fig g0) This mdicates 1 er
Tter arrival of the stimulus in the right ventricle and consequently
left bundle branch block Such grent differences in the ttme of
the peak of the R wae 1t different precordinl pornts re not ob
served 1n records with a QRS group of normal durition

Left bundle branch block curves may be divided 1nto tno gen
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erl types depending upon whether the chiet d‘:ﬂemm\dn(eg&i
n the stme dir
se 1 Leads 1 nd 3 {discordant) or ¥
x(sc:rr:x:hm) 1n these leads Besides the abnormal duration of the

Fi, 23 A ani g ind cate shat the left branch of the aynculoventricular han e
1 not funcionm@—left tundle branch block Nate the abnormil width of the
QRS group the notehune of ORS and the T wave dirceced of pimute to the chxl
QRS deflection n f2ads 1 and 3 The vormal PR interal of the reconds shows
shat the function of the main awriculosentnicutar tun fle 15 normal

QRS ¢roup wiich must be 1t least 013 second  the charactens
ug Features of these 10 types of curves due to left bundle branch
block are as follows

1 Discordant type (Figs 23 A and B 27 &) Lead I the chief
deflection 1 R thaugh there may be 1 smalt @ The T wave s
usually downuard occastonally npward Lead 3 the cluef de
flecion 15§ though there may be 3 smaller R T 15 upward

2 Concordnt type (Figs 2,8 30 ¢) Lead 1 15 the same as de
scribed for the duscordant type Lead 3 the chuef deflecton 13 R
thongh there may be 2 smatler § T 15 usually upwird but may be
downward

X in enher :)pz the 31 segment may be displaced above or
ciow 2¢ro the direction of this displacement beine
what of the peal. of T ¥ 8 the same 2s



118 THE CLECTROCARDIOGRAM

The curves of right bundle branch bloc! hwe been dinided
mto four types by Bayley and Wilson has subsequently de
scribed  fifth type Besides the 1bnormal duration of QRS the

pr——— ~ e g T o e LR
o T ::x_g"z“ A gl »:'Eu'” ;’}3
-~ A P i Eo

LT SEL T

g%t'*i:’,:k
T

B TEHEFE 17 T

£, { 4bnormal vemncular compleves mdiciting right bundle branch block
The abnormal widih and noichin,, of the QRS group wnd the T wuve oppostie
to the chuef QRS deflection in Leads 1 and 3 are the important features ¥ ecord
A has normal auriculosenincelie conduction time  Record 8 shows auncular
fibrillatron The micrescopte evannation of the heart which gue tius electro
cirdio,ram showed a destructine lesion of the tght branch of the bundie

charactersstic fentures of these 6vpes of right bundie brmch block
arc 1s follows

Type I (Tigs 2gamdn 28 A4 29 ¢) Lead 1 the chiuef deflec
tron1s 1 broad S wuth 1 smaller R T s upward Lead § the chief
deflection 15 R whiclt 1s broad and notched T 1s downuard

Type 2 (N1g .g 8) There 1s 2 broad S but R 15 Juger than §
Tisupuward Lead 3 the chief deflection 1s R which 1s broad and
notched T 15 downwrd

Type 3 (Tigs 25 A and 29 a) Tead 1 there 1s 1 lwge R md a
broad S Tisupward Lead 3 there 1s 2 slender downward spihe
of considerible size sometimes peceded by 1 small upward de
flection nad 2lways followed by a broad summit smalier 1n am
plitude than the downward spihe T may be downward 1soelec
tric or shghtly upward
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R
tuef deflection 1 1 large

£ (Fig 26 A) Lead 1 the d

{ {lrg\{]:d ln§ 'finoad smaller § T may be npnard or dn\\r\\\\ 1:&
l(jead 3 shows a small R followed b 2 Lroad deep mmerted sp!

g, £

R
=33 f«?— 1,

Tq s+ Reccrds hown bundle branrt block 4 Righe bundle franch Wack
npe $ 8 lelt bundle branch blork of the concorfant type

althaugh occastonally the Jast part of dus deep Swave may be 150
electric and merge with the § T segment T may be upnard or
downward

Type 5 (Trg b r) Lead 1 R and § are both present but both
have smill amphinde I may be upward or 1soelectric Lead 3
A brond deep S T 15 upward

The $ T se,ment 1s often displaced above ot below zero m the
direction taken by the peal of T although the displacement 1s
ot usually as great as 1s obserted 1n records of left bundle branch
ok

The \omenchiture and Critena for Bragnosis of Diseases of
the Heart written by 2 commuteee of the New Yotk Tuberenlons

wd Health Assoonon his somen hat condensed ths classafica
10D ol night bundle branch block as faltows

Type A corresponds to Type 1 as described above
Type B corresponds to Types 2 and 3 15 deseribed above
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Type C corresponds to Types | wnd 5 s described above
As yet no special cltmcal fetures hwe been associated with
the ndividual types of left o1 11ght bundle branch block The

i

i

Itz 6 Records showing night bundle branch block + Veatncular compleves
of the npe $raney s Ventricular complaves of type o

five types of right bundle branch block curves described by By
Jey ind Wilson can be furly well disungushed 1n 1y lrge series
of records showing these pecubr features The author recently
found the following distributson m 1 group of 83 such records
from the New York Hospitnl Type 1 31 Type 2 11 Type
3 33 Type4 6 Type 5 2 The sune New York Hospital se
ries contuned 74 instances of left bundle branch block so that
the two bundle branches seem about equally susceptible to dis
ease It 1s possible that the nfluences of a differemt posiion of
the heart wmn the chest and of different varseties 1nd degrees of
ventriculrr hypertrophy m1y be responsible for the different
types of curves of right bundle brach block 1nd perhaps 1so for
the different types of left bundle branch block

Igure 27 A and 3 and [igure 28 A are examples of wmother
yariant of these curves characterized by the small suze of the
excursions and the marked notching of QRS Thus type of com
plex was ascribed by Oppenhermer and Rothschild to arboriza
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TOCESS
won block  thisterm mtending to indicate pnha)ugxm\"‘;" -
which mrolsed the ramficanons of the auriculos cnn“:c N
3
tem rihtr than the mun right and left branches of the

3
T 27 Record show g the Leawrees of tundle branch bl ch combuned + wh
wnsslly mall excursons of QRS

o+ A later recard of the paneat of Figore B shawine chan.es 1a the com
qlexes ¢{ the eatlier teccrd due 10 3 chan, n the pathelogaal lesion

The lestons givng nise to this type of cune were supposed to
affect the tevminal arbonzatians of the bundle branclungs Such
curves were freguently Sound wih a degeneratine process due to
coronary arterzosclerosis and mvebing the subendocardial mus
cle fikers m the laver and anterior poruons of the ntenen
untuinr septum and the adjacent portions of the left ventricylar
wall Tt seems hikely fram subscquent chneeal reports that such
curies we nat alwavs obtatned from hearts showing these patho
fogicat chnges nor does this type of pathological change always
gnve mise to this type of ventricular cunve 1t 1s an occastonal not
A spealic asocntion but it i definstely an 2bnorma) 1ype af
record and due to myocardial discase The abnormal features
of these curves the notches and abnormat duration of QRS and
the abnormal diwection of T mdicate an abnormal path of the
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contriction through the ventriculr muscle nd the presence
of bundle branch block plus some other factor to 1ccount for the
low voltige of the waves The smallness of these deflections iy

v e -

ST

11, 28 « A Itter record of the pauent of ligure § Ao showing little chinge
1y tire complanes oxeept dumpniion i size

n Left bundie brovch Mok TR cquals 020 sccond Trom 1 pitent who ¢
hent showed 1 sderotic imvoliement of the left bundle branch the po teror
il of this branch being repliced v connedie Insue contipuou  with an
idherene urad (hrombuy

be attributed to 2 poor condition of the ventrscul v muscle (pges
19 and 143) Igure 27 A 15 1 ler 1ecord of the patent from
nhom Ligure 25 8 n2s obtuned and shons 1 change i form sug
gesting 4 further development of the leston m the myocirdium
Tigure 28 a 15 1 Iter 1ecord from the panent of Figuie 244 The
origm1l form of the complex 1s m the mun retuned the cinet
difference bemng in the size of the nnes

Notching of QRS 15 wn evident fenture of these last records
and 1lso of Tigure 2¢ A which has Iarger wives The marked
notching of these complexes (more thn the swgle notch com
monly found at the peak of R o1 S) s m Iigures 235 24 B8 nd
25 B my be due to secondiry sregularitics 1 the spreiding of
the contriction waie resulting from the 1rers of myocirchal de
generatton so common throughout these hearts (Ghapter 1)
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The precordal leads of pattents with bundie br:mrh[b\lock *‘\{;
also charceristic They show the increased durition of the Q‘
gvoup wd thase of iight and left bundie Branch block are \:t
acterssteally different With nght bundle branch block (T1g =0)
he cutres obtuned from near the sternam show the pek of
the R wne much delyed occurning from 003 sccond to 010
second alter the begmmng of the QRS group The peak of Ras
frequently notched ot there may be two upnard peaks with 1
downward deflection between them formm,, 0 Mype complex
so that neither peak should properly be cilied the R wne In
these records Wilson has shown by taking simnltaneons records
of Lead 1 and the precordnl leads that the second peik repre
sents the premtrinsic deflection mdcated by R oan 1he other
precordil Jeds Leads from the left side of the heart sn the
regian of the apex and beyond show a sharp R wave usmlly
Tirge thou,ht sometumes smalf whose peil oceurs soon after the
beginming of the QRS group sometimes as early as 002 second
or 003 second The remamder of this QRS 13 composed of 1
broad slurred or notched § e whach s usually small though
sometimes lrge

The precordual leads of prtents with lef! bundle branch block
(F1g 30) show 1 the leads from near the sternum a very small R
ware or occasionally none 1t alt The wize of the § deflection
obtamed nexr the sternum 1s apt o be very Jarge so that often
the sensinny of the gihanometer must be reduced m order to
secord the pesks on film of the ordmary width The T wave also
15 usuatly far,e i these leads At or usually beyond the tegion
of the wpe< the QRS group may show the upward and down
ward deflections of an M type of complex beyond the apex 1t
shows an R wane which does not deselop ats peak unul from 0 08
t0 012 second after the begmaing of the QRS group 1n that lead
and often shows 1 slurming er notcung on 1y ascendimg Jimb
Tlus R wnve often 15 not nell developed wnnd as far mteral as
the mudallary bine (Lead CT Gy
R e ] e QS o e o
contraction stimulus at l')f:‘\"“{) of the e of “PY&"“’-\“T.t of the
10 be as satisfactory a mcasujem“s recordual peusts Thus seems
perl i a fixed poy rement as 15 the comprsisen of this

pont an the record of anothier lezd such ag
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I, -9 Records indicating night bundle branch block The three upper rows
are the imb leads and below these precordial Leads EF 2 LY 2 IT'3 41 and
CF5

» Bayleystype 3 m type 2 © ype !

It will be noticed that the pek of the R wave appears Jate m Leads ET 1 and
EF 2 occurning 008 sccond after the beginming of QRS exeept in record B which
shows the delayed R only in Lead L' 1 Lesds from points farther to the left
e arle anev of R 002 to 001 second after the bemtnming of QRS



Ph 3 Records imdicatin, 1
0oy

[
elC bundle brapeh block
b Yead  the tows below

-

The Bist three 1oy gpe
these berng Leads E£F 2 Fp 3 4 p CF 5 and CF ¢
it e ove ha standardization 1 the feag 5 marked that 15 § g
3 el

R <0 ds & and » ace of the discordyns HPE Teard € of the concordan: type
2% Wi €2 by appearance of the paok o R m Leads EF 2 and £F § g 10 Lead 4
& ot records 8 and ¢ Leady CF 3 ang o S and Lead 4 F of recorg show a later
SPpearance of (he peak of B gy SCAUTIAg {rom 003 44 010 second alier ghe
begona of Grs

[125]
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Iiy =g Records indicaung night bundle branch block The three upper rows
are the Iimb leads and below these precordul Leads EF 1 L1 2 EF 8 11 and
Cl 35

A Bayleys type 3 B type 2 ¢ type }

¢ wili be noticed that the peak of the R wase appears Ite w Leads EC I and
FI' 2 ocenrnng 008 sccond alter the beginning of QRS except m record 6 which
shows the delayed R only in Lead EF 1 Leads from pounts farther to the left
show an carly apex of R 002 to 004 second after the beginning of QRS

[124}



Fg 31 Il taune shght delay 1n the ume cf appearance of the peak of R m
the recordial leads of vecords with marked left axis deviaon and 3 QRS group
of 017 second duration The three Limb leads are above and Leads EF 2 EF §
4T and CF 3 are below in this order from left ta mht

» From a pient w th lon, standing Mypertension and entar,ed heart QRS
A ration equals 01 second left axss deviaton defimte (+ +—) The R ware 11
teent in Tead EF © and appears 006 second after the beginming of the QRS
10 p 10 the other 1l ree | recordia feads

® From another panient with hypertension and enfarged heart The duration
o QRS cquals OL. sccond Left aws devsst on marbed (+0~) The peat, of
R 005 cecond after th beginning of QRS 1n Lead IF 2 and 00> second. ateer
the begtnn ng of ORS in the other Teads T 15 1nverted m Lead CF §

{127]
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Lead 1, taken stmultaneously In Leads § I and CF 5 of normal
hearts the peik of R mny follow the beginmng of the QRS of
these leads by 001 second but the delny neser 1eaches such 2
figure as 0 08 second 1s 1s found with left bundle branch block
Records with right was des1ition of QRS often have the peak of
R n Lewd IT 2 s late 25 0 01 second =fter the begmming of QRS
1n this lead, but 1t neser 1s found as 1ate s 0 08 second alter the
begmnng of QRS as occurs i records with night bundle brnch
block These mesurcments thereforc may 2fford 1 method of
disunguishing between curves due to bundle branch block and
marked right or Icft 1xas devition of QRS duc to prepondermt
hypertrophy of one ventrcle

The mcerewsed durtton of QRS 15 so closely reluted to the
mechanism of buadle branch Block that the author believes that
m order to be certun of the condition the QRS durttion must
mesure more than 012 second In 1914 Carter Tud down crt
tertn for the diignosis of bundle branch block which wcluded
1 widening of the QRS group beyond 0 10 second He and miny
subscquent quthors hve considered that 2 QRS of 012 second 15
an adequate basis for 1 diagnosss of bundle brinch block but
there are actually numerous records which show this durtion of
QRS and which hive none of the other characterstics of bundle
branch block The precordial leads of 1 number of these hwe
been esunimed and hue not been found to show the expected
delay mn the 1ppearance of the petk of R on one or on the other
side of the precordium (g 31) Turthermore 1 duration of
0 12 second 1s  occastonal though rare finding m records from
normal hearts In view of the wbove fices 1t does not seem sound
to use the fignre of 0 12 second 1s 1 cterson for the durion of
QRS 1n bundle branch block In order to afford 1 reasombly
certun diagnosis its duration should exceed 0 12 second but the
precordial leads should alwrys be used to obtain the final de
aston bemg guded by the delyed 1pperance of the perk of R
either 1n the sternal positions (right branch block) o1 1t the pex
and axillary (left branch block) and by the fact that thus peah 15
delryed as much as 0 08 or 0 10 second 1 the presence of block
of either branch

Curves such as thase of Figures 22 8 and 31 A and B are not
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uncommon 1nd 1t 1s behieved thit when 1 record shows such 2
matked left s desiauon, that Lead 2 has 1 deflection approt
mately 7ero or definutely downward (Tig 22 1), then 1 durtion
of 012 second for the QRS gioup my often be due to the m
creased thickness of the ventriculir muscle which must be tra
versed by the contiaction (Chapter m) A complete bundle
branch lesion produces 4 sull grenter widenmg of the bise of
QRS the figure reachung 0 14 second or more s has been sud

It hns been suggested that emves with 1 QRS duration of 012
sccond md with muked left 1as devittion muy huve these
abnoimnl features becwse of 1 delhy m the spreading of the
contriction due to 1 putal dysfunction of the left bundle brainch
This s been called wncomplete bundle bianch block The
stmutlus would thus be delsed i trinstussion ta the left ven
tiicle w1 manner anjogous to the dely 1 aunculoventrcular
conduction shown by 1 prolonged P R mterval Y ater s studied
one such cse histologically wnd found fibiosis of the left bundic
branch without marked disturbance of 1ts contmuity He con
stdered that tlus fibrosis was the 1eason for the bundle branch
having 1 depressed function so that the conduction through 1t was
delayed This sort of pathologicnl process may explun the occa
sionnl cases developing left bundle branch block after huning
previously shown matked left avis deviwtion of QRS with
verted Ty Certun 1ccords with marked left axis desiition of
QRS 1 QRS duratton of 012 second and m imverted Ty hune
been found by the awthor to huve the peik of the R wue of
Iexd CT 5 delhyed unal 0 06 second after the begmnmg of QRS
Such records probably mdicite mcomplete left bundle brinch
block (Figs 314 nd 32 ¢)

The dingnosts of night ventriculu hyperaophy yersus incom
plete right bundle brinch block 15 less difficult, for the nght
ventricle does not mcrease m thickness to the sune extent s the
lefe In fact I have not seen 1 record with night as deviation
with a QRS duration of 012 second except where notching was
also present ndiciung @ probable leston of the Purkinje fibers
Figare g2 a mght perhips hue been considered 1 record with
= doubtful sigmificance for 1t frts 1 QRS duron of 0 12 second
an atypical notched QRS group of the night s desition type
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and 1 T wave which 1s 1lways opposite 1n direction to the chuef
deflection of QRS The pauent bad 1 mueral stenosis of long
stwnding and @ much hypertrophied hewe Thus record s to be
diagnosed as indicating 1 delyed conduction (1ncomplete block)
in the right bundle branch becruse of the long duratton of the
QRS group combmed with notchg and the broad § 1n Lead 1
The dingnosts w1s confirmed by the Inter development of com
plete obstruction of the right bundle branch durmg 1 period of
acute crrdine fulure, when Tigure 92 B was obtuned This has
1 QRS duration of 0 11 sccond and the complex s typreal of 1
night bundle branch lesion wath 1 Type 1 complex (page 118)

It would seem then th1t mcomplete bundle brinch block 15
mmfested by 1 prolongtion of the duration of QRS and
changes m the wves of the QRS group anlogous to those 1t
tributed to prepondornt ventricuir hypertrophy of the affected
side ‘The more chiractenisucally the QRS and T waves approach
the configurition expected with complete bundle branch block
and the wider the durition of QRS the more reson there should
be to drgnose incomplete bundle branch block rather than pre
ponderant ventriculir hypertrophy Tigure 32 ¢ 15 1 curve that
ts probably the result of incomplete left bundle brch block
It has a QRS duriuon of 012 second with R the clief QRS
deflection m Lead 1 and S in Iead 3 Ty 1s upward 1n unasual
but not unhewd of finding i left bundle branch block The
precordial leads me sumular to these found with left bundle
branch block 1 having a small or absent R n leads from the
sternal nd paristernal posions and 1 delvsed R 1t the 1pes
and [urther left (T1g 30) In this record the peik of R mn Lead 11
15 0 07 second nfter the begiming of QRS 1 that kad 1 Jesser
delny than 1s usual waith left bundle branch block (Iig 3o) but
more thin 1s usual without 1t

In certain panents bundle branch block ompleves 1re con
stantly present i others they are trnsient When the fundz
mental tendency 1s present they may sometimes be mduced by
quinidine by evercise by deep nspiriion and by other mflu
ences The phenomenon of alternatng bundle branch block has
been observed 1n certamn cases which showed nlternating cycles
with ¢ normal and with a bundle branch block configurauon
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and 1 T wave which 1s always oppostte i direction to the chef
deflection of QRS The pitient bad 1 mutral stenosis of long
standing 1nd 1 much hypertrophied heart This record 1s to be
diagnosed as indicating 1 delyed conduction (incomplete block)
i the right bundle branch bectuse of the long durition of the
QRS group combined with notching and the broad § i Lead 1
The dirgnosts wis confirmed by the Inter deselopment of com
plete obstruction of the right bundle branch durning a period of
acute eardine farlure when Tigure 32 8 was obtuned This s
1 QRS durttion of 014 second 1nd the complex 1s typical of a
right bundle branch lesion with 2 Type 1 comples (page 118)

It would scem then that mcomplete bundle brinch black 15
mamfested by 1 prolongition of the duration of QRS and
changes 1 the waves of the QRS group analogous to those 1t
tributed to preponderant sentricular hypertrophy of the affected
side The more chirctertsticilly the QRS ind T waves approach
the configuration expected with complete bundle branch block
and the wider the durition of QRS the more reason there should
be to dingnose incomplete bundle brinch block rather than pre
pondernt yventricular hypertrophy Tigure g2 ¢ 15 a curve thit
15 probably the resuit of incomplete left bundle branch block
It has a QRS durition of 012 second wath R the chief QRS
deflectron 1 Lead 1 and § m Lead 3 Ty s upnard an unusual
but not unheard of finding 1 left bundle branch block The
precordinl Ieads are sumlar to those found with left bundle
branch block m havng 1 small or bsent R 1n leads from the
sternal nd parasternal posittons nd 1 del yed R 1t the 1pex
and further left (T1g 30) Inthis record the peak of R 1n Lead 4 F
1s 007 second after the begmning of QRS m that lead a Jesser
delay than 1s usunl wath left bundle brinch bloch (INg 3e) but
more than 1s usual without 1t

In certain patients bundle branch block complexes are con
stantly present m others they are transient When the funda
mental tendency 1s present they may sometimes be induced by
quinidine by exercise, by deep mspiration and by other mfln
ences The phenomenon of alterniting bundle branch block has
been obscrved 1n certamn cases which showed alternating cycles
with a normal and with a bundle branch block configuration
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Other records, like I'tgure 33 hte shown bundle branch block
compleses occining 1rregularly m 2 sequence with norma! forms
Sometimes with wrhythma the more normal ventriculir com
plexes only apperr after 1 long dinstohic pause

A partial depression of conduction m one bundle branch might
be expected to occastonlly produce 1 record with compleves
gridually changing from an approximately normal form to one
typical of bundie brinch block the mechimsm of gridually
mereasing conduction time m the bundle branch bemg anilo
gous to the Wenchebach phenomenon obsersed with prrtial de
presston of AV conduction Such records m fact hnve been ob
served wnd Sherf has pubhished 1n hus hook (page 63) n example
of 1 transition 1 three heart eycles from 2 bundle branch block
complex to one with normal QRS duiation

There 1s 1 partucularly mteresting group of cases first de
satbed by Wolf Pukmson and White which usually show com
plexes typical of left bundle brinch block = short P R mterval
(ruiculoventriculn conduction tme 1pprosunately 0 08 second)
and 1 tendency to attacks of paronysmal tichyerrdin Such 2
1ccord 1 scen an Tigure 34 Two cases hve been reported by
Tung with short P R interval and the ventnicular complexes of
ught bundle brawch bloch The bundle branch block 1s not
alnays 1 constwe phenomenon m the mdindual cise but my
alterntte with periods of relitnely novmal ventricular complenes
Ouc cse has heen reported by Mo wnd Inchauspe showing the
short P R with bundle branch block complex alternating regu
lrly or giung plice uiegulrly to beats with PR mteral of
0 16 second mnd QRS duration of 0 03 second Varzous hypotheses
have been brought forward to explun tins phenomenon but the
most 1cceptible one secms to be that suggested by Cossto who
conuders that the complexes with short P R nterval and bundle
branch block are due to the excitation of wn overirritable focus
1 the ventricle by the awricular systole The possibility of con
duction of the mmpulse through 1 short accessory pathway (w
nculoventricular pathway) known as the hent bundle might
explamn those cises with curves resembling those of left bundle
branch block but does not explun the occurrence of curves of
the type of right bundle branch block



MYOGARDIAL DISEASE 133
Before discussing those electrocardiogriphue ch:\nges}\; h:f:;;:
1 basis 1t oy D
to a less well defined pathological
‘ci(::sn(;c: separately the effects which m3y be produced upon the

Fiz 3¢ Bundle branch block 1 uh short PR 1eads a i Figure 31 The
amhde of the excumions i this record 1s unu uilh great The first an)
fousth precordiat te-ds aze stan hardized at one half stanlarduaton o mm =1
mlsal The PR mtewsal 15 010 second the himb leads

veummnaulr waves by the vanous influences which maghe 1ffece
the myocwdium n the course of cardiac disease Fhis 15 initended
(o be 1 schematic presentation and 1t must be borne in mimd that
the end result when o or mare o
simultmeousty will be 1 bilance of the effects of cach The effects
of damage to the mamn bundle branches are aluays so predom
nwnt that when such danmge 15 present the carve will regaster
s i spuee of all other mfluences that my be aflecting the
wuscle

f these influences are present

A Oreretnay oy hypertrophy
QRS saltage may be ncreased
QKS duration may be mncreased (only by marked
by pertrophy of left

ventnicle)
T voltage may be ncreased
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T m1y be micrted i Lead 1 (only with marked
hypertrophy of left ventricle)

B Dufluse disease or depression of [unction

QRS voltrge may be decrcased
QRS durition may be inciersed
Q1 duration may be mereased
T voltage mny be deareased

C Iocalized discase of ventisculr muscle

1

I}

Not ffecting large subdmasions of the bundle
branches

QRS voltrge my be increased or decicased

QRS m1y be notched

QRS mdndual perks and direction of s my be
changed of Hfected myocudial aren s rge

T voltage miy be maeased or decrersed

T my be abnormally myverted

Affecung lige subdnvisions of bundle hanches

QRS volinge my be mereased

QRS direction of s my be chnged  mdiadul
peths may be changed

QRS duratton may be mncreased

QRS my be notched

Affecting 1 mun bundle branch

The cutves chuactenstc of bundfe brwch block will
appen

In discussing the abnormalines of the clectroctrdiogtim which
may result from disease the fust step will be to define the 2bnot
ml chuactenstics of @ wave and then to mdicate the yaneues
of discrse which may e these featares

Notching of the QRS group It his been (xpluned m Chnp
ter 11 that notdung or slwrmg af QRS may appear m one lead
af 1 normal tecord and even w twa leads provided thae it docs
not appewr m cther of them upon 1 part of QRS which 15 near
the top of 1 tall peak When notdnng ot shuriing appeats in more
than onte fead ne the top of 1 el peak 1e should be considered
to mndicite an abnormality of the record Such notcdhng 1s
usually though not always rccompramed by m abmormal mver
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ston of the T wave 1T the notchng 1s shight Wnd occurs dm:\\:;
2 quckly mouing excursion 1 may be straightened ottt a5 it wer
1010 2 so1t of thichenng ot slurning of the side ofanRaorS \\3\8
Notching 1% Whustrated m Figures 5, 4 andc 3,Aand B and 27 A
and & while slurmng can be seen in Figure 3, 4 B and ¢ and 1n

ny other records
“‘:\h?‘s usually evident that the notchung of QRS occurs at the
same time interyal after the beginming of the QRS group i one
lead 15 1t does 1 another or perhaps notching 1 one lead will
be found at the same time as slurning in another Thisas because
these notchings or shurrings 1 the different leads ate due to the
same disturbance m the production of the electrical potentil
withimn the heart “This disturbance of potentn) may anse (1) from
the farlure of a diseased area of the myocardium to contribute
us electncal potential 5o that the normal development of the
curve 15 mterrupted or (2) from in nterference with the normal
spreading of the contraction wave by a lesion wiich affects a
large avea of the Purlanje ramifications Thus prevents the myo-
cardiaf areas supplied by these ramifications from recening the
sumulus normally and entering ito actviyy at the normal ume
Tt must recenne the strmulus from the nearby ventriculr muscle
and therefore 1ts potenual 15 delayed

Lesions affecting only small areas of the Purkinje ramifications
probably do not fead 10 the occurrence of notching or slurrng
for the contraction 1s spread around and past them by the stact
branches 1t a considerable speed It has been shown by espenn
mental worl. that such leswons as are cansed by a kmife-cmt across
the endocardial surface of the sentridie of the dog do not Icad 10
appreciable changes 1n the ventncular wases and prrucalarly
wot to notching, of the QRS graup unless the man bundle
Ybranches 1re imohed

1§ notehung 15 accompanied by 1n increase 1n the duration of
:1‘;3‘12 ?;o\;); :r e\sggr:b;\{)z :\Cx;e 10 a lesion of the Purkinge
e (lum(m: P rmob \:ing 13 present without an m
the ventrienlar muscle \snho) o cue 10 2 focal diseased area in
acts The notcn 1y pne r:t \mmngnon of main Puslan)e
this cate ory Pnce:nd Paidcc 3}‘;’0“ o pmbab\y belongs n

never on careful Tstological
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study of six hieacts whose Tecords showed 1bnormal no;c;:::g :}::31
slursing of QRS as the only abnormality of the cunve o s
each one had diffuse m)omrdml disease without large foca d1(YI
These cases prove that not only large focal areas but also diffuse
dusease may cawse notchng and sturnng of QRS a
A notched QRS 15 1ery likely to have assoctated a dowonwar
T,or T especally 1f the duration of QRS 15 increased The
stnormal msersion of T 1n these records may result erther from
the change m the tme relations of the nght and left ventniculr
contrachions dut to 2 lesson of the Purkinje system or from the
abnormat elecneal production sesulung from 3 large area of
mmyocarthal disease
In precordial feads notching and slumning of the QRS graup
1s not abnormal 1 records obtamed from he region of the n
terentricular septam and eavdiac apex. or from the midhine and
10 the right of this In other regions 1t may he a mamfestanon of
myocardial disease beneath the site of the electrode for example
1 e1d EFy of Figure 41 A 1t has been pointed out by Wilson that
sn direct Jeads from the heart muscle 1t 1s commonly found at the
margin of an area of 1nfarcuon
Large () uares Tt has heen observed that many electrocardio
grams from pattents with coronary arteriosclerosis show an un
usually farge Q ware in the third Tead * This was mentioned m
the first edinion of this hool. and has been noted by numerous
auchors since then The chief difficalty 1 using thus as a bisis
for dagnosis lay 1 deaiding when the Q wave should be con
sulered abnormalls large Afier 2 resiew of a Iarge number of
records of both normal and abnormal hearts 1t seemed to the
Author thar Q, should be considered abnermally lirge when w
measured 23 per cent or more of the largest peak of QRS found
1 any of the kmb leads (Fig 46) If haweser nght axs devia
L e ke ol 0§
wise the M tvpe of com ‘KE % lnd the same sgnifcance Lihe
plex with tho upnard peaks was excluded
a3 the downward peak was not called Q The practical <atue of
- d(iﬁ:;";[‘r:;?’:xisundh braneh Wk are to be exclided from this con
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this mesutement his been confirmed by subsequent myestigr
tors nlthough Durmt 1nd Peel hve indicated that m many cises
the M type of comples Iike thit of Tigure g2 ¢ may hwe

E;
;

Lig 36 To ilwstrate the large Q § In each record there s Jeft avis deviaton
of the QRS group and in eich record the negatine deflecton m Lead 3 due to
the difference hetween the haght of R 1 and R 2 mast be found n the Q wne
In all records this Q wave has 1 value of more than 2» per cent of the herght of
the largest peak sn the limb feads Note the low voltage T wane of records 8 nd p
also the diphastc (~+) T i Leads 1 and 2 of record ¢

Note especnally the sccond heart ¢ycle in Lead 3 of record 8 The firt move
ment of this QRS group 1s upward folloned by a downward ware and then an
upward wave This 15 the type of complex which has been referred to as the M
type This was only an occastontl occurrence mn the thard lead of this patient the
majority of the compleves being ke the first one here shown and hmin, no
upward deflection preceding the downward wave marked

1 stmular significance to the Irge Q, 1nd likewse the downward
deflection QS without ny upward deflection

Kossmann suggested after a study of the size of Q mn 1 sertes
of normnl hearts that 1f Qs 1s more than 25 per cent of the larg
est peak of QRS n this lead 1t 1s probably 2bnormal He nlso
confirmed the 1uthor s stindard of 25 per cent of the largest petk
of QRS found 1n the ltmb lexds Wilson s table (page 12) mdi
cites 35 mm s the masumum normal value When Qy 15 Inrge
there 1s oftenn a Q 1 Lead 2 also but in many cises there 1s not
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Pecl found a greater (rcqnen}? OI}médme :‘xsre‘:’s:-. :‘\ s;:ja:;::;i:;“‘)‘;
hasing also 1 though Q
{:i%; %;e sme(al that a (Ql; of 6 mm wis to be conndered abnor
any case

ma}‘\;';mnm suggested that when Q exceeds 20 per ctn; of]li;c
Jargest peab. of QRS in Lead 2 3t 15 probably abnormal wh ii‘
Wilson s figures indicate 39, mm as the upper lumt of norma
for Q@ Peel found thata Q of 3 mm or more wasn sndwcauon
of myocardial disease

It 15 Iikely that the appearance of even a very small Q warve
1 Lead 1 may occastonally be an abnormal feature nd espe
cally so 1 the presence of Tight aws deviition of QRS ‘The
anly suegestions as (o normal critena for Qy are dersved first from
hossmana s conclusion that a vatue exceeding 15 per cent of the
Jargest peak. of QRS w tius lead should be considered ahnormal
and second from the figure 10 Walsons table (page 12) which
suggests that a measurement of 246 mm would be abnormil n
a record from a young, aduit

Durant set up certain standards for abnormahty of the Q
nave and found that the larger the value of Q, 1n relation to
thwt of the largest peal of QRS and the larger the Q asso-
aated with 1t the greater the likelihood of coronary arterioscle
ross bewmg present He found however that numerous defintte
¢coronry c1ses were eliminated by making the onteria more exact
g He also set ap certamn critenia for Q; which nere samewhat
fess defimtely associated with coropary disease than fus crterta
for Qx Tn this study we encounter a diferent terminology from
that which others bave used 1 the desennpion of the Q@ wave
for he descnibed by this name those QRS groups without an R
wive n which the sole deflection of QRS was downward (the
Q5 deflection) When such curses were ehminated from the Q,
group the frequency of coronary artertosclerosts was found deh
mtely greater 1n the remaimng cases thereby showing that call
Ing such waves Q leads to a gronping together of curves of dif
ferent sigmficance

An abnormally Jarge Q, ts sometimes associated with an

rerted Twave n thislead and o large Q, may be assocrated wih
tasersion of Ty and possibly of T, also Such ASS0CIAN0D INCreases
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the probability of coronuy artertosclerosis but the Iack of T
wave mersion does not detrict from the drgnostic importance
of the Inge Q wuie

The Inuge Q; 1s much more frequent than 1 hrge Q wie m
the other leads and has many important associitions It 1s not
hnoun howerer to what structural changes this wbnormality of
Qs should be referred It 1s an mterestg fact that it 1s found not
only n records fiom patents with coronary arteriosclerosts
especially those with the wginal syndrome but Also 1 1ecords
flom patients with rhenmitic pericyrdius and occsionally with
acute thenmatic fever without cuidences of pericairdis It his
been observed after pulmonary embolism and m mfestation with
trichim

It was observed that vatauons m the position of the heart due
to moy ements of the dinphrigm have 1 profound effect upon Q,
m mny cases It mny be Irge in the noymal position of the din
phragm and 1 full inspinanion may dunimsh s size o1 my even
entirely tbolish 1t This has been observed n cases known to
hmve coroniry 1rtertosclerosis Our present knowledge does not
wmdicuee that the disipperance of the Q wase on deep wspirt
tion plices 1t 1n 2wy different category from thit of 1 Q wnve
which 1s not 1bolished by deep tspit wnon Clinicl obsersations
concerning this wave htve only been made with the diphagm
m s normal respinatory postion The miluence of resprtion
upon 1t his no dignostic significuice 1t present

In precordial leads the Q wave 1s not hormally found i rec
ords from posttions 1 and 2 and only occisionally from position
3 Ifstenceeds Jmm m Lend t Tor 35 mm o Lead CF 5 1t s
probably ibpormally luge In 1ecords after nfircuon of the
anterior surfice of the heut 1t 1s usunl to find hirge Q wives in
the leads from the 1pex mnd beyond 1nd 1 Lexd EF 3 {md CF 3)
1t 15 wsul to find Imge downw ud deflections (QS wve) withont
ny R wmne ather preceding or folloning These waves have
been called large Q nwases by Wilson and hus followers dumlar
wtes are frequently found m Led EF 2 (and CT 2) The ab
sence of the R wate m these precordnl leads has been attributed
to the bsence of the musculrr contrrcton over the arca of the
mnfarction The lirge downward deflection—QS wave—is then
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the result of the actaty of the septal muscle opposite 10 the wn
farcted area The large Q wave and small R wluch Appee w pre
cordual Teads obtuned from pomts further to the left are coun
adered as evidence of arets of degenerated myocwdiwmn com
mned with ~reas of wdegenerated tssue

The duvation of Q, The sigmficance of an wcreased durition
of Q, has been wesugated by Bayley who found a ligh fre
quency of coronary arteriosclerosis among patients showing 1 Qs
with 2 duration of 0 0% second or more Al curves showing night
aus deviaion or hung QRS compleses with a durition of
611 second or more or hiing M or W shaped complenes i
Lead 3 were excluded from consideration He meluded both Q
waves and QS wives in hus group He found that the frequency
of coronary disease was greater when there was also a Q even
thongh this was of small size Tt 1s interesting that mn addation 10
cotonary disease these wide © wanes otcurred n pinents with
thewmatic heart disease and 1n s group of 163 patsents there
was one patent with mysedema one with neuroarculatory as
tliema one with memua and one normal pregnant woman In
spite of the mclusion m this group of a few panents without
ardiac disease the finding of an electrocardiogram with the
duranon of Q, 0t second or more seems to have definnte diag
nastic salue

Duratton of the QRS group Increased duration of the QRS
moup wdicttes a delay in the spreacang of the contriction
thsoughout 1the yentngular mustle As has been ponted out tins
may depend upon an Ineressed thickness of the muscle of the
teft ventricle or upon 1 dysfuncuon of the system of Gbers winch
distributes the contraction stimulus to the \entricule muscle
te the nght nd left brunehes of the AV bundle and the
Purlinge fibers withun either ventricle 1f the stimulys 15 spread
umformly but slowly throughont the vermcles there will be 1
profongation of the QRS group—an increwse 1 1s width wath
outany chnge w s form A prolongation of QRS occurs for ths
fe1son 1n some putents whoese tirentanon has sertousty fasled and

ttr some whose heart rite has greatly mcrewsed An increase 35 oh
senved after the aduumstration of quiniine shich delys the
vate of propaginion of the tonlsy Fig

78) Figwe 92 A and 1
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e tecords obtuned at different trmes from the syme pauent
showing wn mereiscd duration of the QRS group assocrated with
mereased heart rite 1n 2 heart already so ffected by diserse s
to Irve meompicte right bundle branch block

Tocalized disense affecting 2 considerable arer of the Purkmye
network or 1 Iarge subdivision of the right or eIt bundle branch
m1y lewd to 1 prolongation of QRS becuse the arer which
should recessc 1ts stimulus by way of the discased nssue 1s e in
conttacting The amount of prolongation resultng from this
would depend upon the sze and situation of the are of ven
triculr muscle 1ctivated by the disensed conducting ussue Such
1 pithology would very Iikels lead to notching of QRS 15 well
2 prolonged duration becnse of the mterference with the order
of the contraction

It should be menuoned agun here that Wilson and Herrmann
after 1 cotrelhtion of the duration of QRS nd the stze of the
here concluded that 1 QRS duration of over 0 10 second cm not
adways bie wscribed to 2 wicrease  dte duckness of dhe ventric
ulu wall They feel that 1t s wm mdicrtton of delhyed mtm
sentrcaln conduction

Pardec nd Price found thate constderng the QRS durition
i tgroup of records wath left was devition and oxcludimg those
dingnosed s bundle branch block the werge werght of fiftcen
heaes with normd QRS durrtton was 185 gm while the tverige
heut waght of deven hents with merensed durtion was 560
mm This su gests 7 redatton between heut size and QRS dur
tion but there were two Iarge heuts one 680 gm and one 800
gm  with 1 normal durtion of QRS nd one sl hewt 275
gm  with maewed durwaon Cardire enlugement  evidently
need not cuse QRS prolongation aud evidently 1s not s sole
cause One must of course coustder the cffect of marked muscu
Iu thichenmag of the left ventricle which would prolong the
spreadmg of the contraction morc thn 1t would contribute to
an mcrese m hert size Inagneen case the precordl leads will
give formaton tbout the ume of wrnl of the stimulus
wther ventricle wluch should enable us to deade whether or not
there 1s delyed conduction 1 one bundle branch (page 12%)

A shortening of the durition of the QRS group 1s expected
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with increased rate but 1t 5 found under 2 few other cucum{
gances In records from chuidren QRS may e a durauon o
ouly 006 second possibly because of the sl size of the \mi
tricles so that the spreading 15 quichly completed A very brie
QRS may be found 1n the record from 1 heart which has just
suffered from an mfarction which has destroy ed the function of
a considerable area of muscle (Fig 6, a)

In precordial leads the duration of QRS 151 generl of the
same osder of maguitude as 1s found n the standrd Jeads of the
same record 1t has been obsersed however that when the stand
ard leads show a shghthy prolonged duration this 1s often longer
n the precordal lexds by perhaps 001 or 002 second

T oltage of the QRS group The height of the largest wave of
the QRS group of the limb leds seems to vary for much the
same reasons as does the height of P It 1s usualls Jarge when
there 1s an mecrersed amount of muscle whether or not the hy
pertraplty leads to a preponderance of one ventricle It 15 Jarger
when the phisstological state ot the muscle 1s better and smaller
when this 1s not so good The upper limit of normal has been
set at 20 mm and the lower at » mm  but with waves as irge
s QRS 1t 15 1inays pecessary to wdd 15 per cent to the Jargest
recorded value when one lead has a small relatne excursion
Thus has been discussed 1 Chapter 11 where 1t was pointed ot
that under these condrtions the mmmmum recorded valve of
QRS nugin be as bude as 4 # mm and the maximum should not
be over 17 t mm

After the acute mfections dseases and dunng marked arcu
latory faslure che soltage of QRS 15 often found small It m

creases during com descence and with mprovement of the ar
culauon Figure gy

4 and & yre records from the same patient
the first taken just as he was recovering from a penod of severe
cardiac falure md e secatd three weeks later after he had
improved greatly under treatment Aot
ol QRS and 1150 of T 1n the secand reco

My panents with sclerosis and 1
ressels mve records with the QRS ex:
md these often do not nCTease ta n

e the mncresed voltage
rd
harroning of the coronary
cnrsions of very small size
ormal size even wlhien com
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pensatton smproves Tigures 38 A and n and 28 B are from such
patients Record 38 5 shows an intercsting fexture m the small
excuistons of the waves of the ventricular extrasystoles showing

. LR

A B
Tig ¢, Iwo records of the same ptlient the first tahen yust after recovery
from sesere heart fadure and the second scieral weeks Inter after he had fur
ther regamned compensatton Both records show wricular fibullaten both show
marked left axes deviation of QRS and both show 1 downward T save mn Leads
1 1nd 2 The ddlerence hies i the volt1,e of the QRS group 1nd of the T wue
record B showing the hirger voltige of both QRS nd 1

that with an abnormal cudic contraction s well 15 with the
normal the myocirdium did not produce the usual clectrical po
tential

We arc not ceitun of the cause of low voltige of QRS butat
can perhaps be best stated 25 bemy, something concerned with
a depressed physiological condition of the muscle sometimes de
pendent upon deficient nutrition as with coronry arteroscie
rosts or uith u asting diseises such 15 circinomatosts sometimes
having 1 metibolic orsgm as with hypothyroidism It 15 often
found during lobtr pneumontt possibly an indication of 1 toxic
effect upon the myocardium It 15 occstonally found with an
acute rheumatic myocardts where the mflammatory reaction ss
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ulmo-
probably the cause 1t 15 a0 found with severe anemia p
tial asthma
ary tuberculosis and brand o
" ?n additson to this fundamental myocardial cause for Tow

dseanealy

-1

oy N1 I i {
T = r Y
HEFR R R
ARNER ALV
A 2
Ty 49 Records showme lov suhiage of ORS and tow yolia € of T Nouce thae
e tolta e of P is corespondimedy wmmd as are the wates of the premsture

Ventr colar Yeat ) poan rererd 3 The patient Rwng 1ecor § A shos ed these small
excursion 21 every exammauon for 2 penod of years

age QRS thete 15 an extracardiac factor which 1s probably due
1o a shoftciramuing of the elecrrical potential before 1t reaches
the extremuties Pericardial effusion may cause low taltage by
this mechanusm o posnibly by the pressure upon the coromary
vens slowing the blood flow aud leading to poor myocardial nu
tsion Emphysema is often associated with Jow yohage of QRS
and this 1s posstbly due to short-airamting of the heart s current
tis dhe overlapping lun,, thouh Katt's sugyestion that the lung
1s 2 poor electrical conductor must be considered

A word of caution 15 necessary agunst confusing the phrase
poor physiologieal candition  which has been used here 1o
describe the state of the heart muscle that lesds to a fow soltage

o the bimb leads wuth any dex of the heart s abihty as a pump
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or with the degree of cirdine functioml capraty wihich might
be expected The Iatter re dependent upon many fctars other
tha tlus particular feature of the myocardium and st 1s

i

{1 RER JOKER
e
A n
Iig 30 & The downward T wniean Letds 2 and 3 which frequently appews
1 records wath right was deviation of QRS
& Shown, normal clectecal anis of QRS with the T wave turned downward
ail three leads Tlus patient was not under the mfluence of dy,ualis The QRS
group is abnormally wide measuring 012 second m Lewd §
© A heart with congenttal abnornility showmg the unusually Iirge eveurstons
of QRS alon, with 4 notchmg ind incre ned durnon of QRS that s rare m sch

tecords

i

observed fact that many pauents with low voltage of QRS do
not show evidence of cardine msufficency or the gl syn
drome 1nd m fict m1y not show 1y cudiw symptoms or b
normnl signs Turner m reviewing 164 records with low voliage
of QRS found congestive fulure m 70 cises but no congestiie
fulure 1 43 other cises with dcfinntely disewed hearts In pa
tients without hexrt diserse m bnormat imonnt of ussue fuid
was present m 39 but was thsent 1 1.2 ¢1ses

Most pitients with congenual cardiic ibnormalities have very
Inrge excurstons of QRS {1z 39 ¢) ko sy with noruc regu
guation or marhed mutral stenosis (Fig 22 a) or ligh blood
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pressute (Frg 22 B In il these conditions the c:m\nc‘ l:l)'lcw;[
trophy 18 probably the factor winch causes the mcrmse&l ;
the deflecnons The size of QRS will Alwaws be 1 resultant @
several varying wfluences A heart whose R nnie would be \lcr)
targe 1f the muscle were w good condition may show one within
normat lms or even less af the physiologiead condinon of the
muscle 15 below par or if there 18 short-aranung of the hert s
current by fimd or by emphysema

Should the st of nutrstion of the hert muscle viry from ane
tume to another 1t wilh ied to vananons of the voltage of QRS
1o matter whether the waves wre norml notehied or of the tupe
assoctated with hundle branch lenons Compase Figires 24 & wnd
28 A two records of the stme heart the first 1aken when the ;1
tient was not nell compensated the second 1t 1 hiter penod when
the condition had become serious Vanauons 1 the heaght of
the wates can only be attributed to vanauons 1 the puinooni)
stite of the muscle when the form of QRS remuns the stme
showing that the contraction 1s spreading by the sume path exch
ume for 1t has been pointed ont that varnuons m the path of
the contriction can cause Virrtions n the height of the waes

It 35 not possible to attach importance to shght differences n
the height of the waves of records from different persons—to
affrm tht the muscle of one heart 15 m better or m worse con
ditton than that of another There re too many independent
factors winch can inerease or decrease the voltage for cumple
the degree of hypertrephy the praeh of the contrachion the plyst
oloicat condition of the muscle fibers ar fictors i the surtound
mg tssues which might fluence the short-circustng, of the
hert s current

The precordiat teads of bearts with low voltrge of QRS i the
standard leads usually show an amplitude of the QRS deflections
wihin the ringe of normal though they a1y be low 1 certam

Figure 4o A shous 2 record from a paient wath old henled
«ardire mfrcts and with good abli

y tO carry on 1

ausines of hfe The ampliude of QRS m the ﬁrs’t’ell::i‘m\:’
¢ordaal fexds s within the normrl bt bne 1 the fead, (mu\p\\\e
wtenior asallyy hine R 15 small This nas prohably due o 1§
et baing snuated 1n an adpacent part of the m\umnhu:

leads
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ot with the degree of cudnce functiontl cypacity wiich migh
be expected The Iatter wre dependent tpon many {1ctors othe
thn this punculn fatore of the myocwrdium wd st 15 4

Lig 99 A The downsand T wue in Leads 2 aud 3 which frequently appaars
i reards wath ey he s devaton of QRS

n Showag noimal cleetrral avzy of QRS with the I ware tarned downward n
all three lerwds Phis patient was not under the nfluence of dytahs The QRS
group 15 abnotmatly wide mersurnm, 012 sceond i lead

© A hewrt with congenutal abnornnility showing the unosinily hrge exeussions
of QRS ilong, with 1 notclung urd mert ned dovition of QRS that is rare m swch
records

absctved Tt that many panents with low toliage of QRS do
not show cvidence of cardine msufficrenty or the mgnal syn
drome nd 1 fict may not show any cardine symptoms or b
notmal sigs Tutner 1 raviewang 164 1ecords with jow solnge
of QRS found congestive fulure i 70 ¢ses but no congestive
fulure m 43 other cases wuh defitcly disersed hewuts In pa
tients without hent disense an abnormal amount of ussue fluid
w1s present m 39 but was ibsentan 12 aises

Most pitients with congenttal cardiae ibnormahites hne very
luge excurstons of QRS (Fig 309 €) also mny with sorue regu
gitation or marked mtral stenosts (Mg 22 A) or lugh blood
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obtained over the night sentncle fram pasions 2 and 3) show
an unusually 1irge $ wane In mamy €ases the § \\’l\? will l;c ;lr;!
uswlly large wh 2l posions of the electrode When \e;‘ li
ventricle 1s hypertroplued curses obtained At the pes '.m‘ ;
yond show an unusmally lirge R wase and an some eases the
1 anusually Tge from posiions 2 and 3 Occasionally 1 may
be small 1 records from these positions or i position 2 may be
absent ¥t 1s doubtful whether tius fatter 15 0 effect of uncom
phicated hypertraphy ar whether st may not be due 1o a comply
cating myacardial disease

Taltage of T 1u general myocardial condtions shich ffect
the voltage of QRS wifl affect the voltige of T 1n 1 stmular man
ner wo that they tend ta be wereased or decresed at the same
nme Cestwn poorly understood factots howerer may influence
only the T wae or was affect 1t more than QRS 1s affected so
that 1 cenma records T shows the chief change

‘The voltage of T 1s changed when the ventricular myocardsn
15 affecied by any one of the three following factors (1) the
physiologreal state of the myocardium {2) the presence of or
game myocardial disease and (3) an abnormatl spreading of the
contraction When the physiological state of the myocardiuem 1s
normal T will tend to have a normal voltage When the myo
cardial nutrition 1s depressed the voltage of T will be dimmished
When the strength of the sentncular contriction 15 abnormally
increased T wall tend to be targe It tends to be larger after exer
ose md during acute thyrotoxic states and with sentricular
hypertrophy  Although pithological changes m the myocardium
can profoundy aftedt the voltage of T 1t as difficult or wmpas
sihle to 11y down general rules as to whether the voltage will be
wereased or decrensed Vore extensise lestons tend to be asso-
ciated with 1 low vohtage of T because they e usually due to
e o it o s and s
Coramns. arthon ltrn:\s U e muscle Master found that
waliotar disese wath exrdiac §; ‘Y ey mocrdits chronie
the most frequently encounte m\ ‘:e and lobar pheumonia were
fox sattage T 1f the lesiom Tet diceases 1 a group of cases with
branches nm « o s appens to imohe onte of the bundle

ston the spreading of the contraction
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Tigute 4o n s the record of a pattent who had 1 shightly abnormal
tendency to shortness of breath and transient attacks of rcular
fibrillntion The amphtude of the R and § wases of all precor

Fig 40 Records with Jow oltige of QRS in the Iimb lewds The upper row
shows Leads 1 2 and 3 The lower row shows Letds EL 2 IF 3 4 Tand CT 5

A Trom a patient with herled anterior infarction Thus shows the Q 1 T 1 type
of ventricular complex absence of R tn Lerd 1 3 a uny R in Lead 4 Fand a
small R m Lead CF 5 The T wave i the precordual leds as well as m the
limb leads 1s such as is assocrited with 1 healmg anterror farction

B Trom a patient 1ith generilized coronary asterioscleross and muild cardiac
nsufficiency The R § and 1 waes of the precordnl lexds are norml lthough
the lmb lcads show a low voltage of QRS

drl lexds 1s witlun the normal range though the voltage of QRS
m the limb leds 1s low

The precordinl lexds of records from heuts which are known
to have hypertrophted musculature usunlly show Jrge total QRS
excmsions (R + S) With night ventriculwr hypertrophy curves
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obtamned orer the Tight ventricle from positions 2 a“dnsh?‘:::
an unusualty lacge Sume In many ses the § way (;1 wil e ete
usually large with all posiwons of the electrode When th o
yvenmnde 15 h\pemop\ncd curves obtmned 1t the pex 'mx‘h &
yond show an unusually large R ware and tn some Calm e
1s unusually lrge {rom posiuons 2 and § Occasonal .} 1t my
be smll 1n records from these posions o 1 posiaon 2 1w be
absent It 18 doubtiul whether tins Tter 3s an effect of uncom
plicated hypertrophy or whether 1t my pot be dve 102 comply
aiting myocardial disease

Toltage of T 1In general myocudhal conditions which affect
tie soltage of QRS will affect the voltage of T a similar man
ner so that they tend to be increased or decresed at the syume
ume Certain poorly understood factors howeser may mfluence
only the T wane or may affect ¢ more than QRS s affected so
that 1n certain records T shows the chief chinge

The voltage of T 15 changed when the ventnicalar myoeardium
1s fected by any one of the three followin, factors (1} the
plystalogicud state of the myacardiam (2) the presence of ar
ganic myocardial disewse and (3) an 1bnormal spreading of the
contracion When the physiological state of the myocardwm 1s
nosmal T will tend to hice a normal voliage When the myo
cardial mutraion 1s depressed the voltage of T w1l be drmmshed
When the strength of tht vemnenlar contraction ts abnormalty
mereased T sl tend to be large 1t tends to be larger after exer
ase and duning acute thyrotovic states and with sentricular
hypertrophy  Although paihological changes 1n the myocardium
an profoundly affect the volage of T a1 a5 difficult or 1mpos
sible 10 Iy down genera) rules as to whether the voltage will be
wcreased or decrersed More extensive Jestons tend o be 1sso
qated with a low voltage of T becruse they are usmily due 10
coronary narrowing ot acute inflammation or tonemia and resuly
wna depressed physiological state of the muscle Master found that
L\l;;:r(r::: danmosc!ems)s acute theumatc myocarditts chronse
the moms c:z;“::‘:f;: ncca;;halc f.ulhdxre wnd Jobar preumonia were
low volta e T If the ltsmr': ]:t‘( eases In & group of cases with
branc l‘cs“m 2 mun subdny ppens to malie one of the bundie

1sion the spreading of the contraction
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m1y be so disturbed 1s to lead to an increase 1 the voleage of T
This 1s why 1 lrge voltige of T 15 aften found i records wil
2 notching of the QRS group When Jou voltage of T 1s found 1
v record with notched QRS 1t wiall probably be the result of
ciffuse depression of myocardinl function by diffuse disense

To state 1 hypothetcl comparison of the mnfluence of thes
cfferent f1ctors upon QRS and upon T 1 heut without patho
logical processes 1 the ventsscudr muscle but with the musch
1n 1 poor physiologcal condition such 1s nught result from jacl
of exercise bectuse of 1 sedentry fe or from severe wmemr
might g 1 low voltige QRS and 2 Jow voltage T With shgh
diffuse pathology m the ventricles such s mught be due tc
1teriosclerotic nurowmg of the coronary arterses (Mg 37 4) o
to the toxemtt of an acute diseast the QRS voltage mughe be
normnl though smill and the T wave less than the normal volt
1ge The greater the imolvement of the muscle the smaller
would be the voltnge of T unless 1 large diision of 1 mun
bundle biinch became mmolved 1 which cise QRS would be
changed and T mught become of normnl size or large

It 15 necessiry to bear i nmund the important disunction which
has been made betneen low voltige of the T wave nd 1 low
amplitude of the T wave m any one lerd Though the I wue
m1y hive less than 1 snm amphtude m my one lead yet tfats
amplitude m the other leads 1s found to be 3 or 4 or 5 mm this
T wave 1s shown by the larger escursions to hne 1 normal
voltige Wihile 1 low nmplitude w ne m one lead nught mdicate
1 transition stige betw een i upnard md 1 downw ud deflection
yet 1 low voitige T wave Jow m all leads does not ndicite ths

In precordinl leads the amphitude of the T w wve does not seem
to prliel the voltage of T 1s recorded m the lewds fiom the
extremities In this respect the situation 1s simlbar o that of the
QRS group Low svoltage T my be wcompinted by precordii
leads with T waves of normal o1 luge size md s 1s usual the
amplitude of T my be found to vary mn size n leds from duffer
ent precordinl pomts In certun records the T nne miy be of
small size 1 precordid leads from Mt the usual postttons (Figs
41 wnd 77 a} The causes of this finding are not understood but
1t 15 probably relted (o the presence of an thnormal myocudinm
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as 1 these mstances 1arge Amplitude of T i the prc{md:"‘li
Jeads 15 commonly found m yecords of hewts wuh teft buw
branch block wth hypestroptued mipeniiture Aad Also i certatit

¥1g 4+ Record from 3 patient with a liposny and Mperiennon with syimploms,
of cardiac 53

Gcses ey Thoge wa 1 wave vith a normal voltage i the imb

jeal Vut in the precordial eads the amphaude of T v smalt with all positiony
ol the electrode

phases of the process of heahin,, follonmg totonary thrembosts
{Fig 6o ®

Abnorit ! direction of T The T wae should be diected
upwrd m lead 1 and n lead 2 In about two thirds of the
records from normal hearts 1t will be directed upward 1 Lead 3
also If 1t 15 found noelectrsc or diphasic y enher Tead 1 or
Liad 2 st should be considered abnormal for such deflections
represent a trmsiion between an upward wnd ¢ downeard wase

The T wue like the QRS group s 1 normal and n 1bnor
mal diection for ts duefl electrieal asts The normal T with
upsrd deflecttons m Leads § md 2 and either upnard or v
dowusard one m Lead 3 (4 +4 or 44 —) hay m aas whith g
seen from Froure o1 o hie between 0° and 90° The range for
its tiormal direction s grenter than far the QRS group When T
~ives 1downnard deflection i { ead }(—++) os Lead 2 (~—4
or {+— —) s electrienl s 1 Ahnormally directed Whether 1t
1s dcflected to the v ht or the left of sts normal position often
scems to depend npon the direction of the electrical asis of QRS
(pre 101
a\"rsl;c[ E((":g::‘: t“:‘:\tt: S;\::g:: ﬂ)i dn\ccnon of the electrical
£ONIEUGN W 3 Poviion of ihm entricutan e prnion of the

e ventricutar mass Posuibly o local
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1zed shortening of the duration of contrction would ko pro
duce 1 change m the direction ot T It seems that 7 localized
1re1 of scarring also may have this effect though the phystological
process msyolved 1s not Anown

There 15 good experimental vvidence to support the dex that
abnormnl msersion of T 1s caused by 1 polonged wtmty of 1
put of the ventriculir muscle Wilson wnd Tinch have shown
that the T wave of the human electrocardiogrim can be changed
m ats direction by dnnking 1 lrge 1mount of 1ced water This
1s 1scribed to the cooling of the diaphragmatic surface of the
heart which lies ngunst the stomach The T wave of evpen
mentl ammals 1s simlarly affected when Jocalhized areas of the
ventricles are cooled by the duect application of such coohng
agents 1s the cthyl chloiide spray or the carbon diovide pencil
Cooling depresses the physiologicl actisities of the (ffected arer
prolonging the duritton of its contriction and we linve here a
demonstrion that such 1 prolonganon can cause 1n abnormal
mversion of T m 1n otherwise hetlthy heart

In the case of premature ventricular beats md of bundle
branch lestons T 15 often directed opposite to the chief excursion
of the QRS group mn o lexds if not m three, so that 1t fre
quently 15 imerted The <bnormal s ersion of T in these records
1s due to the dehyed relasation of the second ventricle to become
wmvolved 1 the contrictton This protonged ctivity of one ven
tricle tends to make T oppostte to QRS and thus lexds to 115
myverston This 1s especially true if the area of the QRS group
1ather than the size of the petk of Tugest amphitude 15 considered
as indicating the direction of QRS 1ccording to the method sug
gested by Wilson (pige 319)

When QRS shows tbnormal notching or shurring 1t 15 com
mon to find that T 15 downwaud 1 Lead 1 or Lead 2 or both
(T1g 35 & wnd ¢) This change m1y be aurtbuted to the effect of
the basic pahology upon the charcter of the ventriculy con
traction If the notching 1s due to 1 Purkinje lesion the change
m the direction of the T wave 1s 1scribable to the delnyed weny
sty of the region of the ventriculr muscle to which the ffected
bianch 1s distributed If notcling s due to 1 Iirge myocardhal
focns the changed direction of T may arise because the diseased
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area does ot enter 10O contraction 1n the one case the abnormal
T 15 due to an abporml time relauon of the events of the \lm
tricular systole whie 3n the other 133 dne 10 an tbnormal {elec
trical) balance during the contracuon

When Jeft axs devianon of the QRS group is present 1t 1s not
sncommon to find T directed downward Lead 1 or m Leads
1 and 2 (Fag 1 p) When nght aws dewnuion is present s
olten downsard 1 Leads 2 and 3 (Fiy 59 #) In each case the
appearance 1s similar to that seen when one ventricle precedes
the other m 1ts contrcsion because of a leswan of ane Hundle
branch and the T wase hies opposue ta the predommant direc
tion of the QRS group in each lead In Chapter i thus feature of
the T wate of axs deviation curves was discussed 1n detul and
i will suflice here 1o repeat the conclusion that this change of T
ts due to something other than the cause of the 1vs deviation
Thus other factor appears to he an abnormal condition of the
sentricular muscle the direction of the axs of QRS apparently
determininy whether T shall be inverted 1n Leads 1 and 2 or 1
feads 2and 3 Thus 1bnormal condivton 15 sometimes due to the
phystological influences of muscle hypertrophy or strun but
usually to pathological changes in the ussue

Myocardial changes may lead to smversion of T an al} three
feads In such records the electnical asis of QRS 1s usually normat
though eccastonally nght or left asis deviation may be found
Abnormal msersion of T may eccur m a record 1n nhich QRS
does not hase notching or slurring of s waves (Nig 39 ) This
change probably would be due to a diffuse myocardnl process—
enher toxic ar acute nflammatory or chrome sclerotsc—which
fhas not mvohed the bundte branch oy Purkinje tissue

Tovic condattons such as uremta angd hyperthyrowdism cause
Abnormal smersion of 1 as may the toxemia of pneumonia or of
tvphaid fever Certam drugs canse abnormal 1 ersion of T Es

peaathy notenorthy because of thear TOmmMon use n cardhac dis
ease are diwalis and quindine

Mention should be made agawn here of the interestung small
group of indiiduals sathout cardiae disease discussed 1n gh:\ T
1 whomay show anmverted T and Ty when wn the seated o
tion and a normal T ang possibly also Ty when 1'e3cumbemposl
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szed shortening of the durition of contirction would 1lso pro-
duce 1 chainge 1n the direction of T It seems that 2 localized
rea of scrrrning lso may hase dhus effect, thongh the physiclogel
process mvolved 15 not knoun

There 1s good expernmental evidence to support the 1der thit
1bnotmal twersion of T 1s caused by 1 prolonged actinty of 1
put of the ventircular muscle Wilson and Finch have shown
that the T wate of the humw electraciediogram cin be chnged
m ats direction by drinking 1 Juge wnount of 1ced water This
1s wscribed to the cooling of the diphragmatic surfce of the
heart which hies agunst the stomich The T wwe of expen
menel munals 1s suntlirly affected when locilized arexs of the
ventrrcles are cooled by the direct applicition of such cooling
agents 1s the ethyl chilonde spriy or the cubon diovide penal
Cooling depresses the physiological actvaties of the affecred arer
prolonging the durition of 1ts contraction nd we hwe here 2
demonstration that such 1 prolongation can cause 1n 1bnormal
mersion of T m an otherwise healthy heart

In the c¢se of premature venticalir beus 1nd of bundle
branch Jesions T 1s often directed opposite to the chief excarsion
of the QRS gioup 1n two leads 1f not m three so that 1t fre
quently 1s tnverted The 1bnormal inversion of T 1n these records
15 due to the delyed relvauon of the second ventricle to become
mvolsed i the contriction  Tlus prolonged ctivity of one 1en
tricle tends to make T opposite to QRS and thus lewds to ws
muerston Tlus 1s especnlly true 1f the arer of the QRS group
rather than the size of the peak of Mugest imphtude 15 considered
1s mdicrting the direction of QRS 1ccording to the method sug
gested by Wilson (page 319)

When QRS shows 1bnormal notclung or slurring 1t s com
mon to find thit I 1s downwud m Lead 1 or Lead 2 or both
(Mg 35 1 and ©) This change my be ttributed to the effect of
the basic pathology upen the character of the ventricular con
trrction If the notching 1s due to 1 Purkinge Jeston the chnge
m the direction of the T wive 15 weribable to the delryed et
ity of the regton of the ventriculwr muscle to swhich the affected
branch 1s distributed Tf notching 1s due to 1 lrge myocardial
focus the changed direction of T may arise becuwse the diseased
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Jar T ware to cavse a defiection durng the cnr_h, portion of 'i’c
ST segment has been menttoned on page 37 Tlus must be
riken 1mto consideration when examinmy the § T scgment fora
Sefietion due to the anaculw T must not be atnbuted o a
pecolranty of the \entricular contraction It s howeser mreto
find ths deflection large enout to change the § T junction fram
+ narmal Lo an abnormil position
Certain records show 2n abnormahty of the § T segment whiclt
1s sometimes the only part of the curve found abnormal In other
records the ST segment 1s affected along with changes 1 the
feight of T or 1 the direcion of T or both Abnormahity of
this portion of the curve was first noticed 1s a tesult of the ex
tensie myocardial dimge which followed the mjecuon of cor
rose substances to the ventneular muscle The changes ob
served 1 clincal records are of vanous Linds
One of the most important abnormal features of the 5T seg
ment 1s an elevation or a depression of the § T juncuion so that
ttaccurs at 1 gredter than normat distanice from the zeto level of
the record This may sometimes be associated with 1 T wave on
the sume side of zero as the displacement of the $ T junction as
i Frgure 4 ¢ and p and sometimes with 1 T wave on the oppo
snendeasin Fignre g2 1t
The shghtest demonstrable change w the ST segment CoNsists
of a illing i of the normal upward or downward concavity
whieh precedes the peak of T so ehice the hne 1s straight from
the $T juncuon 1o the peak ol T (Fig 42 A and 1ead 1 ot Fig
:., <} Tlus wiay be 2assouated with 2 shight {1 or 2 mm ) or more
ithed displacement of the § T juncuon 1n Whe direction of the
b e o e ST e v
shaped wave (b, 4”8} ar d:“ uphand producig 1 dome
ety an \n\cnbcd dowme Ty ovand wath 2 downward T pro-
myy Ee assocuated with a & “: comges 1 the 3T segment also
seen an brmre 4o ¢ m;‘: b e of the ST janction a5
awd w Figures 63 and 6, A more

comphiated disturbange of the § T segment consins of
movement 1 a direction g

an imual
follows as i 1 cad 3 of Fagy

ppost € ta dhiae of the peak of T which
Ure 76 ¢ and Lead EF 3 of Tigure 31 &
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In precordnl lexds of normal persons the T wave olten 1s found
directed downward m 1ecords fiom the right sternal mrgin nd
m normnl children nd oceasionatly 1n normat women from the
left sternnl margin 1lso Leads from other posttrons do not show
an mverted T wave oxeept when the myocardium 1s abnormnl
Rhenmntic myoctrdius wd digitalss may gve nise to 2 downward
T wave in precordinl leads nd the unersion fiom these causes
s Iikely to be more matked m records from newr the sternum
than fiom the 1pex The myocardial degeneration resulting from
cotonuy uteriosclerosts 1s more frequently the cruse of myersion
of T m leads from the apex and to the left than in leads from
nearer the sternum Howeter T miny be myerted by esther of
these causes 1n records fiom 21l precordinl pomts Other forms
of diseases 1lso nd toxie conditions may cuse mversion of T
one or mote precordinl leads No relrtion has been observed be
tween the mverstion of T an the limb leads and mversion 1n the
precordil keads There m1y be abnormal nnersion in the limb
leads and none 1n the precordii} leads or the hmb lewds may
hawe 2 normdl T and w oue or mane precordial leads 1t m1y be
merted or paclectric

An 1solectric T wive mn precordial leads 1s to be considered s
1 transition stage betwcen m upward nd downward wive md
therefore 1s abnormal Its ciuses e the stme 1s those of n
merted T

Notching of T 15 rive in the lunb lewds This wune s typreatly
1 smooth rounded or pciked clevatton unless 1t should hnve a
P wave supertmposed upon 1t s m Tigure 45 nd Figure 49
And 8 Notching of T 15 seen i Ligure 56 ¢ s 1 result of digt
talis and m Liguee 78 & as 1 vesult of quinidine admnistration
A st notching has been observed m 1ecords from certun
ptents suffering from hyperthyroidism Nothmg cmn be sud
15 to the sizficince of this notching of T except that 1t 1s
probably due to 1 toxic reaction of the myocardium Notch
mg of T 1s also found 1n records obtuned by precordnil leads
It 1s much more frequently secn m these leads than m the leads
from the eutremuties Its sigruficance 1n the precordial leads 1s
not understoad but 1t 1s thought to be 1 abnormal fimding

Abnormality of the S T segment The tendency of the auricu
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which 15 different 1 cenain features from the desiation of 8T
found i cases of snfarcnon 3t 1s associated wuh 0 Lersian of
T, when feft avs destation s present (1 35 ¢) and less com
monly with mersion of T's exther with or without T when nght
axis deviation ss present The lexd with downward T often has
the §'T junction below the zero level and the reaprocil lead
1 or 3 as the case may he has the T juncton above zero At
times the Junction mag hie as much as 3 or 4 mm 7hove or below
the zero Yevel In each case the ST sepment describies a nov
ity coneave hine from s ongw at the $T junction to the
peat. of T differing n this respect from the abnormal §T seg
ment resulting fram coronary thrombosis which 15 often diphasic
ar 15 conves 1n the direction toward the peak of T (Figs 65 A
and 6, A)

