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PRETACE TO THE FOURTH DITION

INGE the publicition of the bt editon of dus baok the use
of precordal leads has 1dded greatly ta the dignostic wlue
of the electrocardiogram Therr potennal vilie was so ¢ wdan
from the ttme of the first yepons of shesr wise it 3t ws thought
advsable to delny the present tdiion unbl the grounduork of
the new techmigue nd become estblished From the begmmng
1t was evident that dfferences were 10 be expeeied bomeen Tewds
from cifferent precordnnl pomts and also that when using, the
same precordinl pomnt there would be difierences dependent
upon the posison of the remote electrode A present we nntker
stand the sigmficance of these diferences so that snstead of find
ng them confusing we now find them helpful s ang dinnons
The authar has attempted to sct forth the dificrences s the
record which result from changing the position of the precordind
electrode md also the differences resulting from chmges m the
posttion of the yemoic edearrad= Ths discussion mdicues the
parncntar satue of centam eombmatious which e recommendyd
for roatsne wse
For purposes of climeal mterpretition st wa necessars to
establish the character d extent of e vanuons lound
records by precordint Jeads from different norma) hiewts Only
with such 2 background could we say that certn featares were
normil or were thmormad Wetua the bist the years this by
become possible and condensed tiides of the parmal mewtre
ments of the waves by the miost importa precordent leads ase
here included Severad new stud os of e {orm of the dectro

cardiergram by ahe Yinb Yeads i normad menduals he 1l
tppeared durm,,

this ume so that 1t has been posstble to check
our former tmpressons of the Limuts of the vin wions found i
records from notmal hearts b these leads Tor the oSt pare the
new work serves to confirm our former tdeas
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PREFACE TO THE FOURTH EDITION

I\CE the publication of the 1ast edition of this book the nse
S of precordual leads has added greatly to the dignosuic ¥ilue
of the ehectrocardiogrm Therr patentil vatue was so evident
trom the tme of the first reports of their nse tht 1t was thought
aduisable to delay the present editon unul the groundnork of
the new techmque had beeome estabhished From the beginmn.,
1t was eudent that differences were to e expected between Jeads
from different precordial pownts and ko thit when uwung the

same precordial pomt there would be dhfferences dependent
upon tern - f

stand

mgth o wn, we now hind them helpful i our dignosts

The author has avtermpted 1© set forth the differences m the
record shich result from chinging the positson of thie precordinl
elecrode and also the differences resulung {rom changes m the
posiion of the remote electrod= This discussion mdicites the
parucular value of certain combnatinns which are recommended
{or rounne nse

For purposes of chmical imterpretation 1t was necessiry 1o
esablish the chasacter and extent of the sanations found
records by precordial leads from dsfferent narmal hearts Only
nath such a back ground could we say thas eertan feures were
normal or were abnormal Wathin the hist o yeurs this s
become possible and condensed tables of the normat measure
ments of the waves by the most important precordinl leads are
here included Several new studies of the form of the electro
cavdiogram by the hmb leads i normat mdisidunls lrve qlso
appeared during this ume so that it his bicen possible o cheel

our former impressians of the hmsts of the varauons found n
vecords from normal hers by these deads Fo

r the most part the
ties work serves to confirm our former tdeas ’
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PREFACE 'TO THE FOURTH EDITION ©

)t onts these descriptions sere vead even wuthout the unphficy
tion found i the general text

The chinscal features underlymg wnd causing the abnormal
ues of the electrocardiogram are 1mply discussed not only
conjunction with the descnpuon of the abnormaluy wusell but
also 1 speasl sections of the text devoted especinlly to the clin
ical aspects This method of pproach was considered superior
to that of gring case histonies 10 connection with wnddual
records for the latter produces a bulky d cumbersome text
contaimng much matter quite unrelated 10 the wterpreriuen of
the record

A description of the amphifier tube instrument has been 1dded
to the chapter on the construction and operition of the strng
galvanometer This should be helpful to those who are usmg this
wncreasingly popular type of apparatus and wha destre w under
standing of us fundament! construction

The bibliography bas been greatly expinded nd brougn
down to the present and many of the older references have been
omtted beeause of therr dimimished value 1n order ta mcrease
the usefulness of the biblography each chapter is followesd by the
references pertaning to sts subject matter

Acknowledgments are due ta Dr Tred M Smuth the eduar
and to the publishers of the dmerican Heart Journal for permss-
ston to use the section on the nomendlature and desciiption of
the electrocardiogram 1n much the same form as 1t appeired in

thes joutnal ‘Thanks are especally due to Dr Smath for tus
editorial suggestions 1n this section

Haroto E B Parmir
Neu York N 3}

March 1941



vin PREFACE TO THE FOURTH EDITION

It 15 not only 1n the nterpretition of precordial leads that
progress has been made The knowledge of the abnormalties of
the waves produced by varsous forms of myocardial disease hns
also greatly mcreased The new informatton pertans not only to
the effects of rheumatic disease mnd of coronary arterioscleross
but 1lso to other less common diserses ind metibolic disturb
ances many of which were not previously known to be associated
with electrocardiographic changes When describing the electro
cardiographic features assoarnted with exch form of cirdiac dis
exse the information derived from the precordial leads has been
described 15 an 1ntegral part of the record It seemed better to
treat the subject 1n this w1y than to group 1l of the formation
from the precord:al leads together as if they were something aprrt
from the Itmb leads

The chapter on the electrocardiographic diagnosis of cardinc
arrhythmits has been expanded nd 1 description of parasystole
and of electrical alternans his been included The explnations
of the theory of the electrocardiogram are more extensne and
have 1 more practical bearing upon the everydiy interpretation
of records particularly of tbnormal ones The chapter deiling
with this subject his been almast entirely rewritten so s to mn
clude the newer views but still retamns an ample discussion of
Emthoven s triangle and 1its important apphicitions to the mn
terpretation of records The griph devised by Carter Ruchter
and Greene has been reproduced because of 1ts conventence for
the deterrination of the angle 1lpha from the values recorded
in the himb leads

The 1llustrations 1 this edition are especially numerous nd
demeonstrate the vrtous features that are described 1n the text
Some of the old illustrations have been replaced by new ones
more typical of the conditions ind many new tlustritions have
been added to demonstrate newly recogmized abnormailiues of
the curies or to show additional vaneties of those previously
recogmzed Records Mustrating the effects of myocardinl mfare
tion are especially numerous 1nd also the various types of bundle
branch block Eich 1llustration 1s accompamed by 1 description
of the mmportant feitures of the curie so that one could 1cqtire
considerable familiarity with electrocardtogriphic mterpretation



PREFACE TO THE TIRST EDITION

$1F nse of electrocardhographic records in the diagnosts of

Tl\ean disease bas been but stonly developed Tt was wieces
sary first to deteraune what the naves of 4 normal record vepre
sented and tien to observe a frge number of Abmorml vecords
1n connecuon with the chimical features of the patents who gne
them Our presemt knowledge of the mterpresnon wnd prog
nostic toportance of the electrocardiogrant rests upon such 2
farge number of observations by so many different Authors that
the begianer 15 unable to acquire 1t without consulung a wide
spread and woluminous Wwerature 1 hue therefore thought 1
worth winle to collect together 1 wtus volume al) the ecurrent
tnowledge of the electrocardiogram which 1s of clinical 1m
portance leavin,, the detls of exptnmentnl wnd theorenol con
sideranons 1o the special workers i thus field Yet expenimental
observations and theories cannot be cnnrely 1gnoved by e
chmaian for they gne a perspectine whuch clanfles mny of hus
clineal ghsersanons They e therefore wcluded biese 1 as
simple a form as possible

The hmts of the normnl varsations of the electrocardingrun
have been carcfully descnibed for only by bemg famihar with the
grewaariety of these can one distingursh certaunly the abnormal
cunes The clineal aspect of these abnormal tunes has been
kept constantly 1o the Jore that the physictan m1y know what
sart of formation bie may expect ta vhtvn from the verords
The electrocardiogram affosds but one of the many methods of
examiming the heart and thaugh st pes wformation winch
cwnot be obtamed 1n amy other way req irddin, the contraction
of the aunicles and ventricles 34¢ ut order to get the full \alue
{from the recards they must be correlared v
o7y and physical examination of the

s the camplcte s
out the detar] of thus correlanion

praent {havetnied 1o pornt

Abnonmal electrocardiograms
«a






PREFACE TO THE FIRST EDITION ]

Hotber and hus editonal staff for their mterest 11 the mussenpt

of thys book and for their many helpful suggestsons in the mateer
of arrangement

Harotb E B Pagnrr
Meu York \ )
June 1924
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are considered 1s 1n expression of tbnormal muscle function,
and the possibility of an underlying disease 1s then discussed

The basic electrical and mathematical features of the method
have been evplamed by diagrammatic drawings which may help
the reader to obtun the necessary conception of the electrical
actinsty of the hewrt This techmerl discussion hs been kept
almost entrrely within the bounds of Chapter 1\ Perhips the
rexder who finds i 1t wn unfimiliar vocabulary will be better
prepared to read this chapter after having famibanized himself
with the chinical aspects of the records presented mn the earhier
chapters He w1il probably find 1t to he more esily comprehended
than he had thought

Controrersies have not been discussed m detall The opimon
which seems most sound has been presented with 1 mere state
ment of the opposing vtews The references for supplementary
reading are mtended for those who wish for more detul They
do not form 1 complete bibliography of the subject—this would
be too cumbersome to be useful—but give the important stand
rd sources nd the best of the newer work

So little has wppeared in the hterature about the techmque of
using the electrocirdiograph that 1t was thought worth while to
add 2 chapter on the constiuction and operation of the nstru
ment Those fettures wlich might lead to the taking of incorrect
records are especilly emphasized wind 1t 1s pointed out how they
m1y be avoided

It 15 1 plewsure to chnowledge my indebtedness to Professor
Hortio B Willinms of the Department of Physiology of the
College of Physictams wind Surgeons Columbin Unnsersity for
Jus imvaluable instruction during my years 1s his assistant With
ont the grounding mn the fundwmentals of electrocardiography
recerved from him the clinteal observations of later yews would
not have been possible I wish also to acknowledge the hindness
of Dr Lewis A Conner ind Dr W R Wilhams for the privilege
afforded n the study of clinical matersal m the New York Hos
pital where most of the records used to illustrate this book were
obtatned I feel that a final word of thanks 15 due 1o Mr Paul B
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CHAPTER 1
INTRODUCTION

HE clinical study of the electrical curfent accompanyin,
the heart s contraction was made posstble 1 190£ by Fin
thoven of Leyden through the perfection of an instrument suf
fictently sensitive and quich to follow the small rapdly \’lr)\ng,
potentrals produced by the heart It had been known stnce 1845
that the contraction of the heart was accompanied By the pro
duction of electniaity In 1887 Waller demonstrated 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
galvanometer 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 Esven the physiologist had difficulty 1n making use of thys
knowledge for the only mnstrument available was the capillary
electrometer wiuch owing to us nertir was unable 10 record
with accuracy the quichly varying potentials of the heart beat
Fnthoven s string galvanometer was first deseribed 1n 1903 and
m 1906 and 1908 he published the results of hus first chinienl
studies The clinical use of the electrocardiograph soon became
general in the large chinies abroad and the first instruments were
mstalled 1 thus country between 1910 and 1913
The record of the string galsanometer consists of a serres of
deflecuons or waves (Fig 1) produced photographically by the
up and down movement of the shadow of the string of the nstru
ment When the panent 15 connected with the mstrument the
shadow of the string can be seen ta move rapudly 1n response 1o
the current from the heart which s passing through the patient s
body the wires and the string stsclf These mosements are pho
a2 of o rome s e
with the sinng shadow il‘ﬁ g o he Bl anometer Pasies and
B aling across 3t (Figs 1 and g3) The pro

1






TNTRODUCTION 3

Some leads were favoribly sitvated to record the heart s current
some Jeads were unfasorably siyated It therefore hecame neces
sary to adopt standard teads 1n order to fralitite the comprrison
of records from different patients Leads from the enremiies
have been untersally used for chinical work and hnve been found
satisfactory because of the ease of appiving clectrodes to the
extremities and because the heart oecaped ¥ relatinely siular
posttion between the extremities differemt ndinsdats Only

three of the siv possible combnnations of the extremuties were
used as follows

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

Lead 1 1s honzontal 1n velation to the body Lead 2 15 oblique
and Lead $ 15 1n the left lateral position and 15 more ot less ver
ncal This will be clear 1f we consider the relanon of the tno
shoulders and the left hup to each other One must realize tha 1t
15 really from the shoulders and hip that the current 15 led oft
from the trunk stself (Fi1g 2)

T each lexd the extremity nearer to the apex of the heart 15
callea apical winle the other newrer o the hsal region 1s calted
basal The wires from the evtrermties ave connected to the gal
ranometes o that Hf the apial estrenmty heromes postne {(+)
m relation to the basal extresmsty the veswlung current pssing
through the galvanometer from the ymeal to the basal etremny
n each fead (dotted Arrons of Fig 23 will graduce an upward
marement of the hne of the recard Tins standard methad af
connecting the panent with the galvinometer termimals msures
the waves having the same direction 1 each lead each ume the
record of the same indinadus) o5 saken If chie wires e resersed
the record wil) be turned upside down If the wires are correctly
::“3;\;: :2:3;?2 ::l;;s are changed tn theiwr direction 11 will

5 e potentials within the heart

PrEcORDIAL LEADS
Burmy recent vears attention hs bey

en alled 10 the ym
ance of leads obtamed from the precordium Such Yeads ’;1:'11



2 THE ELECTROCARDIOGRAM

gresstve movement of the photographic film behind the shit con
verts the vistble moyvements of the string shadow mito the up and
down waves of the record An upward wave mndicates 1 current

L o owoad

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 it 1s not now

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

the electrocardiogram
¢ The ertical hines are now present due to the shadons of the spokes of

the ume marker Each divsion equals 004 second and between each accentuated
line (due to the wide spoke) the nme ntenval 1s 020 second

mn one directton 1 downward wave 1 current mn another A
straight Iine dicates that no current 1s passing for the string
shadow then remans st1ll 2s the photographtc film moves behind
the slit Vertical Itnes across the record will indicite tme becruse
as the piper moves onward successtve vertical sections of 1t he
behind the shit (I'gs 1 wnd g3)
Tue THREr I EADS FROM THF L\TRIMITIFS
THr Livas Leaps

The fundimentn! fact 1s 1s Waller demonstrated that af two
wires are connected with two treas of the skin through some
approprrate medium such s cloth pads wet with salt solution
and these wires are connected to the galvanometer the mstru
ment will record 1 current if the two sk arens 1re both very
near the heart If some distince from 1t these skin arens should
include the heart between them or the current will be very small
Any pair of 1reas from which the current 1s led off to the mstru
ment 1s called a lead or derwation Almost every different lead
dernved a different varable electrical current from the same heart
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Some Teads were fnorbls situated to record the heart s cursent
<some leads were uniaiorably suuated 1t therefore became neces
sary 1o dopt standard Teads 1n order to fiaintate the compansan
of tecords from different panents Tewds from the estrennties
have been unnersally used for chimcal worh nd ke been found
sitsfactory because of the ease of applung electrodes to the
extremsties and because the heart occupied 4 relutels stoulae
position betueen the extremitics m ehafferent mdiaduals Only
three of the s possible combinitions of the extremities were
used as fallans

Raght arm—1lelt arm called Lead 1
Rughe arm—~Telt leg called Levd 2
1eft arm——left leg called 1ead 3

1ead 1 1s hanzantal n telattan to the body Lead 2 15 oblique
and Lead 3 15 1n the left fateral position and 1s more or less ver
ucal This will e dear 1 we conuder the velwon of the two
shoulders and the left ap to each other One must realuze that 1t
15 really from the showlders and bip that the current 1s ted off
from the trunk wself (Fig »)

In eich lead the extremity nearer o the apes of the heast s
called apical while the other nearer 10 the bl regron s called
basal The wives from the estremsties are connested 10 1the gl
ranomecr so that i the apical extremay becomes posttsne (+)
w xehiton to the basal exirernity the tesnttng current passing
tlirau.s the gahvanometer from the apieat to the basal exiremayy
woewh lead {donted wwrowns of Fig z) wailt produce an upward
movement of the hme of the recard Thus standard method of
connecung the patient with the gahvnometer termimnls insures
the wues laving the same direction 1n each lead cach time the
:iiﬂzi;i‘ﬂ:\e‘ ;:k\\)x;e“i::\e\ d“z:m:\ SZ a‘;:e: §§ (:xe wires are reversed
attached and the e :ml: chrm; e‘<\1 : s ave comreatly
chime » s ged i thewr direchon 2t wilt

5 potentinls within the heart

PRECORDIAL Lgans

Durig recent vears attention has been called to the 1mpor
i
nce of leads obtamned from the 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

7/
rd
!
{
g
1
\_,-,7(
! )
i
‘ 1
' \
! ]
! 1
| |
' §
! i
! ]
! i
! i
| f
& A 4

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)
would 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 indicated for Lead 2 by the Jine 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 snfluenced almost entrely by the pﬁt
Lential sanatsons of this electrode The potentnil yanations ©
a pant upon the precardiuim e mueh smaller than the p‘mcn
nal vaniations of 1 pont upon the heart but they e sul fane
(o ten tmes s great s 1hose that occur at points on the extrem
wes These latter potentils rarely exceed 05 millnelt for the
QRS group and 02 milliok for the T wue \ precordil lead
1s only 1 step remored from 1 direct fead from the surfwce of
the heart wself and bs been cifled by Wilson a sermdirect
tead Yo such leads the effect of the actissty of the muscle on the
antersor susface of the heart which 1s closest to the electrode & it
predominate aver the effects of mare remote portions of the
hieart such a3 the septum ot the posterior wall Decause the
muscle immediuely adjcent o the electvode has the mast
fluence tpon 3t we shall find that 2 considerable change w the
e will result from placing the electrode over different ponts
of the precordmm

Leads commony used mohe the apphication of an elecirade
10 the antenor 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
netuon which brings the three standird estrematy wires o
gether at a centrsl termnal of practically zero patentril (Chapter
) Because the potentials 1t the site of the remote clectrode are
relwisely sml changes 1t uts postion huve bur httle mfluence
upon the form of the curve recorded Jt has therefore been
cilled by some the indifferent  electrode Its position 1s not
however enuredy a matees of indsference {Pes29)

These leads 1n winth an irea of the precordium nd some
o memoctn i plonemtr el
hich arase from the fact s s . :rmuse of the confusion
were bemng used by different uhsmn") erent precosdinl lewls
Americw Heart Assactatian zm‘;";“ﬁ i Sapmitee of the
Brin angd Ireland attem,
teads by recommending 1
cordinl Yead The comm

ke Cardiwe Society of Grew
pted to stindirdize the usage af these
IIE rouwtine use of one p:lfllc“"«“ f\\'Q
ttee did not intend g 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 nd therefore nught m 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 fyom more than one part of the precordium the Amencan
By d a ter logy for records abtawed with
certun other ;nsmons of the precordil electrode 13 follows
Position 1 to be m the fourth mtercostal space 1t the right mar
g of the sternum and if the leg 18 usced for the mdfferent e
trode this Jewd 1s to be eatled CF 1 {chess foot posiion 1) Post
fiom 2 10 be m the fourth wtercostl spice st the left mrgin of
the sernum aod the lend from this poir pured with the Jefe leg
to be catted CT 2 Three other positions are designated which
he upon a hne drwn from posiion 2 to the outer border of
the spex beat or to the junction of the mudelcular e and
the hith mtercostal spice 1f the apex beat cannot be detcrmined
md continued tround the left side of the chest 1t ths leved
Positaon 3 tres 1t the 3t parasternat line Posttion 4 ¢ the mud
clavicule fime Posttton 5 at the left antersor axillary line and
Posttzon 6 at the Jefe mdaxllary ine When pured wuh the feft
leg thiese leads are called CF 3 CF 1 (¥ 5 nd CF 6 If these
postions of the precordial electrode re used in conjunction
with the centrat ternunal as described m Chapter 1\ the letter V
(A mdicatmg voltnge) subsututed for ¥ in the names of the abme
teads will indscate thus frce 1 they are pasned wich the 1,0t awm
the letter R should be substituted for F 1o indicate the leagd

It may be noted that posion 4 my sometimes Lie just laterad
1o the cardiac apes and m ths case Lead CF § and Lead 31 wall
be wdentical {or CR # and Lead 4 R) It should be emphsired
howeser that wih § ead CF 4 {or OR 1 the pont fins relerence
to the bony landmarks of the chest® and wih Levd § T 1o the

postuon of the cardisc spex The posttan of these ponits will e
seen in bigure g

c

An orthodigraphic study of the sttuation of Pontrons 1 and 2
(;hc founth mtercostal space at the right wd the feft sternal hines)
shiows 4
os that they often he oo hih to cover 4 porton of the mamn
Thus sttement ss not exarsly ~
Omm ttee but this was the com
e S m e case ol ire
placed m the fourth miercoscal s, e
el o upona Tne deawn f19m3she ek setngt a7 K
(3¢ 10 the outer border of th - s n the fo ek -
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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



INTRODUCTION 7

leads from mmore than one part of the precordnim the Amencan
commttee suggested a rermunology for secords obtuned with
certain other postuons of the precmdm electrode s follons
Posstion I to be 1n the fourth mtercostal spaee n the nght mar
gn of the sternum and f whe feg 35 wsed for the different elec
wode thus Tead 15 to be called CF 1 (chest foot posinion 1) Pout
ton 2 10 he wm the fourth mtercosta! spce at the left mugim of
the sternum and the lead from this pornt pured with the left feg
1o be called CF 2 Three other posshions are designited which
lte upon 1 Line drawn from posiion 2 to the auter horder of
the apex beat or to the junction of the mudchssculrr hine md
the Flth intercostal space 1f the apes bewt cainnot be dercrmmed
and connnued around the Yeft nde of the chest 2t this Tevel
fostion 3 fies Wt the left parasternal line Posttson f 1t the nud
clanvzewlar ime Position 5 at the left anterior wailiny Iine and
Position 6 1t the feft midaxallary ine When pured nath the left
leg these leads are called CF 3 C¥ 4 (¥ 5 md CI 6 If these
posstions of the precordial electrode are used m conjunction
with the central termmal as described s Chapter iy the ketter V
{V mdicating soltige) substituted for F in the names of the 1o
Teads will radacate s fact 31 they are parred wuth the ri bt wom
the fetter R should be substtuted for F 10 indicnte the lexd

it may be noted that posttion 4 may sometimes hie just 1uteral
to the cardrac apex and i this case Lead CF 4 and Lead 4 I wyll
be sdentical (or (R £ and Lead 4 R) It should be emphasized
howeser that with Lead €1 4 {or CR 1) the pont bas reference
1o the bony fandmarks of the chest® and with Lexd 1 F to the
posttion of the cardiac apex The posiwon of these poants wilt be
scen in Figure §

An orthodiagraplac study of the situanon of Postians | ang 2
l:\e fourth miercosta} space at the right and the left sternal hines)
shows that thev often lie oo hugh 1o caver a portion of the mam

This statem ~
tomatitiee byt

1ates . in
placed 0 the ¢

be glaced upon a line drawn §

w
M ease of the other tea b 1t oy 1c
“» HE 1S the vuter border of )

rom e left sicenal margin 1o the fon
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body of the ventricular muscle To illustnte this Figure 4 shows
orthodingriphic tricings of six hearts the numeral 4 mdicating mn
exch cise Positions 1 and 2 1n the fourth mtercostal space Post

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 < and 3 as recommended by the author at the lower pomnts I 2 and 3
lositons 4 5 wd 6 are the same according to both systems of plaang the
electrode The onthne of the heart 1s indicated as 1f projected orthodiagraphically
upon the anterior chest wall The pomt # A 15 posiuon 4 as determmned by the
junction of the middayvicular line and the fifth intercostal space The pomt £ B
15 the position for the precordial Lead 4 as determined by the locaton of the
apex of the heart It will be vetlized thataf the heart were not enlarged 4 4 and
4 B might comade The mudclavicular pomnt 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 2t 1ll but over the
aortic arch or completely to the right of the mednsunum over
the mrgin of the Jung The areu of the rnight ventricle beneath
Position 2 1s the outflow portion of this chimber or the pulmon
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By dus
ary conus and 15 R ATER whieh 15 not commonty ai"[;:lﬂu:m:;,n o
esse prreucularly not hy coronry artenosclerosts ‘)c e
& howerer which 15 m the left sternl hne 1t the dave

o~ nd J’\j”
f Vo
¥ ¥ 4
\/ \}4 B4
v Ve e (SJ*
A
s b }
b e o~

e

d
'
2
,‘.f\ {h‘f
o

Fig 4 Orthodugraphic taanet to show the postion of the juncuon of the
fourtk and sixth intercostal spaces with the steraum 1 relation © tifferent types

of atduc confiourat on The sixth intercostal sternal junction s opposite the
vpper énd of the ens form

upper end of the ensiform hies vyver 1 portion of the ventnenhr
myocwrdim much more frequenthy wWected by disese A corre
sponding pownt below Posison 1 sn the nght storml line will
olten oveshie the nght aurrde but 1 other cases will overlie 1
portton of the night ventrrcular myocardium as wdicated by the
numerat 6 on the nght of the medime 1 Figure § Reference
4lsa should be made to Dressler s determuntion of the portions
of the heart underlymg vanous parts of the precordinl area His
Musirations also show that the fourth mtercosal spce 1s usually
100 high ta averlic important areas of the venwnenlar mo
cardurp

Frgure 5 A 1s a record from the heart ~ing Figare § £ the
upper lead bewng from the fourth Jete mterspace ar the sternat
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Iine (CT 2) nd the lower bemng m the left sternal line at the
level of the upper end of the ensiform In this record T 1s
diphasic (+—) 1n Lead CF 2 but not m the lcad from opposite

e E e
.-\’M‘”_"M‘\A. \ )

oyt Ve

Lead ¢
1

.‘,./M'/\NI'
Lead 1 "MN-MW

!
i
A B c
Iig 5 Upper line records from fourth interspace to left of the sternum Lower
ltne records from the left sternal border at the lesel of the sixth interspace or
ensiform cartilage
A shows diflerences 1n the height of the waves of the ORS group and of T
T 15 diphasic (+—) in Lead CI' 2 and Jarge and upward mn the lead from the
1eft of the ensiform
B shows marked differences in the form of the QRS group 1n the tvo posttions
and some difference i the amplitude of T
© shows differences in the form of QRS m the two positions CF 2 shows a sery
small T wave whilc from the level of che enstform the T wave 15 definitely upright

the ensiform The other 1ecords show differences between the
leads from these two points but these differences are not so sug
gestive of n tbnormal curve 15 1 the diphasic T wanve

Since the muscle areas of the ventricles lie nener to the dia
phragm 1t 15 suggested that points opposite the enstform n the
right (E 1) nd left (E 2) sternad hines should be more useful
than powts as ugh 1s the fourth mtercostal spice and this lower
Ievel has been used mstead of the fourth nterspice n obtuntng
the records used 1s 1lustrations m this volume The designations
EF 1, EF 2 nd LT 3 may be wpphed to the leads from positions
at the level of the enstform  the Inst being below the position of
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CF 3 of the Heart Commtiee The different poations of these
points will be apparentin Figure g .

1t 15 smportant to emphasize that these orthodiagraphic trac
tngs were made wath the pauent in the erect positon With the
pattent recumbent the heart moves upnard 1n the chest so that
the various points on the chest wall thereby become related to
Quiterent parts of the anterior surface of the hert Tins verveal
isplacement of the heatt wih recumbeney 1s accompamed by a
displacement postersotly and probably by a shght rataven of the
heatt on 1ts fong axas so tht these features contribute 1o the pre
sentation of different patts of the heart beneath any fived point
of the precordium when the patent changes from an upright to
a recumbent posttiont of 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 wases of the precordial electrocardio
gram when the patient thanged from the recumbent to the sit
tng posuton the most frequent change bewng a decrease 1 the
amplitude of the T wate The amplitude of R also usually de
creased but S although usually varymg with pesion failed to
show a definite tendency

Experzence has shown that i many patents more than one
precordial pomnt must be used in order 10 obtan evidences of
myocardial disease Leads from the following points are recom
mended by the author to be taken Tontinely

1 The left sternal hine 4t the fevel of the enstform {this hies

below Position 2 of the Heant Association and the lead my he
called Lead FF 2)

. 2 b~\ point halfway bemeen the first pont ind the next {this
tes below Position 3 of the Heart Assocation and the |

bie called Lead £1 3y e ey

3 Just lateral 1o the cardiac a
pex {this corresponds 10 1)
uon of Lead 4 F of the Heart A T o e pou

ssoctation Lead 4
4 The Teft antenor axillars hine at th o

e level of the cavdine
apex (this corresponds 1o P 5
Tites, po 0 Pasition 5 of the Heart Associauion

5 1f the heart 1s enlary
ged ta the antenor axillary hine ar

v add)
tonal lead should be used from the mdaxillary line at the Ie\ell
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lme (CT 2) wnd the lower bemng m the left sternal e at the
level of the upper end of the ensiform In this record T 1s
diphasic (+—) m Lead CI' 2 but not 1n the lead from opposite

-FM' et 5 ' P

~ 1

Lead ¢ blw I*
"gl / ;‘I A
Lew | - A-"I A P S—
i 1 '
' A ! B c

Tig 5 Upper line records from fourth mnterspace to left of the sternum Lower
Iine records from the left sternal border at the lesel of the sixth interspace or
ensiform cartilage

A shows diflerences n the height of the waves of the QRS group and of T
T 1s diphasic (+ —) 1n Lead CF 2 and large and upward 1n the lexd from the
left of the enstlorm

B shows marked cifferences 1n the form of the QRS group in the two positons
and some difference in the amplitude of

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

the ensiform The other records show differences between the
feads from these two pamts but these differences re not so sug
gestrie of an 1bnormal curve 15 1s the diphasic T wave

Since the muscle areas of the ventricles lie nearer to the din
phragm 1t 1s suggested thit pamts oppostte the ensiform m the
right (E 1) and lefe (L 2) sternal lines should be more useful
than points as high s the fourth intercost 1l space and tis lower
1evel has been used 1nstead of the fourth mterspace 1n obtumng
the records used 2s illustrtions m thus volume The designations
EF 1 EF 2 and ET 3 m1y be apphied 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 posiions the record 1 each
cse being obtaned with the electrode orer 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 auncniar deflection contuns rapid
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

Nigure 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 pavent and w1l be seen to measure 10mm* The position
of the sting shadow during duastole 15 called the base hne or
2ero Jevel and there are groups of waves

tpward deBectons are meatured fror

wave downwatd defiert om from the |,
the w1 e

{deflecuions) pointing
™ top of the hase line 1o the (ap of 1
ottom of the )ase hue to the b(ﬁmm 4‘1‘[
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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 hewt is vertical or trnsverse small or lvge 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 place the elec
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 difflcience betwern records taken through and
beneath the breast m the syme mdnidunl as between records
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Fach group of naves represents ane complete cardne eantre
on and 15 calted an etectrocardiogrm The letter pheed oppo
sue the perk of each of these wnes s been adapted s the
comentiongl mame for the wre but 1t 15 uot to be mphed
that waves of like name w1)l 1 1ys be duc 10 the syme ety of
the curdaac cycle Thus 15 usuntly the case for the peks of the T
wmes i the b leads and 1s often the case for the petks of 1
ut 1t 15 not usil for the peks of the QRS group 1o represent
the sume phase thit1s the same st of exrdie sy (pre
359} Fach hewrt cycle 1s ushered 1n by a sl rounded efevwuon
called P This 1s dute to the activy of the uncufar muscle The
P wse 1s lotlowed by a sertes of wines due to the actmaty of the
ventricutir muscle Fast there 1s 1 group of sharp pomved upn ard
and downward deflections called the QRS group 1F there is
upnard deflection 1t ts called R f 4 downward deflection pre
cedes R 1t 15 called @ 1f a downward defiection follows R 1t s
called § when no R 1s present 1 downwwd deflection 15 to he
catled Q8 * At tumes there are more than three deections s the
QRS group or the deflections may not fohlow the usual pattern
There may be wn upsard deflection folloned by 1 downword
and then another upmard deflection making 2 sort of M diped
complex (Leads CF 2 of T3, 5 3 and FF 2 61 i, 5 ) Occa
swnally there are as many as tho or three upward md two or
three downwwd deflections praducing what mght be wstted a
vibratory ype of QRS group (Lexd 3 of Dig 10} In certun
abnormal records the largest deflection of QRS m1y be down
ward i one or more leads Ttus 15 catled Q or § according to 1
relation 10 the upnard deflection of the respectine lead or s to
be criled QS 1f there 13 no upward deftection * 1t 15 not usual 1o
?;:j;(ii::l:::‘:::d(;: d?\]\mnrd R wate m drscussing, et

) c Chapter 1\ for a further discussion af

nomenciature )
h‘:\:};s\‘; ::sz elrj":z:{’s group the movements become slower The
And then cunves o “)edm to est briclly at or yery elose 10 sera
1puward or downward from this poInt toward the

I order 10 2wl confunion 1 18 mecessary to pont out thay
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upward and downwud from this base ine The zero lesel 15 usu
lly hotzontl as m Lead 1 of Figure 6 though 1t often varies
(wnders) somenhat erther upward or downumd dw ing the tal

i\-"
L A
# " ~

Iig 6 Llectiocardiogram of 1 nermal mdinidual taken by the three himb lewd
In all records the horzont1l hines represent strength of eurreny one dnmon
=01 nullinolr (00001 volt) The rvertscal Itnes represent tme nts and when
forming 1t system of small squares as n thus record each hne represents 001

second
The series of steps dicated by arrous ae the lett end of each Jead s 2 test
of the standirdization of the mstrument performed by the operator as desenbed

n the ext {page 382

g of the record 1 1t does during the Inst tno heart cycles of
Lead ! and throughout the whole of Lead 2
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Each group of wues Tepresents one complete cadine contre
wom and 1 called an electrocardiogrim The tetter placed oppa
site the peak of exch of these wanves has been wdopted s the
camventionat name for the have but 1t s ot 0 be unphied
that waves of b e name will ways e due to the sme ety of
the cardig vdle This 1s usally the ease for the petsof the P
waves 1n the imb leads nd 15 olten the ¢1se for the pedtsof T

but 1t 15 not usunl for the peaks of the QRS group to yepresent
the same phase thit1s the stme mstant of cardire actunsty (prge
352} Each lieart cycle 15 nshered 1 by 1 stnll vounded elesanon
alled P This 1s due to the actny of the yuncubir wuscle The
P uave ss followed by 1 seres of wnves due 1o the 1wty of the
ventneulr mascle First there 152 group of sarp powted upwrd
and donnward deflernons called the QRS group 1f there ts an
upward deflecnion 1t 15 ©ifed R af 4 downward deflection pre

cedes Rt 1s efled Q1€ 1 downward deflecnion follows Rt 3s
ealfed § when no R 1 present 2 downwird deflection 1s to b
called QS * At times there ate more thn thiee deflections 1 the
QRS gyoup or the deflections may not {ollow the wsml pattern

There may be an wpward deflection folloned by 4 dovwnwad
and then wnother uphird deflection making 1 sort of \{ shiaped
complex (Leads CF 2 of Fig , s and EF 2 of Fig 5 ) Oeen

stonally there are as MMy 16 two o thice upnard wmd two or
three downnard deflectians produang what might be eled
vibratory fype af QRS group (Lend 3 of Pig 10) In certun
1bnormat records the favgest deflection of QRS sy be down

ward 1 one or more leads Thys 1s called Q or Saccording to 1ts
refation to the upn ard deflection of the respectine lead of w1 to
be called Q5 1f there 1s uo upnard deflection * 1 18 not wsw 10
sperd of an imerted o downuard R sase s discussin g dwead
elearocardigrams (See Chapter 1\ for a further discusaon of
nomendiature )

Following the QRS roup the movements hecome slowes e
h(“; c;( the record appe s to test briefly ar or tery close 1o sevo
et on g e o e

Recessary to
e author and

ested 23 3

1O nt out that grevowly such
Al cung serminology and for other 1

Q by W tson and hus ac

cvates
COMPTOMIE 10 2101} (e cnfusion of 4 ¢ 1
eatons detarted on pare 30
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pek of the finl deflection called T The curve which forms this
il hmb of T wsually 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 AMILITUDF OF THE DEFLECTIONS AND THY
Vor tace oF THE WAk

In order that the amphtude of the deflections of different
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vanometer so that the deflection resuinng from 1 stwndard cue
rene shall be of a standard size The techmaue of the standardien
\on 15 described 1n detail in Chapter\ Tt wilt suffice the clman
to hnaw that 1n every properly viken record a defiection of the
string shadow for 1 cistance of 1 cm means that theye Tras heen
a change of 1 msllnolt of potennal m the gihvmometer arcut
Currents of different strengihs are reprcscmvd by deflections pro
portiontely larger or smaller Tecords 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 determined (Chapter 3) At umes the deflie
tions of the precordial leads will be so Jarge that 1t will be neces
sy to reduce the standardization Jn such records the standard
1zanon curve should be recorded younnely and 1t 1s suggested
that one half of the normal standardization alsays should be
wed thatis 95 om deflection = | natinok
Wath the leads from the estremduies 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 lexd The other two leads however 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 tuanzular arrangement of the
three leads about the heart onty one lead can be uafavorable for
any one of the three parts of the electracrrdionram 1o a given
pavent (Chapter 1)
e e etes e sl of xh of e
gram will usuatly be found fargest
e e e i s
avery small e\:ura;mn - MI " il the othet e i show
with the P wave of Plrrum prriaps fone a¢ all This 3 the casc
gure 11 A the T uave of Figuie 11 ¢ and
the QRS group of Figure 11 ¢ and «t The se of 1he Yarpest ¢x
cursion vecorded 1 any one of the thiree leads 15 the best mndica
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tion of the voltage withm the heart givmng nise to that portion of
the electrocardiogrun *

The voltage withmn the heart 1s 1ways short circutted m 1ts
pssige to the extremities and m this exch of the three parts of
the record P QRS and T will be affected equally Certun things
neu the heut such 1s volummous lungs pencirdial flnd and
possibly pericardnl it hve e especrally marked effect 1 re
ducng the yoltrge md therefore the unplitude of the deflcctions
m the three lewds from the extrermues The precordinl leads
however qre not subject to short circwmting 1 the sime way s
the lends from the extremuties and thetefore their deflections
may he of normni size (xmplitude) 1t umes when the voltage m
the lunb leads may be quite small as shown by low umplitude m
all three leads It will be scen that the term voltage 1s used heie
15 only to be applied to the leads from the extremmines

That waves which 1e due to 1 sdenucal potential within the
hemt my hwe deffcrent amplitude 1 the three limb leads 1s
due to the fact that the directton of the potentnl withun the
heut producing the wives his 1 different relrtion to the direc
tion of erch lexd A lead whose diection 1s approximtely pay
nllel to the direction of the potential will give 1 good representa
ton of the voltage 1 reltively large wmplitude of the wne
Thus 1s the favorable Jead for that porential A lend whose duec
tront 1s approximately 1t night angles to the direction of the po
tent1nl within the hent will gine but 7 snll amphtude of the
wve no matter hon Jarge the potentnl This may be called an
unfruorible lead for that potenual One lerd may be fnorable
for one part ot the electrocardiogrim and not for the other puts
Thus tn Figure 11 A Iead % 1s unfuorable for P but fnorible
for QRS nd for T while in 11 ¢ Lead 3 1s unfarvorable for QRS
and for T but frvorable for P In Tigure 16 Lead 3 1s Fnorble
for QRS but unfuvorible for P and for T

The reader will realize that the amphitude of 1 wwve in ats larg
est lead 1s a better indication of the potentinl developed durmg
that part of the heart cycle thin the height of this wave inats less
fuorable lexds Low mplicude or flat waves 1 one lexd may be

© The voltage as here defined corresponds roughly to what Finthoven has
called the manifest value or Fm (page 410)
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taken 10 mdicite M mtermedhate PostION between w upward
and a downnard defiecuon m wht lexd Thus distnction n the
1imb lerds between the fow amplitude of Twwe m one fud and
fow voltage of thit wue s determmed by the three lewds 15 ¢
\ery umportant one Lo voltage whes are mrunfested by low
amphitude n all leads wnd sdicate 1 dimnsshed production of
electricity within the heart or 3 greatly wcreased short-airctuting
of the heart s current before 1t reaches the extremiues

That a wave m1y have 1 different direction m one or wore
Jimb Yeads 15 due 10 the fact that the turrent produang Wy
flow toward the apical extrerty of one lexd wnd toward the
bl extremuty of wother lead so that n the first cise w up
ward deflection results and m the sccond case 1 downward de
flecion for example the T wave of Figure 11 A 15 upnard
Lewd 1 and ead 2 and downward m Lend §

Asvpirtuoe of Deriyenoss s Purcorniar Lraps

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

DeFLEenons Nor DUE 10 TUE HrarT

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 2s a fine wbrauon of the lux
of the recard s Figowe 27 5 and n Lead 1 of Tigures 23 4 md
°8 A Thus at umes may be so marked s (o obscure 1he waves of
the elertrocardiagram Tes due to the tome actnuy of the volun
tany muscles of the exiremanes thou_fi not to acturl movements
of the umb if the arm or leg 25 held stiffly as with 2 patent who
ts 1pprehensive or 1f the body or the hmb 15 cold and the shiyer
ng vefiex erohed these vibrations will be very noticeable Saus
factory records of patients with tremor or wuk chiorea may |
very difficult to obraw ne
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The other type of distortion 1lready noted 1n I'gure 6 15 seen
also 1n igure 4g B It consists of an upward or downuard drft
ing movement of the bise line of the record Thus slow drufting
movement 35 due to the reflex visomotor effect upon the shin
vessels of a varymg mentnl stite The skin change ciuses 2
change 1n the electric potential of the hmb mn some way
which 1s not understood, and tius causes the windering move
ment of the base ine With 1 nervous patient, this mosement
m1y be more rapid and may be 2lmost continuonus crusag the
base line to move continually over 1 ringe of 5 to 10 mm or
more, and thus mike 1t very difficult to standirdize the instru
ment before t1king the record

SourcEs OoF LrrOR 1IN TEGHNIQUE

At the beginming of the record of each lead m Figure 6 1s the
control of stindirdization The base hine of the record 15 sud
denly deflected upward or downward for ten scile dnisions
which 1n the onginal record are each 1 mm This 1s done by the
operator who turns m or out 1 potentinl of 1 mlhvolt (0 001
volt) mn the electric arcut contaimng the patent and the gal
vanometer The resulting deficction should be exactly 1 cm
should be completed 12 0 02 second or less and should not show
any overshootng of the string before finding its new level (For
2 discussion of osershooung see Chapter x) If these requue
ments are not complied with by the control 1t indicttes an error
m techmque which will result 1 the record bemng n nexact
picture of the electrocardiogrim of the patient It 1s 1 less scrious
error 1n technique if the deflection of the control should ful to
be 1 cm than if the deflecion should take longer thn 002 sec
ond or 1f there should be overshooting (page 387) The first cm
cstly be corrected by 1dding to or subtricting 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 instead of
10 mm then each deflection n the record should be 25 per cent
Jarger thn 1t1s A slow deflection ume or the presence of over
shooting 1 the deflection w1l result 1n a distortion of the record
for whuch 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 wies
with exch heatt beat because 1t 15 of complex structure and
stumulated to contect in a cumplmtcd fastison To understand
these waves nd their variaions we must understd the
ommeal structure of the heart and pattientarly the mechanism re
sponsible for distnbutng the stmulus that mtsates the contrac
uon of the muscle fbers

T he auncles contract 1m response to 1 stimutus that 1s formed
1n the sino aunicutar node Tins 15 about 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 cnt (Fag 7) The sumulus spreus
radally from thus node throughout the auncular muscle moh
1ng the two chambers 1n tontraction atmost synchrononsly Ar
nung at the auncaloventnenlar node a1 the base of the mnter
auncular septum the contraction produces wn effect upon the
node which stwis n mpulse 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 but 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 divades sending one branch down nto exther ven
tnicle The one to the right side runs 1n the wall of the septum
tonard the septal papiliary mascle of this ventricle comes ta the
surface of the endocardium below this and branching widely
breaks up 1nto a fine network over the inner surface of the AT8)
tricle A rather Jarge branch pisses to the menor prplig
muscdle The left branch of the bundle enters the Jefy ventricle
bheneath the right cusp of the aoric vahe and Iying superficnt)
beneath the endocardwm of the left side of the septum where 1)1
1s usually vissble promptly divides 1nto t40 marn branches Ope

of these passes toward the bise of en
ch of the papill
of the left vemnele sending off mai e on e s

which spread and breal, up Mo 3 1y

ny branches on the Wiy
face of the \entucle The ramaficat

ctworl over the wner sur
10ns 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 fenel of l‘l\c nse
line of the record preceding P ~nd that of the mterval between
the ending of I md the begnming of the QRS group The termi
fanon of the nicular T wave only 1sible when the conduc
non tme 15 sthedly proloned or when aupsculoventriculr
Wlock 18 preseat for coming as it does during, the upstrohe of the
T ware 1ts endimg usually 1s obscured

The delay i the pissage of the unpulse from aurnicles o ven
sricles seems 10 oceur at the aunculoventricular node The s
sues of the aunculoventricultr bundle and sts simifications
erther sentricle conduct the 1impulse very rapidly 1o the muscle
fibers of the to ventricles The finer brinches of these rimifica
trons are bnown as Purkinje ussue and pass imnto the ventnentar
wall following the musde bundles for an wnknown thstance be
fore malang contact with the flers: As has been sud the course
of the Purkinge fibers has been triced o within one or tvo mith
meters of the penicwrdinl surface of the ventricles The subpan
cardsat fayers of the muscle are the last 10 be snvolved in the con
traction and thase (bers near the hase of the left sentncle are
the last of these The whole ventriculyr muscle thus enters 1o
contraction sery rapidly considerin, 1ts size because 12 i stuny
lated almost simultaneously 2t so mny widcly separited roants
by means of this comphicated mechanism

While she contraction 15 spreading thronghout the tentricy
tar muscle the QRS group s snscnibed When the spreading has
mohed alt of the ventricular fibers the QRS group 15 com
pleted The ume 1ken for the spresding of the contraction
throughout the ventricles ts wbout the sune as was needed for

the wavelihe spreading throughout the much snrller wnenlar
wass Dusing s ume the electrical production 1s continually
SATMNG N M sgaresate potent) and sis summated direction
within the heart and these varations

A%
changsng size aud dircetion of the pﬁaLflnfc\{\‘:e(;lzs‘hg:og‘:m“)
With the whole of the venticular muscle contrcnng :ll})d th
quick deflections of che QRS gaup complered the hnne of l“f
record rests briefly ar or very close to zera This mdicates b
proxame electrical balance at the juncuan between QR:‘Sn:n}:)
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T, and mrks the begtnming of the T wve The T wave dev elops
slowly during the ventricular contiction reaches its peak nd
then returns more quickly to the bise Iine ending just before

M

%

LINAL

v I s{ s

Fig 8 Simultancous records of the clectrocirdiogrant (F) the heart sounds (5)
and the pressure changes within the night quncle (4) nd the Jeft sentnce (1)
These are represented within the sime system of time lines as 1f obtuned from
the same heart beat each hine representng 001 second

Note that the 1 wave of the electrocardio,rim begms before the rise of pressure
within the aunicle and QRS group before the nise of pressure vathin 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 mtraventriculir pressure

the nime of occnrence of the sccond heart sound (g 8)
which time the ventricular contraction hirs ended

A detuled explinauon of the causes of electrical production
during the cwrdie cycle 1s not yet possible though muny hy
potheses have been advocated and abandoned In the hght of
present Anowledge however we scem 1n 1 position to explun
many of the underlying electrophysiologel plienoment and
these e discussed 1 Chapter v

T'gure 8 has been constructed to mdictte the time relations of
the wves of the electrocirdiogiam to other physiological activi
ties of the heart 1t shows withimn the same system of ume lines
the electrocardiogrim a record of the heart sounds s if tiken
sumultancously by means of 1 mucrophone nd a sccond galsa
nometer, a curse of the pressure sariitions within the right 1u
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ndle and a curve of the pressure Vanations witlnn the left ven
trcle The curves of thus dinjram hue been properly placed
swithin the tume lines by reference to such synchronously tihen
records as could be found 1n current ph)sm\cr;,xt‘\l liwerare It
must be remembered that the wmneles and ventricies do not con
tract and relix as a single vt first the o auncles contrct
more or less ssmuitaneously and then after a shght pase the
o tentnicles Fren within these major umits centun fibers e
cene the sumulus {the excstation) before others and these hegin
thewr contraction. before the others Ths relatnely gradual onset
of the contraction of the muscle of different parts of the wall of
the cardiac chambers cruses the nise of pressure within to g
shghtly behind the change m electrical potentsal which 1s the
first evidence of muscle actinaty It 1s for this reason that the P
wave begins before the nse of pressure within the aurcles and
the QRS group before the nse of intrasentricular pressure Fur
thermore the beginning of the fall of pressure within the cavity
does not mdrcate the ending of the muscular activits but only a
predominance of the relaxing muscle fibers over those that e
not yet relaxed The electrical cunve therefore continues as the
descending hrb of T after the pressure begms to fll

The P wave of the electrocardiogram must be referred 1o the
begmming of the acusity of the yuscle fibers of the walls of hoth
auricles since these chambers contract almost simultaneonsly
The P ware begins before the rise of pressure wathun the aunicle
and 1s completed befare the anncular contraction has reached s
end The QRS group produced by the beguming of actity of
the muscle fibers in both ventricles begins before the rise of w
traventricalar pressure and before the first heart sound The
marked difference between the form of the P wve and of the
E\Pe\sccg:s‘a‘ss:i?::sem upon the different manner m winch

us 15 distnibuted to the muscle of the auyy

cles and of the venmacles

The T wave veaches 1ts Full de\e!npmem dunng the rise of

LU a\N

. z? e;\mm!ar pressute 115 peak approximately comnading with
1e tughest pownt of the pressure curte 1 .

cunve 15 falling but more abps

t falls when the pressure
about the time of the sharp

ptly and reaches the base line at
drop of intrayentricular 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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un,, of

In measyring the duriton of a wue \\hos!‘: ’;)‘cgm‘!cnsl [,“ o

ending 15 gradual as s common with the P and “wa .
sume:mes Aufficult to decide at which powats the mesure]

l \
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¥+ 4 The wchnique of measurement of the height of the wates and of ther
dmaron The brackets balor the fiewre nhae the durauen of 3R QRS
and of the whole cwmiceias comples QRS T 1 R equah ¢ swoont QRS
equals 010 econd QRS T equals 037 second The verual ¥ rackes ind cane the
measurement of the hey bt of the waves 1 equat 12 mm O equals 2 mm R
eq 15 9. mm T equals 76 min

¢ will be noted that the bes B of P R and T ts mentuted ws ard frem the
1op of the base Line the height of Q and $ is measured downward from the 1 R

level IE R were a small defleruon it 1 auld Bate been nectisary lo medsure i
from the PR level also | ec sexy)

shall be made Careful wnspecion preferbly with wn,mifica
uon should be used o determine evactly where the sinng
shidon makes tts first departure from the basc ine Tius can
only be done exactly nhen there are no wrufacts deforming the
base me It cinnot 1n many cases be decided upon w lll\u: Tess
than 000 second bur except 1n the duration of QRS 1t 1s not
wsnl for dhfferences of such magnitude ta be of importance 1f
they become so 3t 15 advisable (o measure several heart 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 begmmng and cnding of yventricular
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
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g 1o Ahote are Leads 1 2 and § at the standrrd film speed of 20 mm per
secondd Below are the same Jeads taken with the camera film moving at 10D 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 Q T =030 second
In Lead 2 the durauon of I =012 second PR =01, second QRS=010

second Q T = 0 3t second
In Lead 3 the duration of P=01l second PR=014 sccond QRS=010

second Q T =0 34 second

Figure 10 shows 1n electrocirdtogram 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 mlormation 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 rec
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
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Jimits "Ths Snowledge s been accumulated slowly becuse olf
the difficulty of being ceran that a gnen hert 18 surely nnrﬂnl
Sull by evpenence m comrelating, the clectrocardiogrim \\Il;
the symptoms 1nd physicat #gns n 2 targe number of normt
and abnormal indinduals considenng also thew clyued prog
vess and @ certam amount of antopsy materral 1t s hecome
possible to make fairdy definite stuements asto the thanatensies
of the waves of 1 normal electrocardiogrun When wwes are
found which do not agree with these stwdards we can predict
that the contrction which produces them 15 m some w1y ab
notmal

Toe Noruat T Wave

The normal P wave 1s a rounded efevauon whose height lies
between 07 inm and 25 mm an the lead wineh gives us Jrges
excursion In the great myjonity of records 90 per cent wecording
to Stupley and Hallarin the largest P will be n 1ead 2 In the
remanwg, 10 per cent they faund the hr est excursion divsded
ahane equally between Leads 1 and % Sameutes Lend 1 oor
Lewd $myy show avery small excursion or even none 1t 2l 2s
recards A wnd £ of Figure 11 In such records the othier two Jeads
will have an equal height Differences mn the voltage of P an
normal herts probably depend m put upon the postion and
se of the auricles 1nd thesr rehwon 1o the surroundimg orgms
and n past upon variations in the physiologieal condruon of the
wnolar myecredivm

In about a third of all records from normal hearts the P wase
shows a nowehing or denbhog of s peal w5 1 records A and &
of Fipuze 11 This wswatly appears n 1 eads 2 and 3 bue at tmes
:::\‘:‘ :; L:a(?l 2‘)::3;:::;‘ :l(xi tess commnn hut 1s sl 1 normal
wavd ':hﬂ dm{’m\ard deftection a_ o e meng both an v

ppers not anfrequently in Lead

% m records from norma) hearts (1 per cent wearding to Ashman
wd Hulh bat very rarely i Lead 2 and not ¢ all mnlewd ]
Nowhmg of P should not be copsidered to mdicate riculy
Abnormality A study by Tenisand Gilder of o group of o2 mm‘
men from whom possible abnormal mdnidutls were m(;sz mrL‘g
fully excluded showed rotching of P 1n one or mose lead

s 17
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m records from different normal hearts They depend upon
shght individual differences in the manner in which the contrac
tion involves the muscle fibers of the 1uricles and ventricles The
differences between different P wves and different QRS groups
depend m part upon differences n the relative size and posttion
of the muscle masses of sarious parts of the ~uricles or ventricles
and m pare upon the positton of the heue w the chest The
varntions of P are probably less mfluenced by differences n the
pth of the contriction wve because of the diffuse radial spread
ing of the contraction through the aunculwr muscle from the
sinus node The varrations of the QRS group probably depend
for the most pirt upon differences in the path of the contraction
wive m the ventricles due to slight mdividual vanations 1 the
termintl ramuficattons of the uricufoventriculr and Purkmpe
systems The variruons of T in the three leads are due to varn
tions m the regression of the electrical 1ctvity during the Inter
phases of ventricular systole and early diastole

The height of the wives may vary in the same pauent from
tome to ume as the phystological condition of the myocardium
vartes but 1t 1s impossible to attribute shight differences i the
height of waves which my be observed i records from different
prtients to differences i the physiological condition of the
muscle This s because iz dufferent prttents the actunl electricity
produced within the heart does not bear 1 constant relation to
the 1mount obtuned by leading from the extremities The nvul
able paths for shart arciiing the current before 1t reaches the
extremities must vary greatly m different patients and this will
affect the amount of current rexching the extremities from wluch
the leads wre dernved There 1s 1lso the question of sarnmtions m
the electrical resistance of the ussues 1hout which we hnow but
Iittle The degree to which the margin of the lung 1s interposed
hetween the heart wnd the anterior chest wall 1s certanly of con
siderable mmportance 1s cm be readily scen by companng the
electrocardiogram of the same mdividurl tiken during insprra
tion nd durmg expiration (Fig 18) During expiration the volt
age will be found lrger

$ince the normal variations 2re so numerous nd so marked
1t 1s necessry for the cliniaan to appreciate very clearly therr
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ally lound so wath rapid heart rates ana n children An?;‘l‘“l‘)i
Tength of the path of the contrction would
mcreaslggl;h‘tm d:len thys nme 1nd 3t s 2lso concenable that
:‘Ezf\l:red Iuncguonal condition {depression of conducunity)
gt
m‘}gfh:h}ro:‘:;\e  norptal tm all these respects—s height ats
durection m the three Jeads sts form and ws duration—ue €M
conclude that the aunenlyr conyracnen has passed 1n & norml
hrough a normal auricular muscle

M;n( clruld;zn the duratian of P vanes from D 0} to D08 secand
the arerage duratton betng 006 second It 1s always upnght 1
Lead 1 And rarely wwerted 1n Lewd 3 (1 per cemt) or diphisic
(2 per cemty The \ohage of P has not been determined but the
mavymum value recorded was found o be 27 for P fignres over
2 mm bewmg rare The low limat of vanation has not been
stadsed except for the amplitude of ndnidunl leads Notching
of Pyand P was occasonally obsenved

Tue PR Lever
THE AVRICULAR T W AVF

From the end of the P wave untd the beginning of the QRS
group the hine of the record rests near 2er0 but rarely stays
directly upon 3t n all three Jeads Tins deflection 15 due to 1
part of the auniculr contriction process and since 1t 1s the awrnc
ulw malogue of the T wase of the ventrrcular complex 1t has
been called the auricular T nave It represents the summation
of the T effcets of the auncular fibers t 15 usually opposute o
? s direction and comes to an end during the QRS group or
shortly thereafter at a tume nhen the voltage of T 15 begmmng
to develop Shipley and Hallorn found dus deflection m ene
or more Jeads 1 92 per cent of thew records and sn Lead 2 m
90 per cent Tts amplunde did not exceed D8 mm 1 ther serres
In the author s normst senes thns deflection nas downward in

all three leads 1n 12 vecords and downward m two Jeads i 12
records The 2 remanming records showed 1o deflection 1n Amy
Tead 1t rarely 5 found to be shightly elecated abore the zero

leve! not over 004 mm There 15 at Present no chimeal sigmifi
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records P was notched seventeen tunes Py ten times nd
twice This agrees with the findings m 1 smaller group of norn
college students who were exunsmed by the thor In this gro
of 26 students P w1s notched 1n one or more leads nine tim
P_ was notched seven umes Pj seven tumes and Py four tun
Ashmm nd Hull huse reported notching m 32 per cent of
waves i their sertes of 100 normnl mdunvaduals Shipley wd H
It 1n 30 per cent of their series It scems that notching m
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 su
gested s 2 hypothesis that the normnl P wave 35 composed
two overlipping electricnl effects one of which 1s due to e
auricle In the mrority of mstances these perks fll so close
one 1nother that no notching occurs Occrstonally the path
the contraction 1 one wricle from the smus node to the up
the ppendix o the base of the wuricle may be longer than usus
so that the potentil of that ssde will be shightly delyed e
g 1ts height Thus the petks of the two electrical effects migl
net comerde s closely as usul wnd 1 notching of P would r
sult This hypothesis will help to understind some of the o
normal sartions of P and will be mentioned further when the
are discussed

Duration of ' The durition of the P wive the width of 1
stinddle mensured on the base Iine 1s usually 0 08 second thoug
often 1s much 2s 0 10 second In 10 of the 1uthor s senes of 2
normal students 1t was found 1o be between 0 08 wnd 0 10 seconc
In one case the durition wis 0 06 second Shipley wnd Hallor
found the duration of P to be 012 second m 3 of their record
from 200 normal mdivduais nd 0 11 second m 13 records Al
the others were between 0 08 second and 0 10 second  Ashmu
and Hull found the duritton greater than 0 10 second 1 onl
one of 100 records from normtal individinals 1nd in this recor
1t w1s 0 11 second It seems doubtful 1f 1 durtion of 0 12 seconc
should be considered normal The duranon of the P wate
dicates the tume necessary for the contriction to spread over th
whole of the aurtculr muscle ind so must be rechoned frow
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
to be shorter m children than adults It myy be 1s short as
012 second or s long s 020 second without ben, considered
Abnormal unless 1t should be found to be at or near this ma
wum 10 a duld or 1 an adult with a heart rate of 90 or over
In the exammatian of 186> supposedly normal young men
Ferguson and O Connell found the P R nterval fonger than 0 20
second i 23 records longer than 021 second i 21 records
fonger than 0 22 second 1n 9 records Shipley and Hallaran did
not find any case with P R longer than 019 second  Ashman wnd
Hull found but one case with P R as long as 0 20 second and none
longer but they have emphasized the rehtion of hears mic to
P R duration and the fict that 1 durition of 018 second with 1
rate above 100 1s fully as significant as a durwtton of 0 21 second
with a rate below 5 per minute The normal vanauons i the
AV conducuon tune are dependent upon the functioml con
dition of the conductng system short conduction time hewns,
dependent upon ¢oad funchional condition nd low grade of
vaghs acnaty while prolonged eonduction may be due to a
poor physiolomeal continon of the hundle tissues or excessiie
actinity of the vagus

In cluldren the P K mtersal measures from 910 to 0 16 sec
ond the merage bemng 8 13 second
T QRS Grour

The QRS group 1s subject to an mfintte number of sariations

because each of the three petks can vary in herght more or less
independenthy of the others When examin

ny tus group of

waves In the himb levds we must observe ° o

1 The refatne

eight and direction of th
e fargest v

echi of the three Jeads B e

9

2 The presence and charaeter of nor
wales

ching or shurring of the

3 Che baght
s ght of 1he largest deflection 1 any lead (voltage of
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cance attached to this deflection though st 15 occastomlly found
mn bnormal cases to be 1s much 25 25 mm 1t 15 usully large
when the P wave 1s Irge In the heart block records of Figures
51 b and 52 A 1t ¢ be seen that the descending limb of P ends
shightly below the zero level and the downward deflection re
muns for from 024 to 028 second so 1f thus represents the
usunl duration of this deflection the time from the beginming of
P to the ending of the 1riculir P wive would be from 0 31 to
0 38 sccond

THe P R INTFRVAL

The mterval betseen the beginmng of the P wue nd the
beginning of the QRS group seives 15 1 measure of the time
tiken by the contricuon productng impulse in pssing from the
sinus pode to the ventricles It measures the ruriculoventniculr
conduction time 1nd 1s called the PR terval mn spite of the
fact that 1t 1s measured to the beginmng of the QRS group nre
spective of whether Q R or § 15 the first deflection of the group
This mterval 1s i I'gire 10 15 pot usually of the sxme length
m 2l three leads of the same record bectuse one lead my be
unfavorible for recordmg the beginning of the P wave or of the
QRS group (Chapter 1\) Since the mterval 1s w index of the
auriculoventriculir conduction tume 1t 1s obvious that the long
est PR nterval which appears iy of the leads will afford
the most correct measurement this 1s found in I exd 2 1 75 per
cent of normal records

In followmg this procedure occastonal records will be found
m which the P R nterial 1s longer by 001 or 002 second thin
1t would otherwise have been bectuse of the mcluston m this
mteryal of an nutal soclectrie portion of QRS This would hne
occurred w the mewsurement of P R i Lead I of Tigure g1 It
would rarely be of chinieal nmportance but occwiondly m m
crease of 002 second produced m this way mught be enough to
male the P R wtervl longer than normnl This stturtion may
be suspected 1n chinical records if one lead shows 1 shorter QRS
durtion and 1 longer PR mtenval than the others In such
records this long P R measurement should not be tiken to indh
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trzcular hypertroplty (Chapter m) Tn norml hearts three hcmri
combine 1n producing these \amtons of QRS and sometime
one sometumes another my be of predominant wmpartwnee
these factors are {}) The pormal vanapons 1 the structure
and distribution of the rermmal ahoniztions of the aurculo
centrsculis bundie within the tvo venndes (Z) the poston
of the heart within the thorax whether srnsierse ot reued
(3) the relation of the weight of the mnscle msses of the nght
and left ventricles

Probably the most ymportant cawse of vantions the QRS
groups of normal heants 15 the vanable distrsbutson of the ter
mnal arborvons of the Prrlimye sysem wattun the sentrcles
Such vanauons would result m the stimulns arrnang ¢ wnous
pants of the ventricular muscle sn 4 shightly dufferent order i duf
feromt heares o thist the resufung production of electnical poten
uals would be dufferent

Chianges 1w the position of the heast upon the daphrigo re
sult an gross vansions sn the direction of the long was of the
heare as well as 1n 2 ratateon of the hews wound s long s
In the transierse. heart the vorton effect results 1n the anteniar
mtenventucalar groove lyng further from the left barder of
the heart so that the left ventricle 15 mare csible antertorly s
seett it Fuzure 1 In abe serucal heart (he gromve hes netrer
1o the left cardiac border so that the left ventricic 1s only shighely
or not at all vinble on the hearts anterior surface 4 seen
Figure 20 Each of these postions of the heart 1s apt to be asso-
cated with a special relation of the size of the peaks of QRS
m the three leads Thys s especritly so with the normal heart
less so with hewrts shich have a preponderant hypestrophy of
i a s L e b
w lead 3 y\,;(\ ruufds o‘:fhmm s hat R tends 1o e smllest

€ 1ype of 1 ¢ and 1 of Figure 13 or

e‘( en of Figure 17 A my be obtawed 1n pormal hearts The effect
Ot a semtwal posiuon of the heart—tite socalled

ts that the R wave 15 smallest 1n Lead 1 and TECOIT

ds hike A
of Figure 11 e ysual occastonally records ke ¥ o

seenn normal heares g1 10 4 are

drop hewr —

¥
t does not seem probable (hat the yaative mass of the g
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4 The dmtion of the QRS group s measured by 1ts width
on the base ltne

In al} three lexds of the usual normal record there will be n
upnrd perk called R (Fig 11) It may be relanedy small m
Lead ! or Lead 3 but 1t usually reaches 1 height i Iexd 2 not
exceeded i any other From such 1 series of records 1s Ngure 11
we can sec that 2s the hetght of Ry dimmishes mn relation to R_
so does the relitive height of Ry mcrense If one will follow the
serics of records ¥ p ¢ B A 1t will be seen thit R 1s plunly
Trrger than Ry m record £ while m record A these hive become
more nearly equal in size and Ry 1s relitively small Likewtse
theseriesc p E ¥ ¢ asthe height of R; decrenses i relation to R
the reltive Reight of R, mncreases Ry and Ry are seen to be re
cprocl and m this we can discern the mfluence of Finthoven s
1w of the leads which is discussed i Chapter 1\

Excursion Lead 1 + Excurston Lead 3 = Excursion Lead 2

The variations of the waves Q nd $ bewr 1 certun 1eltion
to the reltnve heights of Ry and Ra Curves with relatnely small
R: tend to hive 1 deeper §; than do curves with lrge Ry wd
to have S5 smril or 1bsent Q 1s usually largest m Lead 3 m such
curves and 1bsent m Lead 1 Conversely, those curves with reln
tvely small Ry tend to show the § wave better developed
Lead 3 than m Lead 1 while Q 1s better developed m Lend 1
than m Lead 3 These things will be apparent if the Q wd S
wives of records a4 B and ¢ 1re compared with the sume nives
of recordse F ¢ md o

When R h1s aeltisely small excursion m Iead 3 1t 1s com
mon for the QRS group i that lead to huve only small excur
s1ons so that 1t 1s rither 1 vibratory comples as m records ¢ ind
1t Such vibratory complenes are rire in Lead 1 even when the
silue of R an that lead 15 relatisely small When found  they
are not to be considered 1s normal There 1s constderable clinteal
mterest n this division of the norml curves nto three general
groups 1s mdicated (1) those with relatively smalt Ry nd lrge
Rs (2) those with R; md Ry about equd and (3) those wih
relntively small Ry and lrge Ry The reltive height of Ry and
Rs will be seen liter to hve 1 bearmng on the dingnosss of ven
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will not be exceeded more thn once m one hundred nd once
m one thousind obseriatons \esurements of thus sort x;n}
form a basis for the determination of notmal and rhnormal fea
tures of the electrocardiogrum It seems that a fnding wiseh may
be expected 1 less than 1 per cent of norm1l elec(rmrdlogrlams
shauld be regarded as probably abnormal and that one which
may be expected in Jess than D 1 per cent of normal elcctrocardio-
grims should be regarded as almost certanfy abnormal

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

Occasionatly records obtuned from normal hearts wilt show
1Q wane m Tead 3 larger than the iy just stted Becwst
such records ate more frequently found in beants which e ¢hs
eased 1t 15 important 10 call attention to the possbiluy that 1
large Qy my occasionally be a normal finding Shipley and Hal
faran found four such records sn thewr series all 1n males a fre
queencs of 2 per cent Three of these records showed an iverted
T and the fonrth a diphasic Ts Other observers bave not found
2 farge Q, 50 frequentls n normal ndisiduals The author
found ants 1o such records s a collection of 297 normat per
sans {rom various sources and Ededen and Walferth found
only one in records from 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 observers who have noted thas condition n norma! beares
have found that 1 appears most frequently thotgh not excly
sively m individuals wath 1 broad 1ype of chest 1t has also been
found 1o o per cent of records from the heatts of notmal women
during pregnancy and has 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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tentircdes has much mfluence upon the QRS group m a heart
of norm1l size but 1f so 1t would probbly be anlogous to that
found with ventriculwr hypertiophy (Chapter )

Wilson has observed that in alf of the standard Iimb lerds and
m precordinl leads 1s well lirge Q wves tend to be assocrated
with lairge R waves and lrge S waves with small R waves so
that the reverse assocration lrge Q with smatt R wd luge 8
with Inrge R should be viewed with suspicton s possibly bewng
abnormal He has 1lso obtuned from « series of electrocardio
grums of 104 normal men betueen the ages of 20 and 30 meas
urements of the height of the different waves which are shown
i Table T This table which 1s condensed from the ongmnl
2lso shows 1 figure for the mamum yalue of these waves which

Tanee 1
MEASUREMENTS OF 104 NORMAL ELECTROCARDIOGRAMS
STANDARD 1 01
Mean DEevIATION M Max Per Cent | PER CENT
mm mm mm mm
P, 0 50 021 [ 12 112 142
Py 115 0 40 03 25 225 273
Py 077 039 02 18 1 81 209
Q Q 36 Q 45 [ 20 175 246
Qs 0 58 0 59 0 25 236 325
Qe 0 61 0 66 0 30 264 369
R, 573 274 15 19 4
R 90 39 40 23 6
R 799 4 41 10 200
St 178 127 0 60
Sz 183 152 [} 80
S; 139 167 0 130
T, 205 0 97 ~05 55
Ty 299 137 0 80
Ts 122 122 ~20 55

e qives the mean the taniard deviation and the max mum

!!\32-\': Zlc:r:’el waves fthe lect ocar liograms of 104 normal men between 20 and 30 years of ag In
aiditun to this the la t two columns give the measurement wh ch the mathematical probabil t es
nd ate w Il niot be exceed d mare often than once i 100 t me (1 pe ccat) of once i 1000 t mes
(01 per cent) The measurements are ¢ pr sed i tenths of & mulkvolt which 1n the ordinary electra
cadiogtam equals 1 mm - " a sl m o twov Tresof the anable
than

first
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possibly accompamed by a ¢ Jockwise totition of the
1t ats fong axis
he:::)s:l‘:loa‘nn‘h:\s s(:dmd the Q wnen yecords fyom 178 \mnm}
young people nd has found the mramum normal values of £
mm mLeadl 25 mm mlexd? md 3 mm mled 3 The
maximum normal Q espressed 25 1 perceniage of the lu',.hﬂ:
QRS peak m the parucular fexd m winch 1t ocowrred was 15
per cent for @ 1 20 per cent for Q 2 and 25 per fent for Q 9
"Fhese maxunt ate only (o be apphed 1 Tecords 1 which thare
s oot an R nwave of 19 mm or more and only 19 Lewds 2 wnd 3
when there 1s not night aws deviation He found differences be
ween tecords obtmmed m the suung wd m the yecumbont
postions but even 50 the bove lumus hold good for ewther post
tion Wath the patient i the ssttng posion Qs was winlfected
by deep nspivation 1n 40 per cent of the cues evpirnnion w
creased the size of (3 1m 50 per cent and decreased 1t w 1@ per
cent He did not find A single Q § greater than 25 per cent of the
targest peak of QRS i the lumb leads
One occasionally encounters records o whuch 1t ts dafficult 1o
decide whether or not the donwnward deflection of the QRS ¢ roup
should be called Q Thus doubt arsses under three crrcumstances
(1} When as 1 Fagire 12 4 the Q nase is preceded by an upward
deflection which as 1t mcreases and decrewes with the respic
tory sanations n the posttion of the heart 1s somenimes present
and someumes abscnt In those complenes which show this sl
upnard deflection the complex 1s of the M 1ype and the down
ward deflection should not be called @ wherets m those where
there 15 no il upward deflection 1t 1s quute properly so
called This condition must he recogmized 15 a borderline one
and must be deaded arburanly 1 the downward wase 15 not
usuatly preceded by an upnard deflecnon that ts 1 Q 1s more
{requent than the M complex the record may be considered
?:‘ \:;:mg“zhe\usua\ sighificance attached to the presence of Q
s s it e
then th on 11 the M comples 15 more frequent
he vecord should be conmdered as having the usunl sig
nificance autached to the presence of °

¢ an M complex
2) The sespiratory vamation of the naves of Lead § mas
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iy t= Records to illustrate sstuations encountered in the naming of the Q warve
These records are all by Lead 3 but complexes simijar to some of these xie
occastonally encountered n Lead U and 10 precordial lewls

A The fitst cycle shows 1 Q followed by a notched R After thik the complexes
are of the M type with a very small mmtal upward deflectron Ra and 2 larger
secondury upnard deflection RY In such a record alt downward deflectrons should
be smilarly named i this case §

6 tllustrates sarattons in the size of Q The two smallest Q waves were Jless
than 25 per cent of the highest R of this pauent s electracardrogrim  but becrise
large Q waves were more frequent the record should be constdered to shaw this
feature The record also shows varrauons i the height of R this peak ey,
scarcely noticerble i the second cycle

¢ A downuward deflccion § preceded by a tiny and inconstint upward de
fection R The cycles with an R are more frequent so the downward wase s
called S instead of QS

p and E illustrate QRS groups without an R wave either belore or after the
downnard deflection These downuard waves are called QS

[a4]
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posably accompanted by a counterciochwise totaion of the
heart about 1ts long s
Kossman has scudred the Q wave i recards from 178 nornind
young people and has found the wrumvm normal vxlues of 2
mm mLead } 25 mm m Leadt 2 wnd 3 mun Lead 3 The
maamum normal Q espressed as 1 percentage of the Inghest
QRS peak in the particulae lead m which 1t occurred wis 15
per cent for @ 1 20 per cent for Q 2 nd 2a per cent for Q3
These mavima are only to be apphied 10 records m which thest
ssnot an R wave of 19 mm or more nd only to Tewds 2 nd 3
when there 15 not ight axis desiavon He found differences be
tween records obtaned 1n the sitting md M the recumbent
pastuons bat even so the above himits hotd good for esther poss
tion Wath the proent 1 the stung posiion Qs wis unffected
by deep wupration w10 per cent of the cases evpiration w
areased the size of Qq sn 40 per cent and decreased 1t 1 10 per
cent He did not find a sigle Q 3 greater than 20 per cent of the
largest peal. of QRS 1n the himb leads
One occasionally encounters records i which 1 1s difficult o
decrde whether or not the downward deflection of the QRS group
should be catled Q Tins donbt mses wnder three nreumtances
(1) When as in Figure 12 & the Q wane 1s preceded by n upward
deflecion which s 1t 1ncreases nd decreases with the respire
tory sanations tn the position of the heart s somenmes present
and sometimes 1bsent In those complenes which show this sim)
upnard deflection the complex 15 of the M type d the down
\\hard deflection should not be called Q wherets m those where
il “Thes condton o bt rsoged 505 o e
gmzed as a borderhne one
and must be decided arburanly If the donauard wase 18 wot
‘{'::“llll) Pftifeded by an upward deflection that 15 sf Q 1s more
5 g e sl b e oy e dered
n the partientar hs iance attached to the presence of Q
by ¥ small upuan;::;:ﬂ lc“’lm\e{t\er e vanc s usnlly preceded
then the record shoul‘d b“e“c;nlslxze:;lmar:r(’\‘:‘ :«mr re requent
ificance attached 1o the presence of av wmg the wml sy

< n M complex
() The sespuatory sanation of the waves ir Lead 3 may
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result 1n 1 record showing Q waves of varyng herght sometimes
smaller 1nd sometimes lrger than 25 per cent of the mamum
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 Irge Q5 15 present when clic magorey of the Q wves
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 Fwd 1) The QRS of Tead 3 n these recadrds "
often composed of a sertes of smal} nbritions 2 Tecat u so
et ¢ 1 difficult or unpossible to nme the individunl pe \k:
Such 2 QRS group mry be spoken of as vibiratory or sphntered
Notching or sturnng of QRS 15 occasionally seen it Lend 1 when
the excursions are relitnely small i this lewd and R and Rs
about equal 1n size but 3115 ¥ive 1o se¢ amything like the vibrt
tory or spintered wise groups sluch re so common m Tewd 3
1f they are found 1 Lead 1 the record cannot e consdered 7
normal one

I£ the process which cuses notehing 1s less an degree and oc
enrs durmg the upward or downward imb of a Trge wne atas
a5 though the notch were stretclied out and 1t may be changed to
1 sturnng or thickening of a section of one hmb of R or § as
1 Lead 3 of Figure 11 £ This has the same sigmificance as notch
ing It has a different sort of ongm from the slurring so fre
quently seen as the R ot § waves Jeave or approach the base Jine

When notchurg ocours at the peal. of 2 wave 1t results m 1
broadening or thickening of the perk as in Lead 2 of Fiure 1o
which sometymes may amount to a true nowch as 1 Figure 11 F
Tewd 3 The normal thickening of the line as 1t changes direction
at the peak of K or S must be disunguished as cifferent from such
votching or shirning

Notching or shurring of the waves of the QRS group ean be
considered 4 normal phenomenon when 1t 15 found At the begin
ming or end of the group or sf 1n the course of one of the na-l

t anna

s normat only when 1t occurs at the

begruning or the end of the QRS group and sery near to the bise

fme Stupley wd Hrllaran however observed notching or slur
g

©On csien ny a mommal seres of 48 persans 52 sec rded 1y
2 Lewss o
:i'::“:u‘:):rl: ’\3\ Qv;z:l found that v hereas T was turned doy lm‘f;lrd ln‘ lz‘millf)lt‘l‘:
o EendTs 308 these wh eh alio had wotchung or splsterng of the QRS grow
S eoter of the 37 cases 1 iy notehany or splimening of QRS 5
1% s fowrd i 23 (10 per cemt) a frequency about doubte that ot :

Wb 0, of QRS
Yead QRS alead 3
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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
potentinl 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 1 equs} m the other ™o jeads the highest relul);:t:d‘ ‘t:]\::'
shauld properly be mcreased by 15 per cent to ol T
measure of 1ts voltage * In such tecards then the norma

would be from 4 4 mm 1o 17+ mm The mathematical sesons
for thys are euadent m the esphniton of Funthovens table
(page +10)

Vanations m the soltage of QRS occur from timg 10 tume 15
normal persons and frequently m pitients with cardiac Imture
Provided that the QRS group does not change 1ts form 1 ANy
other way variations w ats voftage can usually be shown to be
comerdent tith saratons 10 the nutnonal stite of the et
muscle Small values seem to mean a muscle winch 15 below par
perhaps through fack of exerase or pethaps throu h ftigue or
some gther fundamental drstirbances i sts nutriton while large
«alues mean a strong well noursshed musdle Dunng convales
tence {rom an 1cute disese for mstance the value of QRS m
creases as 1t also does when the condiion of the arculitian
mproves after cardine fmlure The diffcrences posed hemmecn
ine voliage of QRS i the o series of normals yust mentoned
may be expluned on this s she more sedentary group of
Lewis shovang smaller values than the more athlene gronp of the
aw har

The differences i the voltage of QRS winch e found in the
records of different normal indsvsduals are largely due 1o vina
tons 1 the order w which the different portions of the yen
trecutlar muscle recene there stumulus through the mmifications
of the auriculoventricular system They we o laygely 2fected
by the posiion of the heart withn the chest parucwlarly by s
contact with the antenior chest wall There tead o be Darge
excurstons tf the contact 1s extensite and small excarstans if the

TE salue «f he dargene

mualifet alue of QRS m

sk of OKS secorded  any fead dffers Jrom the
M

ore acd more 25 1he d rectiery of te pactanal
"
(A mere nealy petpendicular 0 the fne of am lead e rnnx‘x\!nl
zu:’\ .l U8 per cent of the  mariest valpe when the diecton of the
;“xkx(nm “wﬂa;fh porpent qular 10 2 lead An approsimately perpendicular
et mg :iv:uy; n‘;mh!t)re recognued from the three feads of the recard
e Tead there s 2 &
the e leads the values are f2 T mah selame vatue o @

e of the
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heart 1s lugely separated fiom the chest wall by overlipping pul
monary or mednstinl tissue The short cncurting of the heart
currents by the viscera 1s an umportant factor and largely unpre
dictable 1n determming the relation of the amount of current
withm the heart to the 1mount recorded n leads from the ex
trenuties m different indniduals

Duration of QRS Normnl hearts show differences n the durt
tion of QRS The time from the begmning of Q or of R which
ever 1s the fust to develop to the end of R or § whichever fimishes
the group 1s the time consumed by the sprexding of the contiac
tron throughout the ventricles 1n other words the ume fiom the
first ventriculir activity unul the contrictton hns come to m
volve the whole ventricular musculature The longest time meas
urible m 1y one of the three leads gives 1ts correct mensurement

It must be emphasized that the duration of QRS must be very
carefully measured as error may arise becuse of uncertunty 1s
to the exact pomt 1t which the QRS deflection begins and ends
Several complexes i each lead should be carefully mspected as
smnll deflectrons at the beginning or ending of QRS m1y vy
from one cycle to another ind when present may 1dd 0 01 second
or occasiomlly 0 02 second to the measurement of the durition of
QRS These smnil deflections are obvtously 1 part of QRS but
they 1re missing 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 duratton of QRS 1s 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 dumation of QRS gieater than 0 10 second none
greater thin 0 11 second They also noted 1 correlition between
the duration of QRS and the heart size 1s 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 aind White found QRS to have 1ts longest durition in
Iead 3 1 44 of their 100 normal mdniduals m Lead 2 1n 37
cases and 1 Lend 1 m 19 cases so that 1t 1s evidently unreliable
to alnays depend upon the mesurement of the QRS durtion
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of am ome lexd chosen arlute wly Ashman and ol (n:is\?“g
\artytion from 006 second 1o 009> second 1n thetr s€ncs =
ortaal tndsduals They alo jound 1 correlavon bew.e‘:\sx s\ ™
que and short QRS dusaton and farge size and ) "geng dw :
won Ludentz has mensured the QRS durtion R00 yecovds
from normal hearts and found the frequency of the yamons dmz
uops af QRS as shown m “Fable 3 It wall be scen e Lend (.1
ot 1 ead 3 1end to gine 2 longer menurement thn § ead ¥ an
that 1 duration of 012 second 15 very Tare

Tave 1
DUP ATION OF QRS tProm Ludencs)
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The duranon of QRS 15 also somewhat fluenced by the beare
race Asnmap and Hald and Ludernz hiave both cmphsized this
the dusauon bemng <horier watle wate rapid rates and longer
with slone rates Tite fact that chuldrens heatts afways have 2
very briet QRS suggesys that a short auncalet entricular condue
nen systern combrred with 4 short path thraegh e ventriculr
muscle Wil grve 2 inef QRS growp 2t 15a%0 profrble that vara
twns i the funcunml conditon of the Purkame tssie ox per
faps even of the sentricudar muscle my sharten or tengihen e
duration of QRS

Lhe QRS grougs w ehaldrey "The QRS duraton 1 shorter in
cinidsen Shom wm 2dokts measur % Trom G 05 10 0 09 second the
atuer measurement being found in only 2
noroal children The average was 0 065
graup ol authors the 21 £7r,

cases i 1 sextes of 100
second. Accordsng to one
#as foreed ta tncrease graduatly witly
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meresing 1ge ccording to wnother author st was not fluenced
by age

The voltage of QRS cumnot be stated for the authors who
have mmvestigated chuldrens electrocardiogrims 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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and 5015 sreferabic Ttmust he empitask: e that the &1 s¢f et
s phasiz t S s
15 mevely she fisst Jymb of the ¥ ware and ends 3t the pc‘l\ ol ¥
Tigwie 13 wlustrates some of the 1ypes of 5T segment oM™

™ ——p.