A Qestatson of the §T junction simular to thit found wih
hypertrophy 1 seen 1 many records with bundle branch block
nd 1n these records 1t 15 also & permanent feature The pres
ence of a permanent devintion of the $T segment 1n these
o types of records hypertrophy and bundle branch block
makes one think that 1t mught be due 1 cach case 10 a delayed
completton of the spreading of the contraction n one yentricle
In the hypertrophied heart this wowdd be atrrbutable to the
wmereased wmuscle mass and n the heart with bundie branch
black to the conduction defect

In precordual leads as in the imb leads the S T segment may
be affected alone or 1ssncated with 2 T wave abnormahty It 1s
affected by much the same things as affect 3t an the leads from
the extrermues such as by digitahis quimdine coronary throm
busts acute vheumane myocardins ard other acure myocardral
procless:s 1t my be affected differently 1n the lead from one pre
ca:;{r:(;lldalr:al l(\("\sn(ln that from another or 1t may be sundacly

cads from all areas dcpendmg tpon the extent or

the character of the myocardial diserse
m:;‘r’::“rse nfl ;n:::er:t‘x“,‘::“ g\;s been applied to an appear
the healing sta, e follow g corean .'mimem nd T nase dunng
o emplm:le lﬂ:( similar ;enu 1Y o hombasts Tt s imporiant
wha 4o 5ot ' ires may deselop stowly 1 patients

gire 2 lustory suggestng coronary thromb

° osis but
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Tius produces 7 diphisic T wave of one of the general forms
shown 1n Figure 42 F and ¢ or the reverse of these forms so that
the first phase 1s downward and the second upward If the first

AA‘W—E

AN

Iig 4 Abnormalites of the $ T junction S T scgment and T wise

A Straightemng of the 5 I' segment

n Comvenity of the S T sepment with dome shiped T wue

¢ Elesatton of ST juncuion with strarghtening of S T segment

p Flevaton of 8§ T junction with consexity of 5T segnent and dome shaped
T vne

¥ Coronary T wase with ups ard comexity followed by a downward peak
Note that the upward comsexaty does not cross the msoclectric level and the wase
15 therefore not diphasic (+ —)

F Diphasic T ware (+—) with the first poruon of the § T segment straight
to the first apex of T

¢ Elestuon of § T junction with convexsty ot the first portion of a diphasic
(+—) T nare

i Llevanon of §T juncuon with an merted T wave Th
chphasic because there s no upward peak

T wase 15 not

movement does not cross the zero level 15 1n Tigure 42 E the
w e ts not diphasic but still s of the coronary type

Changes 1 the § T segment wliuch 1re due to rcute condit1ons
such as pericarditis or cirdic mfarction 1re found to vary from
nme to ime tending with healing of the disese to return gridu
ally toward 2 more normal contour In other hewts when the
cause 1s 1 more permanent one such as myocardial fibrosis or
ventriculw hypertrophy abnormality of the 8T segment m1y
rematn for months or years with little change

Records with 1 mar/ ed might or left deviation of the avis of
QRS often show a permnent deviauon of the ST junctron
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whach 15 dhifferent 1n certan features from the deviation of ST
found 1 cases of infarction It 1s associated witl wn imerstan of
T, when left axis deviatton 15 present (F1g 3 c) wd less com
monly with imersion of T» exther w wh or withaut T when nght
axis devsation 1s present The lead with dow nnard T often has
the ST junction below the zero Jerel and the reoprocl Jead
1 or 3 as the case may be has the ST junction above 1e50 Av
times the junchion may de as much as 3 or 4 mm thove or below
the zem0 level In each cse the §T segment describes a nor
mally concave line from its ongin At the §'T junction to the
peak of T differing m this vespect from the brormal ST seg
ment resulung from coromry thrombosts which 15 often diphsic
ar ts consex 1 the direction tonard the peak of T {Figs 63 A
and 6y A)

A deviauon of the $T juncuion similar to that found with
hypertrophy 1s seen 1w yany vecords with bundle branch block
and i these records 1t 1s also a permanent feature The pres
ence of a purmnent devanion of the § T segment 1n these
o types of records hypertrophy and bundle branch block
makes one think that 1t might be due 1 each case ta a delayed
completion of the spreading of the contraction mn one ventricle
In the hypertrophied heart this would be attrbutable to the
wereased muscle mass and in the heart with bundle branch
biock. to the conduction defect

In precordial feads as yn the hmb leads the § T segment may
be affected alone or assoctated with 2 T wsve abnormality It s
affected by much the same things as affect it sn the lexds from
the extremiuies such as by digualis quinidine coronary throm
bosis acute theumanc myocarditis and other acute myocardial
processes 1t may be affected differemily an 1he Yead from one pre
cordial area than i that from another or gt myy be smlarly

affected 1n leads from all areas depending upon the extent or
the character of the myocardial disease

Coronary T uave This term has been apphed to 1 appear
auce trequently obseried 1n the § T segment and T wate dunng
the healing stage following toranary thrombosts It s 1mp¢manat
to emphsize that sstmilar features may develop stowly pauents
i
sho do not give a hustory suggesting coronary thrombosts but
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who my have bad 1 slowly nariowing coronary branch some
ttmes causing the gl syndrome sometimes symptoms of
most atypical sorts or even without symptoms 1t 1ll The coro
nary T wave may tlso be found 1 patients with other forms of
ncute myvocrrdial diserse

The characteristic feature 1s that without elevition of the §T
Juncuon there 1s ur upw ard convesty of the § T segment wlhich
carnies the tecord at first shightly above its point of ougin wd
then downwud to form i mverted T wave This 1s shown m
Led 2 of I'gure 64 8 nd 66 A Leads 2 and 3 of Igure 66 B
Almost all donnward T waves show 1n upsard comventty of this
mtersal, but the feature to be emphasized 1s that 1 the coro
mry T wawve the typieal upnwud convestty carries the Iine of
the T segment upnard before 1t gocs downward The ware may
or my not be diphastc (4-—) however depending upon whether
the upward movement cirues the § T segment 1bove zero This
importnt fetture of the coronary T wave cn be noted by com
prrmg the 8T segment of Leid 2 1n Figute 66 & with thit 1
Lexd 3 In the former the typical upward converty 1s present In
the latter the § T segment 15 comvex upward but does not shon
a charactenistic upward deflection followed by 1 downward one
In Lead 3 of this record the S T segment 15 t first horizont1l and
then downward In I'igure 35 B the typrcal upnard deflection
appetrs m all three lexds

The team cove plhine T has been mtroduced by Rothscluld
Mann and Oppenhenner to describe T waves of this type tndt
citing 1 cove folloned by 1 plane The term adequately describes
most of these wves (Figs 63 65 66) but does not apply to others
which are equally dignostic but hive a very short final lunb of
T Morcover many myerted T wives approximnate the ppear
ance of 1 cove and pline (Iead 1 of Mg 95 ¢ and Lexd 2 of Fig
39 4) and yet do not fulfill the criterrn of the coronary T
Although the term cove plane hrts the adyvntage of not suggest
g 1 diagnosts yet this mapplicabtlity of the term secms to mike
1t undesirable On the other hand the coroniry T 1s due to
coronary disese m the great majority of cases and ffords 3
satisfictory term to describe the sumtlar T waves which are now
known to result from other forms of disease
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The apex of the coromn T ware s turned cks\sx‘\\\:‘(} :‘;?
1t may be accompimed by a downward T in the other hunb e (1
though these T waes need not be of the cotonry n,pe‘ ts
\oltage 15 often considerable and when tius 15 30 the tesulung
peak 15 shatp 10 Jeads which afford an adequate represeniaaon
of the voltage for example Lead 1 of Tignre 6% B The volage
may be unusually Iarge 1n certin of these cses A€ times reaching
10 mm Less frequently 1t may be unusuaily small 1 the char
Actensuc features appear only 1n Lead 3 1t cannot be consdered
to have the sigmficance of the coronary T wae unless T 1s 1lso
wmed downward or 15 1soelectrzc Such 1 T wnie s occsonally
found 1n 1ead 3 of records from normal hearts but 1t does not
fave 1 farge ampliude w these records

In precordil lewds the coromiry T wave my also be ob
served (Lead C1 D of Fig 65 aand Teads YF 3 3 F mid CF 5 of
Tig 68 ®) It s especally hhely to occur during the heling
stage of wnfarction of the anterior surface of the heart or as 1
resudt of a chronic acclusive leston 1n this sunation It gs never
found with infarcion of the diaphra,mitic surface unless the
witerior surface 1 also affected There 1re other vaneties of dis
ease of the myocardium wiuch may gie use to thus appeatance
of the T wve i precordial leads and « may also be caused by
drugs In precordial leads its amplitude sometunes reaches great
sie ocesonally ay much 15 1o mm ot mare as i Lead L F
of Frure 63 8

1bnormal Unate In diseased hearts the U wwve may be found
untffected or my be mverted Inmversion of U has not been e
purted 0 records from norma} hearts and Wy occastonally be
the sole electrocardsographie tmarmrdaty When the QT durr
::(()“l I:’::;‘;L(;r:grd the U wase my began on the descendmg hmb
wite the unpresyion of a sull further prolonguon

ol ths wine This e he determned by comparative measure
ments of the Q T duration w other lends (F1ig 27 8) The U
ot o s aare ey found tn vecods rom
of digytahs 15 often fouo\\ed“ ,mc ;‘ pents the adminstration
when 1t was ny 7 e appearance of 1 U wave

o1 present before wevment §
t has not be
senved 1o be afiected by fguinidine ™
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In precordinl leads the U wave 1s usually more prominent than
in the imb leds It 15 1pt to be particully Inrge after the ad
munstrition of digreals

SUMBMARY

Recogmzable evidences of the mfluence of myocardit disese
upon the wriculr muscle wre rre but of erther wbnormal dur
trant notchung of the pek or deep mversion of the PR level
(ruricular T) are found disese of the quricular muscle may be
diagnosed

When the sentricular muscle 1 ffected by disease or by touc
or abnorml metabolic influences the QRS and T wives are
Iikely to undergo certain changes one or more of which my
be present 1n the sime record
Notclhing or slurring of QRS
Prolonged durition of QRS
A voliage of QRS less than 05 milinolts
T waves turned downward i Lead 1 or Lead 2 or both
A voltage of the T wave of less than 1 millvolt

6 A specil peculiarity of the T imterval tlus portion of
the curve onigmating 1t an 1bnormal distance from the zero fevel
and passing to the peak of T by an unusod cunve Tins lends to
2 deformuty of the T wave such 15 15 found especially 2fter coro
nary thrombosts

7 The § T mterval my anise from the proper level but m7y
p1ss to the peak of T by an vbnormal course This also leds to
1 deformuty of the T wne

8 Associated with 1 downnard T wase there may be a speal
type of deformuty of the ST mtenval cilled the coromry T
wave The §T mtersal 1s comvex upward passtg, upwud from
115 point of origm before turning downunard to the pomnt of T
In the precordil leads

9 An abnormnlly Inrge Q wave m1y be present the R wue
may ful to appear mn leads from positions 3 4 nd 5 or my be
abnermally smnll

10 The ST junction my be bnormally elevied thove or

depressed below the 7ero level
11 The S T segment and T wave may be abnormal

O 8 N2 —
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12 The T wave may be mnerted

These features which have been attributed 10 myoeardnt dis
ease are occasionally found 1n records from apparently healthy
mdraduils The frequency of such findings 1 indicated 1n the
studies by Johnson and by the Metropolitan Lafe Insurance Com
pany The increased frequency of such findings with ncreased
age 11 beliesed to indicate that the cause 1 the majorty of cises
15 the deficient myocardial arcmlation which results from coro-
nary artenosclerosss Other etsological tvpes of myocardnal disease
may be represented 1n indnsdual cases but it 15 probable that
such cases are much less frequent than those due 1o coronary
artenosclerosis To find one or more of these abnormal features
m the electrocardiogram should be considered as definite evt
dence of the presence of myocardial dusease The cause of this

whether toxic bl i 3 or dege 1e must be

determined by the other features of the patients history nd
examination
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In order to deade that an abnormal electrocardsogram s due
1o stctural myocardial diseise e must first exchude the po‘s
abslity that the abnormahty way be due to a functional disturk
ance of the myocardium To do thus we must obsenve the abnor
wal feature over a penod of tme to sec sf a8 35 constant ot Lt
crnes We must consider the clinteal fettures of the case espe
aally 1 regard 10 the presence of toxans or & rdences of hormoud
dysfuncrion or of sitamin deficiency We must seel for other v
dences of structural cardiac disese such as enlargement or for
sgns of cardiac wsufficiency or the angiml syndrome or the
murmurs of salvudar stenosis or msufficiency There are only a
few special pecnhiansties of the electrocardiogram which 1re deft
nitely indreatise of myocardinl disease Usually the decision be
veen disease or dysfunction as the cause of an electrocardio
graplic abnormahity must be made on rather broad hnes ofier
a connderation of all other factors m the cimeal picture
The electrocardiogrim ke any other single feature of the
chmeal eviqumaton 1s quite msuffiaent as an isolated fact to
affard a bass for 1 prognosss If twa hearts base the same abnor
mahttes tn the record there would sull be a difference n the
proznosss g upon the cond of the wahes the
height of the blood pressure the character of the hife led by the
mdiudual and o on Yet the electrocardiogram 15 2 ‘ery mm
portant fexture for it myy give us the ondy direct evidence of
disease of the ventricidar muscle Two patients who were evactly
ke m sl respects except ther electrocardiographic records
would sull be far from s if one ind normal semypiculr
waves while the other had an abnorma) record ke any of those
of Figures 29 ., .7 or 35 The one with the normal waves
wattld have a wuch better cardiac prognasts for s ventyienlar
muscle 1s more bkely to be free from disease
g bt o prme
disease and if the nmchm”ofp Ros 2 tather Cufluse i acardsal
small sizedd waves or \1111 QRS 1= pessstently associated wath
mn feed certn tha(‘u ) an abnormally amexted T wave we
1 wients shonng this cuxebm}omrdmm b oxtennely dama,ed
ords fase with vare mm nauon of abnermalities m thewr rec
€ptions a imited cardiac reserve and do




CHAPTER V
CLINICAL SIGNIFICANCE OF ABNORMAL WAVES

INCT the electrocirdiogrum records one of the physiological
functions of the heart muscle 1t follows that there may be
varttons 1 this function which do not result from structural
myocirdial disease Local neas of defictent arcultion my gne
use to functional changes o1 the whole myocirdinm may be
depressed or stumultted stmultaneously Locat ares of functioml
depression affecting appropriate cardric arews may gie Tise to
changes in the durition of the P R interval changes m the dur
tion and form of the QRS group nd of the T wne Widesprewd
functional depression m1y decrese the voltage of QRS and T o1
m1y cwuse imveision of the T wve without iy basts of structuril
orguuc disetse Changes due to functional causes re reversible
1nd disippeir when the cruse 1s no longer present They 1re
thus likely to be of relatnvely short durition
Certun forms of acute myocardil discase which may produce
abnormalitses of the electrocardiogrim mny be followed by such
complete recovery of the tissues thar the tbnormal fentures of
the electrocardiogram mny disappear Such changes usually tike
1 considerable trme Abnormahues of long duration should be
suspected of havng n underlying structural organie case
Fyven when permanent changes due to structuril disese enist
there my be superimposed other temporary varrnons due 1©
varations 1 the functional condition of the myocirdium m the
border zone between diseised and healthy nissue Tlhus mght
occur for exaumple 1 the peniphery of wn area of infarction or
i an 2rer whose blood supply w1s so near the it of physt
ological necessity that 1t would be beyond the bulity of the coro
nary flow to meet minor additional demands The presence of
drug effects espeaially must be carefully excluded when constder
g the significance of 1 1bnormality of the electrocirdiograun
166
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diac reserne hns been serousty tined Figure 29 A 15 f"’m‘s“dl:
patient who fad no evidence of valular disease o\;\ card ntc‘ :‘es
Jugement These complexes of bundie branch biod so'tae
appear during pneumonia ot other mfecuous disease The vec
ord of Figure 25 B appeared during pneumonta and during the
following year chinged to the form of Figure 27 A Duning this
year the pauent who bad newther \ihalar disease nor cardhac
enlargement deseloped a moderate humitatson of his cardiac re
serve whereas presious to s sliness he had been a very powner
tul man

The appearance of bundle branch block usually marks a per
manent change 1n the electrocardiogram for the bundle branch
usually fatls 1o Tecover 1ts function and the abnormal complex
persists I cestain cases bundle branch block 15 not permanent
The curve m1y change from block 10 2 normal complex and back
10 block again These changes are dut to temporary ‘aritious i
the funcuon of a diseased bundle branch

Octanionally m patients who developed the condition during
an acute ilness complete recorery has taken place ar the com
plex has changed 10 one shoning a tess radicat dhsturbance of the
mechanism of ventricular contrietion for example a natched
QRS with an abnormal T or normal QRS with abnormal T
This event would tndicate a temporary disturbance of the bun
die s function perhaps due to some such process 15 edema or 1nfil
traton with round cells or some other process which could re
salve The prognosuc importance of such a change 1n the naves
wowld depentdt wpon the danger of later damage by scar nssue
formation In the magonty of cases iowever patients with curves
showing bundle branch block are lumited 1n therr ability 10
;ercise

Patients with night bundle branch bloack have been shown by
Waood to have a prognosts measured m duration of hfe and
degree of health much better than had previously becn con
sidered possible Mamy patients with left bundie branch blocl,
hase‘betn observed by the author to fwe for years with compara
:;"; ;e:‘i:lll;[kz:xe ;e‘smr:on of their actsaties and 1t 1s beheved
Block also would ':‘:;l“ y of panents with Jelt bundle branch

a better than espected prognosis
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not 1mprose so 1s to become esen 1pprovimately normal Willus
has shown that the average expectition of life 1s distunetly less
for patients with notching of QRS than for pitients othernise
stmilir but with normal ventricular waves

Notching of QRS m1y depend upon 1 reltisely slight pathio
logical process affecting ¢ Jarge muscle arex In 1 group of 6 cases
whose records showed 1 typically notched and slurred QRS with
out tbnormility of T Pardee 1nd Price found 1 diffuse shght
myocrdinl diserse m 2 and 1 moderately severe diffuse disese
m 4 Notchwig of QRS may 1lso be due to diserse affecting 1
prunary or 1 Irge secondary branch of the A V bundle If such
diserse should vary in extent or severity from time to time varny
trons m the notchmg or m the direction of the QRS or T wases
mght result A varton n the notclung my so be due to
mirhed varntion m the height of the wies of QRS Large ex
cursions tend to stretch out the notches 1s 1t were and to mike
them less notrceable Small excursions have the reverse effect 1s
m7y be scen i the records of Figures 24 4 1nd 28 A which ne
from the sume pitient The notching sigmifies the swme change
e the veutricular muscle whether 1w 1s less notwceable i higher
w1ies or more noticerble m smaller ones

Notchmg may vary from beat to beat n some records m 1
cycle that comades with the respiratory movement This will
be readily understood to be due to 1 rotrtion of the heart by the
movements of the drphragm and 1s quate sndependent of cardic
function

Those patents with 2 electrocardiogrim showmng bundle
branch block frequently hive 1 considerably damaged heart
The tbnormal wiies result from 2 disease which 15 often exten
sne nd of the chronic sclerotic type Lxceptions occur how
ever for 1 very small leston 1f properly pliced would affect the
function of 7 bundle branch so 1s to caunse this type of enrve
Arteriosclerosts of the artery supplying one bundle branch my
cause a local fibrosis of the branch while the rest of the myo
cardrum might be relatnely undimnged

There are many pients who hue typicat bundle branch
bloch complexes wnd yet are 1ble to perform 1n merage amount
of exerctse without signs or symptoms to suggest that their cr
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1 an abnormit yversion of T1s accompanied by no;;lcm}ﬁrof,:l\;
QRS group the change 13 usually a permanent
11y 1 such cases due o myocardial fibrosts

uSl“:‘\ no cause for a muscle INLONICALION 15 present we must
Cm\s\:;t:' an abnorsmal T to sndcate a diffuse myocariim (\;se:se
The extent of this disease m1y be mferred by ohserying whel ;:;
the voltage of the T wave 15 of good size and whether the (’Qr >
graup shots notding or sturring in the course ofats \n\esks :
imerted Ty found with marhed feft s deviatnon of QRS v
of dovbuinl sigmficance for 1t has been found that m 20 per
cont of such cases the heatt does not show either gross or micro
scapic myocardial discase The only chnge 15 1 marked enlarge
ment of the heart so that the bnermahty of T must hue a
functional basts {t 15 beheved that the muscle cells suffer from
m nsufficent blood supply due eiher 1o the coronary blood
flow being madequate for tlie targe mass of the hypertrophued
venricles or (o the hypertrophied muscle cell bemyg too large
for a proper exchange of metibobies hetneen us central por
uon and the suryounding tissue lymplt Lach of these frcioys may
cantrihute to the tesuit i 3 guen case

As to prognosis—a heart with an abnormal T wave 15 1 poorer
s1sh than one without at though 1f thus 15 the only abnormality
revealed by a thorough examination of the heart the patient 1s
not likely to be move than shghtly incapacteated Over a period
ot years such a heart would tend toward griduat fulure The
foliow up reports of the Mavo Clinse show that when associated
with other abnormabnes of the cardiossenlar system T wave
whnormahity added considesalily 1o the graviy of the Prognosts
such patients hnv i, a sharter average duration of hie than 1hose
with normal I wases The finding of a downward T and T
% 1s less serious m this respect than 3f Ty or Ty and T were
downward

The voltage of QRS wny vary from tme 10 trme with the func
tional state of the heart muscle but withour disease the variations
Leep witlun the Yimats deseribed 1n Chapter 11 Variations 1n the
roftae of QRS are only signaficant 1l there 15 no change 1 the
timm configutation of the graup for a change i the functon
Ot it entricalar conducton wall chinge both the height and
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The coronary T wave has been found chiefly 1 patients whosc
exercise was himited by precordial pun even though the pun
mught hive been so slight s to be described 1s merely 1 discom
fort Some of them have severe astacks of &y pical angina pectons
Some die of cirdme miwrction A few do not hve ny trice of
pun but have an rbnormnl 1mount of dyspnet on exertion With
these 1t 1s probable that in nddrtion to the focal necrosis resulting
from coronary occlusion there 15 1 more extensne myocirdil
diserse The patients are usnlly able to be about and cirry on
thur work 1 spite of the pun or the dyspner Some few of these
piients muy be entrely free from bath pun 1nd dyspnea and
may resume thew [ife without symptoms They my Inve for five
years or more 1fter hvving shown the coroniry T wuve nd dur
ing thus time the T wave may etther remun unchinged or my
guve plhice to 1 norml wave The prognostic significance of the
wve returmung to normal 1s not Anown It has not been deter
mmmed wliether such pittents are more or 1re less hikely to hue
subsequent attacks of coronary thrombosis than if T had re
muned tbrormal They are however, usutlly found to hne m
proved clinicnlly nd 2re on the werage less hkely 10 hue the
gl syndrome thin one with 1 perastently 1bnoimal T The
reappewrice of a normal T would seem to be n evudence of
1 compensitory imcrese 1 the collteral 1nistomoses of the
coromry systan so that the affected muscle arer his agun be
come properly nourished As 1 rule however pauents who show
the coronary T wave have not 1 normal cardirc reserve nd
cven if they have there is the ever present posstbiiity that 1 Ige
coronry branch may become accluded with 2 fatal result

Abnormal mverston of the T wave my result from the actiont
of digttlis ind other drugs so that che action of such drugs must
be exacluded before T wave abnormality can be ascribed to myo
cardil disease We should obtun another record after the drug
has been excreted from the body There are cases with urem?
wlich make 1t evident that the T wave may be mverted m 1 exd
1 or Lead 2 by the 1ction of toxms msing m the body These
records sometimes show low valtige of the waves 15 nell The
1myersion disappears and the w nves become Jarger after the ciuse
of the abnormal function 1s removed be 1t drug or tissue potsor
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(s 38 also smatl n all leads the smallness of I m1y be due to
tonic or metabole causes or to unusual shart arcutting by the
ussues around the heart 18 QRS 15 normnl or farge an abnot
mally sm)) T might indicate 2 dffuse fibrotic change 1 the
muscle Such a change 15 not uswally severe enough to inc
pauIe Whe patient senonsly but 1t s rare to find 4 small T
wave weh large QRS excursion from 4 heare with 1 normal e
serve power This myocardind condition rarely improves though
the course need nat be apidly progressive 1 there 15 1 notching
of QRS due to a hundle branch lesion the tendency 1o 1 large
sized T 15 50 great tht even extensne myocardil dhserse will not
produce an abnormatly small T unless the heart 1w exirenws
Tt seems cenann from the many published correlations of the
electrocardiogram and the puthological findings m the hewt
thit many sarieties of structural myocardinl disease wilf gave nise
to abnormal changes w the records Cestan pathological features
we frequently associated with certun features n the curves
Cardrac infarction ginves nise to a speaal type of changes sn the
ST intennal \ healing nfarct or a0 area of slower degencration
of the muscle 1ves rise to the coronary T ware  Certan Jess
definstely understood pathologieal changes assooated wuh coto
nary arteriosclerasss cause the large Q; These changes howeser
must nat be considered pathognomonic of the effects of coronary
artertosclerosis because other types of myocardinl disease occa
somilty give nse to these same electrocardiographic fetures In
the end ¢ 18 the effect upon the muscle fibers 1n terms of rntr
ton and degeneration—the change 1n the celtular metibiolisty—
which produces the change 1 the record 1t 1s not diificult there
e st h sy e e
addition to this the tame anax:::u: : l“ o nd
understand the 3 T ol rewon s aflected we can
ppearance of the same abnormal features in the
electrocardiogram
o et e et 5 0 e prsence
2 1 the myocardial strucmre Thys may be

part of an acute wnfectious diserse hie rheumatic fevar or an
atute degener ton due 1o corona,

7y thromiboss or a slay
eriton due to the more prolon e

ged action of 3 less acutely de
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the form of QRS Notching 15 apt to be assocrited with 1n m
crewsed voliage of QRS m the complenes iffected by mtriven
triculr conductton defects In the 1bsence of notclung abnor
mally large voltage of QRS my be 1 stgn of 1 muscle that 1s
hypertrophied

A small voltage of QRS that is between 9 mm and 5 mm
m1y be due to 1 subnormal functional state of the muscle but
the mfluence of emphysema and of perscardial effusion in de
creasing the height of the waves must always be borne m mund
If smaller still 1t 1s usually so becruse of a diffuse fibrosis of the
muscle Patrents with these very small QRS groups are not usualy
able to carry on normal phystcal activity and are likely to con
tinue to be thus restricted

When low soltage of QRS s the only 1bnormal feature of the
ventricular complex 1t 1s not usuadly n ndiction of cardiac
discise One small series has been reported by Barritt m which
only 85 per cent of the c1ses were found to hve definte evidence
of cardine disexse When however low toltage of T was com
bined with low voltage of QRS 92 per cent had definite evidence
of cwrdinc disease Steuer has reported 7 series of hospital cases
with 1utopsy, 10 per cent of which did not have my carditc dis
ease nd yet had low voltage of QRS It s evdent 15 has been
previously stated that low voltage of QRS my have extricardiic
cuses

7 he voltage of T has 1 somewhat different sigmificance from
that of the QRS group s 1s evtdent from the fact that QRS nd
T are not 1luays both Iarge or small i the sume record A luge
T m1y be present becruse the muscle 1s normal and 1s overxctive
or m1y be due to hypertrophy of the ventricles Occasiomlly one
sees untusually Iarge T waves m the standard leads after coronry
thrombosis or 1n pattents who hive not hid the symptoms of
thrombosis but 1re suspected of having marked coronary nurow
ing A lrge T my also be due to the change m the ventricular
contraction produced by 1 lesion 1n the bundle branch nssue
Comnaident signs of this would be noted 15 notching or mereased
duration of the QRS group or probably both

In the same w1y 2n tbnormally small T 15 of 1self an uncer
tan mdicaton but must be considered m relwnon to QRS If
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A sngle small lesion which happened 10 smolse one of ';l(‘c\:l(l\‘:c
dle branches would cause a mirked change n the \‘ccm‘
f the same lesion were 1n the deep layers of the ventncuint ;nm
dle w probibly would not affect the record recogmzibly "\en
several for might fail to affect the electrocardiogrim r(m;";l
1bly provided they did not wvelve wmportant branches of the
aunculoentricular system

Fhere have been so few cmeful wiopsy stdies of ptients
with normal electrocardiograms that 1t 1s difficult ta mike 1
statement as to the amount of generalized ventrienlar myocardin
disease winch may enist without affecting the record 1 one of
the tecoguzatile ways Pardee nd Price reviewed the literiture
of such correlanions up to January 1938 and reported on the study
f 13 cuses with a normal vemncular comples 7 of these showed
1 normal myocardinm and the othier © shoned sch soacwml

changes 35 shght increse of fibrous tissue

few smal} 1reas of
fibrosis

polvmorphonuclear foar wath a pernascubir distribu
eton and scattered 1 the intersunal tssue None of these py
tents wis suffeting from signs o symptoms of hewrt disease
and except for the one with the polymprphonuciear foar whoe
ded of acute bacrenal endocarditis all cied of non crdine con
dinons A revzens of 47 cases ssith Abnormal complexes combimed
with 86 other cases collected fram the luerature leads 1o the im
pression that 1 normal electrocardiogram was not to be obtuned
from a heart which had more than stighe focabized or shght duf
fuse duease of the ventriewlar muscle an amount winch coutd
be determined only by micTostopic enaminiiien wnd which
wonld probably not affect the cardine reserve or cause other
svaptoms It must be emphastzed that a normal electrocardso
gram docs not indicate the state of thie coranary artertes hut anly
of the myocwdium Blumegart 1nd ins assnoates 1nd others hawe
demonstrated that 1t 1s not nfrequent to Gnd 1 myocardinm
which 13 normal or s the sext of enly sheht parchy fbrosts and
vet the coron wies ma show one pr mare occluded branches The
callateral awenbwion m 1hese hearrs hud become adequate to
prevent further degeneratne changes i the muscle It 1s bec use
of vhus possitolity hat we should not be toa sanguine bout the
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fictent capallary arculation, as would oceur with chronie arterny
nurowng A simln altered metibolism may est i othe
€15¢s 15 1 pure distwrbance of function without there being de
monstrable pathological tissue Pardee nd Price have reporte
m stance of this in 1 patient with coroniry arteriosclerosts whe
showed 1 abnormal T wave several months before death and
then just before death showed 1 T wave of normil form A
cireful pathological examintion fuled to reveal my esidence
of myocardin] structural disease though coronary arterioscleros:s
w1s present The earlier tbnormal T wave must have been due
to Tunctionl myocardinl chinges or to 1 structural change which
hnd entirely 1esolved 1t the time of death The former of these
possibilities seems more hikely 1n view of the demonstration by
Blumgnrt md his assocites that the T wave changes resulting
from temporuty coronary occluston in ammal expernnents would
disippear when the occlusion wis rehieved Provded the occhu
stont had not been muntuned for mote than 1 certun tune re
sidul 1rers of myocirdial degenerttion wete not found when
these hearss were exanuned afta death

In 11re chionic coronary cises with congestive fulure or the
angma of effort structural changes may not be found even after
the fruding of an abnormal electrocardiogram In these cases the
abnormality of the record was probibly due to cotoniry msuf
fictency crustng 1 subnormal nutrition of the muscle Autopsies
on chromc corontry cises with normal myocrdium re rire
prabably becwse they do not come to wtopsy untd the 1bnor
m1l nutrittonal state due to coronary nuwrowing his exsted long
enough to lewd to structural chmges

The finding of 1n 1bnormal electrocardrogram 1s of greatvalue
n helping to deade upon the presence of disetse of the ventrc
ulir myocardium With the qualifications det uled 1bove we m?y
be sure that when these abnormahities of the record are found
the muscle 1s disewsed The different 1bnormalities of the waves
are to be coustdered not so much 1s the result of different degrees
of myocardril mvoliement 1s of 1 diffcrent location or distribn
uon of the process

On the other haind we cannot say that whenaver we find a
normal electrocardiogram we nre deahng with 2 normal muscle
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5 The degree of mterference with cardiac function
§ "The possbility of repaic of the sructural defects
7 The possibility of restorition of funcuon

Beyles these there ave many secondary feitures such 15 1ge sen
and the demands of hfe i regard ta family wnd business 3ctivity
It must be evident that the only thing that can e discussed 1thout
the prognostic 1mportance of the electrocirdiogram 3s the pint
which 1t may contribute to the progooss It throws hipht upen
one phase of the prognoss namely the extent of the structaral
changes m the myocardanm Fven here there are some defects
wn the chriey of ats ight as has been emphasized when consuder
(3 the abnormakities of the waves that mv vesult from func
uonal myecardral disturbances

On the average pauients with bundle branch black complexes
and complexes with a low valtage QRS group do not do weil
These abnormahues result from more severe lesions 1n the ma
jority of cases but sull exceptions occur often enongh to make
1t unsafe for the reputation of the prognosticator to say from the
record that thas patient will surely be 1n a serious category Cer
tatn pattents with inverted T wases 1n Lead 1 or Lead 2 or both
may do very well The majority of them however do not but
1s smpossible for s to say from the record alone whether the
phuent 1s 4m a good or 2 bad category The proguosis depends
morc upon the etslogy and the state of the disese thn upon the
effect 1t has had upon the electrocardiogram

The coronary T wase tends to return to normal 1n a constd
erible number of cises T 1m not at all certam that the patient
who has had this pecubiarity and has Iater lost 1t 1s 1 1 hetter
uegory than annther who sl has it two years lter 1t as first
chscorvered There 1s danger fram coronany thsombosis m ech
case for we know that the patient s coronary artertes are sclerotce
Some pattents with the toronary T wave may hase pain on effort
soine may be free from pun but | do not believe that 1 esther

case tsey have more than a shightly greater thehhood of 2 severe
tack of thromboss than other

pems with stmilar symptoms
whose T wave might be normal P

The electrocardic
P3Tam s 2 plisical sign telling certam things
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condition of 1 heart suspected of coronary uteriosclerosis metely
on the basis of 1 normal electrocardiogrim

It must be recalled that 2lthough 2 record may be 2 porml
one yet it my not be normal for the mndividual m question Cer
tun patients who have hid 1 cwrdiac mfarction and shown the
electrocardrogriphic changes charctenstic of this may after 1
pertod of 1 year or two ginve n lectrocardiogrun which taken
by tself must be considered norml Comparison with 1 record
tiken Dbefore the attach will often show 2 differcnce m either
QRS or T or perhaps i both winch will indreate that the ree
ord 1n question 1s not normal for the partcular mdividual

Procyosts

Iven at the expame of some repetition 1t seems worth while
to emphisize here the prognostic spect of an clectrocardio
grapluc record It 1s unfortunate that the physican is so often
clled upon to read the Tuture but 1t 1s even more unfortumte
that he so often beheses that he can do this by the obscrvation
of some one strihing forture of the extmunation Prognosis 15 not
v matter of exict prediction but of probabidity and should
w1ys be crefully expluned to the patient on tius basts A hun
dred patents of 1 certun age wath 1 cervun type of disease may
show an wverage duration of Iife whuch 1s defimtely less thn the
normnl for thetr ige but to pply these 1verages to 1 particulw
pateent s mathematically unsound and 1t secms to me morally
wrong

A patent my hwe 1 much shorter hife than the 1eryge found
with lus condition ot he may hive much longer His fumtation
m1y be much more marked than 1s usual for s disense or he
m1y be pracucitly wathout hmiton of his ity Only after
weeks or months of observation 1nd treatment ¢ we exen P
proxumate the outlook for 1 particular cise

A true prognosis must constder at lest 1 number of factors

1 The cuology of the disease

2 What 1s 1ts rite of progress (ctivity)?
3 Can 1t be cheched by treatment?

t The present extent of the disese



CHAPTER V1
DISTURBANCES IN RATE OR RHYTHM

LR Lnowledee of the disturbances the rate and rhythm
O of the heartheat begun by the polygraph has Leen greuly
advanced by the electrocardiograph beeuse this snstrument not
only gues the time relations of the contractions of the aurcles
and the ventnicles but indicates by the form of the waves when

the contraction passes normlly over thesc chambers and when
1t does not

S1vis DEPRESSION

Stnus areythmia The simplest disturbance of the cwrdinc
mechamism 15 an irreguianty which anses from more or less thyth
mic \arnons m the activity of the vagus Ths 1s called stnus
arthsthmiy because the vagus acts upon the sino wuricular node
(the sius node) wiuch ongmates the normal heartbeat retarding
or accelerating 113 activity according as the vagus 1s more ar 15
Yess active  The contraction stimutus stavts at 1ts normat phrc m
the smus node and passes notmally throughout aundes AV
node nd bundie 1o the ventnicles  The auncles wnd semncles
thercfore coptract normally and the form of her waves 1s nor
wl Thew rhythm however 15 yrregular as seen w Figure 16 a
becuuse the sinus node onginates sty wmpulses arregularly

The most commen 1ype of sinus arrhyihm 13 due 1w W m
erense af a3 us actniy with slowing of the heartbeat during, the
expirtary phase of respiranion and a decrense of aagus actnity
sith accederation of the heart daning smspiraion s seen m Fig
l:):“ :1 3’ “A A shght degree af tlus sort of stregnlanty s very
- \(;:015‘::;1:‘ ;2{1?:(1. :, xel‘l‘i[;ml\x ::namms of 002 10 0 04 second
e by 0 mewns e e‘-. €ven more marked \armtions

pecally with the heatt rate under
79
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1bout the myocardium just as the stethoscope tells certain things
about the vilves In each case st 1s better to have 1 normal than
an 1bnormal finding and n exch cise there m1y occastonally be
norml findings when we believe for other reasons that disewse
1s present Certnun patients with valvular diserse Ive to 1 good
old age nd 1t 1s possible we shll find 2s our experience mcreases
that certam patients with myocardini diserse do hkewise In exch
cise the postttve finding 1s only one feature of the panent s prog
nosts 1d must be evaluated as such
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80 espewrally 2so m chuldien and mn people over fifty yeus of
1ge In Figare 43 A the rite varntions can be seen to comade
with the vamtions in the QRS group due to the movements of
the driphragm In another form of sius arrhython the v
tions 1 vagus acenvaty extend over longer pertods than the res
pratory cycle (Fig 43 B) perlaps hsting esen ten or twenty
seconds to eich phwue In sinus arthythmi the ventricuhr
irreguinaty 15 only secondary for each bet lollows the wriculw
beat m the uswal way after 1 normal wneerval 1t 1s the aurenb
beats themselves that we primardy arregular

\ charmeteristic ferture of the electrocardiogram with sinus
urhythma as that the waves do not change along with the
arhythmin The ventriculir waves are wsually of normal form
or m1y show any sort of tbnormality Whatever they mny be
they do not vary thvoughout the record Tins 15 1lso usually tue
of the P waves for the sinus node contnues to originate wrieu
lar conttactions in the normal n 1) nd the spre'ed of the contric
tion w e 1s uniffected by the vagus actraaty In this feature smus
arrhythmi differs fiom premature contrictions of erther wuricn
Iar or ventrcultr otgm for these e assocrated with 1 1bnor
mnl site of onigin of the coutraction 1n the chimber which s
premture and with 1 wbnormal form of the electiical curve
of this chamber

Ccttun rare recotds showng simus wthythmma howeser, will
be seent ta have ushght v urtron m the form of P comerdent with
the vunrtous w rate This 15 moie usual 1n the type with long
phases af slowing 1ud 1ceeleraon than m that which follows
the cycle of respairation It 1s seen 1 four of the P waves of Nguie
13 1 nd 1 due to the vagus vty displicing the site of 1
pulse formation from the moie nriable upper porttons of the
sinus node to the less irritable lower portions As the node 1
from 3 to 5 cm m length this would cause the impulse to enter
the auricle in 1 shghtly different plce aind would thus change
shghtly the path of the consriction wave Tlus 1s the phenomenon
of sluftung or wandering pacemaker

Occasonally the site of the picemiker my be shilted so fr
downward 1s to rexch the wriculosentrcnin node There will
then be 1 gradual change of the P wase to m amerted form m
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a1t seems 18 thangh some Jocat sease condition E'( ‘
bt lowered the rntabiiiy of the node Ferhapsa
deficient blood supply to the smus node due toar b
terial narrowmg mght be responsibile e
Figure 43 ¥ shows another occasional Tesult of yA -
excessiie sinus depression The auncuiy wCnaLy i
« tery stow due o 4 marked smus arrhythima .
during, the latter part of the vecord that the ven :
wmides beat without s impnlse from the quneles -
bemg unablc to tolerate such a fon, Test Ths
phenomenon of ventricular escape shown dir 5
_rvnmate formon Figare 46 D a5 4 very mteres 3
i, demonstration of the hewrt s inhuent tendency
10 b The vemniular compleses have throngh
owt the form which 15 novmat for the mdmiduat
of thiy vecord indicating thnt thewr contrction
stimundus 15 Tecained along she normal pahs Thas
» usul when the wralar sumuins fals for the
vhaddom produany, funcuon 1s tahen over by the
wincnlasentricuby juncional ussues probably by
the 4V nade The contraction wmpulse 1s thus dis
trihuted normaily over the ventncles and pro- z
duces the normal ventrcnlyr complex of the wdy
vl Frgure (4 ¢ also shows ventricular escape .
i the sesenth ventricular complen Often the ten :
tricular compleses shoning the phenomencn of
esaape are sh hithy different from those Tesultng
fiom wm impubse from the wincles This shghtly B ‘
wherrint festure (page 199) 1s probably due to the
fut thit the abnorm) sumulus does not pass (nto

the tnnches of the AV bundle quite as does the ~ -
tog wnoau o oot cular modsd shythe -
Ythat s terrug ted bl Sy
. lht‘ln ‘1“ r: the 1t rd Wy @ aur utar beat which 4 Imn ;’ -
pledandprd o2 wrcdlis s mracen bef e e poda) LT
G o hash dume de ol The nevt i beats are af ooelal ontun 2nd 1
WObwav AT ati amenmea QRY . sl
S

THC T wase seems fo have a ne
mal
A L Lprobal Iy aew e fscm Wie s mode The st seaen 1 chund an |
PV, Wk tomp v sl o an ch follow v the QRS ¥0u This noteh 1 due
L ;E::n:;\c )-\ e (h;h:l}pu!\c“ hasine bec con fucted backward 1o the
apde loutth et
ot 4 A e Tk o T comp lex aldhan Ny evidemsty of
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Leads 2 wnd 3 with 1 comcrdent shortening of the A V conduc
tion time Esentunlly when the umpulse comes from the AV
node the condition becomes 1 AV nodit rhythm (page 181)
Suno quricular bloch Is another curious and rither uncom
mon vanety of wrhythmia It 1s evidenced by the appearance
of 1 normal series of nurscular d ventricular w wves from which
occastonally one complete heart cycle will be nussed the nest
one following fter an mterval 1most exactly double the normal
mtersal (Tigs 16 B nd 44 ¢) Such doubling of the mtersal occa
stonally persists for 1 ime leading to 2 halved heart rite The
mechinism of thus dropping of 1 heart cycle 1s supposed to be
1 physiologictl bloching of the impulse which normnlly passes
from the sittus node to the uricle so that this fuls to 1ecenne 1
sttmulus from the node nd 1ccordmngly does not beat until the
nexe stumulus arrives It seems that this mechamsm 2t ames m1y
be due to mn nlntion of the physiological sumulus for the
pruse 1s not Anys 1s much 1s twice the notmnl mteersal In
cereun records however the mterval betneen beats 1s exactly
double the usu1l rhythm mtersal and mstances of 1 pause ex
actly three or four times the rhythm mterval may be found
Senus hradyeardia Some indunviduals have 1 persistently slow
heart rte less than 60 per minute Occasionally the hert rate
1s considerably Tess than this when at rest perhaps 55 or 50 or
rarely 10 per minute and does not mcretse with exercise to the
same extent as 1 those with 1 more normal rite when resung
The electrocardiogrun with this slow thythm 15 quite norm
m every w1y except m the matter of the heart rite Figure 43
15 1 record from such 1 patent the rate bemg 37 per minute—
s slow 15 found with heart block As the P wnes and the ven
triculir waves re quite normil m ll three leads showing 1
norml path of the contraction wuve and therefore 1 normnl
heart mechmsm 1t ts proved that the slowed hert rite s merely
due to 1 slowed sumulus productton m the sinus node This slow
hert action like sinus irregulanty asises from osveractisity of
the vagus 1nd we often see 1n such records 4 shght varrition n
the distolic pauses so that sinus arrhythmit 15 also present
“Thus 15 the case 1n the figure In certan older pattents especinlly
m those past fifty yers the slow rate my be so very persistent
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ane nise to 1 arregulinity of the ventricular S)sm!c( md mny ][‘):;r‘)\
duce only 1 very small pulse or none 1t ait dependin,, upon o
rmuch blood hris prssed snto the left ventnele swee the preceding
systole thatis upon the degree of the premuturity A premuure
heat may ongmate 1n any part of the aundes or the venncles
or 1 the aurcalotentricair system wineh connedts these pts
of the heart Tt 1s concenable tht the snus node could ougme
premature beats bt such an occurrence his not come to o
Awtenuion In any case the electrocardiogram w M ahways mdicyte
the part of the hewrt from which the premature beats arise
Premature beats ongnating i the sinus node would be difft
cult to diagnose from a sinus archythmia 1 am not sure that 1t
would be posstble to differentite between them except it
the premature beats would occur oceastonilly duning other
wise regufar shythm . while simus armhythmn neuld tend to show
1 contthnal phiasic vavation in the length of successite diastalic
pruses If a record 15 found wiuch shows 1 premature P wase of
notmil form s all diree leads then tlus premature auncuhr
beat must be considered to arise 1n the stius node
Aurtcular premature beats The dignosuie feature of thus con
driton 15 the premature occurrence of 1 P w nve of different form
from the others of the record mn questton 1t 1s due to 1 contrac
ton ongmanng at n abnormil focus withm the auncles 1t
1 tme prevous to the entny of the normal sumulus from the
smus node (Fix 46 r The abuotmal focus s called ectofue
because 1t hes outside of the sino-auricular node where the nor
ml impulses ongintte Tlas eclopic contron stirung 1t an
bnorm) pemt spreads over the turicles by an abnormal path
wd produces an abnormal P nave The abyormal form of P
ables ws 1o yecognize 1 beat as ectopie even 1t 1ts prematurity
15 onby a matter of 7 few hundredths of a second
o R T o Aoy
e T wave of an atheywise

normal ventricylar graup by the premature P wase falling wath
T This ocenrs 1in all ehree leads of ¢

b

\»:ln 1S NOE SO ea;ls 1t will be plaraly seen 1 e diastolie ntey
- ¥ an Lewd 2 of tins secord The second premature beat in
this Jead can be observed t hase 4 P wave at different form

s record 1§ the aurrcutar



184 THE ELECTROCARDIOGRAM

norml stimulus ind thus 1s not spread throughout the yventricles
m quute the normtl mnner

Rarely thete will be peitods of considerible duration when
the 8 A node 1s depressed md the junctionnl ussues tihe over
the rhyehm producing functton At 1 much slower thwn normat
rite When ‘4 V nodal rlythm, shown digrimmaucally in Fig
ure {6 ¢ 15 1 cffect the 1uticles m1y contract i response to 1
stumulus which mises 1 the stno wrrculn node 1t the sume tne
that 1 ventricular stumulus nises mn the AV node This 1s seen
m the sivth and seventh heart cycles of Figure g4 nd results m
the R wwes wd P wates beng suparumpased the P waves hwving
therr nouml form In otha cases the auricles contrict m re
sponse to 1 sumulus which passes back from the A V node the
P wave then fils just after the QRS group s 1 the first second
thud and st compleses of Figue {4 and has m abnormal form
usually mverted m Leads 2 nd 3 becwse of the 1bnorm-l path
by which the sumulus enters the wricles The ventriculir com
plexes of the nodal rhythm are apt to show shight varnuons of
QRS nd of T of the type described 1s aberrmt complenes (page
188)

dwricular standstill Auricular stindsttll 1s 1 distumbanee of
crrdiac thythm m which the wricles ccase to beat the electro
cirdiogriphic erang fuling to show evidence of aartcular €
taty 1n iy lead This urhythmin is probably not 2 disturbmee
of vagal funcuon The vemtricles beat with an mndependent
regular rhythm  usually slon  nd the ventitculir compleses
usually onginaung m the AV node hme the appearmee of
supraventriculir origin Occstonally 1solited P waves followed
by ventriculir complexes mwy ocamn It 1s usualhy although not
alw 2y a diug effect and erther digitalts or quinidine my be the
offender It has been observed however n 1cute cardine mim
matory disewse withont etther of these drugs having been ad
minstered

PrRFVATURE DFAIs

Another 1mportant disturbance of the cirdie mechamsm 15
due to premiture beats sometimes cilled extrasysioles These
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fowed by 1 prolonged condncnon wme oF by mmp‘lelc fm‘l‘\‘l:e
of ventnenlar systole due 10 a complese blochang of the wnp lc

There 1s one crrcumstance under winch 1 prapture wnci
beat may ful to be foliowed by a ventnicuhr beat \\\\\\n\\\;rc
flecung on the mntegrity of the auniculoventsieular system When
the auricufar beat 18 5o premature that the summlus 1t sends to
the ventncles arnes there belore they have velaved from the
preceding systote they will ful 1o sespond to 1t The ventneles
ave refractory to surnh Winle contracting so that this tmpulse
from the auncles fails 10 cause a ventriculr contraction even
though 1t has passed Tomally along the bundle Thus 1 why
the P waves during semricutar escape m Fagure 43 £ we not
followtd by another ventmowlar beat The twncohr stumulu
arrnves when the ventricles are still contrcting

The rentncular complex followin, the premuure wnculz
beat always has approvimatels the same form as the other ven
tnealar campleses of this individual Tewis sntroduced the
term  supraventricular impulse 1o apply to one that orgated
ove the branchung af the runcaloventucular bundle The ven
triealat camplex tesuiting {ram such an tmpulse called a suprt
entricular complex 1s chiractenszed by the usus! duration and
appeasance of the QRS group and the wsual form of T found
 the mdiadud record i quesnon Auncutar premature beats
are foltowed by 2 vemnicular complen of the supraventncular
Torm but 1t 15 always shghtly dufferent from the other sentrcular
complexes of the recotd as can be seen Tiqure 4, s dif
ference 15 evident 1n tecords showsn,, the aunicular premture
heats i three leads The curve may be but hude chnged w Ay
one Jead and yer quate 1 <armant n the otlier two Both QRS
";"‘l 1 l“‘ changed though as a rule QRS 1s more cvidentls %

e char

3¢ in the QRS group depends uport - abnormnl
spreading of the contraction w the ventrec!

; Ies and this vanses

change m the contraction uself which to greater or Jesser

extent affects the T wane

| ll.c“ s s suggested that vhe change m QRS 15 due 10 a shght

(; \‘\ n the conduction alon,, enther the right or the lefe br:x:ch

«;l l;t A\ bundle of 10 2 detay 1n conduction along some of
he e atbonavons of the bundle branches upon the wnner
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from the normal P waves of this record and yet to follow sooncr
after the preceding T wave than do the noimal P waves If the
P waves of the other premrte auriculu contractions of this

Tig g, Three leads of 1 record showing aunculir prentiture beits The pre
mature P waves arc 1t the points marked x and hwve 1 different form from thove
of the other auntculir contractons There e twe premature contrictions in
Tcad 2 exch from 1 different quncular focus 1s shown by the different forms of
I The ventnieular complenes of each premature beat are aberrant

record could be sepmiated from the T wave md considered 1
dividunlly they too would be found to be different m form
from the normal P wates of tus case The noumal P of thus record
15 upward broad and notched m Ieads 1 aind 2 while the pre
mature P which 15 supenimposed on the T 1s not so Ingh o1
brond m Lead 1 and ts downuward m Iead 2 Note also the
abnormnl forms of the vunous premature P wnes of Figme
g Andp

In each wstance m the 1llustrations the ventrculm comples
follows the premature winculu beat after 1 normnt PR mteryal
The conduction time 2fter these premature quriculu beats 18 1
severe test of the ability of the A V conduction system for the
rest pcrxod since 1t lst functioned ts much shotter than usual
A Itent defect 1n the conduction system will sometimes be made
cvdent only by the fact that 1 premuure aurcular beat s fol
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wneular contraction 15 nearly Awws fess than that of two

pormal intersals i the syme record

The post-eXtrasystolic pause 1s usually greater than the nor
mat smterval between beats The merese m the duration hns
been expluined as due to the remoteness from the sinus node
of the focus starting the premature beat The longer the post
entrasystolic pruse the more Temote the focus

¥ entneular premature beats When premature bents arise m
the ventncles they can be recognized by the appearance of wnes
which have certain distinctive features shown m Figures 37 and

48 There 15 first a wide QRS group nsnally wih harge excur
sions m the fnvorable lends and nswally with notchung or slue
rning on one ot both of its sides or at ats peak The duration of
QRS 15 between 011 and 020 second 1t 15 followed by a T
ware usually of large size in the fworable leads and usually du
rected oppostte to the chuef QRS excursion except in lewds in
which the imtial deflections are unfnorably recorded showing
a small height in proportion to the height of the wases of QRS
1n the other leads This s the case in Lewd 2 of Figure 37 3 In
the unfasorable lead the T wave may be diphasic or 1bsent or
 the same direction 15 the largest wave of QRS w this fend or
n the opposite direction In unfavorable lexds the QRS group
sery often 15 notched or has both upward and downuard wanves

These complenes are not usually preceded by any dication
of 1 P nave or if they ave as wn tecord A of Figure 38 1t 1 at
so short an nteral that 1t ss plan that AV conduction liad pot
taken plice before the onset of the ventricular contraction

An aunicular wave occurs at the proper rhythmic nterval
after the preceding P wne and may fall with the QRS group of
the premature beat or with the T wase of this complex 1t can

e, T oo ol f e e
b)ﬂll\ 13 sometames SC:“CQS; ::'&l:;{€ lhough e dune
the ORS y especnally of 1 falls during

QRS group (F1y, 47 4) The nexe P wave follawsne whe pre

mature beat comes at the proper mtersal from the sl:bm .

P and 1 {ollowed by a normal ventricular compl; i crged
olf the aurtcles 1s unaffected The pause after xh: ;r\e"::“:le‘)!:l\m
th eat

e post extrasystolic pause 1s mm[)erualor) n the sense thar
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wall of exther ventricle He has called these contractions artsing
n this wny, abeirant contractions, and the ventriculir comple\es
to which they give rise aberrant complexes This 1berron he
believes occurs after pramnture auriculir beats because therr
prematurity does not 1llow the conducting tissues the usual rest
pertod before they are agun called upon to function Such m
axplntion would pomt to 1 slight wbnormnlity of the AV sjs
tem at some locilized arer or at least to an abnormal physiology
m one branch of the bundle It 1s true that according to our
theories of the clectrocyrdiograim, such 1 dely m conduction
would cwse the type of chwnges m the teuntricular compleves
which we find 1 these aberrant contractions Trom another view
pomt however 1t 1s cifficult to ceept this explntion for it
demands that we belicve that all pauents who have premture
auricular continctions hve an abnormality erther of function
or of structmal disease m the AV conduction system 1t is
curious lso that these 1berrnt complexes ue so rare when
hewrt block 1s present with dropped beats 1 condition winch
we know to be 1ssoaated with discase an the AV system More
otver aberrant complexes we common n normal dogs with Wt
ficsally mduced premature aurcudar contrictions nd e s diff
cult to ind 1 reson why there should be 1 focahzed abnornmbity
of the A V system 11y norminl dogs even when under an anesthetic

A better explimtion of this aberrant fexture I beliese mT)
be found m the abnorml character of the premature auriculir
beat 1tself The contriction does not mvolve the auricles m the
normal way nd so my affect the AV node abnormlly As 1
result of thus the mpulse may ful to lewe it normaily nd so to
pass down the two branches af the bundle sunultaneously 15 1t
should The resulting 1syndhironous sumulton of the two ven
tricles would cruse the chnnge m the ventricular comples

The pause after 1 pramuture wricuir beat belore the next
auricular systole supervenes 1s always at least shghtly longer
than the normal mtcrsystolic mteryl for the record but 1s sel
dom long enough entirely to compensate for the prematurty of
the beat which started the dustarbance (Fig 16 ¥) The space of
the two mtervals from the last normal auricular contraction 0
the premature contriction and from thus to the next normil
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urtcular contraction 15 neardy alwns fess than that of o
normal intersals n the same record

The posl—c\lms)sm[lc pruse 15 usuafly greater than the not
mal interval between beats The incrense 1 the duruon ns
been esplamed as due to the remoteness from the sinus node
of the focus stirting the prematute bet The longer the post
extrasysiolic pause the more remote the focus

{ entniculor premature beals When prennture bes arise n
the ventricles they can be recognized by the appeirince of waves
which have certam distnctine features shown an Figures 47 mnd
48 There 15 first a wide QRS group usmally with hrge excr
sions 10 the favorable leads and usinlly wath notchng or stur
fing on one or both of 15 sides or at its peak The durtman of
QRS 15 betneen 014 and 020 second Yt 1s followed by 17T
ware uswally of large size 1n the faverable leads ind wsunlls du
tected opposite to the chief QRS excursion except mt leads
which the 1mnal deflections are unfasorably recorded showing
a small height m proportion to the height of the waves of QRS
1n the other leads This as the case in Led 2 of Figure 47 5 In
the unfnosable lerd the T wase may be diphasic or absent or
1 the same direction as 1he Jargest wave of QRS mn tius lead or
w the opposite direction In unfwvorable leads the QRS group
very often 15 notched or has both upnard and downward waves

These complenes are not usually preceded by any mdicaion
of 1 P ware or 1f they re as m record a of Figure 48 1t 1s at
so0 short an snteral that 1t 1s plam tint AV conduction had not
taken place before the onset of the ventricuiar contraction

A auncnfar we occurs at the proper thythmic mtersal
after the preceding P« e and may fall wath the QRS group of
the premature beat or with the T wase of tis compky It o

often be seen as a shight notching or deformity of the cune af
the premature beat Ths submerged ¢ though semetimes quite

y visible espeaially f we falls durin
the QRS group (Fig 47 A} The next P wase following the preg

rrr’nmr: bet comes 1t the proper mienval from the submerged
and 1s followed by 1 normal ventrscutar complex the rhythm

oli the aurtcles s unaffected The pause after the premature beat
the post extrasystolic pause 15 compensaiory

plam s somenmes scarce)

in the sense that
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Tig 46 Drigrams dlustrating, the mechanim of certain arrhythmeas The upper
block represents the auricular cotraction the connectmy, line ausiculoventriculic
conduction and the lower block the ventricular contraction

v Stus ARRINTHMIA The rricles show a phasic vanation m the drstolic m
tersal The A V conduction 1s normal so that the vengricles follow the aurscular
seuence

B SINO ALRICLLAR BLOch The smil dot tbotve the auniculr rectingle indicates
the strus and the hne between the dot and the auncular rectangle mdicates sino
auncular trainsmiusston The 1uricdes beat almost regularly with a shght smus
arrhythmia At two pomts the stno aurjcular impulse 1 blocked so thit a complete
auriculoventircular sequence s nussing

© Nopar myTHM The ampuise originates between the auncles and ventricles
m the A V node It 1 conducted i hoth directsons so thas an the first tho beits
the aunicles and ventricles contrice simultaneou Iy In the thad and fourth beits
the sumulus enters the ventrnicles befoie enteriny, the aunicles amd the ventricles
contyact first The next three beats show comnerdent quricular and ventrecular
contracttons  and the last beat shows 1 resumption of 1 notmal smus rhythm
with normal AV conduction

D SINUS ARREYTHAIIA combined with VENTRICOLAR Fscarr The smus archythmia
» shown Iy the phasic varation m the diastelic pause between aurscular beats
The fifth ventricular beat begins before the stmulus from the urnces has
reached the rentricles and s therefore an i tance of rentriculr esape The
next mtermncuiir prase 1s so long that the mechusan of sentnicular escpe
poduces a beit which 1s not preceded by m wncalir contraction and which 18
followed Iy the 1unculir beat of the smus rhythm  This i ots e produces

[190]
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1t 15 sufficiently Jonger than the usual diasiolic p?\\shc 0‘( ;:e(;c‘c
ovd 1o compensate exactly for the premitursty ot the (;‘\,c \E
46 ¥) The nme berween s postestrisystolic beu\ an mry‘w“ M
ceding normal yentsienlar coptctien exactly equats ts op "
mtenals in records ¢ of Figures 47 and 48 there re no Fwes
because auncalar fhntlavon 1s present and there cannot be ]1
compensatory pause % there 15 no vegular mtersysolic mrena
Fren with auncular fibnilanon though the next systofe after 1
premature beat 18 uswilly preceded by 1 diastole Jonger than the
one before the prematute bext

Tvother enticular contraction soen after fhat which was produced by the escape
mechant m

e AITLAR FREMATURF 87415 The sixth auncular leat 15 premature an s Sob
wned ater a normal confuction by @ sentricilar brat The post-esitawwiohc
ause s shybiiy lon €7 than W posma) mtena) besween beans The same process
veeur after ¢h math auncdar ben
£ vF TRICULAR TRENATURE PFATS The atmccdoventewcutaf sequenct i< nofmal
exeept for the Gt entrewlar bewt wluch arnes premanreh 21 ] it almost ¢om
pleced before the stimulus from the auricles arvex The nes aunenlar sumalas
1roduces 4 beat m the normal mamer <o thal the post exirassiohe {ame
compenatory The tenth vemtnculer heat 15 prematuse and 15 completed befre
thc normat auncular ympul e bas arrned The normal AV “equence i3 nat inter
tpted so that this s an mierptlated sentneular premature beat
© \ODAL PRIMNTLRE BEATS. The fith aunadal beat enginstes in the normat
manner The Fith sentnculss beat ont Mates 10 Tesponse 16 an 1mpulse fom the
L\ rede Thus smputse 1 condacted ticke ard toward the aunces tuy does not
affect them because they are already contracting i response (0 their own stimulus,
whict ha been | berated a3 the normal yme
Tre cohuh entneular beat 45 musated Iv an impuise from the A\ node
huch tra ®lpe backward  tolates the avricles before their notmal  umulus
hsarned 301t ibe same time a5 e ventndes ate simulated Because the
WA thathm 1 anterm ped dhe followsse patne 1w not hitly compensatony
The cleventh ventnentas beay 35 the fesutc of an ympules which stans m the
L1 code ard reaches the vemr cles carrer than ot reaches the auncies It seaches
the aut des however earhier 2 an does the nermal guricalar stoutus sa that the
aur cles are ach ued by the reero tafe conducuon Becau ¢ the aunenlar best
erupicd the follawine pawse s pot katls compensatary
t RS ir ot ing how @ pata s gol ¢ rhyttm mw produce ventnenlar
17 mawure beats proviled Fa 1y as umed that the nogmal beads do not inter
feve w i the ! nld oy, up ot th parass talic thstim The arrows below, the hne ol
the enty swiat beats madicaze the time a1 whnch the parasesohic ehythm becomes
eflects The (1018 smpules find the sentnides sefracton the durd ol
frodures 3 1 hels premature entoenlay best the fourth ampans Lt
tnterpol Pl produces an
rpol texl veatr eular beat the Gth and svxch smpufses agum find th
¢ e retracton e s e produces 2 4 o et b ‘,:d‘f,',’t
unth 20310 an e polared bear This makes it apparent wiv
tiets to produce regularly orurrime prematun é’e‘:' ‘;h“ ’\ such vhythms ore
sace of pwy arhscma or shoul! the :nc“\ml,:c 1)‘:;‘)11 e
autti o the Yo W oeutrene of pnmal:ur: Beats would ':o:":c!(lu?c st



192 THE ELECTROCARDIOGRAM

In 1 patzent wich 4 slow heart 1ate 1 premrture ventricular
bear my occur and be completed befote the next contriction
stimulus arrives from the wricles thas the premature beat is

Th
b

I W

Fig 47 Reconls of sentricular premature beats (mirked x) ansing in the nght
ventnicle Tn record a the stte of the ongin must be ligh up on the nght of the
conus artertosus In record ¢ it must be low down 1nd tonard the bise of the night
ventricle In record & it must be mntermedeate begucen these positians

The other ventriculzr compleves of record B indicate a shight left avis deviation
of QRS those of record ¢ t definite 1 ht avs deviation Record ¢ afso indicates
that auncular fibrilition 15 present

o
!

truly an extrasystole being interpolated between two normal
bets (Ig 16 ) This occurs in record s of Niguie 7 winch rec
o1d also shows 1 smus wrhychmi Such interpolated beats rirely
if ever result i 1 pulse wave 1s they e too premnture The
ventriculir filhng 1s so icomplete euly m distole that the
blood ejected by the systole does not canse 1 pulse of apprecible
size

The ventriculir comples of premature beus anising m the
ventricles has n abnormal form for 1 reason stmilar to that
casing the P naves of quricular premature beats to hwe m
abnormal form The contraction wne arises n the ventricles 1t
an abnorml pomt It 1s ectopic nd therefore sprexds over the
ventricles m an abnormal manner It 1s because of this 1bnormal
form that we re able to recogmize these premnture beats n the
presence of twricubr fibullation (Figs 47 ¢ wnd 18 ¢) 1 rather
difficult distinctzon mn polygraph records

The ncreed dmation of the QRS of these beats s produced
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creased duratiott
to that causing 0 10

by a sumilar mechumsm o
o; the QRS of bundle branch block Ttss duetoa ;‘\clln e
spre \du?g of the contraction Dver the verterreles whictu ity

¢ eaxond
iy

F: 4% Rerorls of sentricufar premature beaty (marked x) 3nsing n he deft
entricte That m record a tnust agise b h up and near the bast vegon  fhat
K tecord ¢ musc atise fo down vear the apex of the left yepnde nhide that
of record B s from an ntemiediate posion

15 due to us spreadimg from one ventricle to the other thraugh
the mustie of the septum If the stumulus of the premasure heat
stavts 10 the muscle 1t prabibly passes first to the Purkine tissue
of the 1entricle miolves that ventricle 1n the contractton and
then haung spread through the septal muscle to the Purhinge
mysue of the other ventrule extends through 1his to the ven
wicufar musde on thes side

The QRS groups of these premasure beats vary 1n therr rela
e sue wd sn thewr durection w che three leads It 15 probably
possible 1o determme from the direction of the waves m the
three leads the approumate rejion of the heart 1n which the
beat ongmates Our nowledge of the localization of wentniculax
premature beats i the human beart 15 based upon vecords which
have been obtuned by electrscally sumulatng the ventncles
AL Manens parats 5o 15 to produce premature beats Tlus was
done origmatly for the human heart by Barker Macleod nd
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Alesindar and has been repeated by several other observars
Thete e shght discrepancies m the results obtuned by the
ifferent observers but these occur only m the 1esults of stunu
hting the mccessible postertor portions of the left ventricle
and 1t 15 possible that the location ascabed to the stunuhiing
elcctiode may not have been exactly cotrect

In the cwse reported by Prinzmetal and Oppenhermer the
patrent was lymg m 4 nght el position d the heart was
approiched by the left trnspleural route so that the evident
deformuty of the complexes of the notmal beats which resulted
from this change 1n the position of the het probnbly s accom
prued by 2 change m the foum of the abnormal beats also

Certun observers hve tttempted to stumulate the heart me
chamecilly using the percussion hammet through the chest wall
after the costal cartilages ind part of the sternum wd nibs hne
been removed smgically Such espernnents have often shown
curves 1t varance with the results of duect electtzcnl sumuh
tion of the heart It does not seem that the localization of such
mechaner] sumuh can be ¢vact enough to be used s 2 bsis for
fir reachung conclusions not only must there be some doubt 15
to the exact portson of the liewre beneath the percusston fivmmer
but 1t 1s cven possible that some other portion of the heart myy
respond to the shock ol the mechent sumulus and e
the extrasystole 1t 2 point remote from that of contct

hountz 1nd s assocrites hnve simulated the resned humm
heart lying within the thorax and therr findings were mn agicc
ment with the findings of Buker and Ius associrtes They found
the il ventriculr deflection uptight w all thiee Jeads after
stimulition of the conus of the nght watrcle By samulition
of other pomts of the 1ight venticle they produced cunes
which the mita] deflection was upward 1 Lead 1 oand down
ward m Lerd 3 Curves with the mienl deflection downwd
1 all three lewds were obtuned after stunuhton 1 the regon
of the apex of the left venticle but other portions of the fedt
ventricle gave rise to curves 1n which the nutnl deflection w1
downward i Lead 1 and upward in Lead 3

Some excellent wotl has been pertformed on anumals 1ttcmpt
ing to learn the charcter of the curve to be expected of prem?
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ture beats from certun portions of the heart d these ﬁ(;\dx;\gs
too are 1 generil agreement with the results obtained after
sumulation of the human heart provided that due col\Sldcfi!"““l
15 given to the diferent configuration of the heart (it m ';m
n the expenmental anmal and to 1ts different posstion withih

the thorax
Stimulation of points on the surfce of the ught vemndle of
the Wng huaman heatt has umformly produced 2 QRS group
which was directed upwatd m Leid 1 and encept for the region
of the pulmonary conus was directed downward i Lead 3 On
sumulating this Tatter region QRS 3 was also drrected upward
stmulation of pomts on the surfwce of the left ventrcle has
gen wise to A QRS group directed downwnd m Iead 1 ex
cept for one ohsenation which gue rie to an upward QRS in
this lead) and wsually upvard m Lewd 3 Althongh sumuion
of the extremi apex of the eft ventricle has given a chielly down
ward GRS defiection in this lead In hine wath the waml espen
ments and as engimally suggested by Frmihoven 2 seems possible
to draw 2 dimding hine across the heart for each lead 5o that
points of sumitlation tying on one side of tius hine wil} guve rise
to an upuard QS deftection wlile pomts of sumulation on the
oppoastte side will give vise to a downward deflecsion Eanthoven
suggested thit such a heat 15 shown by Figure 47 ¢ wauld orig
mate at 1 point. move toward the nght than the left lnlf of the
heart more toward the wpex than the base and more toward
the lower than the upper half of the heart  Such 1 point nwould
he to the n bt of the apex of the ventricles { rechts ber der
Herzspize } On the antenior surface of the heart the dwiding
hine for Lead 1 scems to run approvimately alang the nigit
side of the mtrnentruiar seplum ponts to the right of thas
f";r'l':in“"lj;‘i’c‘:‘fi ‘g:)ﬂci;nnr po;nudu; the left a downward de
wrass the hewt [mni; lh:‘(:f et ot oy 10 fun duagonally
tricular yuncuion to the txudd‘!e“ (m!:t of ihe night aunculoven
this fine giving a chiefly w “f:; ; 7 eft border points abore
pottits below this 2 ch:cﬂ pd“ Shechon of the QRs group
Led 3 seems 1o cross the lzn:“(m‘md deflection The line fos
et 10 the Wpper pact of thy » “‘m  thhe muddie of the left bor
Ight auriculosentnicular junction
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stimulition of pomts 1bove this hine gring A chiefly upward de
flecuon of QRS pomts helow this 1 chiefly downward deflec
tion It 1s probable that sumilar lines exist on the postertor surface
of the heart but they cannot be mdicated t present

Wilson s theoretical consideration of the relation of the direc
tion of QRS and of T to the weinge duection of propagition
of the contraction stimulus (page 320) suggests that the hnes of
dnsion betsseen upward and downwnd deflectsons on the pos
tertor surfice of the hewrt mught 2ppronmmate the projection
upon the posterior sw face of the les of division found for the
mtertor surface The velation of the two ventiicles to the pos
tertor surface 1s very diffcrent from therr 1ehation to the ntenor
surfice there bemg very Ietle night ventincde present and this
only at the extieme righe mfaror poruon Because of this 1t
would seem that 1 premature beat ke thae of Tigure 47 B might
arise m the cwdid portion of the right ventricle nteriotly o1
m 1 1ight caudal pottion of the postetior wall of the left ventricle
posteriorly It may be that for this rewon 1t 1s not possible to
describe the site of origin of ventriculn prematare beats except
m relation to the ventricular mass 15 1 whole mnd p1mcuhrl)
not to indicate the ventricle of oz This matter however
needs further imestigation d must be left undecrded on the
basis of our present knowledge

It 15 quite evident from varous cvpeniments that my move
ment of the heart which displices 1t from ats noimni position
will se m effect upon the form of the wates of the normil
clectrocardiogram and therefore upon the waves of ventrenlr
prematare beats It 1s probable that ventriculr Inpertrophy
may hve an effect upon the form of venticular premiture bews
though tlus effcet cannot be definitely stated

Tigure 17 shows 3 types of ventricular premature beats com
monly considered to hive an origm m the night ventricle The
QRS group of these beits shows 1 notmal or left was devition
with the cuef deflectton upward m Lead 1 In Tews 2 and 3
the chiel deflection my be erther upwud or dowmard de
pending upon whether the contracuon stirts more toward the
base and the upper portion of the heut or more tow wd the 1pex
and dnphnglmuc poition
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The T naves of these cunies are directed opposite to the dn:(

deflection of QRS encept 1 unfavorble teds whach gue only
ch Texds T will be esther very

2 small deflecuion of QRS In su A .l
smll possibly diphasic ot may be mn the same or the oppo
direction 1o the chef deflection of QRS -

The ypt of come genexally heheved to he pmducexr -
premature beat startmg i the left tentnicle 15 shown m higure
48 The major deflections of the QRS group are downwrd
Lead 1 InTeads2 md 3 2s with beats seavnng sn the night ven
tricle the major deflections may be exther upward or downwwd
depending upon whether the contraction starls more toward
the base and upper portion of the heart or more toward the apes
and diaphragmatic portion It must be remembered that the
focalization of left sentriculw premature beats 15 not 15 well
proven as that of beats startng i the nght ventricle because
the lacation of the points of experimental sumulation of the
{eft ventncle affords grem techmical difficulty since they e
mostly on the posterior surface of the heart The T wue of
teft centnicular premature beats 15 upwwrd 0 Lead | and i the
oher o Jeads depends for 1ts direciion upon the direction of
QRS as hras heen described for premature beats starting on the
g nde

Thas localization of the site of orgin of sentnicular premn
ture beats 15 1 accord with the evidence which has been men
toned when discussing the localization of bundle brinch block

The previons beliefs as to the locihzation of premature beats
were dependent upon a musinterpretation of the resubts ahtained
by sumalatin,, the ventricles of the dog There re great daffer
ences between the human and the dot s heart 1n the anatonucal
tdatsons of the ventricles to each other and in the relaton of the
tieart to the chest wall and 1o the longuudinal axis of the body
The form of the curves obramed by stmulatien of the different
portions of the dog s heart must therefore be so different from

the result of stmuluting correspording pomts of the human
hert that they da not Wosd a PTOPET gur

prematare bots s man Yeis of mtercst neverthiless that the ex
periments of Rothberger and Winterberg when mterpreted with
due cansidesation to the reluon of 1 eads1 2 and $ to the heant

de 10 the localization of
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of the dog gne results quite tn hirmony with the present locali
zatton of ventricular premature beats

Lctopic ventricular beats are beheved to be mirated usually
m the Purkinge fibers though probably neser mn fibers which are
fir from the yunction with the ventricula muscle Less often
they mry 1rse mn the ventricular muscle atsclf The curves of
such beats 1s are produced by stumulition of the ventricular
muscle m munals including the human records which have been
mentioned are much notched i the mitial phises These much
notched cutves though they do occur 1n records of spontineous
premature beats (I'g 17 ©) are more rue than the curves with
smoother upwud nd downward movements It may be that
thesc premiture beats with numerous notches durmg QRS repre
sent beats which originate 1 the wall of the ventricle while the
smoother cutves m1y originate 1 the Purkinge system

Ventriculwr premtture heats ue frequently found to be m
trited during the U wave of the preceding beat This is especially
Iikely to be the cise when there s frequent coupling Tt has been
demonstrated that duning thus part of the heart cycle there 15 1
supernormal phase of irritiblity and this supernormal phse hs
been thought to explun the tendengy for ventricular premature
bets to occur 1t this ume This appers puticulurly to be the
c1se when there are frequent premature beats

In precordinl leads ventriculu premnture beats show therr
characteristic wide QRS group 1nd usnally show Iarge excursions
One mght expect that the direction of the mmtral deflection of
QRS m the differcnt precordial lexds would be affected by the
ventitcle which onginated the contirction m much the sume wAy
as 1s found with bundle branch block Such correlitions hue
not been imestigated and 1t 15 possible that thus may fford 1
method of localizing the ougin of ventricular premature beats

Nodal premature beats  \ premature beat my arise the
auricnfoventricular node or m the anriculoventricuir bundle
1bave 1ts branching This gives rise to 1 suprventricular com
plex of aberrant form The P wue m1y be abnormal n such
cases ar my be normal depending npon whether the AV nodl
impulse or the impulse from the sinus node intzates the contric
non The impulse from the A V node will ordmuily tray el back
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asumed by
Jes 1n 1bout the same tune as 15 €0
- ::::a;hii:\::fl conduction sa th the auncles will be d“;ml
tll;;e\t:d by the retrogrde conduction of the smpulse provided tha

¥ig 40 A Auncelar prematute beats from thiee different focs Note the diffes
ent forms of the 4 fierent premature P wases

®» 1wo pars of auncular premature beats each pae from a different locus
“ote that each P ware of a pair 13 ke the other of this pawr

A premature beat ant n in tle AY node The b va ¢ ocurs before the
§roper th thmic mteral after the preceding 1 wa ¢ and falls between § and T

of the premawr beat 1 has a d flerent form from the other P wases This
rerds bylead | and inLeals 7 and 3 the P wave m this poation was wnerted

© Trematute ventncular beats ansing in several foct I sucees 1on The first
three complexes have the features typical of bears siarung n the ventnicles and
are each ifferent in form The fourth beat 1s the normal for this pauent It
1w 2§ wave with a fghify proton ed 41 ¢ nduction ume The fifth beat
18 agun of ventrieular ongin and from a sull different focus The sicth beat 1y
331 wpaew cular a4 e et 1y sl a dfleremt vemnrvlar ectopre
et Thelatthree beat are of entricular on i but repeat the form of some
of the prevou be ts

thetr narmal contraction has not yet started  Auncular contrac
uons due 1o tetrograde conducnon of the impulse from the AV
node ususlls give rise to iverted P waves tn Leads 2 and 3 some
umes also 1 Lead 1 or P, may have a very small amphtude as
m Froure (9 ¢ A\ nodal premature beats which produce an
wriculr contrachion by retrograde conduction are assocrated
with an mcomplete compensatory pause.  because the sinus
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thythm h1s been interrupted (see the st premature beat of Fig

46¢)

More frequently, 2 m Tgure 50 the retagrde unpulse
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Iig 50 Auniculoventriculir nodal premature beats One appetrs both Lead )
wd m Lead 3 and n exch the P wate 15 obscured by the QRS group and there
1 2 complete compenstiory pause In Tead 2 there aic two premuure beats and
the varying degree of thewr prematurity causes them to wppear 1 a different re
lation to the preceding T With each beat the 1 following the premature QRS
has the normal form dicatm,, sts onigm from the sits node 1nd the compens?
tory pau ¢ 1s compleie

finds the auricles contracting m response to the suus rhythm and
s0 15 meffectne This 1s 1ecognized by the fict that the P wne
occurs 1t the proper pomt 1n the sinus rhythm and has the nor
mAl form for the lexd 1n question There 1s s in Figure po and
as shown 1 Figure 46 ¢ 1 complete compensatory pause with
such pramaure beats because the sinus 1hythm has not been
mterrupted

Irrespectnne of whether the retrograde mmpulse canses 1 pre
mature 1ricular contraction or whether the aricles contract
response to the stnus ympulse the P w nves my precede the QRS
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group may camade wath it or may folow ﬂ[ dlel’e“d"':"i-'es“izzg
the relation of the onset of the contraction of the aw cl
the ventricles When a premature beat w h an aherrant supra
\entmentar complex stavts duriag ot shonly aftera normat P wnve
e T assomg that the P R nterial does not measure conduc
non ume but only precedence of the autcular contraction
Netther does the R P interal measure conduction time w hen 1
normal P ware follons the begnning of QRS but only the prec
edence of the ventnendar contraction WAath inverted T owanes
howeser the R P nterval indicates the ume difference between
the armal of the nod1l snmulus in the ventndes and auricles
and 15 uswally found to be 10 the neshborhood of 010 10 014
sccond When no P wave 1s found vis wave bas been buned m
the premature QRS group 10d 1 such yecords a complete com
pensitary pause will indicate that the sinus riiythm was not
terrupted by the nodal premature beat

The 1entricular complex bas the supraventnienlar form char
acteristic of the usual beats of the parucular record although
1t usually shows aberration of the naves 15 wath aunculr pre
mature beats The aberrition may be quite marked n some rec
ords and 1s probably due to the sumulus passin,, 1nto one of the
bundie branches earlier than into the other

Multiple premature beats A vecord showing premature beats
will ustally be found to show but one vaniety These will usually
hrwwe the same form throughout the record thus mdicating that
they arise fram the same ectopic focus Interesting modifications
of ventricular premature beats may orcur when they come at
sucht a tume that the normal mmpulse and the ectopie unpulse
buth enter different peres of the ventricles so nearly at the sune
tume it the contriction begins At tho places at ance Tlus will
be reco mred by a somewhat shortened PR mtersal bewng {ol
towed by 1 ventricultr complex which seems to be o com;osne
ol e e e bt and e e of o s

m mist be distingusshed from the ap-

pesiance of ventrunlar premature beags arsin,, from dafferent
foct In this case there will not be a share P R wtenal as above
desciibed

Sometimes premature beats From several different focy will be
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found 1 one record Tiguie 45 wnd Tigure 19 4 nd & Al show
premature ectoptc P waves of more than one form nd Igure
49 » shows several forms of premnture ventriculir complexes
Thts indicates two or mote foct of mcreised rrrutability m the
auricles or the ventricles s the cise m1y be ~nd pownts to a
more cxtensie d therefore wore severe myocardinl ffection
Premature beats from any focus may occur rarely or 2s m
some of the records of these figures qunte frequently The mote
frequently they occur the gretter the wninbihity v the focus
Sometimes two ot thiee ectopic beats from the sune focus may
occur successtsely s 1 Figure 49 A and B or I'gure 47 8 This
denotes 1 great ocal writability and 1s closely allied to paroy
ysmal tachycardin If different foc ongmate sequeniil ectopre
beats s Tigure j9 A B and p the conditions re ripe for
fibrsllhuzon of the nunicles o1 the ventiicles as the cise may be
Sometnnes 1s i Tigure (g p there will be 1 condition of over
nritability of several foar which may miake the ventiseles beat
rpidly nd rregularly s they do when nncudr fibritlaton 1s
present This type of 1ctinity 1s m fact common 1 patents who
show 1 tendency to attacks of venericular fibrillation (pge 230)

Hrart Brock

Hent block 15 1n 1bnormality of the heart beat due to depres
ston of the function of wticuloventiicular conduction Varlous
sorts of arthythmia may result (Lig 51) If the depression of con
ductnvaty 1s shight 1¢ will only crse 1 kengthemng of the tme
that elpses between the uriculw and ventrculu contrctions
and cwnnat be recoguized without insttumental exanunation 1t
more marked 1t leads to meguhr hent action with dropped
beats which mas be obseived by Istening over the hewt and by
feelmg the pulse If the block 1 complete the hent wall be reg
ular with 1 slow rte usually less than 40 per nunute ryeep
tomlly the rite of the ventuculu contractions nray be much
slower than this perhaps 20 per munute for example while
other exceptionl cases 1t m1y be much faster perhaps 70 or morc
per mmute  \ slow heart rate ~lone does not justify 2 drgnosts
of heart block nor does 1 1apid rate prove that 1t 1s not present
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Permanent complete heart block 15 d\;c m:‘::::‘ I:;m b
n \he M3 e
£ the junctional tissues as a7€ Y e
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Slown the dropped beat phrnemenon wuh butz ag @ nivcun hme

et ¢ e ¢ nd cnon fads

v th dopped beac acours vegularhy atter evers ader auncnlar (eat wy that

th entndes heat 1 one half the avn wlar nte

amannentneular node or the bundle belore ss branchung
Seme wthors have wwempted 10 estiblish overactnaty of the
vagns 12 cause of hears block bwt st 1s eremely doutafu) of st
cser produces move than a transsent accentuation of a condiiion
fuudmentally due @ disease A clear imstance of permanent
vagal complete heart black has not yet heen reported althau b
1arely the act of suallowing has been shisenved 1o €ause transient

1 ia mow

2 T v e e i L e e e
mnd ten conuonds salied heans boek which 18 aunculosentricatar gt e
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found 1n one record Iigure 45 md Tigure 19 A and 5 i show
premature ectopic P wases of more than one form and Ligure
19 b shows severnl forms of premature ventriculir complexes
This indicues two or more foct of increased wrritability 1n the
auricles or the ventricles s the cise may be and pornts to o
more extenstve and therefore more severe myocardinl affectron
Premture beats from ny focus m1y occur rrely or, 15 n
some of the records of these figures quute frequently The more
frequently they occur the greater the irrtability at the focus
Sometimes two or threc ectopic beats from the sime focus may
occur successtvely 1s m Figure 10 A wnd 8 or Tigure 47 8 Thus
denotes 1 grcat local arritibihity and s closely athed to parox
ysml tichyewdin If diffurent foor onginnte sequentinl ectopic
beats s in Igure 19 4 B wd p the conditions are ripe for
fibrillation of the 1uricles or the ventricles, 1s the case may be
Sometimes s tn Tigure (g p there will be 1 condition of over
wntability of scver foar which niy mnke the ventricles beat s
ripidly and irregulutly as they do when aurtculr fibrillation 1s
present This type of activity 1s i fict common mn patients who
show 1 tendency to attacks of ventricular fibrittition (page 230)

Hiarr Brown

Heart block 1s an abnormnality of the heart beat due to depres
sion of the function of turiculosentricnly conduction Varous
sorts of arrhythmi1 may result (N, 51) If the depression of con
ductisity 1s shght 1t will only cause 1 lengthening of the time
that elipses between the aurtcular and ventricular contractions
and cinot be recognized without mstrumental examunuon If
more marked 1t lcads to wrregulr hent wcton with dropped
beats whicht m1y be observed by histening over the heart and by
feeling the pulse If the block 1s complete the heart will be reg
ular with 1 slow rate usually less than 10 per minute Ixcep
nonally the rate of the ventricular contrictions m1y he much
slower than tlus perhaps 20 per mumute for example while
other exceptional cases 1t m1y be much fister perhaps 70 or more.
per mmute A slow heart rate alone does not jusufy 1 dirgnosis
of heart block, nor does 1 rapid rate prove that 1t 15 not present
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1e to some form of dis
Permanent complete heart Llock 1s due me o ‘
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sues as re 1 the majors
juncty
lesser grades of heart block also * The disease 1y affect exther the

|

Fio 50 Aunculoventricular hearr block

A Record by Lead @ (o sttugtrate 2 proloneatson of the
PR=0.Sgec)

® 3 marked prolon auon of the A y
b de precedin T wave (7R = p 30
2 50 st anhvbm 2 the degree of

© Shovan dhe dropped bear phieny
Tefore the conduction fa,1,

? The drepped teat occurs segularl
the - entrices beat a1 om oy

4% ronduction time

conduction tme so that the T wave fall
2T} A9 the thaibm vanes shighth due 1
f overla fing of 1 and T i seen 1o sary
omencn with increasin, conduction bime

Y after every other auncular beas 3o ahar
the aunicular race

auticulos entricylar node or the by
Some authors hne attempted to e,
13gus as a cause of heart block bu 4

ndle before ns branching
stablish overactivity of the
s extremely doubtfyl if 3

10 disesse 3 o

t block has ney
Tarely the acy of swalloy

€I instance of permanent
yet been reported Although
observed to canse transsent
lork 1y 2 term

- IPPRE 10 the results of dhgeqe aflecting the
) of the Fungle 12 bur e branch bloa, aal bears no relanon to the
N Ommonly catted heagy Block which 1y sunculosentricutar block

g las heep
HIRtE enss 1y g
Franchy
tor 1y



204 THE ELECTROCARDIOGRAM

complete block with funung dizziness o1 even the Adwms Stok
syndrome

In Figure 51 A the P R mtenval was longest m Lead 2 whe
1t occnpred 0 28 second Figure 51 1 1s . example of the elfe
of digttilis Thus patient s P R mterval had been 0 20 second w
was mereased to 0 32 second ter digualis had been gnen Th
degree of prolonged conduction would strangly suggest disen
of the bundle even considenng the frct thw digstalis was co
tributing to the result

With the next gride of heart block assocrited with droppe
beats there 1s occasiontl fulure of the aniculu stimulus to 1
rive m the ventricles so that 1 ventriculwr Vet 1s licking Th
1s seen in Figure 51 ¢ where the PR mterval progiessnely lengtl
ens m lead 1 from 022 to 092 or 010 second nd the ney
P wave fuls to be followed by 2 ventricular complex The grac
ual Iengthenmg of the conduction time 1s 1 result of mncrewm
fatigue of the bundle so that eventually st fauls to function Th
nest succeeding PR oanterval after tns 1s agnn 022 second
Thus sequence of lengthemung conducuon tune with eventus
bloching of the stmulns ws first desaribed by Wenchebach
1s commonly called the Wenchebach phinomenon Such droppe
venirculu beas usually ocewnr arregularty as m this record
They may be very nfrequent or m1y occur 1fter every second o
thurd 2uricalar beat quite regularly for 1 ume It s typical of th
degree of hewrt block for the frequency of the dropped be s 1
vy from time to e so that both the rate nd rhythm of the
ventricles ite yarnble

It 15 mteresting to note the differences m the behior of the
AV conduction system n different heuts that are disersed md
1 the same heurt it different umes Sometimes there will con
stantly be a long conduction tume 15 Figure 51 B without the
accurrence of dropped beats 1gun 1 dropped bea will occur
the cycle following one wieh 1 comparanely short (028 second)
conduction nterstl In one heart long records were obtuned
with 1 conduction tterial of 060 second without 2 dropped
beat and then suddenly the Wenchebich phenomenon apperred
4s 1 Tgure 51 ¢ with 1 conduction time 11rying from 028 to
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040 second Shortly after tins the heart agun became Tegular
but records were not taken

When dropped beats occur after every other auricular sy stole
@ 1o 1 block) the sentricular rate will be regular and will be
yust haif the aunicular rate so that 3t will usually lie between 30
and 60 dependimg upon the rate of the auricles Record p of
Frgure 51 shous thus condition the ventricular rite bemng 40 per
mnte and the auncular 80 with a conduchon ume of 020
second This thathm will sometmes persist unchanged for many
hours

An mteresting feature of the electrical curses of heart block 15
that the form of the waves from beat to beat 15 not chnged by
the abnormal cardiac mechamsm The P wave 15 usually of nor
mal form or 1if abnormal st retamns the same abunormaliy
throughout The ventricular waves are often normal They may
show night or left aws deviation or some other abnormaluy n
form but with a rare excepuion to be detailed later they do not
vary from beat to beat Note espectally that even when the con
duction time s varying the ventricular waves do not show aber
retion such as we find after premature auncular beats

When the P wave comncrdes with the larger ventricular waves
1t becomes submerged and may be difficult to make out Usually
4 comparison with other ventncular groups will enable us to note
a deformty which can e identified as due to the P wave because
1t occurs 1t the proper thythmic interval The P wave s especially
difficult to make ont when 1t falls with the T ware of the beat
preceding as 1n Figure 51 8 Thus superposition 1s rarddy found
in alt three leads of a record so thata companson of the ume of
onset of the P waves in the different leads me wsuring backward
trom the beginning of the QRS group will usually serve 1o de
ade winch movement of the line of the Tecord 15 P Lead 1 of
Figure 51 5 served to amilyze tlns record by the plam separatio
of P and T found 1 thys lead though the notching at tF n
wdicated by the artow 10 the lead of the fignre i ;d ”\e pont
seprwauon between T and the follow e Pz“\\:: f sug,ested a
accurs with vatable defimition because ;[ a shad s notching
ma which makes the nterya) betueen h\’.’.xf "z stnus archyth

ONger at some
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complete block with funting dizziness or even the Adims Stokes
syndrome

In Figure 51 A the P R interval was Jongest m Lead 2 where
1t occupred 0 28 second Figuie 51 B 1s 1n eximple of the effect
of digitalis This patrent s P R terval had been 0 20 secend and
w1s nerensed to 0 32 second after digitalis had been given This
degree of prolonged conduction would strongly suggest discase
of the bundle even wnstdumg the frct thit digitalts was con
tributing ta the result

Wath the next gride of heart block 1ssociated with dropped
beits there 1s occasional fulure of the auricular sumulus to v
rive m the ventricles so thae 1 ventrrcular beat 15 hiching This
1s seen tn Tigure 51 ¢ where the P R mitersal progressively length
ens it Lead 1 from 022 to 032 or 0 10 second nd the next
P wave fuls to be followed by 2 venturcular complex The grad
unl lengthening of the conduction time 1s 1 result of increwing
fatigue of the bundle so thtt eventually 1t fuls to function The
nexte succecding P R oanterval alter this 1s agun 022 second
This sequence of lengthenmg conducuon time with eventuil
blacking of the sttmulus w1s first described by Wenchebach and
15 commonly caled the Wenchebach phonomenon Such dropped
ventricular beats usually occmr arregularly s s this record
They m1y be very mfrequent or m1y ocenr After cvery second or
third auricular beat qurte regularly for 1 ume It 1s typicat of this
degree of heart block for the frequency of the dropped beats to
vary from time to ume so that both the rate wnd rhythm of the
ventrcles are varnble

It 1s mteresting to note the diffcrences 1n the behvior of the
AV conduction system n different hearts that ue disewsed md
1 the sune heart 1w different times Sometimes there will con
stantly be 2 Tong conduction ume s m Figure 51 5 without the
occurrence of dropped beats agun 1 dropped beat will occur m
the cycle following onc with 1 compiratnely short (0 28 second)
conduction mtersal In one heart long records were obtuned
with 1 conduction mtersal of 060 sccond without a dropped
beat and then suddenly the Wenchebach phenomenon appe wed
1s 1n Ngure 51 € with 1 conduction tume varyng from 0 28 to
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tomes thin ot others and m the longer piuses separates P from
the preceding T wave

The not merense 1n the seversty of heart block leads to 1 rather
uncommon condition  There 1s m mcomplete dissocation be
tween the wncles md the ventricles so that the stmulus comes
thtough to the ventrides only occastonally Tor the other beats
the ventricles contract with 2 slow regular thythm whch anses
1 1 portion of the auriculoventircular svstem below the leston
that mirerferes with the funciion of the bundle If this 1s above
the duiyision of the bundle mnto right and left branches this facr
w1l be recogmized by the venuicular complex hnmg the supra
ventricalu torm though such complexes may be aberrnt due
to 1 dimmmshed fality of conduction mto one or the other
brach of the bundle In other cses the complexes hnve the 1p
peree of ventricul ectopre beus which s nsuatly due to the
rhythm ouginating i some portron of the right or left bundie
brinch A sumlu dectrocardiogram will be obtuned if the i
pulse arises in the A V bundle 1hove the branching and 1s blocked
m one branch This mechansm 1s indisungmshable from the Jst
onc mentioned

A much more conmon manifestation of block thm that bt
mentmned 15 1 C()mplcte ([l&s()(l won between auricles md ven
trrcles 2s shown i TNigure 52 A The P waves are seen to be teg
ultr 1t a rate of 89 per minute the ventricular waves bewng 26
per minute 1nd also regulir The ventriculir waves 1 this figure
hwve the charactenstic supriventiicular form Tigure 52 B shons
complete heart block with the ventricular compleves of 1bnor
il form 1nd therelore probibly not of 1 suprn entricular origm
The pathological chnges cawsin, complete heare block often
extend 1nto one bundie branch nd m such c1ses the ventricnlar
rhythim my be onginated m this branch at 2 pomt beyond the
lesion grsang rise to t record bhe dhiat of the figure \ similw
1ecord rmght resule 1f 1 prtaent with bundle branch bleck de
veloped complete AN block also The suprnentrsculac wmpulse
would then produce 2 bundle branch block complex msted of
1 normal one

Qccastonally with complete hewrt block there will be ventiie
wlr compleses of the bundle branch block type which will vary
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Pauents with complete heart black may also suifer from A(;:)m:
Stokes attacks because of the sudden onset of ventricular fibn
latton Thus as s been shown by Schwanz and Jezer wyy bt
from a second or %0 to as Jong as five minutes Shorter attachs are
not usually associated with UNCORSCIOUSNESS but dunng the llan',tr
ones the patient becomes unconsaous and shows typrcal con
nlstve sezures A contnuous record of a part of a short atich
Tastung 24 seconds 15 shown 1w Tigure 62 winch was fandly fur
mished by Dr § Schuartz These authors have pomnted out that
panents subject to syncapal attacks due to this mechanism are
hable to show cemasm premonttory alterations in the cardiac
mecharism First there 1s an snerease in rate of the bancdioven
triowhar vhythm Then ectopic premature \emncular beats ap
pear and may come singly at first and Jater i groups Fhis latter
mechanism gives hay to short of long runs of the recurrent os
altations which are due to ventrealar fibrilauon 1 these runs
3ast for as much as 30 to 40 seconds typrcol comulsine Adams
Stokes attacks supervene Such phenomena do not occur when
Adams Stohes attacks are due 10 ventnicutlar asystole as sn Figure
52 50 1 follows that 1f premawure beats are found to occur fre
quently 1 panemts with complete heart block 1nd Adams
Stokes attacks 11 may be presumed that the aracks are due to
ventncular fiballation rathey than to assstole

When tncomplete heart block 1s present Adams Stoles attacks
may ocenr by a quite different mechanism A partial block sud
denly becomes complete and a perod of from 5 1o 8 seconds may
elapse belore the auricular strmulus agarm passes to the ventricles
or the entricles ke on the funcuion of ongmating a rhythm
\ventuienlar escape) Such antacks are not usually accompanted by
comulsions but only by paltar and perhaps daniness or a bnef
toss of consciousness
o ol compe bt Hock s o o he
even thoush forward conduclmnpfl oty ograde direction

= rom aunicles to ventritles does

ot tike place At times there 1s appasently a state of unusual
facilits of conducuion ser up by the recent occu

rrence of the pene

:lr.mm\ ul( 3 vemnienlar impulse backward nto the tegion of
epressed conduction or by ¢ D

T by the successful passage of an auneular
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m form from beat to bear There 1s usually also 1 shght comet
dent wrregulrrity i the ventriculrr rhythm These vartations
form 1nd 1n 1hythm are due to 2 varyng site of the mmpulse for
mation withi the AV bundle wnd 1ts brinches Premature beats
also occasionally arise 1 the ventricles when complete hewt
bloch 1s present nterrupting the slow regular rhythm

Aurtcular fibrilhtion my be present comcident with com
plete heart block s i Tigure 6o 5 Thss will make no differ
ence to the ventricles which are removed from mriculr infin
ence by the block 1nd which will continue to beat slowly nd
regularly unless there should be premature beats ot 1 varyng
site of the ongin of the sumulus The cffect of partial heart
block upon the hewrt with turtcular fibrillation will be dis
cussed under the Intter heading It chuses 1 slow but uregulr
ventricular action

The electrocardiogriphic records are able to cast 1 very umter
esting hght upon the mechansism which precedes wnd accom
punes attacks of Adms Stokes syndrome ¢ and » of Figure 52
are parts of 1 continuous record by Lead 1 showing the hert
action 1t oune of these cases The condition at the beginmng of
record ¢ was complete heart block with an ricubar rate of 96
and 1 ventricular rite of 54 per mmnute The ventricuitr com
plexes first were of the left ventriculwr type probibly due to
modification of the supriventriculir impulse by right bundle
branch block Later the mmpulse to the right ventricle was fess
deltyed 1nd the complexes resembled the normal ones of this
case There were frequent \ariations from beat to beat honever
Suddenly 1t ¢ the tentricles ceased to bere—therwr wtomatic
center filed to funcuon—the 1uricles meanwhile contmuing to
et as before After 15 seconds had elpsed the patent had 1
genera] tomc convulsion duting which the sentricles agun
started to beat 1s 1t the begmning of record ¢ nd the ¢ycle wis
repeated This pitient had convulston aiter convulsion about six
tmes i how The tticks were always preceded by cessitton of
the heart sounds and the ventriculrre beats 1lways resumed It 1s
probable that the rritability of then antomne center wis en
hanced by the asphyan to 1 pont 1t which 1t agun gave mise to

contrictions
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mpulse fornard through it This may give 11sc to 1 single func
tonmg of the uniculovent rculr tssue or to periods of vanable
duration when ech wnicula impulse 1s conducted Thus Ditter
phenomenon hs heen ascribed to 1 supernormal recovery phase
being set up m the diseased tssue ol the twriculoentricalr
bundic mn the sense thae this term was used by Adrian nd I ucas
thit 1s that theae 1s 1 short petiod during the recovery from
presious ety during which pertod the tissue becomes hyper
sensitive to new sttmult

TAcCH CARDIA

Stnus tackycardia A tichyerrdir winch might be called physio
Jogical n that 1t 1s 1 stmple 2cceleration of @ normnally contract
g heart 1s recogmzed fiom the electrocidiogiam by the P wave
and the ventrculr complex having the normal form for the
patient 1 question or having only such shight changes 1s my be
the 1esule of the rapud 13te These changes are 2 short duration
of PR of QRS nnd of § T md 1 shght teduction m the sze of
the waves A lower Iimit for the rate of simple taichycaurdin has
been arbitinnly designated s 100 per mmute by the Critern
Commuttec of the New York Heut Assocatzon Tigute 53 A 152
record of such 1 tachyendi the rate of qurrcdes aind ventcles
being 150 per minute

The 1atc of these phystological tachycrdins icreases gradunlly
at thewr begmning and dechines gradually when the rate slows
In thus they me disunctly contiasted to what might be called the
pithological tichycudias which e pauovysmal in type starting
and stopping abruptly the 11te remamng practictlly constmt
duting therr course The rite of 1 physiologicd tachyendi 15
seldom found to be bove 150 per minute winle the parovysml
twchycnds usnally though not tlways have much hugher rates
Any 1ate over 150 per mmute should be regaded s probably
duc to proxysmal tachycardit unless 1 record has proved 1t to be
plystologicl or unless exophthalmic goter 1s present The latter
way cause very rapid phystological heart rates as well as 1bnormn}
thythms

Parovysmal tachycardias due to the reguln actinaty of ectopic
foct w1y hve 1 rate s slow 1s 100 per nunute ot less o1 as fast
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1s 210 per minute o1 more in different cases They are the resul
of the actinity of 1 ectopic 1ren of wcretsed irratability just v
are premature beats and are, mn effect, 1 raprdly recurring series o
premature beats which trkes contiol of the heart rhythm Parox
ysmal atercks of raprd heart action which are due to awmicular
flutter or wiriculir fibrillation although actually associated with
tachyerdrr are not to be grouped with the 1tticks here des
sghited

The point of origin 1s with premature beats, may lie mn ny
part of the quricles or vennicles or n the AV junctional tissue
The nticks my hist for 2 period of only 1 few heart cycles or for
several minutes or hours depeuding upon how long the wnn
bility of the focus 1s so mereased thit 1t contitues to origuite
bers Tigure 49 B shows two successtve premature auricular beats
wiich from the stmilarity of thar P wties can be considered to
come from the sxme focus Tigwe {7 & shows two successne pre
mature ventricular betts from the sume focus I'rom 1 physiolog
el point of view two successtve premature beats constitute 1
short attack of parosysmal taichycudir but ttacks to be chinrcally
recognizable must last Jor several seconds 1t lest

At the end of 1 parorysm of tadiyeardn the ectopic focus sud
denly ceses to produce sumul wnd there 15 1 pwse which s
usully longer thwn the wmterval between beats of the normal
stnus rhythm—sometimes 1s long 1s several of these mtervals
The sinus node m1y then begm to funcuon wnd P waves mihe
therr appearmce which are followed by sentriculu compleves
\t times the auricular contrictions do not appear for 1 fen sec
onds and one or more ventricular beats of the nodal type may
appear irregulrly the mechimsm being i effect ventniculwr
escape  Sooner o1 Inter however the normnd rhythm s resumed

Juricular tachyeardias nearly Aluys show 1 P wave of m ob
viously 1bnormal form nd always one of 1 2bnormal form lor
the indnadual in question The focus which originates the ym
pulse 1s ectopic so chat the wricles contract ur m 1bnorm1)
manner 1nd produce 1 P wave which 1s wbnorml for this person
In Figure 54 A the auriculir wave appears s t notch upon the
descent of the T wave becruse of the riprd heart rie of 185 per
minute This P wiie does not 1ppenr very abnorm) on first sight
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aned
but 1f contrasted with that of Figure ,4 8 nhich ‘;:“:;,l;;"em
bsided 1t will be seen to be
alter the paronysm had su! "
N\otce :ﬂSu that the emtricubr waves of Figure o4 A are d
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18 210 per minute or more tn different cises They are the result
of the activity of an ectopic wer of increased rrriabiluy, just s
are premnture beats, ind e in effect rripidly recurring seres of
prem1ture beats which tihes control of the heart rhythm Parox
ysmal attcks of raprd heart action which are due to aurscular
flutter or anniculw fibnllztion though 1ctually associated with
tichycurdin are not to be grouped with the attacks here des
ignated

The pomnt of origm 15 with premature beas may hie m ny
prt of the wriddes or ventricles or m the A V junctionl uissue
The attacks my It for 2 period of only ¢ few hent cycles or for
severd munutes or hours depending upon how long the rmta
bility of the focus 15 so increased that st continues to ongnite
beats Tigure 39 1 shiows two successtve premature auncultr beats
which from the stmluity of their P waves can be considered to
come from the same Jocus Tigure g7 8 shows tno successive pre
mature yentricular bets from the syme focus I'rom 1 phystolog
el pomnt of vicw two successie premature beats constitute 1
short attch of parosysimal tichyeardsin but attacks to be climenlly
recogiizable must Iast for sesera] seconds at Ieast

At the end of 1 parovysm of tachyeirdia the ectoprc focus snd
denly censes to produce stimult and there 1s 1 pruse which s
usually Jonger than the mterval between beats of the normnl
staus rhythm-—sometunes 1s Jong 15 several of these wtersals
The sinus node m1y then begin to function wnd P wanves mike
thetr apperrnce which e folloved by ventricular compleves
At umes the riculty contrctions do not apperr for 1 few sec
onds 1nd one or more ventrrculir beats of the nodal type my
apper wrregulirly the mechanism bung m effecr ventricnir
escape  Sooncr or Inter however the normal rhythm is resumed

Aurteular tachycardias newrly always show 1 P wnve of an ob
viously abnorml form nd lways one of an abnormal form for
the mdnidurl in question The focus which origmates the 1m
pulse 1s ectopic so that the auricles contract m an abnormal
manner and produce 1 P wve wlich 15 abnormal for this person
In Digure 51 A the wucular wave wppears as 1 notch upon the
descent of the T w e becruse of the rapid heart 115c of 145 per
munute This Pwave does not appear very 1bmormal on first sight
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mnute a5 m Figore 53 The condson 13 then [“"’I”;lﬂf di
seribed s a nodat Thythm notas nodal tachycrrdin There
also the vather rare but chmctensuc slow. nadal rhythm pm;l
ously described wath mmerted T waves planbhy seen after U c\;:
QRS group The QT mient m such records may be as much
as 0 18 second

Figure 53 G shows 2 tachycardin wiuch anses in the feft ven
ticle aventncular tachycrrdin The P wanes are enurely Jost
the lwge excursions of the ventomar naves which hive the
ypical wide notchied QRS and the large T wve directed oppo-
stte to the chref deflection of the QS group indicrumg W ongm
10 the ventricular tissues ot the left branch of the AV bundle
They resemble the complexes of the premiture vemrcular beats
of Fiqure 48 ¢ which amsse an the left vemncle exeept thu
they hiave 1 lrger Ry and smaller 81 They wmore closely resemble
the complexcs of Bayley s type 4 nght bundie brch block seen
w Fugure ob A In ather records of ventrienlar tachyeardiz 1san
Eigure 6 the P wates tnay be discerned occurring 1w a slower
ndependent rhiythm as they do m the vecord of nodil tachy
cardet et Fraure 53 &\ entnoular achy cardins e much dess fre
quent thw those of auncnlar or nodal ongm Paravysms also
arc found fimang complexes resembling ectopic heats from the
rhtsentnele Paroxysms of sentricutir tachverrdin are bheheved
1o onymate erther 1n the bundle brinch tssue or 10 the mutscle
of the venrrzle

Parasysiole An example of mdependent parassstolic shythms
m1y be seen 1n Figure ;3 b where the AV node and the smus
node each have an mdependent rhythm competing for the con
trol of the heart bew {see atso Fig 43 8} Here the 1uncles occn
stomilly succeed producing 1 vemricular beat which pre
the vemtricles refractor e‘I‘?r (llle auncular wagudse does ot find
from stunuls from e Enn m\;s case the auricles vre protected
pulses while there 15 no !orr: £ i\b!:l‘ plocking of retograde i
mpudse from berng eﬁqu\c\ ';he :d\ 10 prevent che auricular
has abo been applied to thus pl o imerference dissoaation

phienomenon
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Sometunes 1 nodal tachyeardin may hwe 1 rate not much faster
thin the aurides ind whenever the mmpulse from the auricles
finds the ventricles m the dinstolic resting state 1t forces 1 con
traction which shightly disturbs the segulinty of the ectopic
rhythm This condition has been crioneously termed ventrcular
escape nd 1s 1llustrated in Tigine 59 p where the auicles are 81
nd the ventricles 90 per mmute The ventriculu comploves
have 2 typreal suprasentriculu form showing that the 1mpulse
arsses from the AV juncuonal tssues The P wives are seen to
bear no constint reltion to the venticuln wases Heart block
1s not present m this record for at the ponts mdicated by the
arrows the aniculr impulse has cused 1 ventriculn contiaction
after 1 norm1l conduction tme All other mmpulses from the
auricles found the veutricles contricting and therefore refrictory
to stmulaon Note thae the ventculu complenes of the nodil
rhythm are  aberrant s compared with those which re due to
the normal mmpulse They Ick n  wave wnd the T 1s not so
Ingh

The ventricular compleves of Tigure 53 8 we 2lso  1berrnt
1s compared with those which were found between the attacks
the Itter showing Jess 1cft ans deviauon 1 bitefer QRS group
ad an averted T, We recognize this thythm 1s bang nodal
by the frct that the ventrical wr complenes hve 1 gpreally suprt
ventriculr form with 1 dwauon of the QRS group within
normal Iimits The P wanves of this 1ecord 1re abnormni m himvisg
an mverston of P, This would mdicate that the wricular rhythm
was ectopic arising from n bnormal nucular focus

In other recards of nadal tachycwedrr s Figure 5¢ ¢ there 15
an uverted P w e following the begimmmg of QRS by an snter
val of from 010 to 01} sccond In such cases the impulse orsg
mating 1n the node has passed mnto the ventrices md backward
mto the wuricles it the sume ume s has been described when
discussing nodil premturc bets In otlier records no P nme
can be made out nd m such records 1t myy hue comaded with
QRS
In cert1in other cases the rate s not excessnve and the thythm
1s controlled by the A V node The rate my be Jess than 100 per
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flutter may be transient or may be perminent h‘\m‘gi sommmis
for many months or £en years Records are seett it h :igure 29 :
5 and ¢ "The tymenl leature 1s the continuat up 1nd down wa ?
movement of the base line at v rate of 1bout 300 per minute each
peal bewng about 1/2 second from the pent This wisy hine s
due to the auricutar 1ctivaty and has the ventnendat wAves super
tmpased upon 1t 1t1s ustially best seen n Leads 2 and 3 In Lead
1 the waves due to the aunicles are often very sl and difficult
to make out as m Figure ,, Aand ¢ It » often difficult to say
which 1 the zero leved of these Tecords Most vecords of aunculr
Butter shos this pricncatly contmuons sotement of the base
Te but with slower yates 1¢ below 2ao 1t seems s 1f the zeto
leved were Tmdway bewween the peal and the trough of these
waves the deflecion bewng first sharply downward and then s
10, rathr sharply aboe er0 to veturn to it agmn before the
next wate statts Tlus can be observed 1n Tigure 55 ¢ and less
plunly m Figute 45 A Records wluch have canght the onset or
cessatron of auricular flutter bear out thns statement for the zera
lerel of the record dunng normal thythm lies miduay between
the peal and trough of the wavy movement due to the flutter
Dufferent piuents have wives of difierent form resulung from
aurtcular flutter probably depending upon the special path of
the contraction 1 the aurncular muscle Some records show the
flutter wases more plainly 1n Lead 1 and less plamly m Tead 2
It 1s rare for records to show the flutter waves poorly 1 Lead 3
In cervun vecords as in Figure 55 b the form of the flutter waves
1s more rounded and resemlles somesthat the usual P wive ex
Cept that 15 duratron 15 much greater

The auridles appear to hatve hittle or no diastolic period one
electneal wave Continumg on inte the nest It must be thar
some yart of the potental of these nates 1s produced during 1he
distole of apprectable part of the aunculr wall (o: the
Polygraph shows a succession of pressure waves due to successine

aurienlar contractions and relasatons The fall of the polvgriph
waves 1s due to a fall of wmesmanricular pressure and must mzf:n
distole of 1t Jeast the myor part of the muscle of the aundle
The cause of the electrical deflection during s duastole must
#ohe the actity of onls a part of the aurscular muscle

The rate of the auncalar wayes varies i different vecords from
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Occrstonally premiture beats hive been found to occur i the
course of 1 dominne rhythm these bewts occurnng with a
definite rhythm of their own This has been considered to
dicate thnt they anse from 2 separate indnadunl center Such 4
puarrhythmi can only be recogmzed by careful study of 1 long
strip of the record becse the parsystolic rhythm usually 15
mtarupted by beats of the normal rhythm s s Digure 46 1
The recogntion of this condition 1s further comphcated becuse
certun stmult of the parirrhythmia ful to produce ventricular
beats because of finding the ventricles refractory contricting
response to the dommant rhythm It 1s necessary to suppose that
the secondary center 1s protected agunst excitation by the normat
beats through 1 mechamsm which has been called protective
block Otherwise the pararrhythmi would be nterrupted

In most such cases the secondary rhythm has 1 rate slower than
the stus rhychm which 1s contralling the hert beat and usually
the focus 1s wathin the ventricles so that the effect 1s that of fre
quent yentricultr premature beats Similar awricular foa hwe
been observed Tlus theory has been prrucularly eliborated by
Rothberger 1nd his 1ssociites

Other records have shown the ectapic rhythm occurring at 1
rite faster than the sinus rate When this condrtion 1s present
there 15 1lso the constant tctnity of 1 sccondary pacermker com
peting with the sinus rhythm for control of the heart beat Cer
tain records have becn thought to mndicate the acuon of more
than one of these secondry picemahers With rhythms faster
than the sinus rhythm one must assume 1 blocking of certan
of the sumuh from the secondary center so that only occsionnily
does the ectopic ventriculwr stmulus break through this block
and produce 1 ventricular beat The parwurhythmic center lso
must be protected 1gunst excittion by the normnl beat through
the prevously mentioned mechinism of protecuie block In
spite of the clborte theoretical basis which 15 necessitated for
the assumption of parurhythmin there are numerous records
avalable which seem to indicate that such 1 mechanism €11 exist

AuricuLAR FLUTTER

1chs of raprd heart 1ction may occur by 1 stll

Paroxysmal att
M et ot flerets v Atracl e of raricular
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as Jow a5 178 to 15 Tujhvas $,0 per minute In Figure 5, ‘2“5
288 per munute for record A d 291 for v md © Th: \cmnd l:
respond 10 every second el m\pulsc m yecord 5‘)« an
and 1rseularly to the second o third wapulse w yecord © \

Figure 5, 0 shons the result of yicus stmulhion wpat the
54 conducuon m the paient who gue tecord 8 Pressure upon
she (woud staus n the neck on eher right or left side rarely
fauls to slow the wentrenlar vate when flutier 1s present thou
e effect uswaily 15 only brief Figure 5, 0 was obtamed immedy
ely alter 5, B was recorded hut during pressure on the left
cwoud sus The effect of 11,us simulation upon the ¥ waves s
very shight wd tramtent consisting of 1 very shght chirm, e the
e s change wsually aas onty 2 second of e but s def
rstely mewsarable w tus record and m ail the records so far
published 1n medical hiterature showsng, the effect of yagus stim
whatton wn the presence of flutter 1t e be seen an Figure 5,
1115 1 varable effect sometimes stowing and sometimes quichen
w1, the Tate by a few beus per minute 1 ewss has noted = stmilar
rarble dfect upon the auricular rate of flutter when the patent
nmes from the wanding 10 1he hying postion

L 2 1 relwan of auncabi and temnoulr waves ss the usual
dung wath amculr feaer bue tus depends upan the fune
uenal condition of the AV bundle and 3 1 or § 1 or trregidat
rentricudr vesponses are commonly found Cases showing 11 re
sponse hate been reported and the records putilished The rae
i these secords has usuatly been slower than 2,0 per mmpute

The 21 redation of wineslar rage 10 ventucudar 1s not ev:
deniee of subnormal function of the AY bundle with these
rapud rates ot the impulse from the secand aurseulr beat ar
e o i il omang i g o e
wrrces refracton to snmuhlmnr “’(';”‘( e bt finds the ven

0 OF mere aurtculr beats

(T\‘ bowtver one of the impalses must have heen hlocked 1
the A\ ssem The blockane st

% shown m Yigure
e gure 5, € was due 10
. The pliystolo,y of ranicutar fluter 1 hmdamtma“‘, quite thf
Lreny m‘ms e of aunenlar tachveardia flngter bewn,, & more
wathed distutbance of auttcular function T ncl\)cardl:!ends to
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15 low 35 178 to s lugh 1s 300 per minute In Fiyure 5, ulls
28 per mnute for record A and 291 for & nd ¢ The \cmn; es
respond to every second auricular mmpulse in records A md B
and srregulatly to the second o third nnpulse m record ©

Froure 5, b shows the 1esubt of vagus stmulition upon the
A\ conduction in the puient who gave record n Pressure upon
the carotid smus 1 the neck on ether riht or ldt side wrely
farls to slou the ventnicular rate when flutter 1s present though
the effect usually 15 only brief Fiure 55 0 was obtuned unmed
ately alter 55 B was recorded but durmg pressure on e Yeha
arend smus The effect of vi,0s stmslatien upen the T wnes s
tery st it and trsient consisting of 2 very shight change m the
rate Tius change usuaily lasts only 1 second or two but 15 defi
nitely measurable n this vecord 1ud m all the records so far
published 1n medicrl literture showing the effect of vagus sum
ufation m the presence of fintter Tt cm be seen m Figure ;5 b
Itsacarable effect sometimes slowing and sometimes quicken
g the rate by 1 few beats per mmute Lewis s noted 1 sumilar
inable effect upon the auricular rate of flutter when the pruent
thanges from the standing to the lying posinon

A2 Uyelanon of auricular wnd sentricular wives 1s the usual
thing with runcudae flutier but thos depends npon the func
uanal condition of the A V bundle and 31 or 1 1 or rregular
sentncular responses are commonly found Cases showing 1 1 re
sponse have heen reported and the records pubhshed The rite
w these records has usmlly been slower than 250 per nunute

The 21 relruon of auniir e W ventricular 15 not ev)
e o o o e
Tes while the ‘em”dl:s :rc ::)'rlrl! m‘:(:::::“, aurncular beat :;r
tapulse from the first Ir i 18 I respanse fo the
tecles refractoy auriculir beat so that 1t finds the ven

Y to sumulon 1f teo or more wwricular beats

[anl

however ope of the rmpulses st bave been Blocked
ystem The blocks

diguabis locking shown in Figure 55 ¢ nas due to

the Al

The s olo

of v

ferent from 0 :t)uf . :rrlculnr flutter 1s fundamentally

quite ¢hf
marked d;

ey \cular tachycardia flutter Lemg a more
Wbance of auncular funcuion Tachycardsa tends 1o
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have lower auricular rates, rarely above 215 per munute vwhile
ariculir flutter tends to higher ones usurlly above 240 per
minute "The stmilrity between all curses of wricular flutter 1s

Nig 56 Dragrammatie view of the auncles from behind to indicate the usual
course of the circus contraction of rwricular flutter The central arcus contraction
mdicated by the hine of dots and dashes s seen to surround the SUperior 1€na casd
{$1C) pulmonary veins (P 1) and wmlenior vena cava (75 C) There 1s 2 gap
of quiescent muscle between the tml and the head of the comtracting portion
which may be greater or less than the gap here indwcared The contraction pro
gresses i the direction indicated and spreads to the remainder of the avncular
muscle as shown by the arrows radaun,, from the central path

contristed with the vartable appearance of the rriculir wves i
tachycardin 1s addittonal evidence of a physiological difference
between these two mechanisms and in favor of 1 common mech
amism for 21l cases of flutcer

Lews has put forward an hypothests as to the mechamsm of
auricular flutter bwed upon the observictons of Mines and
Garrey and elborated by experiments of his oun It 1s m such
excellent 1greement with all that had been brought forvard pre
viously that 1t seems undoubtedly correct Flutter he belieses
1s brought about by a change in the physiological condition of
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the muscle that delays the rate al Juch the contraction passes
through 1t Thus the contraction wave having swept ;\cmss 1
part of the wall of the auncle nd returned 10)ts point ol ongin
finds the CONtrAction Process completely pussed away there so
that the region 1s agan capable of comrcuing This 1t daes and
Me tontraciion spreads agun along 1ts former path and g
on veturmng to the starting point thus has ceased to be refractory
15 agun wnitable and agamn contracts There 1s thus formed
ning around which the contraction wave s coursing Beinnd the
contractng portion of the rng 18 an area whch s relaved and
which enters mto contraction as the front of the wave proceeds
(hg 55

This process was deseribed as 3 asculsting shythm by Miaes
whosud  Suck 2 wave (of contraction) runs yound the ning (of
auntculse muscle of the ray) sufficiently slowly for the refractory
phase to have pissed off n each part of the ring when the wnve
approaches it Thus the wave erculates and may contmue to do
so  Garrey introduced the term  Grcus contraction
descriptine that st seems worth retuning

In most of the dogs which he imestigated Lewis found that
the pathi of the  carcus contraction  was around the entrance into
the aunicles of the superior vena ez nght pulmonary vews
and micnor sena cava as shown i Figure 56 which s modified
from one of hus ilustrations In others 1t surrounded only the
superior caa and the N ht pulmenary veins and mn one dog 1t
wppeared to surround the left A} onifice From the central path
of the aveus contraction  the ather parts of the wiricles are
wnolved by a radial spreading of the contractton as shown n
the figure and with each  circus contracuion  thas rdial sprexdt
g 1s reperted The radal paths e the central arcus  are

always the sxme and thus the aursenlar wases are Aways the
sime

which 1s so

Lewis alio observed 1n dogs a condition which he called
pure fluttey Ths 15 chavrctenzed m ues |

wreetubants wn the form of oreasional Rty
ditaun hecomes more marked there m3y by
the form and thythmicuty of groups of

m
esser grades by shght
€r naves As the con
e a shight vanangn 1n
ulter waves The pre
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dommnant fluteer rhythm 1s not per mnently disturbed however,
nd continues aiter the smpuie flutter cerses He suggests that
this disturbance 1s due to temporuy vartions m the pdhs of

i

e i S —
VAR AN ARAARA AN
Pag T e Sk e T S iy ~t

L= e g —==F

Li, 57 Impure flutter
A Three lead from the case reported by Cookson and Chirk Rennedy Leid 1
shov s mnpure flutter duning the fir ¢ third with 1 rate of 412 per minute The

rest of this lead shows puic flutter at the same rate Dur,, the fir t pmt of
Lead 2 alternate futter wanes show sumilar differences of form unul the pomt N
tfier wheeh theie 1s a someshat arreguiar varntion an these wives In the center
of the record the waives 7 and I scem to mark twe flutter wives of a more usuil
tipe the rate bemng bl of the previou rite Townd the end of the record the
ripid fluteer wases reppear without showmg the alteinanng peenhanty of the
fiest part Lend 3 shows pure furter with 2 rate of 206 In all thice Jerds the
sentrscles are regular 1t a uniform rie of 103 (Cook on wd Clark henneds
Heare 16 10, 1932)

r Lead 2 from one of Tewss expeniments on dogs showing, mmpure flutier
with distortron of the auricular complenes The hipures written honzonrally are
neasurements of the intenals separating the auncuiar complexes Note that the
quncalar campleves are nat wmiform 1o shipe the inconstanes of the noich
marhed with the + sign mayv be noted especially (Levis T Heart 8203 1913 %0)

radil spreading of the contriction or to temparary VCINONS 1M
the centr1l path of the cireus contractton This conchuon con
shintes the borderhne between flutter and fibullwon and 1s
usinlly assocsited with a more rapid than usunl 1ate of the flut
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\er movement 1t 15 a Tare condition 3n chimcal records but o::;
15 seen 1n Figure o7 & Frguee ;7 B1s one of Tewis expernmen
records 1o show another type of vurnuon of the flutter h:n,c
“The notch indicated by the 4 mrk vares from cycle to cycie
as does the form of the ped. but the fundamental rhythm 1s sl
mntamed as showa by the horizontally wntten measurements
of the F L wterial shove the wares

AuricULAR FIBRILLATION

Pasovysmil attichs of rapud ventricular rate may 4lso be cused
by the sudden inception of whit 18 called fibrilhtion of the
wunces But Ghrilfavon may also he 1« permment condition md
W fact wswally 15 50 In ewther cue the ventnicles heat arregu
farly Electrocardio, rams of this conditton are shonn wm Frure
5% Ahe typcal chamactenisties bewng (1) absence of 1 wue of
constant form which might be due 0 wwnculi contracton pre
ceding each vemncular wue (2) m the mtenal between the
sentnenlar complenes 1 senies of wanelets mathed § f § which
sary i heght and width (e 1e) Certun of these wanves may
closely Tesemble a P wave wnd may occur 1 the proper mienval
before some of the ventniculyr complexes buy of the record s
evimned 1t hrge it will be Tound that 2t best ths 15 ondy 0 oc
trsonal occurrence s other wases will have a shightly different
Torm or will occur 4t 2 different mnterval belore the ventricular
tomplex

Figure 58 A 15 from the pasent who nd previously ginen
records & md ¢ of Figure 5, wnd 1t1s seen that the regulr wes
of auricular flutter hne gnen wav ta 1 more rimd series of
waves which are not so Jarge and which dimamsh from time o
ume unni the movement of the line 13 very shight It will be
noted that there s o significant difference m the ventnicular
wunes In different patients the rate of the auriculr w nves varies
from %50 w0 50D per minute but the characteristic feature s
tht they are constantly changing form and ¢
warely 1o increase and decrease in size
ord with extraordinany
whith might sug

hat they tend 2ler
1gure 58 n shows a rec
plamn aurtcular waves i Leads | and 3
Sest a diagnoss of auncular Rutter These wates
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appear to be regular m parts of the record but f carefully mes
ured are found not to be so Moreorer they vary m herght and
form and i parts of the record can be seen to disippear 1lmost

R

: E_‘; e ATF 3 Al T Kf:
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3 I} el e

-'}\v't—j\-—/ - AN A S
- [
j: i

A B
Tig 58 A Auncolar fibrtanion The smail navelets £/ are due to the aunenlar
activity The ventricular waves occur arregularly and are not preceded by any
wave of constant form which might be 1 P wave Note the slurnng or notching
of the QRS group 1n three lends
» Auricular fibnlation with large auricolar waves The ventrenlar complexes
show night avis devation of QRS

entirely This 1s wn strong contrast to what 1s found with e
ulr flutter whose waves mesure equal over long ntersals
and are of umform height nd form A more usnal record of
auricular fibrillation 1s seen 1n Figure 58 A These two records
show 2 rate of bout 100 per minute for the slowest fibiillation
waves Other records may shown rates 1s lugh as 500 per mmurte

The herght of the waves due to auriculr fibrillition seems to
depend upon the sume frctors thar influence the height of P
(page 111) At least they e found large most often 1 records
from hearts with murt stenosis (wnicnivr hypertrophy) nd
smll most often 1 records from hearts with diffuse myocrdial
diserse and with the myocardium 1 poor condition Tgute 59 B
1s from 1 cse of diffuse discrse md the record shows only smll
fibrallttion waves vmymg m stze and sometimes disippening
altogether for long stretches

During ftbriilrtron of the quricles there 1s no coordmnate con
tractron of the muscle fibers of these chambers sufficient to case
a pressure varition wrthin them Thus fact was appuent
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g ricutar paraly
Jed to an hy pc\hesu of au
olygrapluc records and pt o
:s )ﬂud?udual fibers or groups of fibers conunue to conlr}a:onous
the shortemng of some fibers 18 neutrahized by the synchl
v 4

A [}

Fi o a Aurcular (botlation with small excursions of the auricular waves
The vemtrciiar comyieves st ow nght aus desiation of QRS

® Auncular fibrllaton with sery small auncwlar exausians The entricular
complexcs show teft auis levanon of ORS and 3 dowawasd T wate w Leads
and 9

relaxation of others so that the net sesult 15 4 practically con
stant size of the auricular w 3“

Lewis has pointed out that there 15 a relation between the
antnwlar physiology 1w futter and m fibnllavson In each case
there 15 3 ctrcus contrachion but n fibnillation s path 1s noy
always the same  Theve 1s an increase 1n the rate of progress
tspreacing) of the contraction n the central ning 1 shortening
of the path of the aiveus contraction and a shortening of the
duration of the contraction (refractory peniod) of the indinidmnl
muscle fibers This leads to continual variations 10 the length and
course of the central path and therefore to sarations m the
tadial pachs by which the contraction spreads from the central
ting to the outlying pares of the aursenlyr muscle (Tig 56) Ihas
theory explans why the fibnilation waves \ary progressively o
3 given tecord 1nd goes far to make clear many ather chimeal and
expenmental features of auntcular fbnllaten

Several authors have obseried experimental amals what
they considered 1o be a combimation of aunicular flutter and
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auriculr fibrillwon In additson to the ripid series of contrac
tran wes passing over the aunicular wall which cm be phunly
scen when the wwricles re 1n flutter there were  simmltancous
fine fibnillry movements more especntly observed ~long the
Aunculoventiiculr gioove md m the appendices It my be
that this condition 15 1esponsible for the Ihrge well defined fibnl
Ition waves of such records 1s Tigure 58 B aud Ho A which 1t
times strongly suggest the wavy hine of flutter These records may
be referred to 1s showing comse fibhrillation waves but it 1s clear
that they indicate fibrillation nd not Rutter We must distn
gwish 1mpure flutter (prge 157) from tlus condition by the fct
that the waves arc quite regular and e continuous throughout
not show g the phasic mncrease d decretse of implitude which
1s found with hibuilluon

The ventnicular response during aurtcular fibrillation depends
upon the number of effective 1mpulses which are passed to the
ventricles by the AV system The functional mtegrity of this
system 1s the most important fictor m determmng the ventricu
Ir rate though 1t 1s not 1mpossible that there my be other fic
tors There m1y be qualitatnve differences m different awuricalr
stiumulr prssing fiom the qwiticles to the AV node so that only
certun sttmult are cffective It may be that impulses come to
the AV node wrregularly or theic may be 1 summaton of
small stimuli i the node unul the level of impulse formiton
1s reached

The usual thing when wticular fibrillation sets 1n 1s to find
the ventriculr rite as i Figure 6o A very close to the mx
mum which could be attamed considermy the fact that the ven
tricles re refrictory to 1 second sumulus unul the T wae 1s
completed In thus record the rate 1s 186 per minute and the 1r
regulrity very shght It would scarcely be appreciated by the
finger on the pulsc and cn be recogmzed only by very careful
auscultatron 1t the apex Pressure upon the cirotid sinus the
neck always will produce 1 brief slowmg of the ventricular rate
and mike the rrregularity more evident by blockng some of the
umpulses from the 1uricles Digitahis slows the ventricular rite by
1ts ability to increse the 1ctivity of the vagus and diserse of the
node or maun stem of the bundle also reduces this rte
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~uncuir fibrifhtion In addition to the rpid series of contrac
ton wases pssing oser the aurscular will which can be plunly
seen when the 1uricles are m flutcer there were * sunultameous
fine fibrallary movements more espectilly observed along the
auncalosentriculir gioove and m the appendices It may he
that this condition 1s responsible for the large well defined hbnl
hion waves of such records 1s Tigure 58 ¢ wd 6o A which at
tumes strongly suggest the wavy line of flutter These records my
be referred to 1s showing couse fibnlltion wmes but it 1s des
thit they mdicate hbrilluon and not flutter We must disun
swsh mmpure flutter  (page 137) from thns condition by the et
thae the waves e quute regulir ind 1re contmuous throughont
not show g the phasic mcrese md decrerse of amphtude which
1s found with frbrillation

The ventricular response durmng aurtcular fibritlation depends
upon the numbcr of effectnne tmpulses which are pased to the
sentricles by the AV system The funchioml) ntegrsty of ths
system 1s the most unportant factor in determimng the ventricu
Iar rate though 1t 1s not mmpossible that there myy be other fxc
tors There may be qualitative differences m different awricuir
stiumult passing from the auncles to the AV node so that only
certun stumub are effective It may be thie tmpulses come to
the AV node arregularly or there my be a summaton of
small stumudt m the node unul the level of mmpuise formtion
15 reached

The usurl thing when 2urnculrr fibnllwon sets m 15 1o find
the sentriculir rite s i Figure 6o A very close to the mix
mum which could be attamed considering the fact that the ven
tricles ave refractory to 2 second stimulus until the T wne
completed In this record the rate 1s 186 per mmute and the o
regularity very shight It would scarcely be apprecated by the
finger on the pulse nd can be recognized ouly by very cueful
auscaltation 1t the 1pex Pressure upon the cirotsd s 1 the
nech aiways will produce 1 brief slowng of the wentreulr rate
aud make the wrregulariyy more evident by blocking some of the
unpulses from the aricles Digrtalis slows the venricnlar rue by
1ts 1bility to ncrese the actiusty of the vagus and discase of the
node or marn stem of the bundle also reduces this rate
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e € ction! p there Are WINes
mats yenneular beats butin s cuons ¢ and b there
w n duration A\ o fr 024 to 032 second which
rying from 02
hich e a ation 14
e <o wousul i their configurmtion that chey scareely resemble
a y

By €1 st

the onset of ventncular Gt nltavon
A Sh ws the frequem sentnicalas eoiopie beats 3 itk okrut an the prefintia
tnghe

s Ttee 1ofalon peniod of couplel beats and the be iy, of ventneular
nidat on

< nd nare conunuatons of & and show the vanat ans i the fibatlation waves
Th atizch germnated with recoseny akier three minutey (Records B ¢ and b
sete latie thionyh the Yandnes of Dr Sidney T Schwargz)

wn other wives This senes of waves 15 due to ventricular Gbryd
huon The vamuons in form and duration e quite nalogons
to those obsenved in the waves of auncnlar fibrillawon thou b
the wives and therr duration are much larger These changes in
the form of the wives as the atack begins nd progresses we
usially evadent sn records of attacks They e been particularly
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With rites between tbout 120 per minute nd 70 or 75 per
minute the wrregulartty 1s usually more marked than when the
rate 1s bote or below these lnuts Some pauents conuntally
muntan 1 ventriculir 1ate of 75 or under without taking 1wy
medtcation Such patents hve either 1 vagotonn or an impate
ment of the A V system due to diserse for without one or the
other they would hwe 1 ventriculir rite of 60 to 100 or more
which 15 the lowest rate that 2 prient unuded by digitalis seems
able to attun through the normal actnaty of the vagus

When runculu fibniliwtion 1s present md the sentricles ue
perfectly regular as seen t Figure 6o & we know that complete
hexrt block 15 present Thus would be so even if the ventricular
ste were faster for if the A V system 1s capable of funcuomng
Al gt will trimsmit ampulses miegnlarly when the wrcles e
fibridlung

Aberrmt ventriculwr complenes like those found wuth aricn
Inr premitme beats are espectally common with auricudar fibnl
Ihuon when the rate 1s raprd s 1re 1lso prematme beats of
ventriculir ongin

VFNTRICULAR T'IBRITLATION

Just as the wriculn muscle goes nto fibrillation so the ven
tneulir muscle may tike on this same mecordinate activity
under certaun arcumstnces It 1s probible that ventriendar fibnl
litton occuts much more frequently than s observed for af 1t
fasts more than 1 few mrnutes or so the pavent camot Ine If
the ventricles do not beit coordinately they will cese to drtve
the blood wnd the paent will die It 1s probable that the mcep
uon of ventriculwr fibrillation ts the cause of death 1 most pr
tients who die suddenly from embolism or thrombosts of a
cotonary artery or of 1 lige bimch and also i many patients
who hive extreme dilatation of the ventricles due to cwdine
fulute Lither of these conditons has been found m ammat s
periments to Cuise ventriculr fibrillatton nd so can probibly
do so i human beings

Nigure 61 shows the begmmmng of n rtack of ventriculr
fbrillaton m the human heart There e waves 1t the begn

ning of the nttack Tgure 6t B which resemble didor med pre
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described by Wiggers who s adequately discussed the theories
of the mechnism of ventricular fibriliation

Ventriculr fibuliaton occurs experimentally 1n hents which
re subject to v rious sorts of poisoning In human hearts 1t may
occur 1 Jobu pneumonia or from the combined 1ctron of chlo
roform plus rsphyxit It 2lso occurs i severely fuhng hearts
and fta cotenuy artery occlusion Tying off 1 mun coronry
Atery 1 dog {requently leads to 1 period of ventsicnlr tachy
cudir which passes mto fibrllttion of the ventiicles

Schwartz and Jezer have demonstiated that 1t 1s 2 pather com
mon cwse of Adums Stohes wtwks m pattents with complete
heatt block wd hwe also observed it w pauents with normal
thythm and with patinl AV block It m1y be suspected s the
cause of syncopal or convulsive attacks m paents wath complete
heart block when the patient 1s observed to have frequent pre
matize beis m ddition to the bsic wdioventricalar thythm
and especinlly 1t two or more of these bets occur together 1s m
Ligure 61 A The record of Ligure 61 s shons the begining of
1 long wttrch m wother patent with complete here block One
of the rhythmic beats of complete Irenrt block 1s followed by 2
premature bet The next thythmie beat 1s aberrmt nd 1s fol
lowed by what tcsembles 1 deformed premature beat which be
ons the scries of varyng wnd somewhat rrregulir oscillations
wlich ndicate sentrcult fibidlwion and which  conunue
thuough records ¢ ind o The chucter of the oscillrtions 1s chr
Awtersstic resembling s 1t does 1 settes of deformed ventriculr
ectopic bets therr form conunually varying ftom one compley
to another The dingnosts of such attacks must obviousdy depend
upon obtuning m electrocardiogriphyic record but the finding
of the preliminay phase of coupled beats nd groups of two o1
more ectoplc ventricular beats should strongly suggest that 1t
tacks of asystole re due to vennraulu fibrilhaon

ELECTRICAT ALTFRNANS

The term electizcal alternws ts \pplicd to the accarrence m
the course of a regular rhythm of liermate beats with two differ
ent types of complex It must he disunguished from the yartton
wm the electrical complexes which results from the movement of
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of records of the dymg hert of the dog and i the wunculoy
triculr conductton ume of the turtle It 1s considcred to be
to the fulure of some particular myocrrdial wen to respond
the contriction siumulus 1 alternate heart cycles

Flectrical alternans 1s not usully accompanted by the P
nomenon of pulsus alternns aithough i certun 1instances tl
m1y occur together Figure 62 shows 1 nodal tadhycurdin wh
probbly onginates abave the bianching of the A V bundle 1
15 associated with partia] right bundle brnch bloch Thus 1s
dicited by the prolonged QRS durition of 012 second t
browd Swaen Icwd I with deep 51 Feads 2 and 3 and by |
Inte apperince of the R perk i Lead IT 2 The R wues
Lead I show 1 1egulr alternnuon m height exeept for the eigh
cycle whose R wave 1s «qual m height to the ones preceding 1
follawmg 1t In Lead 2 the § wave shous 1 regular alternation
herght except for the sixth and nanth cycles which also have pen
equrl to those on either side In Lewd S there 1s an aternttion
S which 15 vegular throughout rlthough mn dus lend as well
m Lead 2 the varnton in height due to respiration mahes tl
Alternation morc cvident 1n some parts of the record than |
others There 15 1lterniuon of the R wave m Lead L 2 exee,
m the first two cycles md of the S wuve m Lead 1T exeept fc
the fifth oycle In such ~ record as thus the electrical altermatio
my be due to lterniting conduction 1n 1 portion of the fiectc
bundle branch A record has been published by Hamburge
which stlustrates altermtion of the R wwe with 1 regulir no
mal sius rhythm and normal ventricular complexes
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pulse until after a wme the sentncles would become roused to
an actsaty of thewr own (ventricular eserpe) nd would begin
1@ beat usually 1t 1 regular rate of about 30 beus per munuie
Ssfar as1s known aunicwbar stoppage 1s always folfow ed ter an
wntersal by spontaneous sentriculr acusity unless the auncles
should begin first n which case the normal succession of the
heast beat 15 agawn carried on

When the heart s seregular the size of each pulst wane 1s de
pendent upon the length of the pwse preceding, 1 N aions
i the length of duastole will cause vanations i the degree of
filling of the ventricles 1f the panse 1s Jon,, the sentrcles will
be well flted and the pulse wane will be Jarge o short there
will be but hittte blood to be ejected mto the 1orta by the con
traction and there may be only a small pulse or perhaps none
atall Puke rate or thnthin should never e tiken to mdicue
beatt Tate or rhythm The physioan should always hsten over
the apex of the heart to ascertam the tregulnity or arseguinty of
the heart action