T vg Tre ST wpmem M vl be noted that ih A E © a0 £ the 3T srgment
tary at the rern le g1 6 B and p abose this level anlm e & F 00 € il )
befow n The feto I 1 aratn 1hsou ) the top of the stnn vhadow when e
T sane 55 aguard and through the botwom of the steeng, shadon whea the T
wue  doiruzd Tipesf ¥ o # € an! § would ot be notat o Goned w
feat 1ant? Fut nould be carmak s Leatl s
mmonly epcoritered i voral teconds The Girst two types A and
® wre thos vty Tound in Leads 3 and 2 tpes € nd & are
acersionatly found m these lerds but 1y 1ype shown i 1he fiz
ure may be bund an Lead 3 Tins figure daes not wctude A6t of



54 THE ELECTROCARDIOGRAM

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 CpEFRwdL 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 above the zero level 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 in one direction 11y from zero
forming wn 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 re
sponsible for the devinton of the string shadow between the end
of 1 and the beginning of QRS but we know that this deftecon
does not always remun constwnt from the tme 1t disappers o
QRS unui its ending durng the first hmb of the T wne Usn
Aty howerer 1y wmphitutde 1s 5o small as to be neghyible

The deflection at the ST juncuon was found m he Mhor s
sertes 10 be usially tbove the zero level of the record m two ov
m three Yeads (16 cases) oceasionally below 1 m one or more
fexds (7 cases) and i 3 cases exactly upon 1t

Shpley md Halluan found that m 220 complexes winthouy
tncufar T wave the 5 T level (junciion) was nsually 2bore zero
mLead 1 always sbose 1n Lend 2 and abowt equatiy draded m
Lead 3 between a position abose d below zero ‘There was an
witeresting defference bewweon the sexes 1 Leads 1 and 3 mnles
haang this level more frequently "bove zero 1 Lead 1 and

Tante 11
LEVEL OF THF §-I JUNCTION
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the normal forms tiken by the § T segment and the T wave but
the varietes not shown are 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 1 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



THE NORMAL ELECTROCARDIOGRAM 57

fernales having it more frequently below zero 1n Lead 3 T\\CI;’
measurement of the T junction 1n relation to the PR Jae
gase vilues as shonn m Tabte 111 wiuch also includes wnalogous
measurements by Barnes Figure 1y a and B show two vecovds
from normal young, men wath wnusually large deflection of the
ST pmcton Shipley and Halhowm obserted a divect relation
between the size of the deflection of the § T Juncnon md the size
of the QRS deflection 10 the syme lead so that they did not find
therr masimal satues with a QRS group of low amplitude They
found 20 records with downward Ts and upeard comentty of
the § T segment simular 1o the coronary T wave There were
also 10 records with upnard T and 1 downuard comennty of the
5T segment

The $ T segment may remam 1t the level of the ST juncton
for 1 few hundredths of a second perhaps for as lon,, as 0 12 sec
ond or 016 second but usually starts at once or most smmed:
ately to move away from zero toward the peak of the T uwne
Thus part of the T wave 55 of great mmportance because of the
sigmificance of the t1nations occurting s 2 result of myocardiat
disease and under the wfluence of diguakss It will sometmes
vart shen the T wave does not o1 st may vary more defimiely
than does T

Inn chulddren the ST junction 1s very rarely deviated from the
tsociectnie Jesel Haflesbring and Ius associntes found 1t shightly
borve zero 1 Fead 2 1n T cases 1n theyr serzes once tn Lead |
and once m Lead 3 The size of the deficction was usully 05

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

Tie T Warve

The T wave was formerly considered the tast of the ventrcular
waves but o now seems that U must also be mcluded T has
several spenial features which should be notced (1) 115 direcuon
w the thwee leads whether upnrd or downward
mum excursion w whichever lead
form of 1ts smual limb 11 the fan

Durection of the T nare In re
T wave 1s directed apsard 1

(2) its mav
s oeeurs {voltage) (3) the
@ of 1ts apex (,) us duration
cords from notmal hearts the
Leads 1 and 2 though the sue
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by, 1y Records with unusually large deviation of the S T junction (A and »)
and sath mnerted T 2 (0) acarnn,, w otherntse nortal young men

A and 8 Record A was obtuned from a man who was a member of Ins college
track texm In this record the T junction 15 +06 mm m Iead I 12 mm
Lewd 2 and 08 mm 1 Lead 3 In s the values are 03 mm 10 mm and 0 » mm
respectively

¢ and p These records were taken with the patent i the sented (¢) and i the
dorsal (p) posttions It will be scen (hit the T nave which 1s diphasic (+ ~) or
imerted 1 Lead « and imerted 1 Lead 3 when he 1s erect becomes upnight 1n

Lead 2 when he 1s lying down
[56]
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of ¢ en wmened {3 3k 25 1 tends to produce 1 sﬂ:;\‘l ur\ l?‘
\exed QRS goup W 1ud 3§ Slupley wd }h\\\flm o .‘ y
cecards futh Jeft 1ns desianion of QRS wmon, their normy
(38 pex coned and §s of these tad w inverted Ty 10 e o™
Tioed normal sertes of Lewis 3nd of the aubor these WRIE sl
records (18 pur cen) that had 3 smll poschen Q1S sabai
o 3 of Bigiee 11 ¥ With By equal to ot Jarger hn R 5o
it she electical mas was Wmost 1t not quine W We teft of
qormal Al of these recotds Also showed 2 donnn 2wy Fs On
die other haad 2 gerson with a Jong narros chest hecmise o}
the resufting \ertical postson of the hewt {jn e 3 wodd wnd
1o e T relansely small in Lead 1

45 wyth dlie QRS @roup fowster the poston of the heart
15 atify ot (ause of \naton n the direction and \n:lr;h\ of the
T wave i the three leads Vanatons i the S,"rzm)mg of e
contrac 6 «yte w1l lero 10 vasations 1o Uts recession so thn
certat fettures of QRS te apt w be wsocrsted with festamn
direrntons of the T wate in the three Teads Yhe wadr i
refeered 10 C)apte 1\ for 1 discusston of thas subject The
gy ke T owee which we often assoaatad wal
whaarmal ditection of the eltatiea) avs oF QRS fpage 9% sat,,
gest that an amverted Ty a5 sumetimes restilt From i imflucnce
o a predommance of the mgh tentrivte dunng contreuon In
Rrorml beavs oehont figut axis devation of QRS dte wver
sion ot T, iy be ridated to an wnusually great wfiuence of
the nght semnle dunr, e Jater pare of the contrction
In hine watls shas 1ies o5 the observanon that 1w the cambined
vormal wihgs € Yews ma o8 e wathar there Were sinteen
reroreds with downward 7, {20 per cent) seven of these hune
been mentoned tbose as ¢ o g A tendency o ot a shght
fef anis devianon of DRS and the ame 2@ T i these may
e b e 101 apuand e o e i e T
with 1 Q )‘:r\ed‘Ra S}:}»”D"";«t’ﬂd J ket of Tiewte 53 4
et 3 wnh u%‘u «t: fcl‘x ece ik s ke she RS at
these mne rechrris s\’n\‘ c\) e 8 o vt Five of
axzs ded1ition :( ) el Bother feating Solesting vight

ORY Bt 5 2 rels

tisefy small R,
Mmarked S, s that 5 1pproached R 1 sue of 11 < L vt

i not equal ox
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m one of these leads m1y be smll n relruon to the masmum
shown in the other About one third of the records from normal
hearts hwve 1 downward T Terwd 3 as m Figure 11 4 md ¢
About one seventh show 1 diphisic (—+) T wave i Ted 3
15 seen m Figure 46 A which 1s 1 record from 1 normil heart
though often the phises are not so marked 1s w this record
The remummng two thirds will show an upward T, Shipley
md Hallwan found two records m their sertes wath notched
T, and one with 1 diphasic T,

There 15 1 small number of mduidunls whose heats ppar
ently are normal but who nevertheless have an electiocardiogrim
with an imerted T wave mn Leads 2 and 3 of the tecord 15
obtuned with the patient scated erect These mdnaduals are
usutlly of the hyposthentc type 1nd when they assume the re
climmg posttion the T wave 1s found to be upright m Lead 2
and possibly 1lso 1 Tead 8 Records of such m ndividual re
seen 1n Figure 14 ¢ md p The wering of 1 abdominal sup
porting belt usually will return the T wave to normal in Lead 2
These individuals someumes show the symptoms described s
neurocirculatory asthenir sometumes they are apparently quite
normal The rewson for this change of the T wave with posttion
1s not understood It has been suggested that 1t 15 due to the
changed contict of the heart with the chest wall and diaphragm
1t hs also been 1scribed to 1 changed blood flow 1n the coronary
sinus resulting from the change m position It 1s importnt to
bear mn mund that when records re tihen with the patient seted
an mversion of T_ and Ty my be found rarely in 1 normal heart

The direction 1nd form of T 1n the three leds depends upon
the dwrection of the current withm the heart producing the nne
ad upon the 1eliion of thus current to the three leads One
could determme the electrical anas of T more eastly than that
of QRS bechuse its perk 1s more newrly i phase wn the threc
leads but 1t 15 not customary to do so 2s v description of the
dutection of the peak mn exch lead 1s sumpler nd gives the sume
tnformation

A downward T: may 1t times be due to 1 high position of
the diaphrigm Tlus wonld up the pex of the heart upwud
wd rotate 1t shghtly and tend to producc a rehtively small
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ot even imerted Ta just a3 1t tends to produce 1 sl or ‘:‘
\erted QRS group n Lead 3 Shspley wnd Hallarm found 2
records with feft s devntion of QRS among thewr normals
(10 per cent) and o of these had an imverted Tz In the com
bined normal sctses of Lewts and of the anthar these were even
records (10 per cent) that had 2 small notched QRS sl
(o thit of Figure 11 ¥ with Ry equnl to or Traer thn R 3o
dat the elecmeal aus was almost 1f not quate 1o e kel o
norual Al of these Tevords also showed a downward T> On
the other hand 1 person with a Jong nagrow chest becmse of
the resulung verteal position of the hieart (p1,e 8% would s}
to bme T refatinely small in Lead 1
As with the QRS group howeser the poaton ol the hewt
15 ondy one cause of xaration m the direction and hesghy of the
[ wives i the three leads \wtions tn the sprewdng ol the
contrichion w e wWill Jewd 15 VAMnens am as yecesson 5o that
certain fertares of QRS ate apt to be assoctited with certnn
divectians of the T wae m the three leads The yeader ss
refersed 10 Chapter s\ for 1 duscussion of this subjest The
thanges gn the T wne which are often mwsoGated with an
Wmovmnd direcuon of the electnical was of QRS (page 9% s,
gest that an mvereed. [+ may sometsmes result from the mfluence
of tpredommance of the richt ventricle during coutracuon In
normal herts without tight nas deviion of QRS the mer
s0n of Ty myy be selated 1o an unusually grear il ence of
the nght ventricle duning the Jatter part of the contractson
In line wuh tns wdea 15 the observapon that i the combined
‘r‘:{'::gi :‘le:tfsdf;i‘ 111 :‘;::l alr_xd o]fo the unhor there were sivtecn
et menoned st a; I(, pt: cett) (Smen of these hue
fett ants devianon of QRSsm‘;mB A
e been due to an ax;“ )l"t‘ et T i thesc iy
other nme s)xoucdm (‘21‘;‘;:” Il_.’c' *'17:201 the vardine wper The
with o Q alire Ra and n;uS -Xi ke st of F‘g\\\-: B2
Lead § wnby r;;\n RASLEN 13 e incl s ke the QRS of
3 wron (Figure 16 s ¢ By Five of
ese mne sccords showed aac her featyr
s devion of QRS thar 15 a Mm”’;‘ :,. :;‘{I‘P'ZRQS\\\\;‘ !‘N‘R
3 Wit wel
vorked 5, so that § spproached R size of it dud not ¢qual or
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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 unuswlly long path m the et
bianch

Toltage of I' If the height of T be measured 1 the lead
showing 1ts latgest exawsion, 1t will 1arely be found gicater
than 6 mm m records from normal hents nd rrely less thin
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 lngest excmsion of T to lie between 15 mm and
5 min 1 all but 12 of therr series * Tour gnve metsurements
of I tmm one Il mm andone 08 mm Si\ 1ccords 2l from
men gave metsurements over 5 nun 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 1 a1l 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% records 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 per
cent) Only 2 per cent then guve 1 value of less than 1 mm o
moie than 6 mm for the lagest cscutsion of the T wave Trom
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) tlus measurement 1ecords
only 87 per cent of the voltage when the T wxie of one led
15 practiclly ssoelectriec 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 1n such records the himits 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 knoun In a general way 1t seems to be influenced by the
strength of the cardie coniTction beng large m the hearts of
atiletes and w the same person becoming Irger after exeraise
and smaller after a period of acute 1llness Thiat the voltage of T
may be affected by normal physiological mftuences lnspbecl‘\
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 shontd 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 been saud 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 voltrge of these
nanves 15 15 poiited out ain Chapter v so that of for cvmple
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

The T wave in duldren 1s ways direcied upnard i Leawds 1
and 2 and s with adults 15 directed downnard m Led § 1n
about one third of the <ases st 15 diphasic mn Lead 3 s 1bony 7
per cent more The voltage of the I' wave 15 samewthiat larger
on the werage i chuldren than w adults but from the metsure
e o o el 25t sl e e
frve heen made 1 each af (lu‘:’ thr * The measurements of T
without considening the relause ;me i[s‘ﬂmhrd feads sepatatcly
seems fiom the nanable mcasuremlﬂ o e dree leads Ty
that the maxunum oltag onts of Lead [ wnd Led 2

5e may reach O mm but 1¢ g5 not pos

sthh to determine what the Jon er imit of ¢ po

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

The duriion of T camot be considered to give n mdication
of the durition of the ventricular systole because of the var
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
e —
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

1

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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Taen has porited aut that the relation l)t[:; e‘in ::,‘: ‘f‘(::‘:\‘\::':‘
of syswle and the heart ate cn be expressed by e
gT=h Vade i whe b eycle s delm“’\qe;{ o s
meastrement of sexerd beats 1 can be wnitten 1 et
ters 1l shoutd 1150 be measared senent bews and the formy

can bt wntten R -;A:, Baett fyund the mverage vajue for h
et bnuaa U
1] wen R ; %

be ¢ 37 far men 1nd O 10 for women
mCheer and Lz and Shpley and Hatlaran have abso R estagated

the value of h and have obtstned somewhat different figures os
{olfows

Taste V

= . e e
= = e

| ATps | AvERAtE (\‘n.xwx:u
LA

Aate | 370
Bazent

Ferwal | Loae |
e e e e e

Male EZ R R
Ch rardla

Feale 372 188 01
Shipley and Afale 337 l L B 1)
Hafiaran Temale 30

a5 \f 59

The differences w these measurements we probably due to
differences 10 methads of measnrement of the QT durtion as
M 35 somedimes difficult to decsde upon the pawnt A wluch the
T wave ends Thic salue K has been calted the systofie midex
nd has heen found to sary v der the mffuence of disense P
tcutarly with didatatign of the keaet and under the mfluence
of drygs

Ashim el Hull have sz hied thas constant and fed) that the
formufa QT ~ 038, <log 10 (R R + U7) 15 better than the
thave for wales and sugges that the figure 0375 be used for
measurements 1 females

T 1s mposabie 1 choose ety een dhiese formulas because of
the probabulity that they 21 have cortarn defects and certain ad
vatitages Al agree that the Q T durstion 55 shorter with mcreas
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g heut rate wnd that for the syme heut rate the duruon 15
longer m women than m men Whichevet formula one uses wd
that of Bazett has hd the most use 1t present, will be found =
satssfactory 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 mercrsed with mereised diastohe fillmg
al the entricles even tf the 11te remuns unchanged 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 wmplicude of the deflection which they hwe
demanded before giving the wave 1 nmame Lewss and Gilder
found 1t m 90 per cent of thewr serics of normls, considering
only the hmb leds Tt ts lsa frequent 1 records by precordiil
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
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to fuse with the descending limb of T ‘This may result mn an
apprent great prolongation of the T wave It s not been found
mnverted 1n records from normal hearts either 1n limb leds or
precordinl leads

NoRrMAL PRECORDIAL LEADS

The description of the normnl variations of the waves of pre
cordial leads 15 even more difficult than the descripuon of the
normal varations of the waves obtamed by the standard leads
because few normal hearts have been systematically studied and
especially because different authors have not always used the
same precordial pomnt or the sune site for the mdifferent elec
trode when making their studies of normal persons The features
of a curve obtuned from the hfth mterspace near the sternum
differ richcally from those of a curve obtuned from just beyond
the 1pe< 1rrespective of where the mdifferent electrode may be
pliced and there are known to be minor vartions dependent
upon whether the indifferent electrode 1s placed upon night wrm
left 1wrm or leg The rewsons for this are discussed tn Chapter 1\

Figure 15 15 1 ser1es of records obtamned by Leads EF 1 to CF 6
the techmque for these leads has been descrtbed mn Chapter 1
It 15 seen that R becomes progressively larger 1s we pass from
night to left reaching v maxamum which 1s usually found at
Pomnts 4 or 5 and after this dimimishing § 1s usually maximum
at Point 2 and becomes progressively smaller at pomnts further
towrd the left It mny often disappenr 1t Ponts 4 or 5 A small
Q mny be found 1t Point § 1nd often 1t Point 5 also T 15 usually
largest 1t Pomnt 2 or 3 and becomes progressively smaller 1s the
clectrode 1s moved toward the lett

A sertes of records from 30 normnl subjects obtamned from
precorchal points 1 to 5 has been reported by hossmann but
since he used the central terminil described by Wilson s the
ndifferent point his measurements 1re not exact criterin for
records obtuned from the sxme points when the leg 1s used fo
the indifferent electrode His Leads are V; V. V3 V, md V
according to the terminology suggested by the commuttee of the
Americin Heart Assoaation The values however would prob
ably not differ by more than a few mullimeters from those ob
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12 ned hen using the Jeg as the mcifierent pownt Tle Vicon
‘s Wessurements from fus arucle and shows the mnwnve
pantmum e And standard deviauons of the vanons deflec
tions he obtamed 1t also shows the pmsumum oo AR
wean safues for the sarious wases obianed by lewd s ¥ 200
cases and by Lead 4 B n 21 cases by Stupley and Tlalan a0
the values obtaned using the night rrn wd Lt e fen the w
different electrode and two precorthind pomts (TN IR
norals consisuung of chnldren and ks reporied Ty Sorshy wnd
Wond Tabile V1T shows the vatues obt uned by Barnés 1 records
from 20 normal men and 50 notmal wumen wang, Lewls OF 3 o
CF 6 Shanno his determned the \afues of the defiecuon of ¥,
Wl QRS R S § T and T waves w100 norml youny womin
ot} 638 veported hs vesults s such 3 way as togive an wder of the
Greeansy of the diffierens vilies Fucthier studies gung the fre
quengy of these 1nd other mesurements w nosmls are greatly
feeded He {ound 1 Q w ke ouly ofce w CF 4 bug 1n 20 per cent
of records by Lezd GF & It never exceeded 2 sum w amplitude
The § T quncton was elesied 1o 17 per cent but never spore
drig L mm {o genery hus maximum and ninmum vabues 1gree
watfi those of Barnes for females as shong i Table V1T

The P wase i precordsat fexds 1s usuntly better marked t the
segon of d ¢ sterngtm than toward the apex Tttty be directed
upuard gy downward or may be Arphasic tn records rom normal
wdnadudds In leads using the vight ara for the mdiffcrent elee
trr de P 1s usuadly frger and 18 more LiLely 10 be uprahit than
feads usme the le

It will be noted from the tables that an R wive 15 almost

Ays present alihongh oz w7y be cerg uny wmd occastonally
osent in vecords from the right of the sternum and orgastonal)
Yess than 2 ymm w records from she ) % of the sterum In )cnd‘s
from the 1pex wath the mdufrent electrode placed upon the
back Ry be s sora¥ 25 2 5 o, or 1 wm (Tible VI) Barne,
found the mimmum s 2ue of R t be less than 2 mem i a1l sli
DO IONG W vecords Trom Semdar e anfy 1 the fitst three ot
;:;;1;;1 r:n\[es The Snonledge of the smatl yAlues obtmnerd
1€ L greatest smpottinge becruge sl salpas ¢t Rw
frecaxdial Seady have heey sessed 15 a sigh of myocardil 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 arrnal 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 junction abose the soelectric level 1 leads from (hcl apex
sometsmes as much as 2 mm- Tt was occasonally below the 1":“
etectric reacung 1 mwumum n this direction of 1 mm The
contour of the ST segment 15 usually shghtly comen lomr{l the
brse me as 1t passes to the pek of T It usuaily begins almost
ymmeduately at the § T junction although occwstonlly after «
short level interval Tn 4 records of Shupley wd Hidhns senes
the curve from the § T juncuon to the peak of T was diplinsee
(=) 7t first shightly downward befote wrnng upward toward
the peat. *

As 1n the standard leads the first imb of the T wave 1s usually
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 feft of the sternum but nor n den s
from the apex. Barnes dad not Gind any downward T wanes o the
Teft of the sternum but fonnd one recard with diphsic Tin U 2
i a female

The QT duranion of precardial leads 1s not apparently dhffcr
ent from that of the standird leads although this has not s yet
been stuched carefully Natehing of the T wire prolrbly s not
A vormal pl Tt as more ¢ ly seen in records from
cisersed hearts Precordint leads wsuatly show 2 well developed

Unware fallowing T It 1s apt to be more promunent than in the
standard leads and 1 records from normat hearts 15 alwyys &y
rected npward

Their vecords ay well as thote of Sarsts
¥ and Wood were 1al,
:\:’n(,ﬂm has heir pormal T wave way directed downward The:a‘l::l}:: Y::W-‘d
ton however apphes o e records i ey mould have ohtsined had they wed the
50 that the pormal T

TR recemmended By the Amenscan He,
wa e upnara art Assaciation
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It 15 believed for reasons which are elaborated Chapter 1
that more thin one precordial lend should be t1hen and that for
ordinary dignostic purposes precordial positions 2 3§ and 5
should be used pured with the left leg

Precordial leads m cluldren In children the QRS group of
precordinl lexds tends to show 1 smaller R and Iarger $ 1n leads

TasLe VIII

SUMMARY OF FEATURES OF NORMAL ELECTROCARDIOGRAM IN
LIMB LEADS

r QRS sT* T
Hewghtn farg
est lead 07t025 5t020 mm t +13to Tto65
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 asR
Lead 2 Upward Chiefly upward (R) Usually up | Upnard
Q or § may be present| ward
erther singly or together
but nesther aslarge as R
Lead 3 Upward di |Q S or both may equal| Upward or] Upward di
phaste 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 notched in | 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 heast r te 0 12 to 0 20 second

* Measured 1n relation to P R level if thus &iff rs from ero

4 In rerords where one lead 1s diphasic o 1 oelectnic and the amplitude n the other lead about
equal the normal values for P vary from 06 mm to2 mm for QRS from 47 mm ta 175 mm
aad for T from 08 mm t0 5 6 mm
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from the apical posiuon than 15 usually found 1 rccn:ds of
dults The R honerer usually rexches a sue of at lewt 7 mm
In children fess than 34 or 15 veats feads from near the sternum
often show an imened T wave but Lead 4 F will aluays show an
upward T wave Lead EF 3 or OF 8 will sometimes show n
amerted T w e but less frequently than FE 2 or Cr2
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It 1s believed for reasons which are elborited in Chapter 1
that more than one precordinl lead should be taken and that for
ordinary dingnostic purposes precordinl positions 2 3 4 and 5
should be used pured with the left leg

Precordial leads i chuldren In children the QRS group of
precordinl leads tends to show 1 smaller R and lyger S leads

Taste VIII

SUMMARY OF FEATURES OF NORMAL ELEGTROCARDIOGRAM IN

LIMB LEADS

r QRS sT* T
Heightan larg
est lead 07t25 5t020mm { +13to 11065
mm 1 —1mm mm §
Direction
Lead 1 Upward Chiefly upward (R} Usuallyup | Upward
Q or § may be present! s ard
either singly or together
but neither as large as R
Lead 2 Upnard Chiefly upward (R) Usuallyup | Upward
Q or 8 may be present| ward
either singly or together
but neither aslarge as R
Lead 3 Upward i {Q S or both may equal| Upward or] Lpward &
phasic or| but not exceed R QRS | downward| phasic o
downward | group may be of vibra 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 benotchedin | peak of T
a lead of relatn ely small
excurston or near base
hine
Duration Nat mare | Not mare than 0 10 sec Variable[QT vanes
than 010 usually| with heart
sec short rate 0 32to
0 42 sec
- e hh m 0171t0020 second

othe 1 ads about
mm to 175 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 winch demnd an merersed 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
nghtventricular hypertrophy by congenital narroning of the pul
Tmonary attery ot increased pressure i the pulmonary arant dae
1o mitral disease Besides the mechameal causes of hypertrophy
there 1s what ight be catled a pathological cause 1f the muscle
ol aventricle 15 iffusely 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 md has 1 pracucatly sound muscle or
whether disease of the muscle may be a cause of the nlargemont

We shall consder e ths chaprer only the changes i the clec

trocatdiogram wheck arise from hypertrophy of the musde and
nat those due 10 115 disease

AURICULAR Hs PERTROI HY

a;](;he determmation of auricular l\\peruophy from the electra
i1

- :Igram Tests upon rather meager corvelations of chinical and

E’mns :,Iml matertal Chmcat and eltctmcudmgmp)nc correly

e andicated that suct, auricular hypertrophy as 15 asso

Oate
d with mytrag stenosis usuaily resulis yn 5 P wave 1 himb
77
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s avsicle 2lane did not show 39 abnormal heighs of F Sfarked
merese so Yoe sovphs e of ¥ {wore than 45 mm) »as much
more fiequent when thete v trtcuspad as well as witrnd vabynlar
duease and the  wates of these cases were usually wider and
tmore markedly notched

“The awthor has absened cluucally tho cues Telwened 10 hane
uncomphicated tricuspid stenosts and both of these sho ved tiugh
starply peaked P wines wishont ybnormal Juration With pal
tary $ena 1 the P uane shows m iptremet von,e and oliets
20 tacressed duration Winternttz Tris puimed out thar hyper
wophy of the righe auncle 15 vsually socted Wi 2 smth
hough uprithe P, and a lage amplitude of P and Py so e T
My reactt a beight of 3 or # mm Notching wd mcseased dura
clon ase not fir belicres caused by right auneniar ¥ ypert-aply
The abave ubsersanons seem o porit to the conclustan thas o5
mcreased hesghe of P probably 1s the result of by pestrophy ef the
ngh a2x wle dhae mcreased hught durttion wnd notching are
probibly the result of the hypertrophy of both anrcdes Je raast
e remembered that the terZie of wises 1s subjert 1o phiysinlogic}
vartaans and that wath a seriously fulmg heart the same heave

gt o show as farge an amplitude of P 25 2 vawdd were die
muscie 1y a beter state of 2purisintent
¢ -

at

or hte electyie proey 2! s owld be produced
»hen the fauscle s werned i tlichness and that ths the beigit
ot P would he 1t ease? # w abo understndate thar i wrotd
tihe } 1 gev “ar e comtracnp® nave to spread throughout the
entirmed auncles espetally the farpe feft aungcle s: that the
durition af P ol ich seprosents the e g~ wpred by this spread
M, would be prolas s ¢ At (e normal Tintts The notchin
can e expluned on ol & basis of the hrpew’ ens mentioned f
LEZC N6 10t 1§ the duniclgs e mapon enlarged thewe to
ks« e move YWhely 1o dore foren

ap o a mamum at defferent
uraes cwsng a do ible peak, or porg g

o these serordy with ool iarge Praves s ommpn 1p
t‘x:t\e %};n M PR ered s furehier befow the e Yocrs than nax
3w defection n s heon pomred ¢ «¢ 15 die 1 the aunicy
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Ieads with tinee fetures consprcuously frequent (1) The heght
of P15 excessive bemng found 2 mm or more in the lexd hwing
the Tugest excursion 1 75 per cent of ny lrge group of 1ecords

i i
et xSRBS
B c n
Iig 16 Records [rom four different lerts o show varyng degrees of night
avs devation of QRS A indscites the Jenst degree and p the greatest Note that
S increases m mize n 1edaton 1o Roas the degeee of devinnon incremes In ¢ and
P % shows a pro,ressive micrease 1 size
Records A and & cach haie a lrge and wede P wave andicative of auncular
lypertrophy B hras 1 plunly notched I winve i each of tie three leads

Irom heuts with mural stenosts ind normnl thythm (Fig 16 1
and B) The wase 1s sometimes found s hrge s 5 mm (2) The
duration of P 15 excessive bang over 0 10 second m 85 per cent
of the records (I'ig 16 A4 v and ¢) (3) Notching of P (Ig 16 B)
occurs with unusual frequency bemg found 1 1bout 60 per cent
of rccords trom hearts with mitral stenosis nd m only about 30
per cent of records from supposed normals

Master and Berlmer have reported 2 smll serses of cases of
uncomphcated mutrl stenosis proted 2t ttopsy The records
shoned 1 P wave of 2 mm or more i one Wl of the cises
notching 1 almost all nd widenmng m somewht less than half
The cases which bad the tuge T waes {2 to 35 mm) were
shown to have hypertrophy ol the right auricle s well as hyper
trophy of the left wricle those cises with hypertrophy of the
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1t 15 possible to determine the dreceion of this elccmf'x()(:‘:‘l;
fram the relation of the size of the largest QRS exeursion y
in any 1ed 1o the size of the torresponding deflections w (‘v\'\clr
Yeads This may be done raughly by means of Figure 21 “lll
records Mhe those of Figure 11 when QRS shows 1s chuef de! ‘cc
tion upsard 1 all three leads the values may be represented 15
Lead 34 Lerd 2+ and Lead 34 This places the t]ec\nc::\ :m;
of these QRS groups within the sector lyng between 30° and
992 within winch sector we {ind the electrical ans of QRS the
great majority of norml hearts

W\ hen the direction of the asss of QRS ponts more toward the
panent s nght hnd records hke those of Figure 16 will be pro
duced w1th the chuef deflection of QRS downward in Lerwd 1 md
upwird m Lead 3 The sector {(Lend 1~ Lo 24 Tend 34y an
Eigure o1 will he found to tepresent the deflecrions of these
records but other records will be found with deflections lymg n
the sector sutl further to the night (Lead 1~ Lead 2— 1ead 34)
When the electncal axis of QRS lies within either of these
sectors 1 may be said 10 be deviated 1o the nght or to show right
axts demation

When the direction of the acis of QRS ponts more toward
the pattent s left hand records like those of Figure 13 will be
produced with the chief deflection of QRS upward i Teads 1
wnd 2 and downward w Lead 3 The sector (Iead § } Lead 24
Lead 3—) of Figure 21 will be found to yepresent the deflections
of these records Other records will show deflections which e
tepresented by values found 1 the sector sall further to the Jeft
{tead 14 Jead 2~ Lesd 3-~) When the electrical axis of QRS
bies withan evther of these sectors st may be said to be devirted to
the left or to show left axis deviation

Vi hen fallowing records of an individnal case aver 4 pertod of
tune 3t m1y be desirable to be more exact and determine the
wgle of the electrical axis by the methiod of Esnthoyen {\p
pendit 1} but for genesat che ext dragnosis a grouping accord
shewn in the figure but will 1:1 ey ngle of any potentia are

e best apprecated if the first por
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Inr Tware and since 1t 15 prolonged mto the ventriculrr complex
35 far 1s about the beginning of the nise of the T wave 1t s ikely
that 1t 15 responsible for the fact that certun of these records shon
this portion of the T wave defimtely below the bwe hine This
can be observed 1n Leads 1 nd 2 of Digure 16 4 and 5 as nell as
m other lustrattons thioughout this book showing an unusuni
departure of the P R interval from the base hine

VENTRICULAR HyPLRTROPHY

Hypertiophy of one or the other ventricle his 1 very definnte
cifect upon the QRS group producing the changes which Lewss
speaks of as 1 sign of right or left ventriculir preponderance
meaning that the right ot left ventricle 15 preponderantly hyper
tioplued This use of the word preponderance has the fault of
overstressing the nmportince of the weight of the ventrices
When the term w1s mtroduced the ventriculrr weight ritio was
constdered to be 2 mote mmportaint determunng fictor m the
form taiken by QRS 1n the thiee leads thn has been shown by
expertence to be the cise Tor this 1eason 1t seems better to express
these varntions of the QRS group by some term which 1s refer
1ble only to tius group

It 15 pomnted out m Chapter i\ that the varymg direction of
the waves of QRS 1n ench lead 1s due to the fact that there 15 a
devclopment of electrical potential within the heart which 1s con
ttnually varying both in direction nd i mgnitude throughout
the dwttion of this group of waves At some time during the
coursc of QRS there will be mscribed 1n one or mother Iead of
most 1ecords 2 deflection wiuch 1s Inrger than any other This s
usunlly due to the heart potential of gieatest magnttude * 1nd
this potential has been called the electrical avis of QRS Certun
records m1y hune two equally Inrge excursions m djcent leads
that 1s Leads 1 ind 2 or Leads 2 and 3 These usunlly represent
the srme hert potential 1nd indicate the potential of the elec
trical s of QRS

* \n cxception to this mught occur occastomalls when the grexiest potential
had a direction at right angles to one of the lcads so tht only 87 per cent of sis
salue was recorded 1n the most fasorible lead In tius record some other herrt
potentinl which w1s not quite so Itrge mught ctuddly Live 1 1arger tecarion i the
recarded electrocardiogram f ats directron were parillel to a Jead
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deviotion of QRS As the degree of ans deviahon m“mw:e (S);
shons 3n excursion whagh 18 an wererangly hrge pcr;em::d "
R, until 1t may equal R, or even exceed 1t as st yecords €

2

Bt [H ~;’j“ =

£= !

Ty, 1 Beords from four duferent fieatts 1o show differens demrces of tely
avs devation of QRS » ba the lawt matked tevation and p the mow Note
it § Ceaws B SIE yn selation 10 R as the devtee of devianon mererses

wul B S s larger than R lacand p S shovy an snereaan ly farge defiection
fud QRS b1 adurstonof 01 secand

Sy 1s often absent from these recards This wall be seen to be the
reverse of the behanior of $: and S, 1n the presence of nght axis
devianion of QRS W sth increasing left anis devation R beecomes
relanvely smaller and § relamsely larger (Fig 17 € and p) yust
as ocewss with marked night axs desianion Such a Lead 2 might
be part of a recard showing etther night or left avis deviation
and without the other leads sve could not say which 1t was for
example compare Lewd 2 af Figuses 16 ¢ and 17 ¢ When §;
ghves the largest excorsion of QRS in ang lead and $ approacties
the siz¢ of Ry we hne an extreme grade of lelt avis deviation
Fig 11 m

O 15 uswally present i Yesd 3 of records shawing Jeft axis
deviouon of QRS When 1t 15 promment 1n Lead 3 the record
should be suspected of indicating 1 shnormal spreading of the
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tion of Linthoven s tible on page 408 1s 1eviewed In thus table
and in Tgure 21 111 values e made proportional to 1 mrimum
value of 10

Right avis deviation of QRS will be present when Ry 15 larger
than R_ and there 1s a downuard deflection in Lead 1 Occasion
ally there will not be an R wave 1n Leid 1 only a donnward
deflection called QS If R. and R; are equal 3t will mdicate
electrical axis on the borderhine of normal (Lead 1 = 0 Lead 24+,
Lead 34-) It 15 better to consider the reltive size of the deflec
tions of QRS mn Leads 2 and 3 than 10 consider the rehtne
heights of R and S in Lexd 1 because the larger deflections of
Rz nd Ry represent the predominant electrical forces wnd 1t s
usul for these peks to represent approsunately the sune mstt
1n the QRS group wherens Ry md §; my occur enher or hter
and be related to lesser electrical potentinls

Frgure 16 shows four records 4 B ¢ and p with wncreasing
degrees of nght avis deviation of QRS As the degree of s
deuation 1ncreases $; shows an excursion which 1s an mncreas
ngly lnrge percetttage of R+ untrl it may equl R, or even cxceed
it as in records ¢ 1nd o of the figure As S; becomes relitnvely
fuger R~ becomes 1 smaller fraction of the largest excurston of
QRS and S, tends to become larger A Q wive 1S sery rarely
found in Lead 1 of records showing night 1xs devituon and
when so found 1t usually ndicates 1 abnormalhity of the spread
g of the contriction which has been produced by cardac dis
erse Q 1s commonly found i Lead 3 and may reach a consider
able size in tius lexd It my be present also i Lead 2

Turther night axus deviation of QRS leads to an tnerease of S
and §_ at the expense of Ri and R- untl eventually R, 15 found
more thin twice as large 1 R 1s mn records ¢ nd p of the figure
Such a marked degree of deviation to the right 1s uncommon

Left axis deviation of QRS will be present when Ry 15 Irger
than R and Lead 3 shows S larger than R It 15 usunl for the
R wase m Lead 3 to be small and occastonlly s¢ may not be
present so that there 1s only 1 downuud deflcction called QS
Occasionally the donnw 1rd defiection 1n I end 3 will be found to
precede R which case st will be called Q (Tig 46 8 ¢ 0) In

Figure 17 are four records with increasing degrees of left axis



WYREKCROPHY OF CHAMBERS OF HEART Bs

stem and 1n the posipon of the heart 231t res Withun the chest
tave been discovered to have an importint mfinence upon 1Ws
feanwe of QRS o8 has been ponted out 1 Chapier 1 30 WMt a
G veconds from Qotal hearts are found to show stight degrees
of right or left avis deviation of QRS Ihe effcuss of dusease wpon
the branches of the bundle of s are such 35 0 completely de
stioy the relationship between hypertrophy and the clectrcal avis
of QRS

FrFECT OF Poumion oF Hesky

e will be well Bere to disenss further the effect vpon the
electrocardiogram of the position of the hiewt 1 the dest We
have panted out tiat this cin modifs the secord sarying the
renatne size and direcpion of the waves m the three leads It ac1s
ut thits vy apon aff the waves but most upen the QRS gronp
and feast upon P The influence upon she electrecardiogrim of
the changed position of the diaphragm during espiration an be
well seen in Frgure 18 where Leid 3 shows a gradnal decrease in
the size of R wath comedent increase 1o the stee of § ¥ il be
seer Fat as 8 mereases in size the relaton of R, and R beermes
morte defimtely that of left axis deviation

The amphtude of Ts becomes smaller reaches zeta and even
tally a slightts downward T appear, Lhe mcrease obsersed an
the solfage of he ORS group and of T wyth mereasing left s
devianon dunn, esprration ss belieced due to the uncas enng
of the heart by the lung margins allowing better contact of the
heart with the anterior chest wall

These varations 1n she cleerocan oz am ave due to the move
ment of the diaphragm =alimg the heart hie more transversely
3t dull exprrawion Wid mose 1eroaatly witiun she chest when the
taphrapmn suths Sith mspranan Tlte heart 15 relaanels fived
at ::ts b;\se‘b\ ﬂ§c alladm;cms of the arterses tad vewms and the
4Pex 1s relanvel
s s e S
Wt a5 2 foed pomt ;\ waY) mos oser of the Lews wpon the
15 Sromk 1 5 Eommterclor s Ie a5 1e view the patient from
W3 Looawase Atectian dum’:; ection Guring expurition and
PR 115 6mg 1418 ot the saen Zuspration The hewrt vl totae

4 e tie tasting a0 thit e anterpr
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contriction If Qs 15 Inrge (see page 137) m the presence of left
s deviation the QRS group 15 considered to be abnormal,
though cardinc disease 15 not necessrily implied
When the electrical asts of QRS 1s deviated toward the right
or toward the left of normal such changes are usually due to
hypertrophy of the night or of the left ventricle though occa
stonl normnl hearts will give records showng this sign (page
41) It s necessiry however that the ventricle should be hyper
trophied m excess of ny hypertrophy of the other ventrncle
which my coexist It must be 1 preponderint hypertrophy and
this ws the ongin of Lewts texms right or left veniricular pre
ponderance as apphied to this electrocardiographic feature
Hypertrophy of the right ventricle only tends to produce rec
ords like those of Tigure 16 when the left ventricle does not
mncrerse proportionately at the sume ume The change 1s due to
1 predonunance of the electrical effect of ane ventricle over thit
of the other For example 1 Lewnis sertes 1 hea-t with ventricu
Iar weights of Ieft = 158 gm and night = 98 gm  the L/R ratio*
being 161 1 which 1s 1 borderline right preponderance showed
an electrocarcdhogram with the QRS group s follows
Lead! R=1mm S=4mm
Lead2 R =5mm S =3mm
Lead 3} R =6mm S =1mm
This 15 1 example of shght right axas devintion ol QRS sunt
Jar to record A of Tigure 16 Another heart with ventricular
wesghts of left = 105 gm and night =128 gm  the I /R rito
buang 082 1 which 1s 1 marked nght preponderince give
record with the QRS group 1s follows
Lead! R= 05mm S=8mm
fTead2 R= 80mm §=5mm
Lead3 R=110mm §=3mm
Thus 15 an cxample of moderate or marked right vas deviation
sumzlar to records B or ¢ of Tigure 16
The direction of the electrical axis of QRS w1l be ffected by
other things than hypertrophy of the right or left ventrdle nd
particulrly if there 15 not much cardhic enlargement  Varations
wn the distribution of the brainches of the aunculoventriculir

¢ The norm! L/R ratto vartes between 15 1 and 221
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‘e amtenor surface Both the monements of the long wis of the
hieart and 1he Toration wpon s long aas take purt producing
the changes which are seen uh respiraton The auricles move
Jeast so T 15 least changed The QRS group 1s most changed and
T not so much a5 QRS

A fluoroscopic examnation duning espiration may sometimes
yeseal the change 1 the duection of the amtomcal fong wxis of
the heart to be as much as 30° The comadent rotation on the
long aws can usually alsa be abserved Obsiously the electro-
cardsogram by the three leads must vary 1f the heart moves as
much as tus for 1f anytung but a aircle should rotate as much
25 %0° 1t would Le suce to have a different appearance when
\iewed from a constant direction such as 1s represented by each
of the leads {Chapter 1)

In few hearts howeter does the amtomical axis vary as much
as 30° wuth respuration the usual rotation bewng about 15°
Often the daphragnatc excursion 15 shght and often the heart
espectilly 1f of the vertical type will test so Lightly upon the
deagheagm s o be seaccely afiected by ws motion Resprsatory
ratiation of 2 wave appenrs most plamly i whachever lead gives
1t the smaliest relatine value for 1 this lead the rotation of the
keart can more casily change the wase from an upward to 4 down
ward deflection ot sice versa Tlus 35 why the sibratory type of
QRS 15 especnilly Uhely to show definite vanauons with the
Tespiratory molements

1 the diaphr igm 1s permanently high wn the thorax 2 conth
ton usually assocrated wich 1 broad by persthemic wpe of chest
(F1g 19) or with an gbese abdomen the heart will be perm
nentiy yorted so that 1ts long avts will e horzontally and the
ventricles and septum will be rowted s wath eft ventricular

Inpeitrophy  The effect on the waves of the electrocardiogram
will be 1o change their proportienal value 1 the three k‘n;s s
o ot e i et T
records G ot 1 of Ficare 11 n‘“‘:‘ ts likely 1o resemble those of
fatter st s’;hl 5 :r dcn record A of Figure 17 the

heart st cs’ 3 gt s deviation of the QRS group 1t
h MLk had acentisculr weight tatio with a balance
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surfice moves toward the right s the dirphragm rises with ey
piration, thus tending to produce 1 refationship of the ventricles
and the septum to the chest wall which 1s simitlar to that pro

o 13
Er oA =~ B v

2 N
iy -~
b s s
i
- L e
Tig 18 Electrocardiogram by three leads to show the changes i the waies
lung from forced rusp and ex At the of cach lead

the chest was n the postion of full insprration During the lead the breath was
exhtled and at the end forced expirition was used The compleves vndernerth
the portions marked normal (AOR)Y are typical of those found in the records
of this patient when breathing naturally It will be scen that e the left of the
figure duning inspiration the QRS group shows an electrical axs within the
normal zone At the mght duning the cxpiratory poertion of the figure the
eleetrical axis of QRS 1s markedly toward the left The yvoltage of the QRS group
ncrevses during expiration

The T uwave 1lso changes dunng expiration becoming smaller in Lead $ and
larger n Lead 1 that 1s ats clectrical s 15 also rotated somewhat tonard the
left The voltage of T chan,es but shightly but 15 larger during expiration

duced by left ventriculwr hypertrophy The anterior nterven
tricular groove 1s displiced toward the might so that the lefe
ventricle 1s more visible on the anterior suifice of the heart With
msptration s the dryphragm moves downward the heart rotates
so that the anteror surface moies on 1ts longitudinal s towrd
the left and produces 1 rehtionship of the ventncles and the
septum to the chest wall ike that produced by hypertrophy of the
night ventricle The anterior mtersentricular groove 1 displaced
tonard the left so that the left ventricle becomes less visible on
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3
Tre hdamce vosard the night yet sull sshin notymat \m:w{\ ﬂ:)‘g \:‘
e, tecrotarbogram e Tigue 16 A showng shght 1) v
E\\: 3::1uon of ng Oy watlh A venteicular weight 1ane Wit
X

f0 o2 S ueMeareasf e Fer g €& revately slender faan (\fter Bindeen
A ¢ njumal { Roemig fogy anl Rolsum T8 rapy 097 197%¢
the balnce o far toward f e defe qust beyond the norml
b e s tecord of abe 4pe of i Fov s of BFignre 11 unt wndy
eng the VoSt preponderance which was pre ent

When Gsher vemtncde s more ' sughtly fiypestroptued
so that the relition of its weaght ta ehic ather 15 decidedly 1buor
b the wfluense o Vi freporarames combined st the
changtd rQapon of the tuo ver e ta thie watetiot plane of
e dhess W) fien the QRS group strongly enough 10 @ver
Wilance the eliect of wn abnormd prsitan of the e ot an
winaseal distobunon of the bendle Branch teme Witk the
semwtiches Shght degrees of mes prepondcrance iy only sesve
to coumerintante the eficer of m oppasite type of QRS group



88 THE ELECTROCARDIOGRAM

shightly toward the right should be 1ssoctated 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

\/ {

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
Roentgenalogy and Radwm Therapy 9827 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 1s 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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ATiEneTs 10 ExprEss THE ELFCTRICAL Axis oF QRS

Various attempts have been made 10 astribe an exact mut\cn(
al raung which would indiae the degiee and the direction o
deviation of the electncal 2y Finthoren detertaned the diree
tsor wachin the body of the potennial whvch produced the largest
excursion of the QRS group s method of determimng the
angle of any potenual within the body from the values dens ed
from the three Jeads 15 detaed 1n the Appendix He ud nat
nonever mdrcate how the QRS group of certan unusual records
should be treated nesther those i which the values of corre
spondmghy mamed peats 1 the three leads did not fulfill has
forswda mor 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 led but in opposite direc
uons as when R =S In the last tho categortes 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 1nstant i 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
thoven s rable or Dieuarde s graph to determine the direction
of the current within the heart (Appendin) 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
fownd correct for the peks 11 the three leads do not repre
sent the same potenual within the heart even though they
may bine the same name Tt 55 necessary by mspection of the
QRS group 1 the other to leads to determine the part of
QRS i each lead which comades 1 time with the peak of
the largest deflection It may be helpful to measure under low
‘I‘:‘ig‘::\fal}llo; l:helhilsmnc: imdm the begmming or the end
ml’lcr leads at the sml::n 1 - [(0 e s the deflection n
preceding 115 ending w}: e atter the begmnmng of QRS or

S g £0 measurements are obtamned which
approximately fulfill Emnthoven's formula 1432 115 saus
factors to derne mathematieally the smallest value from the o
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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 1xes of QRS toward 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 stmtlr tendency toward tight 1xs detrtion ppewrs 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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Avreanre o TRIREe 00 DIECRICAT Axit o ORS

Varfos dtetnprs frase been ade (o wardbe i ex st pomert
¢4 1 ating which wonid Indic e the degree and the dueaion of
desytion of e eleanal sde Lithoven Aetesmined the ditec
v ittt the Doady of the porenni 8 s protored she Snpray
exturssons of the ORS gronp P wmethion of degesintalag the
e uf any potenitat within the fody flom die vatues denved
Cronn Wt feade s detadfod Bt Appondie Tl Wi pot
Wowevey i et the OIS groug of et sl secards
doukd B gse et neshies Duse i owhich e valoce of gomee
eponidingly toitaed peosky d the divee deads died nnt futbilf his
Tormute s diose wirh us equdly Dige b opigositedy directed
o8 defiecison an Lesds T omd 3 uor thowe with the Jargent
deflection occurnne wsce in e e dedd 1 s oppealis dise
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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 appewrs 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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Arrruprs To Express THE ELECTRICAL Axis or QRS

Vartous attempts have been made to ascribe an exact numen
l ratng which would ndicate the degree and the direction of
devtation of the efectnical awis Emthoven deteymined the direc
uan within the bods of the potentsat winch produced the largest
excurston of the QRS group His method of deterrmmmng the
angle of any potential within the body from the values derned
from the three leads 15 detmled m the Appendiv. 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 twice 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 fonnd to be 1wo electrical axes m quite
different directions

In records with the highest 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 table or Dienatde s graph to determine the direction
of the 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 abave formula will not be
found correct for the peaks in the three leads do not repre
sent the same poennal wuhin the heart even though they
may hase the same name %t s necessary by inspecuon of the
QRS group 1w the other o teads 1o determine the part of
QRS 10 each fead which comaudes 1 nme with the peal of
:: :lfé',:;‘l deflecsion It may be helpful to measure under low

g 10n the distance from the begmmng or the end

mg of QRS to tus peak and to measure the deflection 1n
other leads at the sume ume after the beginming of QRS or
precedin, g1 ending When measurements are 0\;amed which
approvimately fulfitt Emthoven s forrauta 14322 s

factory 10 derive mathemaucatly the smallest value ) e

from 1he o



92 THE ELECTROCARDIOGRAM

larger ones and discard the actual mesurement of the smallest
excursion

At umes one cannot determine the comcdent time phases n
the three Jeads with sufficient exactness without a record of
two leads taken sunultaneously When this 1s necessiry and not
wulible the following procedure will suffice to obtamn an ap
proximation sufficiently accurate for most purposes

‘When the two Irgest waves of QRS occur in Leads 1 and 2
or 1n Leads 2 and 8 1t 1s usual to find these two peaks represent
g the sme wmstant of the QRS group— m phase —ind their
values should be used to derive the vtlues of the other lead Tor
example Tigure 16 a gives Ry =13 mm R =11 mm Hence

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

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

When the two Inrgest waves are found in Leads 1 and 3 1t will
not be possible to predict which peaks will fall 2t the sime nme
mstint We must try to decide this by mspection of the record
with magnificition measuring from the beginning of QRS of
each lead to the respectine peaks It 1s not usual mn such records
for Ry 1nd $; to occur 1t the same time so that the larger of the
two should be used in combmation with the suntlarly nuned
pek of Lead 2 When R, 1nd S; 1re of equal value (or §; mnd Rq)
1t 15 best to consider that Lead 2 =0 Such records 1s has been
sud have two electrical axes of equal voltrge which differ con
siderably from each other

Lews suggested 1 method of obtunimg 1n index of ventricular
preponderance by the formul1 (Ry — Rg) + (S: — Si) the height
m mullimeters of the waves tn the leads being indicated by Ry
$: Rs and S; He did not mention what he considered to be the
normal limuts for the result of this formula expecting probably
to determine this by 1 suffictent number of autopsies with weigh
ing of the separated \entricles White and Bock suggested a
very stmular formula (U; + D3) — (D; + Us) 1n which U 15 the
herght m mullimeters of the largest upwd deflection of QRS
and D 15 the height of the Inrgest downmard deflection 1n the
leads mdicated by the figures The result of thus formula will
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differ from that of Lewss formula only when Q 15 huger than
§ 1 erther Lead 1 or Lend 3

Lews formul 15 more sound theoreticatly than Whites for
the Q and the S waves of Leads 1 and 3 are apparently governed
by dfferent ventricles and not by the same ventricle as they are
considered to be 1 Whites formula in an astempr to deter
mune what the normal limits might be for Lews formul the
tuthor reviened 30 cases published m part by Tewis and
part by Cotton The ventricwlar wesghts and electrocardiographic
vecards of these patients were compared and for hearts without
preponderant hypertrophy of ether vemnide the mdex figure
usually lay between 420 and —10 A Tigure greater than 420
then should indicate lelt sentnenir preponderance and one
less than —10 m ht ventnicular preponderance White stites
that 4-30 ox move mdicates left s destation with a bordes
zane between +20 md +30 and that —15 mdieates n ht axis
deviation with a border zone of —~10t0 —15

These formulis have two obvious faults (1) It 1s difficult to
apply a proper numerical correcuon for displicement of the
long axis of the heart The angle of Fanthoven lends stself more
readily to such a correcson (2) Their most important defect s
that the mdex 1s dependent upon the actnal amphitade of the
saves 15 recorded in the three leads to suclt au extent thar when
this hecomes vers small 1115 Dot possible to obtan large \alues of
the tmdex Figure {0 a for instance s1th measurements of { ead
V=42 Tewd 2= 1 Tead 3 = 1 would hine the electrical
axss of QRS according, 10 Tinthosen s method defintely to the
left of norm} thitas « =~ This record ges an mdex of +2

{2+ 2 - {1+ D which s not beyond the normal ringe and yet
1f the measurements were multi; ¥

plied by 15 ({30 + 30) — (15 4
153} the mdex would be 430 which 15 defi
1) mitely to the lefy of
Digure 17 B which idicates definste left axts deviation of
%Rs\q‘ccur(‘l;ng to Emthorens method that 15 alpha e= 1.0°
(lewt b =11 Lead 226 Lead g 9) o
= —J) Bnes an mdex fi
of ;:m[éxk‘: (i)d— [{EN 2)15 whicli 1s within the Ttmus of norijzxrlc
opung a fermula
Bock attempted 1o correct i3 [orS:;ﬂllé\r o o of White o
1e ervor resulting from the
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varntions i the wphtude of the excursions in different records
H;s formula 15

© = 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 I and subtracting the chief upward and 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 Yorkh 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 e QRS deflection 15 posine 1 Lewd .11 and
m Lead 2 pegamne W Lead 3 Hsk 1 nepatne 1w Leads 2 ond
% the degree of left avs deviauon 1 0 he conndered marled
Pught dectation of the electrical s 1 conmdered 1o be present
when the alzebrmc sum of the QRS deflecians 15 nefalive 1
Lead 1 with 1 positne salue in Leads 2and 3 11 Leads }and @
both gite a negatne \alue the degree of the nigh detranans
marked 1f negatne m all three leads the degree o} nghn axrs
deviaton 15 mote macked  [his method 15 simlar 1o har ot
Cartes Ruchiter and Cveen 1 that st conmders 2 mathemancal
rmean; \alue for exch of the teads Tt does not deal wih the elec

terent axis of any parncnfar Tecorded potential Tr docs not w
fare detine an aks but assumes that the QRS group 15 3 whole
18 expressed by the 4 or - \alue of the algehr ne summanon
af the postive and negatne deflections of each tead It 15 doubrful
of this a5 2heags the case but the 1des 15 Bued upon Wilson s spg

gestiotts as to the importance of the area of the QRS group (Chap-
01 K,

It 1s indetd unfortunate that so many methods have heen
sua-ened ta express the relanon of the QRS group to ventricalar
Inpertraphy for none of them 1s capabile of producing Signse
shech an be closely correlated wath definne degrees of hiper
aaphs The i ures express sometmng about the QRS group
Dbute this cavnor he s7wrferral ann exactness either (o hyper
wophs or  ; rezise preponderance of the nght or feft

rentneulir muscle masses Fhe eorrelanion with \enwncular

prepondtrance 1s better nhen the hewt ys farge When 1t 35 of
medium or normal s ze the correlation 2 very poor 38 tns been
shown pamogathy s the wark of Hermama and % son On
tus weount 3t has scemed 1o the nnthor thit for climeal

poses W will suffice to $2em 2he (RS grotip praonatly as @ wese
and to determine the direction of

the axss of the large ¢ de
flecion of QRS by nonng she direction of the 1+ we (g ‘
meach! 1 -xr

of Fuar

muely

pur

Y=o, 1SS bette
o \ T 35 he
dw wompute the smallesy from the two b.'g € &5 sadsttutag
S
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them 1n the 1bove formulr unless the smallest value should be
i Lewd 2 In such cuses, by using the vertical tume lines care
fully, measuring from the beginning of the QRS m cach lead

Y]
-0
-0

LA

lig t A schiemt to represent grapcally the directon of the deflections s
the three leuds resnlung from any potential within the heart with a dir ction
this plane The arde 15 dinided snto ux sectors when the potentrd undes con
silerauon s a direction parallcd to any of the radu within 1 sector the dtrection
of the defiections i the three Ieads will be 6 indicated by the (+) or (=) sipns
When the potential 1s prralle! o the side of 1 seetor one of the lerds will show
no deflecction (= 0) and the other two will hive equal defiecirons The dircction
at the center of cxch secror e, 60 1n the + + + sector will produce two leads
with equal s tues the remaining lead hvng 2 value exaatly donble Fhe mamerts
indicate the proportional dintrsbtison of vafues in the three lead at the angles
indicated 1€ the maximum deflection s 10

we can often arrive at 1 very good approxiumation of comncident
time points 1n the three leads

When the values are all upward (4) the leads may be repre
canted by b 4 -4 and the ancle of such a potential Lies 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 potental hes near the lower or the upper
border of this sector When the border 15 reached the leadt wall
give a zero (0} value and this would constitute 1 borderline night
or left deviauon of the aus of QRS We must now consider the
Jon., ax1s of the heart noting whether 1t 15 unusually veruaat or
trausterse 1E 5o we must take this mto account in considenng
what sigmificance 1n regard to venineular 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 moyements of the
Inds of a clock 1f the hert hes too honzontally nd counter
dackwrse sf the heart 15 too vertical

A moderate ri, 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 than the value of Lead 2
for example the measurement of Figures 16 A and 17 &

16a Leadle~25 Lead 2= 4105 Lead 3 w 413
174 Lead! =417 Lead2 = +115 Lead 3~ ~5 6

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

m Lead 1 1n vecords with right axss deviation as in Tigure 16 n

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

then we may consider the axts destation of marhed degree §f

2
Letd 2 approachts zera or hecomes « muniys | ue as s Figure
16 ¢ or higure 16 0

B0 Leadl= <6 Lr A2=-05 Lead3 = 455
thie degvee of deviation should be considered as very marked
Ui records showsng lefe avis desiation of QRS the condinion
4 analogaus. Figure 17 & indicatng 2 moderate degree and Fig
t
wre 17 € mdicating a marhed degree of left aus deviation °
178 lead 1= 4905 Lead 2= 45 Lo,
17¢ Lead 1~ 412 Lead2 m —p lg:ﬁ:j:
fn pracece the
measurements may be f;
sehtme of Erpre o) ¥ be fitted pictorially nto 1he

ol
oltage of QRS The beght of the Targest recorded wave af
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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 1f 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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ductng tissues Excluding from considertion cases of bundie
branch block wiich we know have a wide QRS because of a
delayed conduction to ane ventnicle a general relanonship has
been demonstrited between the weight of the heart and the
duravon of QRS

Hetmwn 1nd Wikson howeter bae produced evidence to
shaw that even when the left ventrscular wall 1s much thickened
e duranion of QRS need not be prolonged Price and Pardee
also have found that even very Jarge hearts my hwne n norm}
duron of QRS Fram all these observations 1t seems that though
a prolon, ition of QRS to 0 12 second my 1t trmes be due to an
mereased thiehness of the left ventriculir wall vetin other heasts
1 mayy be due to 2 stghtly detyed conducuon m the left bundle
ranch (incomplete bundie branch black see page 128) such as
might result from shight depression of the funcuon of thus tissue
Such 1 distucbance of the function of the bundle hranch would
he expected 1o cause 1 marked left wis devition of QRS wath
1 prolonged QRS durtton and an meerted Ty s w Figure 17
Without wversion of Ty wcomplete bundle branch black prob
abiv should not be diznosed

When the duration of QRS 15 greater than 810 second sn
asocratan with tight aus devruon we may conclude that n
Al but excepuonal cases there 1s delayed conduction w the nght
hundle brsnch  Tlademn, of the wall of the nght venmnide
does not reuh 1 sufficienc degree o canse 3 prolongibon of the
QRS group except 1 cevtaws cases of congemtal Abnormabiy
thijure 1n ©) In doubtfa cases precordial teads may e
formation re arding the wme of arrial of the contrichon over
different parts of the precordum (page 129) which will help w0

deaide whether or not bundle branch block. 5 present
The T uare

The T wate ts not changed by venmncnir
hypertrophy anless this 1s extreme and posmbly not even then
Many records with marked right sws deviation of QRS (Fig 16
p} or marked left 1wis deviation {Fg 1ychshow 2 T wme \gix T
ts normal in al} three leads In targe series of records \\nh\ ‘;\
axts desianion of QRS about 24 giet cent shoned 2 downw "’%"
directed T and T, In g serses with feft ass devanon T“ y
werted wath or wathout Ty with abaut the same {n’_quenc; e
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Barnes wd Whitten hue found 1 st relwonstup and
hmve suggested that these changes i the T wave 1re due to the
presence of ventriculnr stram They defined this s 1 physiologc
myocardil disturbance due to the fact that the muscle 15 ashed
10 perform work m excess of its metbolic cxpacity They beliere
that there 15 1n mncrewsed hydrogen ion concentration and A
shortencd dmation of the contriction m the ventricle affected
The resulting electrictl imbalwce affects the T wave 1wd the
lead or lexds affccted are determned by the affected venticle

Rykert and Hepburn studied 20 cwses with marked left s
devintion ind mversion of Ty 1 4 of these careful microscopic
study fuled to reveal any myocudial degenerition o1 fibrosis
so that hypertrophy was the sole 1bnormal featme of the muscle
Rykeit and Hepburn pomted out three other fertures which are
frequently found 1 electrocudiogrims ssocited with muked
left ventricutr hypertrophy (1) The $T junction 1s defuntely
below the 1soelectric ine m Lead 1 wnd usanlly above the 1o
electric ine in Lead % In Lewd I the $ T segment pasees 1o the
peth of T wich an upnard convexaty which sometimes rises suffi
ciently 1bove the level of the S T junction to suggest 1 coronry
T wave In Lexd 3 the ST segment 1s concnve upward mnd 15
not unusial m apperrince (2) The voltage of QRS tends to be
Inrge (3) The voltage of T tends to be large Recently Barnes
bas mentioned these fertures of the ST segment s addional
signs of left ventricular strun

In the cise of records with night s devianon the T wave
somettmes shows 1 shight elevation of the S T yunction m Lead
I but without wny other unusual feature In Lewds 2 ind 3 T 1s
often terted (25 per cent) nd the §T junction mr Lewd $
1s often somewhat below the 1soelectric level the remunder of
the § T segment bemg mn no w1y remarkable nd showing the
usutl comenity toward the base line commonly observed with
wn merted T This 1s the clectrocirdrograpic preture which
Barnes ind Whitten hve watbuted to night ventricular strun
(F1g 39 4)

The one clinical conditton which seems to 2fford 1 good e
ample of 1cute right yentricular strun 1s embolism of ¢ branch
of the pulmon-ry rtery After this occurrence the electrocardio
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gram does not tend to develop night s deviation ::;_‘110“3“ ‘:
may develop a larger S than was present previousty The ey
qze of the S wne howeses may not be more than 3 or 4 mm
AQwaveolten dervelopsin Lead 3 and may Teach such a size that
1t 1s more than 25 pex cens 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 smverted 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 difficudt to wdmat thnt
they are the results of a similar process

The direction of the electnaal avis of QRS however often 15
associated with a defimte direction of T 1 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 axis 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 1as deviation leads to an mmersion
of T and perhaps also T while with night avs deviation T
and T, become mnerted Whether thas wfluence 15 ventricular
Strun of a relatine coronary msufficiency  the muscle hasing
outgrown the capacity of 1ts artertes to supply s needs or 4
dibwauon of the affected ventricle with resulung elongation of
:1‘:‘::::6‘\: \‘\)\'\asn:h and shight delay sn the spreading of the con

entncle 15 a matter stifl to be decaded

PrEcorbIAL LeADS Wity HyPERTROPHY OF Rt or
LeFr Ventricte
'll‘he sarauons of the precordial electrocardiogram associated
;::(l\dr‘xght and \ehd\enmm)ar hypestrophy lave been studied
1t the raviations due 1o nighe and &
2 elt 205 deviation have n
ot
?:L)ft bieen distinguished from those e w hypertrophy It 15
ely that the vanauons of the QRS group at least are anal
2logous

e ———
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1 the two conditions 1f not 2lso the variations of T With night
ventriculir enlirgement the QRS group tends to show a deeper
S wave with il posttions of the electrode and 2 smaller R wne
than usual 1n records from the 1egion of the apex and bejond
Wheres 1n normal heuts the peik of the R we tends to fall
Inter 1n lerds from the 1pex than m leads from the left sternal
border 1s has beun stated on page 72 records with right hyper
trophy m1y show the R perh comcident m these two positions
and occastonaily even Iater 1t the right sternal border than 4t the
pes The T wate tends to be myerted most frequently in lexds
from the right side of the sternum less frequently from the left
of the sternum 1nd oceastonally m leads from the regton of the
apex

With left sentricular enlwrgement the QRS group tends to
show 1n espeernlly Irge R wave 1n leads from the apex md one
which 1s smaller than usual ind vt umes missing m leads from
the left sternal mugm The tme difference between the peak of
R n the sternl leads and i the lead from the apes 1s usunlly
greater thin normal m these records wd meresingly so with
the degree of hypeitrophy The T wave 1s especnally hikely to
be mmverted m leads from the 1pex or beyond less likely n the
prasternal Jead and rarely an the lelt sternal lewd

It 15 not ccrtun whether the T wave changes of precordil
leads from herts with right or left ventrienlar enlargement re
related to the varrtions of QRS or ue due to some ddition
feature such s ventriculwr strun or defictent coronary flow or
myocwdnl diseise The sitmon 15 stmiwr to that of the T
nave changes 1 himb leds as discussed on pige 99 It has been
obsersed however that with left ventriculir enlargement the T
wave of the lead from the apex 1s only found mverted when there
15 1 very Irge R wave n tlus lexd

Wood and Seltzer hwve determmned that 1 patients with left
1ws devittion due to upward displicement of the diiphrigm
1t was usuil to find mversion of T n precordinl 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 mn lewds from the
apex They pomted out that the finding of m mverted T wate
1n lexds from the right of the sternum m7y be of ud m dis
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uaguishing bets een 1eft ans desiation due 1o uphard displace
went of the cardsat apex by a dugh drsphragm and that due to
agmiican enlargement of the left veninele 11T 15 upnght m
s fead ho werence ean be drawn butf st s e ered en
farement of the left ventuicle 15 unlhely

CLINCAL APTLICATIONS

Auncular by pgmnph\ will be suggested by the changes T
that hase been descobed Tt may be assocated with senows
congestion 1M exthes the pulmonany ot the systemic sems The
former 1» far more common ahd the accepted decrrocardio-
graphic sigps of auriowlar hspertraphy probably depend raostly
apan a fyperroplued teft wircule Mitral stenosts causes the
most marked aupcular ypertrophy but mitral regurgrtation hs
a stmdar though fess marled efiect The eftecr of tcusprd sienoe
s1sn causing a P w ne of lare voltage his been mennioned Dis
ease of the sortie vilve will mcrease the work of the Teft auncle
when the left ventricle fmls to empty atself properds and
sme iy true of high attenal tension thus these tendutons lead
only secondanily to aurngendar hypertrop s

T*e fhindimg of nght or lelt xxs dessanon ot QRS 15 not 2
wiss an ydicanon of the presence of ventricular hypertrop® 3
e axss deviaton may be due as has been snd 1o mmor con
Berutal varratians 1w the dwnbuiion of the bundle branch nssue
and ty sumenhat mfluenced by the position of the heart an the
chest the verngal rppe o ¥ eatt tending 1o produce a night axts
wd the harwanial sype u nding to produce a lefy axis of QRS
Devtation of the lectric 1) axes of QRS mny e assocrated with
Mperroply of bath sepmncles e one whose SIgn 15 most 1m
pressed upon the electrocardiogram be g hypertraphied (o a
greater degree No 2t ¢ agcommon tp fiud & much

yper
teophued hernswhose electrowardiogram has b

2 QRS group without
enbies vght of Yekt a%is dessauony of QRS This ind ‘.:‘ PR
e g ter
fas fape
of theiy

wtiy e ssgmficance of g
3

::lld‘t 2us devation of ORS 1 & must wbe o Becouny :!xt

vl sze of Whe heart and a1 positron withun the chest she
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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 1bnormal deviation of the electrical 1s1s we must
now attempt to 1ppruse the size of ech ventricle separately and
to consider what might hive been the canse of the hypertrophy
which m1y be dingnosed

Hypertrophy of the nght ventricle mny be caused by diserse
of the pulmonary arterres with mirtowing Chronic emphysemm
and chrome pulmonary tuberculosis often lead to hypertrophy
of the night ventricle, the nmowed pulmonary cpitlry bed
probably betng the cause Certun congental abnormahues 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 cardite defects mry also be rwccompinied 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 mcrewsing ts work Mitral regurgitation does this 1lso
though secondanily and only after overtinng the left ventricle
Hence the earliest records with this valve lesion may show 1
Teft 1x1s deviation of QRS later ones gning 1 normtl 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 contiued stretuots
physical exertion occisionally may lead to left ventriculr hyper
trophy though more often to n hypertrophy of both ventricles
so that QRS 1s not chinged Arterial hypertension and aortic
stenosis cause the most marked left ventricular hypertrophy and
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as they affect the nght ventricle only secondanly throngh h;lnrc‘
of the left they lead to marked grades of lefe wx1s desyation o

RS 1 of

Though the determnation of 2 preponderant hnpertrophy o
enlier ventnicle 1§ not the most 1mporent information derned
from the electrical cunés yet 1t cannot be obraimed m any other
way and often tirows an important hght upon a doubtful ding
nosis The presence ot bsence of hy pertrophy of the 1. ht ven
wicle 15 often a factor in deading whether the yumbhing
diastohe murmurs heard at the Apex when aortic reguritation
1s also present are due to 1 comaident mitral stenosis ot 1o the
aartic regurgitation by the mechanism described by Thint The
presence of a rght axis deviation 1s a proof that ymtral stenosts
1s present thongh 1t 15 not uncommon to find a QRS with the
normal refation of the waves 1 the three Jeads due to a hnlanced
hypertrophy from 1 shght degree of stenasis combined with the
nartie fesion

Two valvdlar lestons desenve special mention A pure uncom
phctted mitral regurgitation will usually gne an electrocardio-
gram showing a shight or moderate degree of Yeft ants desration

ar a normal ventnicular relanon respective of the amount
20

i
.

«twnmai arvection ot the axis Most of these have little
o1 1o enlargement of the hewt and are often without the 1n
creased pulse pressure so charactensue of this salie lesion Yet
the mutmur may be quite ryprcal nd often furdy foud Most of
these panents have 1 vertier position of the heart which could
mash a shght delt side hypertrophy as presiously explamned In

certatn cwses however 1t 15 impossible to explain the lack of
abnormal avs deviation

The chinecian 1s sure to wonder hou exact a measurement of
relatrce yentricnlar st this electrocardiographic sign has peen
found 10 T Yt s mot patticularly exace bug 1 15 hiable to he
mote sa the more definie are the evidences of cardiac enlarge
ment Those hearts with a definite puhological preponderan s

esther ventricle usually gne a definite nxu”de\mtmn of the “Pi’é
group The discrepancies between the secords and the \emngﬂar
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lirger the heart the greater importance 1s to be 1ttached to 1
deviation of the electizcal Aws 1s m dication of hypatiophy
of one or the other ventricle With smaller heuts the position
or the peculiiites in the distribution of the contraction wave
m7y be predominantly importint Having observed the presence
of absence of 1bnormal der1ation of the electrical wis we must
now attempt to appruse the size of exch ventricle separately and
to constder what might have been the cuse of the hypertrophy
which may be dignosed

Hypertiophy of the right ventiicle mny be caused by disease
of the pulmontty artertes with nanowing Chronic emphysema
and chrome pulmoniry wbeiculosss often lead to hypertiophy
of the right ventricle the narrowed pulmonary capilry bed
probably bung the ciuse Certun congemital 1bnotnilities of
the hert cruse greae hypertrophy of the nght venticle Pul
moniry stenosis  patent mtersentriculu septum  and patent
ductus artcrosus obsiously would do tlus but 1 patent for
men ovale or 1 prominent ventriculir band would not Con
genit1l cardine defcets may Wso be accompanted by tbnormahitics
of the branches of the aurniculoventricular bundie so that =
tmes the hypertrophy will be ccompunied by wn abnormnl
path of the contrwction wawve This will distort and vtite the
electrocrrdiograpluc sign of ventriaular hypertiophy

Mitral stenosts leads to i hypertrophy of the right ventricle
through 1 drmmung back of blood in the pulmonary cipilluies
thus increwsing 1ts work Mural regurgitntion does this also
though secondrily nd only alter overtnng the ledt ventricle
Hence the earliest records with thus valve leston may show
Tkt vas davntion of QRS later ones gring 1 norml QRS and
Jater still 1s stenosis develops, T right 1as devition

Hypertrophy of the left ventricle 1s caused by disease of the
aartte valve either regurgttation or stenosis by arternnl hyper
tension by coronary 1rteriosclerosts by mutral regurgitation and
by diffuse myocardinl degeneration Long continued stietious
physteal exertton occrsionally may lend to left ventricuiar hyper
uophy though mote often to 11t hypeitrophy of both ventricles
so that QRS 1s not chwged Arternal hypertension nd 1ottic
stenoss 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 stenoss of to 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
hvpertrophy from a slight degree of stenous combined with the
aottic lesion

Two valsular 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 axiy deviation
o 2 narral senr zentar rel1tion srrespectise af the amount
of hwﬂ'lrnphv of the hearr { nenmplicated aortie TeZUT AT

sunnlly asaented with fefr g deviition but there are many
that show 2 neemal o rertian of the

o o entarmen, vy Most of thew hase Lisle
et o ent of the heart and are often withaat the n
e E'“; p\'ﬂ;m‘c 0 eharacteristic of this salve lewon Yet
thess pm;m:n{;“ © qure repaeal and often fusty loud Viear of
ik o e 3 vertieal pounan of the heart whick cntld
2 shht lefrsicte hepertrephy as [reviensly explaned In

centay
« B e Bonere g gy mprsatle o explun the Tk of
Ml ads devy ey

The eliney,
relatize yomyy,
found 1 4o

NS WMC @ wender fr (oo
rular gze ¢y, r{rﬂmmrd/n'rrnphzr sign Fa Fren
YOS 0r [ etentarls e qer Tug i 1y liable o e
MIYE defingte are the o (ence of cardiie enlarge
hear vy 2 efmir pathelemyes) tretenderancr of

UG The e A e e dec e of the ORS
PAACie B vern the rerepd, me the ventrienir

XACL 4 mea yrement of
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weight 11tios re uswally of such 1 character that they might well
huve been due to 1 modification of the QRS group by 1 vertical
or a transversc posttion of the heart withi the chest At times
extreme varntion of the electrical axts may be found without
crdrac enlargement This usually 1s due to pathologieal changes
i the muscle

SuviraAry

The electrocardiogrphic diagnosts of aurcular hypertiophy
m1y mdicite 1 distinction between hypertrophy of the nght
nd of the left wuricle Hypertrophy of the night auricle 1s espe
enlly assocnted with 1 hirge voltage of P winle hypertrophy
of the left tricle 15 especinlly 1ssoctated with meretsed durt
tion d prominent notching of P

In the dignosis of ventriculir hypettrophy we are able to
determime with fur accuricy whether the nght o the left
ventricle 1s cluefly affected The greater the cirdine enluge
ment, the greater our accuricy mn this respect In makg this
diagnosis we must constder both the direction of the electrical
as of QRS md the direction of the matomical s of the
heart a5 determned by 1 vertical o1 1 tiansverse position of the
heart witlun the chest

Hjypertiophy of the nght ventricle may be diagnosed with
an enluged hert if 1ight wus devintion of QRS 1s found With
out cudinc enlrgement 1t should not be diagnosed 1f the hewt
15 of the vertical type with ¢ low drphrigm With 1 normni or
trinsverse positton of the heart nd right 1ws deviation hyper
trophy of the 11ght ventricle 15 probable

Hypertrophy of the left ventricle m1y be dirgnosed with m
enlarged heart 1f left axis deviation of the QRS 15 found Without
cardric enlirgement 1t should not be dignosed 1f the heare 1s of
the transverse type with ngh diaphragm With 1 normal or ver
tical position of the heut wnd lcft 1us deviauon hypertiophy of
the left ventricle 15 probable

Hjypertrophy of both ventricles my be dignosed with 1 en
Inrged heart 1f there 1s nerther right nor left s deviween of

QRS
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CHAPTIR IV

CHANGES DUE TO MYOCARDIAL DISEASE
AND FUNCTIONAL ABNORMAUITILS

HE most important feature of electrocardiographtc ding
Tncsxs depends upon the fact that myocardual disease €
change the elecneal mamfesnon of the hieart beat and thereby
produce ahnormal wes n the ¢lectrocardiogrym Such electro
cardiographte abriurmalsties will be present whether the heartas
regular or wregular fasc or siow They depend upon the ahnor
mahyy of the muscle of the chambers concerned and therefore
are found each ume the chimbers contract

Beats ansing from abnormal foct such as premature beas and
tchveardias alsa produce abnormal waves Such wases are
readily distinguwished by the presence of the arrhnthmia from
those due to disease of the muscle

Funwonal ariations 1 the muscle are also capable of caus
tng changes i the elecinical waves The electrical productyon may
te changed 1f the muscle 1s abnormal because of faugue or of a
defictent bload supply or because of the action of drugs or of
toauns These ate temporary vistations lastng only as long as
the Clusitive agent 15 acthve 3§ the cause 15 operitne for a long
penod of tme structur il changes mAy supersene A sngle
record may not suffice to tell whether an abnorm ity 1s dite to
abrormat funcuon or 1o disease but later records or a yevaen
of the chimcal femures of the cace should enable us to deaade

AB\OKMALITY OF THE P Warg

;\\:\::‘lax pten;a\mc beats or aunictlar tachyeardia ofien e
st 10! Ti(nlar
— :\:T D‘(:mc :‘mi“f\ ::ea;:: :;:)r r;la) alsa be either
fuiter (C\\:lp(;r A1) are usually duc,:,w rltation o auriedac
aurteles but also may be due stectural duease of the

€ 10 toXI2 or even to neurogemc
109
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cuwses Ixcept for the imphcations from the finding of these
arhythmus little could be learned until recently about the
auriculr muscle from the changes m the form of the P wave

=

Tig » A Abnormal I waves notched and with maeased duraton The ven
tricular compleses show right axss deviation of QRS

B Abnormal I waves imerted 1 Lewds 2 and 3 The ventricular complexes
show marked Ieft aws deviation of QRS a cunous double topped T whe
Lead 3 a diphasic T wave in Leads [ and 2 The waves marked T 2 m Lewds
1and 3 and T 1n Lewd 2 are m face the U ware

Very few clintcnl pathological correlwtions hive been reported to
justify the diagnosts of spectal pathologicil changes s the cause
of P wave abnormality The P wave sometunes presents 1 quite
abnormal appearance however aside from the changes described
s resulting trom hypertrophy

Abnormal P waves e seen 1n Figure 22 A and B and such b
normil wives often persist We behieve this abnormality 1s due
to a focal disease 1n the wricular muscle because marked notch
ing of P or mversion in Lead 1 or i Leads 2 and 3 are the type of
changes which would be expected to result from the bnormal
contraction due to disexse of the uricular muscle Lambert has
recently indicated 1 specific deformty of P as resulting from oc
cluston of ricular branches of the coromiry arteries namely
a double topped P wve or 1 diphaste (4 —) P or an inerted P
Thesc features re best marked in Leads 2 and 3 as m Fagure 22



MYOCARDIAL DISEASY 1

»and» He emphasized also thatn the acute stage there nugh:
pe an mveried dome shaped deformity of the PR fmlcl'\l'\l
(auncular T) Master has empl\asued the frequency o ‘an ‘i‘
aeased hoght of P dunng the acute stage of ventncular p
farcnion but the mechanism of 1ts pmducum\ 15 2 matter ol
sperulalion A% PRESEA NEE 1K does wot seem ta be confined lm
my parucular site of the lesion Tt seems more hikely to be
due to some physsotogicil change such as aunculir dihtaton
than 1o pathologenl changes w the wumicular muscle Unusually
farge P wanes ace Also frequent w records {rom panents with
1OXIT FOUCT
‘The only experumental wark which has come 1o my attention
beaztng upon this 15 1 stngle record published by Lewts to allus
trate avother matter 1 whuch marled votching and lwge size
of P were present after one auricalar appendix hnd been crushed
Natching of P 15 the sort of change which might be expected to
follow an mjury of thus sert Dusease might m a suadar wy
lead to an wterruption of the normal path of the contraction
wne at o an uneen spreading of the contraction to the night
and left auricles and this would cause a notched P wate
Unfess 1t feads to arthathoua aunicular myocardetis has little
effect upon the funcuonal ability of the heart for the {orce of
the heirt beat 15 1n the rentricular contracion Myocardial dis
ease 1s but rarely locilized s the auricles but nevertheless an
abnlnty to cragnose aunicular myocardius my occasionally gune
2 better msight nto the pathological precesses af certatn patents
m whom sentricular disease 1s enher absent or 1s msufficient o
change the ventricudar curves
When the Targest excursion of P recorded m the Tumb leads
15 less than 1 mm ne have an indicason of a paar state of ey
Yo e o P Oy oy e This b
0w yoitage 7
bined normal s:ne(; of 78“&3&9‘5 c;\; f: c(\‘»?spﬂ oo 1n e com
and the wathor gune
sar result from 1 diffuse duse e 1;101‘mall) small v tught
tr1st 1o 1 focal process wh h"c 0 lthﬁ punculte muscle w con
nowhed P wave Small 1‘ 1ch would be more lilely to cawse 3
naves are seen after prolonged 1ufec
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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 after 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
hypothesis

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 resulting ventricular
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 specnl sort of pathologicaf feston 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 1s the only one to be wlected 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 (he contracnon from the left wentriclte (hraug‘l)l( lll‘lli
imteryentrcnlar septum With this change W the d‘““:m; .
spreading of the ventricular contraction the form ot the \‘c .
wmcular complex mmediately changes to one showing tt‘tl 31
fextures seen 1 the vecords of Figures 23 and 24 wluch “m{
{rom human hearts considered to have disease affecung one o
the bundle branches and nterferng with ats function

The typical charactenstics of these electrocardiograms as they
are obtmned from patients are as fotiows (1) the sentrscular
complex bas an abnormally wide QRS group the duration heing
at teast @ 13 second and usuatly 0 16 second (2} The QRS group
uswlly though not ateays shows sturrnng or notching w more
than one lead of there w3y be a notching of one or more of the
peaks (3) The largest wine 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 discordant
type Certan records may have the largest wave of QRS n the
sime direction m Leads 1 and 3 enther both upward or both
downward these cunves ate spoken of a5 concordant wpes (1)
1€ the P ware 1s present 1t1s followed by the ventricular complex
after a P R mterval which 1s usually normal though occasion
ally varving degrees of heart block mny be present 1t auncular
fihrillaton 1s present these bundle branch block compleves wall
occur with she svegulanty charctersse of this condition as 1
Fign e .4 Certamn other specal charactensues of these cunves
will be deseribied under whe captions of the sanous types of right
and left bundle branch bloch complexts

The mcreased duration of QRS indicates that the contraction
has taken an abnotmally long ume to involve the whole af the
ventricular mass Thus 1s because 11 must now spread from gne
ventricle to the other through the ventrtcular muscle of the sep-
wm mstead of bemng distritited to both ventricles almost sumnt
wancously by the nght and feft branches of the bundle of His
and ther ramfications When the contraction has spread through
o e e, 90w e
auncnlos emnicular con, duq"‘ﬂ"-' y means of the branches of the
15 1 pases o the oo g tissue within that ventriele That

¢ of the septum to the ramificaions of
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the condneting ussue nd thence through this tissue to the re
munder of the muscle of this ventiiele The contiacton passcs
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 tlus 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 they had found 1 lesion of the right bundle branch
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 wn these fearts to find evidence of abnormlity 1t both
ranches of the hundle so that the mterpretanon of the func
wonat tesult 1« difficute Ths dufficulty 15 imerewsed by the ocea
conal finding of bundle branch block without evidence of gross
mitesruption of the anatomica) structure of esther Hundle braonch
1t 15 evident that a bundle branch necd not be entirely destroyed
10 order 1o hase sts function so depressed as to produce chrac
tenistic electracardiogeaphic erations It s prabable it when
both branches are affected the more serrously ffected brinch de
termimes the form of the electrocardiogram Esen though the
anttomical evidence for locilizatton of the leston s still some
what confusing 1t hns become increasingly enident with more
numerous nd more yselul studies thar the ongim) Jochzanon
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
uhwon of the human ventnicles (Chapter vi) Four separate
woups of ymestigatars are in pracucal agreement i winbuting
curves with the QRS group directed chiefly upward in Lerd Y 10
\ prematute beat sarng m ihe nght vemncle and curves with
QRS direcied chiefly downnward m Lead 3 1o a premaure bent
stutng wm the ko ventnde Only occavional exceptians are
wated (Chapter 11y k ss probable that bundle branch Llock
cures 1re more nearly untform m their mode of development
that are sentricalat prematire contracutons beewuse there 15
onty one bundle bratich w each veniscle 50 thi the contraction
stmulus has ondy this one mode of entry 10to the sentniele when
:::\"::‘;“ ‘l)‘:“:::l:;u\::::: dl:{r;malute bewts on the other hand

TEM sutuations so that the sumu

fus may enter the ventricle at one of Tany sites The locabzanon
of premture beats by the direction af

R.
the newer concepe of the localization of 3\5 ?e::\r‘\ ::‘:m:“}:‘l;“f‘:
bundle branch block Certain obsersanans make 1t x:omb\ h \
both premature beats and bundle branch blacl. C\‘mes mt "“‘
modified by the presence of a preponderent ventricular :;pt):
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trophy so that the general rules of localizatzon may not apply 1n
the specific mstances

hountz has added further eiidence mn fvor of the newer lo
calization by cutting the bundle branches of revived human
hearts The newer more carefully controlled ammal experiments
also hve contributed results which indicate that the older 1deas
of the localization of the lesion of bundle branch block were 1n
correct Wilson and hus 1ssociates have studied drrect leads from
the ventricle of the dog and also the human precordial leads,
and hve apphied the results to 1n malysis of the curves of bundle
branch block It 1s Inrgely through this work that the present
localization s come to be ccepted so 1t will be discussed here
m some detul

As 1s pomnted out tn Clhinpter 1\ (prge 322) the tume of nnval
of the contriction stimulus benetth the precordinl electrode 1s
mdicated by the perh of the R wave of precordial leads This
obsersation made 1t possible to confirm the locihizaton of the
Jeston 1n curves showing bundle branch block by determining
over which ventricle thns petk was developed exrliest and there
fore which first entered mto contriction Stmultaneous records
of Lead 1 and of the precordinl leads were obtaned and the time
between the occurrence of the peak of Ry and the peik of R
the precordiil lead was measured It was found that in the cases
ging records now considered to indicate right bundle branch
block the peak of the R wnve occurred much Iuter 1n cursves
from the sternum and the left stern1l border than 1n curves from
the apex nd beyond (I'ig 29) This del1y of the R wave over the
night ventricle they attributed to block of the right bundle
branch Likewsse they found that in cases giving records of the
type now considered to indicate left bundle branch block the
peak of the R wave was much earlier m the precordial leads ob
tuned from the sternum and to the left of the sternum thm m
leads from the 1pex and beyond (Fig g0) This mdicates 1 enr
Iter arrival of the stimulus 1n the right ventricle and consequently
left bundle branch block Such grewt differences in the trme ol
the peak of the R ware at different precordinl points re not ob
served 1n records with a QRS group of normal durition

Left bundle branch block curves may be divided mnto two gen
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rat ypes depending upon whether the cinef deflection of QRS
:s op) ste 1n Leads 1 md 3 {discordant) of 1 the s1me (\uecfm;n
(cnnc(:dam) 10 these Jeads Besdes the Abnormal duration of the

Fi, 23 4 21) B nd cate 1 1be Jeft branch of the annosloventiculay bus e
1 nop funcuoninn~ieft tundle biopch blodk Note the abnormil widih of the
QRS group ihe toirtane of ORS and the T wave dircered of pontte o the chiwcl
QRS defiertion » Seads 1 and $ "The vormst P R snterval of the teconds shaws,
Vhat e funcion of the masn avnculoentricutat bus fle 15 normat

QRS Lroup which must be a1 Jeast § 13 second the characiens
uc features of these 1o 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 1s R though there may be 1 smalt Q The T wate s
usually downward occasomatly vpward Lead 3 the duel de
flection 15 § though there may be 2 smaller R T 15 upward

2 Concordant type {Figs 2,8 90 ¢) Lead 1 18 the camn 2
scribed for Va2

though ther
ownnard
In aither type the §71 segt

belaw he di ¢ ment may be displaced above or
' Zero the direcuon of ths displacement be
1hat of the peal. of T P g the same as
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The curves of right bundle branch bloc! hwe been dinided
mto four types by Byley, ind Wilson fras subsequently de
scribed A fifth type Bestdes the 1bnormal durition of QRS the

ERCTN R

A B

by, 4 Abnormrl veninicular compleses indicatin,, right bundle branch block
The abnormal width and noichin,, of the QRS group md the T wae oppostie
to the chuef QRS deflection in Leads 1 and 3 are the important features ¥ ocord
A has normal aupsculoyeninculir conduction time Record 5 shows auncular
fibrilltron  The mucroscopte exanuntion of the heart which gue tius electro
cirdio,ram showed a destructive lesion of the righe branch of the bundie

charactersstic features of these types of right bundie branch blockh
arc 1s follows

Type I (Trgs 2z amdn 28 4 29 ¢) Lead 1 the chief deflec
tion 15 1 browd § with vsmaller R T s upnard Lead 3 the chief
deflection 15 R whiclt 1s broad and notched T 1s downuard

Type 2 (Ng g 8) There 1s 2 broad S but R 1s Twrger than §
Tisupward Lead 3 the chief deflection 1 R which 1s brotd and
notched T 1s downwwrd

Type 3 (Figs 25 A md 2g 4) Texd 1 there ts 2 huge R md a
broad $ Tisupward Lead 3 there 1s 4 slender downward spihe
of considerble size somenmes preceded by 1 small upward de
fiection nnd 2luays followed by a broad summit smaller 1n am
plitude than the downward spihe T may be downuard 1soelec
tric or shghtly upward
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f deflection 15 1 darge R

tig 26 A) Lead 1 the chuel )

‘3)}7!‘1“‘( '\g{)mad smaller § T may be tupy ard or dmu{\m:{ .
?&;:‘“.; s\\?)\\s a small R [ollaned by 2 brod deep merted sp

T s Rewcrds fown bundle branrl bk 4 Right bundfe fronch boch
e 3 8 lelt tundle branck bled af the concordant type

althoush occastonally the last gart of tus deep S warve may be 150
electric and merge with the 8T segment T may be uowsrd or
downuward

Type 5 (Trg 6 7) Lead 1 R and § 15e both present but botk
bave small awphinde T may be upnard or soelectric Tend 3
yhrowd deep § T s upward

The § T se,ment 18 ofien displaced abore or below zero m the
diretuon taken by the peak of T Altheugh the displacement 1s
not uswally as great as 15 observed 1n records of left bundie branch
Thock

The \owendwure and Critena for Bragnoss of Diseases of
the Fieart written by 1 commuteee of the New, Yotk Tuberenlons

wnd Health Associon s somen hae condensed thus classafica
won o gt bundle branch blpck as fallons

Fype X corresponds to Type | as descnibed above
‘Type B corresponds o Types 2 and 3 as desenibed abaye
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Type C corresponds to Types 1 and 5 s described above
As yet no special clumeal features hwe been associated wath
the mdividual types of left o1 tght bundle brinch bloch The

-A-MATW""‘\"“'
NMN"M/‘N

“'“Mmmﬂ

'
1 L
A B

Itg 6 Records showing night bundle branch block v Veatncular compleves
of the nype {raney B Ventricular complQies of type o

five types of right bundle branch block curves described by By
Jey 1nd Wilson can be furly well disungutshed i wny lrge series
of records showing these peculiar features The wthor recently
found the following distributson m 1 group of 83 such records
from the New York Hospital Type 1 31 Type 2 11 Type
3 33 Type4 6 Type s 2 The sume New York Hospital se
ries contuned 74 mstnces 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 differem position of
the heart wn the cliest and of duferent varreties nd degrees of
ventriculrr hypertrophy may be responsible for the different
types of curtes of right bundle brnch block nd perhaps 1lso for
the different types of left bundle branch block

Igure 27 A and © and [igure 28 a e examples of wmother
variant of these curses characterized by the small suze of the
excursions 1nd the marked notclung of QRS This type of com
plex was ascribed by Oppenhemmer and Rothschild 1o arboriza
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TOCESS
uon block  thusterm mtending to indicate pnha)ugxm\"‘;" -
which mrolsed the ramficanons of the austculos 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
Yagcal chrnges nor does shis 1y pe of pathologrcal change alwys
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

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 Insie 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
whom Iigure 25 B ws obtuned and shows 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 contraction wave tesulting from the rers of myocrdial de
aameratian v common throuchout these hearts (CGhapter V)
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The precordial leads of prusents » 1th bundle branch block ’\r;
lso charcerssue They show the \ncreased duruion of the QR
group nd those of right and left bundie branch block are chav
acterssucilly different With right bundle branch block (Tvg "9}
(he curies obtuned from near the siwmwm show the peak of
the R wave much delyed occurnng from 008 second ta 010
second alter the bemmming of the QRS group The peth of Ris
frequently notched ot there may be twa upnard peaks w nth 1
downward deflection Letween them formm., a0 M type comples
<o that newther peak should properly be calied the R wave In
these records Wilson has shown by tiling simultaneous records
of Lead 1 and the precordinl leads that the second peak repre
sents the premtrnsic deflection mdicated by R m the other
precordial lends Leads from the left side of the hevrr sn the
region of the apex and beyond show a sharp R wave uslly
Tirge thouyh sometimes small whose peik occurs soon after the
begimming of the QRS group sometimes as early as 002 second
or 003 second The remamder of this QRS 15 composed of 2
bioad sturved or nowthed S wine which 1s nsuatly smalt hough
sometmes lrge

The precordial leads of prtents withy left bundle branch block
(g 30) show 1n the ftads from vear the sternum a very small R
save or ocaasionally none 1t all The size of the § deflection

obtamned neyr the sternum 1s apt to be very Jarge so that often
¢ -

duced 1 order to
T

The T wave also
T suduy large n these leads At or usually beyond the Tegion

of the 1pex the QRS gronp may shos the upward and down
ward deflecnons of an M type of complex beyond the apex 1t
shows an R wave which does not dey elop its peal unul from 0 08
10 012 second after the begimaing of the QRS group 1n that lead
and often shows 1 sturring or natclung on ); ascendimg tmb
Tlus R wne often 15 not well deteloped unul as far h:’er:\‘. a
the midcatlary Iine (Lead CT G) ?
The time from the be,mming of the QRS group to the peal. of
the R wive gives 1 mdication of the tme :{ appearancepnf th
conttacuon sumulus at the viraus precordial points Ths s ]c
1o be 3 sausfactory a measurement as 15 the comparnison 0:"«"“5
perl wach a fixed POt an the record of another lead sucl: :Z



Iy, -9 Records indicating night bundle branch block The three upper tons
are the imb leads and below these precordal Leads EF 1 LY 2 IT'3 41 and
CF 5

A Bayleystype 3 n type 2 ¢ ype !

It will be nouced that the peth of the R wave appears Iate m Leads ET' 1 and
EF 2 occurning 008 sccond after the beginming of QRS except in record B which
shows the delayed R only in Lead EI' 1 Leads from ponts farther to the left
show an early apex of R 002 to 004 second after the beginmng of QRS

[124]
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Iy, =g Records indicaung nght bundle branch block The three upper rows
are the Iimb leads and below these precordial Leads EF 1 L1 2 EF 3 11 and
Cl 35

A Bayleys type3 B type 2 ¢ type 1

It will be noticed that the peak of the R wate appears Ite m Leads EF I and
FI' 2 ocenrnng 008 second aiter the beginuing of QRS except 1 record B which
shows the delayed R only in Lead EF 1 Leads from ponts farther to the left
show an early apex of R 002 to 004 second after the beginning of QRS

[124])



Fg 31 Slo tmune sheht delay 1 the ume ¢f appearance of the peak of R 1
the precordial 1eads of vecords with marked left axis devianon and a QRS group

of 017 second duration The three limb leads are above and Leads Eb 2 EF 3
4 T and CF 5 ave below i this order from left 10 nht

* From 2 puent w th lon, standing I pertcosion and enter,ed heart QRS
dration equals 019 second left avis deviacon definte (++ ~) The R ware 1
tent in Tead EF 2 and appears 006 second after the beginnng of the QRS
#10 p 1 the other 1l ree | recordia feads

# From another paent with hyperiension and enlarged heart Ihe duration
o QRS equals 01 second Left aws devsston marbed (+0~) The peak of
R 1 005 sccond after the beginmng of QRS 1 Lead 1F 2 and 005 sccond after
the begina ng of ORS in the other Teads T 18 inverted 1n 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 delhy neser 1eaches such 1
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 I'T 2 s late 25 0 01 second =fter the begmming of QRS
1n this lead, but 1t neser 1s found as late 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 have 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 figure of 0 12 second 1s 1 ctiterion for the durition 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 erther branch
Curves such as thase of Figures 22 8 and 31 A and B are not



i, 3 fituiraing st e delas 1n the ume of appeatance of the peak of R m
W jrecordial leads of ecords w th marked left axis deviation and a QRS group
1 D1 econd durilon The three hmb Yeads ate abore and Leads EX 2 ET 3
41 n1CF  are Il W in tss order from left to night
v lrom a patiemt w th koo, standing hypertension and enlarged heart QRS
a0 equals 01 ceend deft axs desuavon defnute ¢+ 4+ —) The R wave i
Twent 1 Lead £F 7 and appears 006 second after the beg nming of the QRS
WOty 1t cther th e precerdial leads
F m anoth £ gatent w th Mpertension a0d enlaged heart The duranon
FORS eqalt 01 seconl Left avs devianon marked (+0-) The peak of
R 1 669 ccond after the beginmine of QRS in Lead ET 2 and 00, second after
¢ be o ng of GRS in the otfer feads T 1 imverted in Lead CF 5

Lyl
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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 B), then 7 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 figme reaching 0 14 second or morc 1s 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 branch
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 deviaton
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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* Aweu ¢ hbnll non nith incmplere 1 bt tundle branck Heh Tte QRS
digun equibs D) sccon i and e natchn and unuwal appearance of ‘he
QRS group adicates a distur ance of the pread:

N, of e comracion sungdar o
tat of n bt bundie branch block
b A later 36018 of e sme patient o ng complete T ht bundie branch
ok 0pe 1 with 2 QRS duragson of 0 14 second o preater
< Nermad tvihm w 1h an

-
compl (e teft bundic branch 1k The fimb {eads
and precord a} Yead

hal deads show a Jate R peak 007 second
e e Sepunng of QRS in Leads 4 F and CF 3 ate the uny R preceding §
n Les

[1.9]



130 THE ELECTROCARDIOGRAM

and 1 T wave which 1s 1lways opposite 1n direction to the chief
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 Turther Yelt (T1g 30) 1n this record the peik of R mn Lewd # ¥
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



g 33 Intermuent bindle 1 anch block Leads 1 ® 3and 3 ¥ The compleses

wiked B m cach lea § indicate 1 ght bundle ! ranch block The other complexes are
<Ua more normal form excep t for the o1e marked \ 1n Lead * which 18 2 ven
U clar ectogic beat The bundle branch compleses are of Basley s type 3
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and 1 T wave which 1s always oppostte in direction to the chief
deflection of QRS The pittent had 1 mutral stenosis of Jong
standing 1nd 1 much hypertrophied heart This record 1s to be
dignosed as indicating 1 dehyed conduction (tncomplete block)
i the right bundle branch because of the long duratson of the
QRS group combned with notching and the broad S in Lead 1
The diagnosts w1 confirmed by the lter development of com
plete obstruction of the night bundle branch duning a period of
1ute cardic farlure when Tigure 42 8 was obtuned This s
1 QRS duritron of 014 second 1nd the complex s typreal of 2
right bundle brancl lesion with 2 Type 1 comples (page 118)

It would scem then that mcomplete bundle brinch block s
mamifested by 1 prolongition of the duration of QRS and
changes 1 the wves of the QRS group analogous to those 1t
tributed to preponderant sentricular hypertrophy of the ffected
side The more charactertsticully the QRS ind T waves approach
the configurition expected with complee bundle branch block
and the wider the durition of QRS the more reason there should
be to dingnose incomplete bundie branch block rather than pre
ponderant ventricular hypertrophy Tigure 82 € 1s a curve thut
15 probably the result of incomplete left bundle branch block
It has a QRS durition of 012 second with R the chief QRS
deflectron 1n Lead 1 and § mr Lead 3 Ty 1s upnard an unusual
but not unheard of gnding i left bundle branch block The
precordinl leads are sumlar to those found with Jeft bundle
branch block m hiving @ smll or 1bsent R 1n leads from the
sternal and parasternal positions and 1 del yed R at the pex
and further left (T1g 30) In this record the peak of R 1n Lead 4 F
15 007 second after the begmnmung of QRS m that lead a Jesser
defay than 15 usual with left bundle branch block (Mg 30) but
more than 1s usual without 1t

In certain patients bundle hranch block complexes re con
stantly present mn others they re trainsient When the funda
mental tendency 1s present they may sometimes be induced by
quumdine by exerase, by deep mspiration and by other miflu
ences The phenomenon of alternating bundle branch block has
Deen obscrved 1 certamn cases which showed alternating cycles
with 2 normal and with a bundle branch block configuration
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B33 e min b ndlet anch iloth Seed } 0 Yani d b The complexes
whed B utea filea t niheate 5 bt hundt tranch o The ther « mpleses are
£ oren i am enfe( dor the coc marked X n Lead 2 which 1 3 ven
tuiky e i bear The dundlc traneh ecmpleset ate ¢ Davieys type §
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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 occastonmally produce 1 record with compleves
gridually changig 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
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Before diccussing those electrocardiogriphuc ch:\nges}\; lxx:;;(r:
1 bisis 1t my b
to a less well defined pathological
‘ci::udc: separately the effects which mxy be produced upon the

Block «uth short PR Teads as i Frgure 31 The
ns o this tecord 18 unu uitly gseat The first an)
foursh precordial e ds az

¢ stan lxdized at one falf stan lardizat on 2 mm =}
mlsal The PR wtenal 15 0 10 second 10 the himb leads

renmaulir waves by the vanous mfluences whick tmaght ffuct
the myocwrdhum in the course of eardhac disease Fhus 15 ttitended
o be 1 schematic presentation and 1t must be, harne (1 mmnd that
the end result when mo or more of these influences are present
smultaneousty wall be 4 tance of the effects of cach Tlie effects
of damage to the man bundle branches are aluys so predom
mine that when such dammige 15 present the carve will register
s i spuce of afl other wiluences that my be aflecung the
wuscle

iy Otvervcumary oy by pertrophy,
QRS voltage ™Yy be increased
QRS duration may by
by pertrophy of 1,
T voltage may bey

¢ mcreased (onf
elt ventricle)
nereased

y by mapked
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T m1y be miated m Lead 1 (only wieh marked
hyperttophy of left ventricle)
B Dufluse disease or depression of Tunction
QRS voltrge may be decrcased
QRS durton may be maersed
Q1 duritton may be mcreased
T voltage mny be deareased
C Toclired disense of ventiscular muscle
1 Not fectmng large subdmasions of the bundle
branches
QRS voltrge my be increased o1 decicased
QRS m1y be notched
QRS mdndual perks and direction of s may be
chged f affected myocudial e as Irge
T voltage myy be maeased or decrersed
T my be abnormally myerted
Affecung lIige subdnvisions of bundle hanches
QRS voltrge may be mereased
QRS dircction of 1as my be chnged mdiadul
peths may be changed
QRS duration may be ncreased
QRS my be notched
Affecting 1 mun bundle branch
The cutves chunctenstic of bundfe biwch block will
appen

I}

In discussing the abnormalities of the dlectiocrdiogtam which
may result from diserse the hust step will be to define the bno
ml chuactenstics of @ wave and then to mdicte the yaneues
of discrse which may e these fearares

Notching of the QRS group It has been (xpluned m Chp
ter 11 that notching or slmrmng of QRS may appear m one lerd
af 1 normal tecord wnd cven w twa leads provided thae it docs
not appew n ather of them upon 1 part of QRS which 1s naar
the top of 1 tall perk When notcdnng or shurting appeats in more
than onie fead near the top of 1 11l peak it should be considered
to mdicite 1 abnormility of the 1ccord Such notdhung s
usually though not always accompamed by 1 mormal mer
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ston of the T wave 1T the notchng 1s shight Wnd occurs dm:\:;
a qmcL\; MoV INg £XCUTSION 1t May be straighitened ot as xs( « ¢
1m0 3 sort of thichening or slurning of the side of wn R ar § wav
Notching 15 ihustrated in Fagutes 5,5, & andc 3,Aand B and 27 A
and & while slurmng can be seen in Figure 3, 4 B and ¢ and

ny other records
“‘:\h?‘s usually evident that the notching of QRS occurs at the
same time interyal after the beginning of the QRS group 1 one
lead 1 1t does 1n another or perhaps notchung 1 one lead will
be found at the same time as slurring in another Thas 1s because
\hese notchings or sturrngs 1w the different lends ace due to the
same dsturbance mn the production of the electrical potential
within the heart Thus disturbance of potentind may anse (1) from
the fatlure of a diseased area of the myocardium to contribute
us electncal potential 5o that the normal development of the
curve 1s mterrupted or (2) from i nterference with the normal
spreading of the contraction wave by a leston which affects a
large avea of the Purlanje ramifications Tlus prevents the mye-
carchaf areas supplied by these ramifications from receinng the
sumulus normally and entering ito actviy at the normal ume
Tt must recenne the strmulus from the nearby ventricule muscle
and therefore 1ts potenual 15 delayed

Lestons affecting only small areas of the Purkinje ramifications
probably do not fead 1o the occurrence of notching or shurmng
for the contraction 1s spread around and past them by the 1ntacy
branches 1t a considerable speed It has been shown by espers
mental worl. that such lesions as are caused by a mife-cur across
the endocardial surface of the sentridie of the dog do not Icad 10
appreciable changes i the ventricular wases and prrucalarly
vot to notchun,, of the QRS group unless the man bundle
branches 1re imohed
e Fime 35 N ;( I)‘ (mr.;e to a lesion of the Purlunge
rened (lum(m: o QRS rmob \:ing 18 pr{esem without an ;n
the ventricular muscle \mhm)u \em e 2 focal discased area 1n
racts. The notchang m P mngnon of main Puslan)e
this cate ory Pnce:nd Paidcc 3}‘;’0“ g Pmbab\y belongs n

mever on careful histological
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md
study of s1x hearts whose records shu\’\ ed ;::xen:::‘:ﬂ‘;;l‘gg Tt
slursing of QRS as the only :bf;ol;::a:;)“ o torge focal treas
each one had diffuse myocarda P o also duffuse
These cases prove that not only large focal aren
dusease may cause notchung and sturmng of QRS . "

A notchied QRS 15 very likels to have associated a d 0‘:1 nw’;h
T, ot T especally 1f the duration of QRS 15 increase c
sbnormal msersion of T m these records may result ether f"‘)‘“
the change 1 the ume relations of the nght and left ventriculr
contraciiens dut to & lesson of the Purlinge system or from the
abnormat elecmeal production vesulung from 2 large area of
mmyocarthal disease

In precordial feads notching and slurnng of the QRS graup
1s not abnormal 1 records obtaned from the region of the n
tervemricular septam and cavdiac apex. or from thie mudhine and
10 the right of this In other regions 1t may be a mamfestanon of
myocardial disease beneath the site of the electrode for example
I ed EF; of kigure 41 A It has been pointed out by Wilson that
1n direct Jeads from the heart muscle 1t 35 commonly found at the
margin of an area of infarcuon

Large () uares Mt has been observed that many electrocardio
grams from pattents with coronary arteriosclerosis show an wn
wsually farge Q wane in the third Jead * This was mentioned in
the first edwton of this book aud has heen noted by numerous
auchors since then The chief difficulty in using thus as a bisis
for diagnesis lay n deading when the Q wave should be con
sidered abnormally large Afier a resien of a Iarge number of
records of both normal and abnormal hearis st seemed to the
uthor that Q, shauld be considered abnormally hrge when 1t

measured 2 per cent or more of the largest peak of QRS found
1 any of the kmb leads (Fig 36) If hewerer might axis devia
1on ws present or if the R wave was folloned by w § 1t was
not helieved that the large Qs had the same signsficanct, [ike
wise the M tvpe of complex with o upward peaks w13 excluded

as the downward peak was not called Q The practical vatue of
Records mdieaning buadt
o o T8 o odle brnd otk are 1o be excluded from this con
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this measurement s been confirmed by subsequent nvestigy
tors nlthough Duramnt aind Peel hnve mdicated that m many cises
the M type of complex like that of Tgure g2 ¢ myy hue

' =y
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hLig 36 To tlustrate the large Q § In each record there s Jeft avis deviation
of the QRS group and 1n erch record the negative deflection m Lead 3 due to
the driference hetween the heght of R 1 and R 2 mast be found in the Q wave
In all records this Q wase has 2 value of more than 2» per cent of the hepht of
the largest peak sn the imb leads Note the low voltage T wave of records 8 and p
also the diphasic (~+) T in Leads 1 and 2 of rccord €

Note especnally the second heart ¢ycle in Lead 3 of record 3 The firt move
ment of this QRS group 1s upnard followed by a downuard wave and then an
upward wave This 1s the type of complex which hs been referred to as the M
type Tius was only an occastontl occurrence mn the thard lead of this patient the
majority of the compleses being Iike the first one here shown and hmin, no
upward deflection preceding the downward wave marked

1 stmilar signtficance to the Jarge Qu and Iikewise the downward
deflection QS without wny upuard deflection

Kossmnn suggested after a study of the size of Q in 1 sertes
of nornnal hearts that 1f Qs 1s more than 25 per cent of the larg
est peak of QRS mn this lead 1t 15 probably abnormal He nlso
confirmed the tuthor s stindard of 25 per cent of the largest petk
of QRS found 1n the ltmb lewds Wilson s table (pige 12) mnd:
cites 35 mm s the masunum normal value When Q 15 Inrge
there 1s often a Q 1n Lead 2 also but in many cises there 1s not
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Peel found a greater (chnen:) oi‘médl';\‘ce:“sf‘:: 1‘: sfl’;‘n‘;:";:;“:‘;
ame also 1 though
{::%:; %{:‘:mecal data %ﬁ of 6 mm ws to be considered abnor
any case
m}‘s::smmn suggesied that when @ exceeds 20 per ""; of]l:;r;
Jargest pead of QRS 1m Tead 2 3138 pmlmbl) abnomx:[\ » ),a)
S ilson s figures indicate 3 20 mm - 2s the upper himzt © d"°m
for Q@ Peel found thara Q@ of 3 mm or WoTe Was I i ication
of myocardial disease
Tt 15 Jikely that the appearance of even a very small Q wave
rm Lead 1 may occassonally be an abnormal feature and espe
cually so m the presence of night ais desnation of QRS The
arly suegestions s to normal crutena for Q; are derssed 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 certam critena for Q; which were samewhat
less defimtely associated with coronary disease than Jus crterty
for Qx Tn this study we encounter a different terminalogy {rom
that «which othess bave psed 1 she desenption of the Q wave
for he described by this name those QRS gronps without an R
wire wn which the sole deftection of QRS was downward (the
Q5 deflection) When such curses were ehminated from the Q,
group the frequency of coroniry artertosclerosts was found defi
mitely greater wn the rematung cases thereby showing that call
g such waves Q leads to a gronping together of curves of dif
ferent ugmficance
‘el’_\(“d“;‘_“‘“mauy large Q, 15 sometimes assocated with an
ed Twaven thislead and 4 large Q, may be assocsated with
1sersion of Ty and possibly of T, ale Such assocranon mcreases
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the probability of cotonay arteriosclerosts but the hek of T
wave mersion does not detrct from the dignostic importance
of the Inge Q wae

The Intge Q; 15 much more frequent than 2 hirge Q wuie m
the other leds and has many mmportant 1ssocrations It 1s not
hnouwn however to what structural changes this 1bnormlity of
Qs should be referred It 1s an mterestng fact that 1t 1s found not
ouly 1n records hom pauents with coronary arteriosclerosis
especinlly those with the anginal syndrome but also 1 records
from patients with 1theumatic perrcarditss nd occasionlly with
acute theumatic fever without evidences of pericirdiss It I
been obsersed fter pulmonary embolismi and 1 wfestrion with
trichima

It was abscrved that yzatons m the posiion of the heart due
to movements of the dirphraigm hnve 1 profound effect wpon Qs
m many ¢ases It my be large in the novmal posttion of the din
phrigm nd a full inspiavon may dunmush 1ts size o1 may even
entively abolish 1t This has been observed n cases known to
have coronry artertosclerosts Our present knowledge does not
mdicate that the disippearance of the Q wave on deep mspirt
uon plices 1t m any different category from thae of 1 Q wave
which s not 1bolished by deep inspnwon Clinical obseryations
concerning this wave have only been made wieh the diphiagm
m ats normal resptary posiion The willuence of resprration
upon 1t hs no dignostic significince at present

In precordial leds the Q ware 1s not normatly found in rec
ords from posttions 1 and 2 and only occistonally from position
3 Ifat exceeds 3 mm m Lead 4 For 35 mm in Lend CE 5 1uss
probably bnormally Imge In 1ecoids after mfwctnon of the
antertor surfice ot the heut 1t 1s usual to find large Q waves
the leads from the 1pex nd beyond and 2 Lead ET 3 (ind Cr 3)
1t 15 usual to find Iuge downward deflecuons (QS wve) without
1y R nwe ather preceding or follonng These wnves have
been called large Q waves by Wilson 1nd his followers Simlar
wves are frequently found m Lead EF 2 {(id CI' 2) The ab
sence of the R wave in these precordini leads has been attributed
to the 1bsence of the muscular contraction oser the area of the
mfareton The large downward deflection—QS wave—is then
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the result of the activaty of the septal muscle GRpOSIE 10 the wn
farcted area The lrge Q wave and small R wluch Apperr w pre
cordial Teads obtuned from poimts {urther ta the left are con
adered as evidence of arels of degenerated myocwdim cont
Bined with areas of widegenerated tussue

The duvation of Qs The sigmficance of an creased durition
of Q, has been wnestigated by Bayley who found a ligh fre
quency of coronary arteriosclerosis among patients showing 1 Qs
with 2 duration of 0 04 second or more All curves showing nght
aws deviauon o huing QRS compleses with a duration of
611 second or more or hiving M or W shaped complexes in
Lead 3 were excluded from consideration He meluded both Q
waves and QS waves i his group He found that the irequency
of coronary discase was greater when there was also a @ even
though this was of small size It 15 interestng that m addstion 10
coronary disease these wide ©Q wanes occurred 1 pinents with
shewmatic heast disease and 1n his group of 163 patients there
was one patient with mysedema one with neurccirculatory as
tliema one with mema and one normal pregnant woman In
spite of the mclusion m this group of a few patients withont
ardiac discase the finding of an electrocardiogram wath the
duration of Q, 01 second or more seems to have defintte diag
nastic salue

Duration of the QRS group Increased duration of the QRS
moup wdicwes a delay in the spreacang of the cantriction
throughout the entncular muscle As has been pownted out s
may depend upon an ncresed thickness of the muscle of the
teft ventricle or upon 1 dysfuncuon of the system of fibers wiuch
distributes the contraction stimulus to the ventrictdar muscle
1e the nght nd left brnches of the 31 bundle and the
Purlanye fibers witlun enher ventricle 1f the stimalus s spread
tformly but stowly throughont the 1entricles there sill be 1
prolongation of the QRS group—an increse 1 1ts wirdth wath
i sl Ao o QS s ot

uon has sertously fasled and

i some whose heatt rite has grealy mcresed An mncrease 3s oh

served after the admimstration of quiniine which deluys the

vate of propapon of the tonlse {Fig 58) Figure 32 Aand B
3
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e tecords obtuned At different times from the syme patent
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 leIt 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 15 found nndex 1 few other clrcum(
qtances In records from children QRS moy e A (\\m:‘\m\\ of
only 006 second possibly because of the smli size of \‘Iti\t‘\‘
wicks so that the spreading 15 quickly completed A \c‘r) OTIE
QRS may be found m the record from 1 hexrt which b pust
saffered from w warcton which has destroyed the function of
a considerable atea of muscle (Fig 6, &)

Tn precordaal lesds the duration of QRS 150 generd of the
same osder of magminde as 13 found 1n the standard leads of the
same tecord 1t has been observed howeser that when the stand
ard lexds show 3 shighthy prolonged duranon 1his 13 »iien longer
i the precordual Ieds by perhaps 001 or U 02 second

T oltage of the QRS group The height of the largest wave of
the QRS group of the lmb lexds seems to vy for much the
same reasons as does the height of P It ys usually Jarge when
there 1 ant tieretsed amount of muscle whether or not the hy
pererophy leads o a prefond

¢ of oue ventacle 1t 18 Jarger
when the phiysiological state of the muscle 1 bevter g smaYer
whea this 15 nat s0 good The upper lumit of normal has been
set at 20 mm and the lower at » mm  but with waves as arge
1% QRS 1t 15 1lways pecessary to =dd 15 per cent to the lagest
recorded <alue when one lead has a small relative escursion
This bas been discussed an Chapter it where 1t was painted out
that under these conditians the mmumum tecarded ralue of
QRS rugh be s bude a3 4 2 mm and the maximum should pot
be mer 17 1 mm
After the acute mfections diseases and during marked ciren
Yatory Sk & the soltage of QRS s often found somll Tt in
treases dunng com descence and wich smprovement of the o
culaion Figure g7 A and 8 e records from the same pattent
the first taken Just as he was recos ermg from a peniod of severe
::s:zf:dm;\:;d;nﬁnz; :; !:::::l ;:::ti neeks later after he had
ote the merersed voltige
of QRS and 150 of T m the secand Tecord
Yy patiewts wuh sederosts and narros
t\ c:(s‘c:;:;:e\; :;::‘; 1\;;:))' ;): QRS excursions of very small size
ease ta normal size even when com

ving of the corongry
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pensatton smproves Tigures 38 A and n and 28 B are from such
patients Record 38 B shows an intercsting fexture m the small
excuistons of the waves of the ventricular extrasystoles showing

£l "}; 1 Sk
: —

. 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 electricl 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 1s occistonnlly found with an
acute rheumatic myocardts where the mflammatory reaction ss
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a pulmo-
prabably the cause 11 15 s found with severe anemia P
Yual asthmz
tubercidoss and brond o
m?n addstion to this fundamental myacardial cause for Yo

W
_ ¢

T L i

gt i

U
iy neuS, Bty _m
a
A

z
r'g 43 Rerords showne 1oy voltage of ORS andlowyoha e of T N e v

tie solta ¢ ¢F P -
Aentr colar
rxcutsion 31

age QRS there 15 an exuracardiac factor whichi 15 probably due
t0 a shortawemting of the electrical potential before 1t veaches
the extremitres Perrcardiad eflusion may cause low voltage by
thus mechanusm o posably by the pressure upon the coronary
vens slowing the bloed flow and leadng to poor myocardial nu
witian Emphysema ts often associated with low volage of QRS
and this 1s possibly due to short-aramtng of the heart s carrent
U the overlapping lun,, theugh Ratz s suggestion that the lung
1s a2 poot electrical conductor must be considered

A watd of cution 15 necessary agunst confusing the phrase
poor physiological condition  which has been used here to
describe the state of the heast muscle that teads to a fow voliage

m the imb leads with any rdea of the heart s abihty as a pump
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or with the degiee of cardine functional cpraty wiich might
be expected The Itter wre dependent upon many Factors other
than dus parvcular feature of the myocardim wnd it 15 m

-.....,_.--WW__::

i e e
|

Iig 30 4 The dowmward T wnie in Lends 2 and 3 which frequently appewrs
1 records with right Was devition of QRS

® Showng normal electucal avs of QRS wuth the T wne turned downward m
all thiee leads  Tus prient was not under the mflucnce of At ialis The QRS
group s abnormally wide measurmg 012 seeond m Lewt 3

€ A heart nuh congennal abnonniin showng the unusually birge excursions
of QRS glon,, with a4 notchung nd incre ned durnon of QRS that 1s rare i such
tecords

abserved fact that many pauents with low voltage of QRS do
not show evidence of cardine msufliciency or the gl syn
drome 1nd m it m1y not show 11y cudiw symptoms oy als
normal sighs Turner m reviewang 164 records with low volinge
of QRS found congestine fulure 1 70 cases but no congestine
fulure 1 43 other cises with dchiattely disewed hearts In p1
tients withont here disease m abnornl amonnt of ussue flud
w1 present w39 but was absent in 1.2 cases

Most pitients with congenital cardine normitties hve very
Iarge excursions of QRS (F1g 3p ©) o smmy wath sortic regm
gitation or marked mitral stenosis (Fig 2. a) or Ingh blood
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presswee (P 22 8) In il these cnndmnnsl(he cards\exc‘ ill)'}:w;(
wophy 18 probibly the factor which causes the increy (1 ]
the deflections The size of QRS will Als1ys be 1 resultint o
several varying influences A heart nhose R nnie would be very
targe if the muscle were good condition may show one within
normal limits or even fess af the physiological condition of the
muscle 1s below par or if there 15 short-aranung of the hert s
current by flmd or by emphysema

Should the stcte of nutrstion of the heart muscle sary from one
ame to another 1t will lead to varitions of the voltage of QRS
110 matter whether the waves are normal notched or of the type
assoctated with hundle branch lesions Compare Figures 24 4 nd
98 A two records of the syme heart the first tiken when the pt
tient nas nat well compensated the second 1t 1 liter period when
the condstion had become serious Vamations i the heght of
the wai¢s can only be attnbuted to vanations 1 the putngonal
state of the muscle when tlie form of QRS remams the svme
showing that the contraction 1s spreading by the sume path excht
ume for 1t has been pounted ont that variwons in the path of
the contriction can cause virrxtions n the height of the waes

§1 33 not possible to attach mportance to shight differences in
the feight of the wanes of records from difierent persons—to
affrm that the smuscle of ohe heart 1s m better o1 i norse con
diion than that of wnother There e ton many indepentdem
faciars wluch can werease or decrease the solage for emple
the degree of hypertrephy the patli of the contraction the plys
oloscal concinion of the muscle fibers ar factors 1 the surtound
g ussues which might mfluence the short-circuttng, of the
fheart s current

The precordual teads of hearts with low voltage of QRS w the

stundard feads usnally show an amplitude of the QRS deflecions
;\ nl\unFll(:e Tinge of normal though they may be low 1 certam

ewds Figure 4o A shows a record from a pent wath old healed
ardnie mires and wyth good abilit

Y 1o carry

on the orchn
e of hife The amplinde of GR< ¢ - "

L
#u ddpacent part of the myocardsum
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ot with the degree of cadine functionat ciprcity which might
be espected The Itter are depondent tpon many {1ctors other
than this puticuly faiture of the myocwrdium and st 1s an

g 30 A The downward T wie i Lewds 2 and 3 wlich frequently appers
i reeards wath e s deviation of QRS

B Showwg noimal clectrral avis of QRS with the 1 wave turned downward in
all three lenwds Phis patient was not under the influence of dyttihs The QRS
group 15 abnormally wide mesunm, 012 sceond in lead 3

© A hewt with congenutal abnornnility showing the unosindly hrge exenssions
of QRS ilong, with & notclung ind mere ned duviton of QRS that s rare m such
records

obsctved Nt that many panents with low solinge of QRS do
not show cvidence of cwrdite msufficrenty or the mgnal syn
drome nd m fct may not show any cwrdine symptoms or
notmal signs Tuiner iy revienang 164 1ecords with jow solinge
of QRS found congestive fulure m 70 ¢rses but no congestive
fulure m 43 other cases with defimtcdy diseased hewts In
uents without hrerrt disease an abnormat amount of ussue flusd
was present m 39 but was 1bsent i 12 cses

Most pitients nith congemtal cardiae ibnormahities hnevery
luge excurstons of QRS (F1g 39 €) also many with oruc regn
gution or mrhed mutral stenows (g 22 A) or lugh blood
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obtmned over the Tight ventncle from positons 7 and 3) show
an unusually lage $ ware 1n many cases the 5 v 1\7 wall ])c ;“;,
nsnfly farge with afl posinons of the clectrode When ncz‘ é
ventricle 15 hypertroptued cunes obtained 1t the 1pes :m] ;
youd show an upusually hrge R wave and 1p some cases the
1 unwswally Tge (rom passtions 2 and 3 Occanonally 1t may
be smatl 1m xecords from these positions or i position 2 My be
absert ¢ 15 dowbnful whether thus Tatter 15 n effect of uncom
phicated hypertraphy at whether 1t may not be due to a comply
cating myacardial disease

Toltage of T Iu general myocardial conditions which affect
the voltage of QRS will affect the voltage of T 1 1 siular mwn
ner so that they tend ta be increased or decreased at the same
ume Certun poorly understood factors however may nfluence
anly te T wane or mas affect 1t more than QRS 1s affected so
that 1n certua records T shows the chuef change

The voltage of T 15 chan ed when the ventricular myocardium
15 affected by any one of the three following factars {1} the
physiotogeal state of the myocardim (2) the presence of or
game wmyacardial dusease and (3) an abnormal spreading of the
cantraction. When the plysictomical state of the myocardium s
normal T will tend to bave a normal voltage When the mye
cardral nutrition 1s depressed the soltage of T will be dimsushed
When the strength of the ventnowlar contsction 1s abnormally
wmereased T wall tend ta be targe It tends to be Jatger after exer
ose md during acwe thyrotoxic states and with sentnicntar
hspertvophy  Although pathatogical changes m the myocardium
«an profoundhy aftect the voltage of T 1t 15 difficudt or mMpos
sible to Ity down general tules as 10 whether the voltage walt be
wereased or decreved More extensise lestons tend 1o be asso-
oz of T e ey el e
madepressed phny s?olo xi:l‘:l: e o 07 toeemaa and sesult

X ¢ of the musele \aster found that

coronry arerrosclerosis acute theumatig myocarditis (b o -
wabalar disese ¥ - -

the most frequen
tow soltage T 1f

b 133
Tanches or a mam subdivision

wwnohe one of the bundle
the spreading of the rontraction
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Tigure 4o B 1s the record of 1 patsent who had 1 shightly vbnormal
tendency to shortness of breath and transtent 1ttacks of wurcular
fibrillttion The amphitude of the R 1nd § wases of 1l precor

Fig 40 Records with low toltage of QRS in the imb leads The upper row
shows Leads 1 2 and 3 Tie lower row shows Lerds Er 2 1F 3 4 T and 5

A Trom a patient with herled anterior infarction Tius shons the Q 1T 1 fype
of sentricular complex absence of R m Lerd TT 3 a uny R in Lead 4 Fand a
small R i Lead CF 5 The T uaie w the precordal lewds as well as mn the
limb leads s such as is associited with 1 heilmg ntertor miarcuon

5 Trom 2 patient with generilized coranary arteriosclerosts and muld cardtac
msuffoenty The R § md T wanes of the precordaal lewds are norm1l although
the Itmb leads show a low voltage of QRS

dial Ieads 1s wiehin the normal range though the voltage of QRS
m the lunb leads 1s low

The precordinl lexds of records from hewts which 1re known
to have hypertrophied musculature usunlly show hrge total QRS
excursions (R + S) With nght ventriculr hypertrophy curves
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obtamed over the night semncle from postians 2 and Sl sh:;:w
an unusually Jarge § wne In many cases the § wave will ‘)c 121
usually large with all positions of the electrode When 1! |c‘ "
ventricle 1s Inpertrophned cutses obtmned 1t the pey e “;
yond show an unusually large R wane and in some cases the
1 unusuafly large {rom posinons 2and 3 Ocmslona“) 1oy
be small in records from these positions of m poasiion = mn bhe
absent T 1s doubtful whether thus 1atter 1s an effect of uncom
plicated hypertrophy or % hiether 1t m1y not be due to 2 compht
ung myocardial disease

Toltage of T 1n gencral myoerrdial conditions wineh affect
the soltage of QRS will affect the voltage of T 1n a stmalar Man
ner so that they 1end 1o be mereased or decrensed at the sime
tme Certain poorly understood frctors however may wfluence
only the T w nve or may affect 1t more than QRS s affected so
that 1n certamn secors T shows the chief chinge

The valtage of T 15 changed when the ventnicalar myoeardum
1s ffected by any one of the three followin, factors (1) the
physioloacal sate of 1the myocardmm {2} the presence ol or
ganic myocarchal disexse and (3) an 2bnormal spreading of the
contracion When the physiologicat state of the myocardium 1s
normal T will tend to b a norml voliage When the myo
cardial nutrinvon 1s depressed the voltage of T will be diminished
When the strength of the ventncular contraction 1s abnormatly
wereased T wll tend to be farge 11 1ends to be larger after exer
ase angd dunng acute thyrotovic states and with sentricular
lispertrophy Although pathological changes i the myocardium
an profoundly affect the voliage of T 1t 1y dufficalt or 1mpos
sible 10 Ty down general rules as to whether the voltage will he
wicreased or decressed More extenstve Jestons eend to be 1sso
cated with a Jow volage of T hecouse they are usmity due to
fg‘:g:;\m::;m;:ng or acute nflammation or tovemia and result

physloieal state of the muscle Master found that

coronmary arterioscleross acute rheumate myoearditis ¢hronic
s thular disease wath carduac falure nd lobar prieumonsa were
;he most frequently encountered diseases 1 3 group of cases with
1:2 \c;h:.,,c T Hthe l:slllon happens to imalve one of the bundle

nchies or a mun subdivig
wsion the spreading of the contraction
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m1y be so disturbed 1s to lead to 1 increase 1n the voliage of T
This 1s why 1 large voltage of T s often found wm records with
2 notching of the QRS group When Jow voltage of T 1s found 1
1 record with notched QRS 1t will probably be the result of 1
diffuse depression of myocirdial function by diffuse disense

To statc 1 hypothetical comparison of the mfluence of these
dufferent f1ctors upon QRS nd upon T 1 heut without patho
logical processes 1w the ventticudtr muscle but with the muscle
1n 1 poor physiological conditton such 1s nught result from ek
of exercise bectuse of 1 sedentary hfe or from severe wemn
might give 1 low voltige QRS nd 1 Jow solinge T With shight
diffuse pathology m the ventricles such 1s might be due to
ttertosclerotic murowing of the coronry arterses (I'g 37 4) or
to the toxemti of 1n acute diserse the QRS voltage mighe be
normal though small and the T wave less than the normal volt
1ge The greater the imolvement of the muscle the smnller
would be the volinge of T unless 1 large disision of v mun
bundle bt inch became mmolved m which cise QRS would be
changed and T mught become of normal size or Iarge

It 15 necessiry to bear in nund the important disunction which
has been made betneen low voltige of the T wave md 2 low
amphitude of the T wive m any one lead Though the I' wue
m1y have less than 1 mm amphtude m my one lead yet tf ats
amplitude m the other leads 1s found to be 3 or 4 or 5 mm this
T wane 1s shown by the larger escursions to hne 1 normal
voltige Wihile 1 low mplitude w ne m one lead nught mdicate
7 transition stige betw een i upnard md 1 downw ud deflection
yet 2 low voltige T wave Jow m ll leads does not ndicite ths

In precordil leads the mplitude of the T wve does not seem
to parllel the voltage ot T as recorded i the leads from the
extremities In this respect the situation 1s simibar to that of the
QRS group Low voltige T my be wcompnted by precordid
leads with T waves of normal or lwge size and s 1s usual the
amplitude of T my be found to vary n size n leds from ciffer
ent precordinl pomts In certun records the T wme my be of
small size 1 precordnl lexds from 1l the usual positions (Figs
g1 wd 77 a) The causes of this finding are not understood but
1t 15 probably relted to the presence of an abnormal myocudnnn
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a5 m these wstanees Large amphtude of T m the ;;rc‘rmd:‘;\
prds of hews wath left bundle

Yeads 15 commonly found m rect

branch biock with hypertroplued musculiture aud lso 11 cevtan

$1 g1 Recor] from 2 patsent sath 2 liposny an{ fnpericosion with symptoms
of tardae » ofoes o There 1 @ 1 wate <«h 3 normal softage n the 1rmby

feal fut m the precordial leads the amphude of T small with atf positions
of the eletrade

phases of the process of healm,, following coronary thrombosis
(Fig 6g 8}

Abnormal dirertion of T The T wue should be directed
upnud i Lead 1 and s Lead 2 In about two thirds of the
records from normal hearts 1t wiil be directed upward in lead 8
abso I is found 1soelectnie or diphasic w exther Tewd | or
Lead 2 1t should be considered abnormai for such deftections
Tepresent 2 transttion between an apw ird wid a downward wave

The T wue ke the QRS sroup s 4 normat and w vbror
ml direction for sts duef electricd ags The normt T with
upnard deflections m Leads L md 2 and enher w upnard or 1
donnward one m §ead 3 {4-++ or 44—~} has m axss wluch s
seen from Fi ure »1 1o Ye between O md 50° The range for
s northiat direciion is gretter than for the QRS group When T
@ves 1 downward deflectton 1 § ead | (~+4-4 ) or [ead 2 {——+)
or {4 ~—) tts electriend was 15 haormatly directed Whetber 1t
s deflccted 1o the right ar dhe feft of s voymal position often
seems 1o depend wpon the direction of the electrical avas of QRS
(prog 101
a\:l:; (;n:;l::)ln: ’:\ch(\]:::s :l;z‘nngi;:h: d\rlemcn of the elecineal
(onraUen 1 a porion of the \enii cvios s peon of the

woubr s Poss)b!) a local
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szed shortening of the duration of contriction would aso pro
duce 1 change m the drrection ot T It seems that 1 localized
re1 of scrrning also may have thus effect though the phystologieal
process izvolved 1s not Anown

There 1s good expernmental vvidence to support the idex that
abnorm mversion of T 1s chused by 1 prolonged 1ty of 1
pat of the ventriculir muscle Wilson wnd Tinch haue shown
that the T wave of the human electrocardiogrim can be changed
m 1ts direction by drinking 1 large 1mount of 1ced water This
ts ascribed to the cooling of the diaphragmtic surfice of the
Bewrt which hes agunst the stomich The T wave of epen
mental aumals 1s simutarly affected when localized reas of the
ventricles are cooled by the ditect 1pplication of such coohng
agents 1s the cthyl chlonide spray or the carbon dioxide pencil
Cooling depresses the physiologicl actisities of the ffected arer
prolonging the duratton of its contractian and we have here a
demonstriton that such 1 prolongation can cause m abnormal
mversion of T m 1n otherwise hetlthy heart

In the cise of premature ventricular beats wnd of bundle
branch Jestons T 15 often directed opposite to the chief excursion
of the QRS group 1 tvno lexds if not mn three, so that 1t fre
quently 15 mverted The wbnormal in ersion of T i these records
1s due to the deliyed relanation of the second ventricle to become
wvolved n the contriction This protonged etivty of one ven
tricle tends to make T oppostte to QRS and thus lexds to 115
mverston This 1s especially true if the area of the QRS group
1ather than the size of the perh of 1ugest amplitude 1s considered
s indicating the direction of QRS 1ccording to the method sug
gested by Wilson (page 319)

When QRS shows 1bnormal notching or slurrning 1t 15 com
mon to find that T 15 downwmd m Lead 1 or Lead 2 or both
(Cig 85 5 wnd ¢) This change m7y be wnbuted to the effect of
the bisic puhology upon the character of the ventriculr con
traction If the notching 15 due to @ Purkinje lesion the change
m the direction of the T wave 1s 1scribable to the delnyed wen
sty of the region of the ventriculir muscle to which the ffected
branch 1s distributed If notching 1s due to 1 large myocarchal
focus the changed direction of T may arise because the diseased
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are1 does Nt EDteT IDLO CORLTACUON 1n the one case the nblnorm:\\
T 15 due to an abnormal tume relation of the events of ¢ \1e “en
1nplar systole winle she other 1t 15 due to an abnorm {elec
trical) balance durng the contraction

\When left axis devianon of the QRS group 15 present 1t is not
ancommon to find T directed downuard 1 Lead 1 or m Leads
1 and 2 (Fig 17 ) When night asis devntiont 18 present T 1s
often downssard m Leads 2 and 3 (F1 39 A) In each case the
appearance 1s similar to that seen when one ventnicle precedes
the other 10 its contriction because of 2 Iesion of one hundie
pranch and the T wase hes opposite to the predominant direc
ton of the QRS group in each lead In Chapter w thus feature of
the T ware of Tas desration curves was discussed w detud and
t¢ wdll suffice lere to repeat the conclusion that this change of T
ts due to something other than the cause of the 1vs deviation
This other factor appears to be an abnormal condition of the
sentricular muscle the direction of the aws of QRS apparently
determininy whether T shall be imerted mn Leads 1 and 2 or i
feads 2and 3 This 1bnormal condinion 15 sometimes due to the
phystological influences of muscle hypertrophv or strun but
usualh to pathological changes m the ussue

yocardsal changes may fead 10 wersion of T an all three
feads Tr such rerards the electuscal anat of QRS 15 winally normal
though occisronatly night or left as deviation may he found

Abnormal tnsersion of T may eccur m a record 1 which Qrs
dees not ki ~ ~-

g 8) This
change pro process—
elther toxi. w dwue ntammatory or chronic sclerotic——which
bas notamohed the bundie branch or Purkinge ussue

Towie condnzons such as uremua angd hyperthyrowdism cause
bootmal smersion of £ as may the toxemua of pneumonia or of
tvphord feser Certan drugs canse abnotmal iy erston of T Es

peaally noteworthy because of thewr common use 1% cardhac dus
ease are diitalis and quimdine

Mention should be made agamn here of the meeresting small
group of indiaduals wathont cardiae disease discussed 1n Chapter
1 who may show an myerted T and Ty when 10 the seated : 51
ton and a normal T and possibly also Ty when recumbempo
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szed shortening of the durition of conniction would lso pro-
duce t change 1n the direction of T It seems that 2 localized
wrea of scrrnng lso may have dhs effect, though the physiclogical
process imvolved 15 not known

There 15 good expermental evidence to sapport the rder thit
abnormal tversion of T 1s cused by v prolonged ctiny of 1
part of the venticulr muscle Wilson and Finch have shown
thae the T wave of the humn eleciracirdrogram cin be changed
m ats direction by drihing 1 Juge anount of 1ced water This
15 scribed to the cooltng of the dinphrigmatic surface of the
hert which lies agunst the stomach The T wune of expen
mentdd moals 1s sumtlirly affected when localized reas of the
ventricles we cooled by the direct 1pphicition of such cooling
agents 1s the ethyl chlotde spriy or the cubon diovide penal
Cooling depresses the phiysiologicnl activties of the affccred arey
prolongimng the duration of 1ts contractign wd we hinve here 2
demonstration that such 1 prolongation ¢int cause an bnormal
mersion of T 1 an otherwise healthy heart

In the cise of premature ventriiculir beus and of bundle
branch lestons T 1s often directed oppostte to the chief excursion
of the QRS gioup 1n two leads 1f not m three so that it fre
quently 15 inverted The 1bnormal inversson of T n these records
15 duc to the delayed relnation of the second ventricie to bhecome
imolied m the cantraction [lus prolonged activity of one ten
tricle tends to make T opposite to QRS 2nd thus lexds to us
miersion Thus 15 especnnlly true if the arex of the QRS group
rather than the size of the peak of lugest amphiude 1s considered
1s mdicrting the direction of QRS according to the method sug
gested by Wialson (page 319)

When QRS shows abnormal notclung or slurring 1t 1s com
mon to find that I 15 downwud i Lead 1 or Lead 2 or both
(g 35 B and ) Thus chnnge myy be nributed to the effect of
the basic pathology upen the chracter of the venncular con
trrction I the notcling 1s due to 1 Purkunje Jeston the chnge
m the direction of the T wive 15 wscribable to the detryed e
ity of the region of the ventriculy muscle to which the ffected
branch 1s distributed TE notching 1s due to 2 1uge myocardial
focus, the changed dsrection of T may atise becase the disetsed
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Yar T ware to cause a deflection during the ‘“"_hl portion °fl 'i‘):
ST segment has been mentoned on page 37 Ths mus‘
rihen 1o conssderation when examining the §'T scgpnent for 2
deflection due to the aunculyw T must not be attnibuted to a
pecotianty of the ventricular contraction It 1s howerer rive to
find thas deflection large enou .t to change the § T junction fram
1 notmal to an abnormil position
Certain records show 2n abnormahty of the § T segment shich
15 sometimes the ouly part of the curve found abnormal In other
records the ST segment 15 affected along with changes 1 the
feight of T or 1 the direcuion of T or both Abnormality of
this portion of the curse was first noticed 18 a result of the ex
tensie myocardial damge which followed the mjecuon of cor
rosive substances nto the ventncular muscle The changes ob
served n chincal recards are of vanous Linds
One of the most important abnormal features of the ST seg
ment is an elevation or a depression of the § T juncuon so that
1t oceurs at ¢ greater than normal distance from the zero level of
the record This may sometimes be associated with 1 T wave on
the sume side of zero as the displacement of the S T juncuon as
n Frgure 42 ¢ and p nd sometimes with 1 T wave on the oppo
site side as i Fignre g2 1t
The shghtest demonstrable change 1n the ST segment consists
ot 2 Wlling 1w of the normal upward or downward concavity
whieh precedes the peak of T 50 tht the fine 15 straight from
the $T yuncuon 1o the peak of T (Fig 42 A and ead 1 of Fig
7€) Thus way be asouiated wath 2 shght (1 or 2 mm ) or more
mathed displacement of the § T juncuen in the direction of the
i’;’:;”‘:‘ (‘;‘ f\‘:;a' “:12 <) ‘!n other cases the ST segment mav be
2! puatd with an wpwargd T producing 2 dome
s}‘“""" wave (b, 4~ 8} ot downward with a downward T pro-
D v e e e
seen an Frore 4o ¢ and o 1P( oot ST panctian as
o nd w Figures 63 and 6,

comphiated disturbanee of the § T segment consins of
movement 1n a direction o

follows as i 1 cad 3 of Fag

A more

an imual
L posie ta that of the peakl of T winch
ure 76 ¢ and Lead EF 3 of Tigure 31 a
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In precordint leads of normal persons the T wave often 1s found
directed downward i 1ecords fiom the tight sternal margm nd
m normnl children aind occrsionally in normat women from the
left sternl margin also Leads from other posttzons do not show
an merted T wave ¢seept when the myocrdinm 1s abnormal
Rheumntic myocardius wd digrtalss may give vise to 1 downward
T wave in precordrl leads and the imersion fiom these causes
1s Iikely to be more maiked u records from newr the sternum
than fiom the apex The myocardal degeneration resulting fiom
cotony uteriosclerosis 1s more frequently the cuse of mversion
of T m leads from the apex and to the left thn i leads from
nearer the sternum However T may be myverted by erther of
these causes 1n records fiom 1l precordinl pomts Other forms
of diseases 1lso nd toxic conditrons may cause mversion of T m
ong or motc precordinl leads No relation has been observed be
tween the myverstion of T an the imb leads and mversion 1 the
precordil leads There m1y be abnormal nnersion in the limb
leads 1nd none 1n the precordnil leads o1 the himb lewds myy
hve 2 normd T and m oue or mate precorcial leads 1t m1y be
merted or paclectric

An 1solectric T wive mn precordial leads 1s to be considered s
1 transition stige between m upward and downward wive amd
therefore 1s abnormal Its ciuses e the stme 1s those of n
merted T

Notching of T 1s rire m the b lewds This wave 1s typreatly
1 smooth rounded or pciked clevatton unless 1t should hnve a
P wave supermmposed upon 1t s m Tiguie 45 nd Figure 49
And 8 Notching of T 1s seen i Ligure 56 ¢ s 1 result of digt
talis and m Ligume 78 8 as 2 result of guidme admmstration
A stmulu notching has been observed m 1econds from certun
pauents suffering from hyperthyroidism  Nothing cn be sud
1s to the simmficince of this notchmg of T exeept that 1t 1s
probably due to 1 toxic reiction of the myocirdium Notch
mg of T 1s also found mn records obtuned by precordnl lends
It 1s much more frequently secn m these leads than i the leads
from the estremities Its signuficance 1 the precordial leads s
not understaad but 1t 1s thought to be a1 abnormal finding

Abnormality of the 8 T segment The tendency of the ruricu
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which 15 different 1n centain featares trom the deviation of 8T
found 1n cases of infarcuon It assocrated with 1w tsersion of
Ty when left aas destation ts present (g 35 c) and less com
monly with mersion of Ty exther b or without T when nght
axs deviauion s present The fend with downward T often s
the ST junction below the zero Ievel and the reaiprocl Iead
1 or 3 as the case may he has the § T juncton above 7ero At
times the junction may hie as much as 3 or 4 mm ~bove or below
the zero Yervel In each case the ST segment describies a nov
mally coneave hne from ws ongm at the $T junction ta the
peat. of T differing 1 thus respect from the abnormal §T seg
ment resulting fram coronary thrombosis which 1 often diphasic
ar 1s comves 1n the ditection toward the peak of T (Figs 64 A
and 6, A)

A Qesnatson of the §T junction similar to that found with
hypertrophy 1 seen 1 many records with bundle branch block
nd 1n these records 1t 15 «lso & permanent feature The pres
ence of a permanent deviation of the $T segment 1n these
o types of records hypertrophy and bundle branch bloch
makes one think that 1t mught be due 1 cach case 10 a delayed
completton of the spreading, of the contraction 1 one yentricle
in the hypertroptued heart Vs wowdd be anrbutable to the
mereased wuscle mass and i the heart with bundie branch
black to the conduction defect

In precovdial leads asin the imb leads the ST segment may
be affected alone or assngad with a T wave abnormahiy Ir 1s
affected by much the same thungs as affect 3t 1 the leads from
\}i:;‘:\:\:?::‘se\i::l‘“:s by digitahs quimidine coronary throm

myotardis ard other acome myocardial
o e s s 10 e - g 0 e
affected 1 leads from all areas Qe g ey be simtlscly
pending upon the extent or

the character of the myocardial diserse

Coronary I nove This term hus been apphied to an appear
ance frequently obseried m the §°T segment and T wave dunn,
e o oo 1 mporan

eatures inzy develop slowly 1n patients
who do not gie a lustory suggesting coronar: patien
g Yy thrombesis bue
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This produces 1 diphsic T wwve of one of the general forms
shown 1n Figurc 42 ¥ and ¢ or the reverse of these forms so that
the first phise 1s downsard and the second upward If the first

AN

A~

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

A Straightemng of the § I' segment

» Comenity of the § T sepment with dome shiped T wuve

¢ Elesanon of § T juncuion sith strat,hiening of S T segtment

o Flesauon of §7 junction with convesity of 5T segment and dome shaped
T wave

r Coronary T wase with ups ard comexity folloned by a downmard peak
“Note that the upwand convexsty does not cross the rsociectric level and the wase
15 therefore not diphasic (+ —)

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

¢ Elevtion of §T juncuon with consexiy ot the first poruon of a dipbasi
+-) T wave

it Llevanon of § [ juncuon with an umerted T wave Th
chiphasie because there 1s no upward peak

o
T

T wase 15 not

movement does not cross the zero level 15 1n Tigure 42 & the
wase s not diphasic but still 15 of the coronary type

Changes in the § T segment which are due (o 1cute condicions
such as pertcardits or cirdiic mfirction are found to vary from
fme to time tending with healing of the disese to return gridu
ally toward 2 more normal contonr In other hewrts when the
cause 1s 1 more permanent one such a> myocardial fibrosis or
ventriculw hypertroply bnormality of the ST segment m3y
remarn for months or years wich Irttle change

Records with 1 marl ed might or left degation of the ais of
QRS often show a permnent devauion of the S T' junctiont
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which 15 different sn certan features from the deviation of 8T
found 1n cases of wfarction Tt 1s associated with an mverston of
T, when left axis deviatton 15 present (F1g 3 c) wd less com
monly with i ersion of T» either with or without T_when night
aas devsation 1s present The lead with downward T often has
the ST junction below the zero Jerel and the reoproca) Jead
1 or 3 as the case may be has the ST junction above 1e50 Av
times the Junction may he as much as 3 or { mm Ahaosve 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 1s consex 1n the direction toward the peak of T {Figs 63 A
and 6y A)

A deviauon of the $T juncuion similar to that found with
hypertrophy 15 seen m Ty records with bundle branch block
and i these records 1t 1s also a permanent feature The pres
ence of a permnent deviation of the S T segment an these
wao types of recards Lypertrophy and bundle branch black
makes one think that 1t might be due 1 each case ta a delayed
completion of the spreading of the cantractton m one ventricle
In the hypertrophied heart this would be attrsbutable to the
wcreased muscle mass and in the heart with bunpdle branch
biock. to the conduction defect

In precordial leads as yn the himb leads the § T segment may
be affected alone or associated with a T w sve abnormality Iy s
affected by much the same things as affect it sn the lexds from
the extremiues such as by digueals qumidine coronary throm
bosis acute theumanc myocarditis and other acute myocardial
processes 1t may be affected differemity mn 1he Yead from one pre
cordial area than an that from another or st myy be stmafarly

affected i 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 unptmanat
to emphnize that sumilar features may develop slowly 1n pauents
i
sho do not give a hustory suggesting coronary thrombosts bue
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who my have bad 1 slowly nariowing coronary branch some
ttmes causing the ngmal syndrome sometimes symptoms of
most atypical sorts or even without symptoms 1t 1ll The coro
nary T wave my lso be found 1n patents with other forms of
acute mvocirdial diserse

The chatacteristic feature 1s that without elesation of the § T
Junction there 1s a upnwd convennty of the § T segment wlich
carries the tecord at first shghtly above 1ts point of ougin wd
then downwud to form m mverted T wave This 1s shown m
Led 2 of I'gure 64 5 and 66 4 Leads 2 and 3 of Igure 66 B
Almost all donnward T waves show an upsard comventty of this
mteryal, but the feature to be emphasized 1s that n the coro
mry T wne the typical upnwud convexity curies the Iine of
the 8 T segment upuard before 1t goes downward The wive may
or my not be diphastc (+-—~) however depending upon whether
the upward movement carnies the § T segment 1bove zero This
mmportnt feiture of the coronary T wave ¢ be noted by com
paring the § T segment of Leid 2 in Figure 66 A with thit 1
Lexd 3 In the former the typical upward convexrty 1s present In
the Intter the S T segment 15 convex up‘mrd but does not show
a characteristic upwrd deflection followed by 1 downward one
In Lead 3 of this record the § T segment 1s 1t first horizontal and
then downward In Tigure 35 B the typical upward deflection
appetrs m 1ll three lerds