The electrocardiogram his contnibuted greatly to the under
standing of abnormal cordiac mechamsms 30 thy now we e
able 10 diagnose them correctly m the majonty of mstances
without a record being taken There ire mny times however
when a record wall show aur cluneat dignosis te e wcorrect
and there are certam condittons such as prolonged aunicnlo

vemnicalar conduction time which would never Le suspected
without mstrumemat aid

Si\us DErRession

Sinus arthythimia 1s extremely common A shght degree of
anfnthmia can be found on mesurtug the records of almost
every heart whose rate 1s under 80 per minute This would be
almost or quate imperceptible to one listening at the apex beat
or feeling the radiat pulse A degree of sinus arrhythmia whct
«1n be observed by these latter methods 15 also quite co mon.
espevally in those under thurty and over fifty years of age m“:lon
any person after defervescence from an acute m(exo N
noted m pracucatly eceryone when the heart sloy “{‘““ o
been caused 1o accelerate by exevase ' alter ic has



CHAPTER VII

CLINICAL ASPECTS OF DISTURBANCES IN RATE OR
RHYTHM

SINCF we are concetned munly with the varous aspects of
the clectrocardiogram  the title of tins chapter tahes us
somewht outside of the particular field It leads us mto one which
has been very wcll covered i other publications 1nd so 1 complete
discusston of the subject 1s not attempted This chipter will sum
marize those features in connection with the distur bances mn rate
or rhytlun which are considered of most chinrenl importance

When the mechaumism that produces the normal sinus rhythm
1s chsturbed the ventricular systoles my be affected variously
They may become rrregular without change in rite or m1y be
come rapid nd regular or in other instances slow and regular
Occasionlly even the rate mry be regular and within normal
limats with an abnormal mechanism m control We shall consider
the climenl aspects of the abnormalities of cardiae rhythm to
gether mn this chapter, even though the result may sometmmes be 1
regular heart beat and at other times . wrregulir one The
irregulinty or Inck of it 1s not so tmportane s the fact that the
heart beat h1s an vbnormal origin

When considening disturbances of the rate and rhythm of the
heate 1t 1s necessary to heep in mund the relation of the auncular
systole to that of the ventricles nd also because the pulse 15 so
often cardlessly taken to indicate the heart action the relatron of
the ventricular systole to the occurrence of 1 pulse wave Under
normal conditions each auriculr systole 1s followed by a ven
tricultr systole wnd tlus 1s followed by 1 pulse wve which passes
to the persphery 1f the auricles for some 1¢1son should omit one
beat the ventricles would also omut this beat 1ind there would
be one pulsce beat missimg If the auricles should stop for 1 fong
period the ventricles would also stop and there would be no

236
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beats from the normal auticles or ventncles by c‘“"‘c‘(‘ s‘l;"‘“
Yutson of the sympatiuc nierses by the combined action of ¢ ‘] nr(;
form and asphvat and by the nse of such drugs 15 morphin
strophanthime digeralis adrenalin and caffeine
The humn hert also mry give tise to physiological premn
(ure beats and these my arise s Wy part of the heart They
we frequently found as 2 tesult of Graves disewse nd -nc‘
probably often dut to the overarhiaty of the autonomic neryou
qsterm which accompantes this condinon They may possibly b
due to the action upon the myocardium of the excessive thiroxr
secretion They occur also m psychonenrotic mdniduls e
probbly then result from the generafly exalted nenvous actnaty
Premature heats commonly pecur m sSOCHIton w 1th orgun
disease of the gl bladder nd less commonly with diserse of th
stomach sntestipes hidney or lungs The mechamsm here |
probatily a reflex throngh the autanomic and sympathetic sy
teats Marhenze s mnteresung obsersanon thu frequently th
hearts of normal women show premature beats 1t some tme «
other during preguiney should be mentioned here The med
ansm of therr production 15 not known but wt well might be
veflex from the ibdommal viscera
Premature beats may result from the 1ction of drugs i dl
Iwman hewt also digrals morphie coffee tea nd tolne
being of most cimcal importance Stoppng the dru,, w
promptiy abohish the arrhs thmia of 1t should be the cruse
Besides these not uncomunon extracardine causes of pren
wure beats many patients withi this met,ulanq have as 1 cause
pitholo_ical conditzon i the heart The disersed et teed v
be a large one d a5 senqusness for the heart as a whole
often shight A small forus of streptococnic ar athier feer
o a smail arey of defictent blopd supply due to corenry ¥
1o, 35 cipable of cansing tus distarh e and gl
affect the heart s function apprectably °
The impottance of the premture beat is hex
upon the importance of the causative disease
e e o T bt i b L
ere 2ffected by ane or another ¢

€ seen 1o degx
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Thus arhythmea 1s usually symptomless but the more extieme
types of simus depression such as sudden temporary hemte stop
page, or perods of very slow heart are bhely to cvuse dizzy spells
or palpitation With the cnoud stus syndrome there my be
funtmg or even comulsions No matter how severe these symp
toms m1y be there often 1s no osgamic endie disease The chin
12l siguficnce of m arthythmin due to 1 depression of smus
wctivaty 1s usully that of wn overtcusity of the vagus nerve Gen
thouglt the anhythmin may have caused symptoms referred to
the heart o1 enculvtory system The disewse 1f wy s tlimaost
ways exttacardine and the symptoms e due to 1 tempartry
functonal depression of the heut rite nd to cerebral et
from the resulung decieased output of blood

Occastonally arteriosclerotic changes wiil Jead to 1 dinnmished
blood supply to the sino turieulrr node with depression ol ats
function Pressure due to tutmor or infection n the neck my
cause n ncreased vagal activaty 1s my also merese mtrrcianil
pressmie due to tumor or hemorthage An abnormally maeised
nittrbihity of the carotsd sinus may cruse excessnve 1agal activity
resultng m one or more of these maumlstitions of sins node
depression Very 1ucly we may encounter 1 much slowed smus
thythm possibly combined with a sinus wrehythmur which 1s due
to 1t depression of the sinus node because of an scute wfiunm
tory or chionsc degeneritive process within 3t This must be
1ecogmized by ats 1ssountion with ether signs of the presence of
the crsatrve hent disewse The prognosts and treatment of these
arthythmias depend more upon the etology thin upon the
thythm disturbance though the il mantfestitions m1y be
duc entrely to the slow hewrt rcton

PrevATURE Brars

The clmeal agnificance of premature beats 15 very vanabic
from one (¢ to mother for 1t depends putly upon thewr ciuse
and partly upon whether then otrgin 1s i the unicles the ven
tricles or the junctiont) ussues A premature bet may 1w ys be
viewed 15 1 expresston of 1 hyperirrtable locus m the hert

In experimental wunnls 1t 15 possible to produce premature



CLINICAL ASPECTS OF ARRHYTHAHA 241

peniments show no change worthy of note W hen the premature
beats come more often they cause a considerable falhing off 1n
the blood flon

From quite another point of view 1 greater frequency of oc
cutrence 15 an undesirble prognosuc factor Frequemly occur
ning premture beats especially 1f they occur iyregularly usually
are caused by a disease of the myocardum rather than by nenous
wfluences while the more mfrequent ones are usunlly due 1o
nervous mfluences This stitement 1s not without speant excep
tions m both of 1ts phases especially when the premature beats
accur regularly after every other normal beat These are often
of a bemgn ongin When two or three premature bews occur
0 succession the canse 1s almost alnays myocardial disease

The arcumstances under which the premature beats occur also
b€ a clue to their impartance When they appear after diguatis
adminsstrition they hase no sigmficance other thin that the drug
18 causing what has been called one of 1ts mynor tovc phe
nomena When tobacco tea coffee or alcohiol are used to excess

the premature beats may be due to these drugs and my disap-
pear when they are stopped

Premature beats sometimes are present only when the patient

and disappear when the rate

muscie by )

The pro,noss Quite evident}
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mite form of disease of the heart and the other 20 per cent coul
be divided ns follows 19 per cent had active disense elsew hes
m the body such as bronchitis lumbngo grstric disexse and s
on (2 cases of exophthalnne goiter are ncluded here) and 1
per cent, except for the iregulnity were pparently healehy ¥
2 sertes of 50 cises which I have reviewed from thas stndpom
the propoitions m these groups are 81 per cent with crrdiac dis
ese 10 per cent with active diserse elsewhere and 6 per cen
without 1y discise bemng found The difference between thes
two scts of figures 15 not significantly grem As both Lenas g
the tthor s series e tihen from groups of mdividuals whe
predominantly hwve more or less serious cardric diserse 1
only surprising that so many with the rrreguimty did not s
hauve evident disense

It has been stated that when cardrce disetse 1s not present
the irregularity may be due to reflex or other nervous cinses but
1t must be borne 1n mnd that premature betts occisionnlly mny
be the only csydunce of myocardinl disease They may be duc te
the 2ctinty of 1 discase focus not large enough or not properly
situated to give rise to any other sign When we consider how
mstdious the onset of artertosclerotic hent disease must be we
must realize that when this arrhythmit appears for the first nme
1 paents over forty yers of age there 15 1 definite possibaliny
that this my be the fast indication of 1 small Jocalized arc of
myocrdinl degeneration or 1schemia due to coronary nanowmg

The frequency of occurrence of the premature bets has 1
bearmg on their prognosis A premature beat entuls 1 certun
amount of wasted effort on the pire of the hewrt for 1t contracts
upon a ventricle which bectuse of the short precedmg distole
1s only poorly filled with blood There ¢ be but 1 smll output
of blood frow tlus beat 1t best and there s often none 1t 1l vet
the cardire contriction expends s much energy s if the ven
wicle were full When the premrtute beat occurs ifrequently 1t
does ot umonnt to 1 sertous loss of cardrie power but the more
frequently 1t occurs the more of the hents encrgy is w asted It
has been shown thit in the dog nuhcnlly produced premtue
Dbeats occurring four to eight tumes per minute change the blood
flow but hittle the greatest loss betng 11 per cent and some e\
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evidence of cardiac 1ntolsement pperIng during the course of
a theumanc wfection  pheumonit diphthern ar ather 1cu:c
dssease It 1 common 1 these mfecuons for the thserse of node
of bundl¢ to be pvt of a more or Jess wide spread myocardans
Such acute processes INCTENse the gray of the outlook  but
should the patient sunive they mm resolve to such an exient
that the conduction time becomes norml agun and the heart
nry show no sign of having been affected ‘The complete hear
block which 1s common chimeally may he due 1o repennions of
these minor 1stdts Dut usnally 18 2 chronic desiructine process
imvotyng the node o bundie The cwse 1s somenmes rhemmatic

rrely syphiue bur wually arteniosclerotic Wath this evwology
we can scarcely bope for a recovery of the conducting function

so that the condion of the paent s well s lus outlaok for
the fure will depend upon the wtepnty ol s ventnenbr
muscle hos much 1t 1s Affected by the disease nd how well 1t
15 abile to compensite by an anerersed strengtls of the mdinidun!
beats for the decreased frequency of the contrictions

In partial block the immediate putlook 15 governed but shghtly

by the number of dropped beats per minute though 1 rue
under 50 per minute 1s a definite mechamical disads antage The
quility of the renertcular muscle s relatse freedom from
disewse 15 thwass the predominant factor i the prognosis nd

for tns 1ersom 1he rvemtricular complexes should be examined
for evsdences of myocarding abnormabyy

TaciicarpiA

There is 2 ery distinet chnica) seprration betneen the tachy
Qrdia which we e termed phystalogical and that wich 1s
posgsmat wnd might be cilled pahelogical The plysiological
tdnardn s the response of the heart to wflucnces fmmn(hc

entral nervous system or cardiac reflexes or to some toxin m
the blood It ocours wath

fever hyperthyros

wemi cudiae falute and so on 'I!)‘:: m]zld ‘l::‘r‘: \sth‘xz‘):c;z::s
with intracrantd condstons sugh s apoplexy 1s probably d
to 1 depression of the \igus center releasing the heart I‘ o e
normal tetarding ifluences Physiologieal l':ach)axrd( ';’m -
Necessanly mean disease of the hewt nd ase nﬂera:h(cnp:‘:
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1seive power, suflicient cwrdine enlgement to be inguestion
able or wm wererse m the ureguluity during the twenty seconds
mmmedrtely 1ftet exerase If none of these things tre observed
we must conclude that the uthythmin 1s not due to muscle dis
ese of 1y extent or severty The net step 1s to look for the
reflex or ttervous factots which hve been mentioned s possible
causes of the mihythimr If none of these are found we m1y
feed that 1t 1s without climaal importnce

It makes but hutle difference whether the disease focus 1s
the auricles or the ventricles The sequel of wnrculw myocn
ditis m1y be hibrillton of the wuricles while that o ventriculn
myocuditts my be cudine falure The sequel of myocardits 1
the wriculovenu rcula node s heue block Discase 1s not usuatly
shuply loclized 1 ny one situntion for amicles node o1 ven
uicles me wsually mvolved exther m purs ot 1l together

The outlack of the pattent with premature beats 1s plunly
not ffected by the irregularity It depends upon the cruse of the
mieguluaty the possibility of 1emoving the ciuse and the cffect
upon the hents cfhciency of the crnsal condition should persist

HEArT Brock

The recogmuon of the hugher grades of heart block 1s not
usully difficult even withont mstrumental ud because of the
slowness of the heart 11te The rate s usunlly less than {0 per
minute md the thythm regular The lesser grades of block with
dropped beits my be confused with premntwe contractions
The pulse m1y be bigemmal or trigemunal Just as when pre
mature beats occur regulirly One can usually distinguish which
mechnsm 1s present even without 1 1ecord by histening cue
fully 1t the pe of the heart for the sounds of t premature bext
Pressuie on the c¢rtoud sinus will often help our deasion for
st will mcrease the frequency of dropped beats due to heart
block though 1t will not merease the frequency of premature
beats

The lowest gride of block with prolonged conduction tme
berneen 1uticles and ventricles ¢innot be determined without
the polygriph or the electiocirdiogiaph Prolonged conduction
time perhaps with occasional dropped beats mvy be the only
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so that the ventricles are stoner md perhaps wyegulac h; l:’c
latier case the heart beat sumubites sery clasely '"d"‘;‘ “':
thythm of avricular fibnttauon The xe\cuon‘ t0 carmll‘(s cs:‘; N
pressure by 2 dowed apd wregwlar ventricular Fespo :
charactensug fearure of utter but tius chnge fasts onty duning
the pressure and the rapid tegular rate promptly returns Digt
tabis sdmimstration will usually slow the ventricular rate when
the patient s therapeutic dosage 15 reached and il paents with
thus condition should have the rate properly controlled by dige
1alts medication  Under digatalis the hert usuilly becomes 1r
regular as well as slower

Aurtcular futter 15 usually dependent upon 1 puhological
process although 1t may be tovic m ongin and perhaps very
rarely may be newrogeme Careful microscopic studies of the
auricufar muscle m this condition are not numerons but they
usually show a diffuse fibrosis perluips due to chrome artenal
disease or to a diffuse leucocytsc wfilruion 1t occurs especially
1 chronic arterioscleronc pauems and mn orthers who h'(\E an
mentnal myocardins whether due 1o acme rhenmane fever
lobar pneumonia diphuhena or afier sypinhnc nfecuon A
patient baviag an attack dutin,, an acwte infection may recover
from 1t and subsequentls have no ugns of cardiac abnormality
On the ather hand those who hase aunicular Rutter 3s the tesult
of chranic processes often have some ltmutation of theww carchiac
reserie 1 the ntemvals between attachs This shows that the
venmacles as well as the aundes are affected by the myocardinl
disease 1n these cases

Patients who have had one attack uniess 1t occurted duning
W acute mlection are very hikely to have another They re
abso hikely to have auricular fibrianon etther coming on sud
denly with w atacl, of Tapd nregular ventricular action o s
1sequel to 2 period of futter The phystotogical relation betw een
flutter and hbrllatian of the auricles appears w0 be extremely
close certatn cases clisnging repestedly from one mechantsm to
the other
o T T 7 e st
the wunculy an’m‘: ;0 ed by digitalis Thus drug also affects

¥ frequiently changing flutter o fibnilla
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apl crase of heirt fulure thaugh they mny be 1 contribut
cause by lewding to cardine ftigue Tong continued rapid hey
action will lead to undernourishment of the heart muscle
conscquently to cirdine faugue and fulure but usually th
toxernt1 which causes the raprd rate dimnages these hearts mor
than the rte self

Parosysmnl tachycardsn ss often due to diserse nd often no
This 15 of course 1 distinction of mmportance and 1s to be dete
mined along such general Mites as have been detuled for pre
mature beats (page 211) The clinwel sigusficince of paroxysm:
tachycrdia differs according to the part of the heart i which
onginates Pironysms ansing 1 the quncles md 1 the wurenle
ventricular node e more often due to 1 disturbince of th
cirdirc nervous mechamsm thin to disewse Tspecially i yomn
people, they often cetse to occur after 1 ume and the hert scem
to remun intact

Ventricular tachycardin rarely of ever appears except 15 -
result of virdinc disense It 1s espeandly hnble to be crused b
disease of the coronary arteries

The chnical mmportince depends greatly npon the readines
with which the atticks can be stopped Aurculr and nods
foct are more under the control of the vagus nerve thn w
ventriculir foa and cirotid sius pressure or other forms o
vagus sumulation ncluding drugs which have this action e
more likely to stop ttacks origtnating from these foct than those
onginung s the ventricles The proguosts of cxchycrdi of
aurtcular or nodal onigm 1s therefore better mn this respect Also

AuricULAR FLUTTER

Aurtculr flutter my come on 1n sudden ttacks 1s does pr
ovysmal twchyerdin nd these attacks my end 1 suddeniy
Without n electrocardiograim 1t cannot be dignosed certunly
except alter severd observations Aurrculw flatter will some
times occur m a chronwe form persisung for months or yewrs
or 1t may give place to tricul fibriliation Since the auricalr
rite 15 usuilly between 260 nd 320 per munute the usu1l 2 1
AV ruo makes 2 ventricular rate dose to 150 the usunl find
mg Inlong continued cases the A V blocking 1s usundly grever
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reversion 1o novmal thythoa Thus for many piuents li;e onset
of permanent fibnllanon can he consideralily postpoued Bihed

When Gbullavon of the auricles 15 pcrmnnemly esta ;l:s;
the prognosss for each mdwidud case demands above }1 ¢l sxc
that the propet amount of digitalis be used mﬁ:lm\ the ven
tricutar rte and heep 1t contnwatly between 70 and 830 per
mnute while the pauent 15 3t rest Without such medicinon
the wndency 15 almast unnersilly 1o heart fmture through ex
Jmustion of the hewt musele by the rapid ventncular beaung
tWath occxsional pauents who hate a pathalogreal lesion 1 the
A\ system or a vagotoma so that a certan 1mount of depresston
of A\ conduction 1s present the rate doces not tend to be rpd
even without digatalis

The prognosts depends first of all upon mamtumng an ap
roxsmately novmal vemmcular rate wsing digitabs of s s
necesary Fren the best beart wall il sthout thas The prog
nosts when ths 15 done depends as m alt the other arrhythmrs
upon the degree of wnoliement of the ventricular muscle by
the disease which has caused the arthsthymir and upon the
mechameal handicap such as vahiular lessons or Iigh blood
pressure agunst which the muscle must work

Aurscular hbniilation 15 usually a result of myocarditts wattun
the auncles It may be cwsed expernmentally by the mjection
of certun drags wiuch dymage the heart muscle 2nd cliveally
may owur from acute tavic degeneritton due W disease er to
mfecnon within the heart stself e often occurs 18 2 result of
averacinity of the thyroid Here 1t s usually m the parovgsmal
form althotgh occasiomally 1 myy be chronic The temporary
developmem of awnculw Hbnllauon has been reported ns a

feature of posonmg by Wydrogen sulphide wnd also by carbon
wonoxde Very rarely it appears to be BLUroenic  especalfy
wnder the miluence of fatigue of exatement

The chrome form 15 wsually due ta a chrome fibrotte process
wathen the auricular muscle This may be tesidual from a former
acute condition or way be due to arterosclerasts Rheumtic
duserse of the mutral valie 1s frequently assoctted with aursey \t
m{xnllauou somenhat less than halt of all cases showineg cn;e‘n::

3

of matral stenoss while aboug the same pescentage are due 10
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tion 1f digitalts now be stopped the normal rhythm will some
tumes return but fibrillation m1y continue or m1y revert gun
to flutter, so that we muy be continually foiced to deal with
an abnormnl cwrdirc mechamsm Quuudme gren directly the
condition 1s recognized 1s usually though not always successtful
mn causing 1 reversion to normal rhythm

It the ventricular rate 1s properly controlled by digitihs the
patient cmn go tbout and do 1 great deat winle wunenlar flutter
3 present The situntion m this respect 1s quite sumlar to that
with wricalw fibullwton ecept that the ventriculr rate s
somewhat more difficult to control 1n the presence of flutter
The ulumate outlook for these patients depends more upon
the degree of valvulir diserse or hypertension the mtegrity of
the ventriculwr muscle and the proper contiol of the ventriculir
rite by digitahis than upon the charcter ot the auricular activty
The prognosts for the attick with the usc of proper treatment
1s good but the ulumate outlook 1s to be determined by the
extent of the cardine disease on such grounds 1s e chscussed
under twniculr fibnllion

AurtcuLAr FIBRILLATION

Chuucally aurcular fibullation appears m 1 parovysmal and
1lso m 1 chronic form The chronic cases often give 1 lustory of
having had one or more parovysmal atticks before the onset
of the one which finally persists As s been mentioned auric
ular fibrillation my be 1 sequel to wricular flurter When this
occurs the fibrilltzon m1y enther revert to flutter give phice to
normal rhythm or remun persistent

The prroxysmal form of auriculwr fibnillation 1s 1t Appetrs
chiucally differs from paroxysmal attwcks of auricular flutter
only 11 the wrregulirity of the ventricles The symptoms  tret
ment and prognosis are practically the stme When auncalr
fibrillation 1s long established 1t 15 usimlly permanent though
even long stainding cases hve been observed to revert for 2 tume
to normal rhythm Quunichine when properly gnen frequently
will cause even long standing ruricular fibrilltion to give plie
to normal rhythm and this w1l often remun for 2 considerible
pertod If the fibrillwion returns quumdine may gun cuse



CUAPTER VIIL

VARIATIONS OF THE ELECTROCARDIOGRAM
' RFSUL’ATIN(, FROM DISEASF AND OTHER
ABNORMAL INFLUENCES

N PREVIOUS chapters the charactensucs of the normal
I, electrocardiogram hmve been reviewed and those electro
cardiograptic abnormahiuies which may result from disease or
abnormal function of the heart have been deseribed We shall
here consider what sort of information the records ate able to
give 10 what types of pavents the records are Tikely to be of
dragnostic impartance 1nd what particular electrocardiographic
abnormahities Are bikely to be found as a result of the different
diseases and 1ntoxications that affect the heart This chapter 1s
written to pornt out the Iimtations of 1ius method of examimng

the hewrt 1nd o ndicate when 1t will be found espeailly valu
able

How 10 READ A\ ELECTROCARDIOGRAPHIC RECORD

When examiming 1 electracardiographic record 1t 15 neces
sary to have a definite. method of procedure m order to avoid
missing important but unobtrusive features such as for example
a slight prolonganion of the PR ntersal or of the QRS group
Having a defimte order for examining the numerous detarls of
the record nothing mmportant will escape notice The following
order is suggested as being logical and complete °

+ Examination of the test of standardization to determmne

a Whether the jump 15 exactly 10 mm
. b Whether these 1s overshooting at the end of the jump
2 Determine the P wave 1n each lead

¥ Determine the rate of the auncula

r systole The number
of complete heant cycles (P P mtersal) m 6 seconds (30 of the
fifth second diisions usually occupying about 15 cm of the

249
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arteriosclerotic myocardial condittons There are howeter a
certun number of hearts with quricular fibnillation whose aurt
cles reveal under the microscope comprratively httle diserse
Probably in these and m 1l paroxysmal cases abnormal nersous
mpulses are 1n important Fctor m precipraung the onset and
the fihrillrtion once started tends to perpetunte self Cases
with slight pathology 1re possibly those that revert spontaneously
to normal rhythm or do so eastly undes quuudine Cases thu
do not revert under qumdine are possibly those with more
marked structural changes 1 the auriculr muscle

A pathologcal process that mvolves the auricles nay molie
the ventricles bue hittle This 1s the reason why some hearts
with aunculir fibrillation are able to carry on the arculation
so well even under the handicap of vabvular disease hugh blood
pressure or continual strenuous bodily exertion provided that
the rite 15 kept from becoming too rapid for the ventrcles to
function at therr best If the ventricular complexes are of norml
form wd the ralvular disease or wncrewsed blood pressure not
oo extreme the patients cardiac reserve will often be good
enough to allow hum 1o do what he wishes with but shght hmuta
tion If these other factors are unfavorable the resultng hand:
cap will probably cause 2 certain wmount of crippling of the
pattents abnlity The 1ctual wrregularity wself provided the rie
1s kept withun normal humts by proper treatment probabls
handicaps the heart but bittle
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18 Note the R wave 1ts height with the different pt:m[mg‘f;
the electrode the time of 115 apex after the begmmng ot €
wath the dilferent posittons of the elecrrode o

16 1€ Q 15 present mesure s height Isat nmmnp

20 IE'S 15 present measwre s height Is 1t norma ;

9l Measure the Jevel of the ST juncuion s tus normal

99 1s the T wave upnhit or merted

93 Note the form of the 5T segment

21 \leasure the hoght of T

1NEORMATION DERISD FROM RFCORDS

Like any other single method the electrocrdiographic e
<mtmatian b more value for some purposes than for others
It can

1 Telt whether the heart beat 35 governed by stimuls from
the normal site
9

Indicate the mechamsm of any arthythima dit may he
present

3 Cree a sim of auncwlar bypertrophy

1 Record the auniculosemneniar conduction time

% Sug,est n the presence of cardiac enlirgement that the
night or left \entnde 15 preponderantly hypertrophied or that
nerther s preponderant

6 Gue an mdication of the physiological condinon of the
venineutar musce

7 Gne evdence of the action of certain drugs upon the hert
(s quimdine micotine rtcy

8 (e evidence of the 2ctton of certamn toins upon the heart
{thyrand) o of physiologieal distasbances of the metabolism of
the myocwdium {benben)

9 Show certam pecuhiar features of the waves which hase te
sulted from disease of the yentricular muscle

The electracardiogram gives s own speciat sanety of infor
maton mmely the wanner of deselopment of the electrscal
patential duning the cudiac contraction From the cure we
may dran deductions concermng the wechanism and character of
the contrachion of the muscle fibers of the heart An examunatian
of the hewrt 15 as incomplete without the electrocardiogram as
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record) 15 to be multplied by 10 and - figure 1dded to represent
any hactional pare of 1 hewrt cycle which may have been m
cluded within the b second mterval

1 Does P occur regularly or irregularlys If wrregularly hue
the P wves 2fter the short pauses the sume form s the others
(stnus rrhythmin) or 2 dufferent form (premature beats)

5 Hase the P wases constintly 1n abnormal form (height
myerted notched wide)?

0 Are the waves of auricular flutter or aurcular fibrillation
present wnstead of normal P waves?

7 Mesure the P R mnterval in order to 1ppruse the function
of wriculoventricular conduction Does the P R nterval vary?
Is the ventricular complex mussing after certnn P waves?

8 If heart block auricultr flutter or auricular fibnlltion
1s present determune the rate of ventricular systole by countng
the number of PR intervals m 6 scconds 1s described above

9 Docs the ventriculrr complex occasionally ocemn after 1
short P R antersaly If so has tlus veatricular complex the ap
pearance of the usual complenes of this record indicaung 1 nodal
premture beat or ¢ different wppearance mndiating 2 ventriculr
premature beat?

10 Are the ventricular w nes the sume throughout exch lend®
If not determine the cause for the varntion

11 Docs the QRS group show cither right or left s devi
tion?

12 Docs QRS constamtly show (1) notcung or siurrmg (b)
abnormal voltage (c) 2bnormal duration®

13 Does the ST junction occur 1t ot sufbaently near the
1soclectric level to be normal or 1s 1t abnormally elevated ot de
pressed? If so note the relion of the elevation nd depression
1n the three leads

11 Note the chuacter of the cnrve from the §°T junction to
the peih of T

15 Docs T constantly show an abnormal voltige m abnorml
directtont or an 1bnormal form?

In the precordhil Jeads
16 Observe the P wave ind measure the P R interval
17 Note the QRS durition
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cases these complicating conditions are not present and the nln
wsuat s desiation cmnat be explamed Though tius 15 rela
ey tofrequent vet the possibaliy must be emphasized 1n
order that the table may not muslead by its diagrimmatic ap
pearance

Taste IN
EFFECT OF VALVE TESIONS UPON FLFCTRICAL ANIS OF QRS

Corunmso Convraions Wisos
Woutp Exeram e Ustsuar
DireeTion OF TUE AXIS OF
QRS 1 e I RESENCE OF THE.
© Lsuat Untseat N arve Lesiow 1v Questiox

Lave

2 \Mfarked pulmonary emphy

{ 1 Normal dwrection ; * 1 o chromic tabereulons

of aus of QRS

i
M tmsul 1 Shghlefeaxs
fiaency | dowaton

Long narrow chestwithver
tical heant

3

1 Muteal stenosis

2 Comtynavonof bao ot mare
of abase factors

Right anis devia
ton

~

i 1 Early sutral stenoss
(\

Early sheht stenoss with
tong ssanding insufficiency

{1 “ormat direcnion , 2 igh blood pressare
| ofawof QRS 13 Highdipbragmwith trans
1 | verseteart
Mardate  Righpansde ! 14 Aort c msuffcrency
Ross wavon

iigh blood pressure

Aortic insufficiency
Combinat on of twa or more
of 2bose factors

»

1
Left axis devia 2
3

t
(1 Mueal stenoms
{1 ormat direcuon | 2 Marked pulm nary emphy
 ofax 1ol QRS ¢ seemacr chromc tubrereutoss
N '3 Longnarrow chestwithver
artc insul | Lefta ydeny | uealheary
fivrency uon

2 Riehtaxs devia | | M tral stenous
tlon 2

Comt inat on of two or more
of above factare

Commbined lesions are a more comphicated problem but when
the heart 1s entarged and abnormal duration or marked notchinz
ot QRS 18 not present to sndieate an abnormal pah of the e(cn:
ton us dectrical asis will indicate the ventricle shown,, pre

A
r degree of accuracy If the

ponderant fWwperrophy with a fay
cirection of the s of QLS does nov agree with the hyper
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1t 1s without quscultanon or a determininon of the size of the
heart By omutting 1y one of these methods ne mny deprive
ourselves of miormatton of considerable value m the drgnosis

Because of the effort pecessiry to obtun an electrocardio
griphic record this method of exanunation must be omutted
more often thin stumpler methods Tor this very reison the chm
cran should have clerrly m mind the hind of mformtton to be
obtuned from 1t He should know m what types of cases the
mformation of the electrocardiogrun s mperitine nd 1bo
whit 15 the hikelthood when he omits this exunmatton that he
15 missing n amportant ferture of hus pattent s discase

The problems which the physicran should refer to the elec
trocardiograph for solution will be perhaps more eastly 1ppreat
ated 1f presented s cimeal ennttes Therefore various types of
pattents with heart discase will be considered and the mmpor
tance of the electracardiographuc mformation will be discussed
mn cach category To group the pauents for this presentation
prommnent clinreal fertures will be used such as the presence
or absence of symptoms relerable 1o the heart (dyspner edem
or pun on effort) vihvalar disewse cardiac enlargement md
wregular heart 1ctton 1s well s the nfluence of certun path
alogicl entinies such as congemtal tbnormality or cotonry
thrombosis or of certun etiologteal factors such s rlicumatic
fever or diphthern

VALVULAR DisFasg witn Rreurar HEART

Patients with vahvalir disese and 1 regular heart wath or
without carditc enlirgement fiequently have an clectrocardio
grum 1ndicaning preponderant hypertrophy of one or the other
ventricle Thus finding my be of assistance m the diagnosis of
the vaniety of vilvular disexse provided that the evidence from
the murmurs alone ts not conclusne The subject has been
thoroughly discussed 1 Chapter ut and Table I my senve s
 summry of whae has tireidy been sud It must be emphas zed
that this 1s 1 dingrunate presentition and that there Are not
wnfrequent exceptions to the usual findings here mdicated In
many cases these exceptions mvy be expluned by the presence
of the conditions Iisted 1 column 1 of the table but i other
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WiTHOUT VALVULAR DISEASF OR ARRHYTHADA

Patients with symptoms referable to the heart but without
slvular disease or arrwthmin may be suffering from neuroar
culatory asthena or hy perthyroidism or coronarsy antenoscleross
Those with neurocirculatory asthema do not uswally show ab
normaliues of the ventncular waves for there 1s no myocirdin
diserse present 1 these cases but occrsiony) exceptions are
faund 15 will be mentioned lter shen the electrocardiographue
findings n tlus condiion e discussed m detul The effects
of hyperthysoidism and of coronary anenosclerosts upon the
elertrocatdiogram are tiscussed i detnl later It % 1 suffice to
say here that those wath hyperthiyrordisi Trely show abnormat
thes of the electrocardiogram to wndicate myocardinl disease
unless the condutton s mrrked winde those with coronary arterio
sclerosis often do so even though the heart may not be enlarged

Panents m this group who hue cardiac enlirgement and
symptows of crculatory nsufficiency often show tbnormal elec
trocardiograms They may have a diffuse myocirdinl degenert
ben due W covomiry narrowing or to mutuple fowr of wflmmy

uon wutun the muscle and aboormal ventncular wases are found
i about 85 per cent

CTONGENITAL AB\NORMALITIES

Patients with congenttal abnormahues of the heart often give
 elecrocardiogram with night 1s deviation of QRS and an
anuswally favge voltage of the QRS gronp “Most of the important
congenual abnermahives throw 2 greatly ncressed stran upon
the night ventricle and the vesulting hypertrophy causes nght
aas desition of QRS Neither patent forumen avale nor ntra
ventncular band wsually leads to changes 0 the electrocardia
#rm Heans with eongemtal abnormahties often hse varauons
i the distnbution of the wriculosentreniar conduction S‘,slen‘l

T
hese vitations occastonally cause thmormal duration and notch
g af QRS asis seen 1in higure 39

mi{[c:xﬂy Schmuther has collected the electracardiograms of
awtopsied cases and grou o

ped them according to ¢
: e pro
domunane congenutal defecy The most xmportantg mngcnr:lael
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trophy that nuglht be expected to result from the mfluence of
the conditions we hnve dingnosed we should then carefully seek
for the rewson ot the disagreement Perhaps 1f night as desn
tion 1s present m assocrtion with torue msufficiency we may
be led to change our wmterpretation of 1 duistolic rumble at
the 1pex md consider 1t due to mitral stenosis rather thm to
the Tlmt mechamsm Perhaps i 1 sewrch to explun 2 left s
deviation we may 1ttch 1 greater sigmbance to a shghtly rused
blood pressure ot Imd 1 funt murmur of rortic msufficiency
which had previously been nussed

The directon of the electtical 1as of QRS 1s mfluenced by
other factors than those shown m the table and occasionally
n explintion of the findings 1 1 grven cise will be mmpossible
Tius my be because of wfluences of wluch we are unsare
the particular cse or because we are unible to properly evalu
ate the resultant of several mfluences which may be present

IrrFeuLAR HEART WITHOUT VALVUIAR DISFASE

In patents with srregulir houe wcnon without salvelr dis
exse nd without cardine enfugement or symptotns of ¢irdinc i
sufficiency the arthythmiywill almost 2lwys be due to premature
beuts It 15 rire for the electrocirdiogtams of these patients to
show m abnormality mdicrting sentricular myocardial changes
Perhaps m only 2 or 3 per cent will this ocan and these wall
usually be cases with n artentosclerotic ctiolog:

When cwrdic enlirgement or symptoms of cardirc msuffi
ctency or both are present the mreguliniy 1s usunlly due to
aurtcular fibrillation  The 1ccord will generdly shon only 1
left ais deviition of QRS of greater ar less degree but perhaps
15 pet cent will also have abnormal ventriculu complenes
diciting muscle disease This will usually be due to w wtene
sclerotic form ol hewrt ciserse though occistonnlly the etiology
will be rheumatsm or thyroid dysfunction Heart block occrsion
ally occuts wn pattents without sahvulr diserse but at 15 more
usually assocrated with 1 slow wnd regulw rhythm tha with m
xrrcguhr one that s block 1s more usuilly complete thm
mcomplete 1n these cases
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n
Jatter conditions wiil not tause the typieal abuormat features &
the record

ARTFRIOSCLFROTIC HEART DISEASE
COROVARY ARTERIOSCLEROSS

The three mawt chineal manifestations of coronary artenio-
sclerosss are assoctated with abuormal ventncular wnes with
Aifierent degrees of frequency Pattents who have arrhythma
from this canse whether aunculac Gbrllation auncular flutter
heart block or premature heats are more Tihely than not 1o show
\entricular wayes which are normal except perhaps for 1 felt axis
deviauon of the QRS group 1n these patients the disease 13 TnOTE
marked 1n the wncles or 1n the junctional tissues ot 1f the pre
mature beats have a ventncufar ongin enly a small ventneular
facus need be affected In these cases the ventricles are often bt
bule involved Ou the other hand a certain percentage of these
pauents will bave besides the arthythmin significant tbnormaly
ues of the ventncalir wanes such as descnibed 1n Chapter n

Patients who show cardiae msuffictency as the dhef chinieal
mamfestation nswally are found to hnve abnermalities of the
sentnenfar complex A considerable percentage of these patents
w2t show abnormal inversion of T or notching of QRS or both
Bundle branch block 1s not infrequent 1n these patients

Thote uho show the anginal syndrome as ther cluef mny
festation also ave very hiable to have abnormalitses of the ventricu
lar waves Of the patients who suffer from the angina of effort
bouc one third will show the coronary T wnve Another third
nall shaw other abnormalines of QRS or of T such as notchun,,
or slurning of QRS or imversion of the T wave a large Q wue
1w {ead 3 15 not uncommon 1 records fram thss 1ype of pauent
The remaiming third of thes group will not show any sigmficant
abnormality of the ventricular complex except perhaps a left s
devithon of QRS o such PAILNIS 31 2 Bkely that the coronan

anlcrmsclcmsu has not set progressed sufficiently or that the re
suiting coronary nsuffictency has not been present long enough
o have maen mse 10 pathological o M

changes m the myocardium
¢ must be bome 1 mind thouh  thar mnor myocardial
changes may a1l o gie mise 1o electro

cardiographic abnormal
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lesions were associnted with specil clectrocardiographne features
s follons

Coarctatron of 1ortr with Jeft 1:us devition of QRS

Patent forumen ovale with no spearnl fextures Fxen if  large
opensug s present there 1s only 1 shght tendency to have nght
ans deviation of QRS though large P waves ind wwricular fibrith
tion 1lso occur

Interventricular septal defects wath negatn e or shight rght s
dev1rtion of QRS 1nd possibly evidences of disturbed AV con
duction or bundle branch function

Patent ductus rteriosus with ne abnormal 1us devintion of
QRS

Pulmonic stenosts wieth marked right s deviation of QRS
nd Inrge P waes prrucniarly in Lead 2

Tetrtlogy of Fallot with moderate to marked night s desn
tion of QRS possibly also mncrewsed AV conduction or mtr
ventriculn conduction

Congenital transposition of the heart 1ts apex bemg turned
towrd the right mstexd of the left gives rise 1o n electrocardio
gram suggesting 1ight asas deviauon by the small or absent R
and deep S Lead 1 but can be distinguished from thus by the
fact that not only 1s the predomnint wave of the QRS group
dnected downward m Lewd I but the P and T waes 1lso e
downwrd m that lexd It 1s s 1f 1 normal Lead I were turned
upside down and this 1s practrcally shat 1t 1s for the rght arm
wire which 1s normally pener to the rwricles and the basal put
of the ventricles 1s now because of the transposttton of the hert
nearer to the picl part of the ventricles Likewse the leftrm
wire msterd of being netrer to the pes s now nteirer to the
base of the hewrt The currents i the hewrt develop normily
but owing to this different leading oft fiom the heart to the
galvanometer the curve by Lead 1 1s turned upside down that
by Lead 2 1s what we ordimrily obtun by Lewd 3 md thnt by
I e2d 3 1s the ordinary Lead 2 considering their true reliion to
the heart A reference to the diagram of Figure 2 will make this
plun The typical electrocrrdiogrum described will md m dis
tinguishung 1 congentt il transposed hent from one which hies on
the right side, becwuse of plenral or medisumal diseasc The
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ael
re of the hmb Jeads 1t 18 fomd 10 be suml:d ‘dcﬁx;e“ 1)
m}z)\e or below the zero Jevel In certam yecorsls o ‘\e ;\u.
;:mn wmay be so shight that 1t does not exceed that shown by 1

[
3y P
e d ks pigig

,.me‘
1Yy e AN

o

R oo a.;“,-r"‘u\\

‘ bl
A

Fr, 63 Threc tecords from 2 ptient showing the proeres ne chan,es z_:_!;r
£ard ¢ mlarce o 1fecune the d 2] hragmatic portion of the left ventude The
changes are of the @3 I 3 tpe

A x‘{ﬂ\\x Tecord was made the day foloning the attack anl shuwy an rlevaten

of the T junction wn Lead $ wiile sn Lead | A portion of the turse 18 below
the cera tevel

» Thy secord ohbtatned sesereen days tater shews the change of T 2 and
T 3 to mserted w2 & suggesting the coronars feature but £ot showing 1t type
calls T 1 now hasa pormal appearance The QRS group of Leat 3 18 now repre

sented 1y 2 QS wave tmarked %)
i

Teord 6hva med v vears afier & shots a T wave which viewed 2
an solated feature could not te called at mormal although W w downwatd s
Tead Sand ha orh 2 wmalt amplitude 10 Lead * The QS wase fmaded §) still
per o

uonal normals (Fi, 14 but typreally 1 exceeds the huat of
normayf waruon by from 1 omm ta 5 mm i Gifferens leads
Fram the 5T junction the curve passes 1o the pet of T by a
stimght hine or by 1 curve that 1s coneave toward the baseline so
that\f st anises aboy e the bseline the peak of T frequently shows
a brond vounded contour 15 1n 1 ead 3 of Figure 63 A s Lead U
of Figure 61 A and i 1 cads 2 and 3 of Figure 6, & Because of

the breadih of the peal of the T wne the descending himb 15
Gune Abrupt as m Lead 3 of Frgures 63 4 and 65 4 (Seealso Fig
17 ¢ mdn)

Tlus devanon of the §-T funcuon and the broad rounded or
phiteautike T wane 15 assoctated with a Yocahized area of cute
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ttes Occasiomlly patients with 1 norml electrocrdiogiim who
m1y o1 miy not hve Ind preceding gl symptoms die sud
denly from coronary thrombosis Tlus shous dewrly that
artery may be senously diseased nd yet not cwse recogmzable
change n the ventircular complex

Records made dunng attads of g pectons hime fie
quently been observed to show changes m the ST seqment wnd
T wave which disypperr after the cessation of the attach These
changes usunlly consist of 1 departure of the 8T junction from
tts prestous level and sometimes 4so 1 vuntion m the apper
ance of the S T scgment so that the record may shightly suggest
the 1pperince chuactersstic of mfrction or more closely 1e
semble the chnges found during healing of an wfawct Comer
dent with these chinges or cven without them the T wnve my
become smaller or may become mverted In occastonal instnces
1 bundle brach block curve was present durmg m 2tk of
g pectorss hut was not present m the mters s betneen
attacks

MY OCARDIAL INFARCTION

Patients with myocudial mfarction due to coroniry thiomhosts
will show  abnormality of the electrocirdiogram i practically
cvery case f more than one 1ecord cn be obtuned dunmg the
first weeh 4 single recard will occastonally tul to show dignoste
changes for these wre sometimes Ite m thar onset wud sometimies
transtent As 1 rule however changes we present withm 1 few
hours wd persist for sevesal weeks o1 even months Beomse the
changes occasion illy ue trwstent 1ccords taken alter the second
week o1 even exrhier m some ¢ises may il to show evidunce of
an abnormality which was previously present An mibaction
which 1rses m the comse of extensive caronary ’lllflll}?(lLl()Sli
1y not he due 1o 2 recent coronry thiembosts bue the chnges
1n the electrocardiogrm are of 1 sy charcter

§ 7 qunctron and T uare Soon Aiter the occlusion the put of
the curse most strikingly 1ffected 1s the ST segment though
QRS md T my 1so be chnged (Figs 63 63 wmd 65) The
1ypicl feature of this stage 15 that the 5T junction docs not
lie s normaily nen the b weline of the record but mn two or
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pas been describied as the coromry T wane 15 produced (€ ’e'\d 1
f Fig 63 ¢ md of Big G3 ) This consists of an ufrs wd con
(\)cxn: of the 8T se,ment the Temmnt of the ongal broad

Fi 6; Theee rerards from a patient thewine progrewne chanees following

ardsac infaresson aflecune ¢he antenar part <f the left ventncle The changes are
of he Q1T tspe

A This recor) of tamed two hous after the atiack begwn shows 3n elovation
fthe 5T junct on w Leads 3 ant o and a depreson Gf ths pomt Iclow 2en
i Lead 3 Thete 13 1oy veliage ol QRS and a smafl © 3

B Th record obtamed sixicen dav Yaer showsy a chan et T 1and T 2w
wpel T onan T wa ee ¢ phant (+ =) aves with an upnard comvey 8 the
first bumb o€ T T 8 30 st ows <ome dej resmon «f the § T <epment

€. Ths tecotd ohraimed theee manths after recon] & shows {urther changrs
T 1 the ST segment now starume stightly below the 2¢t0 lesel The T wae 1w
Lesd s of vers smalh smphtude anl w diphasic (+ —) T Y has 2 norma) ay
pearance The QRS volte ¢ 1} v and feads 7 and 3 shew R and S <f about
equal s 7e

upward T followed by adownward T wate Winde this sequence
of changes 1s akang place m the lexd which ongmally showed the
clevited 8T junction the reciprocal lead 1 or § as the case iy
be shows a gradunl return of the § T scgment to normal so that
when the styze of the coronary T wave has becn reached 1n the
tead showin,, the major distusbance of T 1t 13 usunl for the T
wave i the reaprocal lead 1o have « tormal pperance (Figs

Gy and 66 Ay This sertes af changes was first demonstrited 1y
che humn electrocardiogiam by the anthior m a case showin,

the typiead festures i 3 eads 2 and 3 and has subsequeantly hcct
confirmerd Iy Parkenson and Redford and later obscrvers Sty
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degeneration of the ventricular myocrrdium such s 1s produced
by mfarction It nas first observed by Ippunger wad Rotliberger
followng the myection of silver nutrxte wnd other corgulatne
poisons into the ventriculwr musculture nd first m chimeal
records by the nuthor Parkinson and Bedford were first to point
out 1 recipmocl relwonshup of the ST segment nd T nave
chnges m Lewds | and 3 When the typietl elesated § T juncuon
1s found 1n onc of these lewds there will be 1 depression of the
ST juncuion m the other lexd The subscquent course of the
T ware m ths reciprocal lead 1s occasionally symmetrically simi
I to that of the curve following the elevated ST junction m
the typical Tead except that the wave 1s imerted  Usunlly, how
ever the depression 1s not so marked m the reciprocal lead 1s 1s
the elevation 1n the typrcal lead and 1t 1s usual to find that fol
lowing the depressed ST junction the ST segment crosses the
zero level to form 1 small upnard T wave 2s seen m Lead 1 of
Tigure G5 A 1nd Iead 3 of Ngure 64 A This wave 1s the reverse
of that n Tigure g2 1

The typreal $ T desiation of the acute phise m1y pperr withm
an hour or two of the time when the infarction occurs or may be
delayed unul the third day or even Inter It may persist in typreal
form for 1 pertod which varies i different cases from twenty
four hours to 1s much 1s ten or twelte dys usually from five
to ten diys These varations probably depend upon the extent
and siturtion ot the leston ind the abihty of the collteril
anastomotic airculition to restore the injured arer If moarked
S T displrcement persists for an unusually long time 1t 1s probably
due to a continued stite of degeneration i 1 area of muscle or
to 1 progressive degenerition of new muscle fibers

As healing of the infarct progresses 1 characteristic series of
chinges devclops m the T wave of mfrction The descending
Itmb of T begins to piss shghtly below the zero level so that 11
mverted peik follows the broad upward deflection which still
remuns Thts wppearance 1s seen m Figure 42 1 and m Leads 2
and J of Figure 6, o Lead 1 of Figure 68 A 1nd to 1 very shight
evtent m Lewd 3 of DNigure 63 o The 5 T junction pridually
approiches the zero level 1nd s 1t does so the downs rd pek
becomes deeper unil eventually the diphasie (+—) form which
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s gues place o

5 of the acute stage thus g

The typical ST devpano lace ¢

! com\?ar) T waie 1n 7 ranable ume Winle thus hl‘ r( p\“
O

C\I:l:ml) 1y oceasionally be established s soon 1s thenty

- P

oA ST L
P ) }' IS
¢ | \

v v

Fio 66 aanis Showing the upward comenty of the ST se ment that appears
+ th beahn,, after coronary artery ocdus 1 This cunve 1n heated 5y the arrr s
(the eure 10 Lead 3 of record A 1s not nprcat)

< Blustrating the staot of healng w the e from whith 6 » had been

dbgamed Note (he downwatd T wart waih sleaed 3T wn Leal S and the
depresed S T m Lend §

hours after the attack 1t more usually appears between the fifth
and the tends day and sometimes not until twelie or fourteen
dyshave elapsed Figure 6, A 15 2 record obtained sery soon after
the attach Figure 6, ¢ was obtained from the same patient four
days later wmd Figure GG a about tae weeks after the auack
Figure 6, 3 was obtaned from another pauent soon after the
attack and Figure 66 ¢ from this panent exght days later

Several authors have published electrocardiograms obruned
from the humn heart after higating the anterior descending
branch of the left covonary artery 0 the course of the surgical
procedures resubting from a wownd of the heart These cunves
tlosely rescmble the ones deseribed and dearly prove that thesc
way be cased by coronary ocelusior Stmar changes followed
the suturing of 2 wound m «ie anterior and apioaf part of the left
vemndle even wathout the artery or ven bemng ligated so that 11
1s endent that the changes o the S T segment and T wave are
due to an area of degencration 1n the myocardium

The duphrcement of the §T segment resulng from acute
myocardial degeneration 1s probibly due to the disappearinee
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had previously demonstrated 1t dogs after ligition of 1 cor
onry brinch and 1 association with Herreh hrd published 2
hunan record showing the corony T wasemn ead T Parkinson

Lig 6, o OUutuned soon after the occlusion occurred from the pabent whe
later gve ligure 6, ¢ nd Tigure 66 A4 The arrow wddcates the elevated ST
Juncton and broad roundcd T 3 1e which 15 the chanicten te ferture of yecent
mfarction This 1s also present in Tead 2 while m Iead 1 the ST punclion shovs
the nprer} reaprocri depression with broad rounded imerted 8T segment
(marked T) folloved by 1 small upward T wave

® Gbtuned soon 1lter the attrck from tie pauent who later gave Fioute 66 ¢
Note the elevated S T junction and broad T waie m Lead 3 and slight depression
of the $T segment m Lexd 1 with upward T

¢ Intermediate between Tigure 6, A and Tigure 06 ¢ to show the clunges m
the ST scment md the T wave whrch tike place as the mfuct hews The
elevation of the ST segment in [eid 3 has become less and the htter prre ol
T 3 hirs become 1 down ard pek so that the wave is diphasic (+ =) md of the
coranary tepe This 1s dess esudent i Tewd 2 The smalt @ 3 of [igure 6, 4 has
gnen place to 1 wide Q5 3 (marked S) In Lead 2 howeser both Q and R are
present

and Bedtord wete the fust to point out that this scries of changes
m the §T segment wd the T we duwng hedmg would be
observed m whichever lead showed the mjor disturbance of the
§ T segment with elevation directly alter the mfirction whle the
recuproctl chinges would apper i the other No matter whether
I end 1 ot Lexd 9 shows the elevated S T junction ed 2 usutly
shous changes of the general mature of those found n the lexd
with clevtted $T seyment but shows these ¢hanges to v less

marhed degtee
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ace 10
The typrcal § T deviation of the acuic stage thus gres plac '
the coronary [ watem a Jariable nme Winle thes lmerrp .
. oul
cuhariy may eccwsionally be est blished as sooR 15 twenty

— = el
F‘f"'-“fi.’ijwfif?'—’:” i

Fig 66 aand s Shov ine the upward comesity of the $°T tegment that appears
withy heal n,, after coronary atiery occhn 1o This curse s m hicated Ty the artows
(he cutve an Lead § of secord A 1 not wpual)

© M tratn, the stage of healine 10 the cose from which € 4 had been

obramed Note the downwmrd T ware wihy elevated 5T on bead 3 and the
depresed S 1n Lesd o

hours after the attack 1t more usually appears between the fifth
aad the tenth day and soweuraes not uotl tuelse ov fourteen
days hane elipsed Figure 6, A 132 record obtaned very soon fter
the attack. Faguee G5 ¢ was obtawned from the sune pauent four
davs Luer and Figure 66 A about the weehs after she atreh
Frgure G, ® was obtained from another patient soon alter the
attack and Faguse 66 ¢ from this pausent exght days lter

Several authors bave published electrocardiogrims obtaned
flom the human heart after higatng the antenor descending
branch of the fefi coronary rtery m the course of the surgmcal
procedures resulung from a wound of the heart These cunves
closely resemble the ones described and clewrhy prose thar these
mav be caused by coronary otclusion Simatar changes followed
the sutaring of 3 wound sn the anterior and apical part of the Jeft
\emn(;lc e\:n \«\d\m‘n the artery or vein bew, higued so that it
18 evident that B
due 10 an ;ue:: ;‘(‘i\;’::;‘e:\xfn‘:‘: ﬂS\;r ’;e{,'mtm T e are

yocardinm

The displacement of the §T segment resultng from acute

myocardaal degeneration sy probably due to the disappearance
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nd previously demonstrated 1e m dogs after Ligation of 4 cor
onary branch nd m assocration wath Herrick had pubhshed a
human record showing the coronary T wave n 1ead 1 Parkmson

lig 6, 1 Obtuned soon after the occluston occurred from the proent who
later gave Tgure 6, ¢ atd Bure 66 « The arron ndicates the evated ST
unrction andd brord rounded I wave wiuch s the charcterntic ferure of recent
snfarction This 1s also present in Tead 2 whide m Lead 1 the ST junction shows
the el seapracal depresson wuh broad rounded wnerted 3T segment
(marked T) followed by 1 small upward T nae

# Obtamed soon after the attack from the patient who hter gae ligure 66 &
Note the eles ited § T junction and broad T wne m Lead 3 and shigit deprowion
of the 8T segment an Leid ¥ with upward T

¢ Intermeditte between Ligure 6, 4 and Tigere 66 4 to <how the diinges m
the 5T scgment 1nd the T wate which tike phice as the anfarct heals The
daration of the $ T segment m Lewd 3 has become devs and the Tater pant of
T 3 h1s hecome a dounward perk so that the v e 15 diphasie (+ —) and of the
coranary type Ths is less evtdent 1a Lead o The small Q 3 of I'gure 6, 4 has
given place 10 1 wrde OS 3 (marked %) In Lead 2 howeter both Q wd R re
present

and Bedford were the fust ta pomt out that dus sertes of chges
11 the ST segment wd the T nne during heing wounld be
observed 1 whicherer lead showed the mayor disturhance of the
§ T segment with elevition directly after the mfarction while the
reciprocal changes would appear m the ather No matter whether
Lead I or I exd 3 shows the elevated 5 T junction 1 ead 2 usunily
shows changes of the generd nature of thase found in the lead
with clesated ST segment but shous these changes to @ Jess

mtked degree
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The typical $ T deviauant of the acute stage thus Lnes place 10
the (argnpnn T wave in a rariible time While this ltmtrI pcr
culiaraty Ty occasonally be established as soon 18 twenty tou

N L
D
= A e FL iz
A »
fi 6 aand® Stowine the up ard comvexins of the S T segment that appeart
Wh heahn afrer of ropary artery occly wn This cune 1w nduated T the azons
ute curse i Lead 3 of rerord a 1 not tpical}
© Hilustrain, he stage of healing wn the case from which 6, & haid bern

dianed Nate the downward T ware wih deatet 3T in Lrad 3 and ahe
deprevied T 1 Lead 1

2} i “":"‘x"‘;’“‘ ,‘
N R [

figurs after the attach 1t more usually appears between the fifth
and the tenth day and somenmes not unul twclie or fourteen
davshue elapsed Figure 6, A 352 record obtamed sery soon After
the attack Fryure by ¢ uas obtuned {rom the same pauent four
days later and Figure 66 A about two weeks after the attack
tigure 6, & was obtamed from another patsent soon after the
avack and Fapure 66 ¢ from thns panent exght days Inter

Several tuthors have pubbshed electrocardiograms olrz.nee
from the bumn hewt slter bgiting the antenor devens «
branch of the teft corommy vitery 1 the tourse of the 1 _eu
procedures 1esulung from 1 wound of the heart These e
dme\l\ xesem\:‘\ehd\e ones described and dearly prave ¢ e ¢ e
may be case coronar
\\\e) suturing, of :;1\0‘\)\\\\': :n)x’:e«d‘::::::)r i::;d" Chl“@’“ flums
sentricle e\ﬂen without the artery or % PR F L
1 evdent that the changes 1y the s‘;‘“ pewns hisated u dh M
due 10 an vrea of dcufn;:mnn h eomens and T

8§ n the myocardyn

The displacement of ¢ n
e

- sy he ST sezment resolun, from
1 bable o e
p €3¢ 10 the disy ez yo o
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during systole of the current of myury 1t the boundaries of the
mfarcted et The later T wave changes are probably the result
of 1 prolongation of the duition of the contraction n the nyured
myocardiil 1er The QRS changes later to be described nd
which 1re more permanent are probably due to the absence of the
clectric forces thit were normally produced by the wfacted
muscle

Changes w the QRS group Wilson and lus associites hue
pomted out thit records showing the elevated $ T segment nd
Inter the coronry T wwe m Lead 1 frequently also show a
defimte conspicuous and rather broad Q wive m this lead md
1 deep S wivean Leads 2 md 3 The QRS group of these records
s 1ts smallest deflections m Lead 1 (Tigs 64 and 67) and often
2s1n Tigure G there 1s 1 low voltage of QRS mumfested by low
wnplitude 1 all lexds They so 1¢ emphasized the authors
previous obserytuon that recotds showing the elesated $T seg
ment d Iter the coronmy T wave m Iad 3 frequently
shoned 1 Inrge Q wive mn this lexd They pomted out that some
tumes there 1s no R wave m thss lead as 1 DNigures 63 & wd ¢
and 65 ¢ so that the QRS group conssts solely of 2 wide down
ward deflection QS which they cailed Q becruse they beheved
1ts siguficance was the same s that of Q In tecords with Jarge
Qs or with QS, there 15 iequently wso 1 Q wuve n Tead 2 This
lead usually shows the smillest QRS deflectrons of 1ny of the
hmb leads (Fig 65 ¢)

They suggested that one might speak of 1 Qs Ty type of
sentricultr comples mening that 1 promment Q or Q5 wue
and the elesated 8 T juncuon with the subsequent changes dur
wng healing which hive been described were found associated 1
Lerd 1 One might atso speak of 1 Qs Ta type of ventriculr com
plex meanng that analagous assoctated changes of QRS and of
T were found 1n Lead 3 These typical 1ssocintions e not mfie
quent but there are many records that ful to show 1 combmtton
of QRS and T changes exactly fulfithng exther category The T:
changes are furly common without the Q, fexture and the QRS
changes m1y be present i exther lend with normrd T waves The
changes it the QRS group resulung from coronary nwrouning o1
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occlusion ate moTe permanent chan the cinges 1 the T une 510
that a large Qs or Qq ar the sbove described QRS comples wueh
small deflections 1n Lead 1 and rehatnely tge § wd S wy

vy Ltg
T;§ i o
‘ %)
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Fi b\ record of the @ 1T 1 type incicating antenior infarcion \are the
5T elevation m Leas 1 and depressien w0 Lead 3 a%o the smalt R L with lar ¢
§9a0d § 3 In the precordial leads rote the abeent P v ade eveept bervond e
2pex and the elevated § T sogment most marked at the apet and bevond

persist {rom an ofd lesion and complicate the picture of 1 more
TECONt one
Barnes and W hutten first demonstrated that records correspond
i, to Wilson s Q; T3 type with an 1l glevanon of the 5T
function 1in Lead 3 eventually developing a downward Ty (Figs
63 and 6;) and frequently also showing 1 large Qs at QS; we
obsaued {rom cases whach are found W autops) to bvne o
fartion m the posterior or draphragmnuc poruon of the left
veatricle with or without ivolvement of the apex This repre
sents the usual area supphied by the posterior descending branch
af the right coronare artery Lalewise records of the @, T type
withmodidications of T Lead } (Figs 83 67 and 68) and often
with a smatt or large Q 1 fins Jead will show mfarction tn the
anterior portion of the Jeft ventrule possbly alsa mvnlving the
apex or sometimes 1n the apex alone This 15 the usual area sup
phied by the anteriar descending brwmch of the lefs oTowaTy
In the precardial teds +iso the §T yencvon and T wase are
affected by myocardual infarcuion and the changes are similar to
those seen in the deads from the extremities The direction of the
;\‘r‘r:n:hr:als:l::zu::: (:1(, rS“;X“ :T(T m the precordial leads 1s usy
ound 1 Lead 1 With antenor
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during systole of the current of mjury at the boundares of the
mfrcted wer The Iater T wave changes are probably the result
of 1 prolong1ton of the durition of the contraction i the mjured
myocardiil mer The QRS changes later to be described wnd
which are more permanent e probably due to the tbsence of the
decnic forces tha were normally produced by the mfarceed
muscle

Changes wn the QRS group Wikson and his ssociates have
pornted out that records showing the elcvated ST segment md
Iater the coronary T wave m Lead 1 frequently also show 1
definrte conspicnous and rither broad Q wave m s lead and
1deep SunemIerds 2and 3 The QRS group of these 1¢cords
has 1ts smallest deflections m I ead I (Nigs 64 nd 67) 1nd often
asan Diguie 6y thacas vlow voltage of QRS mamfested by low
amplitude i all lexds They also re emphastzed the authors
previous observation that records showing the elevited 37T scg
ment ind Ita the coronuy T wne m Lead § frequently
showed 2 Jarge Q wave i this lexd They pomnted out that some
tunes there 15 1o R wave m this lead, 15  Tigures 63 5 nd ©
and 65 ¢ so that the QRS group consists solely of 1 wide down
wad deflection QS which they called Q because they beheved
1ts stignaficance was the same s that of Q In records with Iarge
Qs or with QS; theve 1s frequently 1so 1 Q wanve mn Fead 2 Thus
lead wsually shows the smallest QRS deflections of amy of the
himb leads (I'ig 65 ©)

They suggested that one mnght spenk of a Qi Ty upe of
ventriculir comples meaning that 1 promunent Q or Q5 nne
and the elevated $ T qunction with the subsequent chnges dur
ing healing which have been described were found wsocrted
Lead 1 One might 1lso speak of @ Qs T ty pe of ventricular com
plex menming that anlagous assourtted changes of QRS nd of
T wert found 1n Lead 3 These typica] associatsons e not wlre
quent bat there are many records that ful to show 1 combimnon
of QRS and T chinges exactly fulfilhing erther category The Ty
changes are furly common wichout the Q ferture wd the QRS
changes my be present in erther Jexd wath normal T wves The
hanges in the QRS group resulting from coronary narronng or
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which my have 1ts upward poruon quite defintely cnmc‘\ ing
< resembles the coromry [ wase Thisas seen in Lewds
and CF 5 of Fagure 68 A wiule more typical coronry T wanes
are seen m Leads EF 3 4 T and CF 5 of Tigure 68 v winch repre
sents a later stae of healing
The mverted T wave often 1ncrenses in amphitude durmg the
process of healing of the infret and may rexch 3 very tge st
mewuring over 15 mmn asseen i lend 4 ¥ ol Fgure 63w Wb
further progress of healng the amplitude gradually dmmmshes
and the wave may become isoelectric and perhaps evenmually
upnght
The ORS group tn the precordind lexds underpoes choractey
1suc changes 1s 1 result of mfrcuion of the wtener surfact of
the heart The wost importam featnre is the disappenrinee of
1he honne which 1s most hikely 1o necur 1m Jeads from the stermal
e parastermal positions less ot the apex. The QRS group usully
consssts of 3 Yarge Q8 deflection but thus deflection wmy some
ey be of small size n Tead IF as m Digure 67 The dis
Appetance of the R wase 13 behieved o he due ta the necrosts
of the underiying musde Leads from the apex s show 4
farge Q and smill R and possibly also m § wave 1s i Figure 6%
Such complexes have heen observed it expersmental work 1t the
margin of the micted area or when necrotic muscle 1s covered
by 2 fayer of relatnely undamaged muscle beneath the pen
cardum In precordsal leads as in leads from the extremitics
the QRS group 1s less lable to return to normal thwy 1s the T
save so that the absence or nnusuily small si7¢ of k m one or
more precordrnl deads may be the sole ressdunl sign of 1 healed
amenor wmfarcs Thys would be especially mportnt 1f found 1n
a lead from the apex shere R 15 ordimrly Jarge
With wfareuon of the posterior or diaphra,matc portion of
the ventrscles precordind terds are not as Uhely 1o shaw chinges
:ls)t‘:h:‘a\m:h:“\h:;: :!renﬁt;::(m but nesertheless 1n certun cases
e chnges thin do the himb Jeads
I‘\tnfs:::lﬁl ;;l‘\lﬂlh :;zfcxr e wwally simlar 10 those char
went of the ST \mluo :fsc ‘535€i s o downward dﬁp‘nm
n. upeard (leﬁ N and scgment the T wand atself remaimn
g Gy A) Thaugh the changes of the ST junction
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mfarcts the T wave chwnges re usually much more definite 1n
the precordint lewds thwn m the lewds from the extremuties
Ruely the oppostte 1s the case The charctertstic appearance of
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Ty, GR Two stages w the deelapment of the chan e in the precordml leads
record from the sane papent

A Thes record obuned shardy after the mfaret shovs the @ 1T 1 type of
complex with ST elevation n Lead 1 and depres ton an Lead 3 In the pre
cordal leads R 1s absent 1t the parasternal hine and w small 1 the apex where
there 1s 2 hrge Q There 1s alo a large Q an Lead €Y 5 T 1s diphasic (+ ) m
all precordial leads and s of the coronry type 1t the apex and beyond

B Obtained ten days Tuer shows 1 large Q and coroniry T wae m few |
In the precordnl leads QRS is as in record A The T wave 15 of the coronary tipe
i Leads TT 2 TI 3and 1 F nd in the last of these shows large amphtade

the precordin! lewds with antertor mirction shows 1 pronounced
clevation ot the § T junction wd ST segment usually more
mrhed 1n records fiom netr the tpes thn from ner the sterma
border (Fig 68 A) The more numcrous the precordid pomts
showing these T nave changes the more widesprend we would
expect to find the ihrcted arer With the progress of healing
the §T segment becomes less elevated nd the lst portion of
T dips below the zero level to form 2 diphasic T nue -+
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which may have sts npward poruen quute definuely a‘m;;‘c :;n;‘-
so yesembles the coromany T wwe Thus 15 seen xT y
and CF 5 of Figure 68 A wlile more tvpical coronary T waes
areseenn Teads FF 3 4 Faond CF 5 of Tigure 68 n which repre
sents a later stage of betling
The mveried [ wave often wcreases w imphtude during the
protess of heating of the faret nd may rexch a very frge sue
15 mun asseen wn Lead 4 F of Digure 68 Wath
TEASHTING Ot ex
further progress of healing the ampluude gradually innnshes
And the wase may become soelectnic and perhaps eventually
upright
The QWS group 1 the precordial leads undergoes charcter
e changes as a result of wnfarction of the antersor surface of
the hewt The most important fewture 1s the disappearance of
the R wave wluch 13 most likely to ocenr i leads from the sternal
and parasternal pasitions less 1t theapex The QRS group usually
consusts of a hirge QS deflection but thus deflection ma some
umes be of small size 1n Lead 4F as in Figure 67 The dis
appearance of the K wase 15 believed 1o be due 1o the necrosis
of the underlymng muscle Ieads from the apex may show 1
large @ and small R and possibly lso an S wave as i Fsgure 6%
Sucih complexes hive been observed 10 expernmental work At the
margun of the infarcted aren or when necrotic muscle 1s <oy ered
by a layer of relatnely undamayed musde benenh the pert
cardium I precordial feads as m leads from the extremities
the QRS group 1s less Inbic to return to normal than s the T
wase so thit the absence or unusuaily small size of R 10 one or
mote precordial Jeads may be the sole ressdual sign of 1 heald
ntersor wiaret This would be espectally importamt if found m
2 le1d trom the apex where R 1s ordimarnihy large
Wt infarcuon of the postenir or draphra,manc poruon of
e venineles precordnt teads are not as lkely to show changes
as when the infaret 15 antertor but nevertheless 1 certamn cases
they man show more defiarce chan_es than do the limb leads
The fenures which appeir are usually simily to those char
5 it o e
g upard (h;,]ﬁ M and segment the T wave uself semain
'3 Ay Though the dhinges of the 5 T Junction

~1
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mfrcts the T wave changes e usually much more definte
the precordinl leads thmn m the lewds hom the extremuties
Rarely the oppostte s the cise The charactersstic apperance of
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I, 68 Two stages m the development of the chnge i the precordual leads
recordy from the sime pauent

A This record abtuned shorthy after the wfarct shows the Q 1T 1 hipe of
complen with § T elevation i Lewd 1 and depression w Lewd $ In the pre
cordial leads R s alsent 1t the parasternil hne nd & smalt at the apey whese
there 15 2 e © There s al 0 1 huge @ an Laid CF 5 T as diphasic (=) in
all precordazl lewds and 15 of the corentry type at the ey and bevond

x Qbtuned ten dus Jaer show 1 irge Q and coronry T wise  Terd 1

Tn the precordnl lewds QRS 15 1 an record 4 The T wve 15 of the coronn e
smlcad T2 1 3and ¢ T wmd w the last of chese shor s huge amplinde

the precordinl leads with wnterior infacton shows 1 pr onounced
elevation of the ST pmcuon nd T segment uvsually more
marked 1n records hom near the apex than from near the stermid
border (g 63 A) The morc numetous the precordial pomnts
showng these T wate changes the more widespread we would
expect to find the mfrcted mer With the progress of healing
the ST segment becomes less elevuted and the st portion of
T dips below the sera level to form 2 diplisic T wue ()
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that of the precordal leads VW hether esophagent fexds will prave
1o be more sensitive for e determimtion of mfwas on the
diaphragmanc surfwe of the heart than wre the precordial leads
must develop with further expenence The praxumity of the
esophageal electrode 1o this portion of the leart would mthe
such a result hiely

n certan cases the mlrct w1y mmolse both the anlerior
and the diaplivagmatic surfaces of the hert and this lexds to 4
combraition of the electrocardiographic ¢ffects of wnterior and
postertor infarcts [n the acute phise the ST segment 15 elesated
1 all three leads the elevation beng most marked m Lead 2
A large Qs may he present In precordi) leads from the neigh
borhood of the apex the R wave 1s small or 1bsent and there
15 elesation of the S T segment With healing these cases may
deselop a normal appearance of the T wave i the imb Jeads
while showing the absent R and diphasic ‘T of antertor infarc
tion m the precordtal leads Other cases may deselop the
coronry T changes m Lexd 1 or in Lead 3 dunin,, the process
of healing 1t will be noted that the diagnostic differences be
meen these curves nd those which have been assocrrted with
pentcardsts (see page 281) are that the Iatter do not show a large
Q» usually have the ST changes more marked i Lead 1 and
have the R wave present 1 the precordial lewds It would seem
though that 1n certawn cases the effects of these two lesions upon
the electrocardiogram might be so stmilr as to male diffevenun
uon difficult