The texm  cove phine T has been mtroduced by Rothschuld
Mann and Oppenhemner to describe T wies of this type mnd:
citing 1 cove followed by 1 plane The term 1dequately describes
most of these waves (F1gs 63 65 66) but does not apply to others
sluch e equatly diagnostic but have 2 very short final hmb of
T Morcoser many myerted T wives 1pproximate the ppear
ance of 1 cove and pline (Iead I of Nig 95 ¢ d Lexd 2 of Fig
39 4) and yet do not fulfill the criterrn of the coronary 1
Although the term cove plane has the advintage of not suggest
1ng 1 dragnosts yet thus mapplicability of the term seems to mihe
1t undesirible On the other hand the coronary T 1s due to
coronary disese m the grext majority of cases and ffords 3
satisfictory term to describe the simtlar T waves which are now
Lnown to result from other forms of disewse
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The apex of the coronry T wate 1s wrned (l\n\n‘\\n‘Kt ::;?
1t tay be accompamed by 2 downuard T m the other lunb ie “
thouh these T wues need not be of the coronny \me‘ s
\altage 15 often considerable and when thus 15 %0 the resulting
peak 1s shatp Teads whuch afford An 1dequate Yepresentation
of the voltw,e for exunple 1erd 1 of Figure 63 B The soliage
may be unusually Iarge s certamn of these cases L umes terching
10 mm Less frequently 1t may be nnusuaily sl 5§ the char
~ctersie Yeatures appear oty n Lead 3 it cxnnot Lie cansdesed
to have the sigmficance of the coronary T wae unless T 15 1lso
turned downward or 15 ssoctectnc Such 3 T wave 18 peoasiomilly
found 1 1eid 3 of records from nosml herts but at does not
have 1 large amphiude m these vecords

o precordhnl lewds the coromny T wase myy abso be ol
served (Lesd CT o of B, 68 aand [ends EF 3 11 wmd Ch B of
{17 69 my fuss espeaally lihely to ocour durmz the hethng
stige of infarction of the anterior surface of the hewt or s 1
result of a chivonwe acclusive feston . this stution. 1t s never
found with wlarctuon of the duaphragatic surfce unless the
witenior surface 18 also affected There e other varteties of dis
“uge af dre myocardium winch mav gine sise to this appearance
of the T wwe in precordial leads and 1t may afso be caused by
drags In precordial leads sts amphoude sometimes reaches gre
siee occsionaltly as much 15 15 mm or more as i Lead { F
of Frure 63 g

thnormal U uate Tn diseased hearts the U wne may be found
wnffected or may be mmerted Imversion of U hvs not been e

parted in records from normal hearts and my occasionalle ¥~
e sole ele ~em ¥

on s

o lm ¢ *amon otz sull fartner prolonganion
of thts wne This cm be determned by compratie measure
wents of the Q7 duration 1w other leads (Fig 27 8) The U

e has been noted o be mfrequently found 1n records from
pauents wath heart fylove In such

pients the admimstration
nll digualis 15 aften folloned by the appewrance of a U wave
When 1t was not present befote wemtment 1t has not been ob
setved 16 be affected tn quinidine
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In precordil leads the U wave 1s usually more promnent than
i the limb lends It 15 apt to be particully large after the ad
munstrition of digreals

SUMBMARY

Recognmzable evidences of the miluence of myocardnl disexse
upon the wuriculwr muscle re rre but sf ether rbnormal dur
trant notchung of the pek or deep mversion of the PR level
(1uricular T) are found disease of the auriculr muscle may be
diagnosed

When the sentricular musce 1s affected by disease or by tovc
or abnormnl metabolic influences the QRS md T wnes 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 voltage of QRS less than 05 mullnyolts
T waves turned downward m Lead 1 or Lead 2 or both
A voltage of the T wave of less than I millivolt

6 A spectil peculinrity of the ST intersal this portion of
the curve originating 1t an abnormal distance from the zero level
and passing to the perk of T by an unusunl curve Ths leads to
2 deformuty of the T wave such 1s 1s found espectally after coro
nary thrombosts

7 The § T mterval m1y arse from the proper level but mmy
p1ss to the peak of T by i rbnormnt course This 2lso lends to
1 deformuty of the T wne

8 Associated with 1 downwud T wave there may be a spectal
type of deformity of the $T mtenal culled the coronary T
wave The ST mtersal is convex upward passtug, upn rd from
115 point of ongm before turning downwnrd to the pont of T
In the precordil leads

9 An abnormlly Inrge Q wane may be present the R wue
my ful to apperr in leads from positions 3 4 wnd 5 or my be
abnormally smll

10 The ST junction myy be 1bnormally elevated thove or

depressed below the 7ero level
11 The ST segment wnd T wase may be abnormal

O 8 N2 —
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12 The T wave may be inerted

These features which have been attributed 1o myocardnt de
ease are occasionally found 10 vecords from apparently healthy
mdradails The frequency of such findings 1 indicated 1n the
studies by Johnson and by the Metropolitan Life Insurnce Com
pany The mcreased frequency of such findings with ncreased
age 15 beleved to indicate that the cause n the majorty of cises
15 the deficent myocardial airculation which resuhts from coro-
nary artenosclerosss Other etsological tvpes of myocardial disease
may be represented 1n indnsdual cases but it 15 probable that
such cases are much less frequent than those due to coronary
artenosclerosis ‘To find one or more of these abnormal features
n the electrocardiogram should be considered as definite et

dence of the presence of myorardial dusease The cause of this
whether toxic bl R 3 or dege e must be
determined by the other features of the patients history nd
examnation
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i oxdex to deaide that an abnostat t(ﬁ(‘.l\”o(:\tdlog\’:“ﬂ) 1 due
o 5 suwrn Tl Tayocardial disetse ne must first excinde the P‘;‘
bl that the abmormality Wy be due to a funcrional distnrly
ance of the myocardim Ta do this se must oineng the abnor
al tewrure orver a penod of tme to see st 195 ronsnt B LYY
Arm es We must catiader the climeal fetures of the case espt
iy m regasd 10 the presence of touns ar ey 1dences ol rormowt
sluncrion ot ot sitaman defictency We musst seel, Tor oer L
dences of strucreal cardiac disease such as enlargement or jor
signs of ercdiac wsulficiency or the angin} syndrome o7 the
¢ @ murs of saloadar stenosss or msufioenty There are onh a
fuw sprctal pecnfiannes of the electrocardiagram which afe deft
nuels indcatine of myocardinl disease Usually the decasson e
meen fusease or dsstunciron as e cruse of an elecsrocartho
wEdphic abpormality must be made on rather broad hnes ey
4 connderatton of all other factors i she el prorure

The dectrocardiogram  1ihe amy other single feature of the
chiucal examumition 15 quite msufficiens as an isolated fact to
affard & basss for 1 prognoss 1E tho heares e she same abnor
malittes tn the record there somd stll be a difference 7 te

dtng, upon the ! of the rakes ghe
pressure the charactes of she bie led by the
mrdndust and so an Yeu the electrocardio, tant 15 2 very un
poriant fexture for 1 12, gre s the only direct evidence of
dise se of the ventricular musdde 1o pavents who were evacely
Mke w4} respects eveept ther electrocardiagraplie vecards
would sull be far from simdar if one lad normal semreula
waves whate the o) er Fa ¥ g sbnormal record Whe any of those
of bigwres 23, 27 ar g, The ane sith the parmal wayes
» mdd hyse 2 much hetter cardise proguests for s vennienyar
musle 15 more kkely 1o be frec from disease
‘\O:L:;:x\:’e‘é;n D\}ai};dﬁRS grotp s usually due to a permanent Je
o1 J2igapt ta be a rather diffuse myocardsa)
d“”;“ and 1t he notonng of QRS 15 persistently assotiated wah
:“‘;\ el waves or with an abrarmally imeded T wave ye
‘“n‘w:“;’s;z:‘;’; :ﬁ’i;brﬂwwmum 15 extenmsely davazed
Nl of 2hrasralisey w ther

. y e
@ 98! 2 & Wi Tare et ptions a lun ted caediac vesere 1nd do

i ¥
hewghr of the blood



CHAPTER V
CLINICAL SIGNIFICANCE OF ABNORMAL WAVES

INCT the electrocardiogrum 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
myocardinl diserse Local neas of deficent arculation my gne
use to functional changes o1 the whole myocardium may be
depressed or stumultted stmultaneously Local areas of functional
depression affecting appropriate cardiic arexs may give rise to
changes in the durition of the P R interval changes m the dun
tion and form of the QRS group nd of the T wne Widesprewd
functional depression m1y decreise the voltage of QRS and T o
m1y cuse imversion of the T wave without wny basts of structuril
orguuie disetse Changes due to functional causes re reversible
1nd disippeir when the cruse 1s no longer present They re
thus likely to be of relatnvely short durition
Certun forms of acute myocardil discase which may produce
1bnormalities of the electrocardiogram may be followed by such
complete recovery of the tissues that the wbnorml features of
the electrocardiogrim may disappear Such changes usually tike
1 considerable time Abnormaliies of long duration should be
suspected of havng n underlying structural organie cause
Fyen when permanent chinges dne to structurl diseise evist
there m1y be superimposed other temporary variuons due 1©
vannons 1 the functional condition of the myocardium m the
border zone between diseased and healthy nssue This nught
occur for example m the periphery of an area of nfarction or
1 an arer whose blood supply was so near the it of physt
ological necessity that 1t would be beyond the nlity of the coro
nary flow to meet munor additional demands The presence of
drug effects espeanlly must be carefully excluded when constder
g the signtficance of 1 bnormality of the electrocarchogrum
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 d\sc_fasel o\;\ cardine :‘ES
Jugement These complexes of Hundie branch biod so't:len
appear during pneumonia ot other mnfecuous disease The rec
ord of Figute 25 B appeared during pneumonta and durning the
following year chinged to the form of Figure 27 A During this
year the pauent who bad newther \ihalar disease nor cardiac
enlargerment deseloped a moderate miaton of his cardiac re
serve whereas previous to his iliness he had been a very power
tul man

The appearance of bundle branch block usually marks a per
manent change n the electrocardiogram for the bundle branch
usually fatls 1o Tecover 1t function and the abnormal complex
persists I cestain cases bundle branch block 15 not permanent
The curve may 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 disturbance 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 waves
wowld depend wpon the damger of later damage by scar tissue
formation In the magonty of cases iowever patients with curves
showing bundle branch block are lumited n therr ability 10
;ercise

Patients with night bundle branch block. have been shown by
Wood to he a prognosis measured 1 duration of hfe and
degree of health much better than had previously becn con
sidered possible Many patents with lefy bundle ‘ranch block
hase been observed by the author to hne for years with compara
:;"; ‘;e:‘i:llr;kcm:\e ;e‘slnrnon of their actsaties and 1t 1s beheved
bloch also \\oufld “‘:‘ei‘l“df of panents with Jekt bundle branch

a better than expected prognoss
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not 1Improse so 1s to become even approsimntely normal Willius
has shown that the average expectation of hife 1s distunetly less
for patients with notclung of QRS than for patients othernise
stmilar but with normal ventricular waves

Notching of QRS mny depend upon 1 relwsely shight patho
logical process affecting 1 lrge muscle arer In 2 group of 6 cases
whose records showed 1 typically notched and slurred QRS with
out tbnormility of T Pardee and Price found 1 diffuse shght
myocrdinl ciserse m 2 and 1 moderately severe diffuse disexse
m 4 Notching of QRS may nlso be due to diserse affecting 1
primiry or 1 Inrge secondary branch of the A V bundle If such
disese should v ary 1n extent or severity from time to ime Vi1
trons m the notchung or m the direction of the QRS or T waves
mught result A varnuon in the notching may lso be due to
mirhed varntion m the height of the waves of QRS Large ex
cursions tend to stretch out the notches s 1t were and to mike
thiem less noticeble Small excursions have the reverse effect s
mny be scen 1 the records of Figures 24 A 1nd 28 A which ne
from the sime patient The notching signifies the sxme change
i the veutricular muscle whether 1t 1s less notwceable n higher
w1ies or more noticerble m smaller ones

Notchimg m1y 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 2 rotatton of the heart by the
movements of the drphragm and 1s quite sndependent of cardic
function

Those patients with an electrocardiogrim showmng bundle
brancl: block frequently hive 1 considerably dumaged heart
The tbnormal wives result from 2 disease which 1s often exten
snve and of the chronic sclerotic type Lxceptions occur how
ever for 1 very small leston if properly pliced would ffect the
function of 2 bundle branch so s to cause this type of curve
Arteriosclerasts of the rtery supplying one bundle branch m7y
cause a local fibrosis of the branch while the rest of the myo
cardrum might be relatnely undimnged

There are many paents who hwe typicat bundle branch
bloch complexes wnd yet are 1ble to perform 1n nerage amount
of exerctse without signs or symptoms to suggest that their cr
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1 30 abporma) ymersion of T 15 accompanied by “0‘5‘“‘}5 of :l‘fs
QRS group e change s usually 3 permanent one or 1
usially 1n such cases dne 1o myocardal Glass

When no cause for a mudie mocon & present we must
consider an abnormal T 10 mdicne a diffwse myocardnl dise e
The extent of this disease m be mierred by phsersing whether
the voltaze of the T nae 15 of good size nd whether the QRS
group shows noting or sturning in the conrse of its wrves The
merted T found with marked left was deviavon of QRS s
of doubtful sigmficance for 1t has been found et m 20 per
cent of such cases the heart does not show Qther §ross ot micro
scopie myocardial disease The onty change 1s 1 marhed enlarge
ment of the heart so that the Abrormahyy of T must hwe 2
functional basis ft 15 beheved that the muscle cells suffer from
1 msufficient blaod supply due either to the coronary blood
flow bemng madequate for the large mass of the hypertrophied
ventticles or to the hypertrophied muscle cell bemg too large
for a proper exchange of metibolites between its central por
tiant and the surrounding ussue lymph Lach of these frctors may
contribute so the result 1n a gnen case

As to prognosis—a heart with an abnormal T wave 35 1 poorer
rish than one without it though 1f tins 1s the only abnormaliy
resealed by a thorough evamination of the heart the pauent 1s
not kel 1o be more than shighds mcapacuated Over a pertod
of years such a beart would tend toward gradual fature The
foltlow up reports of the M0 Chnte show that when associated
with other abpormalities of the cardiovascular system [ wane
Ahnormalny 1dded considerably to the graviy of the prognosts
such pavients biving a shorter aserage duration of hife than those
with normal T waves The finding of a downward T and T,
s less sertous i this respece than of Ty or Ty and T were
downnard
uo:\:’:iest:(lia(ﬁtdo\,elg\flfxm]z ‘;‘“bﬁom o e with the fune
Leep within the hmtg L,l":;scli e whout disedse the sarmtions
volta.e of QRS ave onie cribed 1 Chapter 1t Vanations w the
wm:\l confmeation [:ligmﬁcnm if there 1s no change 11 the
of wtras entricutar co:duc: group for a changC in the function

on witl change both the el and
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The coronary T wave has been found chiefly i ptients whose
exercise was himited by precordinl pun even though the pun
mught hve been so slight 15 to be described 1s merely 1 discom
fort Some of them have severe attacks of ¢y prcal angmn pectorts
Some die of cirdinc miarction A few do not hue ny trace of
pun but have an rbnormal 1mount of dyspnet on exertion With
these 1t 1s probable that in addition to the focal necrosts resulting
from coronary occluston there 1s 1 more extensne myocirdnt
diserse The patients wre usnally able to be about and carry on
thur work mn spite of the pun or the dyspnex Some few of these
pzents muy be entwrely free from bath pun and dyspner nd
may resume thetr [tfe wathout symptoms They myy e for five
years or more after hving shown the coronary T wuve and dur
ing tlus time the T wave may etther remun unchanged or my
guve plhice to 1 norml wave The prognostic significance of the
wave returning to normal 1s not hnown It has not been deter
mmned whiether such pattents are more or are less Mkely to hne
subsequent attacks of coronary thrombosis thn if T had re
mmned tbnormal They are however, usutlly found to hwe im
proved chinictlly and are on the werage less hkely 10 hune the
gl syndrome thin one with 1 peruistently 1bnormnl T The
reappewnce of a normal T would seem to be m evidence of
1 compensatory increwse m the collateral 1nastomoses of the
coronry system so that the affected muscle arer his agun be
come properly nourished As 1 rule however pauents who show
the coronary T wave hase not 1 norml cudiic reserve wd
cven tf they have there is the ever present posstbiiity that 1 Ige
coronry branch may become accluded with 2 fatal result

Abnormal mveiston of the T wave my result from the actiont
of chgterlss ind other drugs so that the actron of such drugs must
Le excluded before T wve abnormality can be ascrabed to myo
cardial disease We should obtun another record after the drug
has been excreted from the body There re cases with urem?
wluch make 1t evident thae the T wve may be myerted m I exd
1 or Lead 2 by the ction of toxms msing m the body These
records sometimes show low valtrge of the waves s well The
inversion disippears and the w wves become larger after the ciuse
of the abnormal function 1s removed be 1t drug or tissuc poison
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(s 38 also small 1n all leads the smallness of T my be due to
touc or metabolic causes or to untsual shart aranung by the
ussues around the heart 1f QRS 15 normt ot farge an abnor
mally s} T might indicate a dffuse fibrotic change 1 the
muscle Such a change 15 not uswally severe enough to nca
paute the patient senously but 1t s rare to find 2 smail T
wase wch large QRS excursion from 2 heart & 1th 1 norml re
serve poner This my acardind condition rarely improves though
the rourse need nat be rapdly progressne 1f there 15 1 notching
of QRS due to a hundle branch lesion the tendency 1o 1 large
sized T 15 50 great tht exen extensne myocardil dhsense will not
produce an abnormally smatl T unless the heart 1 m exwrenws
Tt seemns cenn from the many published correlations of the
electrocardiogram and the pubological findings m the hewt
thit many sarieties of structural myocardinl disease w 1l gve nise
to abnormaf changes w the records Cestan pathological features
we frequently associated with certun features n the curves
Cardiac infarction gives Tise to a specsal sype of changes in the
ST mtennal \ heahing infarct or n area of slower degeneration
of the muscle ,1ves rise ta the coronary T ware  Certan Jess
definntely understood pathologreal chianges assooiated with coro
nary arteriosclerasss cause the large Qs 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
ton nd degeneranion-—the change in the cellular mettholism—
which produces the change wm the record 1t 1s not diifficult there
fure 1o undersiand how different eunalogical factors might gnve
rise to 1 sumalar state of abnormal cellular metabolism and of 10
addition to this the wame apatomical tegion 15 affected we can
understand the appearance of the same abnormal features 1 the
electrocardiogram
o e e
part of annacme m{em(u:f l‘i‘l‘::l:‘l‘: s;mcmrc Tous may be
acute degenertion die e oo :; e 1l ;eum:mc fever or an
erzion due to the more 3] T a0 or a stat degen
prolonged action of 3 Jess acutely de
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the form of QRS Notching 1s apt to be assocrated with an
creased voltage of QRS m the complenes ffected by mtriven
tnenlr conduction defects In the absence of notchmng bnor
mally lrrge voltage of QRS my be 1 sign of 1 muscle that 15
hypertrophied

A small voltage of QRS that 1s between 9 mm and 5 mm
m7y be due to 1 subnormal functional state of the muscle but
the mfluence of emphysema and of pericarchal effusion m de
creasing the heght of the waves must 1lways be borne m mind
If smaller still 1t 1s usually so because of a diffuse fibrosis of the
muscle Patrents with these very small QRS groups are not usually
able to cirry on normnl physictl actisity and are likely to con
tinue to be thus restricted

When low voltnge of QRS 15 the only "bnormnl feature of the
ventricular complex 1t 1s not usually wn indicron of cardiac
diseasc One small series has been reported by Barnitt mn which
only 85 per cent of the cses were found to have definite evidence
of cardie diserse When however low voltage of T was com
bined with low voltage of QRS 92 per cent had definite evidence
of cardiie diserse Steuer has reported 1 series of hospital cases
with qutopsy 10 per cent of which did not hwve my cudiic dis
ewse md yet had low voltage of QRS It 1s evident 1s has been
presiously stated that low voltage of QRS may have extricardiie
causes

7 he voltage of T has 1 somewhat different sigmuficance from
that of the QRS group s 1s extdent from the fact that QRS nd
T are not 1lways both Jnrge or small m the sume record A luge
T may be present becrse the muscle 1s normal and 1s overctive
or my be due to hypertrophy of the ventricles Occasiomlly one
sees untusually Iirge T wases i the standard leads after coronary
thrombosts or 1n pattents who e not had the symptoms of
thrombosis but 1re suspected of having marked coronary narrow
g A hrge T mny also be due to the change mn the ventriculir
contraction produced by 2 lesion 1 the bundle branch tissue
Cowncrdent signs of this would be noted 25 notching or mereased
duration of the QRS group or probably both

In the same w1y 2n 1bnormally small T 1s of 1tselt an uncer
tan ndicaton but must be considered m rehion to QRS If
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A single small lesion which happened 1o insohe ane of ll{‘c\I‘{:‘,Tc
dle branches would cause a marked change 1 the rccnn)
1t the same tesion were n the deep layers of the ‘cmnclx’x ar ;_mn
cie 1 pronbly would not affect the record recogmzably Feen
seneral foct ymght fail to affect the electrocardiogrim ncoé:n;z
by prouded they did not mvolse important branches of the
aurniculosentricuiar system

“There have been so fen careful rutopsy studics of patients
with normal electrocardiograms that 1t 1s difficult to ke 2
statement as to the amount of generalized ventrenlr myoewdnt
disease which may estst sithout affectmg the Terord 1 one of
the recogmuable ways Pardee md Price reviewed the Wterture
of such correlations up to Janwary 1938 and reported on the study
of 13 tases with 1 pormal ventrsenlar comples 7 of these showed
~ nonmal myocndiamn and the other 6 showed such structuril

changes as stight increase of fibrous ussue

few small arers of
fibrosis

polymorphonuclear forr nath a pernascutir distribu
tion and scattered m the wtersitn! ussue  None of these pr
aents wis sufferiny from signs or symptoms of hewrt disease
and except for the one with the polymorphonuclerr focr who
died of acute bictetat endocarditis all died of non cardie con
dions & review of 47 cases with Abuormal complexes combined
with 86 ather cases collected from the Inerature leads 1o the im
pression that 1 normal electrocardiogram was not to be obtuned
fsom a beart whnch had more than sight Yocahzed or shight aif
fuse disease of the senmtncutar musde n amonnt which could
be determined only by microscopic enammnton and winch
would probably not affect the cwidhac veserte o5 cause other
svmptams It must be emphasized tht a normal electroewdio
grim does notindicate the stace of the coronary Arteries hut only
of the myocwdium Blumgan nd lus associntes md athers hne
(‘1\:?3:‘:‘,:‘;:,,:;:,'; lfh::t snfrequent 1o find 1 myocardinm

eat of only shght patchy fibrasis and

et the raronavies mas show one ar more occluded branches The
coltmteral arewbinen m these heyres tad
prevent fusther dey,

become adequate to
of this possibaluy

1entnu\c chanzes i the muscle 1c1s because
that we s
should not he 100 sangume abow the
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ficzent crpillary carculation, 1s would occur with chronie artermal
nurowing A simln altered metabolism m1y exsst an other
cases s 1 pune distmibance of function without there bemg de
monstrable pathological tissue Pardee ind Price have reported
m mstance of this 1n 1 patient with coroniry artertosclerosts who
showed m abnormal T wave several montls before death and
then just before death showed v T wave of normnl form A
cireful pathological exaumination fuled to reveal wy esidence
of myocardial structural disexse though coronuy arterosclerasss
w1s present The earlier thnormal T wave must have been due
to functiona) myocardinl chinges or ro 1 structural change wiich
had enarely 1esolved 1t the ume of dexth The former of these
possibalstics seems more likely 1n view of the demonstration by
Blumgnrt md his assoctes that the T wave changes resulting
from temporuy coronary occlusion i aimnl experiments would
disippear when the occlusion wis rehieved Provded the occhu
stont had not been muntuned for mote thin 1 certun time re
sidual 1res of myocirdinl degenertion wete not found when
these hearss were exanuned afta death

In 1are chionic coronary Cises with congestive fulure or the
angina of effort structural changes may not be found even after
the fading of an abnormal electrocardiograim In these cases the
abnormality of the record was probibly due to cotoniry wsuf
ficiency crusing 1 subnormal nutrition of the muscle Autopsies
on chronmc corontry cises with normal myocardium are rire
prabably becwse they do not come to wtopsy untd the 1bnor
mal nutrittonal stte due to COronary nrrowing has esasted long
enough to lead to structural changes

The finding of 1 1bnormal electrocardrogram 1s of great value
i helping to deade upon the presence of diserse of the ventric
ular myocardium With the quilifications det uled 1bove we m?y
be sure that when these abnormalities of the 1ecord are found
the muscle 1s disewsed The different 1bnormalities of the waves
4re to be coustdered not so much as the result of different degrees
of myocardril mvoliement s of 1 diffcrent location or distribn
uon of the process

On the other hand we cawnot say that whenever we find a
normal electrocardiogram we are deahng with 1 normal muscle
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5 The degree of mterference with cardiac function
6 The posubihty of repair of the structral defects
7 The possibihity of restortion of foncuon

Besules these there are many secondary fextures such 15 1ge sex
aud e demands of hfe n regard to family and business vty
L must be evident that the only thing that can e discussed 1bout
the prognostic 1mportance of the electrocardiogram 3s the part
which 1t may contribute to the proghosis It throns ipht upon
on phase of the prognosis namely the extent of the stroctarat
changes 1 the myocardium Fuen here there are some defects
1 the clarsey of ats hight as has been emphasized when consider
m3 the abnormalities of the waves that mw result from func
aonal myecardial disturbances

On the avera e patients wish bundle branch block complexes
and compiexes with a low 1okage QRS group do not do well
These abnormahues resuit from more severe lesions 1w the ma
jorty of cases bt sull exceptions oceur often enongh to make
1t unsafe for the of the prog eator 1o say from the
record that thus pauent will susely be 1n a sertous category Cer
s pattents with wnwerted T waves tn Lead 1 or Lead 2 or bath
my do very well The majority of them however do not but
1t 15 smpussible for us to say from the record afone whether the
pent 1 m a good or a bad category The prognosis depends
mor¢ upon the ettology and the state of the dase se thn upon the
effect 1t has hid upen the electrocardiogram

The coronary T wase tends to return o normal in a consid
ertble number of cuses I 1m not ag all certam that the patient
who has had this pecubarity and has Tater Tost 1t 1s 10 1 hetter
cuegory than annther who sull his i twe years after 1t as first
chiscovered There 1s danger from coronary thrombosis 1 each
c1se for we know that the prusent s coronary artertes are sclerotic
Some pattents with the coronary T wave may hase pain on cffory

some may be free from pan but § do not belese that 1 exher
ase tiey have more than a shightly greater likehhood of a severe
Atack of shrombosis than other

pwents with stmijar symptoms
whase T wave mght be pormal

The etectrocrd
dwogram 1s 2 phsical sign telling certain things
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condition of 1 heart suspected of coronary uterosclerosis metely
on the basis of 1 normal elcctrocardiogram

It must be recalled that 2lthough 2 record may be 2 pormal
one yet it my not be normal for the mndividual m question Cer
tun patents who have hid 1 ¢ardie nfarction and shown the
electrocardrogriphic changes charctenstic of this may after 1
pertod of 1 year or tho gue n dectrecardiogrun which tiken
by tself must be considered notmtl Comparison with 1 record
tiken Dbefore the attich will often show 2 differcnce m either
QRS or T or perhaps m both wlich will indicate thae the ree
ord 1n question 1s not normal for the partcular mdividual

Procosts

Tven at the expemse of some repetstion 1t scems 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 Tnture but 1t 1s even more unfortunatc
thit he so often beheves that he can do thus by the obscrvation
of some one striking fcature of the extmnation Prognosis 1s not
v matter of exict prediction but of probabidity and should
ways be carefully expluned to the patient on this bastis A hun
dred patients of 1 cortun age with 1 certan type of disease my
show an average duration of Iife which 1s defimtely less than the
normnl for thetr ige but to apply these averages to 1 particulw
patent 1s mathemstically unsound 1d 1t seems to me morally
wrong

A patent my hwe 2 much shorter hife than the 1cryge found
with lus condition ot he may live much longer His fumnon
my be much more marked than s usual for his diseise or he
m1y be pracucilly wathout hmitrton of his wanaty Only after
weeks or months of observation ngd treabment ¢ we exen 1P
proxumate the outlook lor 2 particular cise

A true prognosis must constder it lest 2 number of factors

1 The ctiology of the diseise

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

# The present extent of the diserse



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 instrument 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

Snus arhythmie The simplest disturbance of the cwrdine
mechamism 1s an ireguianty which anses from more or less thyth
mic aruons m the activity of the vagus Ths 1s called stnus
arthsthmiy because the vagus acts upon the simo uricular 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 stumutus 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
wal Thew rhythm however 15 yrregular as seen w Figure 16 a
becuuse the sinus node onginates sty wmpulses arregularly

The wmost common type of sinus arrhythmia 15 due o m m
erense af a3 us actniy with slowing of the hertbeat during, the
expirtary phase of respiration and a decrense of aagus actnity
sith accederation of the heart donng mspiration As seen an Fig
we 44 A A shghr degree of this sart of stregnianty s very
Common
- t::r:;;::; ;2{1?:(1. :, ‘::\S[;m\\, rartauons of 002 10 004 second
e by n6 means unmmmo’\ W even wore marked varmtions

nespecally with the heart mate under
79



178 THE ELECTROCARDIOGRAM

about the myocardium just as the stethoscope tells certan things
about the vilves In each case 5t 15 better to have 1 normal thn
an 1bnormal finding and m exch case there may occstonally be
normnl findings when we believe for other reasons that disese
1s present. Certnn patzents with valvular disease hive to 1 good
old 1ge ind 1t s possible we shall find s our experience mncreascs
thnt certam patents with myocardinl diserse do hkewise In exch
cse the posttve finding 1s only one teature of the pinent s prog
nosis ind must be evaluated as such

BIBLIOGR APHY

Burtt A S Jr 1be chmeal sigmificance of electrocardiographic Joy voltage
QRS groups m the presence of normal 1 waves Brookhn Hosp ]
2147 1910

Blumgairt H L Hoff H Landowne M nd Schlestnger M J Expent
mental studies on the effect of temporary occlusion of coronary ar
teries tn producing persistent electrocardiographic changes dm J Med
Ser, 191 493 1937

Nathanson A H The clectrocardiogram in coronary discase Am Heart |
5 2,7 1930

Pardee H E B and I'nice L Relanon of myocardial disease 1o abnormal
tties of the veniricular compley of the clectrocardiogram  4m Heart ]
15 28 1938

Rykert H E and Hepburn ] Ilectrocirdiographic abnormalities charac
tenistic of certun cases of irterial hypertension Am Heart j 10912

1935
Siplir O Priest W & Hamburger W W and hae L N Coronary
artentosclerous  cotenary  th L and the Inng  myocardiat

changes dm Heart | 10 567 762 1935

Steuer L G The electrocardiogram of Jow soltage A report of fifty autop-
sied cases Im Heart ] 9 400 1934

wWilllus F A Electrocardiography and prognosis 1 Sigmficint T wanve
negatnaty 1 xsolated and combined dernauons of the electrocardrogram
drch Int Med 30 138 1922

Tilhws F A and Brown G L Coronary Scicrosis An analysts of eightystc
necropsies Im J M Sc,168 165 1924

$wood F C Jeflers W A and Wolferth € G Follow up sty of s1xty
four pavents with a nght bundle branch conduction defect Am

Heart J 10 1056 1935



SLATRN e Y s o fuana g qics jany ey 1

PHOMEOM IO Y 3T poaann THULOU T a3ife § 5 oy 3 puas ap g 1304 Aenaxdson s anga
31 L URIE FUL W D a0 agg ada s 11U Aoy Bl war o aseasa uy 3
EENIIL s o s g (anan 1 gg) PUEIETT YN 30 asuriar uy ¢

20 pater p oyl go yus )

20 a0k Buumta g g e S1003g Ay bOVEI N e HAE AT O FUL WINT ) 3 00 by i squstisy ey

03 o3 5 omel 2 0F 3L 3 Tind NSy | 2wt e e st oy s T BUSY RIS T 352 431 €g 31 16 arvy

T oy 82> 2 eatang aqs s (o a3 oy Fony oy AR TR EE VPR i TP DO ¢ Ao o,y
“

v ot Jo wspua bprr apnb Ty cowsapae bae o pr st SUL VTUGNGLE DUt S ) s e P B 't

pomtanho 1 saitre pucaounad wopny 4y e o a0 5oy At

213 NS SN AU [ 1A S W vonRses D) > o or SOAOD N OO W IRLE 31 g by o e a1 f e

U210 3 1 d o it oy 213 31y iy o A i gy waad g Y Voo era g
ROy pas QuUIBIGL RN iy a1 10w S g p ¢ ETEY a1 a0 m ey e

AW PN 2 I (A oD w1 sapasac ] ar RN [ T T P e

QUTENE IR VT

ayy Surny poyrent 4
W | sunbznues 2

L1803}



180 THE ELECTROCARDIOGRAM

80 wspewradly so i cinldren, d i people over fifty yeus of
1ge In Figare 44 1 the rte vartions can be seen to comnade
with the vamtions i the QRS group due to the movements of
the drphragm In -another form of smus arrhythmn the varn
tions m vagus acenaty extend over longer pertods than the res
prratory cycle (Tig 43 B) perhaps lwsting even ten or tuenty
seconds to each phwe In smus anhythmn the ventricuhr
irteguinaty 15 only secondary for each bet lollows the wriculr
beat m the usual way after 1 normnl mtenval Ie 1s the wrreuhr
beats themselves that we prumanly arregular

\ charctenistie ferture of the dlectrocardiogram with sinus
urhythma 1s thit the wives do not change along with the
arhythmin The ventriculir waves are wsually of normal form
o1 m1y show any sort of tbnormality Whatever they nny be
they do not vary thvoughout the record This 1s also usually tue
of the P waves fot the sinus node continues to originate i
Ir contiactions m the norml w1y nd the spread of the coniric
tion v e 1s uniffected by the vagus wetvaty In thys ferture sinus
arrhythmin duffers fiom prematute contrictions of esther wricu
lr or ventitcular ongm for these e ssocrated with an abnor
ml stte of ongin of the contrwctton 1 the chamber which 1s
premuture and with an thnormal form of the electitctl cune
of this chamber

Certun rare records showng siuus arthythma bowever will
be seent to have shight v wrntion 1n the form of P comadent with
the vaavons w rate This 15 mote usual n the type with long
phases of slowmg 1nd ccelerapon than m thae winch follows
the cycle of respuration I ts seen m four of the P waves of Ngure
13 1+ 1nd s due to the vagus activiey displcing the site of 1m
pulse formation from the more nriable upper porttons of the
stnus node to the less irritable lower portions As the node 1
from 3 to 5 em m length this would cruse the impulse to enter
the anicle in 1 shghtly different place ind would thus change
shghly the path of the contraction wave Thus 15 the phenomenon
of shiftung or wandering pacemaker

Occasonally the site of the picemaker mry be shilted so fr
downwnard s to rexch the wricaloventriculn node There will
then be 1 gradul chrange of the P wae to m imerted form m
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e 1t seems 1s though seme 1neat disease condition
i towered the 1mtability of the node. Perhaps a
defictent hlood supply to the swmus node due to v
teral narrowng mught be responsthile

Figure 44 ¥ shoss another occasional result of
excessne sinus depression The avricular ey 2s
o very slow due to 1 marked sinus archythmua
during, the lauer part of the tecord that the ven
wcles beat without s mmpulse from the wncles
bemg wmable to tolerate such a lon, Test Ths
phenomenon of venfricular escape shown 1m dn
Jrmmmae form n Figure 46 D35 2 very nterest
i, demonstrivton of the et s inherent tendeney
0 bew The ventrcular compleses e through
out the form whicl 15 normal for the mdimdunl
of thry tecord mdicating that their contricnion
smuins 1s tecaved along the novmal paths This
1 usad when the wrcadar sumubas (als for the
thselim produang funcuen s tahen over by the
wrtculosentricuby junctional ussues probably by
the 4V node The contraction impulse 1s thus dis
tributed novmalhy over the ventnicles and pro-
duces the noraal wentscale complen, of the wmds
vdind Frgare g4 ¢ also shows ventrieular escape
m the sesenth ventricular complex Often the ven
triclar complenes shonang the phenomenon of
exape are shohihy different from those Tesulun,
fiom tmpube from the wneles This shghﬂy

herrant feature [page 189 1s probably due to the
fret that the 1bnormal stimulus does not pass nto
the tiwnches of the AV bundle quite as docs the

Yoy o oau ulo Our eutar nodal shythm
the
BRI

- e
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Leads 2 and 3 wath 1 comardent shortening of the A V conduc
tion time Exventunlly when the impulse comes from the AV
node the condition becomes n AV nodal thythm (page 181)
Sino auricular block Is another curions and rither uncom
mon vartety of wrrhythnma It 15 evidenced by the appeirmee
of 1 normal series of aurscular nd ventricular w tves from which
oceasionally one complete heart cycle will be mussed the nest
one followng fter an mterval Almost exactly double the normat
mtersal (Fgs 16 B nd 44 ¢) Such doubling of the mtersal occa
sionally persists for 1 ime leading to 2 halved heart rite The
meclusm of this dropping of 1 heart cycle 1s supposed to be
1 phystologictl blocking of the mmpulse which normally pisses
from the stitus ttode to the 1uricle so that tus fuls to 1ecense 1
stimulus from the node nd rccordingly does not beat until the
next stumulus arrives It seems that this mechamsm 2t umes may
be due to . mbidntion of the physiological sumalus for the
pruse 1s not 1nmys 1s much 18 twice the normal meerval In
certun records honever the mterval betneen beats 15 exactly
double the usutl rhythm mterval and mstances of 1 pwse ex
actly three or four umes the rhythm mtervl may be found
Sinus bradyemrdia Some individuals have 1 persistently slow
hewrt rate less than 60 per minute Occasionally the heart rate
1s considerbly less than ths when at rest perliaps 55 or 50 or
rarely 10 per minute and does not mcrese with exercise to the
sime extent 1s i those with @ more normal rite when restmg
The electrocardiogram with this slow thythm 1s quite norm1l
m every w1y except mn the matter of the hert rite Figure 43 9
1s 1 record from such 1 pattent the rate bemng 37 per minute—
s slow 15 found with heart block As the P wnes and the ven
tricular waves e quite normal m all three leads showing 1
norml path of the contriction wuve and therefore 1 normd
heart mechusm 1t 15 proved that the slowed heart rate 1s merely
due to 1 slowed sumulus productton m the sinus node This slow
hewre artion Ithe sinus 1rregulanty asises from odveractisity of
the vigus nd we often see 1n such records 2 shight vargtion n
the diwstolie pauses so thi sinus rrhythmi 1s lso present
Thus 1s the c1se 1n the figuie In certun older ptients especilly
1 those pist fifty yewrs the slow rite may be so very persistent
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gnerise to M wreguimy of the vemtncular s)sm!i md ‘xm‘z l[‘y:;r‘)\
duce onty 1very smalt pulse or none 1w all dependin,, upo o~
such blend fns pissed wato the left ventncle simee the preceding
systale that s upon the degree of the pramitunty A premuure
heat may originite I Ny part of the auncles or the ventricles
or i the aurscalosentricultr systert winch connects these parts
of the heart Tt1s concervable that the smus node could onginate
premature bets but such an occurrence his not come to ym
attention In any case the electrocardingram will Ahsays miicate
the part of the hewrt from which the prematare beats nise
Premature beats ongmating in the soms node would be ittt
cult to dirgnase from a sinus arthythoua T am not sure that 1t
would be posstble to differentinte between them except that
the premature beats would occur occastonlly duning an other
wise regular rhythm while sius arrhyhima wonld tend to show
1 contmual phasic varianon sn the length of successise diastolic
pruses If a record 1s found wiuch shows 1 premature P wave of
notmal form 1 all three leads then tus premature aurculir
bert must be considered 1o arise 1n the stins node
Auricular premature beats The dingnosiic fenure of this con
cittton 15 the premature ocamtence of 1 P w nve of differems form
from the others of the record 1n question It ts due to 1 contrac
tion onginalng at wn abnormal focus within the auncles 1
1 time previous to the emny of the normil sumulus from the
sinus node (T1z 46 5} The abnonma! focas 15 called ectofnc
because 1t hes outstde of the smo-auncular node where the nor
il mpudses ongnte This ecfopre contracuon StITUng 1t an
normal pomt spreads mer the wuricles by an abnormal pith
il produces an abmormal P wave The ahnormat form of P
cnbles us 10 recogmze 1 beat as ectopic even if its prematurity
15 oty a matter of 1 few hundredths of a secand
"i‘:‘i‘:fc\‘"‘\se‘?“:::!;)’:; ld'.; [(r:\ri“f)\;sx mamfestation of bnormluy
of the T wave of an atherwise

wormal veniricnlar group by the premature P wave falling wauh
T Vs ocewss in alt three leads of Qus record If the auricutar
beat 1s not so early wwilf be plamly seen m the diastohie nter
vl asan Lead 2 of tus record The setond premature heat

thus Jead can be observed 1 have 1 P wave of different iorlr:
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norml sumulus ind thus 1s ot sprend throughout the sentrcles
m quute the normtl mnner

Rarely thete will be peitods of considerible duration when
the 8 A node 1s depressed md the junctional ussues tihe over
the rhythm producing functton at 1 much slower than normal
raite When ‘4 V nodal rlythm, shown digrimmatcally in Frg
urc {6 ¢ 1s m cffect the 2wricles m1y contrict m response (o 1
stunulus which nises m the smo 1urtculn node 1t the stme tine
that 2 ventricular stumulus nises m the AV node Ths 1s scen
m the sisth and seventh heart cycles of Figure 14 nd results
the R wves wd P wases beng supertmposed the P waves huing
therr nouml form In otha cases the auricles contrict mn re
sponse to 1 stmulus which passes back from the A V node the
P wave then flls just fter the QRS group 1s 1 the first second
thud and Ist compleses of Tigwe g4 and has i 1bnormal form
usually mierted 1n Leads 2 and 3 becase of the 1bnorm-l path
by which the sumulus enters the wricles The venericulir com
plexes of the nodal rhythm are apt to show shght arnuons of
QRS mnd of T of the type described s aberrant compleses (page
188)

dwcular standstll Auricular stindstill 1s 1 distwbanee of
crdiac thythm m which the wricles ccase to beat the electro
cardrograpluc erang fuling to show evidence of aarculr 1€
tvaty 1n ny lead This arhythmir as probably not 1 disturbunce
of vagal function The vemtricles beat with an mdependent
regular rhythm usinlly slow  and the ventircular compleses
ustlly originaung n the AV node hme the appearmee of
suprnventriculir orgim Occasionally ssolited P ownies followed
by ventricular compleses my oocur M 1s usuath although nat
alw 1y a diug effect and either digitals or quunidine my be the
offender It hias been observed however in 1cute cardine mim
matory disese without erther of these drugs havang been ad
minstered

PrRFVATURE DFars

Aunother mmportant disturbance of the cirdic mechamsm 15
due to premature beats sometimes cilled extrisystoles 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 auricular beat 15 50 premature that the stumulus 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
s the mdiadual record quesnon Aurentar premature beats
e foltoned by a venmicular complex of the supraventncnlar
form but 1t 15 always shightly different from the other tcntricular
compleves of the record as can be seen Tiqure 4, s dif
ference 15 evident 1 records showsn,, the wncubr premuure
heats 1 three leads The curve may be but hude chnged w Ay
one Jead and yer quate 1 <armant n the otlier two Both QRS
d T sre changed though as 2 rule QRS 1s more evidentds so

The dange n the QRS group depends upon . abnormal
sprexdig of the contraction i the ventricks and thus causes 1
change 1 the contraction wself which to N greater or lesser
extent affects the T wane

Lewis s suggested o

At

st ,,,Z‘ t the change m QRS 1s due (o 2 shght

i conduction slon,, enter the night or the lefy branch
«;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 wves of this recard and yet to follow saoner
after the preceding T wave than do the normal P waves If the
P waves of the other premitme auriculu contractions of this

Tig 4, Three leads of 1 record showing auncalr premiture beats The pre
mature P waves are 1t the pomnts mirked x and huve 4 different form from those
of the other aurtculyr contractions There 1re two prentatyre contrictions in
Tcad 2 exch from 1 dhfferent quncelir focus as shown by the different lorms ot
I The sentrsculir complenes of each premature beat 1re besrant

record could be seprted from the T wave and considered m
drudunlly, they too would be found to be different m form
from the norml P wares of this case The noimal P of tins record
15 upward broad and notched 1 Leads 1 and 2 winle the pre
mature P which 15 supenimposed on the T 15 not so Ingh o
brond mn Lead 1 oand 1s downuwatd m Iewd 2 Note lso the
abnormnl forms of the vaous premature P uwnes of Tigme
wAandn

In each wmstince 1 the 1Mlustrations the ventnculn comples
folloys the premature wirtculu beat after 1 normat P R ntersal
The conduction time 2fter these premature aurculu beats 1s 1
severe test of the ability of the AV conduction system for the
rest pertod since 1t st functioned 1s much shorter than wsunl
A ltent defect 1n the conduction system will sometimes be made
cvadent only by the fact that 1 premuture quyrcular beae s fol
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auncular contraction 15 merhy s less thw tht of o
normal stersals 1 the same vecosd

The pmmms)swhc pause 1§ usually greiter thn the nor
mal mtenal between beats ‘The werense m the duration s
been explained as due to the remoteness from the sinus nodle
of the focus startmg the premature beat The Jonger the post
eurasystolic pase the more remote the focus

T entricular premature beats When premature beats anise m
the sentricles they can be recognized by the apperance af wnes
wlich have certain distinctie features shown m Figures 47 and
48 There s first a wide QRS group usually with Jarge exenr
sions 1n the favorable lends and usually nith natching or star
ring on one or bath of 1ts sides or at s peak The duriton of
QRS 1s between 014 and 020 second 1t 15 followed by a T
wane usually of large mize m the fnorable leads and usuntly
rected opposite to the chief QRS excursion except i lexds in
which the wunal deflections are unfnorably recorded showng
a smatl height 1n proportion to the beght of the waves of QRS
n the other leads Thus 1s the case 11 Lead 2 of Figure 47 8 In
the unfatorable lead the T wave may be diphisic or absent ar
1n the same direction 1s the lasgest wave of QRS i this lead or
m the opposite direction In unfasorable leads the QRS group
very often 1s notched or has both upward and downward wanes

These complenes are not usuaily preceded by any mdication
of 1 P wave or 1f they are as in tecord A of Figure 48 1t 1s at
o short 1 sntenal that 1t 1s plan that AV conduction had not
taten plice before the onset of the sentncular contraction

An auniculat wave ocours at the proper rhythmic mreryal
after the preceding P nne wd may fall with the QRS group of
the premature beat or with the T ware of this complex It can
ol[ren be seen as a shght notching or dcfonmu, of the cune of
e e e P el et s
the QRS group (F1. 47 3 espectally 1f 1t falls during

group (F1, 47 4} The next P wase following the pre

mture beal comes at the proper mterval from the s;bm ed
T and s followed by a normal vemnicular ¢o ! o
of the aurtcles 15 wnaffe mpley the rhythm

cied The pause alter 1f
he premature beat
the post extrasystolic pause 15 compensalory 1 the sense thar
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wall of exther ventricle He has called these contractions artsing
1n thus w1y, aberrant contractions, and the ventriculr contplexes
to which they give rise aberrand complexes This aberrtion he
belicves occurs fter pramature auriculir beats because therr
prematurity docs not Wlow the conducting tissues the usual rest
pertod before they are agun called upon to function Such m
esplntion would pot to 1 shight wnormnlity of the AV 5)s
tem 1t some localized rer or 1t least to an abnormal physiology
n one branch of the bundie It 1s true that according 1o our
theories of the clectrocardiogram, such 1 delyy m conduction
would ctuse the type of chwges m the tentricular compleses
which we find wn these aberrant contractions Trom another view
pomnt however e 15 difficult to aceept this explmtion for 1t
demnds that we helicse that all patcnts who have premature
auricular continctions hve an abnormnality etther of function
or of structmal disersc mn the AV conduction system 1t is
curious 1lso that these 1berrmt complexes e so rire when
heart block 1s present with dropped beats 1 condition winch
we hnow to be 1ssocated with diserse in the V'V system More
otver 1berrant complexes we common 1 normal dogs with
ficrilly wduced premature qurcudar contrictsons nd e 1s diffi
cult to find 1 reason why there should be 1 localized abnormality
of the A V system 11y norminl dogs even when under an mesthetic

A better explimtion of this aberrnt feature I believe mT)
be found m the abnorml character of the premature auriculr
beat 1tself The contriciton does not imvolve the aurtcles m the
normal way nd so muy affect the AV node bnormlly As 1
result of thus the mmpulse may ful to lenve 1t normily nd so to
pass doun the two brinches of the bundle sunultaneously 18 1t
should The resulting syndhironous stmulanon of the two ven
tricles would cruse the dnge m the ventriculr comples

The pause after 1 pramuture wriculir beit belore the next
auricular systole supervenes 1s lways 1t lewst shghtly longer
thin the normna) mrersystolic mter 1 for the record but s sel
dom Jong chou,h entirely to compensale for the prematurty of
the beat which stirted the disturbnce (Fig 16 ¥) The space of
the two mtervals from the last normal urncular contracpon 0
the premature contriction and from thus to the next normal
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uricalar contraction 15 nearly al‘;\'\\s fess than that of o
tervals in the same recor

no’r["?\:l ;:xsfcxuasysmhc phuse 15 usuafly greater than the nor
mal interval between beats The increse 1o the duruion \\;s
been explamed as due to the remoteness from the sinus node
of the focus starting the prematute bet The longer the post
extrasysiolic pause the more remote the focus

{ entricular premature beals When prennture beats arise in
the ventricles they can be recognized by the appeirince of wnes
which have certam distnctine features shown i Figures 47 mnd
48 There 15 first a wide QRS group usually with huge exer
sions 1 the favorable leads and usinlly wath notchng or stur
ning on one or both of 1ts sules or at its peak “The durman of
QRS 15 betneen 014 and 020 second It 15 followed by 17T
wane usually of large size 1n the fasorable leads wd wsunlly du
tected opposite to the chief QRS excursion escept mt leads
which the 1munl deflections are unfriorably recorded showing
a small height m proportion to the height of the waves of QRS
1n the other leads This s the case in Leid 2 of Figure 47 5 In
the unfanorable lerd the T wate may be diphasic or absent or
1 the same durection as the Jargest wave of QRS 1 thus lead or
w the opposite direction In unfwvorable feads the QRS group
very often 15 notched or has both upnard and dowanward waves

These complexes are not usually preceded by any ndicason
of 1 P ware or 1f they re as m record A of Figure 48 1t 1s at
so short an sntersal that 1t 1s plam that AV conduction had not
taken place before the onset of the ventricular contraction

An auncnlar wae ocours at the proper rhythmic mtersal
alter the preceding P« wwe and way fall wath the QRS group of
the premature beat or with the T wase of tins complex Ic o
often be seen us a slight notching or deformity of the cune af
the premature beat T hus submerged P though sometmes quite

y visible especially 4f we falls during
the QRS gvoup (Fig 47 A} The nest P wave following the pre

miture beat comes 1t the proper menval from the submerged
P and is followed by 1 normal ventricutas complex the rhythm

of the auricles 1s unaffected The pause after the premature beat
the post extrasystolic pause 1s compensatory

plam s sometimes scarce)

n the sense that
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Tig 46 Drigrams dlustrating, the mechanim of certain arrhythmeas The upper
block represents the auricular comtraction the connecting, line ausiculoventriculir
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 auriculir beat of the smus rhythm  This moats e produces

[190]



DISTURBANCES IN RATE OR RHYTHM 191

1t 15 snfficsently Jonger d\lan{ ﬂ\e‘usu::\ ::1(5\\:::: :;\\;‘cc:(];‘!:e(;jé
ensafe exacily for the premi
:‘Gdr;o';’::ﬁme between ths postestrasystolic hcu\ and t:zry‘:i‘
ceding normat senmeniar contrcrian exactly equals tw oP i
mienats In records ¢ of Figures 47 and 48 theve are no PV :
becanse awriculat filmifation 1s present wnd there cannot be ]1
compensatory pause s there 15 na regular mtersystolic mien:
Fren with anncular fibnflanon though the next systole after 1
premature beat 15 usually preceded by 2 dsastole Jonger 1han the
one before the premature bet

A
Tnother _entnular contraction soon after that which was produiceld by the eseape
m!rd‘::;:ut SREMATURE #FATs The mivth antcular beat 15 premature and ¢ 0}
loned afier 3 normal confuction by @ \emtricular beat The postexirasachc
pause 15 iy lon er (han the normal mienad betwern beats The same process
occur afier th mnth aunclar bent
£ VT TRICULAR FREMATULRE Biats [he anticuloentricular sequence 16 normal
except fot the fifth entricular beit wlich atsses prematurely ant st almast com
pleted before the stimulus from the aundles armvex The ness aunelar suimolas
1roduces 4 bear i the normal mannct so thal the pat exirasystolic [ame i
P The tenth heat 1 p and  compicted before
the aormat aunculax wmpwl ¢ fas srmved The normal AL sequence 13 not inter
tipted so that this 15 an mterpolated ventneular prematute
© AOBAL PREMATLRE BEATS. The filth auncular beat ongnates in the normat
manner The fiih tentriculir beat ont wnates in Tesponse to an ympulse from the
A\ node Thus umpuise 1 conducted 1 scks ard toward the aunces tut dors ot
affect them because they ace aleeady contracung e respanse (o their own stmadus
whict ha been | berated a1 the normal time
The ¢ tih  ermeslar best )5 mmnated by an wmpube from the A\ node
huch tra eline batkward  umulates the qunicles before therr aormal  timulus
hosar wed gni € be same e a5 the semncles are sumulated  Because the
ur tlag thythm 1 anterr pred the atfowsne panse  not tully compensatory
The eleventh \entocntar beat 15 the resulk of an impulse which stans i the
L4 code ard reaches the vems dhes earhier than 1t reaches the aunicdes 10 reachen
the aut dles hawever easlier o an does the normal guricatar stumulu so that the
aut des are ach 1ted by the retro 1a te conducton Becav ¢ the aunenlar beat 1
nerrupicd she follawine pause s ot fulls compencatary
R LY Tag Shoting how a par s sol ¢ rhyttm wnay produce ventncnlar
§ € sarate beass promiled a1 as umed Wt the normal beats do not anter
feve w h che ¥ uld ng up of the farasy tolic thecim The arrows below the hine ¢f
(e entr cular beats indicate the time at which the parksarohc Thvitm brcomes

elfects  The 1t tn impuises fiod the sentncies e
raciony i i
produces a ) hels prematute ventneular beat he prodnens o

the fourth impuke produces
el }M vewnt wlar Year the Rilth and sreeh impulses 1g’-‘un r.rl:d the ven
€ des refracton the ¢ enth produsces a st hyl

nth av3in 3 e polared best Thie mabes o apmens o S, A e

tets to produce regularly e AP R % ik are
§ gree of imuy archydms £ st
arrviimc the ve wiar pect

e shightiy
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In 1 pauent with 1 slow heart 1ate 1 prem:ture ventricular
beat my occur nd be completed before the net contrction
stumnulus wrives from the auricles thus the premature beat 1

Fig 47 Records of sentricnlar premature beats (mirked x) ansing in the nght
ventricle T record A the stte of the ongin must be ligh up on the nght of the
conus rterntosus 1 record ¢ 1t nust be low down nd toward the base of the nght
ventricle In record 5 1t must be mtermediate beewcen these positiors

The other ventrculzr compleses of record g ndcate a shight left avs deviation
of QRS those of record ¢ 1 dehinite m,ht avs deviation Record € also indscates
that auncular fibrillation 15 present

traly n extrasystole bemg vterpolated between two norml
beats (Ig 16 F) This occurs in record 8 of Nigme g7 which tec
01 also shous 1 smus whythmi Such interpolated beats rrely
if ever result n 1 pulse ware 1s they e too premature The
ventricular filhng 1s so mcomplete euly m distole that the
blood ejected by the systole does not canse 1 pulse of apprecrable
size

The ventriculir comples of premature beats aising m e
ventricles his n abnormnl form for 1 reason sumtlr to that
causing the P waves of auriculir premature beats to hae M
2bnorml form The contriction n e anses in the ventricles 1t
an 1bnormal pomt It s ectopic and therefore spreids over the
ventricles m n abnormal manner It 1s because of this 2bnormt
form that we re able to recognize these premature beats m the
presence of wiricahr fibullation (Figs 47 ¢ and 38 ¢) 1 rather

difficult distinctzon m polygraph records
The ncreved dmation of the QRS of these beats s produced
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) It (A ¢ 0 Tease! ratiot

2 sumlar medhumsm 10 it ausing mereas (l\du (m
T due to a declay m the

Pranch Block T 15 due (L

of the QRS of bundle bra o

spre vhg of the contracton over the veucrtcles whicl g e

3+ % Recor ks at sentncofar premature beaty (marked x) ansing in the Jely
vett iche That i record & must anse b b up and near the basal regon  fhat

N 1€ ord ¢ must otse Jor down neat the opex of the left vemndde while that
of Heord B 16 fsem an nteraediate poston

15 due to ts spreading from one ventnicle 1o the other through
the must fe of the seprum 1f the sumulus of the prematnte heat
starts 1n 1he musle ¢ protibly passes first to the Puskinge tissue
of the 1entricte miohes that ventricle 1 the contraction and
then havng spread through the septal muscle to the Purhige
msue of the other ver racle extends through 1hus to the ven
wricular musdde on thes side

The QWS groups of these premuture beats vary 10 the rela
tive size wd sn thewr direction in the three leads It s probably
possibie to deteymine from the diecgat of the waves w e
(hwee Jeads the approsumate Teyion of the heart 1 which the
beat ongmaes Our Anowledge of the localization af ventrylar
premature beats m the huarn heare 1s based upon, tecards wlyh
have becn obtuned by electrrcally sumulatng the ve wnctey
AL anoens pomnts 5o 15 to produce premature beats Thas was
done origmally for the humn freart by Barker Macieod nd
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Alesninder nd has been repetted by several other observers
Thete are shght discrepancies m the results obtuned by the
ifferent observers but these occur only m the 1esults of stunu
lating the mccessible postertor portions of the left ventricle
and 1t 15 possible that the location 1scubed to the stumuluing
elcctiode may not hve been evactly correct

In the cwse reported by Prinzmetal and Oppenherer the
patient was lymg 1 1 nght hterl position nd the heart was
approtched by the left tianspleural route so that the endent
deformuty of the complees of the notmal beats which resulted
from this change 1 the position of the heut probnbly 1s 2ccom
puued by 1 chnge me the form of the abnormal beats also

Certun observers hve attempted to stunulwte the heart me
chamcally using the percussion hammet through the chest wall
~fter the costat crrtilges nd part of the sternum md nibs hne
been removed smgicilly Such espernments have often shown
curves 1t varmee with the results of duect electtzcnl sumuh
tion of the heart It docs not scem that the locahization of such
mechanerl sumuh can be evact enough to be used s 2 bsis for
far reaching conclusions not only must there be some doubt 1
to the exact portion of the hert beneath the percusston hiummer
but 1t 15 even possible tlat some other portion of the heart myy
respond to the shock ol the mechcent sumulus and munie
the extrasystole 1t 2 point remote from that ol contct

Rountz wnd his assocrates hnve strmulated the revned humm
heart lying withun the thoray and therr findings were mn 1giec
ment with the findings of Buwker wnd hus assocrates They found
the mitnl ventricular deflection uptight w all thiee leads after
stimulition of the conus of the nght ventricle By stmuhtion
of other pomnts of the 1ight venticle they produced cunves
which the munl deflection was upward i Lead 1 oand down
ward m Lerd 3 Curves with the mienl defleciion downwd
m 11l three Jewds were obtuned after stunuhton 1 the regon
of the apex of the left ventucle but other portions of the fift
ventricle gave rise to curves 1n which the nuual dellection w1s
downward wr Lead 1 and upward in Lead 3

Some excellent wotk s been pertormed on anumals 1ttcmpt
ing to fewn the chrcter of the curve to be expected of prem?
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ture beats from certun pottions of the heart and these l'md‘(nqs
oo are 1 general agreement with the resnhs obhimned after
saraudation of the human heart pm\ndcd that due cons\dcm\\m;
1s given to the different configuration of the heart i min ';m
m the e\penmcnnl anumal 1nd to 1t different position watian
the therax

Stumutation of poims on the susfe of the nght ventricle of
the liung hunnn heart has uniformty produced a QRS group
which was directed upsard in 1e1d 1 nd except for the region
of the pulmonary conus was directed downnard ;n Lewd 3 On
sumulatig this latter region QRS 3 was Also directed upward
Stymulation of pownts on the surfice of the left sentrrcle has
anven Tse to 1 QRS group directed downwnd m Tead 1 fev
cept for one obsenation which gue e 0 3 upward QRS m
this Jead) and usnadly upward m Lead 3 althongh sumulation
of the extreme apex of the left ventncle has grven a chnefly down
ward QRS deflection n this Jead 1n hne with the inimal expen
ments 1nd s onginally suggested by Fanthoven 1t seems possiile
to draw a dwiding hine across the hewrt for each lewd so that
poits of smulation Hying on one side of this hne will grve rise
10 an upward QRS deflection whitte ponts of sumuhten on the
opposite side wall ¢ese rise to 1 downward deflection Eanthosen
suggested that such 1 beat 25 shown by Figwre 47 ¢ would eng
wate 2t @ pomnt mure towatd the nght than the Yeft hiadf of the
heart more toward the wpex than the base and more toward
the lower than the upper half of the beart  Such 2 pomnt would
he to the tiht of the apex of the ventnicles { rechts ber der
Hewspire ) On the anfertor surface of the heart the dwiding
hine for Lead 1 scems to run approximately along the niglht
sde of the murnentrreuhr septum poiats to the night of \Dh\s

gun, an upnrd deflectton potnts to the left a downnard de
flecion The diiding hine for Lead 2 seems 10 ran diagonal)
actass the hewt from the lowest part of the night nunc\(’ﬂm eny
ticufar yunction to the mddle of the left border potnts abpy
this ne gy a chefly upward deflection of the QRS grou ;
p[z\n:s:n\z)\\ this a chaefly downward deflection  [he !f; h?r
s seems lo
o ) e uppﬂc;,‘:i t:(c;]m" from the middic of the left bor

he night aunculos entricutay junction
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stmulition of pomts 1bove this hine griang A chiefly upward de
flecuon of QRS pomts helow this v 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
disstoit between upwird and downwnd deflectrons on the pos
tertor surfice of the hewt 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 diffcient from therr 1ehation to the ntenor
surfice there bemg very Ietle night ventincde present and this
only at the extieme right mfaior poruon Because of this 1t
would seem that 1 premature beat ke that of Tigure 47 B might
arise m the cwdid portien of the right ventricle nteriotly o1
m 1 1ight caudal pottion of the postetior wall of the left ventricle
posteriorly It may be thae for this rewon 1t 1s not possible to
describe the site of origin of ventriculn premtare beats except
1 relation to the ventricular mass 15 1 whole nd p1mcuhrl)
not to indicate the ventricle of oz This matter however
needs further imestigattion d must be left undecrded on the
basis of our present knowledge

It 15 quite evident from varous cvperniments 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 waes of ventnenlr
prematare beats It 1s probable that ventricular Inpertrophy
may hnve an effect upon the form of ventiicular premature beats
though tlus effcet cannot be definstely stated

Tigure 17 shows 3 types of ventricular premature beas com
monly considered to hive an origm m the night ventricle The
QRS group of these betts shows 1 notmal or left was devintion
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 contricuon 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 wases of these curies are directed opposite to the dn;(
deflection of QRS except in unfavorble tewds winch gue andy
a small deflection of QRS In such Jerds T will be esther very
small possibly diphasic or may be m the same ot the opposite
direction 1o the chief deflection of QRS

The type of cune generally hehieved to be pmd\\cex\ by 2
premature beat startimg 1n ¢he left ventncie 15 shown m Figure
48 The major deflections of the QRS group are downward n
Lead 1 Inleads2 and 3 s with beats staruing in the night ven
tricte the major deflections may be ether upwrd or downw rd
depending upon whether the contraction stwrls more toward
the base and upper portion of the heart or more toward the apex
and diapbragmatic portion It must be remembered that the
Tocalization of left ventriculwr premature beats 15 not 1s well
proven as that of beats startimg i the nght ventricle because
the location of the points of expertmental sumulwion of the
{eft ventncle affords grem techmeal difficulty since they lie
mosthy on the postenior susface of the heart The T wase of
left tentricular premature beats 1s upward m Lead 1 and m the
other twe leads depends for 1ts direction upon the directton of
QRS as has heen described for premature beats starting on the
nght side

Thas localization of the site of origin of ventnicule prema
ture beats 15w accord with the evidence which has been men
toned when discussing the localization of bundle brinch block

The previonus beliefs as to the localization of premature beats
were dependent upon 2 misimterpretation of the Tesults ahitained
by sumulatin the ventricles of the dog There e great duffer
ences between the human and the dog s heart 1n the anatomicat
telations of the ventricles to each other and 1nt the relation of the

fieatt to the chest wall and 1o the langreudinal axas of the bt
The form of the L

portions of the d
the result of sur ~ worresponding powts of the human
hert that they do not 1iford a proper guide (o the localization of

premature beats in man ¥t 15 of tntercst neresthudess that the ex
periments of Rothberger and !

nterherg when merpreted y
1th
due consideration to the relwion ofYeads! 2 and 3 F(: the heart
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of the dog gne 1esults quite m harmony with the present Tocih
zation of sentricular premature beats

Lctoprc ventricular beats are beheved to be imuated usually
m the Purkinge fibers though probably nesver mn fibers which e
far from the junction with the ventriculr muscle Less often
they mry 1wse mn the ventrscular muscle atself The curves of
such beats 1s are produced by stimulition of the \entncular
muscle m munals including the human records which hnve been
mentioned 1re much notched 1n the mutal phases These much
notched cutves though they do occur 1n records of spontneous
premature beats (I'ig 47 €) are more rue than the curves with
smoother upwud nd downward movements Tt mry be that
thesc premiture beats with numerous notches during QRS repre
sent beats which originate n the wall of the ventricle while the
smoother cutves may originate m the Purkinje system

Ventriculw premature heats ue frequently found to be mt
trited durmng the U wave of the preceding beat Tlus 1s especially
likely to be the cise when there 1s frequent coupling Tt has been
demonstrated that dunng this part of the heart cycle there 1s 1
supernormal phase of irriebiliey nd this supernormal phase his
been thought to explun the tendency for ventricular prematare
beats to occur At this ume This appears puticulirly to be the
case when there re frequent premature beats

In precordinl leads ventriculu premauture beats show their
characteristic wide QRS group and usnally show Irge excursions
One nught expect that the direction of the mtl deflection of
QRS m the differcat precordial lexds would be affected by the
ventitcle which oniginated the contiaction m much the sume wAy
s 15 found with bundle branch bloch Such correlitions hue
not been mvestugated and w 1s possible that this may fford 1
method of localizing the ougin of ventricular premature beats

Nodal fnemature beats \ premature beat my arise m the
aunicwloventricalar node or m the auriculosentriculir bundle
bove its branchung This gives r1se to 1 supriventriculr com
plex of aberrant form The P wne m1) be 1bnormal mn such
cases ar my be normal depending npon whether the AV nodl
umpulse or the 1mpulse from the sinus node mitites the contric
non The impulse from the A V node w1l ordmuily trar el back
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umed b
ward into the auricles 1 about the same 11NE as 1S cﬂn‘s‘ e m)
l\l e norraa forward conduction s0 that the auricles wi oo
1
ulated by the retrograde onduction of the smpulse provide

¥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 o tetrograde conduction of the smpulse from the A Y
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 amphinde as
m Froure (9 ¢ A\ nodal premature beats which produce an
wriculr contrachion by retrograde conduction are assocratedd
with an mcomplete compensatory pause.  because the sinus
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1hythm hs been interrupted (see the Ist premature beat of Fig

46 ¢)
More frequently, 1s m Iigure 5o the retrogride unpulse

wpulﬂ-u.—u-puﬁup&n

» ! rr 24 Py ' i
R oA hasmmnis o et ao

“‘*“W’ | I) .‘.