Infarction i the lateral uall of the left ventricle also my be
::l;zr;w(ed by 1ts electrocardiographic features A record from
have de«?fi»clz{ xi‘ll::ni:?x:rsflc‘i1z‘ : (mdf olferth and Belleq
h § depression of the S T s . TCS(I)‘ fhese crecs 28 bewng
the elevation of the $T se e p s | and 2 wsthout
found with a ponenor dx:xslgmcm  Lead § tat 16 commanly
af the & w,yment m premz‘dm;lc o (2) A depression
those Teady lm:n the c‘xrdf;c ot apecully mniked m

T apex or 1o the Jeft of thus point The
decrocardingraphie features of the acute lesion 1 th
tnd to subwde sery rapdly and the tacwy, i sitacion

g obtained du
the process of healing ™ay net show amyth wing
ything resembling the
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occastonally m7y be most marked m the record obtuned nex

the sternum they arc usually most marked m the region of the
1pex With heting the § T segment retarns to normal 1nd the

““Hr: r

E —r Emmamane |
Lt Rl s

Tig Gy + A secord of the Q 3 T 8§ type shortly alter wliwctian affectn,, the
diphri,matic surface of the bewt There i shight depression of S T | and shight
clevonof S Tanlesde . md 3 Thee s 1large Q 3 The precordul leads show
2 depresston of the § T juncrion and a diphasic (— +) tpe of T wanve

8\ roard dunng (i healing, stae probabily the wesale of an milara of the
Ieft laterdl wall tow wtd the wpex There as 10 smered T 1 md T 2 T 1 being,
stightly dephavc (+ =) and of the coronary tipe The piecordial leads show 2
sery Jarge upward T wase m Lead 11 2 1 diphasic (+ —) T wave i Lead BF 3
aud a dawnward T wive xt the apex and bevond The R wane 1s present with all
powtions of the electrode

T wue nself tends to become luge sometimes meisurig
much s 15 mu or more 1s w Lerd IT 2 of Figure 69 5 With
further progress of heahng 1t returns to 1 more normal size The
QRS group after mfuction of the diphragmat porion of the
heart usually retuns the R wase becuuse the degenerated mus
cle ares are not directly beneath the electiode
The esophageal leads hne been shown by Hanulton and Ny

boer to be affected by cardiae infarction m 1 manner sumlar 1o
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four or forty eight hours later would 1 it probabniity show a
further development of these changes or their disappearince
Such variations 1n themselses are diagnostic of an acute myo-

Fiv 0 A tecord ind catme vecent mfarce of the fateral » a1l of the left veninde
In Leads 1 and ® the S T juncon ss depresced and 7 1 upward In the precordial
Jeads the § T juncton 1 depressed and there 15 @ downrard T at the apex and
beyond R s present with all positions of the precordral electrode

cardial conditson and 1f combin
may be recognized as 1 result o

Thercare a few cases of carom:
trocardiogram may not show

ed with a proper clinical Instory

f myocardal infarcnon

ary thrombosis in which the elec
any changes at first the appear

defaved for three or four days n

eek Durmng this menal howeyer
there wil) usually be found some suggestise althon
peculianty of the cune Repeated

typical changes Precordial leads ar

surfice hecauge the rter
phving s Tego; s

n of the myocardium usually a terminat branch
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coromiry T wave but miy more closely resemble the curves
commonly found with hypertension having 1 depressed §71
Junction and 1verted T 1n Lead 1 as m Nigure 17 b These cases
e particularly hable to develop uricular hbrillation 2t some
time during their course As the infarcted arer heals the devia
tron of the S T segment disappears and tends to leave 1 T wave
i Leads 1 wnd 2 which if inverted 1s not 1n wny way charac
teristic or which my cven be upright so that no trace of the
miarct may reman

4ty pucal changes with coronary eccluston Although m many
cases of coroniry thrombosts these typical changes m the QRS
group mnd T wave wppent nd are seen to progress with healing
1s has been described yet 1t 1s not infrequent to find changes
m the T wave of the syme general charmeter thatss 1 devinon
of the § T juncuon 1 deformuty of the curve of the ST segment
or 1 change 1n the mnpintude of the T wne winch are not
mirhed enough to be typrcal but nevertheless follow 1 gradual
progressive course of changes perhaps ending with 1 typical
cotonmry T wive Iess frequently changes m the QRS group
also ppenr 1 these cases so that Ry or Ry my become smaller
and Q. or Qs hirger nd yet do not devclop mto the typrel 1p
pearance In 2 patient who has had 1n etk suggesting coronary
thrombosis the apperince of any of these unperfectly typical
changes i QRS or T mny be taken to mdicate that wiarction
has occurred provided that progressive changes e seen i the
T wave The reison that the changes are not typicl m such cses
may be that the infarct 15 of reluvely small size or 15 1 1 situa
tion which does not exactly comade with tht usually occupred
by 10 anterior mfarct or 1 postertor o1 1 left Interal wall mfarct

Sometimes the chinges m the precordil leads e much more
definite than those found 1 the limb leads and 1t 15 for this re
son especially that leads should be obtamed from more thn
one precordial point Sometimes only one or two of the prc
cordinl leads show an abnormaliey which 1s recogmizable the
curse in the other Jeads bemng shghtly unusual m form but
not definitely recognized 1s abnormal Should 1 record be ob
tamed which showed only chinges which could be charcterized
as unusual but not dehnitely abnormal -mother record twenty
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w1tk bundie branch block one may atways be n doubt a;
hether o not 1t might have been due to a chronic proce:

‘;), N 1sted before the attack At umes st is passtble to obserte
ld‘:;!n;‘; m the ST segment of 2 bundle branch block cu\'\cl
stmilar to those that appear wm the normal eurve after rece;nl
infarcuon that 15 n elesaton of the 8T segment in Lea
and 2 depresnon i Lead 3 or vice \ersa This effect of ;he u;
farcuion 1s supenmposed on the features of the bundle branch
Yloch complex modifysng the T wave the direction chiric
renstic of the nfarcted area In Figure 51 A sucha madification
of the complex of nght bundie branch block can be plunly
hiscerned There 1s an elevation of ST 1 Lead 1 and 2 depres
son 1n Lead 3 3nd the precordid Jeads show the chassctensue
ST elervation with all four postions of the efectrode There 13
alarge Qi Leads EF 2and B 3 and the Rwase which s usually
found m heads § F and EF 3 of curves with night bundle branch
block 15 mot present 1m this record With a postenior infasct
and left bundle Hranch block one may hane difficalyy n beng
certamn that both are presemt since the S T segment deviation
of the mo conditions 15 10 the same direction Nevertheless as
m Frgure 71 B one occasionally observes an appearance so char
arteisuc as to be readily recognized Bundle branch bloek was
not present duning the takng of Lead 2 of thus record and the
characterstic Q and ST sepment changes can be plasnly seen
Lead 1 shows a depressed S T junction while 1n Lead 3 1t 15 ele
wited Cowmplete heart black 1s also present Figure 71 ¢ 15 a
cuse of nght bundle branch bloch modified by anfarcuion
pobably mohing both antenor and diaphtragmatic surfaces
" suggested by the elevited ST segment m all three leads
Tigure 71 b 1s 1 later record of the same piuent showing
verted T snvesin Leads 1 and 2 mdicating that the 1nterior or
telt Yateral region shows the restdual damage

Barues shows three nstances 1n Figure 26 ¢ F and 1 of Ius
book The first twa of these suggest anterior infarction one
with Jeft the other with nighe bundie branch block whale 1he
st sug.ests posterior mbarction wth lefe bundle branch
black “These three cases were proven by autopsy to bave the 1
farct m the region indicated by the electracardiogram
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of the right coronnry, sends off 2 branch to the auriculos entricu
Ir bundle wnd ats rmifications Aurseulosentrseulr heart block
also 1s relatively common m associition with mfarcuon of the

Ig 71 v Reght bundle brndi block npe 1 with infarcnoy of the antetior
surface of the hewrt Note the clesanon of 8T m Lead 1 and depresson m
Tead 3 ko the clevanon of the 5 T junction n all precordial teads the large Q
1 Leads ET 2 and FT' 3 nd the delaved R wave m these leads and at the apex

» Left bundie brnch block with infarcuon of the dirphragmate surfice of
the hewrt Bundie branch block was not constintly present m thn record and
oniy shown 1 Leads U and 3 Note depression of S 1 quncuon i Lead § and
clevation mn Leads 2 and 3 Note tlso Q 2 1nd elevtuion of § T 2 associated with 4
more normal nirnentnicultr conduction

¢ Right bundle branch block type 1 with infarction of both antenor wd
thaphragmatic aveas of the ventnicles Note clesauon of the ST juncion m M
theee Jeads and alsence of the wsual uprght T 1 found m wch reeotd of hundic
branch black Thrs 15 becan e T 1 1s becoming imverted

b A record of the same patient eleven dass Iater Note downward T wne n

Leads 1 and 2
diphragmatic surface but usually subsides with healing of the
Jesion
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T wave and the assocrited changes 1 the QRS S"”‘:Pck":f::l;i
farge Qs who have neser been subjected to an ;n a e
could have been due to corofiary thrombosts In these P |
we believed the arterial narrowing to have been oi’ ,s D‘\\ er
progress taking place so gridually that degenertion an du:z meg
have gone hand i hand The electrocardiogram ohtuned Tepr
sents the present stite of such processes

1f these pattents are followed 1t will be found thit m some
the form of the electracardiogram even though abnormal may
remain unchanged for many months or even yers In others
howeter changes tn the form of the ST segment and in the
height and the dwection of the T wave may tale plee over
relatnely shoart perrods such as several days or perhaps weeks
1n such cwses the changing elecirocardiogram mdicates 1 chng
1ng state of the myocardium probably with healing predominnt
3f the form 15 progressnely more nerml probably wath degenera
tion predommant )i 1t becomes progressnely more abnorma
Caution should be nsed however in attaching too specific a
wgmficance 10 the tharacter of these changes for we are not
certain that a change of the T wne 10 a2 more normal form 4l
ways ndicates thae the heart muscle which was grung tise to
the abnormality has become regenerated It 15 posstble that mus
cle having become entirely dexd may no longer affect the elec
trical processes of the cardiac contraction and that the T wane
may then become more normal If 1 large myocardia) area gives
place to fibrous tissue 1t 1s hikely that there will be 2 chmge in
the QRS group and posably also n the T wave resuling from
the absence of the electricat effect of the muscle which has been
destroved Such a change would natrally be a permanent one
and would not be subject to varations trom time to tme

Whenever se meet with a record show ing an unusual degree
of deviation of the ST junction with accompanysng chang:s m
the ST segment we may conclude that there 13 present an area

of myocardium contaumng necrote fibers such as are found in
anmfarct e cannot on the othe:

rhind be sure of the abse;
nce
:i su‘cih necratic fibers becanse of the absence af the § T changes
¢ do not know how much degeneration 15 necessary to gm:
Tise 1o these changes m the curve and 1 1s likely that degenera
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Relation of infarct to muscle bundles Robb and Robb hase
stiggested 1 method of localization of cardiac nfarcts which was
correlated with experimental records obtuned trom dogs after
occlusion of the arteries supplying particular muscle bundles
of the hewt Many of therr illustrations from chinical cases do
not show the diignostic § T segment deviations 1o 1 degree »hich
could be climcally diagnostic the deviattons to which they
call attention re often only 1 fraction of 2 millimeter m amph
tude It does not scem that these small vuittons which are well
within the lunts of the normal range can properly be used
a5 1 basts for an electrocirdiogriphie dingnosis Further the
matormical descripuon of the myocardinl reas imvolved fre
quently suggests that parts of more than one muscle bundle
were imvolved There 15 rarely 1 discreet mvoliement of one
muscle bundle m then cises The pomt of view that the m
dividual cardie muscle bundles may have 1 specific effect upon
the electrocardiogrim 1s one that should not be lost sight of
however 7 1t m1y be cipable of further devclopment These
authors have indicated that 1 Iesion of the superficial sinospiral
muscle will produce an ST deviation which 1s upward m i
three Jeads (-++) The supetficial bulbospiral nill preduce m
S T destition winch 1s downward m Lead 1 and upward m Leads
2 d 3 (—++) A deep smospiral lesion will produce dewnn
trons which are upward i Lead I downward m Leds 2 and 3
(+——) The deep bulbospirl Jesions give t1se to a low voltage
of QRS with very hugh origm of the 5 T segment m 11 three leads
(++-+) In this connection attention should be criled to the re
cent pathological studies by Lowe which indicate that in certun
human herts 1t least the ibnormal myocwdnl areas myy be
Inmited to the distribution of one of the muscle bundles

PROCRESSIVE CORONARY OCCLUSION

The chiractersstic changes of the ST segment and the T
wave which result from myocwrdial mfarciion have been de
scribed and the usual conrse of the changes observed in serzal
electrourdiogrms of such pattents has been ndicated Many
patients however are found to show the charicternistic coronary
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cardiogram of 2 normal heart may show sght ch}'\\\',;’;i }‘hc:
§ T qunction may be disphced as much 15 1 mm the \\‘ :
tend to decrease 10 mpliude Partinl or complete Teversal ol
the directson of Ty without 1y 8T disphcement in ths Jead 15
a rare findimg but partial or complete resersal of the duection
of T or I3 or hoth sometimes associated with shight ST dis
pluement was observed in about ane third of the normal
subects

When patients with coronary artensosclerosts breathe tins
cxygen poor musture for a certain Jength of ume mare or less
strling chianges may be observed i the clectrocardiogram m
many cases wnd 1t ts beliered tht these changes ocour Decrse
tranches of the coronary artenes are so narroned thit thiey are
unble to bring, n adequate supply of blood to the myocardial
atews which they supply In other wards 1t 15 beheved thu
woronary nsufficency 15 the cause of these electrocardiagrphic
<hanges The hanges observed are as fallows (1) 1 chinge m
the levet of the ST gunction of more than 1 mm 1 ny lewd
{2y il or complete reversal m the direction of Ty when
wincrited with even as hafe 25 05 mm  displacement of 1he
ST juncuion wn s Yead (3) complete yeversyt in the divec
von ot Y mlead $F {3y parual veversit m Vhe direcion ot 1
m 1 ead $F 1ssociated wath esen s hde as 05 mm- displacement
of the 5T puncuon w this lead Simnlar changes m the electro
edhogram adter induced generiized anoxemia werc obscrved
n fine cases of severe anemia ahthough 1n none of the rases
studied was the $°F junction displced more than 1 mm

Therc 1s . muonstant relation betseen the appetrince of
these thnormabities of the curve and the pitenes complunt of
:‘:",;‘1‘:):‘\3! E:\llls‘mwT;:. r:‘::lx"s:: anaxemsa may change the cune

g e panents while 1n others paim may
e e o g e 303t o corey
of expenimention  Definute o L5 sull . the stage
conclustons as to the absence of

coronary disease cannot at present be driwn However 1f anerua
s hot present the appearance of the chnges described may be
then 10 meicate a deficrent coronary flow
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tive changes more readily affect the curve when m one part of the
muscle than when n another

EN\I'RCISE

The eftects of exerase upon the electrocardiograim of normal
mdniduals have been noted by several observers nd seem to
be himited to relrtively mmor changes The P wates re incresed
m amplitade espeanlly i Iewds 2 and 3, and the PR level
1s depressed to 1 mamum of 1 mm s 1s lso the level of the
ST junction The T wave m some pattents m1y be incrersed
shghtly mn voltage, but 1t 3s usunlly shghtly dunimshed When
the exercise 1s exhusting the electrical avis of QRS tends to
devinte townd the right

‘When the coronary arteries are discased so as to be narrowed
and v stae of corontry insufficiency 1s present cxercise may
produce strthing and charactenistic changes mn the S T segment
and the T waves of the clectrocardiogrim i both the himb leads
1nd the leads from the precordium Such changes as marked de
pression or elevation of the § T junction n increase 1n the depth
of 1 mverted T wase or 1 definute tnversion of a flae T wie
may be produced These electrocardiogriphic changes 1re some
what independent of whether or not the exeraise produces pun
They 1re similar to those which have been observed durmng
spontaneous or mnduced attacks of wgma pectons nd re not
always evident immedintely after exercise sometimes conmng on
during the following three or five minutes These changes re
sulting from excrcise 1in pattents with coronary nsufficiency myy
sometimes last for as much 1s 1 half hour gradunlly disappearmg
during this time They do not usually last for more than five o1
ten munuies

ANONENMIA

Several quthors hinve studied the effccts of onemn upon the
electracardiagrm but the earliest experiments were accompanied
by rebreatlung of the expired cirbon diovide nd were of neces
stty of reltively short duration Recently Ievy hns stadied the ef
fects of tnhaling 1 muxture of 10 per cent oxygen nd 90 per cent
mtrogen without rebrerthing nd s found that the electro
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v & This ferture may be folloned aey by the dexelopment of1
c‘omn’u) T wae A fen praents will shose 10wt suatly hege Q
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£ig 2 The changes Gund w acwe thevmaue muocanbid

:‘1”‘ (Tr:cmf\f sﬂ‘iv& clesatin, of e §T junewon o Lead 24 i shehily
mure than 1 mm abose the Baete There 15 alo a preuliax apprarance of the
44 SRmo s Ve bung shoster and Jess onease than usual Qu gecorery this
1 tent had 2 mormal 3ppeanng ST mieral snd wpuand T v ave sl theee
teads

» There B 2 shoh degrer of feft ads desiation Sut the defmstely abnormal
fea e w deamented T owaseon Lrads 1 and 2 In Lead 2 ihe ST sepment
unes shghtly wpwand before wrming downward 1o the peak of the T wine
Lo ey LWL Nt dofhean o AR cotonaty T

¥ Dasvery smal) and i have {~4) T 2 15 downward snd ihtve 1 3 defimute
€ my T with opward comexity 1§ the § T segment before the downwa 4 peak

b A ater tecosd from the potient who gave rexord ¢ dusing e acute stage of
e Woe 33 wa when at 3 bme when complete ehnical recasery had taken place
the & mentt after secord £ way obtatted and 18 2 norma) record

The T ware of the precordial feads Ilewse 15 affected by
the rheumane myocarhal process exthier comaident with changes
i the T wave of the leads from the extrenuties ov mdependently
so that 1 some patients the precordsl leads alone will show

Abnormal featires Fhie T wave may be unusually large w some
cases t athers 1 myy be unusnlly wmall n may be diphasic
{+~) ot {~+) or notched 5 may shoy the cotonary T form or
ma sungly bie weeeted These T wase 1bnormatites 1 1ty from

e Yo wine during the course of the disease and often persist
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DISSECTING ANFURYSN

Smce the clnteal syndromes of dissecting aneurysm nd coro
uary thrombosts my resemble one another, 5t 15 1mportnt to
note that the electrocardiogram i the former condition my
sometimes be found abnormal The abnormahity 1s due to the
effcct upon the myocardium of 1 comadent ~rterrosclerosts of
the coronary artertes so that 1y sariety of abnonmal ven
triculr complex may be found which mught be expected 1 ths
diserse If the coronary arieres me senously narrowed the Bl
m pressure which rccompnies dissecting wneurysm will some
times result 1 such 1 degree of myocardial tnoxemin that changes
mn the § T segment may apperr 1esembling those associated with
mirrction but of reltnely slight degree Since cardrac mirction
stself usually results i typrcd chinges wathin the first fvw hours
the finding of 1 normnl electrocirdiogrim n 2 suspected case or
even of 1n 1bnormal one which 15 nat typrcal of mfarction should
be considered 1 an appropinte case s evidence mn fuor of 1
dissecting aneurysm rather than wmfarction beng present

ActTe Ruruvatic Frvie

If frequent records are tiken during the acute stage of this
disease more than 60 per ccnt of cases will be found to show
muerston or other 1bnormnlities of the T wne such s hne
been described as resulting from myocardil disewe A lwga
number will show varations 1n the duration of the auricnloven
triculr conduction time chicatng 1 myocardeal process w the
AV ussue which myy go on to the production of dropped bets
e oceastonilly to complete heare block Many will show both
of these types of electrocardiogrphic change

\fany of the pauents who do not show 1mnerston ot T will be
found to show munor varauons from tl e normd form of the
T wive These especially affect the voltage of T which my be
come smaller 1nd the form of the curve of the § T segment so that
thus my Tun strught to the peak of T or m1y be canvex ups ard
guung rise to 1 broad topped rounded T wue A few pauents
especilly those with evidence of pericarditis my show elevation
of the § T segment in Leads 1 and 2 stmilr to that scen i Figure
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(el complexes ether nowtung of QRS an '\btm‘:m'\‘lu l‘x)\e
\ersion of T or both Occastonally bundie branch Blod! “( 3
present As 2 rule the excursions of the wases are of nr})‘
good size perhaps because of the hypertrophy shich 3 {stcsc‘x
at this stage of the diserse A myoeardial dbnormality phus the
walvular disease constittites 1 cansiderible Tndicap so that these
patients e not so lhely 1o vecorer thewr former abafity wnder
weatment 15 are those with only the 1ihular handicap
Certun pattents with chrome nactne vihale diserse will
show 7 prolangation of the aurtculosentnculir conducnion time
which would not Ive been suspected without 2 polygraphic or
electrocardtographic tecord This abnormaliy does not add
greatly to tlie grivty of the prognosss for the disease does not
usunlly progress to the higher grades of block but 1f we know of

us presence we shall he prepared for the appearance of dropped
beats upon thorough digitahzation

PerICARDITIS

Flectroeardrographue changes will be found dunng the conrse
of pertcardites 1 1 considerable proportion of cuses 1f records
are taken frequently duning the disese Certan changes 1re asso
crated wath the zcute ynflammatory stage of the disease andd these
we of relatnely shart duriuion frequently gute ransient Rel
tet and \acMhllan repost that they hase never ohserved these
chnges 1o persist in the hinb Seads for more than mwelve days
AWhough the precordial leads may continne o show the abnor
bty for severa) days after b disippeared from the mb
lewds The changes usuilly conmst of m elevation of the ST
wuction w Yeads 1 nd 2 occanonally Lerd 3 may be similarly
ffected (Figs 9» A md 73 4) In centam recards elesation of § T
my only appear m Lewd ¥ The S T segment may be concave
upsard i passng 10 he perk of T or 1t may be a steaight hine
OF I some cases 1 m2y be conves upnard so that T as a whole
ha; :gi?‘“ﬁ‘:\ :“\?:;1 tz::u; :'sﬂiner myocardial mfarction

r changes tn the ST segment
which 15 elerated abone the 1soclectnc level (Fig 43 A) The R
ware i present i akmost 2l cases Belfet andQMnc\mlan ob
served that the most markedhy draracterisne clianges 1n the pre
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after the T wate m the imb leads has alredy returned
norml

As the wcute phise subsides these electrocardiogrphic
normthittes usuilly diswpper ging plice to 1 notmal reco
Occastonally however they m1y persist for 1 considerible ¢
after other acute mansfestrivrons of the diseise hnve subsided -
1t1s probable that this may mndicate that the wente process is s
active m the heart It 1s rare for these changes to be permane
but when hus occurs 1t 1s Iihely that 1 fibrotic change has tal
phee mn the myocirdsm  One must remember 1 connect;
with such c1ses that rhewninie myocrrditis may mamtun a
grade of wctivity over long pertods of ime nd 1 decision whetl
1 tbnormal electrocardiogram represents an actne or an
active process s sometines umpossible without an oppottun
to obtan sertl records Should varitions 1ppent m serl r
ords, 1t would be n indication of a changing state of the m
cwrdmm which usunlly would be due to 1 contmunuon of
Active process occasionilly to the fibrosis which nughe foll
after the subsidence of an 1cute process Here s 1s usunlly
c1se the decision as to the mterpretation of the electrocard
griphic chmges must be made on climcal grounds

The appearince of electioctrdiogriphic "bnormalities m ct
rheumtic fever 15 mndependent of the appewince of vabul
diserse of the hetrt Acute valvulius accastonally will be pr
cat weehaut ans change wn the clectracudiogram but 1t 1s not u
common [or the electrocirdiogrim to be affected without t
salves It 1s becruse the acute rheamnue condition common
mrolies so many dafferent parts of the heart that the signs
vahulu wd myocardial change usually occwr together

RueUMATIC VALVULAR DISEASE

Pauents with chrontc rheumatic v alvular disease wathout sig!
of rctisaty of the rheumatic process do not often show signfica
abnormalites of the waves of the electrocudiogram I howes
these ptients hive symptoms referable to the heart ether
palpitation or al shortness of breath or pun abnormalties ¢
the curse are much more liable to be present At this stage abot
e will show some stenificant abnormality of the ver
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tnenlar complexes erther notchng of QRS 1n bnormal n
cersion of T or both Occasionally bundle branch block will be
present As @ tule the excursions of the wues are of furly
good size perhaps bhecause of the hypertrophy which is present
at thus stage of the diserse A myocardinl abnormahty plus the
\ahvular disease constitates 1 considerible haindicap so that these
prtients re not so Wi} ely 1o yecovey sheir fosmer abuhty under
wreatment as are those with only the vahular hwndicwp

Certain patients with chrome mactue waludar disease will
shiow 1 prolongation of the aunculosentricular conduction time
which would not hive been suspected without 1 polygrapine or
efectrocardiograpluc tecord This abnormility does rot add
greatly to the grauty of the prognosis for the disewse does not
usually progress to the higher grades of block but1f we hnow of
1ts presence we shall be prepared for the Apperrance of dropped
beats upon thorough digitalization

TPERICARDITIS

Electrocwrdiographic changes will be found duning the course
of pencwdins sn a conuderable propottion of cases if vecords
re taken frequently duning the disease Certan changes are asso-
ctated with the acute flammatory stage of the disease 1nd these
are of relatnely short duration frequently quute transient Bel
fet and MacMalian report thit they have never observed these
changes 1o persist in the limb leads for more than tnelve days
lthou,h the precordial leads may contmue 1o show the abnor
;nah:) for several days after 1t Ins disapperred from the linb

evds The changes usually consist of an clevatton of the §T
]al‘l‘:::‘n;; Teads 1 ind 2 occassomally Lend 3 may be simlarly
oty axzs 72 And 73 A) In certun records eleviion of § T
el ppcsar :\\ lead } The S'T segment miy be concnve
od passing to the peh of T or 1t may be a strught Yime

me cases 1t my be convex upnard so that T as a whole

has a dom

e shaped contour as 1t

er myocardial 1
Precordual leads show y P

st chang
o es 1 the $T se;
‘\\ a\:cch);s elevated above the xmelccmcale\ el (Fig 73 A} %zn;l
—d d\ir::;m n almost all cases Bellet and MacMilian ob
¢ most markedly charactersstic changes 1n the pre



Fig 78 From a pattent wuth acute rhewmite pencirdins Leads 12 and 3 are
1 and Tb indicate

dicated by the Roman numerals the fetters {7 1 1
leads made with the precordnl electrode placed upon the first five yositions recom

mended by the Amenan Heart Assocation the pont E 1s over the ensiform

{2821
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cordinl Teads were obrvned when the clectrode was phiced over m
wer where ptnt’m\n\ friction was he wd
Thus wcute phase ywnrhed by eleviton of the § T junction my

he fotowed by 1 veturm of the dlectrocrrdiogrim 1o novm i Usn
Wy however thelter pmo((hcTxn\cmm(s(adlpbclu“ the
fero Jonel so tht the ware 1s pow diphasic (=) wd the perk
of the upwed § T segment bel, rounded md npnardly comex
tagether with the downward peak winch follows st produces
‘e form of the coromiry T wave wm Leds 1 omd 2 of Tigure
;8 1 This usually appears most prommently m the leads wluch
e showa the most promanent deviation of the ST segment
It my iohe Texd 1 or Lends 1and 2 md occrsionnly
thiee Jeads 1t may 1lso appear m one of more of the precordinl
towds 19t the figare where st may persist for some tme after
e T waves of the himb Ycads hase become normat A pecutiw
apprarnee s occsomtly noted i wineh the $ 1 sepment
il onm At or stghaly abut G the wotdiant bne st eunsts
upsnd wd then tans st 1w mple to pass sirphy down
wuwd o the perb of an mverted T Sachs T wanes e ko ob

wtted follonng, myocardil whisuon (Lad 2 of ig G &
wd Letd I1 3 of Eryure 64 5) As reconery progresses the 1

wnve wall usally retarn to normai though there may be a resid

w mersion of T which shows no speonl dareteristics: Cases
of perardits whik ful to show these charctensue $7F sty

mentand T wae dhanges e wswally found o be due 1o 1 ditonse
mftymusatory seacttan such 1w tuboreulosts

When there 1y muhed pencardil effusion Jon voltiae of

the 1 wines and possitily adso of the QRS group may be found

Tow valie T waves hne ofien heen absersed i cases of con

st ponewding The precardit owds mosuds cases do ot

s4lare T ndicors that e cenutat tenminal cecemmer fed 13 Walw i wae
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A Ducy, ihe ac ite stage o mk elevaton o the §
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Fig 73 From a patient with acute rheumauc pericardius Leads 1 2 and 3 are
indicated by the Roman numerals the letters 7§ 7, F 1 and Je indicate
leads made with the precordial electrode placed upon the first five posttions recom
mended by the Amencan Heart Assocation the pont £ 15 erer the ensiform

[282}
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plete heart block and 15 often compheated by bundle brmch
block has a ters high mortality and usually develops sers
suddenly with severe climeal symptoms 1t should be emphasized
that the appearance of arrhydum duning the acte sge of
diphthenia should suggest the possibilaty of 2 conduction defect
betng present but even in the presence of a conduction defect
1 regular 1diosentricular vhythm of 80 10 90 per munute My
occasionally be present grang no sUEEsuon of the underlysng,
duease

Lorar PNEUMONMA

In abaut 20 per cent of cases of lobxwr pneumoni one finds
unersion of the T wave exther an Leads 2 and 3 or a1l three
leads The imserston ss sometrmes accompanted by m upward
comexity of the 8§ T segment so that there 15 1 resemblance
10 the coronary T wase These changes are much more fre
quently found n cases that hase a fatal outcome In cases that
recoser the T wave may return to normal within two or three
dns or 1t myy not become normai for four or five weeks Oc
aastonilly the T wave will be of Tow voltage and this 15 followed
m some cases by mersion of T Changes m the 3T segment
ate also obstrved Duniny the acue stage these may resemble
the appearance charactensiie of pencardivs and 1t 15 hkely that
they indicate. the presence of this comphication If the T wave 3s
mmeried i may reserable the coromary T as has been men
voned Alernation of the GRS complexes has Leen observed and
0ot always m faril cases Puring conv lescence a shght upw wd
deviation of the ST junction may 1ppear At this time there
may 1lso be prolonginon of the P R mtenal and bradyeardia
with an merease 1 the voltage of the T wave

In mine fatal cases scudied At autopsy Master and Romanoff
e . b o
fact of pasenchymarons de:v:ner:l 2:0 ;“D“ 7 umetous small
other crght cxoen it s‘)m\;‘ o "I t of the myocardium The
nere nor; deseribed 1 degan "“;.&‘5 e T segment wluch
showed shght moderate o;a:e\;:r\e t:‘rz m‘moscopm o

In addizion to the changes in u‘:e ettt Seyeneration
4 rentrentar complexes pre
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show low umplitude but m1y show notched, diphasic or merte
T wves

Dirsrneria

Dunng diphtherin the heart my be very serously affecte
with resulting electrocirdiogripluc changes Burkharde Legle
ton nd Smuth found that this occurs i 26 per cent of all patient
suffering from this disense el st 1s not presented even by th
culy admmstriion of Tuge doses of ntitoxin The madenc
of penipheral nerve palsies i these patients Is very hagh Th
most ficquent electiocndiographic chianges consist of tert
tions n the T wave which ocenrred n 16 per cent of Tggleston
series They usuilly appered durmg the second week of th
diserse though sometmes 1s cutly 18 the fowth duy or as It
1s the forticth The ewrhest changes we 2 shght depression o
the § T segment nd 1 decreased amphitude of the T wne A
the cists 1we followed, the T wise may become progresstscl,
smaller unul 1t becomes 1soclectric or diphasie (—4) or (4—
and fimlly mverted During the diphasic stage the coronar)
T wue my be simulited These T wae changes occur if
a1l three leads but me most marked m Lead 2 With recosery
the T wase may return to normal which occurs m the Vere
case m abaut thiee weeks but exceptionilly m1y take 15 mucl
s ten weeks Many of these pattents with T wve changes do not
show defimite symptoms referable to the hert and ths 15 pu
tcularly so dunng consalescence when there miy not even b
an abnormal tendency to tachyewdir There 1s not 1 sertous mor
taity rate mn pattents who show T wme changes m mrhed
contrast to the group showmg conduction defects

Conduction defects e not quute 1s frequent mn occuirence
s the abnorml T wave beng found 1 about 12 per cent of
cases nd on the nerge develop somenhar eather in the course
of the disease than do the changes m the T wave A fen patients
sho e ongmally showun I wave changes mmy later develop
conduction defects Bundle branch block or other evidence of
defectnne conductton m the bundle branches mny appear and
1s a serious comphiciion havng 1 ngh mortahity  Aunculo
ventricular dissoctation which usually takes the form of com
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present throughout the heart muscle wd the elcctmc:\rdmg!mm
1may be abnormal 1n ene or more of the ways described i C \19‘

ona
ter i Simple muersion of Ty or T muay be seen 1M 0CCWNON:
cases of subacute bacterial endocarditis

Sx1imtas oF Ty Hraer

$yplulitic aorlihis and valuular disease are frequently assoonted
with myocardial degenerition which causes abnormihities of the
electrocardiogram  Tlus 35 especially hble to occur when he
iserse imvolves the aortc vahes The provamity of these struc
tures to the mouths of the coronary arteries m1y lead to a nr
rowing of the orifices so that the blood Row to the myocardium
15 duminished

Flectrocardiograpluc abnormalities are not speafic for thus
condition but may be of any of the types descrybed n Chipter
1 Arthythmia may slso occur but 1s not commen Wath anea
rysm of the aorta the electrocardiogram 1s usually normal unless
the aortius has also molved the region about the mouths of the
coronary arteries

Chamberlain and Tellows and also Arnett found electvocrdio
graptuc changes only 1 the tertiary stages of the disease The
frcquency of thewr occurrence 1n the 522 syphiline psents of
these two Teports was about ¥ per cent Bundle branch blodh
curves were found 1n three pavients mverston of T, or of T_ 1n
rght and prolonged tamculovemncular conduction time n
o On the other hond among fifty pavents admitted y the
hospital with definste syphiliic cardiovascular disease Juster
?.“d Pudee found abunormnal e\ctlm(:xrdlo'{mphlf fertures 1n
78 per tent There was auncular Sbrilation mn three and pro
fonged A\ conduction time 10 two Tuwenty showed sigmifi

cant abnormalities of QRS such as Abnormal duration notching
low roltage ot large Qs Thurty five showed sigmficant hnor
wmilittes of T such as mversion of Ty or T, daphasie Ty 0r T
low voltage or coronary T

Puivonamy Enteotisyt
\ The embolism of a Tage branch of the pulmonary artery has
heen observed to be followed by certam changes 1 the eleciro
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mature betts turiculwr fibrlltion md auriculr futter were
occastonlly observed

Trictunosts

Tlectrocardiogriphic chinges hive been observed during the
course of trichiosis 1n tbout one third of the cses studied
The changes usually pperr during the second weel of the dis
ese nd my persist for 1 month or more The most usuil
abnormalittes are flatteming or 1nversion of the T ware usully
occurring m Lexds 2 ind 3 and i one of these lexds the ST
segment m1y show the upwud convexity charcterstic of the
cotonry T wite Low voltage of the QRS group 1s n oc
csioml finding and prolonged 1uriculoventiicular conduction
tume has been reported Changes have 1so been ohserved m the
T wave of precordinl leads 4 depression of the 5T segment md
dumnished amplitude of T bemg found

OTHFR AcUTE INFECTIONS

Abnormil mersion of the T wune and chinges mn the ST
segment hue been obsersed by Master wnd Jiffe 1n cases of
typhoid fever typhus influenza bronchopneumoniy pernarteritis
nodos1 Miltr fever nd pulmonary tuberculosts Prolonged
aurtculoventriculir conduction time has also been observed m
typhoid fever typhus ind mfluenza As with lobar pneumonit
50 1lso with typhus fever this usually occurred at the tume of or
shortly after the crisis

BACTERIAL LNDOCARDITIS

It 1s not usual for the electrocardiogram to be tbnormal m
cases of Drctersnl endocarditis although abnormalities occasion
ally result from the blocking of 1 coronary artery by matenl
from the vegetiuons In such 1 case the electrocardiogriphic
picture of cardiic mirction will apper 1s after coronary throm
bosts Somettmes sm1ll embolr penetrate mto smaller brnches
and gne rise to 1bnormahities of the T wne wd occasionally
2 mural ulceration m1y mvohve branches of the auriculoyentricy
Jar bundle so thac bundle branch block may be induced In c15¢s
of acute bacterial endocarditis muluple nfectious foc mmay be
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cardiagram which in one fead may shightly resemble the ;?lnnhes
produced by coronary artertosclerosts When considered 2s @
whale howeier the changes due to pulmonary embolism 1r§
quite different from those due to coronan arteriosclerosis
seem to consbitute an important ad 1n the differential hagnosss
of these conditions Durant and s asocates having obtawned
records within two hours after the ocourrence of the embohsm
found an wcreased duration of the QRS group due toa bronden
ing of §1n Leads 1 and 2 (Fig 74 B) At the same nme there 1s
a Q wane and a broad R m Lead 3 so that the record 1n thewr
o c1ses somewhat Tesembles the complexes of nght bundie
branch block of Bayley s type 3 This § wane wapidly becomes
narroses but the ST junction rémams below the z2uo level
m leads 1 and 2 for several hours The junciion may be so
gradual as to be almost an indeterminate trapsinon Sumlar ef
fects upon the § wave and 5T junction were observed after the
mjection of 3ir nto the femoral vein of dogs

After {rom six o ten hours the appearance 15 ihe that seen
in Figure 74 ¢ Such tecords have been previousty obsened and
have been considered charactensstic of pulmonary embolism At
this tme 1n Lead 1 the § wave 15 well developed and perbps
broadened the ST junction 1s at the zero lesel or perhaps
shghtly below s and the T wave npward In Lead 2 the ST
junction 1s at zeto ot perhaps shghtly below 1t and T myy be
small wsoelectne diphasic (3-—) of cotanary type or perhaps
mnerted In Lead § 55 definite or may even reach quite lnrge
size. The ST juncuon may be shighily elevated or more fre
quenthy the $T segment s convex upward and followed by a
downkard T as wn the coronary T wave In the precordial
lead from the apex the R wave s
P o e e 3 o 1 normd o sl
changes ma not remain 1n -::;CY:‘:deClnC or amerted - Iliese
few hours or may remarn fo heactersue form for more than a
doration probatly e, T as much as two or three dys the
duded pending upon the sue of the astery oc

prescat although 1t myy be

‘ The postinhity of confusing these records taken a few honrs
after pulmonary embolism with the results of mfarction of the
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ConTustoN oF THE HEART

Contusion of the heart may occur enther with or \\\tl\iom (\r.\“c
e of the mibs ar stermum  the hert bewng cmshe(‘ \\s\;q ‘d)‘
~gawnst the vertebral column A myocardial 1mjury I'CS\‘I ts W e
mry gne Tise 1o abnormalities of the ventrcular complex as "
as to cardrac arrhythmias The most frequent chavges are found
m the T wave which may become wnverted or be of low voltage
or of the coronary type These changes are somelimes more
defimte m precordual leads than 1o the leads from the extrenmu
ues They tend in time to recovery but thetr duration nall prob

ably be found 1o depend upon the extent and sevenuty of the
myocardial injury

T PERTENSION

Records obtawed frons patients with hypertension show Jelt
ass desation of QRS 6 about 60 per cent of cases About 20
per cent show In increased vohage of QRS and many show n
mereastd duration of QRS 5o that 1t may measure 011 or 012
second About 30 per cent show an abnormality of the ren
tricular wates the most usual bemng an snversion of the T wate
m Lead 1 and possibly also an Lead 2 Thus insersion 18 often
weompamed by a deviauon of the $T junction below the zero
level in lead 1 and an elevauon above 1t in Lead 8 (Figs 18 B
and 77 £} Myocardial degenertion or interstital fibrosis 1s usu
ally present i these cases and s due to the effects of coronary
wtertasclerasts Gccasionally howeser these electrocardiographic
thanges may be present nathout there bemng myocardial disease
Rykert and Hepburn found four out of twenty hearts with Tec
ards of this sort 10 be free of myocardal disease and to have farely
normal cotonary arteries when studted. post mortern These fea
t\l‘l:(;:‘o; il:“S‘T ig‘:nex;)( and T wave may be due to left ventricu
- le{\) ‘tn“;:c\‘)‘hr “a:: ) ;m puttited out 1n Chapter u1 or possibly

as mamtamed by Barnes and Whitten

Thie precorchal leads may alsg show abno,
rmality of th
1t being found cither A y of the T wne

“ phasic or mverted and sometimes having
' 1e coromary form (Fig 55 £) Chese <hanges are more psual
eads from the region of the apex or beyond Therr relation to
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dirphragmatic surface of the hewt which Also produces a large
Qs wnd mverted T; of coronary type wll be worded 1f 1ttention
15 pud to the frce thae wich deaplirigmatc mfarctan 1 1s tre to
find 1 Irge S, and 1t 1s usual to find S T elevated in records
obtumed soon after the attack nd unusual to find the coronary
T wave exly Wath dinphragmatic mfarction the precordial lead
rarely if ever, shows 1 downuward T wane

TRAUMA

The hewt may be affected by stab wounds and secondary
hemoperscirdium m1y occur §tab wounds usually but vot 1l
w1ys produce an ffect upon the electrocirdiogrim Hemorrhage
tto the pericardium if of considertble amount will produce such
evident effect upon the blood pressure mnd venous pressure thit
the electrocardiogram should not be needed Actually records
t1iken under these circnmstinces hnve not been published 2l
though Porter and Bigger reported that when cardiic tymponade
devcloped m 1 postoperatne case and was relieved by opening
the pericwrdial wound there wis no dringe 1 the presiously
abnormnl electrocudiogrim It would be expected that s with
perieardinl effusion the voltige of Al wves would be reduced
by the presence of blood 1 the pertcardium and increased after
1ts withdraw 1l

The operative repur of stib wounds hs been found to result
1n 1 serics of electrocardiographie changes similar to those found
with pertcarcditis m $ T elesteton 1s present 1n 1l three leds,
wnd the coronwry T uave that ppeus later 1s best murked m
Lead I or Lends 1 and 2 A 1cturn to 1 notmal form of the
clectrocardiogram has been observed s soon 1s three months
after the operation but m other c1ses 1bnormality of the T wue
has persisted for five or s1x months or more In 1 case of Portes
1nd Bigger 1 ternunal branch of the mterior descending coro
nary wis tied off but the reciprocil relionship of the ST
changes characteristic of antertor myocardinl infarcuon was not
observed § T showed 1 typical elevitson m Leads 1 and 2 the
record immediately 1fter operation* and in all three Ieads three
days later Tlus 1s Iike the picture ssoated with percarditss

o Lead § of thts recard has the § T junction below the tsoclectue level but the

< typical of the overshooling due to tugh skin resstance (Ig 9,)

appearance ¥ and BN

rather than the depressed $ T junction due to cardiac infarction (Figs 6,
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t ob
vel ke that following coromry thrombosts has not been
- 1 hyperthyroidism
'r\‘\el(}e‘x\\u(he )IE\ICH) passes off the T wares of these patents

A

¥~ , The chan cs foupd with hyperthyroidism

& Shows 2 broademing of the pesh of T § and 2 dipha ic (+—) T in 1ead 2

B There 13 2 larye solta ¢ of P The T ware shows low voltage and 15 diphasic
(+~) 1n Leads ® and 3 and of the coromary ¢+

C. There 15 a lar ¢ volta c of the P wate T 1 shews a peculiar straghtening

€1t of the normil upnard concasity of the ST segment while T 2 shows a
I'roaden ng of the peak (dome shaped)

will usually return to normal In longstanding cases when
chronic fibrotic changes have made their appearance we may see
notching or slurnng of the QRS groups with a typical persistent
smersion of the T wave 1 Lead 2 or in Leads 2 and 3 These
changes bemng fibrotic 1n origin e permanent They are olten
1 these cases due to 1 comphicating artertosclerosis of the coro
nary artenies and not to the thyroud disense

Hipothyrordism 15 often associated with « low voltage of QRS
mad alow voltage of T Thus 15 usually she case when the basal
metabolism reaches 1 figure of —20 per cent or less and n such
cases the T wave 15 aften mverted 1 Lead 1 or 1 Leads @ and 3

or m ll three lewds The 5T segment may show an upnard con
veny suggesung the coroniny T wave but 1n contrast to the
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underlymg pathologtcal changes 1s not known but probably, s
with the stwnddard Jeads they are nsuadly though not 2luays due to
pathological changes in the myocardium

THyROID DISFASE

When Jy perthy rordism 1s present i muld or moderate degree
1t 15 TAre to encounter significant abnormalities of the ventrsculr
wares Parovysmal auricubir fibnllten occurs occwsiomlly or
m1y be 1 permanent feuure Premature beats or parovysmal
tichycudim also may occur 1n these patients When hyperthy
rordism 1s sescre these arrhythmras are found with greater fre
quency and rnculr fibrillinon 1s more kely to be permanent
In ~ddinon to thus the more defuutely tosic cases are hikely to
show peculirttics m height nd forn of the mdndual wives
of the clectrocudiogrmm The commonest abuormahity 15 M
meresed voltage of P Rose Wood nd Margohies found 1t to be
over 3 mm n about one turd of therr series of toxic cases md
found 1t reduced to less than 3 mm 1n almost 1Ml of the same
cses ter thyrordectomy There 1s also 1 tendency for the voltige
of QRS to be somew hat increased and with faur frequency thee s
an increased voltge of the T wne

In ~ddtion to chinges m the height of T changes wn the form
of the § T scgment 1ind T wve 1we not nfrequent wn the more
tonic c1ses These chingts myy be trnsient wad varying perhaps
present tn one record and absent m the next but m other cses
they are constntly present After thyroidectomy however they
usnally disappear showing that they we due to reversible changes
wnt the myocardium and not to structuril changes The §'T scg
ment m the lads from the extremuties may become straghtened
(Lead 1 of T1g 5 ¢} or conex upward (Leads 2 nd 3 of 11g
75 1) or the apex of T my become broad and rounded (dome
shaped) (Lead 1 of Dig 75 A) The T wave may become diphsic
(=) m Lead 2 (Tig 75 A) more rarely m Lead 1 and mny 1¢
semble the coranry T wne (Leads 2 mnd 3 of Tig 75 B) It
may become definitely mverted i Lewds 2 and § rely so n
Lead 1 Precordnl lexds may show T snve abnormalinies of 1
strular chracter Devinuon of the S T juncuon from the zero
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PELLAGRA

Pellagra 1s often assocated with some unusual sbortness ;wf
breath and occanonally the heart sounds woay Ue feeble and shght
edema may appear 3t 1S probable that these wanifestauions are
due 10 a comadent deficiency of vitarmn B 1 Nevertheless the
two Teports of the electrocardiographic findings of pellagnns
have agreed n demonstraing frequent apperance of myersen
of the T wave i Lead 1 ot 1 Leads 2 and 3 occasional appear
ance of a T, of the coronary type oceasional low voltage of T
+nd occasonat low soltage of QRS Feil bns found 1 prolongation
of the constant h which represents the durauon of QT w
relatian ta the heatt tate  Mersurements of the duration of the
mechamical systole m synclironous records of the heart sounds
and subchuian pulse showed that these 1lso sdicated a prolonged
duration of the contraction 11 relation to the heart 1ate

ThcrraLs

Digiabss frequently causes 1 prolongation of the aunculo
sentricalar conduction ume Tlus effert does not appear withi
small doses but wih larger doses may become so marked that
t eventually leads to dropped beats and occastonally to complete
heart block The efect of digitalis upon the P wave 1s not marked
but consists of a diminution of the soltage of P cspecialiv i the
amphtude of Lead 3 which may become mverted The effect of
digitalis on the sentnicubr complex 15 charactenistic The QRS
group 15 not affected but the ST segment the T wave and the
QT merval are 2ffected with great constancy The effect upan
the O T amenal 1s seen m certam cases when the T wne
vemuns unchanged
hcﬂx::?;x:‘mzi’\;cg ; :‘:;:‘::ng ;:i the Q T mteral wiuch 15
The \al\:le of the constant K \e;H lm e e bt ate
{prze 6%) will become smn“er\‘"ct}‘\ s s relauonlup
The decrense i the value of k n:; e dagals cltet
after the admunstration of leol ; ﬂpptafr oo 38 enc hour
Ppear untd four ouss after s Em of di nalis or may not

dose The reduction of the
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usu1l appennce of the coronuy T the voltage of T m these
cses 1s small The auriculoventriculn conduction time fre
quently 1s found prolonged

These chnges probably are due to physiologicat varntions m
the muscle metabolism and not to pathologual changes because
the rdmimstrition of thyrord extrict will lead to an ncrerse
m the voltige of the QRS goup nd of the T wave wd will
abolssh the T wave msersion It will ikewise shorten the wicn
loventriculw conduction ttme If the tecords of these patients
show chianges of 1 differeut character or if the changes present
do not 1espond to thyrord medicrtion they are probably the
result of 1 complicating coronary utentosclerosts

NIUROCIRCULATORY ASTHFNIA

Certun pauents with neuroctrculatory asthenrr may show 1n
sversion of the T wave in Teads 2 and 3 Inversion of T how
ever Iras not heen observed The mverston of T may vary from
tme to time nd the T wave my occrsionally be upward
Lead 2 and downuwud m Tead 3 When follonwed over 1 long
periadd T muy become constantly upright an Tead 2 Pauents
who hwve shown imersion of T and Ta ruely come to show
upright T3 In somc pauents the mnversion of T. my be asso
crited with an ercct position of the patent and when this 15 so
records tiken m the rediming posttion will usuadly show m
upwird T winle records obtuned when the patient 1s seted
will show 1 downward T

BFRIBFRI

Beribert and nunot grades of defictency of vitamm B 1 hne
been found ssocrated with 1bnormalities of the electrocardio
grun Weiss ind s assocrites found mversion of the T wane m
Lead 1 or in Ieads 2 and 3 mn 68 per cent of 1 scazes of sinty seven
cises and the T wave was often diphasic md occasionatly show ed
the coronary form A low voltage of QRS was occisionnlly ob
seried as was also munentricubwr block The Q T duritton was
prolonged 1 ~hout one half of the cises using the formulr of
Shipley wd Hallwran and m 80 per cent using the formula of

Cheer wd I't
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of the T wate although tins may sometimes be accompartied by
T segment (fig 57 B 0) The ST seg
1 depression of the S 5 Jower 5o that
ment becomes further depressed and the T wiwe lone
eventually the T wne may have a diphanc (—+) "Wﬁ‘:&‘::
(Iead 1 of Fag, 77 ) or may consist solely of 2 (\m\m\'m"ress“t
uon (Lewd 2 of F1z 77 1) In other cases there 15 1 prog .
Qimunution of the height of T untl 1t Becomes 150electric and
then merted without there ever beng a marhed chnge n the
tevel of the §T segment This 1s seen i the seral records of
Figure 56 The T wave effects of digntahs are accentnated by the
admnistration of ropine of atetylcholne and by caroud smus
pressure These phscriations suggest that 1t 1s due 0 1 vgal
mfluence
When the T ware 15 abnormally directed digiahs wath dimn
1sh the voltage but does not alnays cavse further imersion (Fig
77 ¥ and ¥) It may occastonally change an muerted T to an
upnghit one In records showing nght or left 1us deviaton
igrtalis wsaatly changes the T wave m such 2 way that 1t comes
to he directed opposite to the chief deflection of QRS wn Leads 1
wd 3 aud sometsmesn Lead 2 also
These effects of dimtahs on the T wave wnd on the ST seg
ment ma be noted as soan as one or wo hours after the W
wstration of 1 sigle large dose of the drug such as 1 munum of
the uncture per pound of the patients wer ht A dose of 50
mmams w2l usually produce a slight change 1n the voltn, ¢ of the
T wue by the third or fourth hour The effect wpon T teaches
the masimum for any one dose about six hours after the drug ts
gnen uand does hot dimimish apprecibly unul after twenty four
hours Tt passes off very slowly <nd traces of 3 wmarked effecy
persist for 1t least two neeks and often a ong as three weeks
after the drug 15 duconunued Tor this reason final conclusions
“hould nos be drann 13 to whether 1. abnormal T wase 15 due to

Wisese wntid after the drug has been withheld for this interval

In the precordual deads (Fig 77) diguates will usuiily decrense
the amphitude of an upnard or a downw il T wae but will
sometimes ncrease the amplnude of 4 downuard one Tt als

tends to depress the level of the § T segment so that the T wane
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value of Kk usually ppears sumaltwneously with the decrcase of
the voltige of the T ware The masuml effect 15 produced be
tween three wnd four hours after exch dose somctimes persists

g e e
2

E

£
i3

iy, 0 Irogres ne mcreise of the digiahs effect ppon the T wate Note the
peculiar double topped T wase of Lead 2 record ¢ There 1s 1 gradunl decrease
w the voltage of T and 11 records ¢ p and E a depresston of the 5 T junction
and § T segment

for 1 dvy ot so wnd then gridually subsides but the norml
value 1s not reached until about 2 week 1fter the Ist dose h
returns to norml before the voltrge of the T wave reaches its
normal height The shortening of k seems to hne 1 defimte
relation to the pperrance of toxic effects When 1t 15 reduced
to 1pprosunately 034 mmor toxc symptoms usutlly ppewr
when 1t reaches the value of 029 marked toxic symptoms re
seen Dievarde did not find that atropine changed the Q T durt
tion fter digitlis

Changes m the $'T segment nd 1n the T wne my be ob
sersed 1 almost 1l cues 2fter the admunstritton of digrelss
although 1n occastond mstamces—perhaps 1 tenth of novmnl
electrocardiograms—these changes may [ul to appeir Usually
s 10 Figure 46 the first change 1s a dimmnation of the voltige



£
Fg & Record of a patient with marked an,nal syndrome and moderate
11sp1ea on cxertion The appearance of Leads EF 2 and EF 3 1s simalar to that
often scen dunin the Fealin, sta,e of infarction This patient had never had an
acute attach The electrocardiogram must be the result of chon ¢ chanees
£ The same pau ot after & talie showing mald 10X ¢ symytoms after 41 eat
un & n seventeen 12y Note the wncrease i A\ conducnion ume which 15 how
0.0 second ‘The § T segment 3¢ depressed m Lead 1 and 2 and this 1 followed
b asight upward deflection 5o that the wave 1 dipha ¢ (— 4) The voluage of
T+ dimmi hed {0 the pre otdial leads the amplitude of T 13 duminished 1 all
fou lead Leads FF 3 4 F and CF 5 show a tess smierte | T wave than before

{991



Fig 7, The records of three paticots before and after the admunistration of
drgrealis

A Record of patient with obesity and Iyvpertension before digitalis

B After digitalis | cat umie three tumes daly for o weeks Note i the mb
leads the depressed 5T seqment 1n Lewds 1 and 2 and the dimunished yoltage
of T In the precordial leads note the depressed S T <cgment in all Teads and the

inereased amplitude of T
¢ Record of pauent with anginal syndrome 1nd moderatelv increased dyspnez

on exertion

b The same patient after digiths 16 cat unus mw four dys ot the pro
longed AV conduction hime (028 sec) i Lead 2 040 second in Lead 3 the
depressed § T segment and the myersion of T mn the three hmb leads In the
ds note the depression of the ST segment in all Jeads and the
plitude of T 10 Leads FT 2 and EF 3 with antersion of T at the

[298]
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QUINIDINE

The most important effects of qumdine e exerted upon the
wridles The durition of the contracuion (refractory penody 1
prolanged and the rate of 2N EXISUNG CITCUS Mot ement i slowed
by a depression of the conductnity of the muscle These effects
often result in the changing of aunieular fibnihwon into auneuhr
flutter or normal rhythm or i the chmging of awricular futter
1o normal thythm 1t alsg drmmishes the frequency of premiture
beats wherever they may rise prabably by depressiag the i
tabilits of the muscle An effect upon the normal P wxve 1s not
always observed though there may be a change in the form of ¥
especially an mncrewse of s durtion Sometsmes the T wie
tabes such an abnormal form that it scems evdent ths the swe
af napulse formation must bawve heen displaced to m abriormal
focus within the auncles In many cases the auncatoventricuhr
canduction time 15 increased as in Figure 78 » Large doses iy
lead ta a prolongwion of the wntrnentncuhr conducuon so
that the durauon of GRS 15 incrersed s 15 also seen m the Figure
The QT durition 15 also prolonged The carhest wmd most
constant effect upon the sentriculr complex 15 1 decrense n 1he
soltage of T the amphitude of the T wase m il leads As ttus
effect becomes more marked 1t leads to fattenmg or myersion
of the T wate i one or more Jeads In some mstances the $T
segment 1s depressed in Leads 2 and §

In the precordial leads also there 1s a dimnuuon 1o the
heght of the T wave and a depression of the $T segment The
thanges observed are often 15 n Figures 98 1 more strihing than
those absersed 1n the hmb tends Imersion of a previously up

.l T owave 1s more frequent m precordinl leads than 1 the
ieds from the estrenunes

Eriniruwine

Expenimentyl injecuon of luge daoses of epmephvine 1o
anumals hes led to strikang changes i the § T segment stmlay
:n hose associated with infarcnon Subcutaneous thyection g
'\;::x'\;;\‘ \‘w;ngs protuces only shght changes m the Tecords from

NEANs consisting of a decrease m Ahe soMace of the T
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m1y become diphasic (—+) or may become entirely nverted
A T wne which was onugimlly diphasic my become totally
muerted or m1y metetse mn its posttive and negative deflections

Iig 78 Hustrauny, the effects of quimdine

A Control record of a puient who had parosvsmal attacks of autcular
fibnllation

» Obtamned aflter the pruent had recened qumdine sulphue o gramns four
tmes daily the list dose being twe houts previous to the (kg of the record
The voltage of I and of T 1s dimmshed T 2 1s rounded and shghtly notched
The aunculoventricular conductiont te 15 prolonged  measumng 007 second
imore than 1n the control record The QRS duration 1s alo prolonged 002 second
more than 10 the control record In the precordil lewds note the meresed mier
ston of T in Lead EF 2 the diphasic + — and nnverted T mn Leads EF' 3 and + T
and the chauge m the ST segment with dinmished amplitde of T m

Lead CTI' 5

Very rarely there w1ll be no change or only 1 very shight change
1n the contour of T perhaps only 1 dimmution m amphtude
These chnges n the § T segment wnd T wase are usunily more
marked m leads from the apex thm i those from near the

sternuim
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NicoTINE

That nucotne produces an effect upon the clec(mcxrdlogn{n
has been amply demonstrated The T wine 15 decreased ;n :;; t
age nd may become mierted m Lead 2 or m Leud s
comnudes with an mcrease 1 the heart rate and blood pressure
but s not dependent upon them Tt oceuts in 30 per cent of the
subjects tested and 15 demonstrble not only with ordinary
tobrceo bt 1lso when denicotined tobacco 15 used and when
otdinary tobacco 15 smoked using a filter holder Emotionily
Talnle tdissdmls have been found to show these chmges more
frequently and to 2 more marked extent than those who are more
stolid 1t occurs less frequenty and less defintely a older inds
viduals than i those who are younger Ths action of the meoune
way be due 1o sumulon of the sympathenic nenve fibers to the
hieatt ot to actual strmulation of the muscle fibers themsehes It
15 atany rate a quute transient effect passing off 1n a few minutes
after 1t has become evident It has not been possible to demon

strate a vasoconstriction of the coronary artenies though other
arteries are known 10 be constrnicted

Insutin

In diabetic coma the electrocardiozram 1s often found 1o be
ahnormal The most frequent change found 1 about three
fourths of the cases 15 an Increased duration of the Q T anter
tal as expressed by the factor K The ST segment 1s fre
Quently found depressed the T wase 1s often mverted and s
sometimes diphsic {~+) due 10 a downward movement of the
cune durmg the ST segment These changes are not always
present m records which are talen shortly after the omset of the
com bt may develop during the second day

Insalin shock 1s very commonly assocsated with a dumnution
m the amphitnde of the T nave a

ad che §w
<iphiasic in Lead | or Lead 2 The admmxslr;t?c:rc\ ;nf?ns,:lclfzme
diabetic patients 10 suloent doses to produce marked h o
slscemia has been obsersed 16 cause changes in the § T se r;’\pov
nd the T wave wnk great regularity ';hcsc changes “g E“‘
such a character that the T wane and ST segm:m”tam::: l‘;
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wne nd 1 shight depression of the ST segment especally at
the S T junction In patrents with angint pectors these changes
are more mirked 1nd may lead to the 1pperrince of n 1soelectric
T wue in Lead 1 or in Lead 2 or Tp m1y become diphasic
(~-) or inverted Inone reported istince bundle branch block
w1s induced temporrily Both in angmnl patients and 1 normal
idividuals the effects It for from one to o hours

NrITROGLY CERIN

The effeet of nitroglycertn 1 patients showing mverston of
the T wave hias been studied by Evans wnd Hoyle Of 16 cuses
with merted T tn Lead 1 or mr Leads 1 and 2 there wis 1
return toward 1 more normal form of the T wave n 7 c1ses An
myerted T sometimes became upright or less imerted wherens
if Lead 1 showed the only mverston this T wave someunes
became upright Wil inversion of T i Leads 2 and § or m
Lead 3 nlone the effect of nitroglycertn was not noticeable mn 5
cses out of 8 but in the other 3 the T wave became less negative
or upright Nine cases were tested in which the T wave wis up
right 1n Ml three leids no change was noted m any of these
Other obsersers hive made occasional obsersations which are 1
general agreement with these These chinges were considered
to be related to the tiwchycirdn induced by the mtroghycerm
and 1s 1 rule Isted only from three to fise minutes though mn n
ocestomad case the effect might last for twenty minutes

Nutroglycermn hs 1so been observed to cause 1 prompt but
trnstent return to norml of the ST displacement produced
by epinephrine m ammls It also tends to abolish the arrhvihmn
produced by tozic doses of epmephrine m 1mmals

ATROPINE

The primy effect of atropine of course 1s to rweeelerate
the heart rite and 1t produces little or no effect upon the
form of the waves of the electrocirdiogrim When digitilis or
nrcotine 1s 1cting upon the heart 1tropine wil] have a synergistic
effect enhancing the chinges in the T wue charactensuc of
these drugs
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apposite to the direction of the chief deflection of the QRS m
the lerds m which QRS showed 1ts lugest deflection The d
mmustration of glucose corrected these changes promptly With
lesser doses of mnsulin suntlr changes re found but they do not
reach the same degree

A low carbohydrate diet which produced hypoglycema was
found to produce changes of 1 stmilar type so 1t 1s Jikely that
the changes are due to the low level of the blood sugir and not
to the msulm With the low blood sugar level there 1s too hutle
glucose wulble for the proper nourishment of the myocisdium

When msulin shock 1s induced m patients who e not dia
betses s 15 done for instance m the treatment of schizophremn
ssmlar changes appear 1 the electrocardiograim  There 1s
mceresed wriculoventriculir conductuon an nerersed duration
of QRS 1 depression of the § T segment nd the T wve becomes
smaller nd eventually imverted The Q T nterval is prolonged
These me 1 consuderedt to result from a slowng of the rite of
conductivity 1 the muscle which probably results from 1 myo
cudr il depression due ta the lck of nailible blood sugwr These
changes 11 distpper 2fter the shock has been recovered from
but Hadorn obscries that this 1s not necessartly 1 proof thit no
pernmnent dymage has been done to the myocwrdium

Carson MononipE

Poisonmg with carbon monoxide has been found to produc
changes m the electracrdiogrun. That it does not 1w ys do so
1s mdicited by the fact thit even very severe cises may Live
normnl records The most common bnormal features are (1)
shight changes m the level and form of the $ T segment eithes m
the precordinl leads or i the leads from the extremities or both
{2) low 1mplitude or diphisic or nverted T 1 nd (3) low vohnge
of QRS Less frequent changes me (1) mversion of Tn Lend 2
(5) prolongtion of the aurtcwlosentriculir conduction tume and
occasionally  (6) mtraventriculir  conduction defects These
changes disappeir 1s the 2sphyxst 1s recovered from mnd perm
nent changes re rarely if ever encountered Arrhythmis occa
siomlly occur the most frequent being parovysmal turicuhir

fibrtllation
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Carcion

The most strihng electsocardiograpine feature qssoctated with
\aranons i blood calaum 1 the prolongation of the QT suter
\al found with bypocalcera and ats shortentng wuh hyper
calcemua The constant h 15 found 10 be greath increased with
tiypocaleaimia and to retirn 1o norml as the exlcram i the blood
teturns to noymal under treatment No other changes st the
clectrocardiogram have been assoriated with radual ciames i
bood caltum  After the mitravenous wjectiou of calemm glu
canate there appears a temporary fatenm, of the T swe m
Lead 2 wich posstbly a partial gnversion whach takes phace within
e fitst 38 seconds after the mjection Ome wunute after the
wjecuon the T wave has pracncally returned o normai Fol
lowing this a marhed bradycardia appears 2nd sunultancousty
the T ware dimstsshes m hes bt and may beconte partially w
verted This bradycardia may last for mwenty fve or thity mn
wtes In a few pattents there are no T wave changes and wm about
one half ne changes m the ¥ wanve
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CHAPTER I\

THEORY OF THE ELECTROCARDIOGRAM
RECOMMENDATIONS ON NOMENCLATURE

INCF the deetrocndiogram 15 due to the dlectrical disturb

ance associted with the contraction and relnation of the
cardiac musde 1t 15 necessary to revien certamn phases of electro
physiology 1f one 15 to hnve 1 proper understainding of the pos
sthihitics of the method Recent work has shown the orgmnal
negatinaty hypothesis of muscle exatition to be so defective
that 1t seems hardly worthy of mention 1t present The only be
lief which has survived from this theory s that the netnvaty of
muscle 1s 1ssociited with the production of 1 state of electrical
negativity within the actve muscle (Fig 81 a)

Reshzing that the older theoty was not satisfactory  Lewss de
veloped his theory of  himited potential diffurences  and sup
ported 1t by obscrvatons upon the mamm ihan heut According
to ths view the muscle which 1s becoming active 1s 1clatnely
negitive and the s yet mactive muscle i unron with it 1wd i
medntely wdjrcant 1s relatnely positive (Fig 81 8) Thus will 1e
sult m 1 difference of potential so pliced in relition to the begin
nng of 1ty of the muscle that 1t moses forward with the crest
of rctvity 1lways hnvng the positive pole m advance of the nega
mve Smce the current flows withm the muscle from the negtne
to the posttive 15 withm an electuc battery Iewss stated thut

the direction n which the current sets in the muscle will be the
direction m which the exaitation nave 1s at the moment trasel
ling He emphasized honever that he did not beheve that the
direction of the current 1s dependent upon the direction of
motion of the excitition  but that both wre governed by one
series of esents 1 the muscle id m consequence are defimtely
assactated

312
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As the contraction spreads the electncal disturbance pro
gresses throughout the muscle the brief positive phase always “[‘
2dvance of the brief negatise phase Itas assumed that the sprec

1

&

4
PRI

By Dua,ranmase i trat on according to the thecry of lumsied patental
Llerences  cf the 3 readun,, of the contracton thiou,h cardiac musdie from 2
pont of sumulation at x on one susface of the tnsue The arrov s fepresent
the raial pread from the pomnt of sumulation ‘The + and — characiers wdicate
the posie and negative elecncal phases whith advance (hrou,h the s ae a¢
ihe forctront of the contracuon ware- fomts 4 and B represent the attachment
of o dlextrodes at po nis remote from the musde With such Irading off points
a potential difference would be mdicated within the musle having a duection

frem B toward 4 which is n the avera e direction of the spraadmg of the
wntracn

ing of the contraction 15 not confined m 1its progresses by the
direcuion of the muscle fibers but that owing to the syneyual
character of the heart muscle 1t spreads radially from the pount
of sumulation into all contiguous muscle fibers As the contrac
uon process spreads n any one part of the heart muscle a dif
ference of potential will be developed uithin the muscle having
the same direction as the predommant spreading n that part
Thus 1 shown d 1cally i Tigure 79
[us theory was demonstrated 1 the mammalian ficart by the
experunent of Lewss deseribed m his Mellon lecture of 1922
The heart of a do,, was sumulated first on the epicardial sutface
of the lateral wall of the nght ventricle and then by wserting an
:‘l,c:[::;d:f l‘ll\‘leo s;:‘ee \Q\\;llll) L: (::: \K;mnch: on the endocardint
g off contacts as for Lead 1 were
placed on the sides of the chiest wall The contraction wate i the
?Il:: ;n;e‘irl;‘rl:dsst:\mugh the night ventnicular wall from without
h 1 from night to left The record obtained showed
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an mitil buef upward deflection indicatng the production of a
curtent within the heart fiom right to Jeft when the contraction
was sprexding mn this direction When the endocuidial swiface of
the wall of the night ventricle was sumulated, the contiaction
first sprends m 1 direction from within outward which 1s from
left to right The 1ecord obtuned under these crcumstances
showed m untal brief downward deflection indicating 1 current
within the hetrt from left to night ¢ this tme Tollowing these
brief imual deflections the ventricular complex on each accasion
show ed 2 form charcterstic of 1 premature contraction resulting
fiom stumulung the night ventircle It was not mateuaily dif
ferent m the two cases

Although this relation between the direction of the mutinl
spread of the contriction nd the duection of the resulting elec
trical potentinl may be true for my section of the wall of the
heart yet one must ~lso consider the belief thit  stunulus onigt
natimg abnoinnlly 1 the ventriculir muscle will only spread r1
dially through the muscle untl 1t has effected 2 junctuon with the
finer branches of the Purkmje tssue It wall then spread through
tlus tissue very quickly to relatively remote portions of the muscle
where the stimulus will start other centers of contriction m the
ventricular muscle By this means e orderly rdial sprexding
through the ventricular myocudium 1s made mmpossible