Lig 50 Aurculoventricular nodal premmature beats One 1ppetrs both m Leact ¥
md m Lead 3 and m exch the P wase 1s obacured by the QRS group and there
1 7 complete compenstiory pause In leid 2 there me tno premiture beals and
the varymg degree of therr prematursty causes them to tppear 1 a different re
lation to the preceding T Wuth each beit the I following the premature QRS
has the normal form andicati, sts onigm from the smus node wd the compensy

tory pau ¢ 15 complete

finds the auricles contracting m response to the suus rhythm md
50 15 meffective This 1s 1ecognized by the Iet tha the P wne
occurs 1t the proper pomt i the sinus rhythnt and has the nor
mal form for the lead 1n question There 1s s i Yigure 50 wd
as shown 1 Tiguie 46 ¢ 2 complete compensatory pase with
such premature beuts becuse the sinus thythm has not been
mnterrupted

Irrespectine of whether the retrograde mmpulse canses 1 pre
mAature wricutar cotitraction or whether the auricles contract 1
response to the stnus tmpuise the P w nes myy precede the QRS
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group may comade with 1t or mdy follow 1t depending upm’(!l
the relation of the onset of the contraction of the auncles 1o
the ventricles When ¥ premature beat with an therrant supra
\entricutar coniplex stavts durtag o shortly after a normal P wve
e T assomg that the P R wnterial does not measure conduc
non ume but oaly precedence of the aunictlar contraction
Netther does the R P interval measure conduction time w hen 1
normal P ware follons the begmning of QRS but only the prec
ederce of the ventncutar contracuion With iverted Powaves
however the R P nterval mdicates the time difference between
the armal of the nodal sumulus 1n the ventndes and auricles
and 15 uswally found to be 1o the neshborhood of 010 10 014
sccond When no P wane 15 Tound this wase bas been buned m
the premature QRS group and 1 such yecords a complete com
pensitary pause will mdicate that the sinus rhiythm was not
terrupted by the niodl premature beat

The ventricular complex bas the supraventnienlar form char
acteristic of the usual beats of the parucular record although
1t wsually shows aberration of the naves 25 wath aunculr pre
mature beats  [he aberryon may be quite marked in some ree
ords and 1s probably due to the sumulus passin,, 1nto one of the
bundie branches earlier than 1nto the other

Multiple premature beats A vecord showing premature beats
il ustally be found to show but one vaniety These will usually
hwee the syme form throughout the record thus indicating that
they arise from the same ectopic focus Interesting modifications
of ventricular premature beats may orcur when they come at
ql::fli ;“l‘e‘:ltd :1?::3:‘:: ntrm?l gmpulse and the ectopic mpulse
wme hat the cumn(i:l‘r sla e venuricles so nearly at the sume
be reco_mzed by e ;Cgms 2o placts atance Thos wil
towed |:‘) k) \em‘ : 5{:‘“9“ ‘31’ orene b K muenl Besg ol
of e of the us:\x\u rr N c: nch seems ta i & Composite
mil bear Ths ron‘c}hfm“me e and the campies of dhe sor

1om mi sz be distingwished from the ap-

;lmx ce of ventncular premature beats ansn,, from different
oct I this cuse there wall not be 2 shart P R wteral b
desciibed e

Sametsmes premature beats from, several diffcrems fooy will be
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found 1n one record Tigute 45 wnd Tigure {9 4 and 5 11l show
premature ectopic P waves of more than one form and Igure
49 D shous several forms of premuure ventriculir complenes
Thts indicites two or mote foct of increised srritability i the
auricles or the ventricles s the cise m1y be nd ponts to a
more extensive md therefore more severe myocirdi affecuon
Premature beats from my focus may occur rarely or s m
some of the recards of these figures quute frequently The moe
frequently they occur the greater the wrnitability at the focus
Sometimes two o1 three cctopic beats from the sune focus may
occur successtvely 25 i Ligure 49 A and B or Tigure 47 8 Thus
denotes 1 great local srritbidity and s closely allied to paron
ysml tachyeardin I different foa ongmate sequentinl ectopic
beats 15 m Tigure 9 A B and b the condisons are nipe for
fibrillation of the qunicles o1 the ventuicles s the cse my be
Somectines s m Igure 19 p there will be 1 condition of over
mtriebalaty of several foar which may metke the ventcles beat s
rapidly and irregularly as they do when nnicalar fibnllauon is
present This type of 1ctivity 15 1 {1t common 1 pattents who
show 1 tendency to 1ttacks of ventriculr fibrillhon (page 230)

HraArT Brock

Hemt black 1s an 1bnormality of the heart beat due to depres
sion of the Tunction of 2 cnloventricular conductton Varlous
sorts of wthythme may result (113 51) 1f the depresston of con
ductnvty 1s shght 1t will only cruse 2 lengthemng of the tme
that elpses between the aurculr and ventriculnu contrctons
and cinnot be recogmzed without insttumental exammation 1
more marked 1t leads to tiegutr hent action with dropped
Dbeats which may be obsersed by Iistaung over the hewrt nd by
fecting the pulse If the block 1s complete the hent walt be reg
ulw with 1 slow rate usually less than 40 per munute Ihcep
tionally the rite of the ventiiculn contrictions my be mnch
slower than this perhaps 20 per minute for example while
other exceptional cases 1t m1y be much faster perhaps 70 or more
per minute A slow heart rate 1lone does not justify 1 dragnoss
of heart block nor does 1 1apad rate prove that 1t 15 not present
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found 1n one record Tigure 45 1nd Ngure 19 A nd B All show
premture ectopic P wises of more than one form and 1igure
19 ® shows severnl forms ol premature ventriculir complexes
This mndicates two or more foct of increased irritability an the
auricles or the ventricles s the cise may be, nd ponts to a
more extenstve and therefore more severe myocardinl affectron
Premature beats from any focus my accur rrely or, s w
some of the records of these figures quute frequently The more
irequently they occur the greater the rrrtability at the focus
Sometimes two or three cctopic beats from the sime focus may
oceur successively as m Figure 39 4 wnd 3 or Nigure 47 v This
denotes 1 great local srritibibity and s closely athed to parox
ysml tichyewrdin If dufferent foct originate sequential ectopic
beats s m Igure 19 A B nd p the conditions are nipe for
fibrilltion of the auricles or the veutricles s the case may be
Sometimes 15 m I'igure (g p there will be 1 condition of aver
wrnitnbility of several focr which may make the ventricles beat s
rapidly and 1rregululy as they do when auriculr fibrillation 1s
present This type ol actisity 1s m Fict common m patients whe
show 2 tendency to attacks of ventricular fibrillttion (page 230)

HrarTt Brock

Heart block 1s an ibnormality of the heart beat due to depres
ston ol the functton of wriculosentricular conduction Various
sorts of arhythmi nmy result (I'ng, 51) If the depression of con
ductivity 1s shght 1t will only cause 1 lengthemng of the tume
that clpses between the turicular and ventricular contractions
and cmmot be recogmzed without mstrumental extminaton I
more marked st lexds to wrregule hent action with dropped
beats which m1y be observed by hstemmng over the heart and by
feeling the pulse If the block 1s complete the hert will be reg
ular with 1 slow rate usually less than 10 per minute Ixeep
tionally the rite of the ventricalir contractions m1y he much
slower than this perhaps 20 per mmute for eximple while i
other exceptional cises it my be much faster perhaps 70 or more
per minute A slow heart rate ilone does not justify 1 drignosis
of heart block nor does 1 rapid rate prove that 1t 15 not present
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complete block with funung dizziness o1 even the Adams Stokes
syndrome

In Figure 51 A the P R mtenval was longest m Lead 2 where
1t occupred 0 28 second Figure 51 8 1s wn exauple of the effect
of digttalis This patient s P R intetval had been 0 20 second wd
was mceresed to 0 32 second fter diguahs had been gnen This
degree of prolonged conduction would strengly suggest diseise
of the bundle even considerng the fact that digitalis was con
tributing to the resule

With the next gride of hert block assocrated with dropped
beats there 1s occasionl fulure of the amrculy sumulus to ar
rnem the ventricles so that 2 ventricular beat is hackmg Tlus
1s seen in Figure 51 ¢ where the PR mterval progtessnely length
ens m lead I from 022 to 092 or 010 second nd the next
P wase fuls to be followed by 2 ventricular comples The grad
unl lengtherung of the conduction time 1s 1 result of incrersmg
fatgue of the bundle so that eventunlly st fuls to function The
nest succeeding PR oanterval after tns s g 022 second
Thus sequence of lengthenung conducuon tune with esentual
bloching of the stmulns ws first described by Wenchebach nd
1s commonly called the Wenchebach phonomenon Such dropped
ventriculu beats usually occn wregularly as an ths record
They may be very nfrequent or m1y occur after every second or
third quricular beat quite regularly for 1 ume It s ¢y preal of this
degree of hert block for the Irequency of the dropped beits to
vy from tme to ume so that both the rate and rhythm of the
ventricles ite yarnble

It 1s mteresting to note the differences m the behrior of the
AV conduction system 1 different herts tht are disewsed md
1 the same heart tt different umes Sometimes there will con
stantly be a long conduction time 75 m Figure 51 8 without the
accurrence of dropped beats 1gun 1 dropped bea will occur 1
the ¢ycle following one with 1 comparunely short {0 28 second)
conduction intersal In one heart long records were obtuned
with 1 conduction terial of 060 second without 2 dropped
beat and then suddenly the Wenchebich phenomenon appered
as m Tgure g1 ¢ with 4 conduction time varying from 0 28 to
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040 second Shortly after this the heart agnn became regular
hut records nere not taken
When dropped beats occur after every other turicular systole
(2 10 1 block) the yentricular rate will be regular wd will b;
ust haif the auncular rate 5o that 1t wali nwally he between X
and 60 depending upon 1be rate of the auncles Record v of
Figure 51 shons this condition the sentricutar rite besng 40 per
mmute and the auncular 80 with a conducuon time of 020
second Thus rhythm will sometimes persist unchanged for many
haurs
An nterestng feature of the electrical curies of heart block 1s
that the form of the waves from beat to beat 1s not chnged
the abnormal cardiac mechamsm The I wave 1s usually of nor
mal form or 1f abnormal 1t yetmns the same abnormality
thronghout The ventricular wases are often normal They may
show tight ot lefv axs deviation or some other abnormality
form but with a rare exception to be detailed later they do nat
vary from beat to beat Note especially that even when the con
duction time 15 varyng the ventnealar waves do not show aber
ration such as we find after premature auncular beats
When the P wave comades with the larger ventricular wanves
1t becomes submerged and mav be difficult to make out Usually
A companson with other ventnealar groups will enable s to note
a deformity which can be identified as due 1o the P wave because
3t occurs W the proper thythmic iterval The Pw e ss especaally
difficult to make out when it falls with the T wane of the beat
preceding as 1n Figure 51 5 Flhus superposition s rarely found
in all three leads of a record so that a comparison of the tme of
onset of the P waves 1n the tifferent leads measuring backward
from e beginning of the QRS group will usually serve to de
;xde which motement of the hine of the record 15 P Lead 1 of
1gute 51 6 served 1o wmalyze this record by the plun separation
of Pand I found 1n this lead though she ching
dicated by the arrow 1 the } of o ng at the point
e lead of the Pﬁg\ne had sug ested a
g P wave This notchung
oceurs sith variable defintion because af a shight sinus :ml\ymc
n beats longer at some
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complete block with famting dizziness or even the Adams Stohes
syndrome

In Figure 51 A the P R interval was Jongest m Lead 2 where
1t occupred 0 28 second Figuie 51 5 1s 1n eximple of the effect
of digittlis This patient s P R terval had been 0 20 second awnd
w1s nereased 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 ssociated with dropped
bewts there 15 occastonnl fulure of the Aunculr sumulus to
rive m the ventricles so thae 1 ventricular beat 15 hiching This
1s seen tn Tigure 51 ¢ where the P R interval progressively length
ens i 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 tune 1s 1 result of increwing
fatigue of the bundle so thtt eventually 1t fuls to function The
next succecding P R oanterval alter dus 1s agun 022 second
This sequence of lengthenmg conducuon time with eventuil
blacking of the sttmulus w1s first described by Wenchebach and
15 commonly called the Wenchibih phonomenon Such dropped
ventricular beats usually occmr arregularly s s this record
They m1y be very mfrequent or m1y ocenr 2fter 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 appered
1s 1n Ngure 51 € with 1 conduction tume varymg from 028 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
permee of ventricul ectopre beus which s nsually 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 wwon between aurcles 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
mal form 1nd therefore probably not of 1 suprnentricular 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
leston greang rise to @ record hhe dint of the figure A sinthr
1ecord rmght resule 1f 1 prtaent with bundle branch bleck de
veloped complete AV block also The suptnentricular impulse
would then produce 2 bundle branch block complex msted of
1 normal one

Occastonally with complete hert block there will be sentix
ulrr compleses of the bundle branch block type which will vary
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Patents with complete heart black may alse suffer hor;\ A;l:)m;
Stohes attachs because of the sudden onset of ventricuiar & ;1
lstion This as s been shown by Schwartz and Jezer ma) bwt
from a second or 50 to as long as five minutes Shorter attacks are
ot usually assoctated wish UNCONRSCIOUSNESS but dunng the ‘;’“’-“
ontes the patient becomes unconstions and shows typical con
alsne senputes A conunuous vecord of a part of a short attack
Tasting 24 seconds 15 shown m Figure 62 whieh was landly fur
mished by Dr $ Schwartz These authors have pomnted out that
patients subject to syncapal artacks due to this mechanism are
kiable ta show certam premonttory alterations in the cardiac
mechantsm Farst there 1s an ncrease in rate of the basic 1diosen
tricular vhythm Then ectopic premature entncular beats ap
pear and may come singly at first and later an groups This lavter
mechamsm gives way to short or long runs of the recurrent os
altatians wiich are due to ventricular fibrillation If these Tuns
Sast for as much as 30 to 40 seconds typical comulsine Adams
Stokes ateacks supersene Such phienomena do not occur when
Adams Stohes autacks are due 10 ventnewlar asystole as mn Figure
52 5011 follows that 1f premarure beats are found to oceur fre
quently i patients wih complete heart blodh nd Adams
Stakes atacks te may be presumed that the attacks are due to
ventnicular fballation rather than to asystole

When mcomplete heart block 1s present Adams Stoles attacks
may occur by a quite diffesent mechanuism A partial block sud
denly becomes complete and a period of from 5 10 8 seconds may
elapse hefore the auncular symulus agan passes 1o the ventricles

or the ventricles tale on the funcuon of ongating a thitf m
wen e 8-

<«
tor [PRNRVITNTTEeY
Certain records with complete heart block appear to shon the
necasional conduction of an impulse 11 a setrograde direction
even thoush forward conduction from auricles 10 ventnitles does
nat tike place At umes there 1s apparently 2 sate of wnusual
facilits of conduction ser up by the secent occurtence of the pene
:;.mm\ of a ventticnlar imptdse hacksard wto the region of
epressed conduction or by the successul Passage of an anpeylar
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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] tome 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 wrritability of their antomne center wis en
hanced by the asphyan to 1 pont 1t which 1t agun gave mise to

contrictions
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mpulse forward through it This may give t1se to 4 single func
tonng of the winiculoventnicular tissue or to pertods of yarnble
duration when exch amiculu mmpulse 1s conducted Tlus Dtter
phenomenon has been ascribed to v supernormal recovery phase
being set up m the diseascd tissue of the 1unculos entricular
bundle 1 the sense thae this teim was used by Adrian 1nd 1 ucas
thit s that thae s 1 short penod duning the 1ecovery from
previous weniaty during which pertod the ussue becomes hyper
sensitive to new stunul

TACHY CARDIA

Smus tachycardia A tichycwdin wiich might be eatled physio
Jogical an that 1t 1s 1 simple acccleration of 1 normally contract
ing heart 1s recoghized from the electrocudiogiim by the P wuve
and the ventieulir complex haang the normal form for the
patient 1 question or having only such shight changes 1s may be
the 1esult of the rapid 12te These changes are 2 short duration
of PR of QRS amd of 5T and 1 shyht 1eduction i the sire of
the waves A fower Inmit for the rate of simple tachyendin has
been arbraaraly designated 15 100 per minute by the Gritern
Commuttee of the New York Hout Assounntion Tigute 53 A 151
1ecord of such 1 tawchyendin the 1ate of qicles and ventrcles
being 150 per munute

The 11te of these physiological tachycrdins mcereases gradu il
at therr begmuung nd declines gradually when the rte slows
In this they e disunctly contrasted to what mught be ealled the
pithologicnl tichycudins which te puoxysmalan type starting
ana stoppng bruptly  the i2e remrumng pracuctlly constmt
dutng therr course The rate o 1 physiologient trchyendrt 18
seldom found to be above 150 per minute wiile the paronysml
tichycadrs usually though not always have much lugher 11tes
Any tate over 150 per minute should be reguded s probably
duc to prrovysund tichycredin unless 1 1ecord s proved 1t to be
physiological or unless exophthaliuc gotter 1s prescut The latter
M1y cause vely rapud physiologicil heart mites 1s well 1s abnormal
1thythms

Parovysmal tachycardiay due 10 the reguin wtnaty of cctopic
foct m1y hve 1 rite 1s stow 1 100 per munute or Jess o1 as fist
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1s 210 per minute o1 more in different cases They are the resule
of the actinity of 1 ectopic 1ren of wcrersed irratability just s
are premature beats and are, i effect, 1 raprdly recurring sertes of
premature beats which trkes contiol of the heart rhythm Parox
ysmal atercks of rapid heart action which are due to awmiculr
flutter or wiriculr fibrillation although actually associated with
trchyewrdir are not to be grouped with the 1etacks 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 st 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 ind 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 that 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
mimute Thus P we daes not 1ppear sery abnormn on first sight
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abtaned
but 1f contrasted with that of Figure ,4 8 nhich x;;'xsdm"em
ter the parovysm had subnided 1t will be seen to !c Merent
N\otce also that the ventricubr waves of Figure of A
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s 210 per minute or more tn differcnt cses They are the result
of the xctnvaty of an ectopic arer of increwsed wriabiluy, Just s
are premature beats, and are in effect 2 mpadly recurring sernes of
premture beats which t1hes control of the heart rhythm Parox
ysmal attcks of raprd heart action which are due to aurscular
flutter or aunicultr fbnlltion though ceurlly associated with
tichycrdin are not to be grouped with the attacks here des
ignated

The pomnt of origm 15 with premture beats m1y lie m ny
prt of the wricles or ventricles or i the A V junctioml tissue
The attacks my Ist for 2 period of only 7 few heart cycles or for
severd munutes or hours depending upon how long the rritn
bility of the focus 15 so increased that 1t continues to ongnite
beats Digure 19 B shows two successtve premature aunculir beats
which from the stmluity of their P waves can be considered to
come from the same Jocus Tigure g7 5 shous tno successive pre
mature yentricular betts from the syme focus I'rom t physiolog
el pomnt of vicw two successue premature beats constitute 1
short attch of parosysinal tichyeardin but attacks to be climerlly
recogiizable must Iast for sesera] seconds at Ieast

At the end of 1 parovysm of tachycardia the ectoprc focus snd
denly ceases to produce stimult and there 1s 1 pause which s
usually Jonger than the nterval between beats of the normnl
stius rhythm—sometumes 1s long 1s several of ehese inters s
The sinus node m1y then begin to function and P waves mike
thetr 1pperince which e followed by ventriculir compleses
At times the wriculir contractions do not apperr for 1 few sec
onds nad one or more ventricutr beats of the nodal type my
apperr mrregulirly the mechanism beng m effecr ventrculr
escipe  Sooncr or Jater however the normal rhythm s resumed

Auricular tachycardias nearly always show 1 P w e of 1 ob
viously abnormal form and 1lw1ys one of wn abnormal form for
the mdndurl m queston The focus which originates the 1m
pulse 15 ectopic so thae the twricles contrict m 1n abnorml
mnner and produce 1 P wave which 15 2bnormal for this person
In Digure 51 A the wunicular wae ppers as 1 notch upon the
descenit of ¢he T w e becrse of the rapid heart 1ue of 105 per
munute This P wave does not appear very 1bmormal on first sight
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minute as m Figure 53 D The couddion 135 then pmperly de
seribed 7 2 wodal viytfm not s nodat tachyerrdin There 1s
also the rather rare but chrctensuc slow nodal rhythm prevs
onsly described with imerted T waves plaly seen after the
QRS group The QT mienl m such records may he as much
a3 0 18 second

Figare 53 G shows 2 tachycardin whuch artses 1n the lfeft ven
micle aventncular tachycirdin The P waves ave entirely lost
the luge excursions of the sentneulr waves which have the
ypical wide notclied QRS and the large T wve directed oppo-
site to the chief deflection of the QRS group ndicwung m ongin
1 the ventuontar tsswes of the left branch of the AV bundle
They resemble the compleses of the prematute ventneular bents
of Fizure 348 ¢ which anse 1o the left venmincle except that
they hare 1 larger Ry and snmadler S, They mote closely resemble
the complexcs of Bayley s type 4 tight bundle branch block seen
w Frmure o6 A In other records of ventricular tachyeardia s in
Figure 6 the P wates may be discerned occurting n a slower
wdependent rhythm as they do w the vecord of nodal tachy
cardin e Figure 53 8 Ventncular tachy cardsas 1re much less fre

quent thn those of aurnicular or nodal onigin Paroxysms atso
are d e

rh
100 o we ertier in the bundle brinch ussue or 10 the mutscle
of the semmele

Paransiole An example of smdependem pasisiohe shythms
my be seen 1 Figure ,q b where the AV node and the smus
node each have an mdependent rhythm competing {or the con
trol of the hears ben {see alsa Fig 43 %) Here the tundes occy
81

onilly succeed producing 1 ventricular beat which 1 pre
mnu;m respect 1o the A\ nodai thythm governmg the heagt
wute This happens whenever the mmcylar napuise does not find
the vemtricles vefractory Int tlus case the aunides are protected

from sumuls from the 4\ node by 1 bloching of retro, srade wy
pulses while there 15 no fornard blocl. o prevent (hcbu 1
imptidse from bewng effecine Tiy omation

e werm miterferenice d
1
has alyo been apphied 1o this phienomenon Hontion
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Sometimes 1 nodl tichyerdia my hwe 1 rite not much fiter
than the uricles nd whenever the mmpulse from the auricles
funds the ventricles 1 the drstolic resting stace 1t forces 1 con
traction which shightly disturbs the regularity of the ectopic
rhythm This condition has heen eriencously termed ventiicular
escape and 1s illustrated tn Tiguie 59 p where the auicles are 81
wd the ventuicles 90 per munute The ventriculr compleves
have 2 typieal supriventricudy form showing that the impulse
anses from the AV juncuonal tissues The P waves are seen to
bear no constint relion to the ventirculu wives Heart block
15 not present m this record for at the pomts mdicated by the
arrows the v icutr impulse hs caused 1 ventriculu conttaction
after 1 normal conduction tume All other impulses from the
auricles found the ventricles contricteng 1od cherclore reftctory
to stmulition Note thue the ventiicular complenes of the nodil
rhythm are aberrint s compaed with those which re due to
the normal mpulse They Jack S wave nd the T 1s not so
Ingh

The ventricular complexes of Tigure 53 8 wwe also aberrnt
1s compared with those which were found between the tttachks
the Iatter showing less lft s deviruon 1 bizefer QRS group
and an mvested T, We recogmize this rthythm 1s beng nodal
by the tct that the ventriculr compleses hve 1 ypieatly supra
ventriculir form with 1 dunation of the QRS group withn
normal hmits The P wves of this record are abnorml m hnng
an msersion of P, This would mdicate that the auricutar rhythm
w1s ectopic wising from an hnormal wicular focus

In other tecords of nodal tachycirdir 1s Tigure 54 ¢ there 1s
an mverted P wane following the begmnimg of QRS by an mter
val of from 010 to 014 sccond In such cases the impulse orig
mting in the node has pwssed mto the ventricles nd backward
nto the nuricles 1t the sume ume s has been described when
discusung nodal premature beits In other records no P wme
can be made out 1nd m such records 1t my hve comaded with
QRS
In certn other cises the rite s not excessive wnd the rhythm
1s controlled by the A V node The rite m1y be less than 100 per
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Hutter may be wrmsient or may be permment l:smlnlgl‘so:?:um:s
for many months or even years TRecords arc seelt i Mgl :31 :
5 and ¢ The typeal feature 1s the contrnuat up nd down way
1novement of the base hine at 1 race of sbout 300 per mmmcl cach
peal. betng about 1/5 second from the nest Tins wany line s
due to the auricular 1ty and s the wentricular waves super
ymposed ipon st 1t 15 wswlly best seen 1n Leads 2and 3 In Lead
1 the waves due to the auricles ase often very smafl and difficult
to make out as m Figure ,, A and ¢ It 1» often difficult to say
which 15 the zero level of these records Most records of auncular
Rutter show this prictically continuous motement of the bnse
Time but with slower yates 1¢ below 200 1t seems 13 4f the zev0
Jevel were Tmdnay between the peak and the trough of these
naves the deflection being first sharply downward and then nis
1, radier sharply above zero to return to it agmn before the
next wate staris Thus can be observed 1n Tigure 55 ¢ and Jess
plamly m Figure 55 A Records wluch have caught the onset or
cessation of auncudar flutter bear out tins sinement for the zere
lerel of the record duning normal thythm lies miduay between
the peak and trough of the wavy movement due to the flutter
Dafferent piuients have wues of different form resulung from
auncylar flutter probably depending upon the special path of
the contraction 1 the uncular muscle Some Tecords show the
Qutter wases more plainly 1n Lexd | and less planly 1w lead 2
Itas rare Tor recards (o show the flutter waves poorly i Lead 3
In certum vecords asin Figure 54 b the farm of the flutter wines
1s more younded and resembles somewhat the usual P wave ex
cept that 1ts duratton 1s much greater

The auricles appear to hate hittle or no diastolic period one
electrical wave contituing on Mo the net It must be that
some part of the potenttal of these wares 1s produced during the
distole of an apprecable part of the aunclw wall for the

polygraph shows a succession of pressure waves die 1o successine
auncuntar ¢r

) L3 LN R

nates 18 du RN [SLR NV |<“ :'mn?x:’slt\gr-rn:’zg

dstole 0 1 Lt e wygar part of the muscle of the auncle

The cause of the electrical defiection during s diasole must

msohe the actity of onls 2 part of the aur?cular muscle ¢
The rate of the aunicalac < aves varies i different yecords from
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Occrstonally premiture beats hue been found to occur in 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 pararrhy thmi 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 stmuh from the secondary center so that only occsionilly
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 clborute 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

Paroxysmal attacks of rapwd heart 1ction may occur by 1 sull
fferent mechanism called aunculr futter Attacks of auricuir
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as Jow a5 178 to 15 Tujhvas $)0 per minute in Figure 5, ““z
288 per munute for record A nd 291 for v i © Th: \cnm‘t :\
respond to every second anmieulss ympulse 1 yecord 5‘)« i
and 1se ularly to the second of third impulse m record © \

Figure 5, 0 shous the result of yicus stmulhion wpan the
54 conducuon m the paient who give tecotd 8 Pressure upon
the cwoud sius 1w the neck on erther nght or leflt sde rarely
fauls to slow the wentrienlar rate when flutier 1s present thouh
he effect usnaily 15 only brief Figure 5y D was obtamed immeds
ately after 5, B was recarded byt during pressure on the left
cwotd sus Fhe effcct of vius sumulation upon the T waves s
very shight wnd tratstent consisting of 1 very shght chim,e m the
\ite Tins thamge usually fasis ondy a second or o but s def
ately mewatable w tus tecord and w all the vecords so far
published 1 medical hiterature showng the effect of yagus stim
wlatton 1o the presence of flutser 1t c1n be seen an Figure 55 p
1115 1 varable effect sometimes stowing and sometimes quichen
111, the rte by a few bews per minute Tewss has noted 2 similar
aruble elfect upan e auricute rate of flutter when the panent
Unnes from the standing 10 1he hying posttion

L 2 1 relwan of auncati and semncubr waves ss the usual
dung wath amculr feaer bue thes depends upan the func
uonal condition of the AV bundle and 31 or 11 or trregular
ventricuu vesponses are commonly found Cases showing | 1re
sponse have been reported and the records putilished The rate
wn these yecords has usuatly been slower than 2,0 per mpute

The 21 redation of wineslar rate 10 ventucudar 1s not ev:
deniee of subnormal fuacton of e AY bundle with these
rapid rates far the impulse from the secand aussculir beat ar
rives while the sentracles are sult contricung i response to the
impulse from the birst auncubr beat so that 1 finds the ten
wckes refrcton 1o sumulation 1 tso or meore aurtculir beats

(?\t :mm\:r onc of the impuises must have heen blocked m
the A1 siem The blockang b

hown i Yigure
s % gure 5, € was due 10
. The pliystolo,y of ruricutar flutter 1 fundamentally quite i
crent from that of aunicolar tackveardia fluter ben,, 2 mose
warhed disturlyince of aurtcular function [ ncl\)cardl:xends to
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15 low 35 178 ta 25 Ingh s 300 per minute In Figure 5, 1018
288 per minute for record A and 291 for & nd ¢ The ventrides
respond to every second auricular mmpulse in records A and B
and 1rregulely to the second ot third nnpulse m record ©

Froure 5, b shows the 1esub of vagus stmulition upon the
A connction w the patent wlha gave record n Pressure upon
the carotid smus 1 the neck on either riht or ldt side wrely
farls to slou the ventncular vate 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 he Jeft
carond sinns The effect of ya,0s sumslation upon the T wnes s
tery st it and trnsient consisting of 1 very shight change m the
rate Tius change usuaily lasts only 1 second or two but 15 defi
nitely measurable n this record 1ud m all the records so far
published 1n medic1l literture showng the effect of vagus sm
ufation m the presence of fintter Tt e be seen m Figare ;5 b
It acarable effect sometimes slowing and sometimes quicken
g the rate by 1 few beats per mmute Lewis has noted 1 sumbar
inable effect upon the auricular rate of flutter when the pruent
thanges from the standing to the lying posinon

A2 Urelanon of aunicular and ventricular waves 1s the usual
thing with runicudae flutter but thos depends npon the func
uanal condion af the A V bundle and 3 1 or 1 1 or wrregular
senmnedlar responses are commonly found Cases showing 1 1 re
sponse have heen reported and the records pubhished The rte
‘“jg;ts?‘:e(mds has usully been slower than 250 per nunute
dcnc: v:i ]n:li:“m“ of aunwifr rte 10 ventricultr 15 not ev

iormal function of the AV bundle with these
:‘P:“:’\::’: l:)r the impulse from the sceond auricular beat ar
¢ \entricles are still contricting i response to the

tnpulse from the §
e first auricular beat so that st finds the
tricles refractoy e

fal T Y o sumulion 1f two or more wwricular bearts
e A‘\e\er one of the rapulses must have been blocked m
system The Y
Qs blocking shown n Figure 55 € w1s due to
The phys
olo.
ferem fmzn ) :t)uo{f qrieular fluster 1s fundamentally quite il
marked dutn, ausicular 1achycardia fuuer Lemg a more
anee of auncular funcuon Tachycardia tends 1p
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have lower auricular rates, rarely above 215 per munute while
ariculir flutter tends to hugher ones usurlly above 240 per
minute The stmilrity between all curses of rriculir flutter s

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 ruriculir wves i
twehyerrdin s additiona evidence of 1 physiological difference
between these two mechansms nd 1n f1vor of 1 common mech
amism for 21l cases of flutter

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 at hich the contraction passes
throtgh 1t Thus the contraction wave having swept [1cms5 1
part of the W all of the auncle nd returned 1o ats pont of origin
finds the contraction process wmplelcl) pussed an1y there so
that the region 1s agan capable of contricting This 1t does and
the contraction spreads agan along it former path and agun
on returning to the starung pomnt thus has ceased to be refractory

1s agam writable apd agan contracts There 15 thus formed 1
ning around which the COPLTACION WAVE 18 COUTSIE Behind the
comracng poruon of the 1ing 15 an area whch s relixed and
which enters 1nto contracuon as the front of the wave proceeds
(g 56)

This process was described as a arculating vhythm by Mines
whosnd  Such a wave (of contraction) runs round the yiug (of
suncular muscle of the ray) sufficiently slowly for the refractory
phase to have passed off n each part of the ring when the wne
approaches 1t Thus the wave arcalates and may continue to do
5o Garrey introduced the term  aircus contraction which 1s so
descriptine that 1t seems worth rerumng

In most of the dogs which he imestigated Lewss found it
the path of the  cireus contraction  nas around the entrance nto
the augicles of the superior vena cna nght pulmonary vemns
and snfenor vema cava as shownin Pigure 56 which ss modified
from one of fus Wustrations In cthers n surrounded only the
supertat cava and the night pulmonary verns and 1n one dog 1t
Appeired to surround the leit A V grifice From vhe central path
of the areus contraction  the other parts of the aricics are
unolved by a radial spreading of the contraction as shown 1n
llhe figure ar:d 1“ l;!‘h cnchd c;rcus contraction  this ridal spread

ng 1s repeitec e Tadi;
1|\g\a\s ll:t' same and lhusa n}l‘:‘:in‘cl“;;r":-‘;c i s e
s are always the
same
e P e ondtion st e et
rrcterzed 1 uts Jesser grdes by shghy
vregulnty s the fovm of occastami flutter waves Ag 1t 5!
itton becotnes mare marked there m1y be a shight \an‘n:o:‘on
Rt
the form and rhythmay of groups of flutter wayes The pr;
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dominant flutter rhythm 1s not petmanently disturbed howeser,
and continues 1ter the smpure flutter censes He suggests that
this disturbance 1s due to temporuy varations m the pdhs of

Li, 57 Impure flutter

A Three lead from the case reported by Cookson and Chrk Rennedy  Lead 1
shov s nunpure flatter during the hr ¢ durd with 1 rate of 412 per minute The
rest of this lead shows puie flutter at the same rate Durn,, the firt pmt of
Lead 2 alternite flutter waves show sumilar defferences of form unul the pomt N
tlier which theic 1s a somewhat irreguiar virntion n these wives in the center
of the record the wives 7 and 7 scem to mark two Hutler wuves of a more usun
tipe the rate beng hlf of the previon rite Toward the end of the recond the
ripid fluteer wases repperr without showmg the aliesnagng peenhanty of the
fiest part Lewd 3 shows pure flureer with 2 rate of 206 In all thiee lerds the
ventricles are regular 1t a uniform ruc of 103 (Cook on wd Clark henneds
Heare 16 10, 1932)

n Icad 2 from one of Tewss expeniments on dogs showing, mmypure flutier
with distertion of the auricular complexes The hipures written horzontally are
measurcments of the intenals seprrating the aurncujar complexes Note that the
quncelar compleves are nat undorm ta shipe the inconstaney of the nowch
marked with the + sign may be noted espearlly (Les ts T Heart $ 203 1913 90)

radil spreading of the contriction or to temparary VUIWONs
the central path of the crreus contrction This concition con
sttntes the borderline between futter and fibullinon and 1s
usully associted with a more rapid thin usual aate of the flut
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rer movement It s a Tre condition 1 chimcal records but ::::;
15 seen 1n Figure o7 & Frguee ;7 B1s one of Tenis expenme "
records 1o show another type of vurnuon of the flutter h:n,
“The notch indicated by the 4 mrk vares from cycle to €3¢ le;
as does the form of the peak but the fundamental thythm 1s st
mantained as shown by the horwontally written mesurements
of the F L wterial shove the wares

AuricULAR FIBRILLATION

Parovysml attncks of raped \entriculr rate mny lso be cused
by the sudden mception of what 1 called fibnihton of the
Auncles But Gbrilfation may also be 1 permnent condiion md
m fact wswally 1s so In ewber cuse the wentricles heat wrregn
fary Electrocardho, rams of this condision re shonn Fiuce
58 thie wypucal charactensties bemg (1) abscace of 1 wute of
constant form which iight be due o wwnculw contracton pre
cedimg each venneular wwe (2) m the mtenal between the
sentnentar complenes 1 senes of wivelets matked § f f which
sary m heght and wadth (e 17te) Cestun of these waves may
closely Tesemble a P wave wnd may occur  the proper merval
before same of the ventriculr complexes but if the record s
exvamned 1t brge it will be Tound thar 2t bese this 15 ondy n oc
trsional occurrence s other wives will hue a stightly different
form or wilt occur 2t 1 different mtenal belore the ventricular
tomplex

Figure 58 A 15 from the pasent who nd previously ginen
records A nd ¢ of Tigure 5, nd it 1 seen that the regulir wises
of auricular flutter hnve ginen wav ta 1 mere rimd series of
waves which are not so Jarge and which dimamsh from ame to
ume unni the movement of the line 13 very shght Tt will he
noted thit theve 15 no sigmficant difference m the ventriculr
waes In different pattents the rate of the aurtcutar w 1nes varies
from %50 w0 50D per minute but the characteristic feature 15
tht they are constantly changing form and chat

! they tend alier
nately 10 incresse and decrease in size Figure 58 1 shows a rec
ord with extraordimanily plam avrteular waves i Leads land 3
whith might sug

Sest a diagnosis of auncular Rutter These 1 aes
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appear to be regular n parts of the record but 1f carefully mens
ured are found not to be so Moreaver they vary m hetght and
form and mn parts of the record can be seen to distppear almost

~

. R S “_#Wéfr L s

g 58 A Aunncular fibribation The smail navelets {f/ are due to the aurenlar
actrvity The ventricular waves occur wrregnlarhy and are not preceded by any
wave of constant form which might be = P wave Note the slurnin, or notching
of the QRS group in three Jeids

r Aurrcular fibnillatton with large auricolar waves The sentienlar complexes
show right avis devation of QRS

entirely This 1s 1n strong contrast to what 1s found with e
ulwr flutter whose waes mesure equil over long mteryals
and are of umform haght and form A more usual record of
aurienlr fibrillation 1s seen 1n Figure 58 o4 These tvo records
show a e of tbour 100 per minute for the slowest fibulltion
waves Other records may show rates as high as 500 per mnure

The herght of the waves due to wriculer fibrithiion seems to
depend upon the sume factors that influence the height of P
{phge 111) At least they re found arge most often m records
from hearts with mitral stenosis (uriendar hypertrophy) nd
smll most often 1 records from hearts with diffuse myocrdil
diserse and with the myocardtum 1 poor conditton Igute 59 B
1s from 1 cse of diffuse discrse nd the record shows only smll
fibrullatton waves smymg m size nd sometunes disippening
altogether for long stretches

During hbrillation of the wuricles there 1s no comdinite con
tractton of the muscle fibers of these chambers sufficient to case
a pressure varion within them This fact was appuent m



DISTURBANCES IN RATE OR RHYTHM 225

gr: f aunicutar paraly
Jed to an hy pc\hesl: o
olygrapluc records and -
Els )ﬂud?udual fibers or groups of fibers conunue to conlr}a:onous
ihe shonempy of some fibers 13 neutralized by the synchi
3

z
A
Fi o A Aurcular (bollation with small excursions of the aumcular waves
The ventncutar complexes stow nEht a0 desiation of QRS
& Auncular fibnllat on with sery small aunicular exaursians The rentricular
complexes show teft avis 1evianon of ORS and 2 downmard T wate w Leads
and @

relaxation of others so that the net sesult 15 1 practically con
stant size of the auricular wall

Lewis has pointed out that there 15 2 relation between the
aurtar physiology w futter and i Gbnillaton In each case
there 15 a ctrcus contrachion but n fibnillation s path 1s noy
always the same There 1s an increase 1n the rate of progress
tspreacing) of the contraction n the central nng 1 shortening
of the path of the aveus contraction and 4 shortening of the
duration of the contraction (refractory peniod) of the indinidun]
muscle fibers This leads to continual variations 1 the length and
course of the central pith and therefore to sarations m the
tadial paths by which the contraction spreads from the central
ting to the outlying pares of the aursenlar muscle (Tig 56) Thas
theory explamns why the fibnilation waves \ary progressively o
2 gnen retord md goes far to make clear many other chimical and
expenmental features of auntcular fbnllation

Several authors have observed experimental 1imals what
they considered to be & combinanion of aunicular flutter and
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auriculr fibrillwion In additson to the rpid 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 fibnillwry movements more espeantly observed ~long the
Aunculoventiiculr gioove md m the appendices It my be
that this condition 15 1esponsible for the Inrge well defined fibnl
Ition waves of such records 1s Tigure 58 B and 6o A which 1t
umes strongly suggest the wvy hine of Hutter These records may
be referred 1o 1s showing conse fibrillatton waves but it 1s clewr
that they indicate fibrillation nd not Rutter We must distn
gwish 1mpure flutter (prge 157) from thus condition by the fct
that the waves arc quite regular and e continuous throughout
not show g the phasic mcerease d decretse of implitude which
1s found with hibullaon

The ventnicular response during aurtcular fibrillation depends
upon the number of effecttve 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 awricalr
stiumult prssing fiom the qticles to the AV node so that only
certun sttmult are cffecenve 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
15 reached

The usual thing when ticular fibrillation sets 1n 15 to find
the ventriculr rite as m Figure 6o o very close to the mxt
mum which could be attaned considermy the fact that the ven
tricles 2re refrictory to 1 second sumulus unul the T wae s
completed In tus record the rate 1s 186 per minute and the 1r
regulrity very shght It would scarcely be appreciated by the
finger on the pulsc wnd 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 mncrease the activity of the vagus and disease of the
node or maun stem of the bundle also reduces this rte
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226 THE LLECTROCARDIOGRAM

Aunculr fibrithtion In addinion to the ‘rapid sertes of contrac
ton wWaves passing over the wrrculir wall which can be plunh
seen when the auricles are in flutter there were  sunnltawcous
finc fibrillary movements more especially obsersed along the
wrzcnloventriculir groove wnd i the appendices It my be
that this condition 1s responssble for the trge well-defined fibnl
faon wanves of soch records s Nigure 58 B wand 6o A niich 2
times strongly suggest the wasy line of Dutter These records mny
be referred to 1s showing coarse fibrilhtion wwes but 1t 1s clear
that they mdicate fibrillion and not flutter We must distn
swsh mmpure flutter  (page 157) from this conditton by the face
that the wases arc quite regular id vre contimuous throughout
not show g the phasic icrese nd decrense of amphiude which
15 Tound with fibeilation

The ventricular response during aurecular fibnillation depends
upon the numbcr of effecttve tmpulses which are passed to the
sentricles by the AV system The functional ntegrity of dus
system 1s the most tmportunt frictor i determmng the veutrica
Iar rate though it 1s not impossible that there my be other fae
tors There may be quahitative differences m different auricniw
strmult passing from the uricles to the AV node so that only
certun stumih are effectve It may be that mmpulses come to
the AV node wregularly o1 therc m1y be 1 summaton of
small sumult mn the node unnl the level of mnpuise formation
1 reched

The usunl thing when auncular fibnllton sets i s to find
the ventricular rate s Figure bo 4 very close to the mra
mum which could be 1ttamed considering the act that the ven
tricles re refractory to 1 second stmuolus unul the 7 wue s
completed In this record the rate 1s 186 per minute and the
vegulwrty very shight It nould scarcely be appreciated by the
finger on the pulse wnd can be recogmzed only by very careful
auscultation 1t the apex Pressure upon the ciroud sinus tn the
neck aways will produce 1 briet slowmng of the venticulw rate
and mike the arregulartty more evident by blocking some ol the
uupulses from the auricles Digitahs stons the ventrienlr rue hy
1ts abtlity to ancrease the ety of the yagus and disense of the
node or main stem of the bundle also reduccs this rate
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i other wwnes This sertes of waves 1s due to vemneplay bl
huon The sarmttans in form and darwon we qute amalogpus
1o those observed 1w the waves of ancular fibnlauon thou
the wases wd their duration are much Jarger These changes
the form of the waves 35 the wid begins nd progresses 1re
asually evidentan records of attacks ‘They hnse been particularly
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With rates between 1bout 120 per minute wnd 70 or 75 per
minute the wrregulartty 1s usually more marked than when the
rate 15 1bote or below these limits Some patents conunually
muntun 1 ventriculir 1ite of 75 or under without tahing my
medicatton Such patients have erther 1 vagotona or wn impair
ment of the A V system due to disense for without one or the
other they would hwve 1 ventricular rite of 80 to 100 or more
which 15 the lowest rate that 2 prtient unuded by digitabis seems
able to attun through the normal actrvity of the vagus

When runculu fibniliwtion 1s present ind the sentricles ne
perfectly regular as seen i Tigure 6o ¢ we hnow that complete
hert block 1s present Thus would be so even if the ventricular
ste were faster for if the A V system 15 capable of funcuoning
Al st will transmut ampulses imegnlarly when the awricles e
fibridlung

Aberrant ventriculr complenes fihe those found with aricn
Iar prematuie beats are especrally common with awricular bl
Iwton when the rate 1s raptd s are also premitume beats of
ventriculir ongmn

VFNTRICULAR T'IBRI LATION

Just 15 the wriculn muscle goes into fibrillation so the ven
tneulir muscle may tike on this same mcoordinate activity
under certan arcumstnces It 1s probable that ventrzendar fibnl
lnuon occurs much more frequently than is observed for if 1t
fasts more than 1 few minutes or so the puent cumot ne If
the ventricles do not beit coordinately they will ceise to drive
the blood wnd the pattent will die It 1s probable that the mcep
tton of ventricular fibnllation 1s the cause of death i most pr
trents who die suddenly from embolsm or thrombosts of a
cotonary artery or of 1 Inge bimch and akso m many patients
who hue extreme dilatation of the ventricles due to cwdiic
fulwe Lither of these conditions has been found m ammat es
periments to Cuise ventriculr fibrillatton nd so can probibly
do so i human beings

Nigure 61 shous the beginmng of n attach of ventriculr
fbritlaton m the human heart There e wes 1t the begn
ning of the wttack 1n Tigure Gt B which resemble dcformed pre
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pattcaiuly hkely 1o be seen i ateacks of paroxysmal tachycardi
and hs been called pseudoalternans by Wenchehch True elec
tucal stermans s been observed only 1n the ventricolar com
pleves of the human heast but 1t s been found m the P wase
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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 vrious 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 aftar corenuy artery occlusion Tymg off 1 mun coronary
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
matuze beis m ddition to the bisic whoventricalar 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
premture bert The next thythmic beat 1s aberrnt and 15 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
Actersstic resembling s 1t does 1 settes of deformed ventrieulr
ectopic bets therr form conunually varying ftom one compley
to another The dingnosts of such attacks must obviousdy depend
apon obrumng m electrocwrdiogriphy record bt 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 fibrithaon

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 dying heart of the dog nd 1 the 1umculoven
tricular conduction tume of the turtle It 1s considered to be due
to the fulure of some particular myocirchial wen to respond to
the contriction simulus 1n altermite heart cycles

Flectrical nlternans 1s not usully accompanted by the phe
nomenon of pulsus altermns 2ithough s certun instances they
m1y occur together Figure 62 shows 1 nodal tachycurdit wlich
probably onigmates above the branchung of the A V bundle wd
18 assocrated with partial 1ight bundle branch block This 1s m
dicated by the prolonged QRS durision of 012 sccond the
browd Swuem Ieid I with deep S mr 1 ads 2 and 3 and by the
1tte appearuice of the R peh mt Led I'T 2 The R wses of
Lead I show 11egulr alternition m height except for the eighth
cyele whose R wave is cqual m height to the ones preceding nd
following 1t In Lead 2 the § wave shows 1t regular alternition m
herght except for the sixth and nuth cycles which also hve peaks
equAl to those on either side In Lead § there is an alternttion of
S which s vegular throughout ~lthough in dus lend s wedl 1s
m Lead 2 the vartion n height due to respirition mkes the
alternation morce cvident in some parts of the record thin i
others There 15 1lterninion of the R wave mn Lead LI 2 exeept
m the first two cycles d of the S wuve r Lead 1T exeept for
the fifth cycle In such 1 record as thus the electrrcal alternaton
m1y be due to ternitmg conduction m 1 portion of the affeted
bundle branch A record has been published by Humbnrger
which stlustrates Altermtion of the R wve with 1 regulir nor
mAl smus rhythm and normal ventriculr complexes
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pulse until after a wme the ventnicles would become roused to
an actsaty of thewr own (ventricular eserpe) nd would begin
ta beat usually 1t 1 regular rite of about 30 heus per munuie
Ssfar as1s known auricubar soppage 1s always folfow ed ter an
wntersal by spontaneous sentricular acusity unless the auncles
should biegin first 10 wiuch ease the normAl succession of the
heast beat 15 agawn carried on

When the heart s srregulnr the size of each pulst wane is de
pendent upon the length of the pawse preceding, N aions
i the length of duastole will cause \anations i the degree of
filling of the ventricles 1f the panse 1s Jon,, the sentrcles will
be nell flled and the pulse wave 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 nane
atall Pule rate or thythm should never be tiken to indicite
beatt Tate or rhythm The physioan should always hsten over
the apex of the heart to ascertam the regulnity or arseguinty of
the heart action

The electrocardiogram his contnbuted 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 cluneal dignosis e e wcorrect
and there are certam condittons such as prolonged aunicnlo

vemnicalar conduction time which would never Le suspected
without mstrumemal aid

Si\us DErRession

Sinus arthythimia 1s extremely common A shght degree of
amthvthmia can be Jound on mevsurtng the records of almosy
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 arrhiythmia which

«1n be observed by these latter methods 15 also quite common
espevally in those under turty and over § .

fty years of

age and in
am person after defervescence from an acute m(eciomn h
nowed m practically eseryone when the heart slows aftey Y
heen caused 1o accelerate by exerase T has



CHAPTER VII

CLINICAL ASPECTS OF DISTURBANCES IN RATE OR
RHYTHM

SINCI‘ we are concetned munly with the varous spects of
the electrocardiogram  the title of this chapter tahes us
somewnhat outside of the particular field It leads us mto one which
has been very wcll covered i other publications 1ind so 1 complete
discussion of the subject 1s not attempted This chapter will sum
marze those features 1n connection with the distmbances m rate
or rhythm which are constdered of most clincl importanee

When the mechumsm that produces the normal sinus rhythm
1s cisturbed the ventricular systoles may be affected yvarroush
They may become wrregular without change n rite or m1y be
came rapid and regular or 1n other istances slow and regulwr
Occasionally even the rate my be regular and within normal
Iimuts with an 1bnormal mechanism 1 control We shall consider
the climeal aspects of the tbnormalities of cardiac rhythm to
gether 1 this chapter even though the result may sometmes be 1
regular heart beat and 1t other umes an wrregulir one The
rregulanty or hiek of 1t 1s not so 1mportant 1s the fact that the
heart bext has an rbnormal ongin

When considering distur bances of the rate wd rhythm of the
hiest 1t 15 necessary to heep m mund the relation of the awrtcutar
systale to that of the ventricles nd 2lso becruse the pulsc 1s so
often carelessly taken to indicate the heart action the relatron of
the ventricular systole to the occurrence ot 1 pulse wave Under
norm4l conditions each auricular systole 1s followed by 2 ven
traculr systole md tlus 1s followed by 1 pulse w1ve which passes
to the periphery If the wricles for some 1e1son should omit one
beat the ventricles would also omut this beat nd therc would
be one pulse beat musing 1f the 1uricles should stop for 1 long
penod the ventricles would aiso stop and there would be no

236
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Yeqts from the normal Auncles or ventndles by clectnicil stimu
tation of the sympathic nesses by the combiped action of hloro
form and asphyxs and by the use of such drugs 1s morphine
stophanthine digitalss Adrenalin and caffeine

The fumatt ket 1so may ghe 1ise ta physiological prenn
(ure beats apd thest myy anse wm Wy past of the bewet They
e frequently found as 1 resul of Craves diserse md e
probably often due to the oreractinity of the autonomme nervous
system which accompanies this condinon They mm possibly be
ue to te action upan the my ocardtum of the excessive thvroxin
secretion “They occar 1o m psychonensone sndssduils nd
prolihly then resufy from the generally exalted nersous acth ity

Premature beats commonty oceur m assocnton with orguue
Qusease of the gli bladder nd less commonty with diserse of the
somach wtesunes kadney or lungs The mechamsm here 15
probably a reflex through the awronomic and sympathetic sis
tems Marhenzies wterestng obseriation that frequently the
hiearts of normnl women show premature beats at some Ume or
othier duning pregnercy shonld be menuoned here The mech
antm of therr production 15 not known but i well might be 3
veflex from the thdomma) viscerz

Premature beats may vesult from the rction of dru, s m the
human hert also digiabis morpline coffes ted And tbnceo
bem,, of most chmca) am po uwe Stapping the drug will
promptly bholish te arrhyl = 2 of 1 should be e cuse

Besides hese not unconunon extracardiic causes af prema
ture beats many panents with thys wrregulanty have as 1 cause a
)):\\:‘\l::lE:\u::;xxil‘n‘x:‘n:sxn;trlx‘c )hcm :rhe dhiseased e need not
often s(\;h( A small qu\: ’:):"8“ or the eart as 2 whote 1
o1 a smalt ares of dehictens bk;::f "“U;fclj or other mftction
1onang s apable of causing ) (6 corowry mat

5 Uus disturbance and myght not

affect the hearts fupction apprecrahily s

The unportance of the premutnre bea
apan the waportance of the causative dy

in 2 senies of 327 cases with
71 per cent of the patsents w

t is here seen to depend
sease

Premtiee beats stucied by ¥ ewts
ere afftcted by one or another deft
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Thus arhythmea 1s usually symptomless but the more extieme
types of simus depression such s sudden temporary heme stop
page, or perods of very slow heart are bhely to cvuse dizzy spells
or pilpitation With the cnotd stnus syndrome there may be
funtmg or even comulsions No matter how severe these symp
toms m1y be there often 1s no orgmme endine diseise The chin
12l siguficnce of m arthythmin due to 1 depression of smus
wtivaty 1s usuilly that of an overctivaty of the vagus nerve Gen
thouglt the anhythmin may have caused symptoms referred to
the heart o1 enculvtory system The disewse 1f wy s limaost
ways exttacardine and the symptoms e due to 1 tempartry
functonal depression of the heut rite nd to cerebral wenmit
from the resulung deaiesed 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 tutmo or imfection n the neck my
cause m meresed vagal actn gty 1s may 2lso merease mtrrctannl
pressmie due to tumor or hemorthage An abnormally maeised
nittrbihity of the carotsd sinus may crnse excessnve 1agal activity
resultng m one or more of these mamlstitions 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 becrwse 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 etiology thin upon the
thythm disturbance though the il mantfestitions m1y be
duc entrely to the slow hewrt rcton

PrevATURe Brars

The chimeal sigutficance of premature beats 1s very varable
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 junctiona) ussues A premature bet may 1w ys be
viewed 15 1 expresston of 1 hyperirritable locus m the heart

In experimental wunls 1t 15 possible to produce premature
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periments show 1o change worthy of note When lhe‘pn:m(({u:z
Lieats come more often they cause a considerable falling of
flow

mi‘::imle another point of view 1 greater frequency of oc
curtence s 2n undesimble prognostc factor Frequently occl‘:lr
nng premture beats especually 1f they occur uregularly usually
are cansed by a disease of the myacarduus rather than by nenous
infiuences while the more wrequent ontes e usundly due to
nervous mfinences Tius statement 1s not without speanl excep
hons m both of us phases especially when the premature beats
accur regularly after exery other worml bewt These are often
of 2 bemgn ongn When two or three prematire beats occur
In succesmon the canse 15 2hmast always myocardial disease

The arcumstances under winch the premature beats oceny ko
yive a clue to therr impartance When they appear after digatabis
admunstrivon they has e no sigmficance other than thay the drug
1s causing what has been called one of 1s mmor 1omc phe
nomena When tobacco tea coffee or alcohol are used to excess
the prematare beats may be due to these drugs and myy disap-
pear when ey are sopped

Premature beits sometsmes are present only whest the panent
1s quiet and the heart rate slow and disappear when the rate
beromes more rapid from whateser cause In such cases the
premature bests are especially lkely to occur when the heart
slows down gust alter a period of exerase probably because of
the acusity of the agus and sympathetic system at thns yme
These are often benson cases without a senous foundation

In other panents the premature beats wall become mare fre
guent when the hieart 13 acceleratrg by exercise and these usually
are due 1o a myocardia) focus When premature beats occur
the course of an acute tfection such as scarlet fever vhewmanc

fever or preumonia they may be considered to 1ndicate an m
saston of the heart muscie by the disease
The pro,

-NOSIs quite evidently does not depend upon the pres
e of the premarure beats so much as upon their cause We
shall feel thar 1hey are dye to heart disease ¥f snch othier signs
ave present 35 the murmurs of alsular disease an ahnon%ml
elecerorardingram of the thy thmic beats a decrease of the cardac
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mite form of diserse of the heart and the other 29 per cent counld
be divided s follows 10 per cent had active disense elsewhere
i the body such s honchits lumbago grstric diserse and so
on (2 cases of exoplthinnce gorter are included here) and 10
per cent, except for the riegulnity were apprently healthy In
2 series of 50 cises which 1 have restened from thas stndpomt
the propoitions m these groups are 81 per cent with cardiac dis
ewe 10 per cent with 1ctive diserse elsewhere and 6 per cent
without my discise bewng found The difference between these
two scts of figures 15 not significantly grem As both Lewss and
the wuthor s series wwe taken from groups of mdimiduals who
predommantly hwve more or less serious cardie disewse 1t 1
only surprising that so mamy with the sreguimity did not afso
huve evident disense

It hs been stated that when cardre disease 1s not present
the 1rregularity may be due to reflex or other nervous cruses but
1t must be borne 1n mumnd that premature betts occisionnlly may
be the only csidence of myocwrdd diserse They may be due to
the 1ty of 1 discase focus not large enough or not properly
situated to give rise to any other sign When we consider how
msidions the onset of rtertosclerotic hent disease must be we
must tealize that when this arrhythmit appears for the first ume
mn patzents over forty yews of age there 1 7 defimte possibility
that this my be the fust mdicron of 1 smll Jocalized arcn of
myocrdinl degeneration or 1schemia due to coronary narowmng

The frequency of occurrence of the premature beits has 1
benring on therr prognosis A premature beat entuls 1 certun
amount of wasted effort on the pare of the hewrt for 1t contracts
upon a ventricle which bectuse of the short preceding dystole
15 only poorly filled with blood There can be but 1 snmil output
of blood frowm this beat At best and there s often nonie 1t 1} vet
the cardire contriction expends s much energy ns if the ven
wicle were full When the prematwe beat occurs ifrequently 1t
does 10t umaontt to 1 sertous loss of cardiie power but the move
frequently 1t occurs the more of the hents encrgy is w asted It
has been shown thit i the dog nuheilly produced premature
Dbeats occutring four to eight tmes per minute change the blood
flow but hittle the greatest loss being 11 per cent and some ex
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evidence of cardiae 1ol ement ppeiNg dunng the course of
a theumauc wfection  pheumontt diphthern ar ather 1cu:c
dssease It 1 common 1 these infecuons for the disese of node
of bundl¢ to be pvt of a more or Jess wide spread myocardans
Such acute processes mcrese the grvity of the outlook but
should the patient sunive they mm resolve to such an exient
that the conductiott time becomes norml agan and the heart
nry show no sign of having been affected ‘The complete hear
block which 1s common chimeally may he due 1o repentions of
these minor 1stdts Dut usnally 18 2 chronic desiructine process
imvotyng the node o bundie The cwse 1s somenmes rhemmatic

rurely sypiohue but wuidly rtenosclerote With this enology
we can scarcely bope for a recovery of the conducting function

so that the condion of the patent s well s lus outlaok for
the fure will depend upon the wtepnty ol s sentnenbr
muscle hos much 1t 1s Affected by the disease nd how well 1t
15 abile to compensite by 1n 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 ventriculr muscle 115 relatne freedom from
disense 15 Inavs the predomunnt factor i the proguosis and

for tus vewon the rentneutar complexes showld be examned
for evsdences of myocarding aboormabyy

Taciicarpia

There is 2 very dustinet climica) seprration betneen the tachy
cudia which we hme termed phustalogical and that winch 1s
prrosysmat and might be called prhelogical The plysiological
tdnardn s the response of the heart to wflucnces fmmn(hc
tentmal nersous system or cardiac reflexes or to some toxin n
the blood T ocours wih Tever hyperthyrardism extitement

wnemia cudiag fmlmie and so on The rapid heart which occurs
with intracrannd condsuons s s apoplexy

s probably due
0 1 depresson of the Mgus center releasing the heart Ir(im 1ts
normal tetarding ifluences Physiologieal chyaardias do not
necessanly mean disease of the hetet nd ase never the prn
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1serve powel, suflicient cardine enlrgement to be unquestion
able or w wcrerse m the nreguluity during the twenty secands
immedrtely 1fter exercse If none of these things e obsersed
we must conclnde that the arhythmin is not due to muscle dis
ewse of 1y extent or severty The net step 1s to look for the
reflex or nervous factots which hive been mentioned 7s possible
cruses of the mihythma If none of these re found we myy
feel that 1t 1s without climeal importnce

It makes but hutle difference whether the disease focus 15
the auricles or the ventricles The sequel of amiculw myoen
ditis m1y be hbrilluon of the auricles while that ol ventricul
myocnditis my be cudine fulure The sequel of myocardits it
the wriculovenuculn node 1s hent block Discase 1s not usuatly
shuply locilized i any one situntion for amicles node o1 sen
uicles e vsually mvolved exther m purs o1 1l together

The outlook of the pattent with premature beats s plunly
not ffected by the irregnlwrity It depends upon the cruse of the
rreguinty the posstbility of 1emoving the ciuse and the effect
upon the hents cfhciency 1f the crusal condition should persist

HEearT Brock

The recogmuon ol the lugher grades of heart block 1s not
usully dificult even withont mstrumental ud  because of the
slowness of the hewr 1te The rate s usunlly less than 10 per
meoute nd the thythm regular The lesser grades of block with
dropped beats mv be confused with premitme contrictions
The pulse m1y be bigermnal or trigominal Just as when pre
mture beats ocan tegularly One e usually distnguish which
mechnsm s present even without 1 record by histemng cue
fully 2t the 1pen of the heart for the sounds of + premature bet
Picssure on the ¢uotd sinus wiil often help our deasion for
1t will mcrerse the frequency of drapped beats due to heart
black though 1t will not mcrease the frequency of premature
beats

The lowest grade of block with prolonged conduction time
between nicles ind ventricles cannot be determined without
the pal)gnph or the electiocardiogiaph  Prolonged conduction
time perhaps with occasional dropped beats mny be the anly
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so that the vemmdles are stower 2ad pethaps mreguhg h; :)I:Lc.
jatier case the heart beat stmaltes sery closely l:l et;(sm“s
rhythm of auneuit fbutlaton The re\Cuon‘ to caf mlu S
pressure by 2 dowed and wregular ventricular response :
characsensuic feature of flutter but thus change fasts onty ‘1“1')"15
the presswre and the vapid vegular rate promptly returns Digt
(als sdmmstraton wil nsually slow the ventnicular rate when
the patient s therapeutic dosage 15 reached and il patients with
s condtion should have the rate properly controtled by cagt
1ahs medscation Under digitalis the heart usually becomes 1r
regular as well as slower
Aurtcular futter 15 usually dependent upon 1 puhological
process although 1t may be tovic i ongin and perhips very
rarely may be neurogemte Careful microscopte studies ¢f the
aurteufar muscle m this condition are not numerons but they
usually show a diffuse fibrosis perhaps due to chrome arterial
disease or to a diffuse leucocytic wfiltruon 1t occurs especially
1 chronsc atterioscleronic pauems and mn others who 111\& an
mrerstital myocardius whether due ro acute rhenmane lever
lobar pneumoma diphithena or after sypinhuc mfecuon A
patient having an attach dunn, an acme nfection m1y recover
from 1t and subsequentls have no signs of cardiac abnormahty
On the ather hand those who have aunicular fatter 23 the Tesnl
ot iy imic processes often haie some Lumttation of theyr cardiac
reserve 1 the ntenvals betweer attacks This shows that the
venmcles as well as the auncdles are affected by the myacardit
disease 10 these cases
Patients who have had one atrack uniess 1t occurred during
n acite nlection are very bkely to hate another They e
abso likely to have auncular fibriflaon escher coming on sud
denly with w atraek of rapad srvegular ventricular action or s
1 sequel 1o 2 period of futter The physioloical relation hetw een
G o s s spbess o s xteney
the other Peztedly from one mechamsm to

The vipid sentricadar acuon due to aurtcular Hotter can
usuatly be readily, controlled by digals Thus drug also affects
4

the unculy actv
anty  frequently chnging flutter mto fibralla
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apl cuuse of heirt fulure thaugh they mny be 1 contributing
cause by lewding to cardine ftsgue Tong continued rapid heart
action will lead to undernoursshment of the heart muscle nd
conscquently to cirdine faugue and fulure but usually the
tosert1 which causes the raprd rte dimnges these hearts more
than the rte self

Parosysmal tachycardin ss often due to diserse nd often not
This 15 of course 1 distinction of mmportnce and 1s to be deter
mined along such general Mues as have been detuled for pre
mature beats (page 211) The clinwel significince of paroxysmal
tachycardia differs according to the part of the heart in which 1t
onginates Pironysms anising 1 the quncles md 1 the wurncenlo
ventricular node e more often due to 1 disturbance of the
cirdirc nervous mechamsm thin to disewse Tspecially i young
people, they often cetse to occur alter 1 ume and the heart scems
to remun intact

Ventricular tachycardin rarely af ever 1ppews except 18 1
result of virdine disense It 1s espeanily Inble to be crused by
disease of the coronary arteries

The chnical mmportance depends greatly npon the readiness
with which the 1tticks can be stopped Auriculr and nodi
foct are more under the control of the vagus nerve thmn we
ventriculir foa and cirotd smus pressure or other forms of
vagus sumulation wncluding drugs which have this action e
more likely to stop ttacks origtnating from these foct than those
onsgnatng n the ventrcles The proguosts of cichycrdir 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 twrwcul fibriliation Since the auriculr
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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erersion to normal thyth Thus for many pauents \\;e omset
of permanent fibnllauon can he consideralily postpoued blished
When fballation of the auncles 18 permanently estab) “;
the prognosss for each mdwidud case demands a‘lm‘cz;‘el "2:]
\hat the proper amount of dignlis be used to sfow N '80
criclar mte and heep 1 contmuatly between 70 and per
mnnte while the puent 15 1t rest Without such medication
the wndengy 15 almost unnersilly 1o heart Imbure through ex
haustion of the heart muscle by the rapd ventneular beaung
Wath occasional patients who have a pathologieal Teston s the
A\ system or a vagotoma 5o that a certn smonnt of depresston
of A\ conduction 1s present the rate docs not tend to be rpid
even without digatalis
The prognosts depends first of all upon mamntumng an ap
proxumately normal vemmcular rate wsing digitads sf s s
necesiry Fren the best heart wall fal sthout thas The prog
nosis when this 1s done depends as m all the other arrhythmrs
upon the degree of wnolsement of the ventricular muscle by
the disease which has caused the arthsthyma and upon the
mechameal handicap such as vahiular lessons or Iigh blood
pressure agunst which the muscle must work
Aurscutar hbnitlation 1s useally a result of myocarditts withun
the auncles It may be cwsed expernmentally by the injection
af certun drugs which dimage the heart muscle nd clerlly
may ocur from aaite tavic degeneriuor due o distase or to
mfecnion within the heart itself It often occurs 1 a resuft of
averacingty of the thyrod Here s usually 1 the parogsmal
form although occassomatly 1w myy be chranie The temporary
developmens of awricilar Bhnlanon has been reported 1s a
feature of posonmg by hydrogen suiphide wnd also by carbon
wonoxide Very rarely st appears to he BOUTO.enc especialfy
wnder the miluence of fatigue or excitement
The chrome form 15 usially due ta a chrome fibrotte process
wathin the auricular muscle This may be tesidunl from a former
acute condition or way be due to arteriosclerasts Rhbeumauc
;ll;j:tlsll;lt‘):“:hc mumll ralve ss frequently assoctued with auricuiar
somewhat tess than halt of all cases showing evidence
of matral stenoss while aboug the fame percentage are due 10
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tion 1f digitalts now be stopped the normal rhythm will some
tmes return but fibnllwtion m1y contine or my resert rgun
to flutter, so that we myy be continually foiced to deal with
an abnormnl cwrdiic mechamsm Quuudime gren directly the
condition 1s recogmized 1s usurlly though not 2w ays successtul
n causing 7 retversion to normal rhythm

If the ventriculwr rte 1s properly controlled by digitahs the
patient ¢m go 1bout nd do 1 great derl while anncular flutter
1s present The situation n this respect 1s quite sumlar to that
with wricalwe fibullwton ecept that the ventriculr rite s
somewhat more difficult to control 1n the presence of fiutter
The ulumate outlook for these patients depends more upon
the degree of yvalvulir disease or hypertension the mtegrity of
the ventriculr muscle and the proper contiol of the ventricuhr
rite by digitalis than upon the charcter ot the auricular 2ctivty
The prognosts for the attack with the usc of proper treatment
s good but the ultumate outlook 1s to be detertmned by the
extent of the cardie disease on such grounds 1s are discussed
under qwmncnr fibrnlhuon

AurtcuLar  FIrILLATION

Cluiclly 1uriculir fibullation appears m 1 parovysmal and
also 1 1 chronic form The chromic cases often grve 1 lustory of
having had one or more parovysmal attacks before the onset
of the one which finally persists As s been mentioned nuric
ular fibrillation my be 1 sequel to wricular flutter When this
occurs the fibrillxtion may enther revert to flutter give phice ©
normal rhythm or remun persistent

The pwoxysmal form of auricular fibnllatien 1s 1t 1pperrs
chuucally differs from parosgsmal atewcks of waricular flatter
only 11 the trregulirity of the ventricles The symptoms  tret
ment and prognosis are practcally the sume When 1unculhr
fibrillation 15 long established 2t 15 uspally permanent  though
even long stainding cases huve been observed to revert for 2 tme
to normal rhythm Quunidine when properly gnen frequently
w1l canse even long standing ruriculr fibrillton to give ple
to normal rhythm and this w1l often remun for 2 considerible
pcrlod If the fibrillwion returns quumdme may agun cuse



CUAPTER VIIT

M
VARIATIONS OF THE ELECTROCARDIOGRA}
' RFSUL’AI‘ING FROM DISEASF AND OTHER
ABNORMAL INFLUENCES

N PREVIOUS chapters the charactenstcs of the normal
I electrocardiogram  have been revien ed and those electro
cardiographic abnormaliies which may result from disease or
abnormal function of the heart have been described We shall
here consider what sort of nformation the records ate able to
give 10 what types of patents the records are hkely to be of
diagnosuc impartance 1ud what particular electrocardiographic
abnotmalities re likely to be found as a result of the dilferent
diseases and imtoxications that affect the heart This chapter 1s
written to pomt out the imuations of this method of examming

the hewrt +nd to indicate when 1t will be found especially vatu
able

How 10 Reab An ELECTROCARDIOGRAPHIC RECORD

When examining an electrocardiographic record 1t 15 neces
sary to have a defimte method of procedure m order to avoid
Mty umportant but unobtrusive features such as for example
a shight prolonganon of the P R 1ntetval or of the QRS group
Having a defimite order for examining the numerous details of
the Tecord nothing imaportant will escape notice The following
order 15 suggested as being logical and complete ;

1 Fxamination of the test of stindardizanion 10 determine

a Whether the yump 15 exactly 10 mm
b Whether there 1s overshooting at the end of the Jump
2 Decermune the ¥ wave 1n each lead

} Determine the rate of the aunic

ular systole The number
of complete heart cycles (P p mtersal) i 6 seconds (30 of the
fifth second diistons usually occupying abaut 15 cm of the

249
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arteriosclerotic myocardial condittons There are howeier a
certun number of hearts with uricular fibriilition whose auri
cles reveal under the microscope comprratrvely hitle disese
Probably in chese and m 2l paroxysmal cases abnormal nersous
mmpulses are 1 importnt Ictor 1n precipitating the onset and
the fibrillrtion once started tends to perpetunte self Cases
with shight pathiology 1re possibly those that revert spontaneously
to normal rhychm or do so easily under quimdine Cases that
do not revert under qunidine are possibly those with more
mrked structural changes in the anricular muscle

A pathological process that myolves the wuricles may tmolie
the ventricles bue Inttle Thus 1s the reason why some hearts
with aunculir fibrillaton are able to carry on the arculation
so well cven under the handicap of valvular disease hugh blood
pressure or continual strenuous bodily exertion provided that
the rite 15 kept from becomng too rapid for the ventrcles to
function at therr best If the ventricular complexes are of norml
form d the valvular disease or wncrewsed blood pressure not
too extreme the pauents cardiac reserve will often be good
enough to allow hum to do what he wishes with but shght hmuta
ton If these other factors are unfavorable the resultung hand:
cip will probably cause 2 certain wmount of cripphing of the
pattent s abnlity The 1ctual wrregularity atself provided the rate
1s kept withtn normal himts by proper treatment probably
handicaps the heart but bittle



VARIATIONS DUE TO DISEASE 251

18 Dote the R wave s height with the different pnun[mg ‘f;
the electrode the time of s apex after the hegmmng of €
with the different positions of the lccrrode o

19 If Q 15 present mesure 1ts height Is 1t normal >

30 1S s present measwre uts height Is 1t normal ;

91 Measure the Jevel of the ST junction 1s thus normal

99 Ts the T wave upn, it or mverted

93 Note the form of the 8T segment

24 \feasure the hoght of T

1\tORMATION DERIFD FROM RFCORDS

Like any other single method the elcctroardiographic e
minatian ts more \alue 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 arrhythima die may he
present

3 Ciee a sum of auncnlar hypertrophy

1 Record the auriculosemncalar conduction time

% Sug,est n the presence of cardiac enlrgement that the
sight or left \entncle 35 preponderantly lypertroplied or that
nether 15 preponderant

6 Gue an mndication of the physiological condinon of the
venineutar muscle

7 Gne evdence of the action of certain drugs upon the heart
{da 12lis qummdine nicotine eic)

& Cnve endence of the action of certain toxans upon the heart
(thyrdy ot of physiclogical distwrbances of the metabolism of
the mysediam {benbeny

9 Show certain pecubiar features of the waves which hase te
sulted from dusease of the yentrcular muscle

The electrocardiogram ges sts awn spectal vanety of snfor
wmation. mmely the wanner of development of the electrscal
potental dunng the vurdiac contraction From the cure we
way draw dedncurons concerming the mechanism and character of
\i:c contraction of the muscle fibers of the hieart An extmnation
ot the heart 15 ag incomplete without the clewocan\mgram as
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record) 15 to be multiplied by 10 and = figure added 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 Ifwse the P wases constantly 1 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
pearnce of the usual compleves of tins record indicaning 1 nodal
premture beat or ¢ different wppearance ndicating 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) notchung or siurrmg (b)
abnormal voltage (c) 2bnormal duration®

13 Does the ST junction occur 1t ot sufbaently near the
1saclectric level ta be normal or 1s 1¢ 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 precorditl lexds
16 Observe the P wave ind measure the P R interval
17 Note the QRS durition
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cases these complicaung condstions are not present and the un
wsual ais deviation cannot he explained Though tins 1 Th
tnely mfrequent vet the possibiliyy must be emphsized 1
order that the table may not mstead by 1ts duagrmmane ap
pearance

Tamze TN
EFFECT OF LVALVE 1ESIONS UPON FLECTRICAL ANIS OF QRS

Coexisting Conprytons \WHicH
Wouip Exeram Tae Ustsual
DIRECTION OF THE AXIS OF
QRS 1« Tice TREsENGE OF THE
Wave Leson 3w Question
t Early mutral stenosis
2 Marked pulmonary emphy
( V Sormal dwecton ; * semaoc chrame berculons
ofausol Q) Long narrow chest with ver
eal hean

S aLve
Lesto Ustas Unesear

w

i
Mo tmsuf 1 Shghtiefeaxs l
ficency | deviaton

1 Muteal stenosis
2 Combnation of two of more

lz Right axs devia
of abave factars
Early sheht stenouis with

oo
1
tang staading wsufficieney
{1 Normat direction , 2 Figh blood press ire
1 ofaumsof QRS 13 Yghdisphragm wih trans
1 verse Feart
' 4 Aort c msuff ciency

Mural ste
nosy

 Rughe axss de

¥{igh blood pressure

Aortic nsufficiency
Combinat on of two or more
of above factors

1
2 Leftaxus devia 2
ton 3

MMural sienoay

Marked pulm nary emphy
tema or chronc tubrreulosts
Long nartow chestwith ver
\  wneal heart

{1 Normal direction
of ax 1.0l QRS

Kortic inguf

[Lefta sdew
finnency auon

~

‘

Rieh 1 Motral stenoms

LA AV S ) Conmh st om o two o5 more

of above factore

Combined lesions are a more comphicated problem but when

the beart ss entarged and abnormal du

of QRS 15 not present 1o saciente an abnormal puh of the exeita

ton us dectrnical asis will mdicate the veatnicle showm, pre
o

ponderant hwperrophy wich a fagr degree of accuracy I the

chirecthion of the 1xss of QLS does not agree with ¢

raton or marked notching

he byper
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1t 1s without quscultanon or a determination of the size of the
heart By omutting any one of these methods we my deprive
ourselves of informatton of considerable value m the dignosis

Becwuse of the effort necessiry to obtun an electrocardio
griphic record this method of exanunation must be omutted
more often than sunpler methods Tor this very reason the chm
cian should hiave clewrly m mind the hind of miormition to be
obtuned from 1t He should know m what types of cases the
mformation of the electrocardiogrun s mmperitive nd 1bo
whit 15 the hikelthood when he omits this exunmuon that he
15 missing i amportnt ferture of hus pattent s disease

The problems which the physicran should refer to the elec
trocardiograph for solution will be perhaps more easity 1pprect
ated 1f prescnted s chmeal entittes Therefore various types of
pattents with heart discase will be considered and the mmpor
tance of the electrocardiographte mformation will be discussed
i cach category To group the pattents for this presentation
prominent clinical fertures will be used such as the presence
or absence of symptoms relerable to the heart {dyspner edem
or pun on effort) salvulr disewse cardiac enlargement nd
wregular heart action s well s the nfluence of certun path
alogicul cntities such as congemitdl abnormality or cotonry
thrombosis or of certun euologrcl factors such 15 rheumatic
fever or diphthern

VALVULAR DIsFASE wiTiH Rrcurar HEeArT

Patients with vahulr discwse wnd 1 regular heart wath or
without cardinc cnlargement fiequently hive an electrocardio
grum ndrcaning preponderant hypertrophy of one or the other
ventricle Tlus finding mny be of 1ssistance m the dignosis of
the vaniety of valvular disexse provided that the evidence from
the murmurs 1lone 1s not conclusne The subject has been
thoroughly discussed 1 Chapter 1 and Table IN m1y senve 18
1 summary of whae has tlready been smd It must be emphns zed
that this 1s 1 dirgramatic presentaon and that there are not
infrequent excepuions to the usuat findings here mdicated Tn
many cascs these exceptions mry be expluned by the presence
of the conditions Iisted 1n column 1 of the table but 10 other
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WitHouT VALVULAR DISEASF OR ARRHYTHAA

Patients with symptoms referable to the hieart but without
\lvular disease or Arrhythmin may be suffering from neurocit
cutatory asthema or by penh)roldlsm or coronry anterioscleross
Those with newroairtuiatory asthenta do not usually show ab
normalities of the sentricular waves for there 1s no myocirdin
diserse present n these cases bt occsiont] exceptions are
found 1s will be mentioned lager when the electrocardiograpine
findimgs 1 tus condiwon re discussed m detul The efiects
of hyperthyndism and of coronary arteriosclerosts upon the
elertrocardiogram are discussed in dernl later T will suffice to
say here that thase with hy perthiyrordism trely show abnormal
1mes of the clectrocardiogram to mdicate myocardil disease
unless the conditton 1s marked wlale those with coronary arterio
sclerosis often do so even though the heart may not be enlrged

Tanents m tins group who hne cardiac enlugement and
symptoms of cteculatory wsufficieney often show ahnormal elec
trocardiograms They may have a diffuse myocirdinl degenert
tion due to coramry narrowing or to muluple foct of mflimmn

uon wibim the muscle and abnorml ventricular wases wre found
m abowut 85 per cent

CONGENTTAT ABNORMALITIES

Patients with congental abnotmalines of the heart often give
i electrocardiogram with tght axis deviation of ORT an U ~n

.
s vmue and the vesuling hypertrophy causes r:i,i\l
aus deviation of QRS Neither patent forimen ovle nor ntrx
sentricular band usually leads to changes n the electrocardio
grun Hearts with congenntal abnormahtses often hive varator

1 the distnbution of the wrculoventriicular conduction s)s\:n‘:

These vaations occastonally cause thnormal duraton and notch
mg of QRS as 15 seen 1n higure 39

Rc;(c)r(;ﬂy Schruther has collected the clectrocirdiograms of
over autopsied cases and o
grouped them according to thy
€ P
dominane congenutal defect “The most xmportan? mngcn‘:l:l
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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 nd 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
beus 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 fibridition  The 1ccord waill generdly show 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 2 slow wnd regulw rhythm tha with m
xrrcguhr one that 15 block 15 more wsunlly complete than
mcomplete 1n these cases
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Jatter conditions will not tause the typseal abunormat features in
the record

AxTrriosciyroTic HEART DISEASE
COROVARY ARTERIOSCLEROSIS

The three mawt chneal manifestations of corofiary arterio-
sclerosss are assoctated with abuormal entncular wnes with
difierent degrees of frequency Patents who have arrhythma
from this canse whether aunculac Gbrllattion auncular flutter
heart block ot premature heats are more Tikely than not to shon
ventricular waves which are normal except perhaps for 1 Telt axis
deviation of the QRS group In these patents the dusease 18 rore
marked 1n the wncles or 1n the junctional ussues ot 1f the pre
mature beats have a ventricular ongin only a small ventrncular
facus need be affected In these cases the ventricles are often bt
bitle imolved Ou the other hand a certain percentage of these
pauents will have besides the arthythumr significant tbnormakh
ues of the vemnculir wanes such as descnbed 1 Chapter n

Pauents who show cardiae msuffictency as the chief climical
mamfestation nswally are found to hve abnermalities of the
sentnenfar complex A considerable pevcentage of these patrents
il show abnormal version of T or notchung of QRS or both
Bundle branch block 1s not 1nfrequent 11 these patents

Those uho show the anginal syndrome as thar chiel my
festation also are very Lable 10 have abnormalities of the ventricu
lar waves Of the patients who suffer from the angina of effort
bout one third wilf show the coronary T wanve Another third
nall shaw other abnormalines of QRS or of T such as notclun
or slurnng of QRS or inversion of the T wave a large Q “1\;
1 fead 3 15 not uncommon 1n records from thys type of patient
The remaining thied of thus group will not show any sigmficant
abnormality of the ventnicular complex exeept perhaps an\ci( s
devinnon of QRS In such patiems 5 s Vikely that the coropars

arteriosclerosis has not set progressed sufficiently or that the re
sulting coronary msufficren

cy has not been present long
enough
(Ko have gen mse 10 pathological changes i the my:cn(dm:n
‘;‘:‘\\\s\ be borme m mind thou b that rminor myocardial
i

ges may il Yo give rse to electrocardiograpuc abnoremate
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lesions were associnted with specil clectrocardiograplne features
s follons

Coarctation of 10112 with left 1us devition of QRS

Patent forimen ovale with no speanl fetures Even if 1 large
openung s present there 1s only 1 shght tendency to have nght
s devintion of QRS though Iarge P waves and turicular bty
tion 1lso occur

Interventricular septal defects with negatnve or shight ight s
dev1rtion of QRS 2nd possibly evidences of disturbed AV con
duction or bundle branch function

Patent ductus trtertosus with no abnormal 1ws deviation of
QRS

Pulmonic stenosts with marked nght 1as duvintion of QRS
nd Inrge P wates prrucniarly in Lead 2

Tetrtlogy of Fallot with moderate to marked right s devn
tion of QRS possibly also mncrewsed AV conduction or mtr
ventriculn conduction

Congenital trmsposison of the heart 1ts apex bemng turned
towwrd the right msterd of the left gives rise to n clectrocardio
gram suggesting 1ight anas deviauon by the small or absent R
and deep S 11 Lead 1 but can be disunguished from thus by the
fact that not only 1s the predommant wave of the QRS group
dunected downward m Lead 1 bat the P and T wases 1lso e
downward m that lexd It 1s 25 1f 2 normal Lexd I were turned
upside down and this 1s practcully what 1t 1s for the right arm
wire which 1s normally nener to the auricles ind the basal part
of the ventricles 1s now because of the transposttton of the hert
nearer to the wpicl pare of the ventricles Likewse the leftrm
wire nsterd of being nearer to the apes s nos nearer to the
base of the heart The currents i the heart deselop normally
but owing to this different leading off from the heurt to the
gahvanometer the curve by Lead 1 1s turned upside down that
by Lead 2 1s what we ordinarily obtun by Lead 3 and thnt by
Ie2d 3 15 the ordinary Lead 2 considermg their true relmon 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 congemtil trnsposed beut from one which hies on
the right side, becwuse of pleural or medisnml disexsc The
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b leads 1t 15 formd to be st
m:ff D(Erﬂ)l:!:‘:“ the zero level In certan yecords the devin
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Fr,, 61 Three tecords from 2 pient showing the prowses ne chanyer alter

£ard ¢ mlarce on 1fecune the d 2] hragmatic portion of the left ventude The
changes are of the @3 [ 3 upe

A R“‘“ Tecord was made the day foloning the attack anl shuwy an rlevaten
of the T junction wn Lead $ wiile sn Lead | A poron of the ture 18 below
the cera tevel

» Thy secord obtatned scsereen days tater shews the change of T 2 and
T 3 o mserted %2 w8 s ggesuing the cotonars feature but £ot showing 1t typs

calls T 1 now has a pormal appearanee [he QRS group of L2a {3 1 now yepre
ented 1y 2 Q5 nare 1maked S)

Th record olvaned twi sears ahier ® shovs 2 T wave whieh viewed 2y
an solated feature could not be called at normal although W o downwatd

Tead Sand ha orh 2 wmalt amplitude 1n Lead * The Q5 wase fmaded §) still
per o

uonal normals (Fi, 19 but typreally 1t exreeds the I of
normaf warmuon by from 1 omm ta 5 mm i different lends
Erom the 5T junction the curve passes 1o the petk of T by a
stiaght hine or by 1 curve that 1s concave toward the baseline so
thatfat anises aboy e the baseline 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, o Because of
the breaduh of the peal of the T wne the descending Limb 1s
uite "brupt as m Lead 3 of 1igures 63 4 and 6, A (See also Fig
17 ¢ mdp)

Tl devtion of the ST qunctson and the broad rounded or
phiteautike T wave 15 assactated with a Yocahized area of acute
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ttes Occastomlly patients with 1 normal electrocirdiogtam who
m1y or may not hive Ind preceding ingimal symptoms die sud
denly from coronary thrombosis This shous dewly thue w
artery may be sertously discised md yet not cwse recogmzable
change n the ventircular complex

Records mide dunng attichs of mgmn pectonts hime fie
quently been observed to show changes m the $ T segment and
T wave which disypperr After the cessaton of the attach These
changes usunlly constst of 1 departure of the § T junction from
tts prestous level and sometimes 4so 1 yvanton m the apper
ace of the S T scgment so that the record may shightly suggest
the appearince chmactersstic of mfirction or more closely 1c
semble the chinnges found during healing of an mfuct Cowmer
dent with these changes or ¢ven without them the T wave my
become smaller or may become mverted In occastonal instnces
1 bundie branch block curve was present durmyg m attak of
g pectorss hut was not present m the mrervls between
attacks

MIOCARDIAL INEARCTION

Patients with myocudial infarction due to coroniry thiombosts
will show m abnormality of the electrocirdiogram m practically
every case if more than one 1ecord can be obtuned dunmng the
first weeh A single recard will occrstonadly tul to show dignostic
changes for these wre sometimes Jate m thar onset ud sometimes
transient As 1 rule however changes ne present witlun 1 fen
hours nd persist for seves) weeks o1 even months Beomse the
changes occistonally ue transtent 1ecords takhen fter the second
week o1 even earhier m some ¢ises may i o show wvdance of
an abnormality which was previously present  An mibaction
which anses m the coumse of extensie catonary utetrosclerosss
mny not be due to 1 recent cotoniry thiombosis but the chinges
1n the electrocardiogrim are of 1 sir dhnrcter

§ T punction and I nave Soon after the occlusion the put of
the curve most strikingly 1ffected 1s the ST segment though
QRS md T my 1so be chnged (Fis 65 64 md 65) The
typicl feature of this st1ge 1s thae the 5T junction docs not
lie 2s normaily nen the beline of the record but mn two or
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Tend U
has been descnibed s the coromry T wwne s [;m‘\\\c;(‘&‘ 1(rd s
S n) This consists of an
of Fir Sy cmd of F1g G
\cxn;' oi!lhe 5T se,ment the Temmant of the ongmal browd

RO
2y

A

<

Fi 6 Thre secords from a pavient $hewme progresie chagees fallowing
eavdie nfarenion afiectne the antenar patt <€ the left ventncle The changes are
of the O FT 1 tpe