Attention must 1lso be called to recent amatomical obseri?
tions that the Purkinje ussue penetrites mto the ventriculw
wall almost s far as the pericardinl surface and that m general
1t seemns to follow the muscle bundles which hve recently been
re emphasized by Robb and Robb If the sumulus 1s transmatted
from the Purhinje fibers to muscle fibers 1t numeious points im
the tentnicular wall this too will render ympossible 1 rdnl
spreading of the contriction such 1s Lewis considered hhely
Furthermore Lews theory 1s difficult to apply to an exphnation
of the T wunve

Crub proposed what he ¢illed 1 doublet theory* of the elec
trical mamfestations of musculr actinty (Fig 81 ) He beleved
that at the moment of actinition doublets develop m the tissue

* 4 doublet consists of a posute and a negatne pole of equal strength loc:nﬁd
very close together  Any potential diifference extending over a small space can bé

represented by 2 trara of doublets
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le
nd progress as the contracuon spreads with the posiise po :
always ahead of the negatne pole These doublets of m\as:,ond ;;
hhe called them remam for a brief pertod and as acty ity subsice:

+
Fio 8o Deflecuon obramed by a d reet dead from cardiac muscde Such a cunce

wonld be obtamed 1 11h one electrode on the muscle lying in a large conducking
Tnedim and the other at a cons derable distance trom 1t (Miter Craib)

the doublets of retreat appear which consist of a negatnve pole
precedin,, a positine pole Thus phase lasts somew hat lungcr than
the stage of masion Owing 1o this development of potentials
1f we lead off with one electrode from a point upon a muscle
st aleng which a contracuion s spreading and f the other
electrode 15 placed at a considerable distance m a umform con
ducung medium e shall obtain a curse Itke that of Figure 8o
He considered the electrocardiogram to be composed of a sum
mation of many such curves from the individual muscle fibers
of the heart as they become wnolved 1 contraction and re
laxauon

This theory made an important contribution to our under
standing of the electrocardiogram and Wilson  Macleod and
Barker by means of a mathematcal approach to the subject
developed an amphification of Cratb s theory which 15 more gen
crally sausfaciors (Fig 81 0) They were able to plot curves such
as would be expected under certain esperimental circumstances
and to obtan very close agreement between these prediction
curves and the actnal electrograms obtained by esperiment It
was therr conclusion that  whatever may be the ongin of the
clectrical currents associated with the excnation wave {depolart
nuon) these currents are similar to those whch would be
produced 1F the crest of the excitation wave was unmediately
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preceded by 1 source (posiive pole) and followed by a sink (negh
tive pole)  They suggested that the finl deflection or T wue
(repolirizatton) might be cused by 1 smh (—) followed by 1

A Y A
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t1, 81\ diagrammanuc representation of the varous theorres of the nature
of the electrical manifostattons of activity 1 cardiac muscle In ewch case the
contraction 15 preading, fiom left to ryht The acuve region 1s shaded (4 B ¢
and o from Macleod A G fm Heart J 1516+ 1938)

A The negaunity hypothess The entne mass of actve muscle is represented
as being negatnddy charged The macuve muscle s newtral

B The theory of hnuted potenual dificiences (Lewss) 1 small region where
the muscle has just become actnne 15 neyatne and the 1unediately adjacant
1estig, muscle 15 posiae

¢ The doublet theory (Cib) s muscle becomes active 1t becomes the seat
of doubicts whose positive clement 15 toward the resum,, muscle When muscle
reptesses from the actise state 1t gnes use to doublets of oppostie polanty

p Bipolar theory (Wilson VMacleod Barker) ihead of the advanang boundary
between resuny, nd actve ou cle 15 a postine pole and behind a1 3 negatne
pole \cross the reireatng boundary s a potenttal dufference of reversed polanty
bat m this casc the poles are farther part

£ “Maclcod's conception of the polarity changes accompanying the processes of
accession (1) duration (D) and egresston (R) of actvity m a sirp of ¢ardiac
musdde Duning the period of 1ecession which 15 repre ented by scction § of the
stop thae 13 a chamn of doublets each having the postve pole ahead of the
negatne pole During the duration of ety i scction D there 1s no chinge
n potennal and during the regression of ictivity these Is a senies of doublets
cach having its negawne pole m advance of the positne There are the same
number of doublets m the accession phase as m the regresston pha e so that
(hose w the lager are farther apart that 1s weaker per umit of muscle fength

source (+) but that the poles were farther apart m ths case
They were able to obtain some support for this theory from the
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fact that on considerng 1t 1 \eTwls of the wmembrane theory of
Bernsten they were able to reach 1 smiar concluston (ad
Macleod has further developed s theory and wdded a de
tatted descipuon of the eltctncal deselopment of the T “""(';
of the electrocardtogram Trgure 81 £ ullustrates fus conceptiont o
the electrical processes arcompanying the accessiod durauott Jr(td
regression of acuuity 1 a srep of cardiac mascle Dunug the
stage of accession the advanoing actinty 18 accompansed by div
production of a tram of doublets each havin, the positine pole
ahead of the vegatne the first posstse pole betg m the mac
v musche ahiead of the otset of actisity and each doublet i the
wrain represenuin,, a greater stage of actnayy than st predecessor
During the duration of 1ctinity therc 1s no chan,e m the checinieal
potenual which remams nejanve Dureng the regresnon of ac
iy the tissue 15 the seat of a train of doublets each baving the
negatne pale ahead of the posunve one the last poswre beng
m the mactve muscle belund the acine ussue and each doublet
represenung a fesser sta,e of acanaty than us predecessor
The tota) sum of all the doublets of accession 1s equal to the
sum of all the doublets of regvession so that as seems more than
Likely 1f the stage of accesston 15 shorter the daubles will be
more concentruted 1 this xe, ton than m the wne of regression
which 15 of longer duration When recording the elttneat
winay withu a st of muscle arcession and regression ech
will produce a diphasic atrve the first phase of the cune of
weession bewmng + the sccond — The segression deflection will
he a smafier and more prolonged diphasic curve whach 15 also
tirst 4 and then — This 15 llugtrated 1 Tigure 82 from
Madeod which also shows the mifluence upon these cunves of
ravsin, v of the deuls of the musde contraction by warm
g g et o i i of e
conception Mactcod de\ls(,::! :lr::a ﬂl musdf Based upon tus
strited how the umsna) deftect; ol whds demon
1008 (QRS) and 1he T deflection
m;ghl anse They ate the result of the overlapping of the curves

The ume rclauons of 1
1¢ accession and regression deflechions
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preceded by 1 soutce (posiine pale) wnd followed by 1 sk {negr
tne pole)  They suggested thae the final deflecuon o1 T wae
{repolutization) might be cwised by 1 simk (~) followed by a
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Tig 81\ dingrammatie representation of the vanous theories of the nanne
of the electrical mmifestations of actisity 1w cardiae muscle In each case the
contraction 1s spreading from left to 1,ht [he actnve region s shaded (A 8 €
wd o from Macleod \ G {m Heart | 1516, 19%8)

A The negitimty Iapothesis The entue mass of actne muscle s repre ented
15 bewng negatnely chaged The mactise mwuscle 1s neutral

n The theon of limited potentidl diffacnces (Lewss) A small region where
the muscle has just Lecowe actne 15 neguune wd the unmediately adjacent
1esting, muscle s positne

¢ The doublet theors (Crub) As muscle becomes active 1t becomes the seat
of doublets whose posune element 1s townd the restuy, muscle When musde
regresses from the actne state 1 gives 11 e to doublets of opposite polanty

o Bpolar theory (Walson Macdeod Barker) Ahead of the advancing boundary
between 1ostng, and acove muscde 15 1 poone pole and belund 3t a negatne
pole Across the retrcating, boundary s a potental dileience of 1cversed polaniy
but in this cise the poles are farther apat

F Macleod s conception of the polarity changes accompanimg the proces.es of
accesston (4) duranon (D) and e ession (R) of ctinaty an a stp of andac
muscle During the period of rccessron which 15 repre ented by section 1 of the
stip there s 1 cham of doublets each having the posine pole ahead of the
negauve pole Durmg the duration of actuty i section D there 1s no chinge
m potential and durin, the regression of actinity theie is @ scies of donblets
each hasing 1ts negatne pole wm advance of the posine There arc the same
number of doublets i the accossion phise as an the e ression phase o that
those 1 the latter ate farther apart that 1 wetker per unmt of mu de Iength

source (+) but that the poles were farther part this case
They were able to obtain some support for thus theory from the
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were found to vary with the duravon of the active phase astd the
he muscle fiber
knlag;hh::t:ng the auncle of the frog 1t was possible o pfb;l“m
£ the deflecuons of accession trom
atecard shawing a separation ol o fhat
those of regression with only a small zone of overlapping e
1t could be seen that they nere both diphasic and OPP"‘I Y
dected (Fig 82 1) He developtd 2 graphic methed af :ma‘\sl;
of the electnncal events of contracuor and relavaton Wi
cnabled mm to predict the cune which would be obtaned
under \anious expenmental conditions
Although the phase of regression 15 associated with a diphasic
curte the first phase of this cunve 1s ordinantly abscured becyuse
1t comades with the curse of accession  The mtental (§ T seg
ment) between the accesnon deflections (QRS) and the final phase
(T of the regresion deflections will vary m ns Telauon to the
zero Jevel Jying upon it or above or below depending upon the
relane durauon of the phases of accession and regression and
the duration of the full actisity whach inten enes beeween them
His experiments lead to the conclusions that the excitation
process conusts of (1) a brief stage during which actiesty 1s
easng (2) 3 very bried pesiod of fult actwiyy and finally
(3) 2 tonger stage of decreasing activity
Wilson “Macleod Barker and Johnston had previously dis
cussed the T wase of the electrocardiogram and re emphasized
\ilson and Herrmann s eathter statement thar the arder tt shich
the sentrcular muscle passes out of the refsactory stage (con
traction) 1s approsmately the same as the order w which 1t
enters into contracuon  Exery change w the form of QRS pro

duced by a change 1n the order of exatauon was found to be
accampaned by a ¢

g change m the form of T oppo
site 1n divection 1 the change m QRS There Were nevertheless

cenian factors which imight change the form of T without caus
Wy changes w DRS such for example as cooling or warnning
the ventneplar surface or the action of digahs These factors
probabily act by alfecung the duration of the contraction

They described a method of analysis of the eletsotariogram
which makes 1t posaible 10 determune the presence of mﬂu:nc:s
allecting T but without camerdens effect upon QRS Alter the
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1 whach 3t s least. lts durection and suze are (lelemumlzld"bry
differences m the relatise duration of the exated state md U Cd
ent parts of the \entricutar muscle and these d\(fc\'cuces[ fpc:;
upon local factors which are mdependent of the order ul e\‘c \
uon They might as his been saud be the result of oc; m]:x
temperatute differences 1fecting the myocardium or tught be
e vesult of 2 localized disturbance of the myocardum due o 1
Ytocatized disease protess

VWhen ne consider the relationstup of these electrical phe
nomena to the dhiemical and physical process of cantracuon we
are confronted with a considertble deficiency m our howledye
The process of coutsaction his been divided theorencally o
duwee parts The first 15 the phase of excitation winch should be
tonndered to comprise that prebumnary actinaty which begns
belore and causes the actual shorterun,, This phase 15 very bruef
The contraction proper 1s the second phase and comprises the
physical shortenmy, It 1s uot known whether this begtns be
fure ot after (xatauon 1s completed bue it 1s probable that
it begms enher at the ume of complenen of excriation vr
vers sighily belore or after tins tune The more dehicate and
exact the method used for recording contraction the shoster
has been found the mtenal between the onset of the electricat
deflecuons and the onset of the contraction Complete contrc
uon prabalily has 2 short duration and s Solloned by relaration
This seems 1o be defintely more gradual m sts dev elopment than
15 the contraction

We do not know the time relanons of the changes m patental
to the three phases of contraction but we do loow that the
shortensmg benas very soon after the beginmng of the electrical
wune durt, the QRS deflecuons 1t continues unt] the latter
Fre oy e 3 T i it
and the bc"n;;nng o conmc:g )up)m;cur during the eacitation
potenials :umpnsm the T « ;\ while the fater more prolonged
chamical reactions dtlm\-; (““\‘ ¢ oceur at the same me a5 the

e do N %5 Yacton and relaxation

BOt huwow the anatomical unis i which thas ot
potential wias place bat 1t 15 presu; L chiange
mably some subdision of
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electrocwrdiogiim was enlrged they measured with 1 phnim
cter the aren included within the bounduies of the QRS deflec
tion nd the base hine adding nigebrucally the apward (4) and
downward (~) deflections Siululy the rea of T was deter
mined Haung v vilue for the uer of QRS and for T m exch of
the threc leads the prmciples of Linthoven s tringle were Ap-
phed 1nd the mgle « obtuned for both the QRS and the T
deflections Such 1 1ngle brsed on the area of the wave would
mdicate the direction of the neinge or mean elecinical avis
of QRS or of T msted of the electrical 1x1s at 1 gisen mstant,
15 15 usully computed from indivadual deflections One may also
compute the mauifest potcnital of the area using the figures ob
tuned for the met fter the method suggested by Linthoven
for computing the mamfest potential (L) of indav :dul deflecuions
The mean electizeal s of QRS would mdicate the 1vernge
direction m which the exatatory process spreads throughont the
ventniculn muscle and the mean electricl s of T pomts
evactly opposite to the nwerge direction m winch the yecovery
process sprends If therefore excitation wind 1ecovery tike plice
mt exactly the sune order the anle between the electicl s
of QRS and that of T should measure 180° Likenise the a1e10f
T m each lcad should be equal m magmtude but opposite 1
sign to the wer of QRS so that the combined ner of QRS T
would be zeto Differences between the mea of QRS and the
arer of T m1y be expressed by lychruc summation thus ob
tuning the mamjest @ea of QRS T Likenise the electical xes
of these two deflections m1y be added together gnng the elec
trical avis of QRS I' These two values—the manifest wren and
the electrical s of QRS T—produce 1 vector* called by these
authors the ventricular gradient This vector being the difference
between QRS wd T gives the direction and mgnstude of the
electiical forces resulting fiom 1 Ick of untformty 1 the dur?
tion of the exatted state i differenc parts of the ventricles It
expresses 1 difference between the potentl of the QRS group
and of the T wve and pomts m 1 direction from the regton
which the werage length of systole 1s seatest toward the region

* \ rector 18 a force haviny a speafied direction and magnuude
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leads are obtamned by an electrode somenhat Temote from the
eart muse the negaune deflecuon of these leads has been 1¢
ferred to by Wilson asan sirtasicond deflection In Lewis w orh
wath expenmental animals the winng was so atranged that the
negaute MMM deflecuon was upward instead of downmard
This was also the £ase m the earher worh, with haman precordtal
leads It follons then that ihe peal. of the Rware of precordsal
1eads obtained nith the present winng widicates the begunmng
of the mrmsicord deflection of the cumve and thercfore 1he e
of the arrsal of the contracnon wve in the subpencardial fibess
beneath the precordral electrode The downward deflecuen RS
which follows 1s the intnnsicond deflectron and 15 due to the ac
1ty of the muscle fibers beneath thus electrode

Influence of remole electrode It has been generalfy Anown that
the precordial curves would vary somewhat dependimg upon the
sile of the remote eleclyode but the character and degree of the
differences to be expected have not been well understood Cer
wn authors have suggested the nght arm or the leg or the
Yeft arm as the best site for the remate electrode but there has
been much 1agueness as to what 15 meaut by the word best
whether 2 large amgplitude of the deflection or a greater tendency
to show abnormalities

The snpp) y teport of the C of the Amencan
Heart 3ssoctation on Stmdardszation of Precordial Leads has
indleated cettain relauans between the size of the deflecnons
the three hanb leads that seswh from a gnen poteptial and the
differences found m the comresponding, deflection from a pre
Elt_"'dml paut with different witvanons of the remote electrode

te following numencal relations were ponted out relerting

m each <ase 10 the valves 1n milbmeters of any synchronous
porits 10 the leads menuoned such as 15 usually found i the

Synchronous poms duning the QRS group do not ordmarily
comade wub the peaks of a wave 1n different leads
Lead AR = Lead § F 4 Lead 2
16204 L= Lead 4 F o Lead 3
Lead 4 T = Lead 4 F 173 (Lead 2 + Lead 3

1t 15 als0 true thay Lead $ R~ Lead 4 L + Lead 1 By means of
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the muscle fiber The P wave of the electrocardiogram 15 due to
the summation of the brief inttial effects produced by the acces
ston deilections of the auricular muscle while the auncular T
wave s produced by the final part of its recession dellections
Suntlrly the QRS group results from the summation of the acces
sion deflections of the ventriculr muscle and the T wave from
the final part of the recession phenomena

DirecT anD SeribIRECT LEADS

The record obtamed by a direct lead from the heart muscle
plicing one electrode duectly upon the muscle and the other
upon some remote region of the body s almost entirely the
result of the potentials developed i the muscle beneath the
powt of contact with the clectrode Potentials which are devel
oped withm the heart m regions remote from the pomt of contact
contribute somewhat tosuch a record but the importance of their
contribution dinunishes rapidly with mereasing remoteness from
the smmedsate region of contact The record obtamed by pheng
one electrode upon 1 cotton pid wet with saline which 1s lying
upon the hetrt and the other upon some remote region duffers
but Jietle and chiefly m magmtude from the record obtamned
when the electrode 1s m drrect contact with the muscle Such a
lead has been called 1 semudnect lead and 1t has been pomnted
out that leads obtumed through the precordial tissugs are also
senudirect leads nd when pured with m electrode upon some
remote region such s the leg arm or back are almost entirely
dependent for their form upon the potentl bencath the pre
cordial electrode

Wilson has pointed out that the development of the minal
(-+) deflection of precardial leds 1s associated with the approach
of the contraction through the myocirdium toward the subper!
cardrl area beneath the electrode and that the peak of this imual
deflection mdicates the time of arrnval of the contraction ume
dintely beneath the electrode The deflection which follows this
peak passes below the bise Imne giving rise to 1 downward (—)
deflection This neghnve deflection 1s urilogous to what his been
called the mtrinsic deflection by Lewts and others followsng hun
when using direct lexds from the heart muscle Since plecordml
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1 ex have been o th Lmb lead deflections, dan bt ry vie 1 ger
suted tathe mallest precordial d flect  nghtha dcolum ) aea b rampl The [ the
dclect on athe thee tx precordial ] ads has beea calculated £ theso & ures.

1i the angle a of the deflecuons m this table 13 transferred to
the diagram of Tigure 21 1t will be seen that there 1s a sector of
120 winch 15 50 related to cach lunb that when the angle ltes
within tus sector 1 more positne or a less negatine reflection
will be obtained 1n the corresponding synchronous deflection of
any precordial lead as follons

1f the remote electrode of wny precordial lead 1s placed upon the
nght arne the most positie (+) or least negatine (—) potentinl
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these formulas 1t 15 possible to determume the deflection i Lead
£ Rif we have obtuned Lead 2 and Lead § T and so on for any
other deflections provided that synchronous pomnts 1 the cune
are considered It 15 rarely possible to make such comverstons for
the perks of the QRS group because of the difficulty of determm
mg synchronous pomnts during the course of these waves The
peks of P and of T and the ST Junction 1f the Intter 15 of
suffictent magnitude to be easily measurable usually ¢ be
ticated without difficuity by these formuls If they fulfill
Emthoven s formul in the limb Ieads they can be used for the
above conversions

As w 1llustration of how these formulis may be used let us
suppose thit the deflections of the T wave are s follows

Lewd1 =2 Lewd2=6 lewd3=1 Lewd4F=5
Lead 1 L would then give 1 deflection of 9 (5 + 1) 1nd Lead 4 R
of 11 (5 4- 6) If the T dellections werc
Lewdl = —2 Lcd2=1 Lewd 3 =6 Lead T =5
Lead + Lwould be 11 (5 4 6) ind Lead R 9 (5 + 1) Asan
other illustrition
Lewd] =2 Lewd2=—4 Led 3= —6 Lexd 1 F=5

Inthiscase } L= —1 (3 + (—6)) and t R =1 (5 + (—4) It
will be seen that the relation of the deflections m the limb leds
has 1 determimng mfluence upon whether 1 R + L or ¢ Fshnll
be the larger

Wolferth 1nd Wood have mdicited 1nother method of 1p
proach to the relation between the deflections m the imb leads
and the particulir himb which might be expected to give 1 more
positive (upnnd) 7 less positive or 1 mor¢ negatnve (downwud)
deflection when pured with wy precordnil point They con
structed a table which indicated 1 arious reltions of the size nd
direction of the deflections 1 the himb leads and m eich cise
the parucular limb which would be found to yicld the most post
tive (least negatne) or the most negatrve (least positive) deftec
tion of the corresponding synchionous portion of the electro
cardiogram when pured with 1 precordinl pont Table X151
modification and amplificition of thewrs mcluding certam 1eh
tionshups of the deflections m the limb leads which 1re not found
1n their tible and rewrringmg the order so that 1t conforms to
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For routne use the leg occupies a satsfactory posttson 1o rela
ton to most of the ymporsane dellections upon which we blasc
many of our dagnoses and 1t 15 possibly for this reason ld \:(;
Geiger found that abnormahues are uiore hequcmly TCCOR
with the elecirode 1 this postuon than upon the nght ann In
talang precordial leads we are destrous of obtainin, a constwnt
normal form with recognszed normal \ariations duning health
and we also wish ta obtamn abnoymat forms as frequently as posst
ble 1n the presence of discase and to be able to attach defiute
sgathicance to these sanations It will mvahve considerable fur
ther study to properly answer these requirements

In order to ehmmate the mfuence of the potenual of the
remote electrode Wilson has devised what he has called the

central terminal  which 15 constructed by connccung a wire
from each of the three extremities 1o 2 single pomnt each wire
hasing n senes a nomnductine resitance of 3000 ohms This

central termmpal  produces a pomt whih 15 so near to zero
potental throughout the heart cvcle that 1t may be so considered
nathout encountering sertots error Leads from the precordium
to this terminal give cunves which are almost exact records of the
potenual vartations of the surface of the chest beneath the elec
uode and represent as has been sud semdirect leads from the
portion of the hieart beneath

Precordial leads obtamned by this techmque seem at present
to be as satusfactory as any of the others and 1 may be that the
avoidance of the distornon due to the potenual present at the
b clectrode may prove to have praciical advantages Tius
however 13 as yet uncertamn for 1t 15 possible that the potenual
of the hmb elcctrode may ab umes contnbute a diagnosuc
teature 1o the record obtained from the precordium N

INDIRECT LEADS

Remote leads from the limbs "The record obtained by leading
off from two pomns at a relatisely grear distance from the hear‘:
but with the heart ling between them TEPTLSENts 2 summation

of the potenals from all the pounts of the ussue which are actwe
atone ume These are the conditions under which the limb leads
ie himb |

P Is halds for each of the
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wiil be recorded when the corresponding part of the electrocar
diogram m the hmb leads has an angle lying between —30° and
+4-90° It will be noted that the 1pex of this sector pomnts toward
the night shoulder

If the remote electrode 1s placed upon the left arm the most
posttive (), or lewst negative (—) potential will be recorded
from any precordial pomnt when the corresponding part of the
electrocardiogram i the hmb lerds has an angle a lyng be
tween +90° and —150° It will be noted that the 2pex of this
sector points toward the left shoulder

If the remote clectrode 1s pliced upon the left leg, the most
positine (4) or lewst negauve (—) potential will be recorded
from ny precordial pomnt when the corresponding part of the
electrocardiogrim 1 the hmb leads his an angle a lying be
tween —150° and —~30° It will be noted that the apex of ths
sector points toward the left leg

Likeuise the sectors which are associated with the most negr
tive or least positive deflection i a precordial Jead are as follows
with the remote clectrode on the right arm 1t 1s the sector
between +150° and —90° with the remote electrade on the left
arm 1t 15 the sector between —90° and 4-30° and with the
remote clectrode on the left leg 1t 1s the sector between +30°
and +-150° If these sectors are noted 1 Figure 21 1t will be seen
that each one mcludes the extremity concerned 1t 1ts center

With these facts in mind we should be able to select a site for
the remote electrode best calculated to reveal a posttive or 1 1nega
tne deflection 1n 1 poruon of the electrocardiogram which may
be of prrticular importance 1t the moment 1f we have used 2 less
favorable site for the electiode 1t 15 possible to derne from the
deflection recorded the deflection which would hue been ob
tuned had the more favorable site been used This would be
done by means of the formulas on pige 323 It must be evident
from these facts that there 15 no single site for the remote
electrode which will alwys grve the most posttive deflection or
the most negative deflection for any part of the electrocardiogrim
bectuse the most favorable hmb will depend upon the direction
of the angle a of the vector of tus portion of the curse 15 re
corded 1n the limb leads
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the opportunitics {or shart cranting fforded by the body l:::;lc
between the heart nd the lunbs “This & 1 vary from one
widual to another and may rary at different times m the sune
mdindual It seemns as though the amount of contact between
the heart and the anterior chest wall hind an mmportant milucnce
upon the size of the deflections obtamed by the three ieds for
the recorded current {the voltage) 1s reduced by full mspirition
Short-arewtng between the heart and the Jimbs may reduce the
sue of the deflecuons m the leads but 1t will not chnge the
relatine heghts of the varous wues for the short-ciramng
affects each one alike

When the ventricles are contracting normaily the speed with
which the stnnulus passes atong the aw iculoventnicular md
Purkmje system 15 so great that after 1 very siiff mterval prob
by not more than 0 007 second the contrachion will be spread
g smultaneoushy 1n different reions of the ventriculir musele
nd i different directions i each region The electrocardiogram
obtamed by the three leads from the extremites does not record
thase potcntials developed durm, the very earliest period of
excitation of the senticles becausc these potentials have not yet
reached sufficient magnitude to be recorded by the remote leads
The dimeal electrocardsogram from sts very heginnming then
must thus be composed of the resultt of numerous electrical
forces of difierent sizes and direcuons ansm,, from the different
portions of the myocardium which 1re active 1t that tme

The development of the P wave and of the QRS roup depends
wpon the direction m which the mtial potenunls dey clop n the
vataus parts of the auncular and of the sentricular muscle and
this depends upon the order of activiion of the muscle fibers
and upon the velne size direction aind postuon of the muscle
msses If the order of wctivaton 1s constant the potentials wil}
be constant from hewt to beat and the form of the curve un

changed This 1s the reason that the cunves obtamed from the
same heart at different umes are alwa

y$ the same unless the
spreading of the contraction becomes abnormal 1n some wy H
alon an abnormal erder
e will have an 1bnormal
e forces a normal stumulus

the sumulus 1nses 1o n Abnormal st
of 1ctvaton will result and the cuny
form 1f the presence of discased tssu,
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valous umts of tume throughout the cycle of contiaction Fou
this 1e750m 1t 15 not proper to consider that the curses obtuned
by leads fiom paed estremitics ate comparible except m a gen
erai w1y wrth those obtuned by lcads from muscle strps or by
tirect eads from the heut or by semdirect leds from the pie
cordium  Fhey my hive 1 QRS group and 1 T wave, but the
deancal significince of these deflections 1s duferent m the semt
tirett md ducer lewds from then sigmificance m the 1emote
{Innb) lewds In semudirect lewds the muscle fibers nearest to the
cudine clectiode ve 1 much greater influence upon the cutve
than do thost 1 more remote parts of the heart winle wath the
hmb leads a1l muscle fibets e so newndy equdistant from both
dectrodes thet alf have apptosimately cqual effects upon them

With both types of leads :f different muscle groups give nise to
sumultineous electrical potentinls these will be added to one
another 1f i the same direction and will tend to neuttahze one
another 1f m opposite diections If 2t n angle to one motha
they will be summated 1n so fu s they are i ine with the duec
tion between the elcctrodes A given potentrl has most effect 1f
directly i hine with the lead and least cifect if perpendiculir to
1t Becruse of the predomunant milnence of the potentrals beneath
the ¢cudiac ddectiode these relnonships are of little importnce
m senudirect lexds They are of giewt mpottce however 1
understinding the lexds from the extiemities Records from the
oxtramties will be a compostte n size and dnecuon of the vart
ous potentrals present at etch mstant withiy the heart

The electiocardiogram obtuned by the three standard Ieads 1s
not n adequate 1epresentition of potennals which occur m
wnteroposterior direction Thesc leads best record those chinges
within the heart which occur 1 2 verucal plwe transscrse to the
body and passing through the shoulders and left lup Tus 1s the
plane represented 1n Figure 2 If potenunls occur m another
plane they will be represented 1 the plne of the stindud leads
by a value equal to thewr projection upon this plane The mort
nearly perpendiculir they are to the phine of the feads the less
effect will they have upon 1t

The vecard obtuned by the three leads does not 1epresent the
full value of the electrical potentials withmn the heart because of
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may be
taneously Under these orcumstances the comract‘;on{ omy o
considered to spread through the ventricular walls r‘ e
snner to the outer sutfacesna radial manner as shown 1 g

RA LA

F

Fig 8 Wilsons d agram of the ventncular @uties The night and lelt ven
tt cles and 1ntenentcular septum are seadily recognuzable The arrows indicate
the direction of the spreaing of the contrattion thiouh the sentricular muscle
from the endocardial to the epicardual surface of the apex and lateral walls and
from the endocardial surface of the eptum on both sides (From Wilson F N

Maceod A G and Barker P § 4m Heart ] 60620 1931)

83 Opposite walls of the ventricles produce potentials which are
opposite in direction and which therefore balance each other as
long as each wall contains fibers which are entenng into contrac
tion When the spreading of the contracuon reaches the ept
cardual surface the production of the mwal potentials ceases in
this direction so that 1f the opposite wall sull contains fibers
through which the contraction 15 spreading potentials will sull
be produced here 1n the direction of the spreading n this area
He has further pointed out that owing to the gaps 1 the basal
portion of each ventricle where the ventricular wall guves place
to the vah alar orifices the regrons oppostte to the valsular onifices
will produce unopposed electrical potentials from the very be
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to follow 1n 1bnormal path 1n abnormal curve will also appear
Under either condition then, the form of the curve will differ
ftom that associited with 1 normal contriction and normal
muscle This expluns the abnormal form of the complexes asso-
cted with cardine arhythmin and of those associated with
myocardsal disease

The QRS group The theories suggested by Wilson Macleod
and Barker 75 to the production of potentinls during the early
part of the QRS group 1re the most satisfactory at present avail
able for they are 1 harmony with most of the established ob
servations from the clinic and the Iboratory Mention should be
made of certun obseryvitions which might tend to vitiate these
theories though therr importance has not yet been proved It Ins
been shown by Abrumson and by Roth that the rumfications of
the Purkinje pathways run parillel to the muscle fibers i both
ventricles and continue to within 1 very short distance from the
pericardinl surface Accordingly f the impulse 1s conducted to
the ventricular muscle by the Purhinje fibers the contriction
docs not spread thiough the muscle tssue of the ventricles by a
radil penenation starting fiom or near the endocudnl sm
face Turthermore Wiggers has stated that 11l pomts on the pert
cardial surface of both ventricles except those opposite the edges
of the interventricular septum are activated lmost simultne
ously The edges of the nterventriculr septum are actnvated
exrlier than other points on the ventricular surfice hatz and his
collrborators hve msisted that the himb leads cannot represent
equally the potentials produced mn different parts of the heart
becuse of the differences they hie found 1n the electrical con
ductinity of the different tissues surrounding the hewt They
found the difference between the conductivity of the lungs and
of the muscles to be of the order of 1 to 10 and beliese that the
regions of the hexrt in contact with lung tissue are but poorl)
represented 1 the lunb leads 1s compared with the more fu ored
regions 1 contrct with the diaplirigm and the p'xr'ncrtcbn]
muscles and the antertor chest w1l

Wilson 1nd lhus associates hnve pornted out that the ventricles
are miegulrly shaped hollow cavities which are stumulated
throughout the whole extent of their mmer surfaces almost stmul
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the form of the curves of vight ot left bundie hrancts block iy
dsffer m difterent heans becawse of the milyence of h\,pcnwyhy
or of areas of degenerstion which mia bt est g one heart And
not 1 wother spon the fundamental or uncomphicated clectnieat
production reswung from the lestott

In the normal electrocardrogram she amuhancous clfects of
the thoentneles are summated ut such a way that opposing post
e and tegatne forces newtrahize each other and the resultig
situation becomes so comples that it 58 not possble with our
present knouledge to analyze it Lenas bas shonn that 1 1s posst
ble to combime mathemaucally the first portion of she electrical
e from the night sentncle with the first porion of the crve
from the left venide and obtun @ QRS group which 15 very
much hike that of the narmal elecwrocardiogram of the do, hom
which the destrocardiogram and the lesocudiogrim were ob
wned

Fhe $ F junchion and T wave “uch has been smd about the
approsunate 1soelectric Jevel followng the QRS group and belore
the puak of T ¢ has been ponted out w discussing the cluucal
electrocardiogram that the 8 T juniction may occasionally e so
eleane in one Yead or 0 two bup 15 very rarely wsoelecerse w add
W erealize now i view of what has been smd about the deselop
ment of the potential winch goes o make up the T wase that the
o called $T segment 15 only a portion of the T wave and that
the T wave1uelf 1 ondy a poruon of the patential produced by
the regression of electrical activiy T omust represurt i fict 4
summmauan of the iast portion of the many diphasic curves which
result {rom the regression of actvity wn the sevanicular mmdle It
wreases i valiage as more and more of the myocardial hbers
c('?&( therr acunaty and finally reaches a peak This peak raprdiy
e e, ks sl e o b s
e ST seament from \hi j m‘m wuscle strips the deviauion of
d, dusation of < ero Jevel s affceted by the relation of

ol comracion and the length of the muscle fiber

Though tus relationship may hiold for experymental ol
vet 1t probably cannot be transterved d:r?cu ntal conditions
tacnng s 1 whole Y to the heart con

burther wony
RARGN 13
needed concermng the relations of the
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gmnmg of their actisation Tor this 1eason the fust electrical
cllects liom each ventricle would hwe 1 duection deternned
by the spreadimg of the contraction m the apical portion of the
muscle which lics opposite these vahvular openings This diree
tion will m general pomt 1wy from the valve opemngs

Yor the humn right ventucle these ymnal elccurenl effects
hive 1 duection which s downward and toward the left (+++),
the tricusprd nd pulmomc vilves bemg plced to the rizht and
1bore When the spreading of the contriction has pierced the
wil of the night ventricle to the epicardnl surface there will
than be mother arer which bis cesed to produce electrical
effects This uea 1s i the central 1egion of the ventricle so that
now the unopposed potantials m the mterventriculi septum
opposite to this portton of the wall will produce foices pomnting
to the lejt and upward (++4—~) It will be noted that these two
directtons first downwud and to the left (4--44) then 10 the
left ind upwird (++—) re represented n the electrical nes of
the fuist pottion of the curves wssocrited wath left bundle bruch
Block the potennial at this ttme arising exclusnely fom the tght
ventricle (11g 86 )

The human left ventricle has the valve openings m such a post
tion that the apical muscle opposite to them 1s acunvated i a diiec
tion downuard and lo the left (+++) gnm, nse therefore to
unopposed potentrals m this direction during the first part of the
QRS group As the contriction wave pierces the lateral wall i tts
pical portion where 3t 1s thinnest tins 1egion ceases to produce
potenuals wd the potuon of the septum opposite bemng now
unopposed gives rise to forces duected downuard and to the nght
(~—-+-) 1 which direction the contraction wave 1s stll spread
mg through 1t It will be seen that these directions first down
wud and fo the lft (+4++) than downward wd ta the nght
(—++) conespond to the direction of the electrical axes durig
the early put of the curves assoctated with the 1ght bundle
branch block (Fig 86 1) the porential ¢ this time ansing only
from the left ventiscle A detailed comparison with the curves
produced by ventricular premature beats 1s not proper for these
curves must differ from the curves of bundle branch block be
cause of the vinable site of origin of the stumulus It 1s hikely that
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the form of the curves of right or lelt bundle hranch block my
Asffes m dultevant hearts because of the nfluente of hyputioply
or of ateas ol degerreration shich mught exnt st ane heatt :m(:
not 1 Another apon the fundamental ot \\\\Lu\\\phmlcd clecnen
productian resultng from the feston

In the normal electrocardiog ram the stmultancous effects of
(e two ventricles are sumutated 1 suctta way that oppositl, post
uve and negative forces neutrahize each other and the resulting
suuauon becomes 56 comples that it 1s not possible with our
present knos ledge to analyze it Lawis s shown that 5t 15 posst
ble to combine mathematcatly the first poruon of the clectrical
(urve from the night ventricle with the first portion of the curve
from the left \entricle and obtan a QRS group wisiclt ts very
much lthe that of the normal electrocardioram of the dog fram
which the destrocardiogram and the leveardiogram were ob
tamed

The ST punction and T uave Much lias beers said about the
approssmate ssoetecinic level following the QRS group and befosc
the peik of T 1t has been pomted out i discussin the chncal
clectrocardiagr s that the $ T junction may occastoually be 150
dectric in one lead or i twe but s very varety tsaelectric w alt
We realive now ¢ stes of what has been said about the davelop
wanof the porenual which goes o make up the T wne tht the
so clled ST segment 1s only a portion of the T wave and thit
the T wave 1self 15 omly a portion of the potential produced by
he regresyon of elecarical ety iy T must represent m fact a
summtion of the fast portion of the mny diphastc curves which
result from the regression of actrs uy 1w the ventricular muscle It
mereases wsolage as more and more of the myocardial fibers
ceve therr activity and fimally reaches a peak Tlus peak rapidly
!\J:l;:;‘;:; i‘\‘“::;:‘cr:“‘::‘:‘g wuscle fibers cease 1o be actne
the T scgment from the ermlm r‘nusde stnps the deviation of
e durauon of umuaclu]x 01 ,e ‘J ‘i pfected by the elatian of
Though thss relationshyy :n; ,(( lL;c crath of the muscle fher
Vet ub[nulubh cannet l‘)c lr:‘:ns\fucrx ((]“de\)w“mmm conditions
g 25 2 whole ed directly to the heart con

Vurther infonman
on
1s needed concerumg the celations of the
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ginning of ther actnaon Tor tus 1ewson the first elccincal
cffects fiom each ventricle would hwve 1 duection determined
by the spreading of the contriction m the apical portion of the
muscle winch hes opposite these vilyular opemings This direc
uon will m genaal pome wmny from the valve opemngs

Tor the human right ventricle these mutial electucal effects
have vducetion which 1s downward and toward the left (4+4-+)
the tucusprd nd pulmonic vabves beng placed to the nght and
abose Whan the spreading of the contriction his prerced the
wall of the nght ventucle to the ¢prcudial surface there will
then be another 1er which bas censed to produce electrical
effects Ths 1ea 1s m the centrrl region of the ventricle so that
now the unopposcd potentials m the mtenventriculr septum
opposttc to this portion of the wall wall produce forces pomting
fo the Ieft and upward (++—) It will be noted that these (wo
directions first downward and to the left (44} then to the
Jeft and upwud (+-+—) e 1epresented i the elecuictl 1nes of
the fust portion of the curves associited with left bundle brich
block the potentinl at this ume using exclusively fiom the right
ventricle (g 86 p)

The human left veniniele has the vilve opemngs in such 1 post
non that the 2p1cal muscle opposite to them 15 2ctnated m a dnec
tion downward and to the left (4-++) gning rise therefore to
unopposed potentils 11 tus duection duving the fitst purt of the
QRS group s the contraction wave prerces the Intesal wall m1ts
apical portion where 1t 1s thimnest this region ceases to produce
potentials ind the portion of the septum opposite bemg now
unoppostd gnes 1se to forces duected downward and to the rght
(—++) m which dnection the contracttan we 1s stall spxcxd
myg thiough 1t It will be seen thar these dnections first down
ward and to the left (4+++) then downwud wnd to the night
{(—-++ ) conespond to the diection of the electrical 1nes durng
the early put of the curves assocrted with the right bundle
bianch block (Fig 86 1) the potenual 1t tlus tume isug only
from the left ventricle A detailed comparison with the curves
ptoduced by ventneuhr premitne beats 15 not proper for these
curves must differ from the curves of bundle branch block be
cause of the varable site of or1gm of the sumulus It 1s Ishely that



THEORY AND NOMENCLATURE 335

The T wave and the last deflection of the QRS group howeser
! Iwajs 1n oppostte directions 1n the electrocardiogram as
ml::t:::e(al by)lhe limb leads which may be due to one or both of
?hc followng factors {1) The change 1 the position of the hcl:;n
which occurs during systole tends to place the heart more m’ he
Jong aws of the body during systole and to rotate 1t on ;ls( oni,’1
anss so that a pownt anteriorly w ould move from right to left an
from before backwards QRS 15 mscribed at least for the most
part before this change of posiion has occurred and T almost
enurely afterward (2) It1s possible that certain factors may causc
the relaxation of certain portions of the ventricular muscle to be
slightly delayed or accelerated It 15 known that the apphication
of cold to the surface of the ventricles will delay the relasation
and change the direction of the T wave and the taking of 1ced
water 1nto the stomach will do the same 1t 15 possible therefore
that the proamity of the lungs ta certamn areas of cardiac muscle
may make their temperature different from the temperature of
other areas which are in contact with organs of a higher tempera
ture such as the Iiver and that these temperature diffcrences may
cause a vanable duration of the contraction of the subpericarditl
fibers thus changing the direcuion of T from that which 1t might
otherwise have held
Explanation of difference of waves in the three leads Tt has
been pomted out that the electrocardiogrim 15 different when
obtaned by dufferent Jeads Thus fact was at first a great stumbling
block 1n the advance of our knowledge of the subject A wave
which was upright 1n one lead was found much smaller wn an
other or even turned downward and t¢ was not untid Emnthoven s
mathemaucal explanation appeared 1n 1908 that this emgma was
clearly understood Figure 11 contains the electrocardiograms of
eight normal men as obtained by the three standard leads and 1t
15 esadent at a glance that there may be as much varation be
tween the three leads of one person as there 15 between the same
leads of dufferent persons
diicult o Tollow. Let o e o hich should ot be
record taken of i us fitst examine Figure 84 which 1s like a
taken of the three leads at once Ly means of three gal
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direction of the mean electiical s of QRS nd of T to vama
tions 1 the relasation of locihzed poitions of the cirdiac muscle
The ventricular gradient as described by Wilson and lus assoat
ates, 15 well ertenlted to bring out the nfluence of such differ
ences

Confusion has resulted fiom attempts to correlate the T wae
of the electrocardiogram with relnation of the ventricular mus
cle Although its peak 15 1enched a1t 1bout the time that selanauon
becomes donunant, yet the begmning of the development of
this peak has tiken place during the time when the contractau is
m full force Wherets the QRS group occurs at the ume of the
mvasion of the muscle by the contraction the T wave occurs
during the persistence of the contrictton and durmg us sub
sidence It 1s Iikely as has been sud that the chemical changes
producmg tire QRS group give rise to the shortemng which con
stitutes the contraction The T wave starts so early that 1t could
scarcely be due to the relasation of even small numbers of
fibers It 1s important to 1ealize that the electrical curve probably
1s more closely nssocated with the chemisiry of the contraction
process as 1 whole than with the physical pracesses of shortening
(contraction) and lengthemng (relzation) of the fibers We must
consider the hlelthood that the T wave 1s not at all related to
relanation but merely to an anabolic change which balances the
Aatabolism which gave rise to the QRS group and the contri
tion Relaxation may not be related to chemical or clectnicl
changes It m1y be purely physical

In the normal hewrt muscle the contriction process will tend
10 st the same length of ume n 21l muscle fibers so that the
potentsal producing T will appenr first m those parts which were
first invaded by the coneraction process and Iast i those parts Jast
affected For this reason the direction of the T wnave of the elec
trocardiogram should be more closely related to the direction of
the final deflections of the QRS group than to 1ts earher ones
and should tend to be opposite to them

In the electrocardiogram obtaned by the standard leads the
final components e summated just as are the 1ol ones but
owing to the sloner development of the potennil of regiession
the successne peaks of the mmtial phises are nat reduplicated
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Exnthoren demonstrated tht the three leads mng be co‘l,\‘sl;ic:‘i:
to form an cqmlateral trngle standtri, on One of 1S mx? e )
hasing the heart at 1s approxumate center s shown o Figure
“The leads do not form an exact equifateral tnangle but the Lrvor
from consdermg that they do so 15 neghible oue Lethe ““‘;“
trtough thie heart it Fijure 2 represent 1 potential w whm the
feart. wts ditecton representing the directsots of tht potentid and
s size the size of the potential When such a potentiilis recorded
by a gahanowmeter by leads placed aboutt forming, a tmangle as
do the three standard leads the record by cach lead will bear a
certamn proporhional relntion to the actual potenutal  The propor
uo recorded by eacht lead can be determined by projecuns, the
Moy Teprescnung the potential perpendicutarly upon that side
of the triangie which represents the Iead This projection 15 shown
by the dotted perpendaculars drawn from each end of the arron
to the sides of the tnangle and 1t can be seen that the length of
the projection ts different i eachi lead Note also thataf the poten
al withion the heart 1s perpendiculur to one of the lexds s
projection upon that lead will be zero nd upon the other tvo
leads equal

Smnce the three Teads form a triangle about the heart an elec
tnical potential within the heart could not possibly be represented
1n the smne way upon att of dhem It 15 as 1f we should ook at
m approacung raroad tran from three dufferent directions
eath direction bewng vepresented by the posiion of one of the
sudes of the triangle If we fook strasght at the end of the tram 1t
will appear not to Nave any durection (te tolelt or ri by nor
any loigth From amy other two directions loneser its fenth
wd the direction of 1ts motion will be evident If mstead of
being straight m front or behind the tram we are ¢ven a litle to
one side then 2t wall appear to move toward the night or the left

1s the case may be and us leagth witt ApPeas reater and yrener
:l‘\‘tl“l‘l::lr'ca:(r:!gtl::a;s:',Icrsu:rox the ‘c‘ud 0;1 direction Only when it ss
trae lc;ﬂlh T l:u our line of vision tan we appreaate its
3 ie condivon which corresponds to the eleg

trieal force being parallel w0 the hne of a lead
ess than the potenual within the heart on
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vinometers tecording upon the syme photogriphic plate and
withm the sy network of ume lines The speed of the photo-
gtaphic phite 1s much migmiied s 15 1lso the distance between

Il Il 1311
I vl T I
& T r
!
o : s
1 £
}
H ;
H
HEH
u TH
aras
!
H
5
y
!
}
T i
BN 1
o
{
i
»
= = :E
B H i
i fo Sun 1
i T i
11T L T T T T T 1A

Ty, By lo show the elecivcardio,ram by the three hmb leads i the same
ystem of time hines as if taken synchronously (from lahr Heart 1162 191°)

1he spice beween honzental Lues repicsents s usual 01 mlinolt but the
space between vertical ltnes repie ents D0) sccond ~o that the cuves e preid
out honzonnilly

the horrzonti lines so s to frahitate Ceful mesuremant A
1ccord of the clectiical potenual withmr the heut at exch mstnt
thus f2lls apon the sume vertucal tme hine m exh of the thiee
leads On measwing the height upon the syme time hne m eah
lewd 1t will be found that the thiee lewds never have the sime
excurston 1t the sune mstant though wny two leads mny be alike
The electrocirdiogram 1s obvioushy conposed of 1 succession of
bizef electricat effects such 15 the ones we hve measured Tet us
now consider suhy 1t 1s that the sume idenucal electrical potentl
withm the heart 1s recorded differently m different leads
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direcuion

Fizure 8, Ashowsa potenuat within the hz:;l :::o:: durector

15 m:rc touard the patient s TIght than that L;d : mdam -
This would cause 2 downward deflectron

T TEIIIION

3
[ . v

A b

O he heart which
3 #, Representing the drection of the poteatals wittun € wh
will produce thoee dificrent combunations of defiections 10 the thice leads. The
Gun,e heast and arrows bave the same wgaIbcance a3 m Figure 2

4=drection to produce downward (—) defiections 1 Lead 1 and upward
14} defiections 1 Leads 2 and

B = duection to produce dowaward ) deflections n Lead 3 and upard (+)
in Leads 1 and 2

€ = durecc on 1o produce upward (+) defiections 1 Lead 1 but downward (=)
s0 Leads = and 3

ward deflection 1n Leads 2 and 3 (—++) The direction of the
deflection 1n Lead 1 15 changed because the direction of the poten
tal within the heart causes the current to flow through the
gahanometer from nght arm to left arm mstead of the reverse
Figure 8; & shows a potental within the heart which 1s directed
wore toward the pauent s left than that shown n Figure 2 The
deflections sall be upward in Leads 1 and 2 but downward m
Lead 3 (++—) The Lead 3 deflection 1s downward because the
flow through the galvanometer 15 from arm to leg mnstead of from
legto armaas in Figure 2 Figure 85 ¢ shows a potential within the
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account of the short circutting withm the body, but the propor
tional representitzon i the thiee leads 1s believed to be correctly
mamtained To represent the effect of short circuitng, the dotted
lines from each end of the arrow to the sides of the triangle of
the figure should be converging mstead of parallel as they p
proach the sides

We obtamn from an experiment by Fahr 1n 1dex of the rela
tion of the size of the potentrnl withm the heart to the potential
recorded i the leads He pliced two electrodes m the heart of a
cadaver and crused a potential difference of 02 volt between
them meanwhile t1king a record of the resulung deflections by
the three leads in the usual wry His records showed the following
values

Lead 1 =1 0 millivolt

Lead 2 = 4 6 milvolt

Lead 3 = 3 6 millivolt
a proportion of 200 I 200 4 6 and 200 36 for the three leads
which would mndicate that i the largest lead we may record
1bout 2 3 per cent of the heart s potenual

The flow of thus carrent from the heart through the Iimbs 1o
the extremrties 1s mdicated i Figure 2 by the line of arrowheads
for Leads 1 and 2 and the direction of flow through the gal
vanometer 1s represented outside the triangle by the dotted arrous
for 1Y} leads The fenthered end of the arow 15 towmd the himb
by which the current lewves the body nd the head toward the
Iimb by which 1t reenters A current ke that represented would
cause an upward deflection of the 1ecord m each of the three
leads because of the standwd method of connecting the wires
from the limbs to the galvinometer * Though fiee use has been
made of the word current m this explanation 1t must be realized
that the potential differences withm the heart produce very hittie
current that 1s the amperage would be very low When o
Jeads ate tahen stmultaneously with two string galvnometers the
amount of current passing thiough one galymometer 1s sufficient
to definitely dunmush the amount of current mailable for the
other
» The wires from the himbs are connected (o the galvanometer so that a current

passing through 1t from left a1m to night arm or from the leg to either arm will
cause an upnard deflection 11 the record
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of pencardnil fmd There 1s at present ittle defie Lnowledge
nts

0“;1;:?:21, alpha In designatn,, the direction of potentials
within the heart Eanthoven considered alt direcuons s tehuon
to the honzontal whch 15 parilel to Lead 1 The horszoutal
toward the patient s Ieft he called 0° the 180° above tlus were
given negaune {~) vilues the 180° below were considered post
the () values Thus 180 15 honzontally to the prient's nght
30 15 downward to the left 1nd —150° 15 upwnd toward the
nght exactly opposite to +30

The diagram of Figure 21 {pae 96) represents this wha The
arcle 15 drawn 10 such a way as to melude withm it the triangle
teprescntng the three limb leads of Emthoven 1t1s divided mio
segments one side of each segment bein, 1 line drawn through
the center of the arcle and perpendicular to one of the sides of
the tnangle the other side of the segment beng a bine from the
center of the arcle to an apex of the tnangle so that exch seg
ment mcludes an angle of 60 Within each segment the plus or
minus sign opposite the values shown indicues the direction ol
the deflection which would be produced m the respectise leads by
potential differences within the heart having 1 divection parallel
to any of the radu within tus segment 1f the potentinl dffer
ence has a dwrection paraliel to the diniding, hine between 1mo
segments 1t will be perpendicular to the direction of one of the
teads and the deflection will be zevo m thus kad 11 the direction
1s vearly parallel 1o a dividing lme (perpendiculir to 3 Jead)
thert there will be but 1 small satue m the lead an upwird (4)
deflection 1t 1t 15 on one side and a downnard {—) deflection of on
thie other side of the perpendicular The analogy to the tramn s
(0 be recalled for the potential causes no deflection m the lead
toward which 1t 15 exactly durected just as the traim has no len_th
when viewed end on °
\h:\l:e::‘:‘:\;‘](:;:;:l:::‘: r‘nllhc durection of the potentil within
lewds and i e dﬂe“c‘: nelsnc:lx[ the excursions m the three
upnard o1 dommead llal;'e :I\en xru]u(m so that they mav be
witlun the heart wit cause dam:;:s ’:1 lll\,ct sz: Piihe potental

of the waves of 4)}
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terrt which causes 1 downwrd deflection 1 both Leds 2 and 3
vhale thre i Lead s upward (++——) Thus current 1s directed
tll farther toward the patient s left

Emthoven s law of the values w the thiee leads Emthoven
howed that there 1s 2 mathentatical relation between the size nd
he direction of the movements 1 the three lexds resulung from
ny potential within the hert If the deflections m the leads ue
neasured 1t sumultineous portions of the curve 1t will be found
b1t

Value Lead I + value Lead 3 = value Lead 2

s 35 tiue for positive values (upward deflections) negatie
alues (downwmd deflections) ind for combinations of positive
nd negitive values The figures obtuned with an ruficral po
entinl withm the heart have been found to agree with thes for
wih and if 1t be apphied to measurements upon the sume ume
nes in Figwre 8110 will be found to hold good with 1 very slight
rror If we cn decude upon the parts of any record which are
multwneous m the three leads we shall find that they fulhil
us formuh

If we know the size mnd direction of the deflection m each of
1e three leads we can reverse the process of Figure 2 and con
ruct the size nd direction of the hypothetical electrical force
sthin the triangle which would produce deflectious w the lexds
Le those we have mewsured This hypothetical force was called
y Finthoven the mamfest potential (Fm)-—as opposed to the evt
ent potential (e) which 1s that recorded n the leads The mun
st potential 1s a hypothetical value and not 1 potentral which
uly exists uywhere but stll we e deternune its value nd
ympare s size md direction on different occistons because 1t
ears 1 certun proportioml 1ehition to that tiue potential withun
ie heart which we 1re unible to mesure The ratto between
e true polentml and the mamfest potentitl m1y not be 1 con
ant one It 1s possible even likely that there may be dilferent
sgrees of short csrcuiting, wthin the body of different wdmid
als and even m the syme mdnadual this may be varied by cer
1 varable conditions outside of the heare such s emphysemt
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ot pericardial fusd There is at present htle definte Jnowledge
$s
on Ix_l;f:eazz‘(‘t‘ alpha In designaung the direcion of potennials
within the heart Einthoyen considered alf direcuions sn velwon
to the horzontal whech s parallel to Lead 1 The horizontal
tonard the panient s Jeft he called 0° the 180° above d“zsl ot
given negatise (—) salues the 180° bielow were constderet p«;n
e (+) values Thus 150° 1s horszontally to the pauents ngt
+30° 1s downward to the left and —150° 15 upnard tan ard the
nght exactly opposite to +30
‘The diagram of Figure 21 {pa e Y0) represciits this 1dea The
arcle 1s drawn m such 2 way as o mclude witlin 1t the manglc
representing the three hmb lexds of Emthoven Itis dsvided 1o
segments one side of each segment bem, a hine drawn through
the center of the circle and perpendicular to one of the sides of
the tnanle the other side of the segment bemng 2 hine from the
center of the arcle to n apex of the tnangle so that each seg
ment ncludes an angle of 60> Withim each segment the plus or
minus sign opposite the values shown mdicates the disecuon of
the deflection whach would be produced 1 the respectise leads by
potential differences within the heart hasing a direction paralle)
10 any of the rdu wuhm this segment 1 the potential differ
ence has a direction parallel to the diniding bine between two
segments 1t will be perpendicutar to the direction of one of the
leads and the deflection will be zero in this lead 1f ihe direction
1s nearly parallel to a dintding hne (perpendicuir to a lead)
then there will be but a small value m the lead an upward ()
deflection sf 11 15 .01 one side and a downward (—} deflection 1 on
the other side of the perpendicular The analegy to the trun s
1o be recalled for the potential causes no deflecion m the led
tovard winch i gs exactly directed just as the trun has ne len th
when viewed end on °
\h::;:i:\l‘l:]al‘;;:::rm w the direction of the pateritial within
e retats e size of the excursions an the three
‘:;i‘n :1'“: (“ :;Lii’s‘t:\(al:;en;]:\c therr direction 5o that they may be
within the beart wilf ¢ s o e 1 € of the potenual
ause changes 1 the size of the wases of all
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hert which canses 1 downward deflection m both Leads 2 and §
while that 1 Lead 1 15 upward (+-—-) This current 1s directed
sttl] farther townrd the patient s left

Linthoven s law of the values in the three leads Emthoven
showed that there 15 1 mathemaucal relition between the size 1nd
the direction of the movements mn the three leads resulung from
any potential within the heart If the deflections n the leads ate
measured 1t sumultineous portions of the curve 1t will be found
that

Value Lead 1 + value Lead 3 = value Lead 2

This s true for positive vilues (upward dedlections) negative
values (downwud deflections) and for combinations of positive
and negrtive vilues The figures obtamed with w artificral po
tentrrl within the heart have been found to agree with this for
muln and if 1t be applied to measurements upon the sune time
lines i Figure 8¢ 1t wall be found to hold good with 7 very shight
etror If we can dectde upon the parts of wny 1ecord which e
stmultineous 1 the three leads we shall find that they fulfi)
this formula

If we know the size and direction of the deflection m exch of
the thiee leds we cn 1everse the process of Figure 2 wd con
struct the size 1nd direction of the hypothetcal electrical force
withm the triangle which would produce deflections m the leds
Iike those we have mesured This hypothetical force was called
by Emthoven the manzfest potential (Em)y—s opposed to the evt
dent potenttal () which 1s that recorded 1 the leads The nrun
fest potenttal 15 a hypothetical value nd not 1 potentinl which
truly ewsts anywhere but stll we cin deternune ats \ilue nd
compare 1ts size d direction on different occasions becwse it
bears a certam proportionl reltion to that true potentind within
the heart which we are unable to mexsure The rue betneen
the true potential nd the mamlfest potential m1y not be 1 con
stat one It 1s possible even hikely that there my be different
degrees of short ciicuiting withm the body of different dinad
wils and esen i the same mdividual this may be varied by cer
tam varjble conditions outside of the heart such s emphysema
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decreases in size the direction of the vectors m’ze_n\\\lul:}.i\af‘:;{‘.‘l;é
srregulardy n a clochwise direction Dunng the “‘“Z ";‘Z"“hr
uad Tses and Bl but shere 35 no tendency toward a 1ty
anaton of the dixection of the current

“Fhus mereace and deereast, of the sie of the vectors of P QRS
and T 15 found 1 alf elecuocardiograms §t1s wsuily a regululy
progressii € 1afanon but at mes may bearreguiyy Thevaration
1n the duection of successne vectors differs also m different rec
ords This 15 partscularly the case with e veetors of the QRS
group Sometimes these will be progressisely rotated 1 one direc
won sometymes progressnely m the othes and somenimes they
will vary quise irregularly the anyle powting now one way and
now another withont any predomnant srend

Records tke thase of Figure 16 usually show a regulir rotation
of the vectors of the QRS group 1n a clockwise dircction startisy
at about — 40 and ending at + 120° Records ke those of
Fagure 17 usually show a regular rotation of the veelors of QRS
n 2 counterclockuise direcuon stating at abowt & 90° anl
ending at about — 20° or — 60° Records A and » of Figure 11
would probably thow a rotavon with the clock sud recard ©
against the cloch but it 15 vare for normal records ta show such
a smooth utnterrupted sweep of the vettors as do the veeords
with nght or feft anis deviation of QRS

Mann has desised a mathematical method for consitucung a
graph shach he cafls the monocardiogram Tius graph takes ns
form according 10 the successne sarauons in the size and duec
uan of the ectors of the electrocardiogram It sntroduces nothing
which is not already present 1n the record obtamed by the three
Jeads but 1t makes for a more ready appreaiation of the vanations
s the ze and direction of successive vectors It seems hikely that
Along this or a sundar hine much may be learned of the normal
and gbnoymal electrocardiogram which could not be obtaimned by
asunple \nspectaon of the record by the three leads

W ikson and Johnston haye constructed an mstrument capible

of recording such a curve from the usual lumb leads They have
wamed their records vectorgardso,

ascrspuion follows the

grams o emphasize that ther
the successive vectars

path traveled by a e jormung the ups of
of the cardiac potennsals “This mught be
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the leads proportionately, but will not change the direction n
any lead

The electrocardiogiam a series of vectors The electrocardio
gram 1s the record of an electrical potentinl which 1s constantly
varying i size wd direction It may be considered as the record
of a succession of different potenuals each one differng shghtly
fiom the preceding one, just as a motron picture 1s 1 succession
of different views of 1 moving object etch separate view beng
shightly different from the others A force having both size and
direction 1s cilled 1 vector and 1t m1y be sud that the electio
cardrogrim 1s produced by « series of electrical vectors

It must be clewrly understood that the electrocardiogram as
obtamed by the thice standrrd leads does not record actul poten
ol differences which exsst m the heart but that the record at
any grven pownt of 1ts cowse expresses the net result of the many
potentids which evast simultaneously mn the different parts of
the heart Many of these potentals are undoubtedly m opposing
duections so that thewr values tend to neutrilize ewch other
partiadly 1f not wholly The vector recorded at 1 given nstwt
may not hive the dnection of any of the electrical forces within
the heart that go to produce 1t

We cn determine these vectors from the record by the mathe
mtca] process explained 1 detul m the wppendix or by the use
of the geometric dingrams of Tigures 101t or 102 Tor example on
the time hne designited by the arrow m Igure 84

el=45mm c2=21mm ¢3=165mm
Using Table XIIT 1 the Appendix we find that these defiections
must have been due to 1 potential at + 78° with 1 muufest value
of 22 mullivolts The vector for the next time Iine
et=17mm,c2=9mm ¢3=73mm
1s 095 millinolts at + 79° and so the process m1y be carried on
throughout the whole of the electiocardiogrim
During che P wave of Figure 81 the potential first mcrenses
1nd then decrenses mn height and the angle of the vectors grid
ually changes from bout + 90° to 1bout + 30° so that the
vectors rotate mn a counterclockwise direction towrd the patient s
left During the QRS group the potential first mcreses and then
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decreases w size the drrection of the vectors meanwinie varymg
regalarly 1 aclochwise decectton Dunng the T wave the poten
nal mses and falls but there 1s no tendency towavd a regular
anaton of the direction of the current

“Fiug morease and decrease of the st.c of the vectors of P QRS
and T 15 found w all electrocardtograms It 1s usuatly a vegulacly
progressie warration but at times may be srregular The vanation
1 the dieehion of successise vecwors differs also m different rec
ords Thus 1s particularly the case with the \ectors of the QRS
group Sometimes these will be progressiely rotated in one direc
on somenmes progressinely m the other and someties they
will sary quite irregularly the angle pontng now one way and
now another wathout any predomnant trend

Recosds ke those of Figure 16 usually show a regulc votation
of the vectors of the QRS group 1n a clockwise direcion stavng,
at about — 40° and ending at + [20° Records lihe those of
Figure 17 usually show a regular votation of the vectots of QRS
m 2 counterclockuise direction starung at about + 90° aud
ending at about — 20° or — 60° Records A and 5 of Tigute 11
would probably show a rotation with the clock and record 6
aganst the cloch but 1t s rare for normal records to show such
a smooth uninterrupted sweep of the vectors as do the records
with right or left asis detiation of QRS

Mann bas devised a mathematcal method for construciing a
graph which he calls the manacardiogram This graph rakes 1s
form according to the successive tartatons n the suze and diree
t10n of the vectors of the electrocardiogram 1t introduces nothung
;‘;’:}‘:‘ l::x :110‘! n@:lr:adf) present in the record obtained by the three
i the mda df: (ir a more ready appreciation of the vanations
along s or s ecion of successive vectors It seems hikely that

5 umiar ine much may be learned of the normal

and abnarmal electrocardiogram which could nat be obawned 1y
2 simple mspection of the record by the thsee lends ’
uf‘r‘ llsm; and Johnston have constructed an instrument capable
o ccording such a curve from the usual linb Jeads They have
amed their records vecl, diog © \haz their
l[';\secr:scuon (ollows the paih 11y eded by « trte joning the tps of
Cesine vectors of the cardiac potenuals Thys mght be
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done mn Figuie 86 L and b nd would enclose tn exch case an
nreguhrly shaped loop stmulir to the QRS loop of the vector
cudiogrim

g

&

Fi, 86 IMicction and «ze of the vectors of the records of kigure 87 The
trangles repicsent the leads as m igure 2 IThe duection of the arrons Tepre
sents the direction of the vectors The length of the arrows represents the swze
of the vector (Fm) Ihe hgures mdicate the tme 1 seconds fiom the heginmng
of the QRS proup Ihese digrams e constructed from the figines s Table \I

lewss has shown n the dog that when the branch of the
A tculoventricular bundle passing to one venuricle 15 cut cross
the elcctrocndiogram for the fiast 0 01 or 0 05 second will repre
sent only the activaty of the ventiicle whose bundle branch is
mract After this interyal the other ventricle also becomes wctine
recetving sts sumulus through the muscle of the mterventculr
septum from the first one He applied the terms dextrocardio
gram and levocardiogram to the curves 1esulting from the exclu
sine activaty of the nght ventricle and left ventricle 1especuvely
The dog s dextrocardiogrim shows upward il deflections
all three lexds The vectors steadily increase m size nd rotate
untformly 1 1 dockwise direction as do those m Iigure 86 L
The dog s levocirdiogrim may be erther of two general types
one shonmnyg ciuefly downward miunl deflections m all three
feads and the other which Lewis calls  discordmt  giving up
ward deflections in Lerd 1 and downwud deflections i Leads 2
wmd 3 Futher type of Ievocrdiogiam was shown to consist of
vectors which steadily increase in size and rotate uniformly mn a
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found
counterclockwise direction as do those 10 F:gurclsﬁ‘:a}::s e
that by combimng mathematcally the values of the o e
destrocardiozram and levocardiogram from the same M1
L

Big &, The ihice fcadds are mounted as if taken swnchyonou v The  peed ']l
the ) halograph ¢ late was uch thar gach of the tme hnes represents 0 0} swen
L. A premature best ansing, 10 the left sentride

D O eof the uual catmicular complexes of ths patient indicatiay, Left bundle
Usanch bloch w th lighthy prelonged @ R initenal (078 sect The reccr € of Lead 3

has 3 upenmpase record Us Lead 1 which can be seen 10 be he Lead 1 of
s M tranon

s bile to reproduce a QRS group pricucally identical wih
the normal curve of the dog n question

Human destrocardiogrims and levocardiogruims as obtamed
from records tidicating 1 lesion of one bundie branch show con
siderable differences from those of the do, but also show 1 pro
HTESNC rotation of thewr vectors though m 1 different direction
from those of the dog In view of the recent obsenvations men
tioned m the discussion of the localization of bhundie branch
Wlock (page H7) 1t seems that the human dextrocardiogram 15
charactertzed by mnal deflections wlich are at first either
—++ +4+ or perhaps varely ++— and with the later vectors
rolatng m a counterclockwise davection while the lerocardio
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donc 1 Figute 86  aind p nd would enclose m exch case m
miegularly shaped loop similar to the QRS loop of the vector
cudiogrun

by, 56 Durection and sue of the veams of the 1ecords of Tigme 37 The

triangles 1epresent the leads as an Iye 2 1The dicenon of the atrows epe

sertts the direction of the vectors The length of the nrow  remesenis the sue
of the vector (bm)  Lhe figures indicate the tme m second from the begummng
of the QRS group These dir,tams are comtructed from the figures in Table NI

Lewss s shoun m the dog tha when the branch of the
wiriawloventicnln bundle passmg to one venaicle 1s cut 11088
the dectrocudiogiun for the first 001 o1 005 sccond will 1icpre
sent ondy the weimaty of the ventiicle whose hundle branch 1s
mtact After this inteival the other venticle ilso becomes actine
1eceving 1ts simulus throush the muscle of the mterventriculir
septum from the fust onc He applicd the terms dextrocudo
grum and levocndiogrum to the anves tesulung fiom the exclu
sive wtnaty of the night ventricle md left venuicle respectively
The dogs dextiocndiogium shows upwud il deflections m
1l three leads The vectors steadily acwse m size wnd 10t
uniformly 1 2 clockwise ditcction s do those m INgute 86 1
The dogs levocudiogrim muy be ather of o general types
onc showmng chicfly downwud nutl deflecuons m 3l thiee
leads and the otha which Tewts cudls discordant grvang up
watd deflections i Lead 1 ud downw ud deflections i Lewds 2
and 3 Tither type of laocndiogimm was shown to consist of
vectors which steadily macase mn size md votae unformly m 1
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the deytrocard and levocardiogram are completed tlhe
progressne rotation of Success e YEeors connues though at ‘ns
um: hoth ventricles re contnbuting potentrils Compare 110

*A 1A

W
Fig 88 Showing how totches may anse 1n one Jead when the succese Vecir
rotate taward the perpendicular faster than ihey NCRE3se 1 se OF YNE o2

away [rom the perpendiculat faster than they deaease m nze In this case the
notch would be 1 Lead 3

“The numbered rad 1 are the sectors at shccessne umn of tume. The cune s
Teplotted from the sectors upon the senes of lines at the side of the trangle
each of thest corresponding fo the similarly numbered secior This teplotted

cunve E would be the eleciocardio tam by Lead § il the successne potenuial
ifferences within the heart were as represented by the sectors

the ditection of the vectors duning the eardy part of QRS with
the explanauon of the production of thiese vectors on page 332
1t may be mentioned that Lewss has published an apalysis of
curves obtamed from a panent wha showed what we now con
sider 1o be a lesion of the left bundle branch and in this cune
the durection of the vectors during the deatrocardiogram vaned
from 120° at first quite umformly 1n a counterclochuase direc
tion seacling 16° by 002 second after the heganing of the QRS
group Likewise in a curse dicating a lesion of the night bundle
branch he {ound the vector at the begmmng of the QRS group
m the resulting levocardiogram at 60° and then Totaung quite
umiformly 10 a clackwise direcuon to reach 1700 by 605 secon.d
after the beginming of QRS Wilson has found a similar Totation
of the vectors 1 records of these two types
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gram has ats il deflections erther 44 or 44— and later
vectors rotatng mn a clockwise direction

Figure 87 v 1s a human electrocardiogram ndicating a left
bundle branch lesion the first 006 second of which probably
m7y be considered to represent the human dextrocardiogram
Tigure 87 L 1s a record of 1 premature beac starung m the left
ventricle of the sime pattent the first 0 06 second of wluch prob
bly may be constdercd to represent the human lesocardiogram
though less exactly than would a bundle branch block complex
for the reasons given on page 115

Tasiz \§
VECTORS DERIVED FROM CURVES OF FIGURE 87

‘ 87L { 87p
Tie From
Beginning oF
QRS Angle of Size of Angle of Ssze of
Vector | Vector (Em)| Vector | Vector (Em)
02 ] 100 ‘ 30 | 120 20
04 s 1150 ‘ 52 20
06 1322 ] 22 07 - 13 10 0
08 156 16 0 ’ - 42 180
10 -164 o ~ 46 229
12 —127 60 | - s 80
14 i - 56 50 ~ 66° 30

Table \I illustrates the angle and the value of the vectors
at successise intervals of 0 02 sccond throughout the QRS group
of these two curves Synchronous points of tme 1 the three lexds
were determmed by tahing Tead 1 and Iead 2 simultaneously
upon the sume photographic plate by means of two gahvanom
eters and then Lead 1 and Lead 3 simultaneously *

Tigure 86 was constructed from the figures m this table In
Tigure 86 p the detrocirdiogram stirts at —++- and shows 1
counterclochuise rotation of the vectors while i 86 L the levo
cardrogram also starts 1t ~—-- but shows clockwise rotation It
15 nteresung and noteworthy that even aiter 006 second when

 These records were made wn the laboratory of the Department of Physiolopy
of the College of Physicsans and Surgeons Columbia Unssersity under the direc
tion of Prof H B Wiliams
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the desvioemdiogram and {evocardiogram are complesed tlhv.
progressive rotation of surLessIe VLClorTs CoNtILRS though L L ;n
nm: both sennches are contrbuting potentials Compare 3o

I 1A

Y8

Fig 88 Stowing how nowchies may anse w ohe lead when the snceewise vttt
ot toward the propendiular f2er than ey WCEEAsE 10 Wit LT SIS Veisd
away Gom the perpendicular taser \an they deusase i uze I tis cue e
nomth wewid bem Laad b

The nwmbered Tadn are the 1eciors at sutisysive wiits of bme The une &
veploned frum the teclots pon the wents of hoes At e side of the Wawie
2 oF these corte pond ng to the stuly pumbered vedor This 3 tetied
e £ wouid be i e srcracasdiogran By Lead 3 f the wuttesne porrwiiat
4 ferences wath a che eart were as yeprosemizd by the vecroty

die duection of the vectors during the early part of QRS with
the explanauon of the production of these vettors on page 332
1t may be wentoned that Lewis as publubed an analysie of
cunnes abeaned from a patient who shiowed what we noty con
sider to he a lesion of the left hundle branck and i dus curve
the direction of the vectors dunng the destrocardogram varsed
from 120 at first quite uniformly w1 counterclochwise diree
twon seaching 15° by 0 Oy serond aher the begmmng of the QRS
graup Tshewise i a cunve wdicaling a lesion of the nght bundle
branch be found the vector at the beginung of the QRS group
@ the tesulnng levocardiogram 3z B0° aad tien Totating quite
antformly w 3 clockwise direction to reach 170° by 005 second

after the begmming of QRS Wilson has found a simtlar rotation
of the sectors m records of these 1o 1pes



346 THE ELEGTROCARDIOGRAM

gram has 1ts imual deflections erther 44+ or +-+— and later
vectors rotatng i a clochwise direction

Figure 87 p 15 % hummn electiocwdiogrim mdicating 1 left
bundle branch lesion, the first 006 second of which probably
may be considered to represent the human dextrocardiogram
Thgure 87 L 15 1 record of 1 premnture beat stirting mn the left
veturicle of the ssme panent, the first 0 06 second of which prob
ably my be considered to represent the human Jesocudiogrim
though less esactly than would 2 bundle branch block comples
for the reasons given on page 115

Taste \I
VECTORS DERIVED FROM CURVES OF FIGURE 3y

871 87o

Tiug From
Becivwane oF
RS

Size of

Angleof | Swzcof | Angleof
Vector (Em)

Vector | Vector (Em) | Vector

02 160 30 120 20
04 114 15 0 52 20
06 1322 22 0 ~ 18 100
08 156 16 0 ~ 42 180
10 —164 160 |1 -4 20
12 -127 60 | - 52 80
14 ~ 56° 50 | - 66 ‘ 3

Table \I illustrates the angle and the rlue of the vectors
at successtve mtervals of 0 02 second throughout the QRS group
of these two curves Synchionous pownts of tmie in the three leads
were deternined by tiking Lead 1 nd Lead 2 sumultuseously
upon the sume photogriphic plite by mews of two galvom
eters and then Lead 1 and Led 3 stmultaneously *

Figure 86 w1s constructed from the figures m this table In
Figure 86 » the dextrocardiogrim starts 1t —++ and shows 1
counterclochwise rotation of the vectots while m 86 v the levo
crrdiogram also starts at —++ but shows clockwise rotation It
15 interesting and notesorthy that even after 006 second when

« Theee vecords were made m the laboratory of the Department of Physiology
of the College of Physictans and Surgeons Columbia Unitersity under the direc
von of Prof H B ‘ilhams
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mpleced the
the destrocardtogram and lesocardiagram are comp ol e
progressise rotattan of successise vectors continues thouyh a 1
B
tume both ventricles are contributing potentials Compare also

RA LA

i
88 Showing how notches ma
toward the perpendicular f;

away Grom the perpendicular fast
notch would be tn Lead §

by Y anse in one ead when the succossive vetiors
otate aer 1han they ncrease 10 sue o vice vena

ef than they decrease 10 sue In this ase the

dilicrences withun the heatt were ay reprovented by the vetton

the direction of the vectors during the early part of QRS wuth
the explanation of the Production of these vectors on page 332
It may be menuoned that Lewis has pubhshed a5 analysis of
curves obtained from a patient who showed what we now con
suder to be a lesion of the Teft bundje branch and in 1his cunve

the direction of the vectors during the destrocardiogram vanred
from 120 a1 firsy 2 countarclochwise direc

quite umformly

ton reaching 16 by 005 second after the bcglnmng of the QRS
group Likewise 1n g cupye wdicting a lesion of the nght bundle

tor at the beginnng of i

m the resulting levocarg, Q - ;lndgt;\)enl 123315 S
cach 17g°
on has found 5 ¢
two types

g quite
by 005 secong
tmilar rotation
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Lhe electiical basis of notching If the vectors of n electro
cudiogrum 1otute nregully by jerks while approaching the
duectton papendiculu 0 @ lead wd then height mreases

RA LA

Fig 89 Showmng how notches may ase when the successne sectors do not
1otate regularly esen thoush they werease or decrease tegulatly m osize The
production of the notchmy, 1s shown for Lead 3 but Lesds 1 and 2 wouid also
be notched with these vedtors

regultrly at the sune time the resulung wave will show 1 more
or less pronounced notching or 2 thichening or slurring of the
ascending or descending ine Figmie 88 shows digrammatctly
how 7 irregular ratc of rotwon of the successtye vectors can
cuse notching or slurring of the descending limb of R m Lexd 3
which 1s the lead of small excursion for the QRS group 1epre
sented Notchuing or slurring ciused 1 this way 1s found eithet
1 1 lead of small relitive excursion or nem the baseline of onc
of Jarge relative excuision If the vectors rotate wregululy while
lewng the dircction perpendicular to a lead their height de
cresing the while then the situation 1s the same s that i Figue
88 except that the timng 15 reversed

A change m the direction of rotation of successnve rvectors
whetlter from clochwise to counterclochwise or sice versa may
cause notching or slurring nen the peak m the lead of small
excursion and perhaps also near the bischne m 1 laige lead
This situation 1s shown m Figure 8q
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Nolchmg or shirnng nay 1ppear eren thou,tt the mmlml:[;:i
the vectors ts regutar aud constant Jf the sire of successie yet
sanes sregnlarly  Figure ge shows tus condstion Notching or
g

- it

i, % Sho img how notches may wmse when the sucouve veaors do st
rary stenfathy m e even thow b the totatan s s ulatly sn one of another
W secuon There the nowhing 15 3 Leads 1 and § Dut wmoss n Lead 1 which »

mote Bearh parallel o the vectors Lead 23 ould wot show notdung but would
be stunred

Sturring from this cause will be more evident e che lead of large
selatne exeurston which 1 the one more nearly parallel to the
direction of the vectors Tlus 15 1n contrast to the notclung or
sturong produced by uregular rotaton of the vectors which
shous st plainly 0 leads of small relatnve excursion or near
the basehine of larger leads
These mechanisms of newchwng apply enher o P or 1o the
QRS group Such sanatons w the development of the potential
depend upon the manner 1w which the contracuon spreads over
the musc:‘c bThc‘nmchmg ot QRS which appears 1n a small lead
Or nrear (e basehy
Townon of the \;i;i“::‘;&:]f:{l clis d‘:‘ ‘?l vegulanues in the
1otation and of increase in swe ““:21““ e fates of
0es not wsually indicate
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an abnoumahty of the muscle The notching which appears m
the QRS group n Iuge leads usually near the peak of the wave
and usuilly appewrng mn two or thiee leads 1s not fonnd
records from normal heuts It 1s due to 1rregular varntions in
the size of the successive vectors as m [igure ge and must be
considered to mdicite n abnormality of the spreading of the
contriction 1 the muscle of the ventricles Notching near the
peak of the P wave however 15 commonly found m normal
records 1 two or more leads and 1s due to irregular vaations
n the development of the normal uricular current

When the vartatton m the size of the successive vectors 1s 1rreg
ular comcident irregulanty of rotation of the angle may mcreasc
the notcnng or may partly counterbriwnce 1t The two mech
auustms may work with erch other or aganst eich other

NOMENCLATURE AND DESCRII 110N or THL FLECTROCARDIOGRAM

Theie 15 at present 1 regrettible confusion i the application
of Emthoven s terrinology of the peaks of the electrocirdiogrim
(Hurxthal Shookoff 1nd Douglas \egn and Quero) Tlis is espe
aally true of the QRS group nd to 1 lesser extent of the I'nnie
1t 15 unfortunate that our terminology should be mdefmte for
the methods most used for describing and comparning the curves
mvolve the measurement of the height of the peaks It 15 neces
sary therefore that the peaks be smiarly named by all who are
studyng them Because of this confuston the wthor has recently
suggested 1 umform nomenclatnre which can be eastly pphed
and which may offer 1 solution of the varous difficulties that
have becn encountered These suggestions ind the consideritions
which gase nise to them me as follows

Cinthoven 1t firse designated the usunl large upward deflection
of the QRS group as R and apphed the name Q to the downwrd
defiectron which often preceded it and § to the downwud defiec
tion which often followed 1t When he cume to compare 1ecords
obtamed by three leads from the same individual he encoun
tered difficulties in applyng this termuinology to the peaks ap
pearing 1 different leads It was apparently his 1dex 2t thus tme
that R should be the name of the most pronmunent peak of each
Jead and that the terms Q and § respectively should be applied
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to the pornons of the QRS group preceding and Io))o;\mg L‘cl::l
peah He seferred repeatedly 0 the most prominent peah in {
1 or Lead 3 25 an R nave even when these peaks were directed

donnnard and occasionally referred 10 an upnard Q ot S wase
In Westens uber eic an 1908% there 15 1 QRS graup hike that
of the end of Fagure 18 and hie has Jabeled the upward peh of
Lead 3 as @ and the dowaward one R In this same arncle he
suggested that the formula Lead 2~ Lead 1 = Lead 3 mught be
used for the idenuficauon nd nammg of the corresponding
peaks m the different Jeads He stated that although this method
smight appeas ssmple enough yet difficulues would wnse sn apphy

lng 1t especially because the wases ndicated by dic syme leners
often fai} ta occupy sdentical phases of the heart cycle

Quite evidently he recogmized at 1his ume the fallacy of con

sdening that smlarly named peaks m duffercut leads would
always be due to the same praduction of patentnl withim the
heare Posubly w was the further development of thus thought
which Jed him in 1916 m refernng to Lead 3 of a yecord wath 1
typral left avs dessabon of QRS such as Figure 17 3 1o 1)

that since there 1s o basis 10 constder this large negatne peak
(R Lead 3) as ewthier R or § we encounter a real difficulty
searching for the similarly named peak m the other Jeads We
avord tus diffienlty 1f we connider the QRS group 3s 2 whole md

ke the tughest or lowest point of the group in the three leads
as 1he object of our measurement The measurement referred
to was 1o be used for determimng the electrical aws of the most

fratunent pead. of the QRS gronp In Ius Taer wnomngs he
showed utle tendency to name the indivsdual peaks Ameng the
Wustrations of kus Harvey Lectare 1n 1924 he show ed Lead fand
Tend 3 of o vecord quite stamdar to that of Figure 17 8 and
wrked the QRS group of Lead 3 smply s QRS 1 spite of the

fx that naming the peaks would not have been difficult m this
<ast 3§ hs ongimal

procedure of calling the largest deflect
had been followed - i lecton &
‘ Tinthosen s termmelagy as he firsy used 1t seemed to amply
: |m peaks of the same name v dufferent leads shonld represent
"¢ same cusrent within the hewrt \s he hymself pomted ont
B 4y page 8§
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an abnormality of the muscle The notching wilich appeas 1
the QRS group m laige leads usually ner the peak of the wave
aund usully appeaning m two or three leads 1s not found m
records {rom normal heaits It 1s due to wregular varations m
the size of the successive vectors, as n Figure go, and must be
constdered to indicate an 1bnormality of the spreading of the
contractiont mn the muscle of the ventricles Notching near the
peak of the P wave however 1s commonly found m normal
records mn two or mote leads and 15 due to 1rregular variations
1n the development of the normal aurnicular current

When the vatation i the size of the successsve vectors is 1wreg
ulr comcident irregularty of rotation of the angle may mcrease
the notchung or may partly counterbalance 1t The two mech
amsms m1y work with ench other or 1gainst each other

NOMENCLATURE AND DESCRIITION O TH¥ ELECTROCARDIOGRAM

Thete 1s 1t present 1 regrettable confuston n the applhication
of Emnthoven s termuinology of the peaks of the electrocardiogram
(Hurathal Shookoff and Douglas Vega and Quero) This 1s espe
crally true of the QRS group and to a lesser extent of the T nave
It 15 unfortunate that our terminology shonld be mdefinite for
the methods most used for describing and comparing the curves
mvolve the measurement of the height of the peaks It 1s neces
sary therefore that the peaks be sumilarly named by all who ate
studying them Because of this confuston the author has recently
suggested 1 umform nomencirture which can be estly apphed
and which may offer 1 solution of the rartous difficultres that
hve been encountered These suggestions nd the considerations
which gave rise to them e as follows

Emnthoven at first designated the usual lnrge upwird deflection
of the QRS group as R and applied the name Q to the downunard
deflection which often preceded 1t and § to the downward deflcc
tion which often followed 1t When he came to compire records
obtamed by three leads from the same mdiidual he encoun
tered difficulties m applymg this termmology to the peaks ap
penng n different leads It was apparently ins 1dea at this nme
that R should be the name of the most prominent peik of e1ch
lead and that the terms Q and § respectnvely should be applied
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Stwapeakn Lead 1 resulting from potentials which 1K‘: K“"‘;"[
R lead 3 1nd the nanie Qo Leads 2 wd 3 ta pa s‘w;\ X
wg from poxcnuals winch are a part ol R Lead ) It abo ‘1; 5
to mdicate by name the deflecuions m Leads 2 and 3 crmsee ))l
the potentzal produging 81 or to mdicate ut Lead 1 the porlcuu.\
producmg the deflections Q and Qs In each case the \ilue u()
question 15 1¢presented m the ascending or descending b
of the R wae 1t would have been evsdent that this was the e
\f Eanthosen s formula of lead «alues had been apphed to the
wsual elimeat electsocardiogram of this panent The negative
<alge of Q, must bave a cortespouding, positise value m Lewd §
of at teast the difference between Qy and Q and the neguting
satue of §; must himve a corresponding positne vatue w Lead §
of at Jeast the dilference between Sy and S Thus the manner of
development of the heart s potentsat often cxn be rou,bly deter
mined by the application of Emthoven's formula to the petks
of the three leads and the actual names which he would have
apphied to the peaks de not give addstioml help w anderstanding,
1t On the contrry 1f they be tahen too terally the smprassion
that hie names m different leads sepresent hike porentials wald
sually become musleadng 1t 15 possibly for tus reason that he
came to avoid manung the individual peaks nd to speab of

the QRS group s hasing us chuef deflection 1 one or another
directon

Lewss and Gilder 1 1912 published a scries of

nts
of human electrocardiograms 2ad 1 tns report as well as

his other wiungs Lewts deviated somewhar from Fmthoven s
usage i the method of liuening the peaks of QRS He sndicated
only downward peaks by the leters Q and § and only upward
pesks by the Jeiter R Wuth ths method of namng the peaks
the wpnard deficcuion of Lead 1 nmught be called R Ds\ bile a cor
responding synchranous downward deflcction s anather kad
due to the same patenual might be calied enther Q ar § depend
g upon whether 1t preceded or foliowed the up‘:nrd d(ﬂclcntm
of that tead shich would be called R When the pward d 1
tion was notched or when there weye o up“ardp IN lfc o
referied to these deflcctons as 3 notched R wave prans evs
Lewts method of lettening the peaks fasled as did Emthoven ¢
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howeser, this mmplicition 1s not jusufied for the different peaks
of the QRS group m the tluee leads rrely occur ¢ extctly the
same mstant durmg the cardine contraction and sometumes are

T
Rur-Y
B AL
(g
1
tf SR
al
A i
i)
1 was|
i
4
i
O >
1
)
T 3
-t 1 1
[, it
7
1
3
144 o
NIT
HOH HHH
10 Volt ICEIIY.
Qolsec

Fr, g1 Construcuon of the three leid of an electrocardio s im wathin ghe same
system of tme hines (Prom Areh [ d ges Plysiol 1,0 .91 1913)

marhedly separated in time The sumlu nume does not indicite
the saume action current of the hent This feature may be demon
sttated clearly if two or more leads are tahen simultcously
T'igwe g1 wluch 1s 1eproduced from Erthoven ffords an ecel
lent example of how peks numed alike by I'mthosen s method
mny nevertheless fail to represent synchionous poruons of the
QRS group The peaks ot Q and Qs occur during the ascendmn,,
Iimb of Ry The peak of R, occurs during the 1scent of R nd
when R; has reached only half of its height The peik of 5
occurs when the descent of R 1s only half completed and the
total duration of S; 15 represented m the descending, pottion

of Ry

Linthotven s tomencltuie p this record would apply the mme
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urposcs
(e to be easily apphed and may be usetut for gcn]c::i E)c . g:; “)
but they maket umposstble to refer to the e\tra pe § e
or to measure them It 15 therefore suggested that whe

R&
_._,&........? | e
35

R EES =
b Reord Mustranng e siaeoted frminclo,y for QRS grovs winch
at diffcult o measute owan to the present umstandardize 3 nasucnclatre lor
the wases

A Mlraton tpe of QRS with 1o upward and thiee downnand peaks wluch
a4y be named as indicated

2 Shaws thrce upwarl and thiee downward peals comtiuning 3 mote com
theated Jorm of wtrawry QRS group Tie downward peads would be ailed
Q 53 and St 1ic upward peaks Ra Rb Re

¢ A common fcvm of the \{ complex The peaks may be desinated as Ra
Rt anis

than one upward deflection appears the fisst should be called R+
wd subsequent onies Rh Re ete as oceasion rises A downward
deflecuon preceding the first R would be referred 1o as Q and
the first downward deffection following the first upward deflee

tion would be called § 1f there were only one and Sa if there
wewe wore than one Subsequent donnward peaks would he
iled Sb S ete as m Figure g

In deseribung the cunves obtamed by precordial leads the same
arbutrary system of terminelogy of QRS can be apphed wth
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to 11he 1o 1ccount the potentsal contibuung to the 2scending
wnd descendimg hmbs of the deflecuons It differed from Ew
thoven s enlier 1dets m wording any suggestion of grang the
same name to telated potentiils i different leads It was 1 purely
ubitriny termmology which carsed only i mmphcition of di
rection whether upward or downwud and m the case of the
terms Q and § of ume relitne to the upwmd deflection which
was Always ealled R

Although Linthoven s method wis mote widely used at fitst
the majority preferted to follow Lewts fiankly ubitrary method
of nmimmg the mdnidual peaks 1ather than Linthoven s more
superficially logical one Although some hwe objected that
Lewis method also may anterfere with 1 understmding of the
vents of the QRS group becruse the same potentinl my cwse
peaks of different nmames m different leads yer such confusion
should not anse 1f the nomenclituie is understood to be entuely
arbitrary md not to mply my rehtionship between peaks of
the sume name In such wr nbitruy system there must not be
1y pnphciton thit similu numes hnve 1 sumlw cluucal sig
miicance for then m occastomn] cuses when the cluncid signili
cmee 15 not the syme we find owsehes m 1 quite allogicil
position Because Linthoven s method 15 he fisst used 1t imphed
2 simular ougm for smularly named petks and beciuse 1t cwm
be demonstrated that such peaks i different leads of 1 record do
not usually huve 1 similar origm 1t seems best to nord Em
thosven s method of nimung these petks and follow L ewis simpler
and mote wbitrary method of 1pplying Fthoven s lettets

Neither of these wuthors contmued to expand hus tarmmology
sufficzently to mdicate 1s applicition to certun unusual virielics
of QRS which are encountered It seems nccessiry that this
should be dotie m order to noid further confusion wd thae
fore W espansion of Lews modificinon of Fmthovens tet
muology of the perks of the electrocudiogrum 1s here submtted

The QRS group A QRS group with tvo upwud peths sepr
rated by a downward one has commonly becn referted to 1s
AL shaped complen Likewisce when thete aie two or snore upw ud
peaks and two or morc dow nward ones the term vibratory QRS
group has often been used These terms e sulficiently descrip
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1n a group of 17 such records sclected from a Tarye clune scrlms
7 were from pauents with disease of the mutril o1 norle W e
or both and the remaimder from patients w ath (oronary artesto
sclerosts or hypertension Furthermore Durant who called such
2 QRS group Q has found that 1t patients with such records are
exdluded from 1 group n which Qy ts large more pauents with
salvular discase will be excluded than will yemain
In spue of thus many physicrins hase called such naves Q
considering that they narrant this title because ey are the first
downward deflecuon of QRS Nether Linthoven nor Lewis used
the fester Q n thus way both of them designating Q as » down
ward defiection which preceded R Tt also bis heen sugeested
whiat thiese wanes thowds be called Q becawse they aften 1re found
m omial condiuions winch are hiely 1o be tssocited with
well marked Q waves followed by an R Thus reason violates the
prinaiples of an arbitrary nomenchiture In view of the present
duergent usage 1n naming these downward QRS deflections 1t
seems tery mmportant to reach an agrecment This downwwd
deflection ke any other QRS group contans the clements of
the @ R and § waves which may appear 1 other leads of the
record 1t seems advisable 1 view of the current lack of agree
ment wancermng the mamte for such deflecuons and 1 order to
distingush them from other downuard deflections whose pices
ave followed by an k wase ot ave preceded by an R wave to call
these deflections by the name Q8 Tias will indicate that they
::ral:ain the c(léme;us af both paals and that theve 1 3 possilahity
u\d\c\a\\c( :flz:\n\:z\‘yﬂ:s;‘\xmm“ o 13 sl R b apper to
tached (0 the wave \foreo‘:mm o ﬂbpmper\) Jove been au
tating these records from \\f;s Y m? e owhble by s Sepa
Ry o:a definste § (preceded bel‘{”“ 3 deimite @ (lloncd by
cleardy what may be therr (c\\ y \) 0 come o undersiand more
Eonplrans m be bt meal sigmbicance
upen the absence of any constant up
ward deficcuon no watter how small preceding this ¢ !
ped 1€ such a deflection 15 presant as in F»gur: tzc :M‘l;\ard
ward peak must be called $ 1§ 2 small o te down
W oasm the hirst ¢

pward deflection fallows
in a record such

ycl\)e of 1igure 12 4 1c must then be called Q
s this where a mayority of the ather dawnward
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cqually satisfactory results of 1t be clewcly understood that here
the peaks of the sume nime are even more dissinular 1 ongm
than 1 the stindard Jexds Nor need records from patients with
congental dextrocirdi lead to confusion for Lead 1 1s just 1s
truly a reversaf of the ordinary Lead 1 1f we call the first deflection
Q and the second R 1s 1f we called them urerted R and S waves
respectively To do the Jatter 1s not 1n our aprnion good practtce
as 1t :mplhies that the nume of the peaks has 1 defintte mewnmg

There h1s not been 1 proper 1greement 1s to the naumng of
the wanes of 1 QRS group like those 1 Ngue g2 ¢ winch
show first 1 very smull upward deflection for example 1 mm o
fess folloned by 7 sible downnud pek wd wother upwud
petk Some would disregard the small imtal upward peak nd
c1ll the downwnd one Q nd the sccond upward one R Theie
15 a very real objection to this procedure m that 1t demands 1
definition 1s to exactly what size must be 1e1ched by the mitial
deflection before 1t may be called R It seems more stmple and
therefore better to call any upwird deflectson R 1nd to name the
other petks m proper sequence To call such a QRS wt M com
plex 1s unsatsiactory because 1t does not allow of measurements
of the peaks

Another point of divergent usage 1s found mn the name gnen
to 1 QRS which 15 enurely below the 1soelectric level with no
upward peik which could be called R (Lead 3 of g 63  and ¢
and g 12 » nd g) Such a downnard peth has previousiy been
calied S by the quthor becquse i himb leads such records e
commonly found with right or left s devition of QRS and be
cause the downward peih m Leawd 1 with night avs deviation
(Fig 22 a) 1nd 1 Lead 3 with left 1as deviauon (Figs 59 5 md
w72 B) 1s usually an S This S 15 often preceded by 1 small R asm
Figure 12 ¢ 1nd such 1 R myy disapperr during one phase of
respiration lewung only 1 downward deflection It 1s becuse
of the fiequency of such records and because they 1e often 1ss0
ciated with ventricaiw hypertrophy due to vibulr diseise that
the author his previously advocated the use of the letter S for
the peth of a QRS roup without 1n upward deflection Such
1ecords are 2lmost 1s commonly obtuned fiom patents with
valvulir disewse 1s from patients with coronary arteriosclerosts



THEORY AND NOMENCLATURE 359

ohsersed 1n § of Figure 17 3 and m R ‘nnd ‘:a“;f f“;:‘::c Ic?n:
Smce thas 1s 2 nmform thachenng of the lme v y of
parable to those thickenings which occur only a por H‘J"l .
one side of 2 wave but unul more defimte knowled e on l)ll
pount s avalable 1t seems best to apply the term sIur;}"S “’“‘( ’:‘
feature s QRS comes ta an end at the RT or § T' i l}
\he slope 15 often more gradul and the e mor¢ stuned ¢ c:;ul
in other poruons of the peak Thns s seen 1y R of Digure 36 ¢
1t 15 known that slurmng of the peak of a wne or at the hegu
ming ot endng of the QRS group may be a normal phenomenon
« that the situation of shrmng must be noted as a ud 1w
decufing upon 1ts sigmficance 1t should be descrtbed n 1 manner
nalogous to that used for notchng namely that it 15 fovnd 1
certam pumber of milluneters from zero and on the ascant or
descent of a certain wave In the present state of our knowledse
w 15 possible to attach more definue significnee 1o sturning which
does not accur at one of the thiee normal sites than 1o thi shich
does We cannot disunguish the borderhine between a normal
and ar abnormal degree of sturnn, m these normal sitwstions
Veaswrements of dwanron [he tenn  durwon of the QRS
sroup  has not been subject to musmterpretanion  but nsuffi
Qent attention has been pad to the fact that the durivon vases
m diffcrent leads A veference 10 Figure g1 will show that the
durion of QRS 1s shorter 1 Lead 1 of s tecord than
Teads 2 and 9 Since tlus measurement s used to gauge the
durauan of the spreading of the contraction wave over the ven
triculay muscle the fongest metsurcment must be the nearest
approach to the actual duration of the spreading A shorter meas
urement which may be obtamed from any one lead must result
from a portion of the QRS group being 1soelectric m s lead
s Lead T of the figure Inasmuch as dilferent records wil) be
found to show the longest measurement 1n different Jeads 31 as
ob1ous that 1o one lead can be selccted 1o wmdicate the duranon

of the QRS group and thercfore ol feads should be measurcd
and the longest measurement shou

1ld be used The duratien of

the R wave alone will of course I; tile phystologscal s”
e have Lk

t hiystologcal in

Sumlar considerations Jead to the conclusion that measure
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peths are called S8 1t 1s best to pply this nune also to an ocaa
siontl deflectson such s the one here hbeled Q In records
which have a small R appeaning and diswppearing wath respira
uon the disippearince of R m1y lewd to 1 change of the nime
of the downn nd deflection s m INgue 12 4 In order to avod
this 1t 15 .dvisable to retan throughout the lead whichever name
Q S or QS would belong to the downward deflection m the
mjonty of the complexes It would for eximple be cilled §
m Tigure 12 ¢ because R 15 found m the majorsty of the com
plexes

The use of the term notching should be 1estiicted to doubled
o1 split waves which do not have the peak of the notch so deep
s to cross the 1soclectiic level (Tig 35 A and ) Should the 150
electric level be crossed the term notching should no longer be
used the three resulting peaks ech taking 2 name of 1ts own
(F1ig 92 A ind ¢) A descuption of the situation of notching m
the comse of the QRS group 1s nnportt nd should be exactly
described It should be stated that 1t occuts 1t plus or nunus so
many mitlimetess on the descent or the 1scent of the wave nd the
lead should be designated for example at —5 mm on the
descent of S This exact desarption 1s needed for 1t has been
observed that notching of QRS 1 catun stwations m relton
to the poihs 15 commonly ssoctated with myocudinl dwnnge

Lesser grades of disturbance of the course of the scending or
descendig himb of 1 peak are called shuring Wath this i aund
the normal form of the peks of QRS must be espeanlly noted
often the first deflection 4s 1t turns 11y from the P R level does
som 111ther giadual slope and the lme 1t tlus point 1s broder
and therefore more sluried than the subsequent cowse of the
wave which becomes more abrupt nd steeper w 1ts further
course towrd the peik as scen in R, of Ligure 11 4 At the pek
of 1 wave the rate of ascent or descent usunlly is less Abrupt thw
m the remunder of its course so that one often sces just before
ot after the peak or perhaps m both sttuanons 1 thickeng of
the Itne to which the texm slunmg may be apphed s m Ry and
Sq of Nigute 17 8 In other 1ecords 1 dullection of small size wl
show 1 rather umformly thickened Iine when compared to the
thinness of the hne producing Juger deflection Tlus may be
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obsensaton made By Lowss m 1912 but ttle noted by most
tecent authors The deflection of the PR larel 15 cuused by
auncolar acunty wineht @ although d fang [
916 second or wore after the begmming of P sa tht tus m
effert establyshes 1 new zero lesel for the defteciyons of the QRS
group and the ST yuncrion from v Inch new Jerel therr deflec
ons shonld be mewsured  Ustolly this deflecuon 13 fess than
} mm but m certun records $ may 103k T mtutade et
wabes 1t importint

The T cave B, desnbed the position of e 8 T june
tron t teltion to s zere we we lelt with the descrspriot of the
T ware mcludmg wnder s pile the whote of the fna deflec
uan of the electrocrdiogray 1t 1s commonly 1 swrple wase
whose fitst limb 15 inegularly comen ton ard s base vhat s 3t

daes nat {otlow the arc of a cteete and often shous 2 more o less
strught pornon

The term diphasic bas beent commonty applied o certun
pecubiar forms of the T wave but there his not been generat
agicement as ta what thus term should wply In genersl 1 wmove
ment 13 sad to be diphiasic when 3t has 2 postuse and 2 negaune
phase ar vice tersa  refevenice 0 any gren powst 1t would
make a difference Men whether we consider (he deflections of
T 1 relatton ta the zeto Teved of the secord or to the bepnmng
of T usell that 33 the 5T junction which point mght be icr:
ar above or below 3t Swee electrocardsographie deflections
usuatly are cansidered as upsard or downward i relation to the
;ern tevel of the recond 1 seems best to relate the T wave 1o s
:;]2\“3\;0“\): there 15 an apes abote the zero lesel and Ao one
i ;::\c ruay be desenibed as diphasie nd the signs +
N nm;‘:;d to mdicte the arder of occurrence of the
NS S lowind € -) praks that s 4-— or —4 Ap
e o s"\c:;\e oy be found windd shows s
e hm\c\l ”\ :\a;‘ebnu;;h\ be ealled tnphasic The term

st be found appheible 1o waves of such

varied fo
o b(;n:;i‘::;(l 1 does nat fford 3 description of ‘T wlich
Since o o Zg nlx sortt, out waves of amihy 1ppeatnce
et o uled description 35 desrable i s tecom
@ wse of thus term be amphified 1 described beloy

nany as theee
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ments of the duration of ny part of the electiocudiogrim should
be miade m all three lewds wnd that the longest measurement
should be tiken to mdicite the tctual dunation This applies to
the P wue the P R mtenal to QRS and the Q T mterval md
to the T wne (sce Chapter )

The 8 1 junction The QRS group passes over mare or less
ruptly mto the T wve The portion of T immedntely follow
mg the RT or §T junction has often been referted to 1s the
RT or ST mtcrval o1 segment ot purposes of nomenclitute
we m1y speah of thuse 1s the § T quncuion or segment 1rrespective
of wint nwme my be wphed to the st peak of QRS just s we
speik of the PR nterval nrespeetne of the nume of the hst
peak 6f QRS The ending of the S T segment cannot be defintely
mdicited unless 1t be extended to the peik of T for 1t 1s
actually the first linb of the T wue It seams best fiom the
point of vien of nomendture to noid the term 8T segment wd
to refer 1o the whole of the fin1} dellecuon s the T wave nd to
speah of sts beginnng s the 5 T junction

In most clectrocudiogiams the 8 T junction 1s effected by 2
definite change m the mchnation of the hine of the record tonud
the 1soelectric Iavel so that wathin less than 0 01 second the R o1
S wave my be sud to end mnd the T to begm formung 1 moie
or less sharp angle 2t this pomt Otha dectrocardiogiams iy
show 1 gradual change m the mchnation of the hne of the record
so thit R o1 8 my curve gendy mto the bennning of T some
times tihing 004 second ot moe to complete the trsiion
These two types of S T juncuion e nat separate 1ud disynct but
1epresent the two extiemes of the vartous forms which myy be
encountered and accordingly vauious degiees of sharpness of
the resulting mgle at the junction will be obsetved One o1 more
lewds of the record my show 1 sharp ST junction wd the re
mander 1 less sharp junction If howeser sevartl cycles me
crefully mspected 18 15 ustially posssble as 1 sesult of the varn
ttons 111 the complones which occur with respiration to discoret
m even the most gradnally curved twnsition 1 pont which m7y
be called the 8T quncnon

Ihis junction should be descubed as bemyg positive or neg?
wve m telatton to zero Special attention should be gien to an
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“There are records sohich 1t s dsfficuls to mark the c)lu)m%
ot T and in which thns wave may appetc o be (xmlong,rc( —:m::
dsphasic or miphane 38 56 Figure 71 A, Lead 3 and 1 ;a;‘ €] d; <
Lead 8 Tins appearance vsualy 18 due to a fusion of 1" an )
and the faet tan be recogmzed 1§ e dmaven of T 15 meastired
1 another lead wn which T shows 3 marc definue rermsninon
1£ tss measurement of duration be apphied 1 the doubitfud fead
12 wil) be seen that whas was thought to be the prolonaton of
e final 3pex of T has seally occurred after the end of this de
flection and 15 therelore @ue exner 10 e begwng of U w
W Fiure 7 A or to the peok of this nate w5 Lead t b of
Figure 77 &

The Pume The P wave may be described i a manner 1l
0,0 10 that proposed for T Y5 may be dieesed vpnard of
dowtisard or may be diphasic or 1soelecine and may show nowch
g of one gt s eabis or of the peak 1ts descriptson and measure
ment should follow the general Imes sug asted for T

Corvtear. APPLICATION

For chmeal purposes 1t 15 ynnecessary to wosk out the bane
porential chan,gs as descrebied 1w thus chapter These chanes all
leadt to vanations w the direction or form of the wnes of the
elecrrocardhogratn 1 the three leads The 1m ssugator who sashes
10 determine the sgnificance of newly recognired abnormatuties
#4s he fosmm of the electrotardiogram must fave thiese facts cdeasdy
wmund but the analyss having once been done need not be 1e
peated cach tme the same abnarmat form of the record 15 met
with Like vaviauons ;n the hearts currene will always produce
Ike abnormalittes w the three leads so that the chimaan need
anly be able 1 recagnize the sbmormahinies appeaning m the form
of the curtes obtamed by the Wree Yeads

Natchn, may resalt from the sudden addyoon of e poten
aals of a relatnely Lovge area of muscle newly afected by the
comraction wave and i seems hiely that tus 1s the ormmn of
the siotches 2 thie peal. of the cures obtasned after 3 \esg t
ane bundle branch (Ytgs *3 B and zg 8} Th ¢ on 2
bt vensndde o contract 15 saddendy mod; fe ém i oo e
developed nher the Comraction si ) e G potentia

preads 1o the bets of 1he other
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Having noted the position of the § T yunction as + or — or
isoclecttic we must next mdicate the number of apices shown
by the Twive using the terms monophasic, diphisic or triphasic
We must now describe the character of the curve between the
$ T junction nd the fiust 1pex of the T wave It may be concave
towrd zero horizontal or comven towrd zero, or it may occa
stomlly lewve zero at an gle 1 1 quite straught Iine If the hine
1s 1t first horizontal 1t always changes to 1 curve before reaching
the apex and the duection of the curve 1s determined by that of
the peak so that this curve need not be especially described The
first peak of T should be described as + or — nd measured 1n
milmmeters I no peak appears, T should be descnibed s w0
clectric If more than one apes appewrs these additional pices
should be spoken of as T'1 Tb and Tc and therr relition to zero
mdicated » + or — so mrny millimeters The curve followng
the first apex of T need not be described for 1t 1s so dependent
for 1ts form upon the position of the different apices i relation
to zero nd to the beginning of T that it follows from a descrip-
tion of these pomnts
The descupuion of the T wave will then compnse the fol
lowing
S T junction (deflection) + 0 — mm
T wave isoelectric monophaste dighasic
trphasic
horizontal
concare (toward zero}

comex (toward zera)
| straight

Course  toward first apex of T

Ta
Apices TorTb (deflccion} + Q¢ - mm
Te

As examples T of Tigure 65 A4 would be described as follows
ST junction +-8 mm T monophisic course convex +12 mm
For T of thus figure the description would be § T junction —2
mm T diphasic course comex Ti1 —9mm Tbh +1mm To
T, of Ngure 65 ¢ the description would be $ T junction +2 mm

T diphasic course comvex T +3 mm Tb —2 mm 1 more
difficult T wave to describe 1s found it Lead ¢ F of MNguie 26 G
ST junction +0 2 mm T diphisic course conves Tr ~07

mm Tb 403 mm
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santucle Large lesions of the Purkinge system or lage areas of
myocardil degeneration also my produce notching of QRS the
electiien] cffect of 1 large nen of muscle fuling to occur at 1ts
proper ume Notching it or near the peahs of the QRS waves
therr Inge leads usually 1s due to an abnormality affecting
Purkinje ussue or ventricular muscle Notching near the base
hine m large leads or near the peak i small leads usually 1s not
due to muscle 1bnormality

An ampitfication of the nomenclature of the waves of the elec
trocardiogram hias been suggested which affords a detuled ant
Iytic deseraption and 1t ts hoped that 1t m1y Jead to an 1greement
1s to ternunology which may frcilitate further studies of the
sigmificince of the diffcrent features of the 1ecord
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CHAPTER \

DESCRIPTION AND OPERATION OF THE
ELECTROCARDIOGRAPH

Tig STRINC GALVANOMETER

SIF esseniial unty of an clectrocardiograptuc outfit of the
Tsmn" galvanometer type are scen by reference o Frgures
g
93 and g} to he

1 A source of hght {7}

2 The gahvanometer wselt (N and §)
3 A cumera ¢

gned to tecord pt phucally the move
ments of the shadow of the gahanometer stung (9 J§ 12 13
1> and i6)

1 A device for recording untts of ume along with the sirmg
movements o that the duration of the waves may be Mmewsured
2341
% A system of tensiance coils and swiches 10 faniate con
necting the pauent with the wstrument and standardsaing the
gthanomerer (RE B2 B3, 1 and PRy

The phuacal prnaple upon whick the Emnthoven sinng gal
Tanpmeler 1s nsed 1s the same as that used 1n the electrie motor
In each mstrument movemient 15 produced by 1he acion of one
wagnene field upon another There ts a very powerfu! electra
gt produced by caly of wire aumying a enrrent Brom stor
i.e biteenes or some otber steady saurce of eurrent  The cods
are placed about n won core which nds 1 large wou pole
shoes (N and § Figs 03 and g4) Thesc pomnt wnards each
other it are tapered 50 a5 to concentrate and mtensify the mag
nence ficld

The movng part of the mstrument  a very fine Klwmems

cfled the  siring (Fig 93) which carmes the curret 1o be

tested Tts made of quartz wth 2 thugy plating of siher or gold
&7
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g s teo ends closer together stackened string wilf always
move more than 2 tense one with the same current

The movements of the sttng w tus galvastometer are 100
a0l 1o be vecorded without magmficauon sa the pole shocs
are bored 1o allow for Ahe wsestion of mucroscope tubes (Fi,8
g4 and 9y 3} One of these contams 2 coudenser objectine ;0
brug dse hght 10 a focus upon the stng and the other m ob
gectsve for maguification of the shadow of the strng and 1 cye
prece for s prajecuon upon the photograpine recorder

Many wadels of the striag galvanometer are on the matket 2t
present. The fust made m ths country ws designed by Profes
sor Horatio B Withaims of Columbia Umnersny made at hrst
by C F Hindle and at present by 1he Cambnidye Instruaetie
Compans of London and New York Froure g1 15 2 model of this
mstrument made by Hindle about 1923 The present models ste
maller and more sunple 1 construction nd a2 porable wode
1s aailable which weighs about 30 pounds Sausfuctory wistru
ments are also made by other manufaciurers

The wstrument shosn i Figure gy 15 a typical apparitus and
@n be used 10 explan the principles of operanon which arc
camman 10 all We can see the coils of wire {2) which make the
electromagner the large taperng pole shoes N wnd § hddd apare
by brass wed,es (2} placed 1 the angfes on each side the cuds of
the mueroscope tubes {3) the ubular brass device called the
g fousiy, () wlich s placed erucally above and belaw
the space berween the pole shoes and 15 used 10 hold tic string,
1 proper posiion m the magnetic field and to vany s position
dud ceusion s 15 nevessary 1F a bastery 1s used 1o actnate the
cotls of the wagnet an ammeter should be avalable o male
certain that 1t v properly charged

In order that the MICascopes tRay be properly ahigned they

e el provided wih a three wrey centteniny, deviee (6) samatar
1o used on some microscy

tost be stages The new models fing this
wecessary because of a differem catistraction of the striug
housinyg, .
The stnng hou:
| 8 housig has two objects m view 1y wust Waw the
rdpstment of each end of the strn,
'

so that the latter wll
v 2SS
hTou Ll the center of the mapnene field nd must allow ‘(he
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on 1ts surfice The string 1s 2bout 0002 mm 1 dimeter and
m1y have m electrien] resistance of from 1000 to 15 000 oluns
For clmical use the most satisfactory resistance 1s 1bout 10 000

@ o 1y
< = i
|

—
i1g 03 Schemine anangement of stimg galvinometer clectrocardiogriph The
blocks N and § mdicate the tvo pole shoes of the magnet Tt s posable that
the polanty nught be reversed when the mstrument 15 m use but af 1t 1s as rep
10sented 1 cutrent passing, through the strng, lom above downward would mduce
1 magnete fickd about the stnny, 1 the dinection of the small dotied anows
sound the upper pornon of the wnn, This would move the strng badkwaid

awy from the observer

e mea N

By o

il

ohms Low 1esistaince stings accentuate the tendency to over
<hooting

The string 1s held mthe center of the magnetic field between
the narrowcd cdges of the pole shoes of the magnet It runs mna
direction puallel to these edges 1s can be seen an Tgwme 93
wheie the pole shoes are muked N nd § 1espectively 1o denote
thear magnetic polanty A curient passing from above downwad
thiough the string will induce 1 magnetc field 2bout 1t with the
direction shown by the dotted encle about the upper put of
the stung while 1 curient passing from below upward will n
duce 1 miagnetic fidd bout the strng 1 the opposite direction
In the cise of 1 aurent from 1bove downward the mtetference
of 1ts mduced magnetic field with that between the pole shoes
will be on the side toward the person who ts looking w the tilus
traion foi the flow of the field between the pole shoes 15 from
N to § The movement of the string m this case will be may
from the observer out of the phine of the page 1f the curient
pisses an the other direction thiough the strm,, the movement
will be townd the observer becruse the migneuc field induced
about the string 1s reversed and the mterference 1s on the oppo
site sude

Tlhe movements of this filunent will be greater as the cnrent
1s sttonger and as the tension of the stung 1s shchened by bring
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string ta be tightened ot loosened 1t the will of the YPE:‘:
“The first of these objects 1s attained by the small screws (7) which
acting agunst SpHngS Jlow us to mave the compressed fiber
bleck to which each end of the strang 1s attached 1 any direc
uon 1 & horzontal plane This sort of adjustment 1s prov wded
for both upper and lower ends of the strng In the newer models
s adjustment of the position of the ends of the string 1s not
necessary because the string £alls tto us exact positon due 1o
the exact machimng of its metdl case To tighten and loosen the
string the wheel (8) 1s used Turnung this 1cts upon the block
with the upper end of the sting attached moving 1t upward or
downward as the wheel 15 turnng 1n a direction aganst or with
the hands of a Jock Since the lower end of the stning 1s fined the
stng will be bightened nhen the upper end moses upward and
toosened when 11 moves donnnard

The string self 15 attached at etther end o0 a sl spade hike
ptece of brass held 1n a metal prece which 1s msulated from the
rest of the galsanometer by the above mentioned compressed
fiber block and connected to the binding posts on the back of
the string houstng {#) The housing 1s mounted on a brass plate
upon the back of the pole shoes by means of a three point sus
pension designed to hiold it nigidly i place It 1s pressed agamst
this brass plate by a large spring

The recording camera has a2 box {9) to contain 1 roll of ilm
or bromide paper and anotber box {20) mito winch the Hilm or
?:rpiru;;a‘;s;s x;{::, being exposed Between these two 15 a device

posure and for moving the film at a umform
:“: d:::fnl;%:tt r: ﬂ(i::\\\cd khm%h the hornzontal st (11) and
wider Bebad thzyl . pmn‘ e((ii for‘mahng the shit narrower o
comng through 5}; ::Q K r\lc:x Yens which focuses the hight
Thus qhndn:ﬂ lens o ohe Dhotograpliic fitm bebnad
ocuses the lighs to a hine which eviends

across the width of the photographic film a )
nd the sk W ol the
. 1 phic fil e shadow of 1)

m s lwe of light Raln,
gs upon the
ll(l-ns theow their shadows on the film as wt passes thus making
\fnhnnmnm tines of the tecords (Fig 1)
M
e \\ch?c))':l passes heteen two cybinders below the level of the
are not in contact except when the lever {12} 1s moved
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stnng 1o be ughtened or loosened at the will of the t_)pcmor
‘The first of these objects 15 attamned by the small screws (7) which
acting agamst spungs allon us to move the compressed fiber
block 10 which each end of the string 1s attached any diree
uon 1n 2 honzonal plane Thus sort of adjustment 1s provided
for both upper and lower ends of the strung In the newer models
tus adjustment of the postaon of the ends of the string 1s not
necessary becawse the string falls mta its exact position due to
the exact machmng of 1es metal case To tighten and Ioosen the
sting the wheel (8) 1s used Turning dus acts upon the block
with the npper end of the stnng attached moving 1t upward or
downward as the wheel 15 g i a direction against or with
the hands of a lock Since the lower end of the string 1s fixed the
sttng will be tightened nwhen the tpper end moves upward and
loosened when 1t moyes dawnnard

The stiing wself 15 attached at etther end 1o a small spade lihe
prece of brass held 1n 2 metal mece which 15 msulated from the
test of the gabvanometer by the above menuoned compressed
fiber block and connected 1o the bimdsng posts on the back of
The housing 1s mounted on a brass plue
pole shoes by means of 2 three point sus
pensian designed to hold ngdly in place Tt 1s pressed agnnst
thas brass plage by a large spnng

The Fecording camera has 2 hoy {9) to contan a rol} of film
oF bromide paper and another box {16) 1nto which the film or

PAPEr passes after being exposed Betueen these two 1s 1 device
for making the €xpos

Tate The Yight 15 ad

St 10 2 e which evtends
phmogmph\c film and the shadow of the
h i this hine of bght Rulings upon the
s on the filin a5 5 passes thus making
the records (Fig 1)

MCER tho cyhinders bel

€Ontact except when 1l

he fim Passes bety,

fens whey, are not 1

low the level of the
e lever {12) 15 mosed
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Onc of these cyhnders 1s const mtdy revoh g 1t 1 nadorm 1ue
bewng turned by the shaft (73) which 15 drven by 1 sunil wotor
(14} with 1 self govenung device to Leep its speed umform This
motor ¢ be yun on the house euntent The speed 1s connrolied
by the operator wd set 1t the desned pomt by varying 11esistance
m cicnt with the wmsaic of the motor  Ihe speed remams 1
set with grewt constaney

As the lever {£2) 1 moved 1 jerk as fdt when the two cybhmders
nnke contet Lrippny the film between them We can be sure
that the film 1s moving by glmang 1t the wheel (75) winched 10
the sprndle on which the Glm s wound As the lever 15 moved
father 7 chek s houd denoting that the shutter buhind the sht
1s opened nd that the filim s bang osposed By maving the lever
{1 hough 1o stnt the Glm wd not fn enough o open the
shutter unexposed film my be 2un mto the lower bos

The pulleys on the shaft of the motor nd those on the drnving
shnft of the camert e of diffurent sizes so thar the saccessne
speeds 2t which the il mny be propelled past the cimert shit
are el double the nest slow s one bemng thout 125 25 50 wd
100 e of hiln par second s the motor 1s usually 1cguinted
The smaller models e only one speed 25 s per sccond
which 1s the stind ud for chimcal records

Above the shit (I7) 15 1 doviee (76) for photogt iphing, siumbers
on the film bedind 1tss n ordinay photogriphic shatter set o
1 bulb evposnic The numbas uc¢ on tho cellulond dises which
my be 1cvohved 1t will The number, me esposcd by pressing
on the lever that opens the shutter atowing the shidow of the
numbers to fall on the end of the film behind

Drrectly upon the top of the Cumert tible 15 1 sham, ke
which must be pulled out bufore the lever (12) ean be twned to
start the movoment of the film The Latfe 1s so artanged that i
pulls out 1 shde openng 1 spiee i the top of the bos (1M o
1tow the film 10 pass through  Ater the film 16 exposed the Late
should be pushed m thus cutunyg off the film wd tlowng 1t o
drop mto the lower bov The shde 1 the top of this hoy must
be closed before the box is tenioved fiom the cunert tible

The soutce of ununition ousgmiatly wsed was a ne banp
but stnce the mvention of a more brdhaat filunent bulb tunp
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thts has entirely supplanted the are for chncal purposes  There
are one or tho types of filament lamps avulble wiieh can be
used wath perfect sausfaction for chmcal work when the speed
of the record 15 not 10 be aver 2 mm per second They will
take readable though underesposed records 1t o0 mm per sec
ond With the smaller models records can be tahen at 100 mm
per secand using the filament bulb as a source of hight Though
these famp bulbs must be replaced occasionlly becanse of loss
of bfhancy the expense 15 neghgible for with proper handlng
ane bulb will do for many recards 4 special lamp bousmg (17}
1s provided wluch allows vertical md hteral wdjustuient of the
bulb by screws and has the necessary fenses attached

The e recorder We must have a ume marker of some sort

recording upon the photograplic film both 10 serve as a clieck
of us speed and 1o facih

ate me measurements ui the records
The sumplest form 15 5 twnung fork placed upon the camera table
50 that the shadaw, of 3 pomter attached to one of 1s 1anes waff
fall verueally across the sht 1 front of the cyhindrical lens Thys
f:;(;uc:s aseries of upand-down waves of the pertod of the tun
or.

A Jacquet chmnograph ma
vertical and ) produce a

/5 secand Many

sart of a nyme marking  whch
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when combined with the honizontal ruling and a film speed of
1 mm per 00t second, gives a system of squares like those of
plotung paper Thus tuner 15 shown mn Figure g3 (18) and con
sists of a rotatsng wheel having four thin spoles and one shightly
thicher The shadow of the thun spokes 15 just sufficient to corver
the width of the sht of the camera As these pass by the slit and
cover 1t the hight 1s cut off for an wstnt so that the film 1s not
exposed to the hight and one of the finer vertical lines 1 made
The thicher spohe makes the fifth and wider hine because this
shadow lasts for a longer ume This ime wheel 15 driven by 2
small motor governed by a tuning fork of fifty vibiations per
second (19) The motor mikes one revolution to 10 vibrations
of the waning fork and as the spoked wheel 1s on the shaft of the
motor 1t 1s driven at a rate of five revolutions per second

The 1esistanice boa When the patient s extremities are con
nected with the galvanometer through the resistance box there
occurs a deflection of the string which 15 due to the difference
m potentitl exssting at the contacts of the patient s shin with the
two electrodes This 15 called the shin current and 15 sometimes
very small amountng to only T or 2 millnolts but usually it 1s
berween 5 and 10 mithivolts and 1t may be 20 or more H s
large 1t will cause the string to move so far from the center or
zero posstion that it will be quite off the photogrpluc film and
may be outside the circle of light thrown by the microscopes

The abjects of the resistwnce box are (1) To protect the string

from being forced too far wnd perhaps broken by this sk cur
rent  (2) to enable the operator to bring the string back to the
center of the ficld of hight by passing through 1t 2 sufficient cur
rent in an opposite direction to neutrihize the shin current (%)
ta allow the operator to produce 1n the circuit of the pauent and
galvanometer 10 exact potential of 1 mithvolt in erther direc
won or of multiples of this unut to be used m the process of
standardizing the string

The arewt within such 1 box 15 shown 1 diagrm mn Figuse
g5 and the sune lettenng 1s used wn Tigures qf and g6 which
show the outside of the box as made by Hindle The same essen
tial features are found i the simphified control panel of the
newer models A 15 a dry cell which furnishes the current B 15
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the pole stulter which enables the aperator 1o pass 2 current M
<ather drrection through the rest of the airctat G152 smald am
smeter which indicares the amount of the current The resistance
RI 15 raried unb} the ammeter regusters 10 and the current
through RI then o311 have a value of 0001 ampere Che teust
ance R2 forms a dersved arcme and the mtroduction of 10 ofuns
reststance a0 &2 will cause a difference of 001 voly across the
rermunals of thus arewt For each added 10 ohms there » il be
an added malis ol difference

At PR are (he resistance couls which form the protecung se
wstance ¥ e the needle of this sitch points to INF the ar
curt bumeen the box and the gatsanometer 15 open and the
string 15 protected from al outsde currents Wnh the sicedie 21
2 1000 000 ohims are placed m arrcutt with the paent and gal
waniometer with the neede at § there are 100600 chms and at
& these are none The hugh resistances protect the galvanameter
suing as the patient 1s turned an - from the full wapact of a Yarge
shint current or of any extraneous currents which may bie 1o the
arcut dirough faulty insulation or poar contacts The current
will be reduced by the large resstance and the strigy, hept from
deflecting ontside of the arcle of bght

‘The wires from the three extremuuces of the patent are led
mto the box at the hinding posts markhed RA (nght arm) L §
(eftarm) and LL (left leg) The tead shuch £ muked £ 2 3 1
tsa device for connceting these wires 1o the gabvanometer 1n such
L e po 1 Lt gy o
nected (R§ LL; a‘n:f':sll):x T":(‘dl:-'npoml-; w2 tad 2 s wn
(11D points 0 3 fxad § 15 contected

$hen the needle of tns swich points to 4 the pavent 1s dis-
conecied from the gahvanometer and the resistance R s sub
swuted for the patient This restsiance 1s used for measuring |
tompanson the tesistance of the patent 1 may also b usc?! "
measire the resistance of the SHRZ * In newner models Econuctvl)

the tenncn of
Figure 94 unu)
3 an meawnng
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substitutes for the patient a fixed resistance of 2000 ohms The
pauient s resistance may be determined by comparing the size of
the deflection obtained through the paient and through this
resistance

The other binding posts along the back of the resistnce bos
re quite planly marked the two on the left bemg for the +
wmd — poles of the dry cell niuch furmshes the compensitung
and standardizing current

In thus resistance bov all the cotls 1nd contacts are enclosed
1 a copper ined bov all the handles are of metal and connected
to the copper hmng and tlus Immg can be earthed from the
termmal marked Earth so thit effective screenmg of the en
closed crzcuits 15 provided from static charges which might be
mduced by the movements of the hands of the aperator or othet
causes

Instatlanon Most of the modern mstruments are supphed
completely set up nd ready for use or 1f not adequate mstruc
uons me supplied by the manufacturer so that even the novice
will expenience no sertous difficulty Certam things however
may be profitibly emphasized

All wires used 1hout the mstrument except those wlnch acti
vite the electromagnet should be covered with lead nd 1t 15
2dvisable to have these covermgs grounded The grounding wire
wtached to the back of the ressstance box should be of ample
size and the frame of the galyanometer should be grounded
One of the ends of the string should be giounded This may be
done by connecting together the adjacent ternunals ou the resist
amce box These groundings partcully the fast two will pre
vent static charges developing upon the instrument or the string
50 as to draw the string 1gamnst one of the pole shoes and per
haps break 1t They are usually an integral part of the structare
of the modern mstruments If an alternating current 15t use 18
the butlding there may be difficulty 3 screening the gahanom
eter circuat from the mmgnenc field about the power wies Ths
field 1s constantly sarying and will mduce a current i the pal

on the rulcd plate above the skt of the camera Resistance 1s now turned w at i3
unuf the defieciion of the struy, 18 reduced to exactly 15 an for 3 nuilvolts Th:
amount of the resistance necessary wilf be equal (o the resistance of the string and
can be sead off from the dsals of RI
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yanometer arcunt of the same frequency 15 the alternanons of
the current producing a contimual buinng mosement of the gal
\anomeier stnng To prevent tns the power wues should be
enclosed m an won pipe wiich wail carch most of the magneic
Jines of force and prevent their veadusng the gahanometer cir
cust The thicker the 1on the greater the protecuion Sumlar
\nduction troubile tan atise from the wire supplyng the motor
of the camera or of the umer should these wires pass near the
ahanommeter arcuit or 1 can anse from the wire 1o an arc hipht
with direct current 1f the arc hight should flicker
The proper centertug of the ophical system should be carefully
attended to When the source of hight and the jalvanometer
microscopes are 1 proper alighment screwng the projection
tucroscope (3) 1n and out so that the string shadow goes out of
focus First one way and then the other should tesult 1n a sym
mettical widening of thie shadow to exther side Likense the edge
of the arde of hight should (o out of focus concentucally and
should cantinue to he arcular 1f the ali nment of the system of
lenses s umproper ¢he string w1il broaden out 1w one uide when
the miroscope 15 screned ante way and to the other side when
screned the ather way The hight arcle will do Likewise and wilk
assume an elhpucal form With poor ahignment 1 18 unpossible
:z ug:!ldal;h:;‘:, :)clzz‘tlographxc un;:lge of the string The alignment
e y moving the lamp to one side or the other
g shadow and the aircle of ight remarn sy munetricat
as the microscope 15 focused
ahgn ‘:::‘:‘S:“:}:::n{e;:x :fn\hi source of light does not correct the
g shacm o of ths i c‘\\esia symmetneal widening of the
" l)):' centenmgof dhe mcm ¢ of hg};: 1hen the trouble must be
prosedure and it shouldlcr::{ ;’)Pe ubes Toabgn these 1 a uice
famihar with the structure of ctl auempied unles one 15 dame
suments e 1 Qe ne \ie wstrument  In the modern
agam at the facory and need not be done

[t
N :u :ch prllo;og:ph;ch umage may fail to have shatp edges even
a\)ﬂ;,‘.,\\\on f;p mrs) arp to the obsetver because of chromatic
o € lenses The operator should find hy expert
Point somen here betneen the eyeprece and the camera
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at which he can focus the shadow of the string and obtam a sharp
photographic mmage The visual image at the distance of the
camera will of course then be shighdy blurred The visible Ight
rays which we focus by the eye ae mostly fiom the red end of
the spectrum d these comerge from the nucroscope more
shrply than the more actime blue 1ays which produce the photo
griphic 1mage

When connecung the dry cell to the resistance box 1t 15 con
venient to connect is poles i such 1 way that turmug the pole
shifter to the right will enible the operitor to move the stng
shadow to the xight upon the camer: when resistance 1s mtro
duced 1t B2 The shidow will then be moved to the left by sho
duang 1esistanee 1t R2 when the pole shifter 15 turned to the
Teft

When connecting the 1eststance bos to the galvmometer the
wires should be so connected when film 1s used that the notml
R wave causes a movement m 1 duection towud the right hnd
side of the camert sht as one fces 1t standing by the gilvanom
cter If this preciunon 15 not tihen punts made from the negy
tve must be punted with the film instead of the emulsion agunst
the paper Prumts made i this way do not of course hwe s
good definition 1s when the emulsion hies neat to the paper

When bromde paper 1s to be used m the camern the nnes o
the galvinometer should be connected so that the notut R wne
cluses 1 mosement 1 the resese dnecuon that s toward the
left side of the cimer st or the record will be upside down

Taking the record The patient must first be connected with
the resistance bon A flenible cable (Uig g1 20) contanmng thice
wires tuzsted together and covered with 1 flextble metal sheith
should be used In a hosprtal thus cable m1y lewd to 1 wall plug
which connects with 1 cible running to vanous pasts of the
building nd records en thus be tiken of patients lymng sn thew
beds The development of portable electrocudiogriphs which
can be pushed about on a wheeled truch hue now wnde stch
wirng of a hospital unnecessary except for buldngs of gieit
size In the office the wires of the flesible cable e attched 1t
one end to the contacts RA LA, and LL of the resstuce bov
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and at the other by special electrodes to the night arm left arm
and left Jeg of the patient .
The postion of the patent should be stated as a2 part of the

\Hl

C

15 g, Diagram of the 1 nn, of the resstance box A an ordinary dry <eli 8 3
Pole chanoer € an ammeter to measure the curreat fowng from the dry cell
Wiobh Re Ry resstance on the arant of the dry cell Wiree from the nght arm
(R4) Witam (L4) and lely leg (LL) come o the lead switch (L) b meams uof
which any two extremes my be connected to the gahanometer The protecting
Tesistance (PR) 18 placed in the curcurt to the gahanomettr The curtenk from the

T cell 4wl not flow throu h the galtanometer with s fugh resistance but
takes the short carcuy afforded by Rz By nttoduang sesistance here more and
m:" CUTTEnt may be passed through che galvanometer B3 18 an extra tesistance
rn :d:r:; l;r“n i arcut with the galsanometer when the lead switdh s turned

electrocardiographic report because 1 order to be comparable
subsequent records of the same pattent should always be taken m
the same position as the ongmal 1f thys 15 not done chan;
the electrocardiogram resulung
Posion may he erroneously
When the record 35 taken with

ges m
from changes 1n the pattent s
guen a diagnostic sigmificance
the patient seated he should not

dmphmgm somewhat abne,
the thoray The effect up
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% which he can focus the shadow of the siring and obtam a shup
photographic wage The sl nuge at the dntance of the
cunera will of course then be shightly blurred The viable hght
1135 which we focus by thie eve ue mostly from the red end of
the spectrum wnd these comverge from the microscope more
sharply than dhe more actime blue 1 1ys which produce the photo
gi1phic roage

Whess connectng the dry cell 1o the resistance bos it 15 con
Vet to connect us poles w such 1 way that turning the pole
shufter 10 the nght will enable the opertot to move the string
shadow to the 1ght upon the camern when reastnce 1 muo
duced 1 B2 The shndow will then be moved 1o the left by muo
dutng resitance 1t R2 when the pole shsftes 15 tutiied to the
feft

When connceung the 1esistance box to the galvmometer the
waes should be so connccted when filim s used thar the notmsd
R w1ve catises 1 movement it direction towng the right hmd
side of the cimera sht as one f1ces it standing by the grhanom
cter If this precantion 1 not tiken prints made from the nela
e must be printed wath the fifm mstend of the emulsion agatnst
the paper Prts made m this wy do nor of comse hne as
good defimtion s when the emulsion hes nest to the paper

When bromide paper 15 to be used m the cimc ¢ the waes o
the galvmometer should be connected so that the nnmd R wane
causes 1 movement m the 1everse ducction that 35 townd the
Teft side of the cuneta shit ot the record will be upsde dawn

Tal tng the record The prncnt must Brst be counccied sith
the tesistance box A fleable cable (F1z g1 20) contnung thuce
wnes tnasted together nd covered with 1 flexsble metal sheath
should be used In a hosprtal thus cable miyy leid to 2 wall plug
which conscets with 1 cable runnmg to varions pauts of the
building “nd records can thus be taken of patients by, m therr
beds The deselopment of portable elecnocndiogiphs which
cn be pushed about on a wheeled nuck hune now made such
wiring of a hospial unnecesswry encept for bmldangs of glent
size In the office the wires of the flessble eible e wtiched 2t
one end to the contacts Rd, Ld, and LI aof the tesistwce boy
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and at the othier by special electrodes to the nght arm left arm
and left leg of the patient

The positon of the patient should be stated as a part of 1he

h

P 9 Duavmam of the wining of whe revsiance box 4 an ordinagy o
A cell B
x::um lchf rm anuneter to measure the cutrent Bowing Ixorrzx (Qe dry z:lal
R it e ;snunu on the arcuit of the dry cell Wares from the right 2em
" g e uu} and left lev (LL) come 1n10 the lead swicch (L) by means of
e (o o ]en:‘l;u a3y be counetted to the gahanometer The Pprotecting
dry el § i) oy s 16 the Uit (o the gahanomerer The current from the
ke dhe short o, KW‘; throu h the gabsanometer wich 1y B b tenstance, bup
Tore cupregy o bel afforded by Rz By nuoducng resistance here mare and
Wheh gt Zn qrpc:ﬁ‘d u;mugh the palvanomeser B3 18 an exina resistance
101 (b g wuh the galianometer when the tead swich 13 turned

tltclrocardmgraphxc Te)
subs
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records re tiken i the seuted posinon has been discussed on
page 58

To connect the patient with the unes we mey use oue of sev
erl types of electrodes 1t s been found unnecessiry to use the
nonpolnzible nne sulphte celt m salt solution electrode which
w1 at fivst thought necessary to avord polarizaton at the surface
of the skin It has been found thit 1 swtisfictory contct cn be
mde between the patient and the wnes by using tanks contan
myg stiong sait solution mnto which the hands and the foot may
be placed and the current led off fiom the solution by metal
plates to which the wires are wtwched Bandages wet wsth strong
silt solution were formerly applied to the extremities of bed
ptients but none of these types of electrode hts been found as
swsfctory as the electrode composed of 1 prece of meril 1bout
1 by 6 am placed upon an area of the shin which has been thor
oughly rubbed with a paste contummng a hage percentage of
salt Thas paste ws first devised by Jenks ind Gragbdd but has
been modified wnd amproved by most of the manufacturers since
then With proper Iriction of the shin these electrodes offer a
relatsiely low resistance to the passage of a constant curtent the
vesistance mewsurmg by the substitution method s usually less
than 2000 ofuns Polarization does not seem to affect the useful
ness of these elecirodes m spite of the fact that techmerlly they
u¢ polanuzable It 1s Dikely that the reason s thae the hearts
currents we so small m relnon to the ssze of the electrodes
surface tint what polarszation my occur never becomes suffi
aently marked to ciuse distostzon of the heart s current

For precordinl leids a cuculir metal contact to which the wie
1s attached may be pliced upon w 1rer of the shin prepated by
the dlectrode paste With sufficient fuction and an adequite
amount of paste the resistance wiit be found to be less thn 2000
ohms For obtumng esophagenl leads an electrode bns been
described by Hamilton and Nyboer made of German silver 8 mam
m diameter by 20 mm 1u length of orcular cross secuon with
shghtly tapenng ends This 1s soldered to four steands of 10
sulated copper wie enclosed m 1 rubber duodenal tube of the

Rehfuss type



DESCRIPTION AND OPERATION 38

th
The patient 15 thus connected by wies wnd clectiondes Wi
the resistance box at the contacts e f4adt I L o
To take Lead 1 the switcks £ 2 qarned 50 191 51 poIILS o

b g6 The reustance box The lettenng 15 41 ¢ same 25 1 Frute ),

the resistance PR 1s tuined from INF 10 2 The sinng shadow
should be watched 4s this 15 done and 1t will be scen to junp to
one side or the other Tlus movement ts due to the shin cur
rent At tumes this current will be strong enough to throw the
stng shadow completely outside the field of hght Tins 1s
uswaily due to smproper apphicanion of the efectrodes ¢speaially
10 Letung moisture on the contict between two different metals
an one of the electrodes or to having one area of contact wetter
than the other It may occasionaily be a feature of the vasomotor
condiuon of the pauents hmbs espeaally 10 the presence of
mathed edema The way w correct 1t 15 10 teapply the electrodes
with care that the ship areas have been well rubbed and have an
adequate application of the paste

VWhen the operator observes the direction i which the shin
wurvent 15 deflectng the string he should wumn the pole changer
B 10 throw the curtent wita the bos m such a direction as to
appase this movement of the string, When the dry cell has been
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connected as already described the pole changer should be tuined
to the left 1f the string shadow his moved to the right and vice
verst T'his will not crse any movement of the stung as the
resistance at R2 should be at zero The nest step 1s to turn m
sulhcient resistance at R2 to bring the string shadow back to the
center of the field of Iight With the modern nstruments thus
compensaung current 15 dertved from a rheostat resistance which
does not produce a measured amount of current but which
turned arbitrartly unud the string shadow 1s forced back to the
center of the field When the shadow 15 appronmately at center
PR may be turned to I and 1f the string shadow agun maoves far
off center a suffictent resistance should be turned m or out to
bring 1t 1gun to the center of the camer sht PR 1s now tumned
1o 0 wd the centersng process repeated if necessary This pro
cedure 15 called compensating for the shin current and 1t will
be recogmized that what we have done 15 to turn on sufficent
current 1 a direction oppostte o the shin current to neutrahize
1t completely