» This recard ot tamed two hours afier the attach begtn thows an clevation
«f the 3T pnetoon n Leads 1 ant o and 3 depriwsion of this pownt Iefow 2c10
10 Lead 3 There 13 1ov vcltage of QRS and A smafl O

8l record obtamed sixicen day later shows a chan e ¢E T 1 ond T 2 1o
wpial ¢ topan T wa es d phasit (+ ) aves with an upward comexiny of the
first Wb of T T 3 30 31 ows <ame def tession <f the 6 T sepmens

€. Thus recatd ahramed theee monchs after vecord 8 shows further changes
T Y the ST segmient now starune shightly below the 2¢vo level The T wave
Lend 4 of verv smald amyhtude an ! 1w diphasic (+ ) T % bas 7 porma) ay

pearance The QRS volta ¢ 13} v and feads 7 and 3 shew R and S € abou
equal s 1e

upward T folloned by adownsard T ume Wi 1 2
ot

LLase may
s a grdul return of the § T segment to normal so that

when the stige of the coronars T wave has becu reached 1n thn
tead showm,, the wajor distusbance of T 1t 18 wsunl for the T
wave w the reaprocal lewd 1o have 1 normal Appearance (Figs

64 c wnd 66 A) Ths serses of changes was first demonstrited 1y
the human electrocardiogrim by

y the anthior w a case showing,
Ure (vpical fetures 1o 1 cads 2 1ad 3 and fns subsequently been
tonfirmed by Pirkanson and Bedford and tter abscrvers Smuth
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degeneration of the ventriculwr myocrdiun such s 1s produced
by mfarction It was first observed by Ippinger wd Rothberger
following the myection of silver nitrate wnd other cogulative
posons into the ventriculw musculreure and fise 1 chimel
records by the nuthor Parkimson and Bedford were first to point
out 1 reciprocal reftonship of the ST segment and T wave
chnges m 1 eads § and 3 When the typical elevated § T junction
1s found 1 onc of these leds there will be 1 depression of the
ST juncuion m the other lexd The subscquent course of the
T wave n this reciprocal lead 1s occasionally symmetrically simi
I to that of the curve followng the ¢levated ST junction m
the typical lead escept that the wave 1s imverted  Usually, how
ever the depression 1s not so marked m the reciprocal lead 1s 1s
the elesation n the typrcat 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 upnward T wave as seen 1n Lead 1 of
Tigure G5 A 1d I ead 3 of Ngure 64 a4 This wave 1s the reverse
of that m Iigure (2 1

The typreal S T desration of the acute plrise my apperr within
an hour or two of the time when the infarction occurs or my be
del1yed untl the third day or even Inter It may persist in typreal
form for 1 pertod which varies 1in different cases from twenty
four hours to 1s much 1s ten or twelve dys usually from five
to ten dtys These vinauons probably depend upon the extent
and situation ot the leston nd the abihty of the collteri
anastomotic airculition to restore the njured arer If moarked
8§ T displcement persists for an unusually Jong time 1t 1s probably
due to a continued stte of degeneration 1 1 area of muscle or
to 1 progressive degencration of new muascle fibers

As healing of the infarct progresses 1 characteristic series of
chinges devclops m the T wave of mfrction The descending
Itmb of T begtns to puss shightly below the zero level so that m
inverted peik follows the broad upnard deflection which still
remuns This 1ppearance 1s seen m Figure g2 ¢ and n Leads 2
and 3 of Figure 6, 4 Iead 1 of Figure 68 A 1nd to 1 very shight
evtent m Lewd 3 of Digure 63 o The 5 T junction griduathy
approiches the zero level and 1s 1t does so the dovwmy ird peth
becomes deeper unttl cventually the diphasic (+—) form which



VARIATIONS DUE TO DISEASE 63
hus grves place 10
T devipuion of the acute stage 1]
hT‘c‘:‘;‘\?::"i wate 0 7 yanable ume Winle tins lhter pe
2\;\3\'1[) mny occastonally be established As soon s twenty four

i (1
i fis
.;

H ‘-\f—uu,w
oAb I SETIRRY B
e £
Fio 66 Aanis Showng vhe wyward comeuty of the § T <c,men, that appears
+ ¢ heahn,, after worpnaty asters oeclwes w This curse 8 in bitated by 1he arror ¢

he quree 1 Lrad 3 of Teeoid A 38 0t Gl
o filosratne the suaoe of healing w the case from whith 6 A had heen

obuaed e the dowtward T wate wak elwated ST m Leal 3 anf the
Qepresed $ T m Lead §

Tours alter the attarh 2t more wsuatly appeats bevween the fifth
and the tenth day and sometsmes not ot telie or fourteen
d1ys have elapsed Figure 6, 4331 record pbunmed very soon after
the attackh Figure 6, ¢ was obtaned Trom the stme patient Tour
dayg facer wd Figire 66 A 2bout 1wo neeks after the attack
Figure b, 5 nas obtamned from another pattent soon after the
ttack and Fioure 66 ¢ from this panent ¢ ghz days ltec
Several anhors have published electrocardograms obmined
Trom the humun heart after hgavng the amerior descendin,
brapch ot tie left covonary anery i the course of the swigieal
procedores resutting from a wound of the heart These curves
closely rescmble the ancs describied and dlea 1 prose tht these
w be caaned by coronary secdusion Simuar changes followed
e sututing of 2 wound i the antertor and spical part of the lefs
ventrnde even without dhe artery or vein being ligated so that i
v e ot o o e T vase e
yocardian
generation 1s probably due to the disappearince
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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 1 Parkinson

N ———
o e M e T
it Ly s

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

1 Obtuned soon 1fter the attek from the pauent who lter gue Fute 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 s become 1 down ard pek so that the wave is diphasic (+ —) md of the
coronary tape This 1s dess esrdent in Lewd 2 The small Q@ 3 of [iguie 6, 4 has
gnen place to 1 wide Q5 3 (marked S) In Lead 2 howeser both Q and R are
presant

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 degree
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lace to
The yyprea) ST deviation of the acute stage thus g\\:’s I:,c, ¢
i com)lrar) T ware w a ravable nme Winte ths Ja f(i"-
‘:\:\mq way occrsonally be estblished 15 soon 18 twenty
S

s <
0 ine the upward omeity of the §T segment that appetts
with heal n,, after coronary atsery occhn o Thi curve is 1o licated 1y the arrows
(the cune s Lead $ of secord A 18 not typical)

c W tratn, the stage of healine 1n the case from which 6

ohtamed Note the downward T ware with elevated 5 T in Lead $ and the
depresed $T 1n Lead 1

A
Fig 66 aands Sh
4 had bxen

hours after the attack 1t more usually appears between the fifth
amd the tenth day and someumes not unul welve or fourteen
days have elapsed Figure 6, A 152 record obtained sery soon after
the attack Fagure 6, ¢ was obtained from the same panent four
dass hier and Figure 66 A about two weeks after the atack
Figure G, » was obtained from another patient soon after the
attack and Figure 66 ¢ from this patient exght days Iater

Several authors hate published electrocardiogrims obtawmed
from the human heart after hgating the antenor descending
branch of the left coronary rtery  the course of the surgica}
procedures resulung from a wound of the heart These curves
closely resemble the ones described and clearly prove that these
may be caused by coronary occlusion Simslar changes falloned
the suturing of a wound 1n the anterior and apical part of the left
rentricle even without the artery or vein bemg higated so that 1t
s evident that the changes i the $ T segment md T nase wre
due 10 an area of degeneration 1n the myocardiam

The displacement of the ST segment Tesulting from acute
myocardal degeneration 1s probably due to the disippearance
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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



VAPIATIONS DUE TO DISEASE 263

The oyprcal § T deszatiar of the acoe stage thus mives place 1o
P 1 t 34 g p!

he coronary I wave sn 3 \arable tme W hale this iateey

the ¢ 153 Wave 1n pe

culiarity way OCCASIO pally be estabhished s soon s twenty four

TR

1

s €
1d romvexiny of the § T segment that appeans
cunve is indicared by the artons

&
Fer 66 A and & Stowine the upt 4

se from which 6, 4 had been
evatel ST in Lead 3 and the

hats after the attack. 1t more usually appears betneen the fifth
and the vemth ¢y and sometmes not untl iwelve oF fonrteen
dnvs have efapsed Tigure 6, A 15 2 record obtamed sery soon after
the attick Figure 6, ¢ was obtaned from the same pauent four
days Jater and Figure 66 A about tno weehs afier the auack
figure 6, 3 was obtamed from another pauent soon after the
auack aad Figure 66 ¢ from this pasent exght days Inter

Several wthors have published edectrocardiograms oh.az.oec
{rom the humn hewr ofter hgum, the anterior desvess? =
by of the lefe coromry artery 1 the eourse of the 1~=_e;
pracedures 1esulting from a wound of the heart Thesr ~ -~
closely resemble the ones descrabed and dlearly prove 1 s e
may be cwised by coronary ecclusion Sumlar changes £ Doosy o4

the suturing of a wound wm the anterior and apteaf past cf ey [y
ventricte even wathout the astery or retn being higated v vy
s evident that the changes 1m the ST segment ;\;\d Tuwm ’
due 1o an area of degeneration m the myocardium o
The displacement of sermy
the ST

myocardial degeneration 15 pw!nbl., ;ﬂ : multm: pon

VO 0 the diyg ey g 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 njured
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
has 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 observtuon that records 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 mught speak of 1 Q Ty type of
sentricultr comples menng that 1 promment Q or Q5 wue
and the elenated 8 T juncuion with the subsequent chnges dur
wng healing which hive been described were found associated i
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 fulfiling exther category The Tx
changes are furly common without the Q, fexture and the QRS
changes m1y be present i exther lend with normrd T waves The
changes w the QRS group resulung from coronary narrowing or
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occlusion ate moTe permanent chan the cinges 1 the T wne 5;7
that a large Qs or Qq ar the above described QRS comples wueh
small deflections 1n Lead 1 and relatnely tge § wd S wy

— e EERRES
1AL P

i -

—_ Jy T,
[Tty EJ: Fheoued

Fi 6\ record of the Q 1T 3 nype :ndiabing antenior mfarcuion e the
5T elesaton m Leas 1 and deprossen wn Lead 3 ato 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
TeCent 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 65) and frequently also showing 1 large Qs at QS; we
obsaued {rom cases whach are found W autops) to byne o
fartion m the posterior or draphragmnuic poruon of the left
veatricle with or without ivolvement of the apex This repre
sents the usual area supplied by the postenior descending branch
af the tight coronare artery Lalewse records of the @, T type
with moddicanonsof T Lead 1 (Fags 63 67 and 68y and often
with a smalt or large Q 1n tus Jead walk show miarction tn the
anterior portion of the Jeft ventrule possbly alsa mvnlving the
apex or sometimes 1n the apex alone Ths 15 the usual area sup
phed by the anterior descending brangh of the lefe coronary

In the precardial leads “iso the 8T yencvon and T wase are
affected by myocardial infarcuon and the changes are similar to

those seen in the keads from the extrerties The direction of the
bnarmal deflectons of $ T and T n the precordial leads 15 s
ally the same s the direction found 1 Lead 1 With amenor
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dunng systole of the current of myury at the boundartes of the
wnfarcted wrer The Iater T wave changes are probably the result
of 1 prolong1uon of the durition of the contriction m the mjured
myocardinl ner The QRS changes later to be described wnd
wlisch are more permnent e probably due to the bsence of the
dectiic forces that were normally produced by the mifarcted
muscle

Changes i the QRS group Wilson and his wssoctates have
pointed out that records showng the elevated ST segment md
Iter the coronary T waie m Lead 1 frequently also shou 1
defintte conspicnous and rather browd Q wve m ius lead md
tdeep Swtve m Iewds 2 and 3 The QRS group of these 1ecords
ks ats smallest deflections m Tead I (Digs 64 and 67) nd often
asm Ligme 61 there as 2 low voltage of QRS mymfested by Jow
amplitude m 21l leads They also re emphastzed the whors
previous observition that records showing the elevated ST scg
ment d Ita the coronuy T wine m Lead § frequently
showed 1 Jarge Q wave in this lend They pomnted out that some
tumes there 1s no R wave m this lead, s m Tigures 63 5 nd ©
and G} ¢ so that the QRS group consists solely of 1 wide down
wad deflecion Q8 which they called Q becase they behered
1ts sigtuficince was the sume s that of Q In records with hrge
Qg o with QS; theie 1s frequentdy also 2 Q wase i Tead 2 This
led uwsually shous the smallest QRS deflections of my of the
himb leads (Tig 65 c)

They suggested that one mught speak of a2 Ty ype af
sentricular comples meaning that 1 pronunent Q or Q8 wne
and the elevited S T juncuon with the subsequent chmnges dar
tng hexling which have been desciibed were found wsoctted 1
Lead 1 One might also sperk ot 1 Q; Ts type of ventriculir com
plex meaning that analgous assounted changes of QRS wnd of
T were found m Lead 3 These typical assocations ue not mire
quent but there are many records that ful to show 1 combinon
of QRS and T ehanges cxactly fulfilling exther citegory The Ty
changes are furly common without the Qu fextwe and the QRS
changes my be present in etther lead with normil T wnes The
«hanges 1n the QRS group resulting from coronary nrownmg or



VARIATIONS DUE TO DISEAST 267

winch may hase its upward portion quite definutely C"‘“"“ i";‘:
so sesembles the coromry T wawe This s seen in Leads
aud 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 Iater stae of healing
The mverted T wave often 1ncrenses in amphitude durmg the
process of healing of the wfrect and may reach a very lrge sue
merunng over 15 mm s seenin 1ewd 4 T of Fagure 631 Wuh
further progress of healng the amplitude gradually dimmishes
and the wave may become 1soelectric 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 sternal
nd parastermal positions less ot the apex. The QRS group usully
consssts of 3 Yarge Q8 deflection but thus deflection w1y 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 hate heen observed in expersmental work at the
margn of the mfarcted aren or when necrouc muscle 1s covered
by 2 fayer of relatnely undamaged muscle beneath the pen
cardium 1 precorda) leads as in leads from the extremitics
the QRS group 1s less hable to return to normal than s the T
save so that the absence or nnusully small si7¢ of k m one or
more precordil leads may be the sole residunl sign of 1 healed
amenor mfarcs: This would be especiafly mportnt 1f found 1n
a tead from the 1pex where R 15 ordinandy Jarge
With infarenon of the postertor or daphri,mane porton of
the venuncles precordind Yerds e not as Ihely 10 shaw changes
Th fetts “h“hc1 ite chnges thin do the Yimbs Jeads
ppear e wswally smilar 1o those char
e i, a0 v e
0 uptoard (g 6 segment the T wane stself remam
g Gy A) Thaugh the changes of the ST junction
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mfrcts the T wave changes tre usunlly much more definite 1
the precordinl leads than m the leds from the extremties
Rarely the oppostte 1s the case The characteristic appernce of
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Ty, 68 Twa stiges tn the deselopmene of the claae a1 the precordial leads
record from the same patsent

A Thes record obtamed shortly alter the miarct shovs the Q 1T 1 ype of
complex with ST elevation m Lead 1 apd depres ron in Lerd 3 In the pre
cordral leads R 1s absent 1t the parasternal hine and » small 1t the apex where
there 1s 2 Irge Q There 15 abo a larye Q an Lead €1 5 T is diphavc (+ <) m
all precordial leads and s of the coronary type At the 1pex and beyond

B Obtained ten days 1uer shows 1 large Q and coroniry T wave m fewd |
In the precordnl leads QRS is as i record A The T wave 15 of the coronary Hpe
m Leads TT 2 T1 3 and } F and 1n the Jast of ihese shows large amphiude

the precordinl leads with antertor mfarcuon shows 1 pronounced
clevation ot the § T junction nd ST segment usually more
mrhed 10 records fiom netr the apes than from near the sterml
border (Fig 68 a) The more numcrous the precordid potnts
showing these T nave cinges the more widespred we would
expect to find the mfrrcted arer With the progress of healing
the § T segment becomes less clevuted and the st portion of
T dips below the zero level to form 1 diphasic T ne (+—)



VARIATIONS DUE TO DISEASL 267

which may have its upward portion quite definuely com:( ';ng
sa tesembles the coranany T wue This 15 scen m Lewds
and CF 5 of Figure 63 & while more tspical coronary T waes
are seen1n Leads FF 3 4 F and CF 5 of Tigure 68 n which repre
sents a later stage of heng
The imverted [ wave often increases n amphiude during the
process of healing of the wnfarct nd may rexch a very hrge sie
measusing over 1o mn asseen in Lead 4 F of Nigure 68 & With
further progress of healing the amphitude gradually dimimshes
and the wave m1y become 1soelectnic and perhaps eventually
upright
The QKS group n the precordial leads undergoes charcter
1suc changes as a result of infarcuon of the antenior surface of
the hewt The most important ferture 1s the disappearance of
the R wave which 1 most likely to ocenr 1 leads from the sternad
and parasternal positions Jess 2t theapex The QRS group usually
consists of a lrge QS deflection but 1ns defiection mn some
umes be of small size 1 Lead 4F as in Figure 67 The dis
appearance of the K wase 15 believed 1o be due 10 the necrosis
of the underlymg mancle Leads from the pex may show 2
targe G and smalt R and possibly 2lso m S wave as i Fagure 6%
Such complexes hive been observed 1 expenimental nork At the
margn of the warcted aren or when necrotic musele 15 covered
by 2 layer of velatinely undama,ed muside benenh the pen
cardium In precordial leads as o leads from the extremmites
the QRS group 1s less lnbile to return to normal than s the T
wase so thit the absence or unusually small size of R 11 one or
move precordial eads may be the sole residual sign of 2 healed
wntenor et This would be espectally mportane tf found m
a lerd from the pex where R 1s ordinarihy large
u\:\\lg:,:‘::;ﬂmn o[dll;e postentat ar daphragmanc poruon of
precordinl teads are not as likely o show changes
as when the infarct 15 anterior byt nevertheless i certain cases
they mav show more definrte chan_es than de the lunb leads
The feaares which apperr are usually simir to those char
:“‘c““““;;l“‘:z ;‘(.;dull]:‘r:l these dcases that 15 a downward displace
ng upward (hg]\‘: rane segment the T wase usclf remam
g 4} Though the chnges of the 5 T Juncuon
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mfrcts the T wave changes me usually much more defimte n
the precordinl leads than m the lexds hom the extremties
Rarely the opposite 1s the cise. The charautenistic appearinee of
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Li, 68 7Two stages i the derclopment of the change an e precordul feads
recortdy from the sime pauent

A This record abtuned shortly after the tafarct shows the Q 1T 1 tipe of
complen with S T elesation i Lead 1 and depression wy Lead 3 In the pre
cordial leads R s absent 1t the parasternil hne and w» smalt at the wpes whese
there 15 a Iarpe O There s al o huge @ Lad € 5 T a5 diphasic (+ ) n
afl precordial lewds and 15 of the corontry type at the pey and hevand

1 Obtained ten dus Tna show @ lige Q and coromry T wwse i ITerd 1
In the precordnl lexds QRS s 1» i record 4 The T wve 1s of the coronany v
miecd T2 1T 3and T wd w the last of chese shor s huge amplinnde

the precordnl leads with ntertor infuction shows 1 pronounced
clevation of the ST quncton md ST segment uvsudly more
marked 1n records fiom near the apex than from near the stermd
bordet (I'g 63 A} The morc numetous the precotdnl ponms
showsng these T wae changes the more widespread we would
expect to find the mfwcted ey With the progress of healing
the ST segment becomes fess elevated and the It portion of
T dips below the scro level to form 2 diphasic T wue (+-)
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that of the precordial leads Whether esophagent fexds will prane
10 be more sensitwve for the determimtion of nfwcts on the
duaphragmane susface of the heart than e the precordil leads
must develop with further expenence The proxmmuty of the
esophageal electrode to this portion of the hewrt would mike
such a result likely

n certam cases the wnfact myy mmole botl the antenor
and the draphragmatic surfaces of the heart and this feads to 1
combrnton of the electrotardiographic ¢ffects of tenor md
posterior mfarcts n the acute phase the ST segment 1 elevated
10 all theee leads the elevation being most marked m Lead 2
A Targe Q2 may he present In precordi leads from the neigh
bothood of the 1pex the R wave 15 small or absent and there
15 elevation of the ST segment With healing these cases may
deselap a normal appearance of the T wave n the imb lewds
while showing the absent R and diphasic ‘T of anterior wnfare
uwon w the precordial leads Other cases way deselop the
coronry T changes m Lexd 1 ar i Lead 3 dunin,, the process
of healing 1t will be noted that the diagnostic differences be
mieen these curves mnd those which have been assocnted with
peuicarditss (see page 281) ave that the latter do not show a large
Qs usually have the 5T changes more marked 1 Lead 1 and
have the R wave present m the precordl leads It would seem
though that 1n certan cases the effects of these two lesions upon
the electrocardiogram might be so stmilar as 1o male deffereqttn
uon dufficult

Infarction i the lateral wall of the left ventricte also my be
e e, o o
have deseribed the cl\unct;ns“c‘fmmr(m( f }\"“”m and Dellet
1) % depression of the S T segment ?5‘;‘ e s 28 baing

he el gment m Leads T and 2 wauthout
«‘u- clevation of the ST segment 1 Lead 1w

s- 18 3em the cavdiac apev or to the Ic;v. u(“th’:s l" lenhxe‘fl Im
clectrocardingraphiue features of the acute {esion n xhﬁo n
tnd to subsde very rapidly and the tracmg obmmcnsln(‘\mm"
the process of healing may not show n\\)lln;g rmcmblm;nxgi
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occastonyfly mry be most marked m the record obtauned nexr
the sternum they arc usually most marked m the region of the
apex. With hiexing the §'T segment returns to normal nd the

L TR T
z i

g T -
p — r v
i E:iu'#i S i
Tt U]
g b T - o
L et iy i il [t
Lig Gy + % tecord of the @ 3 T 3 ype shantly alter wfweton aflectn,, the
diphry,matic surface of the et There s shight depression of $ T ! and shight
clvwonof 5 T nlesds . wmd ? There r large Q 3 The precordial leads shoy
2 depression of the § T juncon and a diphasic (—4) tpe of T wave
u A recard dunng the healng st,e probably the wesale of an mfaret of the
feft laterd wall towtd the wpex There as o smerted 1 1 md T 2 T 1 being
shightly dplave (+ =) and ot (e coronary Wype The piccordial Jeade show a
sery Jarge upward T wave e Lead 11 2 ¢ diphwic (4 —) T wae in Lead EE 3
aud a downward T wive ¥ the apex and bevod The R wate 1s present with all
poutions of the electrode

T wawe uself tends to become luge someumes meisuriig s
much 1s 15 mm or more 15 1 Lewd IT 2 of Figure 69 B With
further progress of heahing 1t returns to 1 more normal size The
QRS group after mfuction of the driphy ygmntie portion of the
heart usually retuns the R wave becruse the degenerated mus
(le are1s are not directly beneath the electiode
The esophageal leads vve been shown by Hmilton nd Ny

boer to be affected by cardirc infarction m 1 manner smylar 1o



VARIATIONS DUE TO DISEASE 27t
four or forty esght houts fater would 1 prababuiity s]::::c :
(Q\\x\d\cr de\elo;mcm of these changes or their dmppe: mee
S\uch \ariatons 1 themselves are diagnostic of an aeute My

Nt

l’,["-".n"wwu

Yers
<
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1 v AIEOrGng Gnpw xeeen »f
1n Leads § and 7 ahe S T guncoor
teads the § T junct on 15 depeess

beyond R s present with all pos urs or tue precordial electrode

cardial conditton and 1f combined wath a proper chinical astory
may be recogmized as 1 Tesolt of myocardial infarction

There ate a fen cases of caronary thrombosis 1 which the elec
trocardiogram may hot show any changes at first the appear
ance of these thanges being defaved for three or four days n
rare cases for as mucli as a week During this mterval however
there will usually be found some suggesttse although not typrcat
peculianty of the curve Repeated secords will exentually show
typical changes Precordial leads are more bikely to mndicate the
presence of antenor mfarction than are the standard leads hut
with posterior infarctian the reverse 1s usually the case

Bundle branch block Coronany thrombosts may lse lead ta
the appearance of curves charzctenssie of bundle branch Block
Thesc are somewhat more common tn cates with wfarenen of
the postenior or draphrigmance surfice because the artery sup
plung s reon of the myocrdum usually a rerminat branch
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coromiry T wwe but miy more closely resemble the curves
commonly found with hypertension having 1 depressed 71
Juncuon and inverted T 1n Lead 1 as i Tigure 17 p These cases
e particularly Mable to develop aunicular ibnllation 1t some
tme durning their course As the infarcted et heals the devia
tron of the S T segment disappears wnd tends to leave 2 T ware
mn Leads | and 2 which if mvereed ts not i wy wv charac
teristic or which my cven be upright so that no trace of the
mirct may remun

Aty pucal changes with coronary occlusion Although i many
cases of coronary thrombosts these typical changes m the QRS
group md T wave wppeur nd are seen to progress with healing
1s li1s beent described yet 1t 1s not nfrequent to find chinges
in the T wave of the same general charcter that s 1 devition
of the 5 T junction 1 deformuty of the curve of the § T segment
or 1 change mn the wnpintude of the T woe winch are not
marked cnough to be typical but nevertheless follow 1 gradual
progressive course of chinges pethips ending with 1 typical
cotonmwry T wave Iess frequently changes in the QRS goup
also 1pper 1 these cises so that Ry or Ry nmny become smiller
nd Q. or Q; hirger 1nd yet do not devclop mto the typicl 1p
pearance In 2 patient who has had n ek suggesting coronnn
thrombosis the appcuince of any of these wmperfectly typical
changes m QRS or T mny be tiken to mdicate that miarcion
hns occurred provided that progressive changes ire seen tn the
T wave The retson that the chinges 1re not typrcal 1 such cases
my be that the mfirct 15 of relatvely smail size or 15w siua
tion which does not exactly comerde wich that usually occupm\
by 1n wrterior mfrct or 1 postertor ot v left Iteral wall mbwret

Sometimes the chinges m the precordinl leads we much more
definite than those found 1 the imb Icads and 1t 1s for this re
son cspecnlly that leads should be obruned from more dhin
one precordial porat Sometimes only one or tno of the pre
cordral leads show an abnormality which 1s recogmable the
curve i the other leads bemng shghtly unusual m form but
wot definttely recogmuzed as ibnormal Should 1 record be abr
tamed which showed only chinges which could be charcterizett
as unusual but pot definuely abnormal -mother record thenty
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t91th bundie branch block one mav always be in doubt as
to whether or not 1t wght have been due to a chronic process
that exised belfore the atiack At umes st is posstble to fbsene
changes m the 5T segment of 2 bundle branch block cone
simddar to those that appear 1w the normal curve After recent
infarcion that 18 n elevation of the §T segment 1n Lead 1
and a depression i Tead 3 ot vice versa Thus effect of the in
farcuon 15 supenimposed on the feawres of the bundle branch
bloch complex modifysmg the T ware 1 the direction chare
tenstic of the wfarcted area In Figure 51 & such a modification
of the compiex of nght bundle branch blodl. an be plunly
discerned There 1 an elevation of 8T 10 Lead 1 and a depres
sionan Lead 3 3nd the precordial Jeads show the chracteristc
ST elervation with all four postions of the efectrode There 1s
alarge Qm Leads EF 2and B 3 and the Rwase which s usually
found 1 heads § F and EF 3 of curves with nght bundle branch
block 15 not present 1m this record With a postenior infasct
and teft bundle branch black one may hmve difficulty m bemg
certamn that both are presemt stnce the S T segment deviation
of the mo conditions 15 10 the same direction Nevertheless as
m Frgure 71 8 one occastonally obsenies an appearance so char
arteisuc as to be readily recognized Bundle branch block was
not present during the taktng of Lead 2 of this record and the
charactenstic @ and § T segment changes can be plunly seen
Lead ) shows a depressed S T junction while 1 Lead 3t 1s ele
wted Cowplete heart black 1s also present Figure 71 ¢ 15 a
cave of nght bundle branch blockh modified by anfarcuion
probably smoling both antenor and diphragmatic surfaces
" suggesied by the elesated ST segment sn all thyee deads
Twure 71 b s 1 later record of the same pent shawing
verted T wwvesan Leads 1 and 2 mdicating that the mlenzr ar
teft lateral region showns the restdual damage

Barues shows three instances 1n Figure 26 ¢ ¢ and 1 of Ius
book The first twa of these sug;

gest antes
with Jeft the other with nighe bul’\dle br;t:c‘!o\rb;:c[:\rc:?:\t‘:ge
Inst sug.ests posterior nfarction stk lefe bundle bra )e
black These three cases were proven by autopsy to have 1} M
farct w the region indicated by the electracardiogram o
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of the right coronary, sends off 7 branch to the auriculos cntrien
Ihr bundle and s rimifications Aursculos entriculr hiewe block
also 1s reltively common m assocrttion with mfarction of the

i
Y

Lig 70 v Reht bundle brandi block bpe 1 math imfarcuoy of the autenor
surface of the hewrt Note the elesanon of T m Lead 1 and depresqon m
lead 3 ko the clesaton of the § T junction n all prevordial feads the targe €
1 Leads ET 2 and FT' 3 ind the delayed R wave i these Ieads and at the apes

» Left bundie brinch block with infarction of the dirphragmruce surfice of
the heart Bundic branch block wrs not constantly present i thes record and s
oniy shown m Leads t and 3 Note depression of S I yunction in Lead 3 and
clevation 1 Leads 2 and 3 Note tlso Q 2 nd elevuon of $ T 2 assoqiated with 4
more normal inirnventricuitr conduction

¢ Rught bundle branch Dlock type 1 with nfarction of boih anterior wd
draphragmatic areas of the ventndes Note clesition of the ST junction m W
three leads and absence of the usuat uprght T 1 found m such recotd ot Bundic
branch black Thrs s becan e T 1w becoming mverted

b A record of the same panient eleven days Inter Note downward T wne an

Leads } and 2
dirphragmuc surface but usunlly subsides with healing of the

Jesion
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T wave and the assocnited changes n the QRS group :‘:f::‘:;
large Q, who have never been subjected to an attac e
could hare been due to coronary thrombosts In these P e
we belered the artenal narrowing to have ben 0([5 0‘:‘1”
progress talang place so gridually that degenertion amid!ea ;
hare gone hand in hand Th;: electrocardiogram obtuned repr
the present stite of such processes
Smxlfs u::s:)puuems are followed 1t will be found that m some
the form of the electrocardiogram even though abnotmal my
remain unchanged for many months ot even yers In others
howerer changes n the form of the ST segment and 1n the
heght and the dwecion of the T wnase may tale plce over
velatnely short pertads such as sevcral days or perhaps weehs
In such cues the changing electrocardiogram ndicates 1 chng
g state of the myocardium probably with healng predominmt
sf tire form 15 progressiely more norml probably with degenera
tion predommant f 1t becomes progressisely more abnormal
Caution should be used however m attaching too specific a
significance to the character of these changes for we are not
certain that 2 change of the T wave to a more normal form )
ways wndicates that the heart muscdle which was guang nse 1o
the abnormahity has become regenerated 1t 15 possible that mus
cle hasing become entirely dead may no longer afiect the elec
unal protesses of the cardiac contracuen and that the T wave
smay then berome more normal If 1 large myocardial area gives
place 10 fibrous wssne 1113 Bhedy that there wall be a chnge
the QRS group and possibly also 1 the T wne resulung from
the absence of the electrical effect of the muscdle which has heen
destroved Such a change would nawrally be a permanen: one
and nould not be subject 1o \aniations from ume 10 Lme
Whenever ne meet nith 2 recard show mg an unusual degree
of deviation of the §T Junchion with accompanying changes n
e o oy e et
annfrct e cannot onglh”:al;‘ . h‘ er puch a5 are found i
o stach mecrom B bmmscu (\e; 1[1)1&1 be sute of the absence
e do not know hon mucd 3 the absence of the § T changes
rise 1o these changes in 1k ! ceeneration 1s necessary 1o g
5 the curve and 3t 15 Iikely that degenera
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Relafion of nfarct to muscle bundles Robb and Robb hase
suggested 1 method of localization of cardiac mfarcts which was
correlated with experimental records obtuned trom dogs fter
occlusion of the arteries supplying particular muscle bundles
of the hewt Many of thetr tllustritions from climel cases do
not show the dixgnostic § T segment desviations to 1 degree which
could be climcally diignostic  the devintions to which they
call attention are often only 1 fraction of 2 millimeter m amph
tude It does not seem that these small vaitions which are well
withn the lmuts of the normal range can properly be used
1s 1 basts for an electrocirdiographie diagnosts Further the
matomicl descripuon of the myocirdial reas imohed fre
quently suggests that parts of mole than onc muscle bundle
were mmolied There 15 rarely 1 discreet mvoliement of one
muscle bundle 1 then cascs The pomnt of view that the m
dividual cardine muscle boundles may hne 1 speaific effect upon
the electrocardiogrim 1s one that should not be lost sight of
however ns 1t m1y be cipable of further devclopment These
authors have indicated that 1 leston of the superficial sinospiral
muscle will produce m 8T devittion which 1s upward m il
three Jeads (+-+-) The superficial bulbospir:l will preduce m
S T devtition winch 1s downward mn Lead 1 1nd upward i Leads
2 and 3 (~++) A deep smospiral lesion will produce devn
tions which are upward in Lead 1 downward mn Leads 2 ind 3
(4-——) The decp bulbospiral lestons give tise to a low voltige
of QRS w1th very high origm of the 5 T segment 1 a1l three leads
(++-+) In this connection attention should be crlled to the re
cent pathological studies by Lowe which indicte that in certun
human hearts at least the ibnormal myocirdinl areas may be
limuted to the distribution of one of the muscle bundles

PROCRESSIVE CORONARY OCCLUSION

The chiracterstic changes of the ST scgment and the T
wate wihich result from myocirdial mfarction have been de
scrtbed nd the usunl course of the changes observed serral
electrocardiogrums of such prtents fas been mdicated Many
prtients however 1re found to show the chirictenistic coronary
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cardrogrum of a novrmal heatt may show shight ch}'\\\',;’;i ’i‘h:s
S T junction may be disphced as much 15 1 mm  the \\‘ :
tend to decrease 10 mphitude Partnl or complete reversal o
the drectson of Ty without 1wy 8T disphcement in this Jead 15
a rare findmg but partial or complete resersal of the direction
of T or T or hoth somettmes assocrted with shght ST dis
pluement was observed in shout one thud of the normil
subects
When patients with coronary arteriosclerosts hreathe thns
oxygen poor minture for a cestamn Jength of ume mare or less
strling chianges may be observed 1 the electrocardiogram m
many cases 1 1t 15 belseved thit these changes oceur becwse
tranches of the coronary artenes are so narroned thit tliey are
unble to bring, m adequate supply of blood to the myocardial
atews which they supply In other wards 1t 15 beheved thu
woronary wsufficency 15 the cause of these electrocardiagrphic
<hanges The hanges observed are as fallows (1) 1 change m
the levet of the ST gunction of more than 1 mm 1 1y lewd
{2) parand or complete reversal m the direction of Ty when
wincrited sith even as huafe 25 05 mm  displcement of 1he
ST juncuon wn s Yead (3) complete yeversyt in the divec
von of T lead 4F (#) parual reversal m the direction of 1
m ead $F wssocted with esen s hde as 05 mm- displacement
of the 5T juncnon m thts lead Simalar changes m the electro
ewdiogram adter mduced generilized anoxemia werc obscryed
n fune cases of severe anemia although 1a none of the cases
studied was the $°F junction displced more than 1 mm
There 15« muonstant relation betsieen the appetrince of
these thnormalities of the curse and the puents complunt of
auginal pamn The nduced anaxemia may change the cune
without causing pain 1n some panents while in others pain may
o e s et e e ofcverry
of expernmentation Deﬁn; s promuse but 15 sl 1 the stage
e conclustons as to the absence of

coronary disease cannot at present be drawn However 1f anerua
ts ot present the appeatance of the changes describied may be
then 10 meicate a deficrent coronary flow
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tive changes more readely affect the curve when mn one parc of the
muscle than when 1n another

EXTI'RCISE

The eftects of exerase upon the clectrocardiogrim of normal
mdisiduals have been noted by severnl observers nd seem to
be himtted to relatively mmor changes The P wates are icresed
m amplieade especially i ITeads 2 and 3, and the PR level
1s depressed to 1 mrxamum of 1 mm  as 1s 1lso the level of the
ST junction The T wave m some pattents m1y be incrersed
shghtly mn voltage, but 1t 35 usunlly shghtly dunimshed When
the exercise 1s exhrusting the electrical avis of QRS tends to
devinte towntd the right

When the corenary artcries are discased so 1s to be narrowed
and v state of corontry insufficiency 15 present cxercise may
produce strthing and charactenistic changes mn the 8 T segment
and the T wases of the electrocardiogrim m both the limb leads
i the leads from the precordium Such changes 2s marked de
pression or elevation of the $ T junction n mcrease 11 the depth
of 1 mverted T wave or 1 definute tnversion of a it T wae
m1y be produced These electrocardiogriphic chinges e some
what idependent of whether or not the excrase produces pun
They 1re sumlar to those which have been obsersed durmg
spontaneous or mduced attrcks of angma pectoris nd re not
always evident immedintely after exercise sometimes conng on
during the following three or five minutes These changes re
sulting from exercise 1n pattents with coronary nsufficiency may
sometimes last for as much 1s 1 half hour gradually disippearg
during this time They do not usually last for more than five o1
ten nunuies

ANONENIA

Several quthors hve studied the effccts of wnonemn upon the
electrocardiogrim but the earliest experiments were accompnied
by rebreatlung of the expired cwrbon dioide nd were of neces
stty of reltvely short durrtion Recently Levy hs stadied the ef
fects of mhaling 2 mixture of 10 per cent oxygen 1nd 90 per cent
mitrogen without rebreathing and his found that the electro
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st some pauents e precurdial eads alone will show
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DISSECTING ANFURYSN

Since the clinteal syndromes of dissecting aneurysm and coro
ury thrombosts m1y resemble one mother, 1t 15 Important o
note tha the clectrocrdtogrim mn the former condition my
sometimes be found abnormal The abnormahity 1s due to the
effect upon the myocardium of 1 comadent ~rtertosclerosts of
the coronwry arteries so that 1y sariety of abnonmal ven
tricular comples may be found which mught be expected mn this
diserse If the coronary arteries e seriously nirrowed the fll
n pressure which 1ccompimes dissecing aneurysm will some
times result i such 1 degree of myocirdinl \noxemit that chinges
in the S T segment m1y apperr resembling those associated with
mfarction but of reltnvely shight degree Since cardine mfbarction
1tself ustelly results m typrenl chinges wathin the first few hours
the finding of 1 normd electrocurdiograt in 1 suspected case or
even of an 1bnormal one which 15 not ty pical of infarction should
be considered m an appropinate case 1s evidence m fuor of 1
dissecting aneurysm rather than wfarction being present

ActTe Ruruvatic Frvie

If frequent records are tiken during the acute stage of this
disease more than 60 per ccne of cases will be found to show
mversion or other 1bnormilities of the T wive such 1s hue
been described s resulting from myocardnl discwe A hga
number will show varnations n the duration of the turiculoven
tricular conduction time mdiciting 1 myacuder process m the
AV ussue which myy go on to the production of dropped beats
el occastonally to complete heart block Many will show both
of these types of electrocardiogriphic change

\Mans of the paents who do not show imerston ot T will be
found to show munor varitions from tl ¢ norml form of the
T winve These espectally affect the voltage of T which muy be
come smaller 1nd the form of the curve of the § T segment so that
this may run strught to the peak of T or my be canves ups ard
gung rise to 1 hroad topped ronnded T wue A few pruents
especrlly those with evidence of perica ditis my shon elesation
of the 8 T segment 10 Leads 1 and 2 supilar to that scen w Figure
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tweulr complexes eher notching of QRS an '\\;t\n‘:m'\lu llx:e
vetson of T ar both Occasionally bundle brwnch blac ‘\u‘ h
present As 2 tule the excursions of the Wayes are o nr!)‘
good size perhaps because of the hypestrophy which 35 ;;rcsc‘x
at this stage of the diserse A myocardsal abnormahiy phus the
ah ular disease constittites 1 cansiderible handicap so that these
patients e nat so lihely 1o vecorer therr former abality under
weatment 15 are those wih only the vhufar handicap
Certun pattents with chrome nactne vabulr disese will
show 7 prolangation of the aurtculosentncular conduction tme
which would not hve been suspected withont 2 polygrapluc or
clectrocardiographic tecord This abnormality does not dd
greatls to the gruity of the prognosts for the disease does not
usully progress to the hugher grades of Dlock but1f we know of

us preseace we shail he prepared for the apperrance of dropped
beats upon thorough digitahzation

PerICARDITIS

Electrocardiograpluc changes will be found duning the course
of pertcarditis 1 1 considerable proportion of eses 1f records
are taken frequentdy dunng the disexse Certan changes re asso
crated wath the zoute ynflammatory stage of the disease and these
we of relatnely shart duriton frequently guie ransient Rel
tet and \ac\hllan repost that they hose never ohserved these
chnges 1 persist in the hinb Seads for more than welve days
lthough the precordial leads mny continne ta show the abnor
ity for sever days after it hs thsapperred from the limb
lewds The changes usuilly conmst of m elesation of the ST
wction 10 Teads 1 1nd 2 occanonally Lead 3 may be similarly
ffected (Fijs 9~ a md 734 In cenan recards elesation of § T
wmy only ppear m Lewd ¥ The S T segment may be concave
upsard w passng 10 he perk of T or 1t m1y be a strasght line
OT W sme Cases 1 m2y be comves upnard so that T as a whole
ha; :ei?‘:; :“\?:;1 tz::u; :'sﬂiher myocardial mfarction

r changes n the ST segment
which 1s elevated sbove the 1soelectric level (Fig 73 A) ‘The R
WaLe 18 present an abmost 2l cases Bellet andQMnc\mlan ob
sened that the mogt markedy characteristie clianges 1 the pre
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after the T wave i the hmb leads las already returned to
noymil

As the wute phise subsides these electrocardiogrphic ab
normthities usually disipperr giang place to 1 notmal record
Occastonnlly however they miy persist for 2 considerable time
after other 1cute mintfestrtions of the disewse hrve subsided nd
1t1s probable that this may indicate that the acute process is still
active m the heart 1t as rire for these changes to be permanent
but when this occurs 1t 15 Iihely tht 2 fibrotic change has taken
phce m the myocirdium  One must remember 1 connectson
with such cases that rhewmitic myocarditis m1y mamtun a low
gride of wctiv ity over long periods of ttme 1nd 1 dectston whether
an tbnormal electrocardiogram represents wn actnne or an n
Active process 15 sometimes mpossible without an opportunty
to obtun sertal 1ecords Should vaurations tppen 1 serial rec
ards, 1t would be n indication of a changing state of the myo
cwdimm, whith usully nwould be due to 1 conunuation of
actsve process ocerstonally to the fibiosis which nughe follow
after the subsidence of an 1cute process Here s 1s usually the
cisc the decision s to the miterpretwon of the electrocirdio
graphic changes must be made on climenl grounds

T'he apperince of electioctrdiogriphic "bnormalities i cute
rheumatc fever 1s mdependent of the appearmce of vahiuin
disense of the heut Acute vilvulius accasionally will be pres
cut without any change in the electrocudiogrim but 1t 1s not un
common [or the electrocardiogrim to be 1ffected without the
salves It 15 becruse the acute rheumnue couditon commonly
imolies so mny different parts of the heart that the signs of
vahulu and myocardial change usually occwr together

Reurusia1ic VALVULAR DISEASE

Pattents with chrome rheumatic v thyular disc1se wathout signs
of ctiv sty of the rheunntic process do not often show sigmficant
abnormalities of the nves of the electrocudiozram I however
these patients hitve symptoms referible to the heart, ether of
palpitatton or ol shortness of breath or pun abnormalities of
the curse 1re much more l11ble to be presepr At this siige about
one 1n ten will show some signuficant abnormality of the ven
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tneular complexes either notching of QRS n tbnormal in
sersion of T or both Qccasionally bundle branch block will be
present As a Tule the excursions of the wues are of furly
good size perhaps because of the hypertrophy which 1s present
at this stage of the diserse A myocardind abnormahty plus the
\ahulr disease consttates 1 considerible handicap so that these
ptients are not so likely ta recover thewr former ability under
treatment as are those with only the salsular haindicip

Certamn pattents with chrome mactive nhvulsr disease will
show 1 prolongation of the auriculosentriculr conduction time
which would not huve been suspected without 1 polygraplne or
electrocardiographic record This abnormaliy docs not 1dd
greatly to the grissty of the prognoss for the disewse daes not
usuafly progress to the higher grades of block but 1f we know of
uts presence we shall be prepared for the apperrance of dropped
beats upon thorough digitalization

PERICARDITIS

Electrocardiographic changes will be found during the course
of pertcardius 1n a considerable proportion of cases if secords
“we tahen frequently duning the disease Certam changes are asso-
ciated nath the acute mAammatory stage of the diserse and these
are of relatnely short duration frequently qute transient Bel
let and MacMitiwn teport that they have neser observed these
chianges 10 persist m the limb leads for more than tnelre duys
Athough the precordial leads may continue to show the abnor
ll‘::i\sl) ;x;)r several dags after w s disappeared from the limb

e changes usually consist of an eleration of the T
]al‘xtnc(mu mleads I and 2 occasionally Lexd 8 may be simlarly
ected (Figs 72 4 ma 73 4) In certun records elevation of $ T

e
By only appear i Lead | The §
upward m passing to the he §T segment mmy be concue

OT 10 some cases 1t mr
has a dome shaped ¢
Precordmal leads

peth of T or 1t miay be a strught line
1y be comvex upnard so that T as a whole
ontour as after myocardral nfarction

s show stmilar changes 1n the S°T segment
way {Fig 73 A) The R
sn and MacMillan ob

wa LK
¢ most markedly charactensuic changes 1n the pre



Frg 78 From 2 patrent with acute rhewmiue pericardans Leads 1 2 and 3 ave
dicated by the Roman numerals the fetters I 7 1 1 1 and 7r ndicrte
Jeads made with the precordnl electrode placed upon the first five positions yecom
mended by the Amcncn Heart Association the pont E 1s erer the ensiform
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cordint Teads were ohrumed shen the lectrade was pliced over W
wer whese ptnt’m\n\ friction was hewd -

Thns acute phase mnrhed by covwwnof the § T luncllm\‘lJ )]
e fotioned by 2 vevasn of the dectrocrdio 1 1o norm b 51“
Wy howeser theluter pant ol the T nave comes tadip below ¢ |€
fevo Jenel so that the wase 1s now diphasic (+--) wd the pel
of the upuaed § T segment e, ronnded and upwardly conses
tagethier with the downward peak which follows 1t produces
the form of the coromry T wive s Teads 1nd 2 of Tiguwre
138 Tlas usiily appears most prommently m the leads which
e shiown the most prowument doviation of the ST segment
It may iohe Tewd 1oor Leads 1and 2 md occrsionly
three leads 1t may also pperr m one or more of the precordinl
teads s g the figure where st my persist for some e after
e T waves of the hmb Yeads hase become normat A pecutiw
appeannee 18 occsomily noted i winch the $1 sepmem
i, on n At or sighndy above the sotdeing bae first cunsts
wpnnd el then tnens thuost 1w wgle to pass sharphy down
wud o the porh of 2 werted T Such T wanes are 2kso ob
setted follonng myocardil wbweuon (Lad 2 of Tig Gy A
md ted 113 of Frqure g 1) As recovery progresses the T
wive will usually return o normal though there may be a resd
wilamersion of T which shows no speonl dinrcternsties Cases
of perarditss whith ful o show these charatensue $7F sty
mentand I snecanges we usually found 1o be due 1o 2 chronse
oflunmatory rectton such s tuberaalous

Nhen there s mwhed penardnl ofuson fow voltige of
the 1 wines and possitily o of the QRS group may be found
Tow vahin,e T waves hne ofien been observed i cases of con
stuctine ponowdits The precardinl Towds m suds eses do 1ot

s4vlare T ndiceins that dte cenuat tenminal cecemmer fed 1y Walw i wae
b a alles sty 11 Sume nesare | acond and ate precondsal eade
oandarled w 2at 00 cmoeguate ) andinelt (Qtew seonds were Sy
B leasltlets B O £ howmanyy '
v Dusny, e ac e stage bo
E10Y e ht et

R lesaton (e S T punctien i Leats 1 and 2
B e dn fter

ety e In thee ] ade the T wane b potrhed
towmg e ccrenan 1

. nare o £eads 1 and 2 Th
0 e N yunciin i ihe §recrda) deas s less marked and i §
War s a WO d wivard defleen 5 bed g

LN T fore e el o1 a0 Wt he
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plete heart black and 15 often comphicated by bundle branch
block has a tery fugh mortality and usually develops \cr\‘
suddenty with severe climcal symptoms 1t should be cmplnsnm(
it the appearance of arrhytiim durmg the acute stige ©
diphithersa should suggest the pasubility of a conduction defect
Demg present but even in the presence of a conduction defect
4 regular idioventricular thythm of 80 to 90 per munute M1y

oceastonally be present giang no suggestion of the underlymg
disease

Lonar PhevvoNa

In about 20 per cent ol cases of lobw pneumonty one finds
mversion of the T wave exther 1n Lewds 2 and 3 or i 4l three
Jeads The miersion 15 sometunes accompanted by m upward
comexity af the 3T segment so mt vhere 3 3 yesemblange
10 the coronary T wase These changes are much more fre
yuently found in cases that have a fatal outcome In cwses that
yecover the T wave may return to normal within two o1 three
davs or 1 my not become normat for four of five weeks Oc
casamtly the T wace will be of low voltage and tus s followed
m some cises by wnersion of [ Changes m the § T segment
are also obstrved Durmg the acute stage these may yesemble
the appearance chiaractensuc of pericardius and 1t 1s hiely that
they indicate, the presence of thus comphication 1E the T wase 15
smeried 1t may reserable the coronary T as has been men
toned Alternation of the QRS complexes has Leen observed and
not always tn farsl cases During cony ilescence a shight upw ird
deviation of the ST junction may Appear At this time there
may iso be prolongation of the P R interval and bradycardia
with an m¢Tease 1 the roltage of the T wave

0 nine fatal cases studied autopsy Master and Romanoff
:::::‘\rt i"f\‘\):acg\d?x :nmle \u:h m‘ electrocardiogriphuc curve
fout of pirenchomatons de::nce se also showed numerous small

et engt caser o generation of the myocardium The
‘\':(rl, not; dtscnl):d :nm(;:d!dmc‘lge: e oy segment which
showed shight moderase ora:e\i‘:e (a‘rce e Ao

10 sddition (o the changes o ){: nchymatous degeneration
g e renericular complexes pre
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show low amplitude but m1y show notched, diphasic or mserted
T wves

Dir HTHERIA

Dunng diphtherin the heart may be very seriously ffected
with resulting electiocirdiographic changes Burkharde Legles
ton nd Smuth found that this occurs 1 26 per cent of all patients
suffering from this disease nd st 3s not presented even by the
culy admmstriion of Tuge doses of ntitoxin The madence
of penipheral nerve palstes i these patents Is very high The
most ficquent electiocndiographic chianges consist of tert
tions n the T wave which ocenrred m 16 per cent of Tggleston's
series They usuilly appewred durmg the second week of the
disease though someumes 15 euly s the fourth day or as Inte
1s the forticth The ewrhest changes e 1 shght depression of
the § T segment nd 1 decreased amphitude of the T wne As
the c1s¢s we followed, the T wive my become progresstvcly
smaller unul 1t becomes 1soclectric or diphasic (—+4-) or (+-)
and fiunlly mverted During the diphasic stage the coronry
T wue my be simulited These T we changes occur
all three leads but me most marked m Lead 2 With recosery
the T wave may return to normal which occurs 1 the vere
case m abaut thiee weeks but exceptionally m1y take 15 much
s ten weeks Many of these pattents with T we changes do not
show defimite symptoms referable to the hert and ths 15 pu
tcularly so dunng consalescence when there miy not even be
an abnormal tendency to tachyewdin 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 15 frequent mn occuirence
A the abnorml T wave beng found m aboue 12 per cent of
cases nd on the nerge develop somenha eathier in the course
of the disease than do the changes m the T wave A fen patients
sho brve ongmally showun T wave changes mmy later develop
conduction defects Bundle branch block or other evidence of
defective conduction n the bundle branches mny appear and
1s a serious comphiciion havng 1 lngh mortahity  Aunculo
ventrscular dissoctation which usually tikes the form of com
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present throughout the heart muscle wnd the electrocardiogram
rmay be abnormal 1n ene or more of the ways descnbed wn Chnp
ter 1 Sumple nversion of Ty or T may be seen m ocewonal
cases of subacute bacterial endocarditis

Syrnss of TRY HEART

) plshitic aortslis and valvular disease are frequently 1ssocied
with myocardial degeneration w hich causes abnormihities of the
electrocardiogram  Tus 35 especially Inble to ocour when the
iserse imohies the aoruc valies The provamity of these struc
tures to the mouths of the coronary arterses m1y lead to a nar
rowing of the orifices so that the blood fow to the myocarium
15 duminished

Flectrocardiograpluc abnormalities we not speafic for s
condition but may be of any of the types described sn Chiprer
n Anhythmia may also occur but 15 not comman With anen
rysm of the aorta the electrocardiogram 1s usually normal unless
the aortius has lso tmolved the region about the mouths of the
coronary arteries

Chamberlain and Tellows and also Arnett found clectrocrdio
graphic changes only 1n the tertiary stages of the disease The
frcquency of their occurrence i the 522 syphiline pwents of
these two Teports was about § per cent Bundle branch block
curves were found 1n three pavients imerston of T, or of T_ 1
oght and prolenged wmowloventrcylar conduction time
two On the other hand among fifty patients admitied 1 the
hospital with definste syphilwic cardiovascular disease Juster
?.“d Pwrdee found abuormal e\cmocxrd\oqmpiur fertures 1
78 per tent There was auncular Sbnilation m three and pro
fonged A\ conduction time 1n two Twenty showed sigmifi

cunt abhormaliues of QRS such as abnormal duranon notching
low vohage or large Qs Tharty fine showed sigmificant bmor
mlittes of T such as inversion of Trox Ty diphasie T, 00 T

low voltage or coronary T '

Puivonamy Enteotisyt

\ The embolism of a Tage brench of the pulmonary artery has

heen observed to be followed by certamn changes 1n the elecro
g
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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 usutl for the electrocwrdiogram to be tbnormal m
cses of Drctertnl 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 bramches
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 1n one lead may shightly reserutile c[;m ;lll"mh“:
produced by coronary astertosclerosts When considered 28
whole however the changes due to pulmanary embolhism 1r§
quute different from those due to coronary arteniosclerosis nd
seem to constityte an important md n the differential diagnosts
of these condittons Durant and hus associates having obtained
records within two hours after the occurrence of the embohsm
fonnd an mereased duration of the QRS group due wa Dronden
wng of S 10 Leads 1 and 2 (Fig 71 ¥) At the same wne there v
2 Q wane and 3 broad R m Lead 3 s0 that the record m thesr
o Cuses somenhat resembles the complexes of nght bundie
branch black of Bagley s type 3 Tlus § wave rapudly becomes
narrower but the ST junction remains below the zero level
m leads 1 and 2 for seseral hours The junction may be so
gradual as to Lie almost an mdeterminate transiion Sumlar ef
fects upon the $ wave and T junction weve obsened after 1he
wyection of air 1nto the femoral vein of dogs

After {rom six to ten hours the appearance 15 ke that seen
1 Figure 74 ¢ Such records have been previously observed and
have been considered charactenstic of pulmonary embolism At
thas ime 1n Lead 1 the 8 wave 1s well developed and perhaps
broadened the ST junction 1s at the zero level or perhaps
shghtly below st and the T wave upward In Lead 2 the 5T
junction 1 at zero or perhaps shghtly below 1t and T mmy be
small wsoelectric diphasic (3~ of coranary type or perhaps
nerted 1o Lead 3 15 definite or may even reach quite lrge
size. The ST junction may be shightly elevated or more fre
(‘l‘:\t“:‘lr l:Hir ST segment ts consex upward and followed by a
tead (V::!: the :;t‘:n \;:):Rm\wmn B e precordial

rave 2s prescat although it myy be
of relatively small size the § T juncuon 1s normal or shightly
below zero and the T wase ssodlectric or amverted I?hgsc
‘(L‘\“\“ﬁ:sul";‘ I::::i:;:‘ u; charactenistic form for more tian a
N IGr as muc]

h as two or three d- i

duranon probably Qependn s the
g upon the s

Auded S 7e of the artery oc

[l‘he passthitits of canfusing shese records taken a few houss
After pulmonary embolism with the results of infarchion of the
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CovTusioN oF THE HEART

Contusion of the heart may occur enther with or \\‘:tl\iout f‘n“c
wre of the nbs or stermum the heart bemng crus e(‘ \\s\h‘d)‘
ganst the vertebral column A myocardial 1njury I'CS;I ts ;s‘ ne
mry gne e abnormalites at the ventricular complex sl
a5 to cardrac arfhythimas  The most frequent changes are founc
m the T wave which may become wnverted or be of low voltage
or of the coronary type  These changes are somelines more
defimte m precordral leads than 1o the leads from the extrem
ues They tend i tume to recovery bust thetr duration nall prob
ably be found 1o depend upon the extent and severtty of the
myocardial injury

T PERTENSION

Records obtawed from patients with hypertension show Jelt
ass devsanion of QRS 6 about 60 per cent of cases About 20
per cent show m tnereased 1oltage of QRS and many show an
mereased durition of QRS so that 1t may measure 011 or D12
second About 30 per cent show an abnormality of the ven
tricular wates the most usual betng an yversion of the T wate
m Lead 1 and possibly also 1n Lead 2 Tlus msersion 15 often
weompanied by a deviauon of the $°T junction below the zero
level in 1ead 1 and an elevauon above 1t in Lead 3 (Figs 18 8
and 77 £} Myocardial degenertion or nterstital fibrosis 1s usu
ally present m these cases and 15 due to the effects of coronary
wteniosclerasts Qecasionally howerer these electrotardiographic
changes may be present nathout there bemng myocardial disease
Rykert and Hepburn found four out of twenty hearts with tec
ords of this sort to be free of myocardial disease and to have fauly
normal cotonary arteries when studied post mortern These fea
tures of thie § T segment and T wave w1y be due to left ventricu
l;r ‘!;Rufnmph', as has been pornted out 1n Chapter u1 or possibly

enncular stram as mamtamed by Barnes and Whitten

Thie precorchal leads may alsg show abnormality of the T wie
1 being found cither A

: phasic or mserted and sometsmes having
the coromary form (Fig 57 £) Chese changes are more nsual s

k0
teads from the regron 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 fact thae wich doaphirigmauc mfarctan i 1s tre to
find 1 hrge S, and 1t 1s usual to find S T elevated i 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 stx months or more In 1 cae of Porter
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,)

appearande 1
164 he depressed § T junciion due to cardiac infarction (Figs 6, and 63 A)

rather than d
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been ob
fesel Tike that Inlloning coronary thrombosis hns not been
1 hypesthyrawdism
&Cf\‘:&xll“l‘c ‘lE\mq passes off the T waves of these panenys

phaitiF )T 1ead
s Iow Voltage and 15 diphasic

© There 15 2 1af ¢ volfa ¢ of the P wate T 1 shews 2 pecultar Strnghiensng
ort of 1e normal upnard concavaly of the ST segment while T 2 shows 2
I roaden n of the peab (dome shapod)

will usually feturn 1o ro 72" In longstanding cases when
chrone fitnoue changes bave made thar apperriney we myy see
notching or slurnn,, of &} e QRS groops with a typical persistent
msersion of the T »ave 2z Leid 2 or in Leads 2 and 3 These
changes betng fibrotic 1n ortgin e permanent They are often
1 these cases due t0 1 complicating artertascletoss of the cuso-
1ary rtertes and not 1o the thyrod disease
Hypothyrowdism 1s often associated wah 1 low voltage of QRS
wd alow soltage of T Tius 15 usually the case when the basal
menbolim reaches 1 figure of —20 per cent ot lesy and 1 such
eases the T ware s olten imverted i Lead | or yn Leads 2 aod 3
or m W three Jeids The 5T segment may show ag wpwarg con
tewy suggesung' the coroniry T wase but wm comrast 10 the
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underlymng pathological changes 1s not known but probably, 1s
with the standard leads they are usually though not aluays due to
pathological changes i the myocardium

Tmrow DISFASE

When hy perthy rordism 1s present i muld or maderate degree
1t 15 rre to encounter significant abnormalities of the vengrsculir
wares Parovysmal aurieubir ibnllaten occurs occwsiomlly or
my be 1 permwment ferure Premature bets or provysunl
tichyendi also may occur n these patients When hyperthy
rotdism 1s scvere these wrhythmeas are found with greater fre
quency and wuticulr fibrilition 1s more Iikely to be pernmnent
In ~ddition to thus the more defintely toxic cases are hikely to
show pecubtarttics m height and form of the mdivadual wies
of the clectrocudiogrim The commonest abnormality ss m
smereased voltage of P Rose Wood and Margohes found 1t to be
over 3 mm n ahout one third of therr series of tonic cases nd
found 1t reduced to less than § mm 1 almost 1l of the sume
cases fter thyrordectomy There 1s also 1 tendency for the voltige
of QRS to be somew hat icreased and with fur frequency thae s
an mereased voltage of the T wne

In 2ddition to changes m the height of T changes i the form
af the S T scgment ind T wive we not nfrequent m the more
tonic cases T hese changes may be traasient wd varyng perhiaps
present m one record and absent m the next but m other C1ses
they are constantly present After thyroidectomy however they
usually rlmppmr show ing that they e due to reversible changes
m the myocardium and not to structuril changes The 87T scg
ment 1 the leads from the extremities may become straightencd
(Lead 1 of T1g %% ¢) ot comen upnrd (Leads 2 ind 3 of 11g
76 1) or the 1pex of T my become broad and rounded (dome
shaped) (Lead 1 of Tig 75 ) The T wave may become diphsic
(+—) m Lead 2 (Tug 75 A) more rrely m Lead 1 and m1y e
cemble the coroniry T wne (Leads 2 md 3 of Dig 75 v) It
may become defimtely muerted in Leads 2 wad 3 rwely so
Lead 1 Precordinl lexds may show T siave bnormalitics of
stmuilar chiracter Desintion of the § T junction from the zero
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PELLAGRA

Pellagra 1s often assocated with some unusual shonan‘i ;wt
breath and occasionally the heart sounds woay e feeble and shght
edema may appeat s probable that these manifestarions are
due 10 a comadent deficiency of vitarmn B 1 Nevertheless the
two teports of the elecreocatdiograpbic findings of pellagnins
hase agreed n demonstraung frequent apperance of myersien
of the T wave 1 Lead 1 or 1n Leads 2 and 3 occasional appear
ance of a T, of the coronary type oceasional low voltage of T
+nd occasonat low voltage of QRS Feil bns found 1 prolonigation
of the constant ko wlhich represents the duration of QT m
relatian ta the heart rate  Mersurements of the duration of the
mechamical systole mn synclironous records of the heart sounds
nd subclasian pubse showed that these lso sndicated a prolonged
duration of the contraction 11 relation to the heart 1ate

ThcrraLs
Digimnbis §

uently canses 1 protong: of the auneio
sentricalar conduction ume Tlis effect does not 1ppear with
small doses but wuh larger doses may become so marked that
t eventually leads to dropped beats and occastonally to complete
heart block The effect of digitalis upon the P wave 1s not marked
but consists of a diminution of the soltage of P cspecialiv m the
amphtude of Lead 3 which may become mverted The cffect of
digitalis on the ventnieuhr complex 15 charactenistic The QRS
group 1s not alfected but the 5T segment the T wwe and the
QT merval are 2ffected with great constancy The effect upan
the O T amenal 1s seen m certamn cases when the T wne

renvuns unchanged
Dialis produces 1 shottemng of the QT interval which s
best vecommzed s Q F a5 considered 1 relaton 1o the hert rate
’(I:::E\2\;\;‘:::“\\‘\::‘{2::?3:;2;:\\’l‘ud}\‘ expresses thus relationslup
The decrewse m the value of l: n:: e g diguabs cliea
after the admmistration of 1 g0 § ; o ot e on¢ hour
ppewr until four hours after e paalalis or g
s dose The reduction of the
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usutl appennce of the cotonuy T the voltage of T m thes
cses 1s small The wunculoventriculn conduction time fre
quently 1s found prolonged

These chinges probably are due to physialogichl vartions m
the muscle metabolism and not to pathological changes because
the wdmmistrinon of thyroid etrict will fead to an maesse
s the voltage of the QRS goup nd of the T wie nd will
abolssh the T wave imversion It will ikewise shorten the e
loveutriculir conduction tune It the 1ecords of these patients
show changes of 1 diffcrent character or if the changes present
do not 1espond to thyrond medurton they e prabably the
result of 1 complicating coronary utenosclerosis

NI URDCIRCULATORY ASTHFNIA

Certun pauents with neuroctrculttory asthenrt may show
version of the T wnie m Teads 2 ind 3 Imversion of Ti how
ever has not been observed  The myversion of T m1y vany from
ume to ime and the T whve nry occrsionally be upward m
Lead 2 md downnnd m Tead 3 When folloned over 1 long
period T may hecome constwatly upright i Tewd 2 Panents
who htve shown imersion of T and T, ruely come to show n
upright T: In some pauents the mversion of T_ m1y be 150
crited with m ercct position of the pauient d when ths 1s so
records riken m the recdimng posttion will uswlly show
upnard T while records obtuned when the patient 1s seted
will show 1 downward T

Berinerr

Beubert and mmot grades of deficiency of vitamin B 1 hne
been found rssocrited with bnorardities of the electrocrdio
grim Werss and Ins 1ssocites found mscrsion of the T wine m
Lead 1 or1n Ieads 2 aind 3 68 pex cent of 1 scuzes of sty seven
cases md the T wave was often diphasic mnd accisionlly shoned
the coronary form A low 1oltage of QRS was oceisiomtly ob
served 1s was also mnentricalar block The Q T durtton was
prolonged m thout one hnlf of the cases using the formult of
Shipley awnd Hallwan and m 80 per cent using the formula of

Cheer wd It



VARIATIONS DUE TO DISEASE 297

of the T ware although 1ins may snmem:\es he acct[:'llx‘\ey)lstl:‘stls:lgﬁ
1 depression of the S'l:\ segme(r‘um(‘f‘\gm e,zr“‘\i?e ko
mev:‘tl t;c\?";‘lisc ‘;‘:‘:: e( ;j\:: s:fa\c a diphanic (—4-) ppearance
2 ecad‘ 1 (:! Fig, %77 B) or may consist solely of 1 downward (\e(\tct
uon (Lead 2 of Fig 57 p) In other cases there 13 1 pmﬂffﬁs“‘
Qiwnution of the height of T until 1t becomes soelectric and
then merted without there ever bemng a marked change i the
tened of the $T segment Thus 18 seen the sernl records of
Fagure 56 The T wave effects of digatalis are accentuated by the
admistration of ropine of acetylcholne and by carotid stnus
pressure These ohsersations suggest that 1t 1s due 10 1 vgal
mfluence
When the T wave 15 abnormally directed dignahs wilh dimn

1sh the voltage but does not always cause Turther inersion {Eig
77 7 and ¥) It may occasionally change an muerted T to an
upnght one In records showing nght or left 1us devianon

digrtalis wsaally changes the T wave 1 such 1 way that 1t comes
to he dected appasite to the cuef deflection of QRS in Leads 1
wid 3 and sometimes in L ead 2 also

Thiese effects of digtalhs on the T wave md on the ST seg

ment ma be noted as soan as one or wo hours after the dmun

1stration of 1 sigle large dose of the drug such as 1 mmim of
the uncture per pound of the patients war,ht A dose of 50
mimms will usually produce a shight change in the volta,e of the
T wue by the third or fourth hour The effect upon T teaches
the masimum for any one dose about six hours after the drug t¢
gnen uand does not dimimish apprecibly unul after twenty four
hours 1t passes off very slowly wad traces of 3 mrked effecy
persist for 1t least two weeks and often a ong as three weeks
after the drug 15 duconunved Tor this reason final conclustons
stnuld tot be drawn 13 10 whether 10 abnormal T wave 1s due to

iserse wand after the drug s been withheld for this mterval

In the precordial deads (Frg 77 dgualis will usuiily decrense
the amplitude of an upnard or a downwird T wae but will
sometimes ncrease the amphtude of 1 downward one Ty alsg

tends 1o depress the level of the § T segment so that the T wave
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vilue of Kk usually appears stmultneowsly with the decreise of
the voltge of the T wwe The masiml effect 15 produced be
tween three mnd four hours after each dose, sometimes persists

P g 1
{!
—t T

Fi, ,6 Irogressise inerease of the digatabs effect upon the T vave \ote the
pecutiar double topped T v ave of Lead 2 record ¢ There s 1 gradnal decrease
m the soltage of T and 1n records ¢ » and £ a depression of the 5T unction
ad ST segment

for a d1y or so 1nd then gradually subsides but the normal
salue 1s not resched untl about 2 week after the lst dose h
returns to norml before the voliige of the T wave rexches its
normal height The shortening of k seems to hme v definte
relation to the ippewrance of toxic effects When 1t 15 reduced
to approstmately 031 mumor toxc symptoms usurlly pperr
when 1t reaches the value of 029 marked toxic symptoms re
seen Dieuarde did not find that atropine chinged the Q T durt
tion after digitahis

Clianges w the ST segment 1nd 1 the T wue myy be ob
served m almost A1l cases ater the admmtstricon of digidis
although 1 occrsioml sustances—perhaps 1 tenth of normal
electroc1rdxogran15~thcs¢ changes m1y ful to apper Usnally
s 1 Figure 76 the first change 15 1 dimnution of the voltage



*
¥g € Recosd of a paneht wich matked an,mal syndrome and moderate
Wypnes on evethion The appearante of Leads EF @ and EF 3 w simvlar to that
often scen duman che | €alin, sta,e of mfazcion This patient had never hal an
acute et The slectroeasds gram must be the veslt of chvon < chaures
* Tic ame papy o after & s showwng mad 1ox ¢ symytoms shier 4) @y
un ts i sevenieen lin Note the ncrease i 4 4 conducnon pme which 15 now
0 second The § T segment 34 ddeg sested tn Leads 1 and 2 and ¢his v followed
b astght upward deBeciien sa fhat the wave 38 diphiasic (~ +) The soluge of
T3 dimimished In the precordual leads the ampliude of T 15 duninesked 1 ali
fou lead Leads FF 3 4 F and €F 5 show a iow amvened T wave than befose

{-as}



A L
Fig 7, The records of three patients before and after the administration of

drgeealis
A Record of patient with obesity and hypertension before digitalis

B After digtalis I cat unit three times daily for o weeks Note i the Iimb
leads the depressed 5T scoment in Leads 1 and 2 and the dmumshed 1oltage
of T In the precordial leads note the depressed S T <egment i all Jeads and the

increased amphitude of T
¢ Record of patrent with anginal syndrome and moderatelv increased dyspnea

on exertion
p The sime patent after digacthis 16 ¢ar umits 1 four diys Note the pro
longed AV conduction me (023 sec) n Lead 2 040 second in Lead 3 the
depressed § T segment and the miersion of T mn the three imb Jeads In the
recordial leads note the depression of the ST segment n all Jeads and the
dimmished amplitude of T 10 Leads FT' 2 and EF 3 with intersion of T at the

apex and beyond
[298]
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QuinoinE

The most important effects of quimdine 1re excerted upon the
Laricles The durition of the contracuon {refractory periad) IS‘
prolonged and the rate of an exisung circus mMovement 1s sk;‘\\v::s
by 2 depression of the conductivity of the muscle T hese effec
often result m the cinmmng of suncular fibnihwon wta Auriendw
flutter or normal rhythm or i the chnging of awricnlar futter
1o normal thythm 1t also dimimshes the frequency of premture
beats nherever they may Arise probably by depressing the wn
tabilits of the muscle An effect upon the normal P wave 1s not
always observed though there may be a change in the form of I
espeaally an sncrewse of us durition Sometunes the P wue
takes such an abnormal form that 1t seems evident that the site
of impulse formation must Tave been displaced to m abnormal
focus withn the auncles In many cases the auriculoventricuie
conduction time 15 increased as in Figure 78 » Large doses m1y
lead to a prolonguon of the intrnentrnicuhr conduction so
that the darauon of GRS 1 ineresed s ts alsa seen i the Figure
The QT durtion s5 also prolon,ed The earhest wnd most
constant effect upon the ventrcult comples 1s 1 decrense i the
toltage of T the amphitude of the T wave m all leads As thus
effect becomes more marked 1t leads to fhttening or mersion
ol the T wate i one or more Jeads In some wnstances the ST
segment 1s depressed 1 Leads 2 and 8

In the precordual leads also there 15 2 dumnunon 1 the
heighe of the T wave and a depression of the ST segment The
<hanges observed are often s Figures 98 1 more strihing than
those observed 1n the imb leads Inversion of a previously up

Ll T wave s more frequent m precordinl leads than m the
leds from the estrepuues

Evivieumine

Expenmentil injecuon of trge doses of epuephrine nto
ammals has led to strdang thanges m the § T segment similar
lln those assocsated with miarcuon Subcutaneous 1njecton nte
I\um-m\ ‘\!e\ngs preduces only shght changes i the records fyom
normal hearts consisting of a

4 dectease in the soltzge of e T
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m1y become diphasic (—+) or may become entirely nverted
A T wne wluch was onugimlly diphasic my become totally
muerted or m1y mcretse n 1ts posttine and negative deflections

Iig 78 Nlustraung, the effects of quimdine

A Control record of a putient who hid parosysmal attacks of autcular
fibnllation

» Obtamned alter the pruent had rccened qumdine sulphue o grams four
tomes daily the list dose being two houts previous to the kg of the record
The voltage of I and of T 1s dimumshed T 2 15 rounded and shghtly notched
The aunculoventricular conduction ume 15 prolonged measuring 00° second
more than 1n the control record The QRS duration 15 also prolonged 002 second
more than 1 the control record In the precordial lerds note the mcreased tver
ston of T in Lead EI 2 the diphasic + — and mmerted T 1 Leads EF 3and # T
and the chauge m the ST segment with dimmished 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 dimmnution m amphtude
These chtnges 1n the § T segment ind T wve are usunily more
marked m leads from the apex thm m those from near the

sternuim
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NicOoTINE

That nicotne produces an effect upont the cleclmcxrdlogn‘m
has heen amply demonstrated The T wive 1s decreased ;n );; t
age nd may become mierted m Lead 2 or m Leud s
cotncades with an mcrease 1n 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
ohcco bt 1lso when denicatined tobacco 15 used and when
ordinary tobacco 15 smoked using a filter holder Emotionally
Table mndivsdinls have been found to show these changes more
frequently and to 2 more marked extent than those who we more
stolid 1 occurs Tess frequently and less defimtely in older mds
v1duals than m those who are younger This achion of the meoune
may be due 1o sumwhwoon of the sympathetic nenve fibers to the
hiear ot to actwal strmulation of the muscle fibers themsehes It
1s atany rate a quite transtent effect passing off in a few minutes
after 1t has become evident It has not been possible to demon

strate 2 vasoconstriction of the corenary arteres 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 1w about three
fourths of the cases 1s an increased duration of the Q T nter
sal as expressed by the factor K The ST segment 1s fre
Quently found depressed the T wase 15 often mverted and i
sometimes diphasic {~+) due 1o a downward movement of the
cune duting sie ST segment These changes are not aluays
present m records which are talen shortly after the onset of the
com but may develop during 1he second day

Insalin shock 1s very commonly associated with a duniution
w the amplntude of the T wave and the I wave may become

<iphiasic in Lead | or Lead 2 The admunsstration of msubin 1n
diabetic patients 10 sulioent g

938 to produce marked hypo
gl\c(cnl\‘n has been observed 1o cause changes in the T seng\an
wd the T wave wieh grear regularity These changes were of
such a characer that the T waeand ST segm:m”tame w e
11
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wave and 1 shght depression of the ST segment especnilly
the $ T junction In patients with ingint pectorss these changes
are more mirked 1nd may lead to the apperrince of 1n 1soelectric
T wne 1n Lead 1 or in Lead 2 or T: may become diphasic
(~-) or inverted Inone reported istance bundle branch block
w15 induced temporrily Both in angmnl patients and m normal
dividuals the effects It for from onte to two hours

NITROGLY CERIN

The effect of nitroglycerin m pattents showing mverston of
the T wave has been studied by Evans and Hoyle Of 16 cses
with muerted T tn Lead 1 or m Leads 1 and 2 there wis 1
return tow1rd 1 more normal form of the T wave 1n 7 cases An
myerted T sometimes became upright or less amerted wherens
if Lead 1 showed the only mverston this T wave someunmes
became upright Wit inversion of T wmn Leads 2 and § or m
Lead 3 alone the effect of uitroglycertn was not noticeable m 5
cases ottt of 8 but in the other 3 the T wave became less negtive
or upright Nine cases were tested i which the T wave was up
night 1n A1l three lerds no change was noted m any of these
Other obsersers hive made occasionnl observations wluch are 1n
general agreement with these These changes were considered
to be related to the tachycardin induced by the nitroglycerm
and s 1 rule lsted only from three to fise minutes though m m
occastonal case the effect might last for twenty minutes

Nrtroglycermn has so been observed to cause 1 prompt but
transtent return to normal of the ST displacement produced
by eptnephrine i wmmals It 1lso tends to abolish the arrhythm
produced by toxic doses of epinephrine m 1mmals

ATROPINE

The primry effect of atropme of course 1s to accelerate
the heart rute and 1t produces hittle or no effect upon the
form of the waves of the electrocirdiogrim  When digitihis or
nicotine 1s 1cting upon the heart 1tropme w1l have a synergistic
effect enhancing the chinges mn the T wue charactensuc of

these drugs
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opposite to the direction of the chief deflection of the QRS m
the lerds mt which QRS showed 1ts lnrgest deflection The ad
mrustration of glucose corrected these changes promptly With
lesser doses of msulin sumlar chinges re found but they do not
reach the same degree

A low carbohydrate diet which produced hypoglycems was
found to produce changes of 1 stnilar type so 1t 15 likely that
the changes are due to the low level of the blood sugir wnd not
to the msulin With the low blood sugr level there 15 too httle
glucose 1 ulble for the proper nourishment of the myocirdium