The operator 15 now ready for the nest step namely the
standardi.ation of the grhanometer so that 1 an excursion of
the string shadow will represent 1 mulinolt i the arcmt of
pitient and galvanometer The knob of R2 which gives 1 milh
volt unts should be turned to and fro so that I umt 1s 1epeatedly
added to and subtracted from the compensating current With
the modern mstrument a switch allows either 1 or 3 mullnvolts to
be mntroduced at once which makes for more exact standardiza
won The amplitude of the resulting jumps of the string shadow
1s regulated by turming the wheel (8) an the top of the stung
housing so as to tighten the string if the jump 15 too great wnd
stacken 1t if the jump 1s too small When the string has been
adjusted 5o that it moves approximately I cm i response to
1 mullnvolt then 3 mullsvolts should be used so that any enor
w standardization will be multuphed by three wnd can be cor
rected by further adjustment of the tension of the string With
the box which has fifteen 1 millivolt steps the string can always
be moved 6 cm directly across the width of the sht thus making
the standardization sull more esact
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1f the patent is pot mentally at ease there may be a :;mu:;::
\anaton in the skin current and the string shadow will wa
back and forth across the field so that standardization bcco:;\cs
difficult ‘The patent should not converse while the Tecor L:
bemng taken nor should any other person than the opcmlm;
near the patient as the mental reactions of the p'aucm l:; these
things will often cause the skin current 1o viry We should strve
for both mental and phy sical relanation
1€ the plate electrodes are not firmly apphed or 1f the tension
on the wires 1s varied as 1t sOMEUMEs 15 by the patient s respira
uon movement of the electrode upon the shin may cause an
wrregular and perhaps quite ‘marked movement of the basehne of
the record Similar movement may tesult from the shpping of
the precordial electrode as 1t 15 held agamnst the shin of the chest
Contraction of the muscles of the extremitics w 1l cause a
buzang vibrauon of the string which makes 1t appear out of
focus A simple tension of the muscles such as nught result from
an uncomfortable position will be quite sufficient to cause this
The pauent should be made comfortable and free from distrac
tion of any hind
Haung compensated for the skin cutrent and standardr.cd
so that 1 nullnolt causes 1 cm deflection the operator 1s Tow
ready 1o take this lead Before taking the lexd however 1t1s well
1o ascevtam the resistance of the patient With the newer models
this 1s measured by turning the protecuon swatch to INF the
lead swich to contact 4 and the compensating current to 7¢ro
The protection switch 13 now turned to zero and 1 milhsolt intro
duced w the cremt This now passes through a resistance of
2000 ohius mstead of the patient and 1f the panent s resistance
was 2000 ohms the deflection of the string will now be 1 em af
the patient s resistance was greater than 2000 ohms the deflec
o o o e Pt e
Lem With the oldr 1 \e[ eflection now will be less than
Jatient is measured b ype of instrument the resistance of the
lkneb tof 1nd then Z(:““;;{thPR (OINE turming the lead shufe
PR 100 Web er all the duals of R2 are set at 0 turning
ave now substituted the resistance R3 nstead of
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the 1esistinec of the pattent nd we determine the pitent s
resistance by comparsson with this vuyng the resistance R3
unitl 3 rmilnolts fram R2 produces a deflection of exactly 3 em

Iy, 77 Two records of Lead 1 from (he same patient to show the deformity
of R 2nd I due to svershootitg and also tht the osershooting dimumshes wab
the shan resstance  The upper recotd v as faken when the resistance was 5000
ohms the tower whew i hisd Callen 1o 2000 obims Ihe osvershooting s seen at
the ponts i the sandardinition contiol mdicated by the arrons  Note the greacer
hogbt of R m the upper record and compare the shape of T s the 6 o tecatds
at the pomt mdicaed by 1

Ihe resistance shown at R7 then will be the same s was that of
the patient

When measured i esther of these ways the patient s 1eststance
should not be over 2000 ohws If 1t 1s more than this there will
1esult 1 distortion of the elecnocndiogiam calted overshooting
(pge 387) which may gie nise to 1 serious error n the ter
pretition of the record 1f 1t 15 not recopuzed The distortton due
to overshootmg s not 1s muked with the new smil metal phie
electrodes md electiode paste 1s with many of the older forms
but may occur even when using the nonpolartzable tuik elec
node consisting of salt solutton m 1 porous u stainding wside of
1 2 sulphate solution from which the current s led off to 1
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ame plate That orershooung may be found \ullh S:;f:( :‘" elec
trode protes couctuseely that 1015 not due mqpo arl A

“The fim 15 exjosed by moumng the leves (1) on e b
far 2y 11 wsll go to the ught Now vecord the “;‘“d"dlrm(?;ll ly$
turning 1w and then aut agam 1 or 2 uullnolts w h;lu the (I)(“ﬂu:
bemg exposed and then allow three or four revo! uuon; e
fiywheel which will gue 8 or 12 wches of record aiter th
standardization test

Leads 2 and 3 ave ahen by exactly de same procedure as
employedt for Lead L encept that the lead stult fnab 1s turned 0
2 apd 3 respeanely s found that the styng tension does
not have ta be dimmshed {fom one lead to the nest e hnow
+hat the rexstance of the second of these Jeads 1s not more than
hat of the firse. 3 the first s Jouw v will be unnecessary 1w
measure the resistance of the second for the only ymponant fea
ture of resistance 1s that 1t shall not be fagh I nme 1he opera
war will be able 1o obserie the os ershoonn,, due to gh ressance
dunng the process of standarduzacon and then the need Sor
measuring resistance wilk be past

n order to take the precordial leds 1t 1s necessary 10 discon
nect ofie or o of the wires that have been attached 1o the
extremities and reconnert them I the tight arm 15 used as the
mdifferent efectrode 31 w11} only be necessary to disconneet the
teg wire and attach this 10 the precordial electsode The lead
switch then may be wmirned to contact 2 the wites of this lead
now having been adapted Jor the precordial lead In stew of the
advaniages winch have been pomsted out 1m favor of the leg as
s the sue for the indifferent electrode {page 12) 1t 38 recom
wended that hasving the leg, wire attached to the precordal elec
twode the nght arm ware be removed and attached to the leg
wd then ctonwer 2 will sull afford the praper connection for
:‘::;:\“)‘:“S e;l;’:f\ p:;(ufdml leads are compemsated and stand

Y ENttly the same procedures as the first three Jeads

the precortial electrode bemg held ao:
st the chest
pattent s night band which has: o e ¥ e

been freed from the wire It ma

v
be repeased here for emphasts that 1 1 adusable to mdicate 1he
plusmun of the precordial electrode by the mtercostal space and
the measured duance f1om the midhne sg that +f later recorgs
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are taken of the patient, the 1dentical pomnt may be used 1gun
for the precordial electrode

In t1king csophagel leads, if the Jeg wire 1s attached to the
esophagel elecnode and the nght arm wire connected to the
leg dectrode, the 1ccords of the ventriculaw comples will e
majogous to those obtained from the piecordmum m that post
gy of the esploring electiode will give n upwud deticenion
wd negutvaty 1 downsard deflection

After the 1ist lead has been taken, wnd belore cutting off the
film 1he lever (12) on the side of the camer should be moved to
the first cach md left so winle the flynheel mikes tvo revoln
nons This runs the end of the record from the level of the shit
down to bcdow the level of the hufe and leaves 1 blank unew
posed prece of film behind the numbenng davice upon whuch
10 pliotogriph the number of the neat 1ecord Pressing the hmfe
sharply 1 will cut off the film md allow 1t to diop into the boa
The top of the box should uow be closed and the bos 1emoved
to the dnl room for developing

Order of pwredmz There e so niany steps necessuy m ik
mg an clectrocardiogram that it 15 well to establish 1 definute
ordder 5o that notinng wall be forgotten The following will seive
s a4 summary of the taking of 11ecord and will suggest what has
been found to be a useful order of procedwme

1 Apply the clectiodes

2 Twu on the current

3 Photograph the numbes of the record upon the end of the
film or paper

t Twn the {exd switch to Led 1

5 Compensate nd stand ndize

6 Measure resistance

7 Iapose Lead 1 1f reststance 15 saustactory

8 Tum off protecung reuistance and then turn lead switch to
Lewd 2

9 Compensite and standardize

10 Measure resistance if string has been much shickened

13 Expose Lead 2 sf reststance 1s sauisfactory

12 Twmn off protecting reustance wd then turn tewd switch

to Lead 3
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te and standardize
ii f\;:e‘:slixc\:s:c:xslnnce §f string bias beet mtich slackened
B B stance to mfimty
CLING 1esl!

ll(; :r::ty ;::n xrea(u precordnl clectrode and right 4Tm wire
to leg electrade leastng lelt arm wire int place

18 Turn lead switch ta Lead 2

19 Compensate and standardize

90 ‘easure resistance if necessary

21 Expose precordial tead

22 Turn protecting restseance to finsty

93 Allow paper to run for one resolution of flywheed without
opening shutter

24 Cut off prper and close (op of box

95 Turn off motor suitches af resistance box galvanometer
magnet bme whee? and hight

01 ERSUOGTING

There can be seen m the standardization test at the beginning
of Fiure g7 A that there 1s an overshoating of the deflection due
to the wilinolt Compare s with the lesser degree of over
shaotuig m Figure 97 & when the resstance was fess and with
the abence of overshovtmg shoun by the sharp an,ie at the
end of the milinolt deflechions m Figure 6 After the overshoot
mg_the strin,, tikes a certam ume o return to the level at winch
n finally remuns The tume diifers 1t different yecords some
tnes hewng very buef sometimes as long as 8 20 second or more
Oresshonun,, usaally will be more marked the more the stnng
must be slacked to obtam a permanent deflection of 1 om per
milnoly

When the condions are 11,be for o ershaou, the stwndards
Zaton test and the quuch deflecwons of QRS will show a de
Hectton of mare than | am per miinelt and after tus deflec

uan there wall be 2 slew return. woward the baselne distorting
the vecord of the hears s patental duryn,

that ume Thus the
o

P QRS and T waves will be too large and after each deflec
u‘on the record will tend 1o overshoot the zero level and curve
slonly back toward 1t Morcover the height of a wase winh
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begins rehtively slowly as does the T wave, wall not overshoot so
much md so will be relatively less macewsed thn the more
quckly developing waves When this artrfact 1s markedly present
the end of the T wave wiil 4lso overshoot the zero and then
return to 1, or 1f T 1s downuwud will curve above 1t formung
atr eaaggeraited U wae

The cuse of this os ershooting s fanrly well understood 1t does
not depend upon the shickness of the string for if the stung 1s
left 2t the sune tension s 1t the tume this overshooting w1s ob
sctved when standasdizsng thiongh the patient wnd the two ends
of the lead wires 1e shott etrcuated by connecting them together
the apphication of 1 anllivolt m the cucnt will cause 1 move
ment of the sting sathout sign of oveshooting This movement
wifl now be much more thin 1 em because of the low tesistance
of the arant when the two wies e connected together If the
knob for stufting the lewds s turned 10 4 so that the resistnee
13 15 pliced m cncnt snsterd of the prusent it will be found that
1 Jurge 1esistince must be used m this bk o brng the excur
sion of the string 1esulting from 1 milhvolt to the sume size 1s the
deftection when the pittent was i the cncust It maght be 5000
ohms ot more but the applicition of 1 malhnolt at R2 thiou
this ressseince will not cuise overshootmyg s 1t does through the
pateent though the tension of the string his 1enaned unchoged
wd the 1esistnce of the caamt 1s now 1s high 1s was the resist
wice of the patient

The cruse of the overshooting must he i the putent 1 be
eve that 1t 1s the visomotm conditton e the sk under the
burdrges for 1t 15 1 1uc tung to find overshooung when the
pitints extiennty 18 winm and connnon when 1t s cold tw
thermore T have scen the ovesshootng disappens suddenty 1s the
cold extrennty becime wum also wcompuned by 1 chuge m
the skin curtenit When using small lead phite electrodes md the
copper wize clectiodes deseribed by Stewut I have found over
shooting to oceur kess frcquently th when using tnga Gamawn
alver electiodes Tt as 1ue to find st when using the modern snll
phes and electiode pasie uid s very 1are when using 1k elec
nodes It ts always found m 4 pruent with cold exuenuties
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becaise of a weak fatdin, pulse and commanty when edemn 1s
resent
! 1t 15 my opamon thit the osershootin,, 15 due o the Visocuh
stiction 41 the shin raising the elecinaal resitance of thus strue
ture so that st functions as a condenser swiface "The hrge wital
Jump s duc to the flow of current winde the condeunser surface of
the shin s talsmg up 1ts charge the wore gradual return of the
stangta ats final lesel s due to the flow of cussent throu,h from
one to the other sude of the st because 1fns 1ssue does conduct
<ithoush poorly In acts w s vespect fihe 1 leaky condenser
This hypathests fras not been complerely mnesugued but the
My expertments performed are 1n ageonent with it Espe
aally fotenacthy 1s the obsenation of fess oy ershootum,, for the
Kme resitance with the smalfer eletisodes for the condenser
surface under the bandage 1s smaller when the edectrode 15 smal
fr Th  the nater i the usual

€ shin surface m contact wy
tank. electrode 15 also small thus accounting for the santy of

overshooting with chese

The overshootinig can usually be avorded by having the e
[

e comfareabily wasm To thys end the room must be warm
¢ patient cower
elf

od with Dlankets the Alecttade paste should
be welf rubhed e the shin and 1f the avershooting, 15 sult
obsersed 3 oy water botde should be placed 50 as to rest near
e part of the exrrenniey to wich the electrote s apphied tlow
from dhree 1o esght minutes after applying a hot water bottle for
2 1aodifatanon yo ke place and (he condition will tsually

Dsappear Seratching the shay has been sugarsted bue 15 rirely
nbct’_sxar)

DIFFICLLTILS N OPEMTID‘J

T

N e elfqurdmgrap)nc authit needs but Ly attentian to
eep 3t 15 proper

Tunmng order heepiyg the time wheet and
AN Motor ged i

be mase commg

pm';'l"‘) PO order
oty
defecteg nsnx‘:‘sng;i the patent 5 55 fourd that the sy 1s not
21 by the shin curreny aud che elcclmurdmgmm

N canses 5o that the apparatus e he
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begins 1ehuely slowly as does the T wse, will not overshoot so
much and so will be reltavely less mcreased thin the more
quickly developing waves When this witfct 1s markedly present
the end of the T wase will also overshoot the zero and then
veturn o at, or 3f T 1s downward will curve 2bove 1t formmg
an exaggerited U wave

The cruse of this overshooting 1s faurly well understood It does
not depend upon the shickness of the string for sf the string 15
left 1t the sune tension 1s 2t the ume this oveishooting w1s ob
sarved when standardinng through the patsent and the two ends
of the lend wires e short cucuted by connecting them together
the application of 1 mallsvolt m the crrcust will cause 2 move
ment of the suing without sign of overshooting This mosement
will now be much more thin 1 cm because of the low resistance
of the areuit when the two wires are connected together If the
Anob for shufung the leads 15 turned to 4 so that the resistance
R3 s phiced m airewt anstead of the pauent 1t will be found that
1 Irge 1esistance must be used m this bink to bring the excur
ston of the sting resulting from 1 milinolt to the same size as the
deflection when the patent was m the encust It might be 5000
oluns o1 wore but the 1pplication of 1 mllnolt 1t B2 through
this resist mce w il not crse veishooting s 1t does through the
paticat though the tension of the stiing has remamed unchoged
ind the resistance of the circst s now 38 high s was the resist
ance of the pitent

The cause of the overshootig must hie m the paant I be
heve that st is the sasomotor condition m the shin under the
budiges for 1t 15 1 rue tung o find overshooting when the
pituits exttennty 15 wuwm wd common when ot s cold Tut
thermote | have seen the overshaoting distppeat suddenly 1s the
cold estremity becume warm also accompinted by 1 chwge in
the shan current When using smail Jead plate elecuodes md the
copper ware clectiodes desersbed by Stewart 1 have found over
shooting to occut fess fiequently than when wsing Tuger Cenmnny
silver elecniodes It 1s1ave to find it when using the modern small
plates and electrode paste and s vety rare when using twk elec
wodes It s 1wy found 1n 1 patent with cold extrenuties
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ubject such as 2 bt of ware o7 2 match acrlosz U‘lc ;lycl;'l“:‘;)‘;{r;‘:
rear maroscope (Fag gy 3) Focus the shadon W by means of
Serew the fromt micsoscape fornard shout 14 wach by "‘; "
the focusing adjustment and then screw it badk 0 a8 t;rmlc
pastuon so that the shadow of the wire 15 if facus ‘lg:ll‘ﬂ " E“:z
suing was stach 1o the objectune of tus mucroscope 1t Wl -~
heen distodged by s process and wll teagpear the crcle 01
e SEnot scres the rear nucroscope back ward aboue 1A snch
and then fors a3 1o 1s former pusition so that the shiactow of the
wire 15 10 focus This will duslodge the stung 1f 5t was stuck to
the rear mnoscope The precavtion canccsmng the shadow of
(he wire 15 necessary 1o prevent each mucroscope being screwed
tiack past 1ts proper posiiion and agamst the other one

1§ the string fasls 10 reappear after the abos e manspulations of
(he mcoscopes 1 15 exther stuck. ta the sides of the sht or 15
broken [urn the stnng 1dpustment wheet for three or four veve
tutions 5o as W tghten the stnng This may pull it free bataf st
does not now appear m the orce of light 1t will probably be
tiecessary 1o atl upon the servaces of a factory trained michang
o to send he string carner 10 the f1ctory for adjustment Wik
the nener miodels of the snsroment the stnng carnage way be
zasily removed and replsced wathout danger of braalang the
strng atd thss will serve to free 3t of static charges

The precautsons sgainst such stiching of the stringare (1) heep
the resistance box contacts clean and {2) never leave the gal
someter wath the string unusally slackened that 1s so that 1t
wmotes more thac 1 am per mitlivolt through 2000 olims Wuh
the smal} model of the Cambrndge snstrument the string shoukd
be left ;e such a tension thae 1t wilf deflect ) am far L mlfnole
“ith no resisante wm crcuit

It we find that on turning in the cuyrent from Lead 1 there 3s
et e vl o e n e of e
tons uith the ane:l )ei i:::}“?‘ " onle hes w Que cannce
dead then the Il’mub!c les 16 rght and Leads 1 and 3 e

m the wire

and 3 and not snto Lead 2
ble 15 wmnde the resistance
sthing on Souchung motste:

which enters weo Leads {
that s the Ieft arm wire € the tron
box there wilt be na deflectian of the
ned fingers 1o the bindsng posts of the
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test another lead to see if thae behaves ssmularly If no deflection
1s obtuned from any of the lexd connections turn the switch to
contact # 1nd attempt to pass current thiough the 1esistance corls
s for metsurng the patients resistance If no deflection 1s ob
tamed through the resistance coils then the string 1tsel should
be tested by touching one moistened finger up to exch of the
termunals on the string housmg The difference m potential
between the two finger tips should cause the string to jump If it
does not, then the string has cewsed to conduct and must be
rephced by 1 new one Obviously if the suing does jump when
the termunils are touched m this way and has not moved dunng
the previous proceduzes the trouble must he m the connections

I the stung shows large very rpid niegular vibrauons while
the dinfs of the resistance bov are bemng tuined 1t 1s due to dirt
between the contacts of the dinls This should be promptly cor
rected for 1t my cause the string to be thrown 1gamst and stich
etther to the side of the sht 1 which 1t hes or to one of the
mucroscope objectives so that its shadow wll not apperr i the
arcle of the hght

To clewm the contacts of the 1esistwce dids open the bov wd
wipe the surfaces with 1 fine tissue paper wlile twinng the
daals back nd forth Do not use emery 1s the fine gt temwns
and makes the contact worse rather than better

If the string suddenly disappears fiom the field of the niao
scope while the mstiument 1s bemng used 1t m1y hwe been due
ta 1 sudden large varintion m the shin current Tuin the protect
g resistice PR to INF nd the string should reapper Ifut
fuls to do so uts disappence 1s probably due to 1ts bemg stuck
exther to the micioscope objectives or to the side of the slit. This
uny be due to 1ts having sequired 1 static charge from defectne
groundhing or to the 1bove described result of dirty contacts 1
the reastance box To fiee the string turn off the gihvwomete:
cwrent wd turn the protecting tesistance to zero which will
distribute 1ny static charge sull iemaunimg Tappiog the auato
scopes gently with a lewd penal may now dislodge the string 1t
18 stuck to them -nd tts shadow will then 1eappear tn its psoper
place m the crcle of hght IE tus does not suflice 1 more com
pheated procedure will be necessiry  Plce some thin oprque
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wires of the two dexd leads the protecting resistance being turned
t0 0 for example Rd and LA (Lead 1), and Rd and LA (Lead 3)
might ginve no dellection even if Lead 2 1s functionng properly
1£ this procedure grves 1 defiecuon of the string then the trouble
does not lie 1 the resistince box but 1 the wires to the pauent

A LFIER Tusk LLECTROCARDIOGRALH

Of 1ccent yeus with the development ot the amphifier tabe
tt s become possible to record the electracardiogram by means
of an mstrument quite different m prinaple and in method of
operation from the strng gilvinometer Instead of recordimg the
heart s tiny current by means of 1 very sensitsve galvinometer
the curient fiom the heart 1s greatly 1mphified so that 1 less
fragile mstrument with equal sensiivity of sts recording part
cw be used In ths new appiritus (11g 98) the recording ele
ment 15 a beam of hght reflected from a moving nurror Several
models of this instrument are on the market the first having been
developed by the General Llectric X Ry Corporation in 1927

One of the mamn daflerences between the amphifier and string
types of clectrocardiograph hies i the principle of 1ecording
The string galvonometer 15 a curent recordmg device wheres
the amphiicr type electrocardiograph 1s a voltage recording de
vice In the former the amount of current drawn from the heart
1s relunely Inge bemg determuned by the total resistance of the
crunt contunimg the body 1esistance and the resistance of the
galy inometer string In the latter the current drawn from the
patient 1s seser1l hundred umes less bemng himisted by 1vesy hugh
resistance The awmphifier type electiocardiograph furmshes 2
direct mems for 1ecording hent potentials 1s contrasted with the
mdhirect mems provided by the sting galvinometer Therem hes
the mamn 1ewson for the difference m characteristics and method
of operation of these two types of mstiument

The amplifier type electrocardiograph 1s independent of body
1eqistance  hence no 1d;us:mcms or precautions in rcgard 1o thus
resistince 1te necessary  This 1s brought about by the [t that
the equipment has mses ted m the pauent s arcuit a reseseance of
very lugh ohmic vilue When the hody 1esistance of the panent
which may sary from 1000 to 5000 ohms 15 added the change 15
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relattvely so small that :t does not appreciably affect the total An
adjustment of the sensitivity of the snsttument 1 accord with the
body resistance 1s therefore unnecessary

Compensition for shun potentials 15 not requued and sk
volinges even of exceptiomilly hugh magminde cannot damnge
the cquipment or cause 1 hierhage of the grhvnometer Should
the recordig shadow be deflected by the shin voltage when the
prtient 18 conniected m the arcunt so that it disippears from the
cilibration seale, 5t will reappear after 1 wut of fiom 10 to 20
seconds 1nd gradudly come to yest at the pomt from whach 1t
started This gradual return of the shadow 1s due to the presence
of condensers m the amphiymg arcuit wiuch do not myamtun
the deflection resulting from the nnpression of 1 constnt voltige
such s the skan potenunl or the ialinolt used for stindaidiza
tion

This anstrument 1s so free fiom the overshootng duce to the
capacititine effect of the patents shan acimng fike 1 Jealy con
denser The 1mount of oxershooung 1s dependent on the curtent
tiken by the wmstrument Since this 1s several hundred tunes less
than that tihen by the string gilvinonicter such overshootng is
proporuonately smaller

Exactuess of 1ecordung of heart s crnrent Figure gg A 1sa con
trol curs ¢ of an early model of the Vietor Llectrocardiogrph and
shous the deflection of 1 cm resulung fiom the miroduction of
1 millnolt difference of potential in the circust of the gihvanom
cter It will be seen that 1s soon s the deflection rexches ns peak
theie begs ¢ slow return toward the bischne Thus deflection
recedes € 85 mm 1n the first 0 20 second after the el yump
The retn to the baseline takes the form of 1 curve so thit the
complete 1eturn to zero tikes tlmost # seconds In recent models
of amphficr tube mstruments m atempt has been made to ehim
smate the possibility of error mherent m this decay of the mytral
deflection Spectal wing wethods hive tltered the constats of
the apparatus so that the cune of decty followmng the mtioduc
tion of 1 constant custent 15 very nearly stiught duning the first
0 16 second after the deflectian has 1eached its peak s s scei 0
Iigure g9 5 The decty of the defiection then t1hes phice with
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B g Records of contro) cunes of amphfier tbe Qectrogandiogral it
A Comtol cune of an early modst of the Victor Electtoardiogtag h showin,
ddicetions resulteng from the tuoduchion of § millnolt porental dierence
the areit of the gal anometer The defection very quickly teachen 16 peak and
smmed el sans 3 slos seiusn toward the basthine whith o does BOL veach
for o1 3 wxe b

& Lantrol cunve ol an instrument of modem design Note that afier the de
et 1 complered 1 remmns almost Jesed Sor zbout 024 second tiefore starnng
o tawn o the bashne The deay ther cades place mote rapudly being om
pleted 1 182 secon

€ % suntar conush cute wah the Sandborn mstrumend T s cune the
ey 1 nor tompleted unki 2.5 seron I aher the bl defecon As o record B
M stare of the ducav 3 ddayed Jor 06 second so 1hat the cure 18 pracically
strught dunng ths e

to show 2 return of the deflection ta zero in response (9 a con
stantly mamtained potentsal was a source of some apprehiension
0 the vaers of Wiy type of apparatus for fear that 1t might result
0 a distorvion of such poruans of the electrocardiogram as mam
wuted a level or approxumately level deflection Such edectrocar
Wiograms ate extremely rare but one may be seen w Yigure jo0
which shows about the maxumum degree of distortion thay gould
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relatively so small that 1t does not appreciably affect the total An
adjustment of the sensitiv sty of the mstrument m accord with the
body resistance 1s therefore unnecessary

Compensition for shin potentials 15 not required and shin
voltages even of exceptionilly hugh magmtude cmmnot dimnge
the equupment or cause 1 breihage of the gihanometer Should
the recording shadow be deflected by the skan voltage when the
patient 15 connected m the circut so that 1t disyppers from the
cahibiation scide 1t will rerpperr alter 7wt of from 16 w0 20
seconds 1nd gradunlly come to rest 1t the pomt from which 1t
started This gradual 1eturn of the shadow 1s due to the presence
of condensers i the amphfying arcust which do not muntam
the deflection resulting from the mmpiession of 1 constnt voltage
such as the shin potenual or the mutlivolt used for standwdiza
tion

This mstrument s so free from the ovesshooung due to the
capaatitine effect of the patient s shin acting like 1 leahy con
denser The mmount of overshooting 1s dependent on the current
taken by the mstrument Smce this 1s several hundied tunes less
than that taken by the string gibvanometer such overshooting 1s
proporuomtely smaller

Exaciness of recording of heart s ctorent Figure gg A 15 1 con
trof curs ¢ of m ewly model of the Victor Llectrocardtogiiph and
shows the deflection of T em resulting from the smtioduction of
1 mils ol difference of potenunl m the circnt of the galvanom
cter It wall be seen that 15 soon 1s the deflection veaches its peak
there begs a slow return townd the basehme Tlas deflection
recedes 0 8% mum 1 the fust 0 20 second +fter the wnunl jump
The return to the baschne takes the form of 1 curve so that the
complete jeturn 1o zero takes \lmost 1 seconds In recent models
of amplifict tube sustruments 1 1ttempt his been made to chm
mate the possibility of airor inherent 1 this decay of the amual
deflection Specal wirtng methods b e altered the constants of
the apparus so that the curve of decay following the introduc
tion of a constant cuirent 1s ve1y nearly strught dunng the first
0 16 second after the deflecnon his reached ats peak 1s s seen 1
Figuie 9G 8 The decty of the deflcction then tikes phice with
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low and lugh frequencies without simficant distorion The
\acuum tubes are standard radio wbes but espeaatly selected
and matched 10 sets They have 2 reasonably long hife and are
casly replaceable

The power for operaung the amplifier 15 provided by dry
batteries located 1n the power compartment of the umt The
imstrument can therefore be operated nywhere mdependent of
commeraal electrical supply The two A battenies supply tic
power for hghung the flaments of the vacuum wbes and the
gahanometer lamp The three B battenies prov ide voliages for
the plate arcuit of the tubes The gnd bias 15 dernved from the
tno G battery cells Battery hife 15 resonably long nd therr
replacement 1s staple and mespensie A battery test perimts
tonnecung each group of battenes 1o the volumeter so that theie
voltage may be cheched at any ume

A filament control regulates the voltage impressed across the
filament of the vacuum tube and m conjunction with a cahibrated
‘oltmeter permits mamtaimng the voltage 1t a certan constant
salue Thas voltage 1s also impressed across the standaydization
crreunt when the standardization switch 1s actuated The arcue
cansists of two resistances of such value and so arranged that one
mitlinolt can be obtained and impressed on the nput side of the
amplifier for calibration purposes To obtain exactly one tuils
“’hl s “g;emf‘l (0 adjust the flament control so that the volt
meter needle 15 ex;
the S\Andarduano:u\l\). ‘;nl;:;e‘zzll‘;b:allxozx Une It 1s best 10 test
which the panent 15 short aircuit de i; M nndpom(\lun s
standardyzation on ite 1t 15 desired to record

pauent s leads all that 1s necessary 15 to oper

;ﬂed\hc standardization switch m the course of vecording cach
::m"l‘lw gritude of the dardizauon deflecuion remains
on ant for several tracings or as long as the valimeter needle
- r:r:n the calibranon hine If the needle drops below this hine
atlent control should be adjust
(<
oo justed to bring 1t 1o the onginal

The galvanometer consis of two coils of very fine wire wour
consists of t 3]

cails
b of very fin W d

and 3 s e phosphor bronze ribbon ron vane
o b ™ irror The ribbon 15 suspended at a definute ten
1€ two corls which are facing each other and are
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be encountered Figure 100 A 1s Lead 3 taken wath o stung
gahanometer The ST segment of tins record 15 more neatly
strught and hotizoutal thin wmy ather which has been observed

o

B

Ui, 100 Two records by Lead 3 of the same patient 10 ifusteace the deforanty
of the clerhivcardiogram 1c ubtirg, Lom the deeay of 1 mamtamed porenuad

A Record made wich 2 sty pabhanometer

B Record made with an esrly modet of the Vitor Elechoandiograpll A very
shght difference in the first phase of the I wave may be ob etted that i pecord
B Lomng somewhat more tnchued toward the haseliie than m record A where
there 15 a lde more i tince shell at che bepmag of the defleciion which
returns the $ T segmont to the Laschne
1igne 100 B shows 1 recard of the s uue patsent mde at the same
nme without ranoving the electrodes but using an old model of
the Victor Llectiocwrdiogriph mide before the crcuit was moade
fied so s to retad the first portion of the curve of decay It will
be seen that the § T segment mchnes downward from the june
tion shghtly more than does the corresponding portion of record
100 o Leads 1 and 2 of this pitsent showed no differences w the
form of the curves obtuncd with the two mstruments No distor
uon of the usuf T wave would accur bechuse there 1s ro sectiont
of 1t which muntuns 1 constwt deflection  he newer models
s s been powted out have corrected esen thus source of posst
ble error

In the present model of the General Electric Company s mstriy
ment the amphfier 15 essentiaffy a three siage resistance coupled
type espectaily designed to wmeet the needs of electrocirdio
griphac work and capable of recordmy, heart potennals of bath
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low and high frequencies without sigmficant distoruon  The
Jacuum tubes are standard radio tubes but espeaially selected
and matched 1n sets They hane a reasonbly long hife wnd arc
easily replaceable

The power for operaung the amphilier 15 provided by dry
batteries located 1n the poser compartment of the umt The
instrument can therefore be operated any here mdependent of
commeraal electrical supply The two A batteries supply the
power for hightung the filaments of the sacuum tubes md the
gahanometer lamp The three BB battertes provide vohages for
the plate cncust of the tubes The grid bias 15 derived from the
o G battery cells Battery hfe 1s reasonably long and their
replacement 15 simple and nexpensive A Dattery test permuts
connecting each group of batterses to the voltmeter so that theirr
voltage may be checked at any time

A flament control regulates the solta e mpressed actoss the
filament of the vacuum tube and m conjunction with a cahbrated
voltmeter permits mamtarning the voltage at a certain constant
value Thits voltage 15 also 1mpressed across the standardization
arcuit when the standardization switch 1s actuated The crcuit
congusts of two resistarices of such value and so arranged that one
:‘;};;:giican belogmuned and mpressed on the mput side of the
s ne::‘ ibratton purposes To obtain exactly one milh
meter needle sary to ;!d;usl the filament contro! so that the volt
the standarm;;:::n y (l)n ;he calibration line It 1s best to test
which the panens ;5“:;,‘0 rlt Er:;:i ;elifmr ondposmun S on
standardization on patient s leads all tf it 15 desred 10 record
ate the standardization switch 1n 1 e
lead The magmitude of the d‘ ]; conrse of recording cich
constans for s:‘em] ot he :trzu; ;r ization deflection remains
Tests on the calibration lmae If lhS :ngd;“ the voltmeter ncedle
the Blament control should be 1d e e arops belag (his line
Posttion Justed to bring 1t to the oniginal

The ga

o smﬁll;/‘ﬂrlrgr:l:l:r co‘nsms of tho coils of very fine wire wound

e ml“}xo _:_ ha phosphor bronze ribbon 1ron 11ne

Son betneen o e ribbon 15 suspended at a definite ten
€ two coils which are facing each other and are
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shsghtly sepwrated A small won vane 15 fastened on one side of
the nibbon and the concve mirror on the other The minor 1
frcmg the window through winch the beun of hyght enters the
gihvaometer The couls and ribbon are mounted 1 one assem
bly and immersed 11 spectal dymping o1t Lach ghhanometer 1s
tested 1ndividually for deflection time magmtude of yesponse
dumping, and other charactersstics The entire galvamometer 5s
hermetscally sealed remamnng fined m ats adjustment mdefi
nitely 1nd not requiring any sttesntion

The heart potentials after bemng amphfied pss through the
galvanometer coils setung up a magnetic field which m conjunc
uon with the fixed field provided by a pexmanent magnet
mounted outside of the galvinometer 1cts upon the ron vane
and causes 1t to tuin one way ot the other depending upon the
flow of cunient thnough the cods The amount of thsting or
wernming of the 1ron vane even for the tillest heart deflections 1s
very small not exceeding 10 degrees each way

The optical system 1s designed to provide a consentional wiite
tricing on 1 dwk backgiound The light source 15 a concentrited
filument lamp mounted m  case The power for hghung the
lanp s derned hom the A batteyies The hght 1s 2lloned ta pass
out through a small circular hole 1n the cise It s then reflected
by a mirtor passed through = pair of condensing lenses before
fallng upon the galvanometer mirior A steel pm 15 mounted
between the condensing lenses and the grhanometer and 1ts
shadow trices the heart record on the paper and lso 1ppens m
the calibrion window The hght reflected from the giha
nometer nurror falls on a nunoy ammediately below the cunera
operung passes through a oylmdiucal lens mounted m the
camert and reaches the sensitise papet A portion of the weflected
hight 15 mtercepted by another murror which reflects it upwaid to
the calibration windos 1ncotporaung 1 ground ghss scale grd
uated 1 5 mm steps Thus ssndow pernuts the opertor to ob
senve 1t any tme the movements of the shadow from the
galvanometer

No adjustment of the optical system s necessuy exceptinig
that of the galsinameter lamp when tt 1s repliced Due to the fact
that the filaments 1w these lamps do not all occupy exactly the
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same posiion 1t 1S fiecessary to adjust the lamp bilml?::;:‘liilf:c‘;g
movng 1t up and down 11 order to obtatn an ! o
as bght and as evenly dxslnhu:‘ed as possible on the
r and ont the caltbration window

mu;nl)m:m adjustment 1s provided to enable the operator Iollm\lc
control of the position of the gl inometer mirror This ad )uls
ment consists of 2 permanent horseshoe wagnet mounted on the
outside of the gahanameter case and so arranged by geanng that
s position can be chianged at will by wnung the bevs control
Lnob The rotation of the magiet acts upon the 1von vane 1n the
gbanometer and causes 1t to move in umson thus pernuting
tentening the shadow an the calibration scafe

Difficulty whach might anse from e pich up by the patient of
:\hemaung current helds 1s sohed by the
The suppressor 13 so connected in the cire
induced 1n the patient 1s counteracted b
ground cord of the suppressor

A Spnng motor drny
B well as the tune marlan

mterference suppressor
uit that the rnterference
y that picked up by the

boscopic dise and a negn glow bully prosuded
g the ume ¢ takes a marked scale to
mber of resalutions
€ camera 15 arranged so
and fas 5 capacity of 50 feey o
15 coated wupy bronude emuls,
3posed paper capy be
the unesposed portion
PParatny e wforing
feMaimmg 1 the camer.
Stred fen g

or by simply dete
make a cergary ity

25 10 be removable from the unic
E paper at one loadmny, The paper
on and has 1 widih of 4, mm The
Temosed at any yme withour
A footage mdicator o the p
the opera
3 and ard

disturbimg
atiel of the
tor of the amount of paper
S N obtanmg tractins of de
The Proceduy o of operation
il by,

U
$peciaj ji

The following brief description
I':l(lllg the eqmpmem

1€ patient as ygyay except that
" Skl“ Tesistange are not nieces

5 ot the methogd of aper
ach the electrodes 1o g
Precantions 1o sure lo



400 THE ELECTROCARDIOGRAM

sary The pauents cord lewds aie pioperly labeled nd color
coded

2 Plice the lead selector switch on position S This aute-
mticitly short crrcunts the pruent fiom the apparatus and makes
the mstrument ready for calibrition

3 Remote the m switch plug fiom  off receptacle nd m
sert 1t o the on receptacle Tlhis turns on the entire 1p
pnitus

t Allow about 10 seconds for the equipment to stabilize This
is necessiry to gine ume for the comdensers of the amphfier to
charge md for the yvicuum tubes 1o veach a stewdy state When
the 1ppuatus is stable the shadow should have 1ppeired on the
cabibriwuon wimdow nd hae become stationary

5 Press down the standardizition switch and note the deflec
uon of the shidow on the cahbration window Adjust the senst
tinsty control untl the deflection 1s 1 em Once set 1t will remun
constt as long 1s the volumeter needle 1s on the cilibration
hne If the voltige drops 1djust the posttion of the filunent
control switch 1o bung the voluneter needle on the hine

6 Start the spring motot by twimng the motor knob This
causes the prper to move at the speed of 25 mun per second

7 Momentirily press the stindardization switch This mahes
1 record of the stwndardization on the paper 1 the stwndardia
ton record 1s destred on the leads press the switch m the course
of recording of each lead

8 Stop the spring motor

9 Turn the lead selector to Tewd I Wt for the shadow to
come back mto view on the cahbration scale which m1y ke
from 5 to 20 scconds The hent rctton may now be observed
Center the shadow escursions with respect to the center hne 18
the cilibriton scile by memms of the beun contiol

10 Start the spring motor and allow 15 much paper 15 deswred
to be exposed The amount of 1ecord esposed will be shown by
the {ootage ndicitor

11 Stop the sprng motor Turn the lead selector to Lewd 2
Duplicite action 15 with Lead 1

12 The other leads wre taken 1 an walogous manner

13 Turn off the power from the ppirius
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14 Remove the camera to the darkroom for development of
the record

Sources of difficulty The opertion of amplificr tube mstrn
ments 15 vemazhably sunple and free from techunical dfficutucs
g to the fact that there 15 no trouble from the pactent's 1¢
sstance and that compensatton nd standardszatian need not be
performed with each lead In the majonty of cases however the
auts of compensation and standardization of the stumg galsa
tometer do not tale Tonger than 1s consumed 1 waitsng for the
shados of the amphiier tube mstrument to come to Test at zero
Careless operation of the mstrument does not however lead 1o
any happening comparable to the breaking of a strng in the
Ewthosen efectrocardiograph

Thete 15 oue feature m some models winctt wilf at tmes be o
handicap i the chmaal use of the wstrnment Ihis 1s the rela

e nartowness of the recording film or paper If s width 1s Jess
than 60 mm one wilt occastonally meet with secords givng a
totaf amphitude of d

eflecuon which 1s so large that uniess the zera
lesed remams quue constant the deblections will shoot off the
fecording film Tty difficulty 15 best met by reduaing the senst
sty of the gatanometer 1o 5 mm per nullnolt This pro
cedure wilt change the appearance of the cleclmmrdmgnm

hough of cavrse rat che Proportionate size of the vanous excur
stotts
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suy The pisents coid lewds are properly labeled wnd color
coded

2 Phie the lend sddector switch on postuon S This auto
matically short encwts the pruent from the apparatus and makes
the mstrument ready for calibrition

J Ramore the mun switch plug from  off receptacle and m
sert 1t mto the on receptacle This turns on the ennre ap
paritus

+ Allow about 10 seconds for the equipment to stibihze This
1s necessiny 1o gne ume for the condensers of the amphfier to
charge and for the vwcuum tubes to rewch 2 steady state When
the apparitus ss stable the shadow should have appeared on the
wahibration window ind hne becote station iry

5 Tiess down the stindudiztion swach mnd note the deflec
tion of the shadow on the calibiation wimdow Adjust the senst
tivaty control unul the deflection 1s 1 cm Once set 1t will remain
constant s long s the voluneter needie 1s on the calibration
fine If the voltage drops djust the posstion of the filament
control suitch to bring the voluncter needle on the hne

6 Start the spring motor by turmng the motor hnob Thus
cruses the paper o move 1t the speed of 25 mm per second

7 Momentwnily press the stndarduation swuch  This mahes
a record of the stindardization on the paper If the stwdardizz
tion record ts destred on the lewds press the swatch in the course
of recording of erch lend

8 Stop the spring motor

9 Turn the lead sdector to Tead 1 Wt for the shados to
come back mto siw on the calibraon scile which mu tike
from 5 to 20 seconds The heart acuon may now be observed
Center the shadow excursions with 1espect to the center line m
the cilibration scale by mes of the beun contiol

10 Start the spring motor wnd allow 1s much paper as desired
10 be exposed The 1mount of rccord ¢xposed will be shown by
the footage mdicator

11 Stop the spring motor Turn the lead selector to Lead 2
Duplicite 1cuon 25w iwthiewd]

12 The other leids are tahen m an wmilogous maner

13 Turn off the power from the 1ppmntus
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onie should be able to select the mstrument best wdapted to the
p\ll’})ow‘ JURSIA
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which might occasionally leid to etror 15 m the method of pro
ducing the verucal tme hnes Because the yot wor nhich causcs
these Jmes 15 2un fiom the sune spung motor s 15 the phote
sraphic paper it loltows that 1f the paper slows shghtly the ume
Tares widl stdl continue o oceur 2t the same distance apart on the
piper tdthough these distances now mdwae Jonger mien s of
ume The reversc of tus will occur 1 the paper speeds up s
true thit such v rrittons an the speed of the paper 1aely our
n the comse of the tihing of a record but experience has shown
that 1t does happen occasionally If the chan,e i speed of the
photographic piper ss sufficient to ciuse an observable change
thie mensity 0f the exposure then theae will be seen 1 darker or
1 highter portion of the reemd depunding upon whether the
papee s runmng slower or fister thw the standard  If the pyyer
should rus uniformly sfow or umiformly fist tnoughout the
record thas would not be suspected Al such wmstrumonts have
provisions for cheching the speed of the paper and also the speed
of the time wheel but upless thus checking 1s done frequently one
nught ms a0 occasiontt penod of defccuve operanon of the
mstrument

In most stung galvinemeters the g 1s cffected by 4 wheel
which 1 ddectnically controlled mdependontly of the movement
of the photogriphic papus so thae should the paper vary m speed
the shidows of the spolcs of the tume whed will still represent
the sune mtenval of time

In regnd to the sensinvity or the alnbiy 10 make M eviet vee
ard af the electroc warogram there 1s at present wo difference
betw een the sting and the tube glvanameter This matter need
not be considered m makang 2 cholee Tctors which mast be
tahen mio account for hospitnl work ate the question of rugged
constructions the ease of tirhing vecards {or wdentihicanon the
mobihty of the apparatus wid the abilits to tike 1 number of
records without ramovinyg the camarn hon For office md con
sultation work on the other hand postibility s an wnpertmt
feature 15 15 abso 1 rugged constiuction which will wathstand the
yus of carrying about Onc should also t1ke mnito account whether
or not there will be a need to wle records where there 15 not an
aatlable alternating current With these qualifications in mund
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Tesstance and b g taking darducd clectracardiograms
im Heart [ 10693 193
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im | Physiol 4480 1917

Shwarschuld, M and fassin M The effect of condensers m the clectro-
ardiograph #m Heart | 9017 1934
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which might accstomlly lewd to error 15 s the method of pro
ducing the vaucd ume hues Becse the rotuor which causes
these fines oy ran from the sy spring motor w 1s the photo
graphtc piper a1t follows that 5f the paper slows shighdy the tme
fines sl staff contuue to oceur 1t the same distance e on the
prper ddthough these distances now mdicite Jonger wtenals of
ume Fhe reverse of tus will oceur af the paper speeds up It
true that such vanations m the speed of the papa rarely occur
a1 the course of the tihg of a record but expartence has shoun
tht 3t does happen occastomilly If the change m speed of the
photogriplic paper 1s suffiacne to cause an obse rvable chunge
the rutensity of the espossre then there will be scen 1 duher or
t highter poruon of the record dependmg upon whether the
paper 1s runmng, slower or faster than the stmndnd I the paper
should 1un uwmiformly slow or unsformly fst thioughout the
1ccard s would not be suspected  All such mstiuments have
provistons for chechimg the speed of the paper md also the speed
of the tme wheed but usdess this checking 1s done frequently one
might miss n ocesonl perod of defectune operation of the
mstnunent

1n most string gl nometars the ummng 1s effected by 2 wheet
wiich s electniilly coutrolled independently of the mosement
of the photogiaphic paper so tha should the piper vary 1 speed
the shadons ot the spokes of the ume wheet will sull 1eprusent
the sune unenal of tme

In regud to the sensisvity or the 1bibty 1o make wr exact 1e¢
ord of the elcctrocirdiogrim there » 1t present no difference
between the string and e tube pibamometo This watter need
not be consdered m mrkang 1 chowce Tictors which must be
taken mto ccount for hosprtal work me the question of rugged
constructiatt the etse of marking veeands for Wdenuficauon the
mobiliey of the wpuats md the bty o tihe a number of
recards wathout removing the cumert bow Tor office wmd con
sultation work on the other hd  portability s an smport mit
feattire 78 15 aho a rugged coustruction which will wathstud the
Jars of carrying tbout QOue should 1lso thke mto weonnt whether
or nat there will be a peed to tike records where there 15 not wt
avulable alternating current With these quahificitions mund
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aie should bie able to select the mstrument Dest adapted to the
P\HPJKS nview
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APPENDIN

THE DETERMINATION OF THE DIRECTION AND
THE MANITEST VALUE OF THF VECTORS OF
THE ELECTROCARDIOGRAM

I\ THOVEN § tables for the determmation of the direction
E within the heart of any current secorded by the three
standard leads These directions refer onfy to the frontat plane
50 that currents which lie m other planes are only represented as
they affect the frontal plane

One must first make certam that the deflections mesured
the three leads represent synchronous points of the elettroctardio
sam for otherwise the detlections will not be duc to the sune
current within the heart This can often be approumated by an
mspection of the record measuring with a magnifymg, glass the
distance from the beginmn,, or ending of some sharp deflection
suchas @ R or § 1t we ate mevsuting deflections which sepre

sent the same current within the heart they will be found to fulfif
very clasely the farmula

Vadue Lead 1 4+ salue Lead 3 = value Lead 2
If 1hey do not approsumate this formula they do not anse from
the same current within the heart

The dirceuion of any current within the heart 15 expressed m
Telauon to the horzontal the 180 helow the honzontal being
considered posttane (+) and the 180° abote the honzontal nega
W4 oy The dwrecuon 8 1s honzomally to the pauent s lelt
and 2130 honzontally to the patient s night (s, 21) Table
Nt s the most satisfactory for ordmary use but Table \11 shows,
rather graphically the reciprocal varauon of the lead values with
changing direction of the vectors

To wse Table Nif the recorded potenual 15 dctermined by
measunng the height of the wave «t the same ume mnstant n

407






APPENDIA §

409
Taste NI
SUPPLEMENTARY TABLL
c D
A B
DiGREES TO BE
‘DEGREES TO BF VALLE OF THE ADDED TO THE
APDED TOTHF | gupuest LeaD | Ty cip waps | ManiresT
ANGLE WHEN | yyyex THE LARG CoLtus B PoteNtiAL
CoLrux B £57 Is Reptcen 1s Reap
1s Reap 10 £10 UrwARDS
| Dowswarns .
R
S S
1n3
Secton | 2 =04 %, i
I 4 %08 1
| 6 12 M 08
i s %15 2
[ ROl ORI U
o \ 18 0 107
T — s 105
Sectan2 | i | zg 7; H 104
i | 29 4 103
¢ P 102
8 \ %32 2
3 T 0 i fo2
Seton3 | 2 438 8 w01
Pooboas ‘ to
6 | =4 4 4 10
8 1 247 2 10
[ | 5 \ ° \ 10

each lcad The value of the smallest lead 15 then made propor
tonal to a value of 10 for the largest lead by substituting the
measured values 1n the formula

Value largestlead 10 value smallestiead x

Thusileadl=+32 lead2 =4 125 Lead 3 =+ 93 then
the formula would be

125 10 32 £ (32X,

5 x) therefore x = 256
We now refer 1o Table \11 for the nearest approsimation to the
ralues Lead } = 206 Lead 2 = 10 and we find that tius relation

of the values hies between 70 and 80°—one might say 1t was
approxumately 7o

M i 1s desired 1o locate the angle with greater exactness than
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this the value of the smallest deflection 256 mm m thus case
must be located 1 column B of the Supplementary Table Exch
section of this table will be found appropmnte 1o il mn the gap
between ceitun figures of the mam table though someumes 1t
must be ierted that s read {rom below upwud m oider to
do so The Supplementary Table mdicates the angle 1o be added
to the smaller value obtuned from the mam table either in
column A o1 column C depending upon whether or not the
figuies in the Supplementary Table must be read downward or
upward to have them ke their phice between the figures of the
mun tible If read from 1bote downward the 1ngle 15 o be
found i column % of from below upuard the angle s to be
found w column G

In column B of the Supplementary Table the newrest value to
+2561s 4+2 5 which 1s found m Section 2 This section must be
mverted 1ewd upwards 1 ordes to fit mto 1ts ppropriate plice
m Table \II so that the supplanentary angle 1s to be found
column C wd 15 6° This angle 1s to be dded to the bsic 76°
obtuned from the mun table makmg 76° winch 1s the enact
angle to produce 1 vector with the deignated recoded alues
(el=932e¢2=125¢3=903)

Shonld we wish to deteymme Hre mansfest potentral {Lny that
1s the hypotheticl potennal which would give rise to such lexd
excursions we use the figure for manfest potentiil found m
columar D of the Supplementay Table opposite the ngle ab
tamed fiom this table In tlus case the figtae n Scction 2 oppostie
6° 15 10 1 This 1s the manfest potenual for @ mawnum exur
sion of 10 mm so that for the lead values with which we started
ths figure must be changed 1ccording to the formuh

104 10 x lZS(“li:;igs=x)(l\crcfon‘\~13

This 1s the potential (Fi) which would give the lexd excursions
we have measuied if 1ts duection were 76° and theie were no
shott cncwung withim the body

1t 1s well to emphasize g here that this mamfest vidue does
not wetuilly extst Within the heart there 1re at my one nstant
sany potentiils m my different directions The swm of il
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L
Agamn Jiheraluesaree 1 =8 e2=—1e3=—11

(i.’f_‘i’) ~333
iz
(he horizontal lme will be opposite 3 32 and the verucal column
will be under e 3 = ~10 {the Jead of the largtst \ulue) the
column headed by 2 (the fead of smollest value) The angle 1s
—19° 1 this case

Thus table ts much quicker to use than s Table W& for wdocs
anay with the need of a supplementary cable

To obuain the mantfest potentiat from Table \111 13 1lso very
smple for the figure m the cotwmn under E10 the sccond
column which lies on the same line as the an,le obtam edista be
msed just as nas the similar figure obtained from e supple
wentary table of Table \11 The Jargest recorded value m the
feads 1s placed 1n the formula 18 10\ largest value For
the first example abore the mamfest potential would be 16 10
and for the second example 1t would be 12 2¢

Carter Richter and Greene hase devised a chart wiuch 1s e
produced . Figure 101 for the graphuc determusatson of the
angle ¢ using the values actually measured m the three Ieads In
otder to use thus chart to determune the anyle the vatues for exch
lead are weasured or one may be approsinated as (as been suy
gested so that they (Gl Emthoven s formaty The values mens
ured 1 two of the leads ase counted off from the center of it
lead (04 w1 ewther the positive or nejative disecton depending
upon whether 1015 an upward or donwnnard deffecion The fines
perpendicular to the side of 1he tnangle from the pomts meas-
ured off on the leads w quesnion are followed m to thewr mrer
ection and a dot wade at tns pomt A hne the radius drivn
{eom the cemter of the arde through this point should be pro
ected to the nreumterence of the arcle surrounding the tnanle
and the angle o will be read off upon this degrees with the
corresponding negame or positne salue mdicated As an ex
e e L1 40 L2 = 16 Lead§= 47
335 at the powat mdxcmegs;‘)re g}mn Lead § and 47 upon Lead
cemer throngh s des ron 13 a dot the hine projected from the
cwde 4555 which 1s thy oo s e e perphiery of the

¢ angle a for such deflechions Agamn



412 THE LLECTROCARDIOGR \M

these 1s a certam potenttal having a cerinn direction, and this
potential, reduced by short arcutting within the body gives rise
10 the excursions 1 the leads The mamifest potential has a salue
which 1s due to the short careutting of the sunumated heart poten
trals at a gonen mstmt If there were no short arcmung the
current withm the heart would be the sume as the mamfest
potenual

To use Table NI to determune the angle of wy potental
difference within the hewrt from sts segistered potenual mn the
lewds {e 1, e 2 and ¢ 3y the smnllest of these must be made pro
portional to 1 value of 10 for the largest (Multsply the smallest
value by 10 and divide by the Targest value ) Compare the figure
thus obtuned with those i the first column of the 1able and the
mgle will be on the kori.ontal line whose number 15 closest to
the figure The angle will be found at the mtcisecuon of this ine
with the vertical colwmn determined by the combmation of three
frctors whach lead has the largest excursion whether tlus his
\ 4 or a — value md which lead has the smailest excursion Tor
exainple f the targest deflccuon isa 4 salue m Lead 1 othe ver
tical column would be under ¢ 1 = 10 either m the column
hieaded by 21t the smatlest deflection were found i Lead 2 or 1
the column headed by 3 1f the smallest deflection wete found
Lead 3 If the Ingest deflection were a — vabue m Lead 2 the
vertical column would be under ¢ 2 = 10 either an the column
headed by 1 1f the smallest deflection were found m lead Lorw
the column headed by 3 1f the smallest deflection were m Lead 3

Tor esunple of the values m the lends were

el =16 £2=10 e3=~6

then by apphing the abos ¢ foumutt to the smallest nd the largest
vatues we obtatu
The 1ngle 1s therefore found on the horizontd hine opposite 378
wlhach figure 1s the nearest to 3 75 Since the lirgest salue ws !
4 valuem Lead ) the vertical column will be under ¢ 1 = + 10
and since the smallest snlue was m Lead 3 the particulr column
will be under 3 The mgle i this case ts 82



Tig 108 The dur of Caner Richter and Greene for determiming he direntic
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sf the values e Lewd 1 = 5 Lead 2 = 45 1cid 3 = +10
then t the junction of —5 from Leid 1 wnd 410 from Lead J 1
dot h1s been made nd the radws of the arcle pissing through
this dot 1eches the periphery 1t -120° which 15 the 1ngle ¢ fo
these values Agamn of the values we Lend 1 == £15 Lewd 2 =
—~1 Eewd 3 = —16 2 the mtersecuon of 1 projection fiom +15
m Lead L and —16 2 1n Lead 3 1s shoun by a dot and the radius
of the arcle pissing through this dot rewches the penphery at
~34° which 15 the angle o for these values

The manifest valne Lm may be detrnuned from tus chart
also 1f the distance of the pomt of mtersection of the lead
vjues from the center of the cacle be meisured off along any
e paralic] o 1 lead The dist wice fromt the center of the cucle
to the dot wlich grve the mgle 5% 59 1f measured 2long the hort
zontal paallel to Lewd | gives Dm == 416 2 The distance from
the ceater of the cticle to the dot which gives the angle of 1207 3f
mesured along the horzontal pirallel to Led Fgives Lin = 410
and destace from the center 1o the dot wineh gave the mgle 33°
1f measured tlong the same horzontal gnes Lm = +18 Oung o
the 1ckanvely small difference between the value recorded i the
tead wd the mamfest value st 15 not as exact to determine tus
from the chart 15 1t would be from Table NI

Dienade s chart A chair s been devsed by i TR
Diesrude (I1g 102) which 1lso allows the determunaton of the
wgle a by using the actunl values recorded in the lewds It
exact to withm 1 or 2 degrees which 1s well within the huns of
ertor of the measurements of the nnes 1w the lewds In using this
chart the metsured salues may be apphied directly s follows
The Imie of zero for Lead 1 15 the horrontal hne m the wntar ot
the chart marked ¢ 1 Positne vilues ate to be mewsured off
above this md negrone values below The hne tepiesenting 2¢i0
for Tead 2 1s the verucal hne m the center of the dhut fiheled
e 2 Positive vilues are 1o be measured to the rght of thiy ne,1
tive values to the left

Suppose the vilues m the lods were e = 16 e 2 = 10 ad
e 8 = —6 We should then tike the honzontal hine -+16 nd tol
low 1t 1cross until 1t mtersects with the sertctd hne 410 This
point 15 crossed by 1 12dius indiaating 10 as the angle Ths s



APPENDIN | 415

to be compared wsth 82 which »as obtamed 1y the above exam
pleatlustraung the use of Table \I{lon page {11 W hen 1 value
of Yess than o 15 10 be dealt with 4s for example e § = 32 e 2 =
125 ande 3= 93 1t 15 better 1o muluply the vafues for ¢ § md
e 2y 2 Tlis will result in our measyrements raihang phce m
the outer 7one where the radu da not fie so close together A
cordingly for the above example we find that the horizomtaf hne
64 (32 x 2) mtersects the vertical Tie 20 (120 % 2) very newr
to the radsus +70° This measurement s ta be compared wieh
the angle 76° derned from Table \I1 n the lumrnon on
page 400 Ammm el =8 ¢2= «1 and ¢ 3 = —12 we
will muluply 8 and —4 by 2 nd find that the honzomal hine
+16 for & 1 tntersects the verncal hine 8 for ¢ 2 very near to the
radius ~50° This 15 1o be compared with the value —19° which
na: obtauted by she use of Table \IIX m the example on pige

Dicuarde also offers a comparatnnely simple table for deter
mining the mamfest value (Em) From the fact that
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to be compared with 8° which was obtauned m the above exam
ple lustraung the use of Table \IH on page 111 When a value
of lexs than 9 15 to be dealt with s for exumple e 1 = 32 ¢ 2 =
125 ande3 =93 it 1s bettet to multiply the values for e 1 and
¢2by 2 This will result 1 our measurements takin,, plce m
the outer zone where the radu do not lie so close toether Ac
cordinfy for the above example we find that the honzontal hne
64 (32X 2) intersects the verucal hine 20 (120 X 2) very near
10 the radius 470° This measurement 1s 1o he compmed with
the angle 76° derned from Table N1 m the iHlustrition on
PEedl) Agnafel =8 ¢2=—1 wmde’ = ~12 ne
wall multply 8 and —g by 2 and find that the honzontal hine
+16for e 1 intersects the verucal line —8 for e 2 very near to the
fadius —50  Ttus 1s to be compared with the value —19° which
;\la; obtamned by the use of Table \1I 1 the exunple on page

Dievaide also offers 2 comparatinely simple 1able for deter
mung the manifest value {Em) From the fact that

Em~e—t_
o

be has derived o table which follows
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To detesmine the mnsfest salue from thas tible the value of

Lead 1 should be muluphed by the figure whach 1epresents L.
s

a
when the electricrl s has the direction mdicrted by the angle
alpha shown in the two left hnd columus The values are gnen
at mitersals of 5 degrees with mterpolated values for one degiee

which can be used 3f needed Suppose for example Led | = 5

wmd @ = 465 degices Then ;%—; = 237 which multuphed

Iy 5 gives 1185 the value of L (For the mgle a = +90
degrees we cinnot use Lead 1 as the factor becruse o
finity  honce i such cases the value i Lead 3 ss uscdm)‘ N

In using esther of these chruts 1t 1s best o nowd desling with
sl salues 1t s better 1o muluply the whole series of figures
by two m order to obtun mevsuring pomts farther aput This
1s puaculnly true in uang Dicvude s chart winch confines the
mesw ements o only two lewds one of which may have 1 quuite
smll deflcetion The chut of Carter Richter and Gieene is per
haps the most stsfactory

BIBLIOGR APHY

Caster £ P Rictes € 1 and Greene € H \ graplue appheauon of
the punaple of the cquiateral mangle {or determumng the darection
of the electricrt s of the heart n the bumn dectrocardiogram
Bull johns Hopkins Hosp 30 162 1919

Dicuaite F R The determiation nd significance of the cleetnel axs of
the human hewt frch Int Med 27 558 1921

Linthevenn W Bergansus & L and Bytel | Ine glechseige Regrs
trierung clehtrischar Crschomungen muttels zoer oder mebr Caban
ometer und thre \nwendung auf dse Elchtrokardiographie dich | d
ges Physiol 161 167 1916

Emthosen W Fahr G and de Waart \ Ueber die nchtung und dic
manafeste Crosse der Patentsalschuanhungen im menschlichen Herzen
und uber den Lanfluss der Herslag auf dic Form des Elelurolardio
gramms Aich { d ges Physol 150 275 1913

Is m



APPENDIN 11

METHOD OF FILING AND INDEAING
ELECTROCARDIOGRAPHIC RECORDS



416 THE ELECTROCARDIOGRAM

To determine the mamfest \atue from this table, the value of

Lead 1 should be multiplied by the figuie which represents L
tos @

when the electizenl s his the diection indicited by the gle
alpha shown m the two left ind columns The v ilues ne gnen
2t mtenls of 5 degrecs with miespolited salues for one degice
shich e be wsed 1f needed Suppose for exumple Lewd 1 =5

md g = 465 degrees Then o = 237 which muluphied
cos a
by 5 gives 1185 the vidue of T' (Fou the wgle ¢ = +90
degreus se cmmot use Lawd 1 s the fetor bhecwse 1 s m
cas a

fimity hence m such cises the vilue m 1ead § 1s wsed )

In wany enther of these chats 1w s best to avord deshing with
small valucs 1t 1s better 10 muluph the whole scries of hawes
by tvo m orda to obiun mewsunn, pomts futher put Ths
1s puticulurly true m using Dieuude s chut winch confines the
mesurements to onh two lewds one of which my have 1 quite
small deflection The chrt of Carter Richter wd Greenc s per
haps the most swisfctory
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3 e
METHOD OF FILING AND INDEMN
ELECTROCARDIQGRAPLIC RECORDS

WING 1o therr size and characier the preserianer n;n{l
filing of electrocardiographie records presents tariaus € X
ficultzes 1t seems worth winle for tns reason to give i deta
the method winch was gradually evoled at the hew \nrfL Ho:
putal before 1532 and which has ginen conuderable satistactio
It enables one to find promptly the record of any patient or to
piek out with mwmimwm effort a senes of elecracardiographic
erords showmg any pecabanty winch has been dia nosed and
mdered The three stnps Lead 1 Lead 2 and Lead 3 are placed
n order face downward and fastened sogether on the back suh
adbesive Linen tape Precovdial leads way be plwed e order
below Lead 3 starting wuh the iead obtamed farihest to the
night The precordial leads are folded bebund the hmb leads and
the set1s then placed m ardinary cardboird folders so that Lead
lies at the top  The name of the patient 13 wriuen on tie
upper edge of the folder the number of the record and the date
on the Tower flap Subsequent records of the same patent may
be placed wn senal order 1 this folder and the number of the
record and date noted on the outside o that all secords of the
same patient are veatsly fonnd 1wgether Foldess are fled al pha
beucathy aceording to names of pattemts It has bheen found that

after about ten sears the cardboard of the folders becomes hrttle
and the folder must be replaced

The legal size cardboard {older 9% by 1o inches was nsed
beeanse Whe grear ength of tis comamer enabled us to file Jong
strips of the vecord without foldg 1t has heen found thay when
the record has been folded over w eventually cracks and 1ears
at the powt of folding  Another reason for ustug the long folder
' that 1t gives space for g laige number of hhing signals

wlich
419



420 THE ELECTROCARDIOGRAM

e fter to be pheed along s edge It 1s possible, though to
use the ordinuy letter size folder nd by using signals of the
sundlest size to find space for ahmost fifty diagnostie titles

A bool 1s hept m which opposite the serril number of the
recotd 15 written the nwme of the pavent the wge the chmenl
dingnosis the bloed pressme nd the smount of diginhis winch
hnd been gnen dwnmg the tvo weeks previous to tihing the
record Quinidine medication during the twenty four hows pre
vious 20 the 1ecord 15 so noted These are the ficts wiich the
physiciun who mterprets the record must hwe m mund n arder
to make bs 1cport s helpful as possble to the climam With
out them the report will not 1evesl sts Tull usefulness

The rccompanying table of dignostie terms may be used
diagnosing the records o others mry be subsututed 15 desucd

DIAGNOSIS TABLE

1 Normal sinus chythm
2 a Smus arrhythma (s}
b Sincauricular block (6}
¢ Sumple bradycardia (r}
d Ventncular escape (W)
Premature beats
a Auncular {0)
b Nodal ()
¢ Ventneular {8}
4 Unusual premature beats {a}
Sumple tachycardia (7}
Paroaysmal tachycardia
3 Aurscular (w}
b Nedal (o)
¢ Venmneular {8)
Auricular flutter
a Pasoxysmal ()
B Chranie {6)
Aurncular fibrillation
a Paroxysmal (p}
b Clwome (W)
Aursculoventacular heart block
al Parual block prolonged conduction ? (0}
2 ‘tarual block dropped beats /
b Complete bloch (8)
¢ This pralonged conduction may be due to
Normal A V canduction tune
10 Rhythm undiagnosed ()
11 FWae
2 Abnormally 1 ide {6)
b Noiched (v}
¢ Waltage unusually large (W)
¢ Weliage unusually small (0}

w

S [r

“

o

dimtalss or discasc of the bundle

=3
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+ Unusual pecul anty (2}
e Io rrzion of
2. QRS Grov
v 2 :\b:ormﬂ), wide ()
bn Notched
bs Sluned (o)
ba s Newhed and sturred
¢ Valtage unusually large (r)
d Vokage unusally srmali (W)
¢ Lnusaal pecukanty of (0}
13 Right axis deviatson of QRS (3}
14 Lelt aws e 1ation of QRS (&)
15 Tuae
a Prolonged i}
b “atched (7)
¢ Voltage uausually large (w}
4 Vol ge unswally swatl (o}
¢ Lausial pecubianty =
ee Lausual soltage of & T 1incarn
F T wa ¢ shows cffect of digptahs (&)
& Diphas ¢ Lead 1 (o)
k Dipha ¢ Lead 2 (P}
1 Disphasic 1n Leads 1 and 2 {w)
16 Twa wmed downward

¢ Leads 1 and 2 (x)

4 Coronary T wave ()

Bundle branch bock (¢)

18 Iata entncular block (w)

19 Neiter erght nor feft axs de taton
9

It

a Pobahls the fo mer
b T ohably the tatter
These abingrmat tiea indicate dyscas of the
,3 02 ating duse s of eptnicular muscle
3

2

Ind rating poo fuact onal condition of the muscle
25 Theware are deform d by the presence of ugh sum Tesstance
The 101 pr tation of this record 18 u sat sfaciory due 1o digitals Patient has
wee d

%6
El

Qf dowbiful gnificance
28

Qfso bp al gmficance

“o sbnosmal ty of entn ufar wa € 10 suggest Myocarial discase
This T wa ¢ abrormaal ty may be due 1o dig tabis oc to disease of the ventncn
Jar muscle

Tt will be found that by combinng the numbers of these diag
noses with a very few words 3t wall be possthle to make a saus

fationy seport of amy etectroc

num
)
bers are wrnitien by the physicsan m the book under the pauent s

wane and seral number About § wches of each ead 1 wm off

md e serrd number and the number of the Jead marked on
the buk n avder that the staretary myy know which way to
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mount the peces of the record 1t has been found satisfactory to
turn the strip over s one would turn 1 check for endorsement
and v rite the number mnd lead on the back of the left hand end
of the strip The bool 15 now turned over to the secretary who
mounts the picces of exch lead md types the 1eport of the record
somewhat 1s follows A report 13 the book rexds thus

drate 110 ~8al (1 ~R = 22) ~ {4 marked ~ 123bnibs2and3d —-162 ~22
It would be watten 1s follows

Ssmple tachycardia rate 110 per munute

Partial auniculoy entricular heart block with prolonged conduction ume (P~ R = 22
second)

Marked left axs devianon of QRS

QRS 53 abnormally wide and shows notching in Lead 1 and sturnng in Leads 2a0d 3

The QRS voltage i1 unusually smalt

The T wave 18 turned downward in Lead |

These abnormalities indicate discase of the entricular muscle

Agam
7 {rate 95) ~ occas 3¢ —~ 13(32 bs 3 = 28) — 16 b ~ 21 —~ laser record requested
Thas would be written as follows

Aurtcular fibnllation heart rate 95 per minute

Qccasonal sentricular premature beats

Raght axis deviation of QRS

QRS group s slurred wn Lead 3 but this s of no chmcal signsficance

T wave turned downward s Lead 2 thus T wave abnormahty may be due o
digstalis or to disease of the yentneular muscle

A later record 1s requested

This system s1ves 4 great denl of tme 1 1eposting the records
Dbut 1ts chisef salue hies m the ease with which 1t adapts wself to
mdesing 1y peculririties which may be considesed tmporit
For this pwrpose wolored signals are pliced upon the uppet edue
of the folder the position and color of the siynal mdicatmg the
pecubanty The Crffco sise signals which are of metil wd
clamp upon the edge of the folder hnve been found satisficton
cardbond stips my be used if pasted on Signals coloied red
green ph white oringe and blue ue used md these colots
are vepeated m this order from left to nght so that 48 of the
signals m1y be set edge to edge cross the top of the folder In
actual practice folders usutly have but two o1 three signals and
yarely 15 mny 15 $1x A color hey 1s mde upon 1 piece of card
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the colors being painted 10 therr proper order for 15 imches and
the number of the pecutianty to be recorded bang marked below
us corvespondm, color This card 1s used 15 a ymde for placing
the signafs properfy and also for pickin, out records with wy
desited peculiarity The features ndexed m this way 1t the
hospital are mdicated i the diagnosis table by having the
il of one of the color signats m parentheses after it These
are the features which seem especially important for such a cross

ndex but obsiously any other list of features could be used
this way
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