When msulin shock 1s mnduced m patients who are not dia
betcs, 1s 1s done for mnstance 1 the treatment of schizophrensn
simlir changes appear i the electrocardiogram  There 1s
mcresed ruriculoventriculir conduction m ncretsed duration
of QRS 1 depression of the § T segment nd the T wve becomes
smlter ind eventmily imverted The Q T mtenval 1s profonged
These e 1) considered to result from a slowmg of the 1te of
conductivity i the muscle which probably 1esults from 1 myo
cudid depresston duc to the Iack of mvulble blood sugwr These
changes 11 distpper 2fter the shock has been recovered from
but Hadorn obscryes that this 1s not necessirily 1 proof that no
permmnent dimage has been done to the myocardium

Caxson Monovipe

Powsonmg with curbon monoxide has been found to produc
changes m the electiocrdiogram That st does not alwys do so
1s mdicited by the fact that even very severe cises may give
normal records The most common abnormal features are (1)
shight changes m the level and form of the § T segment erther m
the precordinl leds or in the leads from the extremities or both
(2) low 1mplitude or diphsic or mverted T'1 nd (3) low voltige
of QRS Less frequent changes ue (#) mversion of T i Lexd 2
(5) prolongation of the auriculoventriculir conduction tune nd
occasionally  (6) mtriventrscular  conduction  defects These
changes disapper 1s the asphyxar 1s recovered from and permi
nent changes 1re rarely if ever encountered Arrhythmis occ
sionlly occur the most frequent being parovysmal auriculir

fibrillation
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Carcivm

‘The most striking electrocardiogriphic feature assoctated with
\anations 1 blood calcium 1s the protongauion of the T meer
sal found with hypocalcemia and us shortemng with hyper
calcerma The constant h 18 found to be areatly meareased with
Isypocalcemia and to return 1o pormtd as the crlesein s the blood
veturns to nosmal under treatment No other changes s the
clectrocardiogram have been assoctated with radual changes in
blood calaum Aflter the mtravenous tjectton of calcram glu
conte there appears a temporary flattenin, of the T wawe
Lead 2 with passibly a partial smvcrsion which takes place withimn
e first 30 seconds fter the tnjection One munute sfter the
mjection the T wave has pricucally returned to normil Fol
lowing this 3 mathed bradycardia appears nd simultaneously
the T wate dimsaushes 1t hes ht and may become parually m
verted This bradycardia may last for twenty five or thanty man

utes Ina few pattents there are no T wave changes and m about
ane half nachangesnthe P wave
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CHAPTER Ih

THEORY OF THE ELECTROCARDIOGRAM
RECOMMENDATIONS ON NOMENCLATURE

INCF the dectrocndiogram 1s duc to the dlecnical disturb

ance associted with the contraction and relivation of the
cardiac musde 115 newssary to revien certam phases of electro
physiology 1f one 15 to htve 1 proper understinding of the pos
sthiliaes of the method Recent work has shown the ongmnl
negatsity hypothesis of muscle exatition to be so defective
thae 1t seems hardly worthy of mention 1t present The only be
het which has sunvved fiom this theory 1s that the actisity of
muscle s 1ssociated with the production of 1 state of electrical
negatvity within the active muscle (Fig 81 4)

Realizimg that the older theory was not satisfactory Lewis de
veloped his theory of himted potentinl diffarences and sup
ported 1t by obstavatons upon the mummihan hent According
to tlus view the muscle which 1s becoming ctive 15 1clitnely
negunne nd the s yet mrctise muscle 1 unron with it and m
medntely wdjrcent 1s relatnely positive (Fig 81 ) Ilhis will ze
sult m 1 difference of potential so pliced in relition to the begin
nmg of 1¢ctivity of the muscle that 1t moves forward with the crest
of 1ctivity always hnvmg the positive pole 1 advance of the nega
tnve Smce the current flows within the muscle from the neginve
to the positive 1s withm 1 clectiic battery Lewis stated thut

the direction n which the current sets mn the muscle will be the
direction 1m which the exatation wave 1s at the moment truel
ling He emphasized however that he did not believe thar the
direction of the current 1s dependent upon the direction of
motion of the exaitaion  but that both are governed by one
series of events i the muscle and m consequence are definstely
assoctated

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

&

x + o+
¥ = I

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
This i shownd

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 sutfrce
of the lateral wall of the nght ventricle and then by mserung an
electrode mto the cavity of this ventricle on the cndocaradl il
surface of the same wall Leading off contacts as for Lead 1 were
placed on the sides of the chiest wall The contraction wate i the
first case spreads through the night ventnicular wall from without
muward which 1s from night to left “The record obtained showed
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an el brief upward deflection indicating the production of a
curtent withm the heart from right to left when the contrction
was spreading m ths direcion When the endocuidial surface of
the wall of the right ventricle was sumulated the contiaction
first spreads 1 1 direction from withm outward which 1s from
left to nght The 1ecord obtuned under these circumstinces
showed m umtil brief downward deflectton ndicating 1 current
withm the heawt from left to night 1t this ume Tollowing these
brief il deflections the ventricular comples. on each occision
show ed 2 form charcteristic of 1 premature contraction resulting
fiom sumulung the right ventiicle It was not mateinally dif
ferent i the two cases

Althouglht this reltion between the direction of the mutial
spread of the contraction wnd the direction of the resultng elec
tricl potentinl may be true for my section of the wall of the
heart yet one must lso consider the belief thit 1 stumulus ongs
nating abnormally 1n the ventriculir muscle will only spread rt
dinlly through the muscle untl 1t hns effected 2 junction with the
finer branches of the Purkinje tissue It will then spread through
thns tissue very quickly to reltnvely remote portions of the muscle
where the stmulus will start other centers of contriction m the
ventniculr muscle By this means an otderly mdinl sprexding
through the ventricular myocudium 1s made impossible

Attention must also be called to recent wmtomical obserit
tions that the Purkmyje ussue penetrates mto the ventricular
wall almost 15 far as the pericardial surface and that m general
1t seemus to follow the muscle bundles which hwve recently been
re emphasized by Robb and Robb If the sumulus 1s transmtted
from the Purkinje fibers to muscle fibers 1t numeirous powts m
the ventricular wall this too will render mmpossible 1 ridnl
spreading of the contriction such 1s Lewis considered hikely
Furthermore Lews theory 1s difficult to 1pply to an exphmition
of the T wve

Crub proposed what he called 1 doublet theory* of the elec
trical manafestations of muscular actinity (Fig 81 ¢) He believed
that at the moment of actinition doublets develop i the tissue

® { doublet consists of a postine and a negatne pele of equal strength Iocallc,d
sery close togetber Any potential difference extending over a small space can be

represented by a tram of doublets
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e
and progress as the contraction spreads with the postuse poas
alnays ahead of the negatne pole These doublets of m\as{,ond :
he called them remam for 2 brief pertod and as actvity subsy

+
+

Fie 80 Deflecuon obtamed by a d rect lead from carduc muscde Such a cunc
woutd be obtaned 1 11 one electiode on the musdle 1ying in a large conducung
medwim and the other at a conuderable distance from 16 (\fcer Cratb)

the doublets of retreat appear which consist of a negatne pole
precedin,, a positise pole Tlus phase lasts somewhat longer than
the stage of masion Owing to this development of potentials
if we lead off with one electrode from a pownt upon a muscle
wnp along which a contracuion 15 spreadn,, and if the other
electrode 15 placed at a considerable dustance 1n a umiform con
ducung medium we shall obtain a curve Iike that of Figure 8o
He considered the elecrocardiogram to be composed of a sum
mation of many such curves from the individual muscle fibers
of the fieart as they become wholted 1 contraction and re
laxauon

Thus theory made an impottant contribution to our under
standing of the electrocardiogram and Wilson  Macleod and
Barker by means of a mathemaucal approach to the subject
developed an amphfication of Craib s theory which 15 more gen
crally satisfactory (Fig 81 v) They were able to plot curves such
as would be expected under cestan expenmental crroumstances
and to obtam very close agreement between these prediction
curves and the actual electrograms obtained by espeniment It
wis thewr conclusion that whatever may be the ongin of the
clectrical currents associated with the excriation wave (depolart
navon) these curremts are sumilar to those which would be
produced 1f the crest of the excitation wave was inmediately
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preceded by 1 source (positive pole) and followed by a sink (nega
tinve pole)  They suggested that the final deflection or T wave
(repolmzition) might be cwsed by 1 simk (—) followed by =

Al LR Ti g el 1

n Y i £ & }

e[ WL TR 77w = ]

]

oL =1 T~

i o s ey s 2337
R o A

Iy, 81\ dizgrammiuc reprosentation of the rarious theortes of the nature
of the electrical mamfestations of activity sn cudiac muscle In each case the
contraction 1s spreading fiom left to rht The aane region s shaded (4 ¢ €
and o {from Maclecod \ G fm Heart [ 1516, 1938)

a The negauuity hypothests The enttie mass of active muscle 15 repre ented
2s hewg uejauscdy charped The tactve muscle 15 neutral

8 The theory of hnuted potenual differences (Lewis) A small regron where
the muscle has just become acine 1s nejanve and the imupediately djacent
1estuny, muscle 15 posiave

¢ The doublet theory (Crih) s mu cle becomes actine 1t becomes the scat
vf doublels Bhuse positine dement s toward ihe resum, muste When musde
re,resves from the actine state 1t gnes 1se to doublets of oppostte polarity

b Bipotar theory (Walson Maclcod Barher) Ahcad of the advanang boundars
betneen testny, and actine muscle 15 a postine pole and belind at a nepatne
pole Across the retzcating boundary 1s a potental difference of reversed polanty
Dbut m (s case the poles are farther part

£ \Mnacleod s conception of the polarits changes accompanying the processes of
accession (1) duration (D) and regresson (R) of acusity m a stnp of cirdiac
muscle During the period of ecession which 15 repre ented by scetion 4 of the
strip there 15 a chamn of doublets each havmg the posune pole ahead of the
negatnne pole During the duration of activity i scction D there 15 no chwnge
i potential and during the regression of actiaty these is a scries of doublets
cach having 1ts negatve pole m advance of the positine There are the samic
number of doublety m the accession phase as m the regresston phase so that
those w the latter ate farther apart that 15 weaker per ume of muscle Jength

somce () but that the poles were farther apart in this case
They were able to obtan some support for thus theory from the
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fact that an considering 1t Yerms af the memb]r:mc theory of
Bernstem Yhey & e5e able ta yeach 4 ssmfar conclusion 4
4 § et peruprd s twary and wdded a de
ct T e
t
she electrical processes WEOWPINYIMG WE UtLsz v v
1€ aesmon of ackvity in a wnp of cardiac scle Daong e
sta, uf Gccesian the advasang setitty 18 wompaned by “;‘»
production of 3 trp of doubless gach S.ning she possttie pole
iead of the vegatne the fist posne pole besng w 1he mac
Dy mpsile afead nf the onset of acsssaty ant each doublet m the
(run Tepresinting a greates stage o1 pmty than us pxc‘dccts\ur
Dutsng the duration of ity these 1sno chady,e s the clectrical
potewsal Which romatns negaine Bunng she vegresstan ot ac
ts €y 4dre tussae 15 dhe seat of 2 cranr of dutblets cack harsag the
re.ate pole ahead of the posise pne the Jast positiie bong
& o ¢ triactise muscle behund the o e Bssve and ek doublet
sepresenting a fesser sta,e of sttty than ity predecessor
The total suw of all the doublews of acressian s equal 1o the
sne of a'l the laulilets of tegression so that as scoms more than
thele o dre stae of accession 53 shoricr the doublets will e
more £ ge Tted 10 1ms reglon Man 11 e aue of regresmon
shuch s of fonger duration When recording the clectnicsl
wnn wahin 3 strip of muscle accession and regresson each
wul ploduce 2 diphasic curte the first phase of the cune of
weesron Yemy 4 dhe sceond ~ The seqresson deflecton wilt
be a smaller and more prolonged diphasic cure winch 1 alo
S8 4 and then — Tius o lugrated n Fr o 82 from
Macdead which s sk s the wiinence upon these curves of
\ian,, sertan of the detatls of the musch conracagn By warm
ut, v coohug or )y sanying die relation of the Jeading off el
trade to the fong 18 oF the strtp of muscle Based dpont s

wonceprion Madeod desised 2 Arapine method wiags demon
srated Lo the el

‘ Aefecy ans (3RS and the T deflecuion
n;ng arise Yhey are the result of the osurlay pn of dhe curves
of acession wnd regression whigh arse o 7

it thye dy;
the myocardium ¢ irent parts of

Fhe ume rehcionss of the accession and vegres.aon deflectans
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preceded by 1 source (posinne pole) wnd followed by 1 sink (nem
tne pole)  They suggested thae the final deflection ot T wue
{repoluization) might be cwsed by 1 simk (—) followed by a

alC [ ) J]
wi O e s )

cf X TE T, =

o ~ =2 0]~ 1

5] [P P Pt Y SO 0 08 Yait s FEIEH + J
A 0 A

Tig 8\ digrammatic representation of the sarious theones of the natne
of the clectnical mymfestations of activuty w cardtac muscle In each case the
contraction 1s spreading from left to 1,ht [he actne region 1s shaded (A 8 €
wmd o from Macleod \ G {m Heart [ 1516, 19%8)

A The negiusity Ipothesss The cntne miass of acine muscle 1s repre ented
15 being negatnely chaiged The mactise muscle s neutral

n The theon of limited potential diffacnces (Lewss) A small region whele
the muscle has just become actine s uegatne and the unmediately adpacent
1esting, muscle 15 positine

¢ 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 gies 11 e to doublets of opposite polanty

o Bipolar theony (Walson Macdeod Baiker) Ahead of the adsancing boundary
Between 1esty, and acove musdde 15 1 poone pole and behind st a negatne
pole \cross the retreating, boundary 1s a potential dilleience of 1eversed polaiit)
bue n this cise the poles aie farther apart

F Macleods conception of the polarity changes accompaning the proces.cs of
cesston (4) durinon (D) and 1¢,iesson (B of actinay an a smp of enduac
musde During the peniod of accession which 15 repre ented by section 4 of the
strip there 1s 1 cham of doublets each havng the posune pole ahead of the
neguve pole Durmg the duration of actiity in secuon D there 1s no chinge
m potenual and dunn, the regression of actnity there 1s @ series of donblets
cach having 1ts ncgatne pole mn adiance of the posine There are the sane
number of doublets n the accession phse av i the ieession phase <o that
those an the latter ate farther apart that 1 wetker per unt of mu de Tength

source () but that the poles were farther apart m this €ase
They were able to obtan some support for this theory from the
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wete lound to vary » 1th the dugation ot the actine phase and the
‘e?hhdx‘\‘l‘\i E\;scal:riiz:ru{ the frog L was possible t0 produce
" e shon f accession from
a record showing a separation of the deflecuons © o
oression with only & smat) zone of cverlapping 0 '
(\llm:;\:flxg: Esseen that thc:',y‘t\ﬂ: poth diphasic (ll;(; oppns!‘lcl)s
divected (Fig 82 1) He developed 2 graphic method of am\)sx‘
of the electncal events of rontracuon and relasation whic {\‘
cbled m fo predict the cune which would be obtame
under 1afious c\penmenm\ conditions .
Although thie phase of Tegression 15 assopated wath a diphasic
cune the firss phase of this cuné is ordimanty obscured because
1 comades with the curse of accession The intessal (ST seg
ment) beimeen the accession deflections (QRS) and the final phase
{T) of the tegresuon deflcctions will vany s relation to the
zero Jevel hng upon 1t of 1bave or below depending upon the
relatve duranon of the phases of accession and Tegression and
the duratton of the full acuvity which ntenenes between them

His expenments lead o the conclusions that  the exeuauon
process consnis of (1) a bnef stage dunng which attisty 15
Geasmg (2) a very buief penod of full acuvity and finally
(3) = longer stage of decreasing aceivity

Wilson \facdeod Barker and Jobnston had previoustv dis
cussed the T wave of the electrocardiogram and re emphasized
W stson and Herrmann s eatlter statement that the order m which
the tentricular muscle passes out of the refractory s

tage (con
(raction) 15 approsimately the same as the order 1 winch 1t
enters nto contraction Fiery change an the form of QRS pro
duced I a change 1 the onder of exaitation was found to be
accompanied by a corresponding change the form of T oppo
site i diection 1o the change i QRS There were nevertheless
ceratn factors which might change the form of T without caus
wg changes m ORS such for example as cooling or warming
\he ventricudar surface of the acuon of diguabis These l‘ac\urcs
probably ace by affecung the doration of che contraction
“Thes deseribed a method of analssis of the electrocardiogram
whicl makes 1t possible 1o determune the presence of mﬂu:nces
affecting T but withour comadent effect upon QRS After the
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A qze are determined by
! ~

[

s of the ventsicular MUSOE @
:;:oialr;;l factors which are sudependent of the arder oli e\lcuai
o They might a8 s been sad b b result of 0("\‘ m;(
semperatme differences altecung 1he myocardi Gt 1 it be
<he yecult of a locahzed Qusturbance of the Wy ocardium due 10 1
Joualized disease process

When we consider the relauonship of these electrical phe
aamenn to the (henneal and phyncal process of contyactivn w¢
ave confronted with 2 considerble dificency i our Laonlede
The process of LonuRCRon I been dnuded theoretscally mw
whree parts The £ st e pluse of evalalion whuch shondd be
considered to comprne that prelummary acuvity »
Defore id cases the actual shoriembe This phue 1s ey brief
The cautracion praper ss the sccond phiase and TOMpRISES e
st shostenmnyg It 1s vot Lneun whether thus bepttts be
fure or altes (xoitauon completed bt 1 18 pro\);\)\\* shat
1t henws aher at the ume of compled!

son of exctation  of
very shighily before or after thus e The more dehcate and
ot the method ased for recordmg contraction the shorter

has been found the mtenal herseen the onset of the cleanicad
deflecuons and the onset of the contracuon Complete contric
uon probably has a short duraton and 15 followed by relaration

[lss seems o be defistely, more gradual m us des elopment than
15 the contrichion

Iach begns

S do not hnow the tme rettions of the changes m potenual
1o the three phases of comraction but we do know that the
shartemng beins very soon after the beginamg of the elecneal
cunve durm, the QRS deflectons Jt contnues unul the latter
part of the T ware thout at s peik The wunal brief electrcal
effecs matan,, up the QRS sroup occur durng the exotation
and the beginmmg of contracnon winfe the hletamqn: rolonged
potentials (omj rmin,, the T wate occur 1t the same uP" e gﬂ
chemieal reactions dutm,, contraction and relaxation o

Ve do not know the anatomcal umits t which dus chan,
potennial takes place bur i ts presumably some subdnmg: :}
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electrocwrdiogiim was enlrged they measured with 1 phinim
cter the aren ncluded within the bounduies of the QRS deflec
tion wmd the base Iine 1dding 1lgebrucally the upwud (4) and
downward (—) deflections Siululy the rea of T was deter
mined Haung v vilue for the uer of QRS and for T 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 neige or mean elecirical avis
of QRS or of T wsted of the electrical 1x1s at 1 gisen mstant,
1515 usully computed from indivadual deflections One may also
compute the manifest 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 inday :dul deflections
The mean electizeal s of QRS would mdicate the verige
direction m which the exatatory process spreads throughont the
ventniculn muscle and the mean electricil s of T pomts
evuctly opposite to the nwerge direction m winch the yecorery
process spreads If therefore exairrtion nd recovery tike plice
wt enactly the sune order the anle between the electical s
of QRS and that of T should mesure 180° Likenise the a1etof
T mn each lad should be equil i magnitude 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 1lychtuc summation thus ob
tuning the mamfest @ea of QRS T Likenise the electuical wxes
of these two deflections m1y be added together grvng the clec
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 md T gives the direction nd mgnstude of the
electiical forces resulting iom 1 Ick of untformty m the dur?
tion of the exatted state n differenc parts of the ventricles It
expresses 1 difference between the potenul of the QRS group
aud of the T wrve and pomts 1n 1 direction from the region 1
which the nerage length of systole 1s greatest toward the region

* \ rector 18 a force haviny a speafied direction and magnuude
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Ieads ase obtamed by an electrode someshat remote from the
heart souscle the negatnve deSection of these leads has bern ye
ferred to by Wilson as an snismsicond deflection In Lewss work
with expepmental ammals 1HE WITE WAS 0 arranged that the
negaute winnsic deflecuon was upsard smtead of downward
s was also the case 1 the earher »oh wih human precordial
teads Tt folows then that the peah of the R wave of precordsal
Irads obrained wuh the present Binng mbseates the beynmng
of e smssstmcond, deflection of the curve and therclore the ume
of the armat of the contratuon wase s the subpencardial Bbers
beneath the prevordiat electrode The downward deflectson R s
which follaws 1s the imtnnsicond defetson and 15 due 1o the ac
asity of the mucle fthers beneath (ns elecirode

Influence of remole elevtiode 1t has heen generally hoown that
the precordial curves would sary somenhat depending upon the
stte of the remote electiode but the charaer and degree of the
aifferences to be expected fune not been well understood Cer
tam authors finve sugzesied 1he nght arm or the Yeg or the
deft arm as the best site for the remote electrode bue there has
been tmuch 1aguenes as to what 55 meant by the word  best
whether 2 Jaige amphtude of the deflection ot 2 greater tendency
10 show gbnormalities

The supplementary repart of the Contmttec of the Amercan
Heart Assonauon o Standardwanion of Precordial Leads has
indicated centam relations between the size of the deflections n
the three Imb Yeads that result from a gnen potenssal and the
differences found m the roreesponding deflection from a pre
cordual pomne sk different sitwations of the remote electiode
The foflowing numencal relations were pomnted out tefernng

il each case 10 the values in mllmeters of any synchronous
s m the feads menvoned such as s usually found m the
s y fou [t

Syacheonaus pomts durng the QRS
3 sroup do not ordinarl
comerde with e peals of 7 wate g dx&ercnl leads ’

Lead 4 R o Lead 4 F 4 Lead 2
l‘ad4L=Lud4)‘+lcad

Lead AT = Lead 4 F 4 1/3(lead 2 4 Lead 3)
1t 25 250 true that Lead 4 R ~ Lead 4 L 1 Lead | By means of
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the muscle fiber The P nave of the electrocardiogram 1s due to
the summtion of the brief ntial effects produced by the acces
ston deilections of the auricular muscle while the auncular T
wave s produced by the final part of 1ts recession deflections
Sulrly 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 SEMIDIRECT LEADS

The record obtaned 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 n the muscle beneath the
point of contact wath the clectrode Potentials which are devel
oped withm the heart m regions remote from the powt of contact
contribute somewhat to such a record but the importance of their
contnibution dinunishes rapidly with mereasing remoteness from
the smmediate region of contact The record obtamed by pheng
one electrede upon 1 cotton pad wet with salme which 1s lying
upon the heirt and the other upon some remote reglon differs
but little and chiefly m magmtude from the record obtamed
when the electrode 1s m drrect contact with the muscle Such a
lead Inis beent called 1 senmdnect lead nd 1t has been pomnted
out that leads obtuned through the precordial tissues are also
semudtrect leads wnd when pured with n electrode upon some
remote region such as the leg arm or back are almost entirely
dependent for their form upon the potenual bencath the pre
cordial electrode

Wilson his pointed out that the development of the munal
(-+) deflection of precordial leds 1s 1ssociated with the approach
of the contraction through the myocirdium tonard the subper
cardrl arex beneath the electrode and that the peak of this imual
deflection mdicates the time of arrnvat of the contraction mmne
dintely beneath the electrode The deflection which follows this
peak passes below the bise Imne giving rise (o 1 downuard (—)
deflection This negruve deflection 15 1ralogous to what has been
called the mtrinsic deflectton by Lewts and others followsng hun
when using direct lexds from the heart muscle Smce precordal
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ular progression of the electrical axs within the encle of
a reg o
Einthoven
.o N

INFLUENCE OE)
v —
I‘EGA";‘.‘I.Y‘.&P\ODE 1S PLACED UPON tiim = -

DerLecrioy

WHEN PAIRED WITH A PRECORDIAL ELFCTRODE.
1% Lus LEADS

The most + or le

Lmb of lowest
rental + ichwilive

Lam&R am 4 L ieg ']
L.om s{Ram 2|Llkg 0

L am 4| Ram 1| Llg 0

L am 4 RamalLlg 0

L am 4l Lg 1 0

L am 4lLig  2|Ram 0
LamBLlg 4 R amm 0

Lieg 4L arm 2| R am 0

Licg 4]Lam  3}Ram 0

L leg 4 R am & L.arm 0

2 L.leg 4|Ram  2{Lam o
3 L.leg 4lRam  3|Lam o
4 Lig&R am 4 L am o
4 41 L.leg 21{ L arm o
3 R.am 4 LighLarm 0
H Ram AlLam  2|Lig o
1 R am 4ltam  3(LIg o
0 4]R am& L arm 4 L g o

T de to Ut te the prediction [ qua btat

Tenhave beem p toth lmb lead deflections,
ssi-nod to the mallest precordial d fect o trght ha d cobam ) 1n €the
dcdecton o the ther v precordial ) ads has been calculated & m these fiur
1f the angle a of the deflecuons n this table 15 transferred to
the diagram of Tigure 21 it will be seen that there 1s a sector of
120 which 15 50 related to each lunb that when the an e lies
within thus sector 1 more posine or a less negatnve reflection

will be obtaned 1 the corresponding synchronous deflection of
any precordial lead as follows

Lifer noes asbte £y

as w1 s qualitats
02 bty viue f ser has be

&b xampl The

1f the remote electrode of wny precordial lead 15 placed upon the
right arm the most positine {(4) or least negative (—) potentinl
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these formulas 1t 15 possible to determme the deflection it Lead
t Rif we hnve obtuned Lead 2 and Lead 1T and so on for any
other deflections provided that synchronous pomts 1 the cune
are considered It 15 rarely possible to mnke such comversions for
the peaks of the QRS group because of the difficulty of determm
mg synchronous pomts during the course of these waves The
peiks of P and of T and the ST junction af the Iatter 1s of
suffictent magnitude to be easily measurable usunlly ¢ be
ticated without difficulty by these formuls If they fulfill
Emthoven s formul m the imb leads they cin be used for the
above conversions

As 0 allustration of how these formulis may be used let us
suppose thit the deflections of the T wave are 15 follows

Lewdl =2 Leid2 =6 lewd3 =1 Lexdd4F =5
Lead § L would then give 1 deflection of 9 (5 + 1) and Lead 4 R
of 11 (5 4- 6) If the T dellections werc
Leidl =—2 Led2 =1 Lewd 3 =6 Lend 4T =5
Lead t Lwouldbe 11 (54 6) and Lend t R 9 (5 + 1) As an
other illustrition
Lewd] =2 Lead 2= —4 Lewd 3 — —6 Lexd 1 F =5

Inthiscase 1 L= —1 (3 4+ (—6)) md 1 R =1 (5 + (=) It
will be seen that the relation of the deflections m the lumb leads
I 1 determining mfluence upon whether 1 R 1 L or t Fshnll
be the larger

Wolferth and Wood hve mndicated other method of 1p
proich to the relition between the deflections m the mb leads
and the particulir himb which might be expected to give 1 more
positive (upnud) 1 less positive or 1 mor¢ negne (downwud)
deflection when pured with any precordnl pomt They con
structed a table which indicated v irious relitians of the size nd
direction of the deflections 1 the hmb lends and mn ech cise
the particular ltmb which would be found to yicld the most post
tive (least negatine) or the most negatrve (least positnne) deflec
tion of the corresponding synchionous portion of the electro
cardiogram when pured with 1 precordinl pomt Table X1 2
modification and amplificiuon of thewrs mcluding certam 1eh
tionshups of the deflections m the Limb leads which are not found
1n therr tible mnd rearringing the order so that 1t conforms to
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For rounme wse the leg occuptes 3 sasfactory posiion 1 rela
uon to most of the importaut dellections upott winch we base
many of our dugnoses and 3 1> posably for thus reason l‘ll\;\(;
Gesger found that abnormahities are more fiequendy recor
with the clectrode n this postiion than upen the nght ans In
dang precordial leads we me desirous of obtamning a constnt
normat fotm with recognszed normal sariations dyting health
and we also wish ta obtam abnormal forms as frequently as posst
ble 1n the presence of disease and to be ahie to attach definue
sigmificance to these varauons Tt will imvahe cansiderable fur
ther study to properly answer these requivements

In order 1o ehmmate the miluence of the potenual of the
remote electrode Wilson has devised what he has alled the

central terminal  which 15 constructed by connccting a wire
from each of the three extremues 1o a2 single pomt each ware
traving 1 senes 1 nomnductive resistance of 5000 ohums Thas

central termmal  produces a pome which 15 S0 near o zero
potential throughout the heart cyvele that 1t may be so considered
nuhout encountenng seriows error Leads from the precordium
to this termunal give cunves which are almost exact records of the
potenual vartateans of the surface of the chest beneath the elec
tiode and represent as has been sud setudarect leads from he
portion of the hieart beneath

Precordsal leads obtaned by this technique seem at present
to be as satistactory as any of the others and 1 may be that the
asardance of the distornon due to the Ppotential present at the
b elecirade fmay prove to have pracucal aduvanitages. Thus
fiowever 35 as yet uncertan for it 15 possible that the potennal
of the huub clccrode may at tmes contribute a diagnostic
featare to the record obtaned from the precordium N

I\nirecT {EADS

Remote leads from the lunbs The record obtaned by leading

?R from o pomnts 2 a relatisely great dist inee fm 2 2
f

wreo a > aiE e conditions under which the imb lead;

tamed This symmatian of potentials holds 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 1ny precordial point when the corresponding part of the
electrocardiogram i the hmb lerds has an angle ¢ lymg be
tween -+90° and —150° It will be noted that the pex 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

Likeuwise 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 night arm 1t 1s the sector
between +150° and —90° with the remote electrade on the left
arm at 15 the sector between —90° and 4-30° and with the
remote clectrode on the left leg 1t 1s the sector between +30°
and 4-150° If these sectors are noted 1 Figure 21 1t will be seen
that each one mcludes the extremity concerned 1t 1ts center

With thesc facts in mind we should be able to select a stte for
the remote electrode best calculated to reveal a posttive or 1 1nega
trve deflection an 1 portion of the electrocardiogram which may
be of prrtcular importance 1t the moment 1f we have used a lss
favorble site for the electiode 1t 15 possthle to derne from the
deflection recorded the deflection which would hwve been ob
tuned had the more fitorable site been used This would be
done by means of the formulas on pige 323 It must be evident
from these ficts that there 15 no single site for the remote
electrode which will alw1ys give the most posttive deflection or
the most negative deflection for any part of the electrocardiogrim
beciuse the most favorable hmb wali depend upon the direction
of the angle a of the vector of tus portton of the curse 15 re
corded 1n the limb leads
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{he oppormamuis for short creating fforded by ‘:“’ berdy ““::le
between the heast wd the tapbs  Chis walf vary {rom one
wdual 10 nother and may vary At ufferept pmes m the swie
indnadval Bt seems as thouglt the amount of contict betweest
the heast and the antersor chest il i o amportant snflucnce
upan the stze of the deflcchions obtamed by the three feads for
the recorded cupent (the valdge) 1s veduced by fuff mspiriuon
Shortcrcutng bewween the beatt and the {smbs m3y reduce the
sue of the defiections . the Teads but it wiil not chnge the
relane haghts of the snous wites for the shortcrauting
affects each one alike
Wiicn the ventricles ase contracting normaily he speed wab
whitcht the stmulug passes Hong e unwoaioyentncolar wd
Purkinfe system 15 so great it ey 1 very sl imtenvaf prob
by not more than 000> second the contracion sl be spread
g stmadneotsty 1w dufcrent teons of e ventriculie wmuscle
1 1m dufferent divections w exch region The electrocardiogram
abtated by the three leads from the extremmties does not record
those potenuals developed durtn, the very eliest period ol
exataton of the ventricles becuse these potentinls have not yet
reached suffiont magntitde to be recorded by the remote Teads
The chinieal electrotardrogram fram ws very beanmng  then
must thus be composed of the resultant of numerous cleciricat
forces of difierent sizes and directions arssiy,, from the difigient
portions of the myocarduwnn whach 1re wtine 1€ that wme
The deselopment of the I wave and of the QRS nroup depends
wpnn the direction w whneh the gntal potennals davelop i the
v ons parts of the auncular g of the vertrendar myuscle and
i e of s of e e e
ssses I the order ()[S:clnz\ll‘l(ex(lnlm) " pmlll'ﬂn of the muscle
be copstant from beat to beat ! nsdculnsmm he potoutsads wall
changed This 1< the reason 1h N th the form 9f the curve un
umch(\uﬂ at different times ]lc clmncs obeained from the
sprexding of thie contraction bcm alvays the same yaless the
the sumufus arses w4y Ab “”\nes abnormal 1 seme wyy 1f
of wtitaton wilf resuly ar)\?lm;m sk shnoma] ardr
formn T dhie presence of d the cunve will base an 4hgornal
ot diseased ussue forces a normy) sgmulus
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valous umts of tume throughout the cycle of contiacuion Fou
thus reason 1t 1s not proper to consider that the curses obtuned
by leads fiom pased estremitics e comparible except mn a gen
erai w1y with those obtuned by lcads from muscle strps or by
direct eads from the hent or by semdirect leds from the pie
cordium  Fhey my hive 1 QRS group and 1 T wave, but the
deuncal significance of these deflections s dufferent m the sean
direct md ducet lewds from then sigmificance m the 1emote
(lnnb) lewds In senudirect leds the muscle fibers nearest to the
cudine ddectiode hve 1 much greater mfluence upon the cutve
than do those m more remote parts of the heart while wath the
hmb Jexds 11l muscle fibets e so newly equidistnt from both
dectrodes thet alf have approsimately 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 m the same direction and will tend to neuttahze one
another 1f m opposite directions If 1t mn angle to one motha
they will be summated 1 so fu 1s they are i hine with the duec
tion between the elcctrodes A given potentral has most ¢ffect of
directly i hine with the lead nd lesst cifect if perpendiculir to
1t Becruse of the predommant inflnence of the potentrals beneath
the ¢cudiac ddectiode these relhuonships are of little importnce
m senudirect lexds They are of gieat mnpottce however 1
understanding the lewds from the extremities Records from the
oxtramties will be a compostte sn size and dnecuon of the vart
ous potentrals present at eich mstant withiy the heart

The electiocardiogram obtruned by the three standard Ieads 1s
not n adequate 1epresentition of potentls which occur m W
wnteroposterior direction Thesc leads best record those chinges
within the heart which occur 1 1 verucal plwe transverse 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 n the plne of the standud leads
by a value equal to thewr projection upon this plane The mort
nearly perpendiculir they are to the phwe 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 potenuals wathin the heart because of
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ay be

taneously Under these arcumstances the comn:\l\lm\{ x:my o

1dered to spread through the ventncular walls iy T e
"OnS! l"
fnner to the outer surfaces n 2 radial manner as shown 1 18]

A
RA L

F

Fig 8 Wilsons d agram of the sentricular avues The nght and feft ven
4 (et and nerentnodar sepram ate 1eaddy vecopramble The arrows indicate
W ¢ directson of the spreading of the contraction through the ventricular muscle
from the endocazdial ta the epscardial surface of the apes and lateral walls and

from the endocardial surface of the eptum on both sides (From Wilson F N
Madeod A G and Bartker P S 4m Heart | 6620 1031)

83 Opposite walls of the ventricles produce potentials which are
opposite in direction and which therefore balance each other as
long as each wall contatns fibers which are entering wnto contrac
tion When the spreading of the contraction reaches the ept
cardial surface the production of the wntial potentials ceases
thus direction so that 1f the opposite wall stll comtains fibers
through which the contraction 15 spreading potentials will suil
be produced here m the direcuon of the spreading i tius area
He has further pomnted out that owing 1o the gaps in the basal
portion of each ventricle where the venincular wall gives place
to the valvular onfices the regions oppesite 1o the vahuhir orifices
will produce unopposed electrical potentals from the very be
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to follow 1n 1bnormal path 1n 1bnormal curve will also appear
Under either condition then, the form of the curve will differ
fiom that associnted with 1 normal contriction and normal
muscle This expluns the abnormnl form of the complexes asso-
cated with cardine urhythimin and of those associated with
myocardral disease

The QRS group The theories suggested by Wilson Macleod
and Barker 15 to the production of potentnls during the early
prrt of the QRS group 1re the most satisfctory at present avail
able for they are i harmony with most of the estiblished ob
servations from the clinic and the Inboratory Mention should be
mde of certun observations which might tend to vitiate these
theories though their importance h1s not yet been proved It ns
been shown by Abrimson and by Roth that the rumfications of
the Purkije pathuays run parillel to the muscle fibers m both
ventricles and continue to within 1 very short distance from the
pericardinl surface Accordingly 1f the impulse 1s conducted to
the ventricular muscle by the Purkimje fibers the contriction
does not spread through the muscle tissue of the ventricles by a
radial penetingon starting fiom or near the endocudil sin
face Turthermore Wiggers hs stated that 1ll pomnts on the pent
cardial surface of both ventricles except those opposite the edges
of the interventricular septum 1re wctnated lmost simultue
ously The edges of the interventriculir septum are actnvated
erlier than other pomnts on the veatricular surfice hatz and hus
collrborators have msisted that the hmb leads cannot represent
equally the potentials produced i different parts of the heart
becuse of the differences they hue found 1 the electrical con
ductinity of the different tissues surrounding the heart They
found the diffecrence between the conductivity of the lungs and
of the muscles to be of the order of 1 to 10 and belese that the
regions of the heart m contact with lung tissue are but poorl)
represented 1n the lunb leads 1s compared with the more fuored
regions 1n contict with the diaphrigm nd the p'xr-ucrtcbn]
muscles 21nd the antertor chest w1l

Wilson and lus 1ssocintes hwe pomted out that the ventricles
are mregularly shaped hollow cwites which are stumulated
throughout the whole extent of their immer surfaces almost stmul
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1he form of the curves of yight or left bundle branch block "';’
duffer i dificrent heans beeawse of the mfluence of hypertrop) l‘,l
or of arcas of degenerition which miht exist i one heart 1ml
a0t 10 mother upon the fundamenwl or uncomphiated dectrica
production resulting from the fesion ;
In the normal electrocardiogram the simuitaticous ctfects o
the moyentricles are summated m such a way that appositi, post
e and negatne forces neutrahize each other and the resulting,
sttuaon becomes so complen that st s not possible with our
present hnowledge to analyze st Lewis has shown that 1t 1s posst
ble to combine mathematically the first portion of the electrical
cunve from the nght ventncle with the firse poston of the curve
{som the left ventrcde md obtan a QRS group winch 1s very
much hke that of the normal electrocardiogram of the do,, fiom
which the destrocardiogram and the levocirdiogrim were ab
wined
Fhe § T junction and T wave Much has been sud about the
approxumate 1soclectric tevel followmy, the QRS group and before
the peak of T 1t has been pointed out m discussing the chimest
clectrocardiopam that the §T junction may occasionally be 1so
eleuric in one lead oran two but 1s very rarely 1soelectric i all
Werealve now inview of what has been sad 1bout she develop
ment of the patental which goes to make up the T wave that the
so called ST segment 15 only a porton of the T wave and that
the T wave 1tself 1s anly a portion of the potential produced by
the vegression of electncal actviy T must represant m fact 1
summnaton of the last portion of the many diphasic curves which
result from the regression of actn ity in the ventricular muscle It
ereases i volta e as more and more of the myocardial fibers
cease thetr actisaty and finally reaches a peak This peak raprdly
falls to zero as the yemamung muscle fibers cease to be actineg
Macleod has demonstrated that in muscle strips the deviation of
the $ T segment from the zero level 1s affccted by the relatson of

the duration of contraction ind the length of the muscle fiber
Though tus relautonship may hold for expermmental condiuons
vet 1t probably cannot be transferred dwectly to the heart con
racting as a whole

Further nformar
uon 1s needed concermng the relations of the
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gmmng of their actsation Tor this reason the fust electrical
cifects ltom each ventricle would hnve 1 duection deteynuned
by the spreadmg of the contriction 1 the apcal portien of the
muscle which lics opposite these valvular openings This diree
tion Wil m general point 1y from the valve opemngs

tor the humn 1ight ventucle these yunal elccuieal effects
hive 1 divection which is downward and toward the left (4+4)
the tricusprd ind pulmonic v ives bemg pliced to the right and
1ove When the spreading of the contraction has pierced the
wail of the nght ventricle to the epicardnl surface there will
than be mother arer which his cewsed to produce electrical
effects This et 1s 1n the central 1egion of the ventricle so that
now the unopposed potcntials m the mterventriculit septum
opposite to this portion of the wll will produce forces pomtng
to the lejt and upward (++~) It will be noted that these two
directtons first downwud and to the left (4-4+) then 10 the
left md upwird (+-+—) 1re represented m the electrical 1ves of
the fisst pottion of the curses ssocrated with left bundle branch
bloch the potenunl 2t this thne mising exclusnely from the raght
ventricle (1ig 86 b)

The human left ventricle has the valve openings m such a post
tion that the apical muscle opposite to them 1s acunvated 1 a diiec
ton downuaid and to the left (++-+) g, rise therefore to
unopposed potentrals m dus direction durmg the first pare of the
QRS group As the contraction wave pierces the lateral wallan 1ts
1pica] portion where 1t 1s thinnest tins 1egon cetscs to producc
potentrals nd the portion of the septum opposite being now
unopposed gt es rise to forces duected downuard and to the nght
(~—-++) m which direction the contraction wae 1s stdl sprcad
g chrough 1t It will be seen that these direcuons first down
wud and to the left (+4+) then downward wnd to the right
(—-+4) coriespond to the direction of the electrical axes during
the early put of the curves assoctated with the 1ght bundle
branch block (Fig 86 1) the porentnal at this tme arsing only
from the left ventuicle A detailed comparison with the curyes
produced by ventricular premature beats 1s not proper for these
curves must differ from the curies of bundle branch block be
cause of the viniable site of onigin of the stimulus It 1s ikely that
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the fors of the cunes of nght or left bundle Lrinch bfock m,n
Auffes m dilterent hearts breawse af the mfluence of hype tiop l);
or of areas ol digeneratiott which mught exnt m o freatt m\(l
not 3 3pother apon e fundamental oy wncomplicated clectrict
production 1esultng from the iesion

Inn the normal electrocardio ram the simultancous effects of
e two septricles are summated 1 such a way that opposing post
ure and negatne forces neutrahize cach other and the resulung
siuation becomes 5o comples tiat 1L s not possible with our
present hnowledge to analyze 1t Lewss has shown that st 2s posst
ble to combine wathematcally the first poruon of the efectrical
curve from the night ventricle with the first portion of the curnve
fom the lelt ventnicle and obtan a QRS group which 1s very
wmuch ke that of the normal electrocardio ram of the dog from
wlnch the destrocardiogram and the levocardiogram were ob
ined

The 5 T punction and T uave Much has been sand aboue the
approsimate 1soelectric level following the QRS group and before
the peak of T It has been pumted out in discussing the chmeal
dectrocardio ram that the $ T junction mas occasionally be 1o
clectric i one lead or i twe but 1s very rarely isoelectric m il
We realise now mview of what has been said about the develop
mentof the potential which goes to make up the T wave thu the
so ciifed ST se ment s only a porton of the T wave and that
the T wave sself 15 onty a pornon of the potenual produced by
the tegression of eecneal wetvaty T miust represent n fact a
summation of the last portion of the many diphasic cuny es wlich
result from the regression of activity 1 the ventricular muscle It
fcreases W voltage as more and mote of the myocardsal fibers
ceve therr acuvity and finally reaches a peah Thus peak rapudly
falls 10 7€10 as the rematning muscle fibers cease 1o be actne
Madleod has demonstrated that in muscle strps the dewtation of
e S e e et by e o
Though thus relationship :l;l; !:cf ensih of the musde fiber
vet it probably cannot ‘lwY:r;ml&;e(l!rde\pe;lmcnml Condions
tricung 3s a whole & dureeddy 1 the hears con

Further iformas
1101
s needed conccrang the relations of the
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ginning of ther actnaon Tor tus 1ewson the first elecncal
cifects from each ventricle would hwve 1 duection determied
by the spreading of the contriction m the apical porton 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
hue vdocetion which 1s downward and toward the left (44+)
the tucusprd nd pulmonic valves 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 Thrs 1er 1s m the central tegion 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 assoctited 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
branch block (Fig 86 1) the potenunl u this tume using 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 brinch block be
cause of the varable site of or1gm of the sumulus It 1s Ishely that
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[heT aa =4 rhe et deflecuon of the QRS group howeser
e not al
R “v - -

l:::a f,:lli\::xg tacots (1) The change 1n the posttion of the heart
whnch pecurs dunng sysisle tends o place the heart more m] e
long auss ol e bedy duning, systole and to rotate 1t on usi ong
as1s 50 that a pomt antenorly would move from nght to lelt an
from belore bachnards QRS 38 wscribed at feast for the most
part hefore thay change of position bas occunt ed and T almost
entirdly alterward (2) e1s possible that certan factoss may causc
the rlavanion of cestasn pattions of the sentrcular muscle to be
shightly delayed ot accelerated It 15 known that the applicauon
of cold to the surface of the ventncies will delay the relaxavion
and change the duection of the 1 wive and the whng of 1ced
water o the stomach 1 11l do the same 1t 15 possible therefore
dhuat the prosimity of the lungs to certain areas of cardiac niscle
may make thewr temperature different from the temperavwie of
other areas which are 1n contact with orans of a hugher Lempera
ture such as the hiver and that these temperatnre differences way
cause a \atable duration of the contraction of the subpericardint
fibers thus changing the direction of T from that which 1t might
otherwise have held

Explanation of difference of uaves in the three leads 1t Y
been pomted out that the electrocardiogrim 1s difierent when
obtaned by different feads This face was at first a great stumbling,
block 1 the advance of our knowledge of the subject A wanve
which was upnght 1n one Tead was found much smaller m an

ather or even turned downward and it was not untl Eanthorven s
L I
1cat ex P

pp d 1h 1908 that thus emgma was
clearly understaod Frgure 11 contains the electrocardiograms of

exght normal men as obtained by the three standard feads and 1t
ss evsdent ay a glance that there Ay be as much variation be
tween the three Jeads of one persont as there 1s between the <ame
leads of different persons

The explanation of this 1nvolves 3 good deal of mathemaucs
but may be outhned by a senes of diagrams which should not be
difficult to follow Let us first enamine Frgure &4 winch s hike a
record then of the three leads at once by means of three gal
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direction of the mean electtical s of QRS nd of T to vana
tions 1 the relasation of locihzed poitions of the cardiac muscle
The ventricular gradient as described by Wilson and lus assoat
ates, 15 well erleulated to bring out the nfluence of such differ
ences

Confusion has resulted fiom ttempts to correlate the T wave
of the electrocardiogram with rel'nation of the ventrcular mus
cle Although its peak 15 1enched 1t bout the time that selanation
becomes donunant, yet the begmning of the development of
this peak has tiken place during the time when the contractan is
m full force Whereas 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 contriction and durmg us sub
ssdence It 15 Iikely as has been sud that the chemical changes
producing the QRS group give nise to the shortening 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 probabl)
1s more closely nssocated with the chemisiry of the contraction
process as 1 whole than with the physical processes of shortenng
(contraction) and lengthemng (relzation) of the fibers We must
consider the hikelthood thnt 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 contric
non Relaxation may not be related to chemical or electncil
changes It m1y be purely physical

In the normal heart muscle the contriction process will tend
10 st the same length of time n a1} muscle fibers so that the
potential producing T will appenr first i those pasts whuch were
first invaded by the contraction 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 earhier ones
and should tend to be opposite to them

In the electrocardiogram obtamned by the standrd leads the
final components are summated just as are the 1ol ones but
owing o the sloner desclopment of the potentiil of regiession
the successne peaks of the mmtial phises are nat reduphcated
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Ecathot e demonstrated st the hee feads may be Co:;:;k_-: ,c}g
to form an equilazeral trrngle standit on ane af s ”ﬂﬁ;‘” e z
having the heart a s approxinate cerler W shiaw ot atr Frgur
“The leads do not form an &3t equibateral errangle hut the cerar
Srom conaidening thas they do sa s a neghble one Let the artow
hrugh the heart w Frue 2 regresent 1 pateistial wrthu the
heart ats dizecton vepresenting the direction of the poterstd and
s size the syze of the potenual Whea such a potentiid is Tecorded
by a yalhanomeler by leads placed about 1t fornung a traargle as
do the three standard Yeads the record by cach lead will bear 3
ceytan proporuenal relarton ta the actual potenttal  The propor
uon vecorderd by each kad can be determined by projecng the
wios Teprestnung the potenual perpendsedtarly upon that sde
of the tnangle which represents the lead This projection 14 shown
by the dorted pespendiculars drann frow cach end of the arrow
to the stdes of the tnangle and it can be scen that the length of
the prajection ts different 1 cach Jead Note glso thataf the poten
tal withan the heart 1 prrpenthculyr to one of the feads ns
progection ypon that Jead wilt be zete wd upon the viber 1o
leads equai

Sce dhe thxee feads form a triangle about the heasy au elee
tracal potential within the heart could pot posstbly be tepresented
n the sane way wpon aft of them 1 15 as of we showld lool. gt
m approccheng wadroad tran from three different disechons
catk directian beimg vepresented by the patiion of e of the
sides ab ehe treangle 1€ we fook strasghit at the end of the tram 1y
wsll appear nat to hase any duection e toleft or i i} nor
auy kngth From any other wo directions hascser 318 Tength
wd the direcoion of its Totion wil) be evidens §§ mstead of
bt siraight m Sront or bebund the tram we gre ¢ven a hittte to
the tore it d‘)\ aws lram dcﬁ‘.‘:l‘{; - asppfdf g beer

renmitg at ng-x Ny hd on thrienon Oty when s
g 2 out itue of Vision fan we apprecuate its
true lengch Tlus s the condition w fuct

b costespunds 1o the elec
traeal force bemng pavalie) 10 the hge of 3 lead ' :
3 has been mentoned e,

ady the amount actn
1 ghe Teads will be less than iy et

e potentsal within e breast on
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vinometars recording upon the sune photographic plite and
withm the soe network of tine lines The speed of the photo-
giiphic phite 13 much mgmiied s 15 lso the distance between
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b, By lo show the dlectiocardio,ram by the three b lewds m the sune
ystem of tune hincs as of taken synchronously (Irom Iabr Heart 1162 191°)

1he spice beseen honzonttl haes aepiesents as usual 01 mlhnolt but the
space between sertical ltnes repie ents D0J sccond so thrat the cunves we ped
out honzontally

the hotrzonttl lines so 1s to frahitate Creful mesurement A
1ccord of the dectiical potenual withmn the heut at exch st
thus falls upon the same vertical ume Ime m exh of the thice
leads On mersunng the height upon the syme time Je m each
Tead 1t will be found that the thiee leads never have the sime
excurston 1t the sune mstant though wny two leads mny be alike

The electrocirdiogram 1s olnioushy conposed of 1 succession of
brief electrical effects such 16 the ones we hive mesured Tet us
now constder why 1t 1s that the same idenucil electrical poxcnm)

withmn the heart 1s recorded differently i different leads
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direcuon

Fagure 8, 4 shons2 potential withia the he::;l hho:: e

il m:rc tonard the patint s TIZht than that m;nl mdem o
Thas would quse a downward deflection m Lea

e

- N
5

F3 ¥, Represenuny the directon of the potentials within the heast which
will produce three different commauons of deflecuons 1 e three teads. The
wunle heat and arrows have the same wgaibiance ay 1w Figure 2

4= d tecuon to produce downward (—) defiections 1 Lead 1 and upward
(4} defiections 1 Leads 2 and 3

B = directon to produce downward i~} deBections m Lead 3 and spward {+}
tn Leads 1 and 2

€ == darctt om 1o produce upward (+) defiextions m Lead 1 but downmard (=)
s Leads o s §

ward deflection 1 Leads 2 and 3 (~++4) The direction of the
deflectron 1n Lead 115 changed beciuse the direction of the paters
tal withm the heant causes the current 1o flow through the
gahanometer from right arm to left arm mstead of the reverse
Figure 8 8 shows a potental wathu the heart which 1s divected
wore toward the panent s left than that shown 1 Figure 2 The
deflections will be upward in Leads 1 and 2 but downuard
Lead 3 (++—) The Lead 3 deflection 1s downmard because the
Bow whrough the gahanometer 15 from arm to leg wmstead of from
legoarmassn Figure 2 Figure 8, ¢ showsa potenual within the
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account of the short circmting withim the body, but the propor
tional representation m the thiee leads 1s believed to be correctly
mamtamned To represent the effect of short circuiung the dotted
lmes from each end of the arrow to the sides of the triangle of
the figure should be converging mstead of puallel as they ap
proach the sides

We obtain from an experiment by Fahr an 1det of the rela
tion of the size of the potentinl withm the heart to the potential
recorded 1n the leads He pliced two electrodes m the heart of 2
cadaver and crused a potential difference of 02 volt between
them meanwhile tahing a record of the resuluing deflections by
the three Jeads in the usual w2y His records showed the followmg
values

Lead 1 =1 0 mullivolt

Lead 2 = 4 6 mihvolt

Lead 3 = 3 6 mllivolt
a proportion of 200 I 200 4 6 and 200 3 6 for the three leads
which would mndicate that i the largest lead we m1y record
1bout 2 3 per cent of the heart s potential

The flow of thus cuirent from the heare through the Iimbs to
the extremzties 1s mndicated m Figure z by the line of arrow heads
for Leads 1 and 2 and the direction of flow through the gal
vanometer 1s represented outside the triangle by the dotted arrows
for 11l leads The feathered end of the artow 1s toward the hmb
by which the current lenves the body wnd the head toward the
Iimb by which 1t reenters A current like thit represented would
cause an upward deflecton of the 1ecord m each of the three
leads because of the standard method of connecting the wires
from the limbs to the galvinometer * Though fice use has been
made of the word current m this explatation 1t must be realized
that the potential differences withm the hent produce very lutle
current that 1s the amperige would be very low When tno
leads are tahen stmultaneously with two string galvanometers the
amount of current passing thiough one galvimorneter 1s suficient
to defimitely dimmish the amount of current nailable for the
other
# The wircs from the limbs are connected to the galsanometer <o that a current

passing through 1t from left arm to nght arm or from the leg to exther arm with
cause an upward deflection in the record
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or perictrd Raed [l ese 15 3t present fitele dehate Ratueledge
on these pats \
Fhe angle alpke In desighiatng the direction of potensialy
withn the hears Bmthorven consdeted all direcuions 1w 1ehition
to the haranal wlitdh 15 paranea Yo Lepd 1 Che horsronal
wward the patient s left he caffed 67 the {80 abote this were
gnetnegatiee (—) sucs the 1807 below were onnekere ! past
ws () values Thus 180° 18 horzontally 1o the panent s ngw
£30° 15 downuard to the left and ~1507 15 upund 10w yd ahe
nght exactly opposite to 430
The disgram of Fyyure 21 (pge *10) tepresestss thus 1ded ihe
curele b drasn 1 snch 1 way as to sctude withan i the thangle
reatescrtang the three b leads of Finthoven s Anaded weo
segments oe side of each segmens bewmg 1 line drawn thragh
the cente of the circle and perpendicular to one of chie sides o
the teran Je the other side of the sepment g a hipe fron wie
centes of the arele 10 an apex of the triangle so that exch seg
aieqe wictudes an angle of b0 Within each se,ment the plus ot
s sigh apposite the akies shown mdicaies the daest on of
dte deflection which would bt produced m the respectase Jeads by
potential dfferences waadon the heart having 3 discenon Pl
o my of the vadu widun this segment 1 the potenssil duffer
e has a direcuvn parallel o the duidm, fine betseen o
segtietits te witl be perpendiculir to the direction of one of the
Yeads and e defectitee w il e veso w dus lexd U the direceon
1: nearls parallel 10 2 diseturg e (perpendicular to 1 lexdhy
¥ lc‘:\ fhere will be bt 1 smt satue m the Jead an wpnard {4
deVection if 1t 1s on one side and a downward [~ debetnion of on
”""0‘-’-‘0 sicde of the perpendicular The analogy to the tran i
:‘l’m’:“f;“:\lﬁgj fur the patental avses np deflectian m the lead
1225 exaedly dieected st as the sram has vo lenath
whey viewed end on
'),Z‘h‘;i‘:‘:l:;(ax;:zoru aln thie direction of the potental withun
leads and waff nlml‘c,ee:‘; ’:"“‘(5’“‘ o the excursans 1o the threc
uprard or dunnuasd ‘)la‘: :a‘zr\ ¢ dueection it ey way be
wWhon te heart 4 cuuse (;l s e @ ¢ of the poten)
10ges 1 e size oF the waves of 3}
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Bert which causes 1 downwrd deflection i both Leids 2 and 3
while that mn Lead 1 1s upward (4+——) Thus current 15 directed
stll farther towrd the patient s left

Emthoven s law of the values w the thiee leads Emthoven
show ed that there 1s 2 mathemntical relation between the size md
the direction of the movements 1 the three leds resuluny from
any potential within the heart If the deflections w the leads ue
measured 1t sumultineous portions of the curve 1t will be found
that

Value Lead I + value Lead 3 = value Lead 2

This 1s tiue for positive values (upward deflections) negative
rvalues (downward deflections) ind for combinations of positne
and negitive values The figures obtamed with i rufiaal po
tentinl within the heart hwe been found to agree wath thes for
mul nd if 1t be apphed to measurements upon the sune ume
hines 1n Figure 81 1t wall be found to hold good with 1 very slight
error If we can deade upon the parts of anv record which are
smultieous m the three leads we shall find that they fulfil
this formuh

If we know the size and direction of the deflection mn exch of
the three lewds we cn reverse the process of Figure 2 and con
struct the size nd direction of the hypothetcal electrical force
within the triangle which would produce deflections 1 the lexds
Iike those we have measured This hypothetical force was called
by Finthoven the mamfest potential (Fm)-—as opposed to the evt
dent potential (e) which 1s that recorded m the leads The muu
fest potentral 1s a hypothetical value wnd not 2 potenual winch
truly exists amywhere but sull we cn deternune 1ts value md
compare 1ts size nd direction on different occistons becawuse 1t
bears 1 certun proportional 1eltion to that true potentral within
the heart which we 1re unable to mewsure The ratuo between
the true polenml and the mamfest potentnl my not be 1 con
stant one It 1s possible even likely that there may be different
degrees of short asrcurtimg withun the body of different wdnad
uals and even m the syme mdnadual this may be varied by cer
tun varsable conditions outside of the heart such as esphysemt
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or gencardlal fimd There 1s at present litde definite kuowledge
on these points

Ihe angle alpha In designating the tirecnon of potentals
within the heart Emnthosen considered alf directions 1 rehuon
1 the honzontal which 15 paratiel to Lead 1 The torzontl
toward the pavient s left hie calied 00 thie 180° abore tlus were
gien negatnve (—) ralues the 180° beloy, were considered post
e (+) values Thus 150° 1s horizentally to the patients nght
430° 15 downward to the left and ~130° 15 wpmard toward the
nght exactly opposite 1o +30

The diagram of Figure 21 {pae Y6) represents this sdea The
cucle 1s drawn t such a w ¢ as to wclude within it the tnangle
representing the three imb leads of Eimboven 1t1s dndedm o
segments one side of cach segment bem, a Iime drawn through
the center of the circle and perpendicular to one of the sides of
the tman e the othier side of the segment bemng 2 line from the
center of the arcle to 1 apex of the trangle so that cach seg
ment includes «n angle of 60> Within each segment the plus or
minus sign opposite the values shown mdicates the diecuon of
the deflection whinch would be produced s the 1espectise teads by
potential differences within the heart having a direction parallcl
to any of the rdu withm thas segment 1f the potenual differ
ence bas a direcuon parallel w the diniding line bemveen two
seaments 1t will be perpendicular 1o the direction of one of the
feads and the deflection will be zero t this lexd 1f the direction
:;\:\c:l:?r t}’:::‘l:l;lt Lumaad:r\“\dlmg lne {perpendiculir to a lead)

Ml value i the lead an upward ()

deflection f 1t 1s ot one side and a downnard (—) deflection 1f on
the other side of the perpendicular The analogy to the trun 1s

10 be recalled for the potential causes no defiecuon m the lead
toward which 1t 15 exactly directed just as the trun bas ng leu th
when viewed end oy i

Wesee that tariattons n the direction of the potential wahun
the heart will affect the relatve size of the excursions 1 the thre
teads md will also determune thesr direruon 5o that they un: bs
\‘-\)::;:rddm downmard ¥ arations um the st ¢ of the potential
1 e heart will cause changes m the size of the Waves of alj
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hert which canses 1 downward deflection m both Leads 2 and §
while that i Lead 1 1s upward (+—-) This current 1s directed
st1l] farther townrd the patient s left

Linthoven s law of the values in the three leads Emthoven
showed that there 1s 1 mathemaucal relation between the size 1nd
the dnection of the movements n the three leads resulting from
any potential within the heart If the deflections mn the leads ate
measured 1t sumultineous portions of the curve 1t will be found
thae

Value Lead 1 + value Lead 3 = value Lead 2

This s true for positive values (upward dedlections) negative
values (downwud deflections) and for combinations of positive
and negitive slues 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 m Iigure & ¢ 1t wall be found to hold good with  very slight
etror If we can dectde upon the parts of wny 1ecord which e
sumultanecous 1 the three leads we shall find that they fulfil
this formula

If we know the size and direction of the deflection m exch of
the thice leads we cin 1everse the process of Figure 2 and con
struct the size d direction of the hypothetical electrical force
withm the triangle which would produce deflections m the leds
hike those we have mesured This hypothetical force was called
by Emthoven the manfest potential (Em)—s opposed to the evt
dent potential (¢} which 1s that recorded in the leads The nrun
fest potential 1s a hypothetical value ind not 1 potentinl which
truly exists anywhere but sull we cn determine ats Vilue md
compare 1is size md cirection on different occasions becrse it
bears a certun proportion1! relatton to that true potemn] withm
the heart which we are unable to mewsure The rue betneen
the true potential nd the mamfest potential m1y not be 1 con
stant onte It 15 possible even hikely that there my be different
degrees of short cncuiting within the body of different dinad
wals and even in the syme indisidual this may be varied by cer
tam varible conditions outside of the hert such s emphysem3
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dec cases n size the drecuou of He sectets m{m\\h‘ni; ‘-M\;:\’-,
sevegularty 1 4 tiuch s se direthion DBursrtg e Twane e Poi :
b rses and falls bt shiere s no tepdency toward a repalar
1om of Wit < yertinn of the current
wx"tu m(:rwe ana Qecrenst o4 e e of the vectors of P QRS
401 s found w 2% clecacordiograms Tt s wwwuly A regilaly
pogren e 20auom But ok Bes may be wwreguiw Theanation
1 the digechon of sutcesm e vee ors dWfes asa m drifesent re¢
ords Thus 1 paruicstarly the cate wuh the vectars of the QS
graup Sometinmis these w3} B progressaely tesdh n one divec
uon someumes progressvely b the other aRd somelnes they
»ilh vary qusse svegularly the an ¢ POMNTG DLW O0C W1y and
naw another withott any predominany trend
Regords ik e thase of Figure 15 usnally show 2 se nim rotaton
of the vectoss of the GRS group m a clockivse dircetion sstsy,
at about — 40 and endimg v - 120° Revords nie those of
Figura 17 wsually show a regular rotanion 41 te verdoss of QRS
m 3 Countercdochnise direfnon starting at sbum - YO0 and
ending 3t about ~ 20° or ~ 50> Records A and » of Figuve 1
would probably show 1 1otavon with the clogh and recend ¢
agauast the clach, bt 1w vare {or normal 1casds to Show sch
2 ymooth umnecrrupred sweep of the veftors 18 35 1hHe records
with tight at feft s deviatton of QRS
Maan has devised 2 athemaneal method for conssructing
wraph whach he cally the manacardiogram This graph 1ahes ys
form accmding to the suawssive sanations 1 the size and drree
eagt of thte vectors of the efectrocardingram §2 aintroduces nothing
which s not already present s the retord obtamed by e duree
Teady bus 1t makes for 1 more ready pprecanon of the anabps
0 the 912¢ 2nd direction ot suceessnve Yetroes 1t seqms Yekely chat
Aeng dus or 1 sumdar hine much may be leayned ot thie noying)
@ whrrormat el cnardiogram which tould not be obramed by
£ sunple (R g cton of the tecord by the thivee leads
’1\ thssn and Jehuston base constracted an wmstrument cap ke
Vnanj:;r i’:‘:ug sdeh A eunnd fram the usual b leads Chey have
the successiie vectors g? méra\e e4 by  Jine Jorpung e vps of
cardiac potenusals This mght ke
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the leads proportionately, but will not change the direction n
any lead

The electrocardiogram a series of vectors The electrocardio
gram 1s the record of an electrical potentinl which 1s constantly
sarying mn size wd direction It may be considered as the record
of a succession of different potentials each one differng shghtly
fiom the preceding one, just as a motron picture 1s 1 succession
of different views of 1 moving object etch separite view beng
slightly different from the others A force huwing both size and
direction 1s called 1 vector and 1t m1y be sud that the electio
cardrogrim 1s produced by  series of electrical vectors

It must be clewly understood that the electrocardiogram as
obtamed by the thice standrrd leads does not record actuil poten
t17l differences which esst m the hert but that the record at
any gnen point of 1ts comse expresses the net result of the many
potentils which exist simultaneously m the different parts of
the heart Many of these potentials are undoubtedly m opposing
dunections so that thewr values tend to neutralize ewch other
partially 1f not wholly The vector recorded 1t 1 given st
may not have the dunectron of any of the electrical forces withm
the heart that go to produce 1t

We can determune these vectors from the record by the mathe
mtcal process explatned 1 detul m the appendi or by the use
of the geometric dingrams of Tigures 101 or 102 For example on
the time hne designated by the 1rrow m I'gure 84

el~45mm c2=21mm ¢3=165mm
Using Table XIIT 1 the Appendix we find that these defiections
must have been due to 1 potentrl 1t + 78° with 1 manfest value
of 22 millivolts The vector for the next time lne
et=17mm,e2=%mm ¢3=73Imm
1s 095 millinolts at + 79° nd so the process m1y be carried on
throughout the whole of the electiocrrdiogrim
During che P wave of Figure 81 the potential first mcrenses
1nd then decreases n height 1nd the angle of the vectors grid
ually changes from about + 90° to 1bout + 30° so that the
yectors rotate m a counterclochwise direction toward the patient s
left During the QRS group the potential first mcreses wnd then
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decreases 1 size the dirccuon of the \ectars meaaktule 1anmg
regularlyma clochnise direction Dunngthe Fuaethe pmciur
wyl tises and falls but there 1 a0 tendency toward a reguly
cton of the difection of the current

‘“’EJI‘?H(YKK: nd decrene oh e st of the vectors of 1 QRS
and T 15 found 1 all electrocatdiogranms s wonslly 2 regularly
progressite 1aTsavon bus at nmes may beirregular The sanation
‘n the direction of successive vetwrs & Tees Wen v diffesent rec
ords Thus 15 particularly the case with the seciors of die QRS
graup Sometimcs these will be progiess wely wiated 10 one duree
tion comegwmes progressisely n abe other 2 soMLLNS they
wll tary quite uregulatly 1he angle potllg NOw DU Way and
now another sishout any predominant trend

Recotds Me those of Figure 16 usunily show a reguir vorwon
of the vectors of the QRS group in a clochwse durechion Savimg
at about —~ 40° and ending av + 120° Wecards the tnose of
Fiure 17 usually show a regular rotauon of e sectos of QRS
m a counterclockwise direction starung at about + 80> aud
ending at about ~ 20° gt ~ 50> Records 1 and 5 0F Trgute 11
would probably show a 1otation with the tlock ngd vecord &
agnst che clock. b 1t 18 rare for norma) recerds ta show such
a smouth nmnterrupted sweep of the vectors as do the records
with 11 bt or keft asis deviation of QRS

Mann bas devised a machematical method for construcing a
gagh which he calls the mongcardiogram  1fus graph cakes sts
form according o the successe ¢ sarauons 1o the sie and direc
von of the veutors of the electrocardiogtam It amtroduces aothn,
which 15 nay already prestt in the record obtamned by the thiree
leads but 1t makes for a more 1eady 1pprectinon of the varstiony
n the size and darecnon of Successice vectors It seems likely that
along this ot a sumitar Iine much may be learned of the normai
and tbnarmal electrocardiogram whieh could not be obtamed by
A8mple mspection of the record by the three leads
uf“ tlson and Johnston have constructed an mstrument capable

mr'::s‘i::\g such a curve from the usual limb Jeads T hey base
enpion r{ox;cmd( vectoveardiograms o emphasize that their
e ous the path traveied by a ine jomng the ups of

cessive vectors of the qrdiac potenttals This might be
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done n Figwe 86 L and b wd would enclose m exch case an
uregularly shaped loop stmlar to the QRS Joop of the vector
cudiogrim

Fi, 86 Duccuon and aze of the vectors of the record of kigure 87 The
triangles repicsent the leads as m Figure 2 IThe dnection of the arrows repre
sents the disection of the vectors The length of the arrows represents the sue
of the vector (Fm) Ihe hgures indicate the tme m seconds fiom the heguung,
of the QRS group These digrams ve constructed from the figuies i Table \J

Lewis has shown in the dog that when the branch of the
qurtcnloventricuiar bundle passing to one ventricle 1s cut across
the electrocardiogtam for the fiast 0 01 or 0 05 second will repre
sent only the acenvaty of the ventiicle whose bundle branch s
mract After this interyal the other ventricle 1lso becomes wctive
recetving ats stimulus through the muscle of the mtersentriculr
septum from the first one He applied the terms dextrocardio
g1un and levocardiogrim to the curves 1esulting from the exclu
sive actinaty of the nght ventricle and left ventricle respectively
The dog s dextrocardiogrim shows upward mmul deflections
all three lexds The vectors steadily mncrease m size md rotate
untformly 1 1 dockwise direction as do those m Iigure 86 L
The dog s levocirdioginm m1y be erther of tvo genernl types
one showing cluefly donwnward il deflections n all three
Jerds and the other which Lewis calls  discordmt  giving up
ward deflections in Lerd 1 and downwaud deflecuons i Leads 2
ind 3 Fither type of levocrdiogiim was shown to consist of
vectors which steadily mncrease in size and rotate umformly m a
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e found
counterclockwise direction as do those 1n Figure 86 0 H g
that by combunng mathematically the values of the vectors e
destrocardiogram and levocardiogram from the same munal b
3
L

Big B, The thrce leads are mounted as if taken wnchronowly The peed ot

the photosraph ¢ late was uch that cach of the ume lines Tepresents 001 sweend
L A premature beat arnsin, 10 the It ventrcie

O cof the uual entricular compleaes of this patient indicatiay, Ieft bundle
Lianch block w th shighthy prolonged 1R intenal 973 sec) The recer of Lead 3

hus 3 upenimposed tecord U Lead 1 which can be scen 1o be hke Lead 1 <@
s W tranon.

w1s ble 1o reproduce a QRS group pricucally identical with
the normal cune ot the dog m question

Human dextrocardiogrims and levocardiograms as obtamed
from records imdicating 1 leston of one bundle branch show con
sderable differences from those of the do, but also show 1 pro
wressne rotation of their vectors though m 1 dificrent darection
from those of the dog In view of the recent obsersations men
tioned m the discussion of the localizauon of bundie branch
block (page 117) 1t seems that the human dextrocardiogram 1s
cuaracterized by 1mual deflections which are av first enther
=+ +++ orperhaps rarely ++— and with the later vectors
rolting m a counterclockwise direction while the lGvocardio
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donc 1 Figute 86 L nd b and would enclose 1 exch case
triegulirly shaped loop sumlir to the QRS loop of the vector
cudiogrun

kg 56 Direction nd sue of the veaos of the 1ccords of Tigne 87 The
trangles 1epresent the leads as an Iymie 2 The dicenion of the atrows cpre
sents the direction of the vectors The length of the nutows repiosenis the sue
of the vector (Fm) [he figures indicate the (e m seconds from the begumng
of the QRS group 1hese dir,tams are comtructed from the figures i Tahle NI

Lewis Ias shown m the dog that when the branch of the
wiriculoventricaln bundle passmg to one venticle s cut wioss
the dlectrocardiogium for the frst 004 o1 005 sccond will iepre
sent only the ety of the ventiicle whose hundle brmch 1s
mtict After this inteival the other ventincle 1so becomes actine
recenimy 1ts sumubns thionsh the mustle ot the mienventriculyr
septum from the first one He applicd the teims destrocudio
gram nd levocndiogrun to the cnves resulung fiom tie exclu
stve ety of the nght ventricle ind left venuicle respectively
The dogs dextiocndiogiam shows upwad mmunl deflections m
ll three leads The vectors steadily incicase m size d 1onte
uniformly m 1 cochwise ditection s do those m Tiguie 86 1
The dog s levocudiogrun muy be ather of two general types
onc showmg chiely downwaud nmueal ddlecuons e ail three
leads and the otha which Lewts cudls discordmt gnung up
ward deflections 1 Lead 1 and downw nd deflections i Leds 2
and J Tither type of lavocndiogium was shown to consist of
vectors which steadily macase mn stze md rotate uniformly m 1
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gr ardiogr 1 ted the

the dextrocardiogram and levocardiogram are tolmplelcd "

ouressi e Totation of succes though at this
£ successin e vectors continues

progressiy !

ume both ventricles Are contributing polemr\ls Compare 10

RA A

.
notch would be 1n Lead 3

The numbered rad s are the vectors at succemse umts of ume. The cune 1
replotted from the sectors upon the senes of Lines at the sde of the trangle
each of these corresponding to the similarly numbered vector This replotted
cune E would be the electiocirdioram by Lead $ 1f the successne potential
dfferences within the heart were as tepresented by the vectors

the direction of the vectors duning the early part of QRS with
the explanauion of the production of these vectors on page 332
1t may be mentioned that Lewss has published an analysis of
curves obtamed from a pauent wha showed what we now con
sider to be a lesion of the left bundle branch and m this cune
the divection of the vectors during the destrocardiogram vaned
from 120° at first quite umformly 1n a counterclochwise direc
tion veaching 16° by 0 0a second after the beginning of the QRS
group Likewise in 2 cune ndicating a leston of the nght bundle
branch he found the vector at the begmnmng of the QRS group
m the resulting levocardiogram at 60° and then Totating quite
umformly in a clockwise direction to reach 170° by 005 second

after the beginming of QRS Walson has found a strmilar Totation
of the vectors 1n records of these two types
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gram has ats il deflections erther 44 or 44— and later
vectors rotating n a clochwise direction

Figure 87 v 1s a human electrocardiogram ndicating a left
bundle brinch lesion the first 006 second of which probably
m7y be considered to represent the human dextrocardiogram
Tigure 87 L 15 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

e | =
Tie From

Broinnane of
RS

Angle of Size of Angle of Ssze of
Vector | Vector (Em)| Vector | Vector (Em)

02 J 100 ‘ 3o | 120 20
04 s 1150 52 20
06 1327 | 20 - 13 10 0
08 156 160 | -4 18 0
10 -164 10 - 46 20
12 —127 60 | - s 80
14 -6 50 | -6 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 ime 1 the three lexds
were determmed by taking Iead 1 and Lead 2 simultineously
upon the swune photographic plate by means of tmo gihanom
eters and then Lead 1 and Lead 3 simultaneously *

Tigure 86 was constructed from the figures m this tible In
Tigure 86 p the detrocirdiogram stirts at —++- and shows 1
counterclochwise rotition of the vectors while m 86 L the levo
cardrogram also starts 1t —-- but shows clockwise rotation It
15 nteresung and noteworthy that even alter 006 second when

® These records were made tn the laboratory of the Department ol Physioloyy
of the College of Physicians and Surgeons Columbia Universsty under the direc
tion of Prof H B Wiliams
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{he destrocmdiogram and lev ocardiogram are complc\mll l\‘hc'.
progressne rotanon of sucLessis e sectars Contites though 7 ‘ns
um:. both ventriches are conrthuttuy, potentials Comprre 2o

RA LA

The numbered radu are the 1€QOTS 3L SUHLLLSNE LANS OF LB E - *
replotied from the vecors upon the senies of Lnes ar 1he nide of the trame
rah of these corre pond ng to the smutarly numbered vodor Thus veytoited
e £ woutd e \fe efeqrocasdiogram by Lead 3 of the successne poreruial
d flerences with n the 1eart wete as tepresedicd by the vevion

the durection of the vectors duning the early part of QRS with
the explanation of the production of these vectors on page 332
{t may be mentioned that Lewis has published an analysis ot
curves obraned from 3 patient who showed what we now con
sider to be a lesion of the left bundle branch and ¢n dus curse
the direction 4f the vectors dunng the destrocardiogram vanied
from 120 3¢ first quste uniformly 1n a counterclochmise direc
tton veaching 16° by 005 second alter the beginning of the QRS
graup Idewise 1 a curse idicaling 2 besion of the righit bundle
branch he found the vector at the begining of the QRS group
w the resulung levocardiogram at 60° and then rotaung quite
uniformly i1t a clochwise direcuon to reach 170° by 005 second

after the begiumng of QRS Wilson has found a ssmalar votation
of the vectors m records of these two Yypes
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gram has 1ts imnal deficcuons cither 4-4+ or 44— and later
vectors rotatng i a clochwise direction

Figure 87 p 15 1 humm eleciocwrdiogrim mdicating 1 lefe
bundle brinch lesion, the first 006 second of which probably
may be considered to represent the human dextrocardiogrun
Thgure 87 L 15 1 record of 1 premnture beat stirting mn the left
ventricle of the same panient, the first 0 06 second of which prob
ably m1y be considered to represent the human levocudiogrm
though less esactly than would a bundle branch block comples
for the reasons given on page 115

Taste \I
VECTORS DERIVED FROM CURVES OF FIGURE 87

871
Tiug From
Bectvvne orF

QRS Angleof | Sizeof | Angleof |  Sizeof
Vector | Vector (Em) Vector | Vector (Em)

02 100 30 120 20
04 114 150 52 20
06 1322 22 0 ~ 18 100
08 156 16 0 — 42 80
10 —164 160 | -4 20
12 127 60 | - 52 80
14 ~ 56° 50 | - 66 ‘ 30

Table \I illustrates the angle and the 1:lue of the vectors
at successtve ntervals of 002 second throughout the QRS group
of these two curves Synchionous points of time n the three leads
were determined by tiking Lead 1 and Lead 2 simultacously
upon the sume photogriphic plite by mews of two galvinom
eters and then Lend I and Lead 3 stmultaneously *

Figure 86 was constructed from the figuses i this table In
Figure 86 p the dextrocwrdiogram starts 1t —~++4 1nd shows 1
counterclochwise rotauon of the vectots while 1 86 1 the levo
crdiogrm also starts at —-++ but shows clockwise rotation It

15 interesting and noteworthy that even after 006 second when

t of Physiclog)
oy b B
von of Prof H B ‘ilhams
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ogral il
the dextrocardiogram and levocardiogram Are completed (hlcs
progressive Totation of successite \ ectors Contnues thouh 2t t ;

S
um: both ventricles are contmibuting potentials Compare also

RA A

j8Y
1§ 88 Showng how notchet may anse
rocate toward the perpendacular faster than they ancrease n sue

away from the perpendicular faster than they decrease 1n size 1o shus e the
natch wouid be 1 Lesd 3

ane fead when the successive veelors
of vie vena

The numbered tadu afe the vectors at successne unis of tme The aune #
teploued from (he vectots upon the scties of lines at the side of the tnangle

cach of these correspondin,, to the umiarly numbered vertor This replotted
ane £ would be the electroasdiogram by Lead 3 af the tuacsae putental
differences within the heart were as teprosenied by the vectons

the direction of the vectors duning the carly pars of QRS with
the explanaton of the production of these vectors on page 332
It may be mentioned that Lewis has published an analysis of
carves obtained from a patient who showed what we now con
sider to be a lesion of the left bundie branch and 1n this cune
the direcson of the vectors duning the destrocardiogram \aried
from 120 at first quite unsformly 1n a counterclochwise direc
uan reaching 16 by 000 second after the beginmng of the QRS
group Likewise 1n a curte indicatng a fesion of the nght bundie
branch he found the vector at the beginning of the QRS group
m the resulting levocardiogram at 60° and then rotatng quate
wmformly 1n a clockwise ditection to reach 1700 by ()Oanscqcond

after the begmming of QRS W
son has
of the vectors 11 records of these \\m‘\);:s‘md s ehen
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Lhe electical basis of nolching 1If the vectots of an electro
cudiogrum rotite nregulrly by jerks winle approiching the
duection pupendiculn to 1t lewd and then beight ncreses

RA LA

Fig 89 Showmng how notches may arse when the succes ne vectors do not
10tate regulatly even thou,h they mcremse or decsease regularly o size The
production of the notchiy, 1s shown for Lead 3 but Leads 1 and 2 wouid also
be notched with these vectors

regulurly at the syme ume  the resulting wve will show 1 more
or less pronounced notching ot 1 thickenmg ot slurtng of the
1scending or descending line Figmie 88 shows diagrammaucilly
how 1n 1rregular ratc of 1otation of the successtye vectors can
cause notching or slurring of the descending limb of R m Leid 3
which 1s the lead of smnll excursion for the QRS group 1epre
sented Notching or sturring crused m this way 1s found either
1n 1 lead of small reltive excursion or nem the baseline of one
of large relitne excursion 1 the vectors rotate megularly while
leaving the direction perpendiculir to a Jead their height de
creasing the while then the situation 1s the sune 1s that i Figwe
88 except that the timing 15 reversed

A change m the dnection of rotation of successive vectors
whether from clochkwise to counterclochwise or sice versa may
cause notching or slurting near the peak m the lead of small
escursion and perthaps also near the baschne m a laige lead
Thus situation 1s shown 1 Figure 89
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t
\otching or surmng may Appear esen though the1otation Hf
1 ors
tlie vectors 1S regulat aud constrt clie size of successne vl
«
\anges trregutarly Figure 90 dhows tis condition Notching or
g

i, & S ing how nowhes may amse when he succey ne sectors do nat
ary feeulatly W osue oen thou h the rotauon ¥ e, ulatly 10 one of anuthier
G rector Here the notching 18 i Leads 1 and 3 but most sn Lead 1 which 1
mote nearls paraliel 1o the vectors Lead 2 1 ould not show potchung but would
e sturred

slurring from this cause will be more evident in the Jead of large
relatwe excursion wiudh 15 the one more neatly parallel to the
dwertion of the sectors This 15 1n contrast to the notching or
stacrg, produced by negular rotation of the vectors which
sbows wmost plamly 10 leads of small telative excussion or near
the baseline of larger feads
These mechamsms of notching apply either to P or to the
QRS group buch vaniations 1n the development of the potential
depend upon the manner 1 which the contraction spreads over
the muscle The notching of QRS which appears 1n a small lead
(:r ln:ar \he‘ l:{xschucloi alarge lead 1s due to yreguiarities in the
otation o he vectors
rotation and of mc‘r)us: Y“:Onlzﬂ;k:‘fnzo‘;nCldellcc o the rates of
oes not usually mdicate
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an abnotmahity of the muscle The notclung which appess w
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 regrettable confusion mn the 1pplication
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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10 the poruons of the QRS group precedng and iolio;:x:\ig Lt:;&s
peak He seferred repeatedly to e most promanent pexh £ \
1 or Lead 3 a5 an R wase gven when these peaks were divectes
downward and pceasionally refessud 1o an upward Q ot $ \\J;t
In Westenss uber eic  m 1808Y sherc 1s 1 QRS groug lider n;
of the end of Figure 18 and he has Jabeled the upnad perk o
Lead 3 a5 Q and the donnmand one R In ttus same uticlc l’:c
u,gested thiat the formula Lead @ Lead 1 = Lead 3 nught be
used for the dentufication nd nmameng, of the corresponding
perks in the different leads He stated that although ts method
mught appeas smple enought yet difficulies would wnse s apphy
it especially because the waves indicated by e same feners
often Ll ta occupy rdentical phases of the heart cycle

Quite evidently he recogrized at this time the {allacy of con
sdenng that silarly named peaks s duffcreut leads would
always be due to the same praduction of potenun] within e
teart Posably 1 was the further deselopment of thas thought
whith led hum in 1816 1 veferting 1o Lead 3 of a record wath 1
typcal feft aus dessaton of QRS such s Figure 17 B 10 &
that sinee there 15 no baws 10 consides this large negatne peak
(1 Lead 3) as evther R or § we encounter a real difficulty 1
searchiing for the stomtarly named peak sn the other leads We
oid dlus difficults 1f we connder the QRS group 151 whole wd
take the ughest or lowest pomnt of the group i the three leads
a5 the alyject of our measurement

The measurement referred
1o %25 1o he used for determumng the clettneal ans of the most

ponanent peak of the QRS group In lus later whungs he
showcd hittle tendency to name the mndiidu sl peaks Among the
Whustsations of kus Harvey 1 ectuse i 1924 he showed Lead | and
Ve 3 of a record quite stmilas 1o that of Frgure 17 3 and
wrked the QRS group of Lead 3 smply as QRS 1 spate of the

fu n}a‘z namin,, the peals would not have heen difficuls 1n this
cast 1 his onnnal procedure of calling the laraesy deflect
had been followed i st deflecuon &

Finthosen's wimmolog, 3 he fust used 1t seemed to ympl
that peaks of the same name 1 diflerent Jeads shoutd rep\'csz)n)l
the ame wisrent witiun the heart s be hmself pormted on

Fote g4 gage 81
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an abnormality of the muscle The notching which appeats 1
the QRS group m laige leads usually ner the pek of the wase
aund usully appeaning m two or three leads 1s not {ound m
records {rom normal heaits It 1s due to miegular varations m
the size of the successive yectors, as Figure go, and must be
constdered to indicate an 1bnormality of the spreading of the
contraction mn the muscle of the ventricles Notching near the
peak of the P wave however 1s commonly found i normal
records in two or mote leads and 1s due to irregular variations
1n the development of the normal aunicular current

When the vaitation n the size of the successive vectors s 1reg
ulr comcident irregularty of rotation of the angle may mcrease
the notchung or may partly counterbalance 1t The two mech
amsms m1y work with eich other or 1gainst each other

NOMENCLATURE AND DESCRIITION O THE ELECTROCARDIOGRAM

There 1s 1t present 1 regrettable confusion m the apphcation
of Emnthoven s terminology of the peaks of the electrocardiogram
(Hurathal Shookoff and Douglas Vega and Quers) This 1s espe
cially true of the QRS group and to a lesser extent of the T wave
It 15 unfortunate that our terminology shonld be mndefinute for
the methods most used for describing and companing the curves
mvolve the measurement of the height of the peaks It 1s neces
sary therefore that the peaks be simularly named by all who are
studying them Because of this confuston the author has recently
suggested 1 uniform nomencitture which can be estly apphed
and wiich may offer 1 solution of the rartous difficultes that
hnve been encountered These suggestions 1nd the considerations
which gave rise to them e as follous

Emnthoven at first designated the usual Inrge upwird deflection
of the QRS group as R and applied the name Q to the downward
deflection which often preceded 1t and S to the downward deflec
tron which often followed 1t When he came to compare records
obtained by three leads from the same wmdiidual he encoun
tered difficulties 1 applymg tius termmology to the peaks ap
penng n different leads It was apparently hns rdea at this time
that R should be the name of the most promnent peik of e1ch
lead and that the terms Q and S respectively should be apphed
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Stoapeak 1 Lead 1 sesulung from potenttals which are 2 pnt ;)!
R Lead 3 wd the name Qm Leads 2 and 3 10 puiks xcsl\\ ;
g from potentials which are 3 partof R 0 Led 1 Ie abw ‘1,: s
to wdcate by name the deflections sn Leads 2 and 3 caused ))[
the potential producing S, or to mdicate i fewd the potentia
producg the deflections Q and Qs In each case the ailue
question 15 1epresented m (he ascending or descending b
of the R wave It would have been evident that this was the case
\f Emthoven s formula of Tead values had been apphed (o the
wsual clineal electrocardiogram of thus patient The nigatise
value of Q; must have a corresponding positive value m led 1
of at least the difference hetween Q¢ and Q and the megitne
\alue of S, must have a corresponding positise vatue Lewd $
of at least the dufference between Sy and § Thus the manner of
development of the hearts potential often cxn be rou bly deter

[ v~ 4 nn of Finthoven s formula 1o the petks
'

1 On the contryry 1f they be taken 100 Lteraily e
that ke names 1 different leads represent hike potentials wall
actually become misleading It 15 possibly for thus reason that he
came w avoid maming the individual peaks nd o speak of
the QRS group 1s hasing uts chuef deflection in one or another
direcuion

Lewss wnd Gilder 1o 1912 publhished a scries of measurements
of human electrocardiograms and 1n s report as well as in
‘s other wnnngs Lewss desiated somewhat from Fynthoven s
usage w the method of Icttening the peaks of QRS He mdicated
only downward peaks by the letters Q and S and only upward
peaks by the letter R Wuth this method of namming the peaks

the upnard deflecuion of Lead 1 mught be called R winle a cor
Tesponding synchronous downward

deflection i another lead
due to the same potental might be calted erther

or § depend
24
u:g upon whether it preccded or followed the upward deflecuon
of that fead which would be called R When the upward deffec
ton was notched or when th
ere were tho upward peahs L
3
ul;-‘rrcd to these deflecuons as a nutched R wj:nc F o
LWL
s method of lettering the peaks failed as did Einthoven s
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howeser, this impliciuion 1s nat jusufied for the different peaks
of the QRS group i the thiee leads rrely occur t exictly the
same mstint during the cirdinc contriction and sometimes re
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F1, g1 Construcuon of the thece leid of an elcctrocardivg im within the same
system of tane hines (fiom dreh f d ges Physiol 1,0 91 1913)

marhedly scparated in time The similu nme does not mdicate
the syme action current of the hent This feature may be demon
stiated clearly if two or more leads 1e tihen stmultaneously
TIgure g1 which 1s 1eproduced from Emthoven affords w excel
lent example of how petks nimed alike by I'mthosen s method
mny nevertheless fail to represent synchionous poruons of the
QRS group The peaks of Q and Qg occur during the scending
hmb of R; The peak of Ry occs during the scent of R md
when R; has reached only half of its height The peik of S
occurs when the descent of R 15 only half completed md the
total duration of S; 1s represented m the descendin, pottion

of Rs
Linthoven s tomendlature i this record would apply the name
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1 purposts
ive to be easty apphied and ™Ay be useful for gc::{:s {caggn o
bus they make 1 smpossible to refer 1o the eMra 1; A ;{}m et
o‘: o xzms\ue them 1t 15 therefore suggesied 1hat »

m:M:MH‘h

31 # Record Mustiating 11t su,oed temimolo.y for GRS grou) s whkh
4t dificuin W measare Ywine su ke prosent whstandardin 3 nomsslatite for
e wares

A Mlrgany wge of QRS auh 1o upward 2nd theee dosawant peabs whh
s be named as indicated

5 Shaws three vpuzrl and thice downuward peads anstiutag 3 More <om
{eate? form of Surary QRS group e donneard peaks would be callnd
G 53 and St W€ upward prads Ra Rb Re

© A\ common rrm i the M comples The peads may e desipnated a3 Ra
R oamts

han one upward deflecion appeirs the first should be called Ra
nd subsequent oties Rb Re ete as aceaston nises A downnward
deflection preceding the first R would be referred 10 as Q and
the frst dentinasd deliecnon follorvang de fun opward deflec
uon would be called § 1f there were only one and Sa f there
were more than one Subsequent downwarg peaks would he
it Sh Se ere as i Fsgare go

In deseribing the curves obtned by precordial feads the same
atbitravy system of rerminology of QRS can be apphed wuh
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to t1ke 1nto 1ccount the potentsal contubutmng to the 2scending
wd descending hmbs of the deflecuons It differed from Ew
thoven s enlier 1dens m nordmg any suggestion of aivmg the
sune name to 1elted potenuals in different leads It was 1 purely
ubitriny termmology which cartsed only an mmphcitton of d
rection whether upward or downwud wnd m the case of the
terms Q and § of ume 1eltive to the upnd deflection which
wis ways called R

Although Linthoven s method was mote widely used at fitst
the majority preferted to follow Lewss fiankly ubitriry method
of namung the mdnidual peaks 1ather than Linthoven s mote
superficnlly logical one Although some hwe objected that
Lewis method also my mterfere with w understnding of the
ovents of the QRS group becruse the sune potential my cwse
peaks of different numes 1 diferent leads yer such confusion
should not arnse 1f the nomenclituie 1s undesstood to be entnely
arbitrary md not to mmply any rehtionship between peaks of
the sume mame In such wm ubitruy system there must not be
1ny unphcition that simulu names hve 1 sumlar cluucal sig
mficance for then m occastonl cases when the clmct] signifi
cmee s not the syme we find owsehes m 1 quite allogicil
posiion Because Linthoven s method 1s he fisst used 1t imphed
2 stmular ougm for stmdarly named petks and beciuse 1t cwm
be demonstrated that such peaks in different teads of 2 1ccord do
not usually hue 1 similar origm 1t seems best to nord Em
thosven s method of nmnung these peiks ad follow L ewis simpler
and mote wrbitrary method of 1pplying Dinthoven s lettets

Neither of these wuthors contmued to expand hus tarmmnology
sufficzently to mdicate s apphicition to celtun unusual varictics
of QRS which are encountered It seems nccessiry that this
should be done m order to noid further confusion wd thae
fore w espansion of Lewss modificinon of Fmthovens tet
muology of the perhs of the electrocudiogrim is here submitted

The QRS group A QRS gioup with two upwud petks sep
rated by a downward one has commonly been referted to s 1
AL shaped complen Likewisce when thete aie two or sHore upw ud
peaks and two or morc downward ones the term vibratory QRS
group has often been used These terms ue sufficiently descrip
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I 2 groups of Y7 such rerords sdected frow s Tacge d\““l“- 5‘“;‘“;
7 were frm panents with dsease of the mural ot worte v '
or both and the remamdet fTom pahells » wh (oronary arterfe
scduosts or pertension. Fuy hesmore Durant whe ealled sueh
4 QRS group Q has found tnt af pavents with such records 7“;
excluded from 1 group 1n winch Qs lasge wore paucnts with
abvular dsease will be escluded than with susasn

n spie of thus many physicnns hase catted such waves Q
considering that they warrant ts tile becaw ¢ they are he fisst
downnard deflccnun of QRS Newher Lustwsen nor Lewis wed
the fetber © sn tus way both of them designating Q as 1 down
ward deflection which preccded R It atwo has been sugpested
\hat these waves should be catled © bectuse they ofien e fownd
m cwkal condiions winch ate tlely to b ssoanted with
well marked Q waves followed by ap R Thus reason violaes the
prinaples of an arbtirary nomenchiture In vien of the proent
diverent wsage 1n hamng these downnard QRS deflections 1t
seets sery tmportant to reach an agreanent Thas downward
deflection the any other QRS proup comtuns the dlements of
the @ & aad § wases which may appear 1 uther teads of the
secord 1t seemns aduisable 1 view of the current ek of sgree
REnt sancern,, the name for such deflections and m o1der 16
distingmsh theat from ocher downuard deflections whose Apces
are follosed by an K wave ot re preceded by an R wane 1o call
these deflections by the pare Q5 Tins wilf mdicate that they
contain the elements 6f Loth peiks and tha there s a possiility
it i records taken at iother tume a ymall & wpht aphew to
widcare defioichy which pame might properly have been ar

tached ta the wne Voreover 1t may be possible by thus sepa
saung these tecords from those with 1 d

efinute Q (followed by
A} or a definie S {preceded by K) to come 1o understand more

wlearty what may be therr gl sigmficance

Emphass nust be bud apon the absence of 3Ny oML §
wird defliction no watter how smait preceding s dos FI
peik £E such a deflection 1s preseny 35y F:gur: 1z ¢ the d ;l ,
ward peal, must be called S f 2 smal] upwavd deflection fo)‘; ‘: :
fCasmothe firsg evele of Sigure 22 4 ¢ st then be el db Y
I 3 vecord such as this where o uagoriey of the gther &lour:sm%i
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cqually satisiactory results of 1t be cletrly undetstood that here
the peaks of the sume name are even more disstmular 1 ongm
than 1 the stindird lexds Nor need recovds from patients with
congenitl dextrocirdt lead to confusion for 1ead s just 1
truly a reversal of the ordinary Lead 1 1f we call the fisst deflection
Q and the second R 1s sf we called them mverted R and S wves
respectively To do the Iatter 19 not 1 our oprnion good practice
as 1t amphies that the nme of the peaks his 1 defimte mewnmg

There h1s not been 1 proper igreement 15 to the numng of
the waves of 1 QRS group hhe those m Iguwe g2 ¢ wlich
show first 1 very smill upnard deflection for example 1 mm o1
less followed by 1 sizable downwud peak and nother upnwud
peak Some would disregard the small imtinl upnard peik and
call the downnud one Q nd the second upward one R There
15 1 very real objection to this procedure m that it demands a
definition as to exictly what size must be reached by the untial
deflection before 1t may be called R It seems more simple and
therefore better to call any upwrd deflection R nd to mme the
other petks m proper sequence To call such a QRS i M com
plex 1s unsatisfictory because 1t does not allow of measurements
of the peaks

Another point of divergent usage 1s found mn the nime given
1o 1 QRS which 1s entirely below the 1soelectric level with no
upward peak which could be cilled R (Lewd 3of Mg by nand €
and Iig 12 p md E) Such a downward petk has previously been
called S by the 1uthor beciuse i Imb leads such records ue
commonly found with right or left 1\1s devintion of QRS and be
cause the downward peik m Lead 1 with right 1ws deviation
(Fig 22 ) and 1 Lead 3 wuth left avs deviation (Fi1gs 59 5 and
w72 B) 1s usually 1n § This S 15 often preceded by 1 small R asm
Figure 12 ¢ and such an R my disappear during ove phase of
respiriuon lewng only 1 downward deflection It 15 because
of the frequency of such records and because they are often 1550
crated with ventriculu hypertrophy due to vabvulir disease that
the aathor hs previously advocated the use of the letter S for
the perk of a QRS sroup without  upnaud deflection Such
1ccords are 1lmost 1s commonly obtuned from patients with
valvular disese 1s from patients with coronary rteriosc lerosis
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obessed 1 § of Tiguse 17 & and m R and Rq of Flguax? :
Somee s 1 2 niform thackenng of the hinc 1t May not be Cot !
parable to those duchemngs wiuch occur w ondy a poruon ‘v
one side of 1 nate but upnd more defne lnonledge on this
pomtagaratible 1¢ seems best to apply the tean slurrng o this
featwre s QRS comes 10 an end a¢ the R'T or ST punction
the stope 1 often more gradud and the bhne swote sturted than
10 etlier portsons of the ptal This 1s seon 1w R. of Tiyure 40 ©

r ettt henn

] :h;u the a:(uxn(m of shumng must be notea ay -
decding wpon s sgficance 3t shouk! be describicd s 1
analogous to that used for nutchng, wmely that it s found
certam mumbtr of millteters fFom zevo and on the asceat or
descent of 2 certasn wate In the present saie of our knowiedse
3t 1s possibie (o atach more defimte s nificice 1o sturring which
Soes not prenr at one of dhe three tormal ntes than o that which
does e camnet distngush the borderhne between a normal
ang an abnermal degree of sturrin, m these norwal situitions
Measusements of diwation The wp»  duroon of the QRS
sroup  has not been subjtet to nusinterpretIon but msuffi
ent attention has been pmd 10 the fact shat the duraton raries
w dufferent Jeads A reference 10 Fsure g1 waill show tint the
duration of QRS 15 shorter m Lead 1 of ths record than m
feads 2 and 3 Since this measurcment 15 wed 10 gauge the
duration of the spreading, of the coutractian wave over the it
trieular muscle the longest measurement must be ibe nearest
approaclt to the actual duration of the spreading A horter meas
urement whieh may be obiamed from any ane lexd muss vesult
from a portion of the QLS wroup being 1soelecinc m ths lead
as it Lead 1 of the figure nasmuch as dsiferent records will be
found to show the Jongest measurement 1 different Jeads 161
i e st e be st o it e dusoion
and e Jongest measurement s)e a)d !ea o shovla be measured
the R wave alone will of courlsO u) " pocd Ihe duraton of
¢ have hute physiotegieal s,

mificatice
m
Smlar consideranons Jead 1p e cotclusion vhat measure
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petks e called § 1t 15 best to apply this name 2lso to an occa
sion1l deflection such s the one here libeled Q In records
which bwve a small R appearing and distppearing with respira
ton the distpperince of R may lead to 1 change of the nume
of the downnud deflection s m Tigure 12 A4 In order 10 avoid
this 1t 15 advasable to retun throughout the lead whichever nume
Q § or QS would belong to the downward deflection m the
mijonity of the compleses It would for exunple be cilled §
m Tiguie 12 ¢ becwuse R 15 found mn the majorsty of the com
plexes

The use of the term notching should be 1estitcted to doubled
a1 sphit waves which do not have the peth of the notch so deep
s to cross the 1soclectric level (Ttg 35 A nd 8) Should the 150
electiic Jevel be arossed the term notching should no longer be
used the three resulting peiks exch taking « name of 1ts oun
(Fig 92 A ind ©) A descuption of the situation of notching
the comse of the QRS group s nnportwe wd should be exactly
described It should be stated that 1t ocans at plus or nunus so
many mitlinmetess on the descent or the 1scent of the wave and the
lead should be designuted for example at ~5 mm on the
descent of S This exact desciption 1s needed for 1t has been
observed that notching of QRS 1 catun sitwtions i teltton
to the petks 15 commonly associated with myocudinl dimage

Lesser grades of distuibance of the course of the ascending or
descending limb of 1 pek are cailled sluirig Wath this m nnnd
the normal form of the petks of QRS must be espeaally noted
often the first deflection 4s 1t turns away fiom the P R lescl dues
5010 1 11ther g1adual slope and the lme 2t tlus point is broder
and therefore more slurted than the subsequent course of the
wanve which becomes more abrupt wd steeper m 1es further
course toward the petk s scen 1 R, of Tigure 11 4 At the peik
of 1 wave the rte of 1scent or descent usually is less Abrupt thw
m the remunder of its course so that one often sces just before
ot after the peak o1 perhaps m both situations 1 thickenng of
the Jine to which the term slunmg may be applhed 1s m Ry ind
Siof Niguie 17 8 In othar 1ecords 1 dedlectron of small size will
show 1 rther unifornly thicdkened hine when compeed to the
tnness of the hne producing Juger deflection Tlus may be
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ebservition made By Lawss s 1912 but bnle snowdd by mosy
recent authots The deflectzon of the PR evel 15 caused by
auncolar actiity whach > dthou,h di g for
036 second or mute sfter the beginmog of P so thue dus m
effect establishes 2 niew 2610 Yevel for she deflections of the QRS
group and the 5.1 yuceran from which new fevel therr duflec
tons should be mesured Uswlly b deflection 18 Yess than
bamm bue w certun records n way wewh 2 wghtmde wneh
takes st imporrant

The T uave Humg described the positiug of the 8 T pune
ton el ition 10 s 6616 we e lelt wadlt the descraprio of th
T wave eluding under uns 1ile the whale of the b deflee
uae of the electocwdiogram 1t s commonly 1 sturple W
whose fiagt il 15 integularly comex tonard ns bawe ot s ®r
does not follow chie are of aarcle and olten shous 1 mote or fess
strught pornon

The erm d
pecul

eto Jevel of e record or 1y she bey,;
Of T uself thag gy ghy 5-F juncton whyeh pot s,
at abose or beler, 1 Snice cl(rtmcardm,,mplnc deflecrions
wually are consdered 3 spsard or dowpsard 1 reltion t the
270 level of 1o vecard ut seemy besg gy relate the T wase 1o thys
level aiso 3t thiere 18 an

wmng
It be 1 zero

ard (o) peaks gy
1y be found why <

apices nd sucly N RBe mghe be i
Dphasic hawevpr 4y be found apph
*uted forms ahyy 1 does nor 1flgrd a
would e Qtisfaciory 1y SOTUO S vy oy
N r:tc 4 MOKT deryiieg deseraptioy
<nded 13t the se of s term be amp]

AL 4 or ~ Ap
hous 45 many s three
4 tnpliase Ihe term
Cible (o wates of suchy
description of 1 whieh
es of annlyy Wpred e
S desirible 5¢ 45 recum
lified 15 des il beloy
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ments of the durition of any put of the electiocn diogrim should
be made m ! three leads nd that the Jongest measurement
should be tiken to mdictte the tctusl dnation This apphies to
the P wave the PR mterial to QRS and the Q T mtetsal nd
to the T wnve (see Chapter u}

The § 1 junction The QRS group pisses over more or less
bruptly mto the T wase The portion of T mmmeditely follow
mg the R T ot ST junction hs olten been referied to 1s the
RT o1 8 I mtenval o1 segment For purposes of nomencltute
we my sperhk of these as the § T junction or segment respective
of what name my be 1pphied to the lst pek of QRS just 15 we
speak of the P R tasal mespectne of the nime of he first
peak of QRS The ending of the S T segment cunnot be defimtely
mdicited unless 1t be extended to the peik of T for 1t s
actually the first b of the T wawve It seans best o the
powmnt of view of nomenclature to nvoud the term § T segment nd
to refer to the whole of the fintl deflection s the T wave wd to
speak of sts beginnng s the § T junction

In most clectrocndioginms the T junction 1s effected by a
definite change m the inchnation of the hine of the record tow1td
the 1soelectric Ieved so thae withmn less than 0 01 second the R o1
§ wave m1y be sud to end md the T to begmn formung 1 moie
or lesy sharp angle 1t this pot Other clectiocirdiogiims wy
show 1 gradual dhange in the inchinauon of the hine of the yecond
so that R o1 § my curve gently mito the beanmng of T some
times tahing 004 second or more 1o complete the transttion
Thest two types of S T junction e not separate and distanct but
1epresent the tho exttentes of the vanous foumns which m1y be
encountered and accordingly vuious degiees of sharpness of
the resulting ingle at the junction will be obsetved One o1 more
leads of the record m7y show 1 sharp S T junction wd the re
munder 1 less sharp junction I however sevad cycles e
cuefully mspected it 1s usually possthle s 1 tesult of the sari
tions m the complones which occur with respiration to discovet
m even the most gidually curved transition 1 pomnt which m1y
be called the ST Juncton

Fhs junction shonld be descubed as bein, posttive or neg?
tve m relauon 1o zero Special attenton should be given to an



THEORY AND NOMEN CLATURE 363

«

There are tecords wm which 1t 1s difficult to mark ‘tl)c.cx;d:::i
of T and 1n which this wave may appear to be li;ol orlv\uh: a0
diphasic or trphasic as 10 FIgure 74 4 lead 3 an ;DT a“,dl 5
1ead § Tius appearance usually zs due to a fusion o <
and the fact can be recognized if the durauon of T 15 meas
1n another lead n winch T shows a more defimte 1ermmaum:1
I£ this measurement of duration be apphed to the doubtful lea
1t will be seen that what was thought 10 be the prolongation oF
whe final apex of T has really occurred after the end of tius de
flection and 15 therefore due either to the beginming of U s
m Figure 74 4 or to the peah of this wave as in Lead 1 F of
Figure 77

The Pume The P wave may be described 1n a manner ana
ogous o that proposed for T It may be directed upward or
downward or may be diphasic or 1soelectric and may show notch
ing of one of 1ts imbs or of the peak Its description and measure
ment should follow the general lines suggested for T

CLINICAL APPLICATION

For chinical purposes 1t 15 unnecessary to work out the basic
potential changcs as described 1 this chapter These changes all
lead to vanauons m the direction or form of the waves of the
electracardiogram mn the three leads The iy estigator who wishes
to determine the sigmficance of newly recogmzed abnormabities
w the form of the electrocardiogram must have these facts clearly
mmind but the analyus having once been done need not be re
peated each time the same abnormal form of the record 1s met
wuh Like varauons in the heart s current will alw ays produce
Iike abnormalities in the three leads so that the cimcian need
only be able to recogmze the abnormalities appearing in the form
of the curves obtained by the three leads

Notching may result from the sudden addinon of the paten
uals of a relatively large area of muscle newly affected by the
conmraction wave and 1t seems hikely that thus 1s the ongmn of
the notehes at the peak of the curves obtained after a lesion of
one bundle branch (Figs >3 5 and 24 1) The potenual from the

fst ventricle 1o contract 15

suddenly modified by the pot
ential

deseloped when the contracuo; . e

n spreads to the fibers of the other
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Having noted the posttion of the § T junction as + or — or
1soclectiic we must next ndicate the number of apices shown
by the T wave using the terms monophasic, diphisic or traphastc
We must now describe the character of the curie between the
$ T junction nd the fiust 1pex of the T wave It may be concave
toward zero horizontal or comven toward zero, or it M1y occa
sionally lewve zero at an angle m 1 quite straight hine If the line
1s 1t first horizontal 1t always changes to 1 curve before rexching
the apex md the duection of the curie 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 — wnd measured
miilimeters If no perk appews, T should be desenbed s 150
clectric If more than one apes appears these additional pices
should be spoken of as T1 Th 1nd Tc and therr relation to zero
mdicated » + or — so mny mullueters The curie follonmg
the first apex of T need not be described for 1t 1s so dependent
for 1ts form upon the position of the different apices in reltion
to zero md to the begmmng of T that 1t follows from a descrip-
tion of these pomnts

The description of the T wave will then compnise the fol
lowing

S T junction (deflection) + 0 — mm
T wave 1svelectrsc monophasic diphasic
trphasic

hernizontal
concare (toward zero}

comex (toward zera)
| straight

Course  toward first apex of T

Ta
Apices TorTb (deflccion} 4+ @ - mm
Te

As examples T, of Tigure 65 A would be described as follows
ST junction +8 mm T monoph1sic course convex +12 mm
For T of this figure the description would be $ T juncuon —2
mm T diphasic course comex T1 —$mm Thb +1 mm T'om
T, of I'gure 65 ¢ the description would be $ T junction +2 mm

T diphisic course comvex T +3 mm Tb —2 mm \ wmore
difficult T wave to describe 1s found it Lead | F of Tigute 29 G
ST junction +0 2 mm T diphisic course conpves Tr —~07
mm Tb~+03mm
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sentucle Large lesions of the Purkinge system or Iatge areas of
myocrdil degeneration 2lso may produce notching of QRS the
electnict! cffect of 1 lrge men of muscle fuling to occur at its
pioper time Notclung it or near the peahs of the QRS nases
therr Inge leads usually 1s due to an abnormality affecting
Purkmje tissue or ventricular muscle Notchig near the base
hine mn large leids or near the peik m small leads usually 1s not
due to muscle 1bnormality

An ampltfication of the nomenclature of the waves of the elec
trocardiogrim hins been suggested which affords a detuled am
Iytic deseraption and 1t 1s hoped that 1t m1y Jead to an 1greement
15 to ternunology which may frcilitate further studies of the
sigmificance of the duffcrent features of the record
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CHAPTER M

DESCRIPTION AND OPERATION OF TLIE
ELECTROCARDIOGRAPH

THE STRING GALVANOMETER

11T esseptral oty of an clectiocasdiograglic outfit of dic
Tslxmg gal\anomeler Yype ¢ SRER by refesence (@ Frures
a3 and gy to he
U A source of hght (J7)
2 The galvanpmeter uself (N and )

% A camera designed 1o record pt

araptucally the mese
meats of Whe shadow of the gahanometer string (9 11 1 2 i,
13 and §6)

4 % de e for reconting bms of ume along with the wuny
motements so that the Awation of the w nes may be mewwed
[EL3]

% A sistem of resistance colls and sunches to faclatate con
necting, the pauent with the ynsirument and standardiang e
ghanometer (Rf R2 R3 L and PRY

The ghnsseal princaple upon winch the Fiathoven strng gal
2anameter 1 bised 1s the same 33 that uied w the clecne motos
Ineach saucumient movemeny 13 produced by the acion of one
sne Geld apon another There 15 2 very powerint dleavo
magnet praduced by cails of wire carrying a current from stor
1ag bitteties or sonie other sieady sonrce of current The cons
e placed abaut 0 wwon core winch cids large yxon pole
shoes ¢\ and § Fus g3 and g These powat towards cack
other and are tapered 5o as to concentrate and wtensify the mag
uete field
n(;l:(e lr‘:\:u:xl;;,‘ ::n(;i the )mi‘;un:m ‘? a very Dne Moment
et 1 og mae);qf 5 93} which carries the current 1a be

quartz with a thut planng of siher ar gold
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wig s two ends dloser wgether b sackened suul: will maays
nowe mote thaf 2 tense obit W ith the same Luryey o
The morerents of the ting m ths gahvanometer iauln
skt o be vecorded sthaut magmficiuos s the pole o F‘cf
are bored to allow for Mg extion of micioscape tubres (13
o3 and 9y 2) One of these contams a condensct obgectne ;"
Lo (e it 10 2 focu npon the sang and (e “‘1"; m ob
fectsse for magmhcanon of the shadaw of the string, md W €ye
prece for s projection upon the pho(uarraph:c recorder
Manty models of the string galvanomeiey ase on e market 2t
present. The fisst made w thas cunptry w18 dosigied by Profes
sor Hutato B Wilhams of Columina Unnersiyy made at hrst
ty & F Hindle md at present by the Combridge Instninneat
Compans of London and New Sorh, Fiuse g3 15 2 model ol Yu
wstptnent wade by Hundle about 1923 The present miodels are
mafler and more sunple W construction 1nd a portable model
1s pvaiable wlich weighs about 30 ponnds Saustactory wstrw
ments are also made by other manufacturers
The instrwnent shannh h Figure 91 15 3 typrcal apparius and
an be used 1o explam the prnoples of vperaven whadh wg
watmon 10 all. We can see thic carls of ware (1) which make tie
electromagnet the large tapenng pole does N Q. S hdd apace
By brass wed s 12) placed t the anyfes on cach side the ends of
the microscope tubes (3) dhe wbular brass device cMed the
trng hawmy, (7) whieh s pfaced vorneslly above and belaw
the space hetween the pole shoes and 1s used 10 hodd the HTY
i proger posiiun 1 the magnetc field and o sary 1s positioft
and tension 15 15 necessaty If a Wattery s used to acknate the
coily of the magmer an unmeter showld be aalable 10 make
rettam that v 1s properly charged
In order that the mictoscopes may be properly ah aned ey
we euh provided wuh a three yrey cettenng desiee (6) suridar
0 that used o wime witroscope staes The new models 5nd gs
vhnttesary beease of a diffesom construction of the string,
Hota,
m;i::;:::i:‘:::;"”7’:(';“ ;“" objects m vew 1t st A8on the
shrou b the ¢ Ll he A, 50 that the !
iy emer

stter wall guass
2 the maghene field

wid must allow the
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on 1ts surfice The string 1s 2bout 0002 mm i dimeter and
my have e eleetrienl resistance of from 1000 to 15 000 oluns
For cdimeal use the most sausfactory resistance 1s bout 10000

w‘<o~xsq — b _wl_' oy ('
e

I € we
s

T1g 03 Schemitic antangement of string galvinometer clectrocardiograph The
Blocks Vv and § rdicate the tho pole shoes of the magnet It 1y powable that
the polarity might be raversed when the mstrument 1s 1 use but if 1t 1s as rep
1¢senteid 1 current passing, through the string, ftom above downward would induce
1 maghebie ficld about the sty 1w the duection of the small dotted attons
sound the upper portion of the stnin,  This would move the strng backwaid
away from the observer

ohms Low 1esistince stungs accentunte the tendency to over
<hooting

The string 1s held m the eenter of the magnetic field between
the narrowcd cdges of the pole shoes of the maghet It runs ina
direction punllel to these cdges s ¢ be scen i Tigwe 93
whete the pole shoes are muked N nd § 1espectively 1o denote
therr mignetc polarity A curent passing {rom above downsaid
thiough the string will mduce 1 magnetic field about 1t with the
direction shown by the dotted ende about the upper put of
the stiing wlile 1 curtent pssing fiom below upward will
ducc 1 magnetic Iidld bout the string 1 the opposite direction
In the ¢ise of 1 anrent from bove downward the muterference
of 1ts mduced mngncuc field with that between the pole shoes
will be on the side toward the person who 1s looking w the ffus
trition for the flow of the field between the pole shoes 1s from
N to § The movement of the string 1 this cise will be ay
from the obseiver out of the plne of the page If the current
passes in the other direction thiough the string the movement
will be townd the observer bectuse the mgneuc field wnduced
about the string 1s reversed and the mterference 1s on the oppo
site side

The movements of this filument will be greater s the curent
1s stronger and 1s the tension of the stung 1s shichened by bring
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stnng 10 be ughtened or loosened 4% ¢ e will of the fper:zlor
The fisst of these objects 1s wumned by the stnall screws (7) winch
scung against springs allow us 1p mose he compressed fiber
block 10 which each end of vt stx g 1 attached it aly direc
won 11 2 horizontal plane This w t of adstment 1s provided
for both upper and lower ends ot the wst ¢ Tn the newer models
{hss adjustment of the postion of the eads of the string 35 Hot
necessary because the srng falls into ws exact posiion due to
the exact machiming of 1ts met case ‘To ughten and loosen the
suing the wheel (8) 15 used Turming tns cts upon the bloch
with the upper end of the string attached movng 1t upward or
dawnward 15 the wheel 1s turning m a direction agnny or with
the hands of a clock Since the Jower end ol the stsngas fined the
string wiil be ughtened when the upper end moves upward and
foosened when 1t moves downward

The stnng wself 15 attached at enher end to a smll spade hive
piece of brass held 1 2 metal prece which 15 wsulated from he
Test of the galvanometer by the above mentioned compmcwsed
fiber bloct and connected to the bindiag posts on the bick of
the string housing (4) The housing 1s mountcd on a brasy plate
upon the back of the pole shoes by means of a three paint sus
penston designed 1o hold 1t nigidly 1 place It 15 pressed 1gainst
this brass plate by a large spring

The recording camera has a box (9) ta contan 1 roll of film
of bromide paper and anather box {10y mio whach the flm or
f{):f:u(;tsgs 1:1’:&;!;::.%::%5?:: Be(:ucen ;hesrc1 two 15 a desice
ate The baht 5 et o :1‘:1 :1mg the film at a umform
41 3SRt 1y bt oo drdu,,l he honizontal shit (1J) and
suder Lehind tlxcyglu xf a lhed for mabing the <hit nartoner o
comning hough the smc‘sl bt n;:al Tens shich focuses the fight
Thus cylindrical tens \‘ocuser:on e photographic fim behind

the light to a e which evtends

Acrass the width of the photograp)
phic film and the shadow
ering appears as a break in (Tns fine of 1y o

: ght Rulings upon the
:-m throw their shadoss on the film 2 1 passes l?rus Pr:alm
the Tl;onrzonml Tines of the vecords (Fig 1) i
he
\cm\»hxll;\:y?:es Betneat wo cylinders befow the level of the
at i contact except when the lever {12) 1s moved
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sinng 1o be nghtened of 1oosened at the will of the g?ef“a;'
“Fhe first of these ohyects 15 attaumed by the anall serews (7 whuch
g gt spangs allew us te maie the compressed fibier
blogk 1o which each end of the string 8 attached 1 any direc
tion 1n a honizonal plane This sart of adgstment 3 provided
fox bath upper and fower ends of the string In the niewer models
this adyustiment of the posstion of the ends at the stung 15 Not
necessary because the stnng falls mnto 15 evact poswon due o
the exact machumng of 1ts metal case To tighten ang loosen the
string the whesd (8} 3s used Turming tus 3cts upon the block
with the upper end of the snng attached mownRg W upward O
downsard as the wheel 15 trnng 1 3 direction aganst or With
the hands of a clock. Since the lowce end of the stung ss fixed the
wnng wilt be tghtened when the upper end moves upward and
loosened when 1t moves downwrd
The string nself 15 attached a¢ etther end o a small spade hkc
prece of brass held 1 2 metal piece which 5 wsulated from the
st of the gahvanomieter by the abote menuoned compressed
fiber bloch and connected to the binding posts on thic back of
the stung housing (1) The housing ts mounted on a brass plate
upon the back of the pole shoes by means of a three point sus
pension desigied (o hold 1t ngidly m place Tt 1s pressedd agnnst
thes brass plate by a large spring
The recording camera bas a box {9) 10 contam 2 1ol of film
ot bromyde paper and anather hov {10) 1ato which the film or
‘(’;‘f:r;‘g x;f:tle;::?éee:ﬁse(:r 1:):;1\ cen these two s 1 device
g the Glm at 2 wmform
rate The hight 15 adautted through the horuzontsl sht (11) and
1‘:;:3‘2;‘]“?; :::YS ]b[c spru\ 1‘dcd for making dhie shit narroner o
coming, through dxl l;l:: cylindrical lens which focuses the bight
Ths cdmdn:a( m:s focu“pm;\ “;e ]phomg‘mphw flm behund
265055 the width of he hsfs the light 16 2 line winch extends
StNg appears as a brcat o Oghmpl“c il and the stadow of the
12 throw therr shados ‘o :ls CoivEe Rulugs upon the
the horizamat mes of V)»s on he fim a3 1t pastes. thus rn:l\.mg
Thie 6w passes bcu»‘ nm xt:cords I(Flg »
ens which are notin conc:ct ‘;mq inders below du level of the
eptwhien the lever (72) 1s moved
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Onc of these cyhindars 1s constandy revolving 1t 1 uaiform 11te
bewg turned by the shaft (I5) which 1, doven by 1 small motor
{(7) st a sell govaumg duvicc 1o heep uts speed uform This
motor ¢1n be run on the house cuntent The speed 15 controlled
by the operator md set 1 the desned pomne by varying 2 resistanice
m encmt with the wwmunc of the motor The speed 1emams 1
set with greit constancy

As the lever (12) 15 moved 1 jerk s fde when the two cyhuders
mihe conti grppmg the film between themr We can be sure
tht the hlm s moving by ¢l mung 1t the wheel (75) wached o
the spmdic on which the film s wound  As the lever s woved
futher 1 ehck s houd denoting the the shutter bolind the she
15 opuied and that the filin 1s being expased By moving the lever
fa cnough to stut the flm and not fu cnough o open the
shutter unexposed film wn be 1un wito the lowear box

The pulleys on the shaft of the wotor and those on the drssing
shnft of the camern me of diffuent stzes so that the successtve
speeds 1t which the itm miny be propedied past the Gmena sl
e cich double the nest slowa one bemg tbout 123 25 50 md
100 uum of film pa second s the motor 1s uswally regulated
The smaller models hive only one specd 25 mmn per second
which 1s the stand ud for dmeat reconds

Aborve the siit (J1)1s 1 device (76) for photoga iphing numbers
ot the klm bechmd 1is m ovdinny photogr iphic shutter sex for
1 bulb exposuie  The numbas vie on two celtulaid dises wiich
miy be tevohved wt will The numbers are exposcd by pressing
on the Icser that opens the shutter sllowtug the shidow of the
numbers to fall on the end of the film belind

Directly upon the top of the cunera tible 1s 1 shdmg hmfe
swhich must be pulled omt before the leva (12) ¢ be ned to
ot the movemetit of the tlm The Lnife 15 so inanged that it
pulls out 1 shde openmg 1 spie 1 the top of the bos (/01 o
llow the flm 1o pass through  Aftet the film 15 exposed the Knle
should be pushed m thus cntung off the flm md 2Howing 1w o
drop mto the lower bos The shide m the top of this boy must
be closed Lefore the box s removed from the cmert tible

The source of tHummation originitly nsed was n we hmp
but since the nuention of a more brithant flment bulb Tamp
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this has entuely supplanted the are for chical purposes  1hete
are one or 1o 1ypes of Hlamment lamps 3 alble which an be
wsed with perfect sausfacuion for cluncal work when the speed
of the record 15 1ot 10 be over 2o mm per second They wilf
take readable though underexposed records W o0 mm. per sec
ond With the smaller models records can be taken 2t 100 mm
per second. using the filament bulb as a source of light Though
the o 1 mn hulbs 1nust be replaced occasiomily because of loss
proper handlng
- . amp bousing (I7)
15 provided which allows verucal nd lterd adjustment of the
bulb by sorews and has the hecessary lenses attached
The time recorder We must have a time marker of some sort
secording upon the photographuc fitm both to serve as a check
of 1ts speed and to facilitate ume measurements 1w the records
The umplest form 1s 2 tumn,, fork placed upon the camera 1bly
so that the shadow of a2 pornter attached to one of 1ts tmes will
Gll vetucally actoss the she m front of the cyhndncal lens This

produces a series of upand-down wases of the period of the tun
ng fork

[

A Jacquet chronograph may be wmlarly placed with the lever
vertical and will produce a e upon the vecord with 4 smalt
peak every 1/ second If the lever be placed honzontlly be
tween the source of light and the galvinomerer and its widih 1s
such that the shadow fully covers the sht of the camera 1t will
produce a fine of shadow across the fiim as the lever Jumps up
Ward and another as it falls downward \any of the Mustranons
;'\h\:!x’:;:;f; &;re records taken when using 1 timer of thus sort

rom the first one of a pur of lines to the first one

af ¢
fie next parr 18 1/5 second The imterval betueen the lines
ot different pairs 15 4 va

riable one depending u f t
Y P g upon how Ingh
e‘ l:\er lgom; alter crossn, the slit on s upward fng
T
o mc::: lh:es across the film are most useful for the purposc
ri
g the yecords and most mstruments on the market

2 present €arry a
tmer throwing a shadow
ot i g hadow on the slic at 00t

h hine b
that the etng accentuated sl hily so
of e 137::: betw cen the accentuated lines 1s 1/5 semnﬁ Many
rations show tus sort of a ume marhing which
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when combsned with the horizontal ruling and 4 filn speed of
1 mm per 00} second gives a system of squares hike those of
plotung paper T'lus timer 1s shown m Figure g3 (18) and con
sists of a ratating wheel having four tun spokes and one shghtly
thicker The shadow of the thin spokes 15 just sufficient to cover
the width of the sht of the camera As these pass by the sht and
cover 1t the hght 1s cut off for an sustant so that the film 1s not
exposed to the hight and one of the finer vertical hines 15 made
The thicker spohe mkes the fifth and wider Iine because this
shadow lasts for 1 longer ume This tume wheel 1s drrven by a
small motor governed by a tunng fork of fifty vibrauons per
second (1%} The motor makes one revolution to 10 vibriuons
of the tunmng fork and as the spoked wheel 15 on the shalt of the
motor 1t 18 driven at a rite of five revolunions per second

The resistance box When the patient s estremities are con
nected w1th the galvanometer through the resstance box there
occurs 1 deflection of the stning which 1s due to the difference
m potentinl exssting at the contacts of the patent s shin with the
two electrodes Tlus s called the shan current  and 1s sometumies
very small amounung to only 1 or 2 millnolts but usuatly 1t 15
between & and 10 millnolts and 1t may be 20 or more If 1t 1s
large 1t vall cause the string to move so far from the center of
zero posttion that it will be quite off the photographuc film and
mav be outside the cirele of light throun by the mucroscopes

The abjects of the resistance box are (1) To protect the strng

from being forced oo far md perhaps broken by this shin cur
rent , {2) to enable the operator to bring the strng back 1o the
center of the ficld of hght by passing through ut a sufficient cur
rent in an oppostte direction to neutralize the shin current (3)
to allow the operator to produce n the circuie of the pauent and
galvanometer 11 exact potenual of 1 nullivolt m exther direc
tion or of multiples of this umt to be used m che process of
standardizing the string

The carcut within such 1 box 1s shown m diagewn m Figure
g5 and the sume lettering 1s used w Figuves g4 mnd g6 which
show the outside of the box as made by Hindle The same essen
tal features are found in the sunphfied contral paned of the
newer models A 15 a dry cell which furmishes the current B s
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the pole shufter w tuch enables the operatot 1o pass 1 mncllln I1:‘\
wther diretiion through the rest of the Grtnt G 1s a s al
weter which indicates the amount of the current The resistance
RI 15 varted unul (he ammeter regsters 10 and the current
\hzough RI then will hane a value of 0001 ampere [he sestst
ance R2 forms a dered arauit and the wtroduction of 10 ohms
regstance at RZ will cause 2 dufference of 001 volt across the
terminals of 1us crcuit For cach added 10 ohums there will be
an added millisolt differente

At PR are the resistance coils which form the proteciing 1¢
astance When sthe needle of this switch poms 10 INF, the ax
curt buween the bos and the gahanometer 15 open and the
strig, 1§ protected from ali outside urrents Wit the needle at
2 1000000 ohms are placed i cucmt w \th the pruent and gal
wanometer with the needle at § there are 10000 ohms and at
0 there are none The hgh resistances protect the galsanometer
string as the patient 1s turned 1n from whe full impact of 3 large
shan current of of any ¢xtraneous curients which may be i the
et through faulty 1sulauon or poor contacts The eurrent
will be reduced by the Jarge resistance and the stiigg hept from
deflecung outside of the arce of light

The wires from the three extremities of the panent ave ted
mto the box at the binding posts matked R (nght arm) L1
(left arm) and LL (leftleg) The Wad swich L muked 1 2 3 4,
(s a device for connccting these svites 1o the glvanometer i such
away that when the needle posmts to 1 Lead 1 1s properly con
nected (R4 L) when the needle ponts to 2 Lead 2 15 con
‘(‘;‘ﬁ“‘)ﬂ { L1y and when 1t paints o 3 Lead 3 15 connected

When the needle of this switch paints to  the patent 1s dis-
connected from the gabvanometer and the resistance B3 13 sub
sututed for the patient Thus tesistance 18 used for measuring by
comparison the resistance of the patent 1t may also be usc':l to
measure the resistance of the sinng * In newcr models contact f

tead wtch s Wmed to conlacr § apd the roterting festance to 110 A«
LT PY
foferting fesistance i
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substitutes for the patient a fixed resstance of 2000 ohms The
pauent s resistance mny be determined by companng the size of
the deflection obtained through the pitent and through this
resistance

The other binding posts along the ek of the resssinee bo
re quite plainly marked the two on the left hemg for the +
nd — poles of the dry cell which furmshes the compensitng
and standardizing current

In this resistance bov il the cotls 1nd contacts are enclosed
1 1 copper hined bov il the handles are of met1l and connected
to the copper hmng and tlus Iinmg can be earthed from the
termal marked Farth so thit effective screenmg of the en
dosed crxeunts 15 provided from static charges which muglt be
mduced by the movanents of the hands of the operator or other
causes

Installation Most of the modern nstruments are supphied
cumpletely set up and ready for use or if not adequate mstrue
uons are supplicd by the manulacturer so that even the novice
will expenience no senous difficalty Certam things however
may be profitibly emphasized

Al wnes used shout the wstrument except those which actt
vate the electromagnet should be covered with lead 1nd 1t s
advisable to have these coverngs grounded The grounding wire
wtached 2o the back of the reswstance box should be of ample
size, and the frame of the gahmometer should be grounded
One of the ends of the sirmg should be monnded This may be
done by connccting together the adjacent wrnunals ot the resist
ance box Fhese groundings paruculrly the fast two will pre
vent statc charges developing upon the instrument or the string
36 1s to drw the string agamst one of the pole shoes and per
haps bieak 1t They are usually an integrl purt of the structure
of the modern snstruments If an alternating current 1s tm use i
the building there may be difficulty n screening the gahanom
eter srcunt from the magnetic field «bout the power nies Thas
field 1s comstantly sarsing and will mduce @ current 1 the gal

on the rufed plate above the sht of the camera Reustance s 10w
untif the defiection of the stnng, ¢ reduced to exacth 15 an for
ameunt of the ressiance necessary will be equal (o the resistance of

can be sead off from the dsals of RI

$ wathols The
{ the stng and
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sa1 ometer prewit of 1he same frequency 1s the aucman;:ms x;(
the current producing a (onumual butug mosemetic of the gz
\anometer stng Ta prevent this the power wies should be
£ndloned i a0 ton pape whach will catch most of the magnelic
Jines of force and prevent e seacduny the gahvanometes ¢t
ot The thicker the mon 1he greater the protecuion Sulas
cnduction trouble can anse from the wire supplymg the motor
of the aimera ur of the tmer should these wires pass near the
Alanometer ctcuit or 1 can anse from 1he wite (o an ate ught
witdt duect cursent 1f the arc light should fickes

The projer centertug of the ophical system should be carefully
attended to When the source of hght and the  ahanometer
Microscopes are m psoper alignment screwing the projection
tucroscope (3 1n and out so that the string shadow goes ouy ol
focus first one way and then the other should tesuft n a sym
metncal widening of the shadow to ether side Lakewise the edge
of the rcle of Wbt should o out of focus concentrically and
shauld contiue o he arcular 3f the alignment of the system ot
lenses s unproper the string will broaden out w one u8e when
the murToscope 1s screned ofte way and (o the other side When
screned the ather way  The hight orde will do Lilewise and walt
assume ap ethipucal form Wath poor ahgnment 11 15 tapossible
fo gt a shary phowographic umige of the sting The alignment
should he corrected by moving the Limp to one side or the other
utitd the string shadow and the aircle of lipht remaim symmetricat
as the mucro cope 18 focused

I lateral mosement of the source of light does not correct the
alignment so that focustng gves a symmetncal widening of the
e a2 e b
prosedure and it shouldl not gf:‘: - 1 ; n]x“gn these s amice
famihar wuh the structure of the 5:‘{): e In e e
msruments thss s done at the mstwment In the modesn
agam e at the laczory and need not be done
lh:l:;"'hpx i"’;;;’)’;‘:“:h:‘:\agﬂ “;:IY fgul to have sharp edges even
aberranon 1p the 1ens§s “”ﬂ(leeb(;)ei:‘ir }l:)&c?;“c % hromane
eIt 3 pornt somewhere betsee (f o should find by expen

the eyeplece and the camera
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t which he can focus the shadow of the string and obtam a sharp
photographic mage The visual smage at the distance of the
camera will of course theu be shghtly blurred The visible hight
1ays which we focus by the eve e mostly from the red end of
the specirum, md these converge from the mcroscope more
sharply than the mote actimne bluce rays wlich produce the photo
graphic unage

When connecung the dry cell to the resistance bo 1t 1s con
vepent to conncct is pales i such 1wy that turning the pole
shafter to the right will enable the operttor to move the strng
shadow to the night upon the cumert when resstanec 1s mtro
duced 1t B2 The shidow will then be mosed to the left by wtro
ducing 1esistance 1t R2 when the pole shifter 15 turned to the
lefr

When conncctng the 1eststance box to the galvanometer the
wires should be so connccted when filim 1s used that the novmil
R wave causes 2 movement 1 1 direction towud the ught hand
side of the ramert sht s one fices it standing by the gilvwom
eter If this precruutzon s not tiken prums made fiom the negt
uve must be printed with the film mstend of the emulston agunst
the paper Prans made an this way do not of course hwe
good definstion 1s when the emulsion lics next to the piper

When biomide paper s to be uscd in the camern the wnes
the galvinometer should be connected so that the nommal R wuie
cuses 1 wovenient m the reverse diection tht o toward the
left side of the cunert sht or the record will be upside down

Taking the vecord The pruent must firse be connected with
the resistmec bos A fieaable cable {Lig 53 26) conmnnng thiee
wnes twisted together and covered with 4 flevtble metal sheath
should be used In a hospital this cable my lead to 1 will plug
which connects with 1 cible runmng to vanous pats of the
bwlding nd records cn thus be tiken of patents lung i thew
beds The desclopwent of portable electrocirdiogriphs which
can be pushed about on a whecled ruck hve now made such
winng of 1 hospitil unnecessiry exeept for busldugs of greit
size In the office the wires of the flextble cable ne attwched 1t
one end to the contacts Rd Ld, and 1L of the resistace hox



DESCRIPTION AND OPERATION 379
and at the other by speaial electrodes to the night arm Teft anm
and left leg of the patent

The postion of the pauent should be stated as a part of the

‘A
)
RALALL
1
B
Rz R3
Rl
PR
c
) taualy

% g, Diagram of the v in
0, ¢ £ the Feststance box 4 di
% . an ordinans iy <l B a
f:mfh:n;ernc 4n amincter to measure the current flowing from the dry <t
4+ rastante on the ercuit of the dry eell Wires from the nght amm

’ -

ukes th “afforded b 7

ot “;;l‘\:':m uxtt\:l afforded by A2 By wwroduang Fesistance here more am;
i (hm“ym mpﬂa:;c;: u‘:mush the gabvanometer R} 1 an exya Fesistance
o 0 1h the gahanometer when the lead sande & turned

electr

subscuﬁz«\hogrzphxc report because i order to be comparable

e s;{me (r:cmds of the same panent should aluays be taken
position as the gniginal If dus 15 not doue changes m

the electracard I:4 atretit s
ogram resulung froi P
3 m changes in the patient

When the record 15 tak y given a dagnosuc sigmbcance
taken with the patent scated he should not

sit stum
e dlapl;ﬁ :in:\;n mn an upright charr for tus will tend to press
oy mms:,e (sﬂp\t;x‘d into the thorax and to make the hearc lie
e b dcscnbyed \1: effect of this upon the electrocardiogram
o sboming d hen the pavient lies flat in bed the effect
S saen 10n or of adiposity will also be to force the
s lho;ﬂ\ iy vhat abpormally above 1ts matusal pesition in
e cffect upon the T wave 1w certamn cases \\h::n
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2t which he can focus the shadow of the string and obtam a shup
photographic mmage The vsual mnge at the distance of the
cunera wiif of course then be shightly blurred The \iuble hght
1135 which we focus by the eve me mostly from the red end of
the spcctrum wd these comvarge from the microscope more
sharply than the more actme blue 11y which produce the phote
gi1phic mmage

Whes connecting the dry celf to the resistance bow 1t 15 con
vaeat 1o connect s poles m such 1 way that turning the pole
shafter 1o the night will enable the operytot to move the string
shadow to the 1ight upon the camerr when resistwice 1 mio
duced 1t B2 The shidow will then be mosed 1o the left by mure
duong resustance 1t R2 when the pole shsfter 15 twned to the
feft

When connteung the resistance box to the gahmometer the
waes should be so conncuted when il s used thar the notmid
R wate catises 4 movement 1 v direction townd the right hmnd
side of the cimery shit as one faces it standmg by the gihanom
cter I this precantion 1s not tiken priats made from the nea
tve st be punted wath the flm mistend of the emulsion agatnst
the paper Pruts made m this wiv do not of couse hue as
good defimuon 1s when the emulston hes nest 1o the paper

When bromude paper 1s 10 be wed m the c1mc 2 the waes to
the galivmometer should be connected sa tht the noranl R wive
causes 1 mosvemunt mn the severse ducction that s v nd the
Ieft side of the cunera shit o1 the record will be upside down

Fal g the 1ecord The prant must fixst be connected sath
the tesistance bon A fleuible cable (Frg 91 20) contanung thuce
wnes tnasted together wid covered with 1 fieuble metad sheath
should be used In a hospatal tlus cable myy leid to 2 wll plug
which conscets with 1 cable runmng to yvirions pats of tht
building “nd records can thus be taken of patients Jving i their
beds The development of poriable elecnocmdiogiaphs which
cm be pushed about on a wheeled tiuck hne now made such
wiring of a hospitnl unnecessany except for Linddings of grent
size In the office the wires of the flestble cible me utiched 3t
one end to the contacts Rd, Ld, and LI of the resistuce boy
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and at the other by speaiat clectrodes to the nght arm Yelt arm
and left feg of the patrent
The po;um\ of the patient should be stated as a pait of the

i

RALILIL

toGalv

Fi 3, Duemam of the winng of the resntance box 4 an ordy
pole chan er € an ammeter to Measure AR curpent Bowing from the dry cell
through Re R resstance on the areunt of the dny cell Wures lrom the Tight arm
(RA) left arm (L4 and left lev (LL) come 1nt0 the lead switch if ) by means of
which apy two exTemutics may be connected 1o the gahanomerer ‘The protectiag
1esustance (PR) 13 placed 1 the aseust to the galvanomerce The current frums the
dry el 4 will not flow throu b the gahanometer with 118 hih teustance, but
wkey the short arcuit afforded by R2 By mtroducng sesisiance here mote and
more urrent may be passed through the galvanometer K3 18 an cxtra resiance
':::‘:ru li:;\\n 1 arcuit with the galianometer when the lead swich 18 tumed

in 96)

nary dry <l B 2

electrocardiographic report because i order o be comparable
subsequent records of the same patent should always be taken m
the same position as the ortgnal I this 15 not done changes
the electrocardiogram resultng from changes 1 the pauents
l:\o::l:?h cm:w b; erroneously given a diagnostic sigmificance
o edet;or 1s taken with the patient seated he should not
s {; own in an upright chair for this will tend to press
taphtagm upward mnto the thorax and to make the heart he
;"‘:;e‘:z“;‘emiy dThC effect of this upon the electrocardiogram
o abdomm:‘:h:l When the pauient lies flat n bed the effect
Gaphragn o e}r‘mon or of adsposity will also be to force the
o lhu::lx The\\ at abnormally above rts natural positon in
e effect upon the T wave m certain cases when
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records e tiken 1 the scited posstion has been discussed on
page 58

To connect the patient with the wires we uny usc one of sev
eril types of electrodes It has been found unnecessry 1o use the
nonpolinzible rine sulphate cell m salt solution electrode which
w15 at fivst thought necessary to avord polarization at the surface
of the skin It has been found thit 1 swusfactory contact cm be
mnde between the patient and the wires by using tanks contain
wyg strang st solution mnte which the hands and the foot may
be placed and the current led off from the solution by metal
plates to which the wires are aiched Bandages wet wath strong
st solution were formerly apphed to the estremstres of bed
ptents, but none of these types of elcctrode s becn found as
s1usfictory as che electiode composed of 2 prece of menad wbout
t by 6 un phiced upon an wea of the shan which has heen ther
oughly Tubbed with 1 paste contumng a luge percentage of
salt  [his paste was first devised by Jenks ind Grighid but has
been modified 1nd 1mproved by wost of the manufacturers sice
then W uth proper [ricton of the shin these electrodes offer a
relativety low resistance to the passage of a constant cunent the
resistance mesunng by the substitution mcthod 1s usually less
than 2000 ohins Polarzation does not seem to affect the useful
ness of these electrodes m spite of the fact that techmcally they
ne pohirizable It 1s Iikelv that the reson s that the hearts
carrents ue so small m relaon o the size of the electrodes
surface thnt what polanzation miy occur never becomes suff
cently marhed to cse distortion of the hewrt s aurent

For precordsal leds a cucular metal contact to which the wne
1 attached may be pliced upon 1 area of the shin prepaied by
the decoode paste Wath sufficient friction and n wdequate
amount of paste the reaistance w1l be found tw be less than 2000
ahms For obtaming esophagenl lads an electrode bis been
described by Hanulton and \yboer made of German silver 8 mm
1 dsameter by 20 mm 1w kagth of arcular cross section wth
shightly tapenng ends This 15 soldered to four strands of
sulated copper wne endosed m 1 rubbur duodenal tibe of the

Rehfuss type
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The patient 1s thus connected by wies nd dectuentes with

the resistance boy at the contacts Ry Tamd L ot
“Fo tahe Lead 1 the swith £ ¢ arned o 1l 1 poOmLs (v

tg 46 The rentance box The lenenng 15 1e ame as w Fiuie 3,

the resistance PR 15 tnned from INF 10 2 The sinng shadow
should be watched 45 this 15 done and 1 will be scen to jusup
ane side or the otier This Mmosement 15 due o the shan cur
rent At times this cuatent Will be strong enough o throw the
stng shadow complutely outside the field of hight Tins 1s
usuadly due 1o smpraper appPheition of the electrodes ¢specsally
1o  etting Mmoisture on the contict between tho different merals
on one of the electrodes or to having one ares ot contact wetter
than the other It may oceasionally be a feature of the vasomotor
candition of the pauents himbs especally 1 the presence of
marhed edema The way 10 correct 1t 15 to reapply the electrodes
sith care that the slap areas have been well rubbed and have an
adequate apphicatiun of the paste

\When the operator obsetves the direction in which the shan
current 15 deflectiig the sting he should turn the pole changer
8 to throw the current ihta the box 1 such a direcion as o
oppase this movement of the string When the dry cell has been
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connected as alrcady described, the pole changer should be tuwined
to the Ieftaf the string shadow his moved to the night and vice
verst Thus will not cruse aty movement of the stiag as the
esistance 1t B2 should be 1t 2cro The nent step ss to tum m
suflicient resistance at R2 to brng the siring shadon back to the
center of the ficdd of hght With the modern nstruments this
compansaung current 15 derssed from a rheostat resistance which
does not produce a measured 1mount of current but which
turned arbitranidy unul the string shadow 1s forced back to the
center of the field When the shadow 15 approximuately at center
PRt may be turned to 1, md of the string shadotw 1gan moves far
off center 3 suffictent 1esistance should be turned m or out to
bring 1t rgun to the center of the camery shit PR 1s now turned
to 0 and the centening process repeated 3f necessary  This pro
cedure 15 called compensating for the skin current and rt will
be recognized that what we have done s to turn on suffiuent
current i a direction opposte to the skin current to neutralize
1t completely

The eperator 15 now readv for the nest step namely the
standardazation of the gnhvinometer so that [ cn exveursion of
the strng shadow wiil represent 1 mullnvolt m the arcurt of
prxent and galvinometer The knob of R2 which gives 1 mulh
solt umts should be turned to and fro so that I umt 15 repeatedly
added 1o and subtracted from the compcusating current With
the modern instrument a swatch allows either 1 or 3 millivolts to
be mtroduced at once which makes for more exact standardiza
tion The amplitude of the resulting yumps of the string shadow
1s regulated by turning the wheel (%) on the top of the stung
housing 50 18 to tghten the string if the jump 1 100 great nd
stacken 1t if the jump 15 100 small When the string has been
adjusted so that 1t moves approxumiely 1 cm i response (o
1 pullnvolt then 3 mullnolts should be used so that any enor
w standardizatton wilt be multiplied by three and can be cor
rected by further adjustment of the tenston of the sinng With
the bos which bas fifteen I nullivolt steps the string can always
be moved 6 cm directly across the widh of the sht thus makmg
the standardwzation sull mare exact
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Jethe patient ss not memally at ease there may be a;}u:t‘(;:;:
Janation in the shn current and the string shadow » ! "
hack. and forth aco s the field sa that Smndnrdmt}on mcv.[\‘xl\ clf;
Qiffcult The patient should ner comerse while the rf;:vm o
bemg taken f0r shawdd any oihef paisamn dan e opcl e
near the pabest a5 1he mental rerctions of the patent ‘g o
s will often cause the shin curtent (0 viry We should sis;
for both mental nd physical relavauon

1§ the plate electrodts are wot famly apphed ox 1f the 1eanon
on the wares 1s\aned asat somepmes 15 by the pateent § TESpIra
uon mosement of the electrode upon the shin My Cause 30
e ular and perhaps qune wshed waremest of che basehine of
the vecord Similar movement miay sesuit from the shpping of
the precordsal electrode as it xs held agamst the shan of the chest

Contraction of the muscles of the oxtremmugs will cause a
buzang sibtauon of the sinng wlich ntakes i appear out of
focus 3 sumple tension of the muscles such as nughe result from
n yicomfortable position will e quite sufficsent 1o cause thias
The panent should be made comforrable and iree from dmrac
uon of 3y land

Having compensated for the sk cunent and standardt.ed
s0 ttae 1 oatlaolt causes 1 e deflection the operator 15 now
vexdy to take this lead Before talang the dead however 2225 well
50 asceviam the risistance of the panent \With the newcr modcls
this 15 measz &l by wirtun,, the protection swich to INF, dic
Sead sunnch 10 comlart 4 ot the compensating cutrent 1o ero
The protecuon sk ttch 1s now turmed to zero and 1 madlialt mtro
:}mcd s the qretnr This now passes through a vesstance of
2000 obms msniead of the pitient and if the pavents resistance
w5 2000 ohims the deflectron of the sting will now be | em, of

the panent s resistance was greater than 2000 ohus the deflee
Lon now will be greater than I om af the pauent s resstance
was ey than 2000 ohms the deflectian now will be dess than
Tan Wub the older 5pe of smstrument the reaistance of the
pavient is Meysured by tarming PR to 205 wrmng the lead shale
huob 1o £ nd then afer 2 the dals of R2 ave set at 0 turmin

PR to ¢ We harve now substituted the resstance R3 nstead ozé
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the sesistinec of the patient wd we determine the pitent s
tesistance by comparsson wath thus vuying the resistance R3
untl 3 fem R2 produces a deflcetion of cxactly 3 cm

Yo r‘ -
' (
A N r. N'
o P ——— af—
:t{::H :E—:j T—i":?:’krlt 3:::}.‘1

I, 07 Two records of Lead 1 flom (he same patient (o show the deforminy
of R and T duc to overshosting indt alsa that the overshooting, dirumshes with
the vhan resstince The upper rerord 1 as faken when the resistance was H00U
ohms the ower when i hud Lallen to 2000 ohms Lhe osershooting s scen at
the pomnts in the sandardition contio! mdicated In the arrows Note the preater
haght «f R m the upper secord nd compare the shape of 1 the & 6 recards
at the pomit mdicated by 1

he resistanec shown at R7 then will be the same s was that of
the patient

When messurid i asther of these wags the patient s reststance
stiould not be over 2000 ohws 1f 1t 1s more than this there will
result @ distortion of the dectroendsogram called overshootng
{page 387) which may gne nise to 1 serious error m the inter
pretison of the record 1f 1t 15 not recoymzed  The distos ton due
to overshooting 1s not s marhed with the new sl metad pinte
clectrodes d electrode paste 1s with many of the older forms
but may vecur even when using the nonpolarizable tuk elec
node consisting of salt soluton m 1 potous ju stwnding wnide of
1 zuc sulphate solution from which the currant s led off to 1
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e plate That overshoonng W3y t o fonnd wih such an &'
hiat 1t 15 not due 0 polarzation
wode prores conclustyety ¢ i R
7 he film 15 exposed by MOVIng the Jever {2) ou rz‘:i 1
far a5 20 will go to the night o secard the standar \;nu;); ! ly5
curming 11 angd thes o 3FA 1 ot 2 slinols winle the k In“ ‘
bew, exposed and thett sitow three ot four Tesolutions 0 ;
et winch Wl gne Qo3 12 wches of record after the
standardizanen test
Leads 2 and 3 mre when by eactly the sune procedure 3>
emploved for Sead | encept that the Jead shlt hanob 15 turned 10
2 apd 3 respechnely 1w s found that the sting tenson docs
ot have 1o be duminished from oie

lead to the nest we know
shat the s wstance of the second of these deads 15 not ware than

that o the Ctst. IE whe Frst 1s low 1t will be unnccessaey W
mesure the resstance of the second for the only yuportant 36
e of reststance bs 1hat 1t shall not be tugh In nme the operz
ax will be able ta ohiserve the ovesshooung due to hugn reasmee
dunng the process of standardization and then the need fot
measuring yessstance wilt e pat

Tn order ta take the precordial leids w15 necesary 10 duscont
nect one of o of the wires that hure been atached 10 the
extremutses and reconnect than 1 the fight amm s wsed as the
induffcrent electrode 1t wilt only be necessary to disconnecy Yhe
tex wite and attach this 10 the precordial electrode Tne tead
switch then may be turned o contart 2 the wires of thus lead
now having been adapted Tor the precordiat lead i view of the
advantages which have been pomnted out s Fasor of the Jeg as
s the site for the nddierent electrede {page 1) 3t 1s recom
mended that having the ley, wire attached 1o the precordial elec
rode the right am wire be removed and attached to the leg
md then conacr 2 will sull afiord the proper connection for
these wires The precordial deads are compensated and stand
ardized by exactly the same procedures as the first three leads
the precardsy] electrode being held agunst the chest by the
patient s 1ighe hand wiuch has been jreed from the wire It may
be repeated here for emphasis that 1 15 advisable to mydicate the
position of the precardial electiude by the imercostal space and
the measured distante froms the mudlive so that if later records
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are taken of the patient, the 1dentical pomnt may be used 1gun
for the precordial electrode

In t1king csophagen] leads, if the leg wire 1s attached to the
esophageil elecniode and the nght wrm wire connected to the
leg dectrode, the 1ccords of the ventriculawr comples will e
majogous to those obtained from the precordium m that post
tnagy of the esploring electiode will give 1w upwud deticenon
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 b 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
pased prece of film behind the numbenng dovice upon which
10 pliotogriph the number of the neat tecord Pressing the hmfe
sharply i will cut off the fiflm md allow 1t to diop into the boa
The top of the box should uow be closed and the bos 1emoved
to the dul room for developing

Oader of procedure There are so many steps necessuy m ik
mg an clectrocardiogram that it 15 well to establish 1 definute
ordder so 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 electiodes

2 Turn on the curcent

3 Photogiaph the number of the record upon the end of the
film or paper

1 Twn the fewd switch to Led 1

5> Compensate d 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 sausfactory

12 Twmn off protecting reustance wd then turn tewd switch

to Lead 3
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saz¢ and suandardize
Jl: E;’;‘:i‘“’; resistance sf sting bas been much slachened
15 Espose Lead 3 on €ty
ratecting reststante 10y
Ilg :ﬁl\ralclhp Teg \ureﬂlo precordl electrode and ripht W wire
to leg electrode lewiog lefe stm wnie 1 place
18 Tusn Jead switch 1o Lead 2
19 Compensate aitd staudardize
90 Veasure yesistance 1f necessary
2§ Expose precordial ead
29 Turn protecing resistance 1o sufittety
2% Allow paper o run for one revalnnon of Bynheel without
openmg shutter
24 Cuy off paper 2ud close top of bow

95 Turn off motor switches of resistance bon galhanometer
magnet e wheel and e

OV ERSHOOTING

There can be seen 1 the standardizwon test a1 the begnmng
of Fusire g7 4 tht there is an overshoating of the deflection duc
w0 the sullsokt Compare this with the lesser degree of ever
<ooung w Figure g7 B when the resistance was less and with
the absence of overshooung shown by the sharp angle at the
end ot the mutitsale deflections ne Fioare 6 After the overshoat
mg the stnin, vihes 1 certam time 1o return to the leved a3 whak
it Gnally semuns The ume dilfers m different records some
tmes bewng sery bovef sometimes as fong as 0 20 second or more
Overshooun,, psirally will be mave marked the mave the stung
must be dacked w obtaw a permanent deflecttan of 1 om per
matlastt

When the conditions are 11 it for ovenshoatiug the stindards
wuon tedt and the quick deflecuons 6f QRS will shaw 1 de
‘(\f;lll‘?;:;: :?Slrt;’gianll em per mithisolt and alter thus deflec
e et o )n,:‘ :»s m::,n; u;\\iznd the basehne distorting
P QRS and e “){;u‘ ’zm durmg 1hat time Thus the
tom the oa0rd g o “:c 0o large and after exch deflec
only btk tnaet “( onvershoot the zero lesel and cunye

oreorer the hoight of o wave windh
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begins relnndy slowly as does the T wase, wilt not orershoot so
much wd so will be relunely less meewsed than the more
quickly developmg waves When thus artifact 15 markedly present
the end of the T wave will 4so ovashoot the zero and then
return to it or if T 1s downward will cunve wbove 1t formmg
n uvggerited U wae

The chuse of this overshootng 1s farly well understood It does
not depend upon the slickness of the strg for if the stung 15
teft 2t the sune tension 1s 1t the sme this overshooting was ob
scrved when standwdizmg thiough the patient wnd the two ends
of the Jead wires me short cicuited by connecting them together
the application of T nnlisole i the arcust will cause 1 mosc
ment of the stitng without sign of overshooting This movement
will now be much more thin 1 em becuse of the low resistuce
of the arant when the two wites s¢ connccted together I the
knob for shifting the leads s turned to ¢ so that the 1esistince
R3 s phiced m ancuit msterd of the pruent it will be found that
1 luge resistince must be used m this bank to bring the excar
ston of the stnng resulting from 1 msilnol to the sune size as the
deflection when the pattent wis i the cocunt It might be 000
ohms o1 morv but the 1pphication of 1 wllnolt 1t B2 thiouh
thns resise wne wall not cwse overshooting s 1t does through the
pattent though the tension of the string has remaned unchanged
md the yesistance of the craait s now as hizh 1s was the resist
mce of the pitient

The c1use of the overshooting st e an the pavent T
heve that 1t 1s the s wsomotor conditton m the shan under the
bandages for at s 1 rue thng to find ovashooting when the
pitients exuematy s wum and common when 1t 15 cold Tws
thaimore 1 hive seen the ovetshaoting disappear suddenty 1s the
cold extremty becime wirm also wccompuned by 1 chwnge m
the shin current. When usmg smnil Jead ple electrodes nd the
copper wiie electiodes described by Stewut I hue found vver
shooting to occur fess frequently than when usmg tuga Germn
alver elecuiodes Jt s 1e to find it when usmg the modern sl
plites and electiode piste and s very 11re when using ik el
todes It s thwivs found s 2 pitient with cold esuenutics
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ecatse of @ weah fmhing pulse and cominonly whet cdemi 15
prestn(

Tt s s opumon that the overshootu, s due 10 the vsocon
arsction o the shn rasing, the electrical resistince of this stiuc
wute so that 1t functions as a condenses surtace The large wmual
ump s due o the flow of current while the condenser susface of
the shin 15 tahsng up 1ts charge the mote gradual yawm of the
string ta sts final leveld 1s due to the flos of currant through from
one to the other side of the skt becanse 1us bssue daes conduct
aithough poordy It acts i tus respect hhe 3 1ealy condenser
This hypothesss has not heen completely meugied but the
many eapestments performed are s agrecment with 1t Espre
cially noteworthyy 1 the obsenatson of less overshooung o te
same resisance sith the smaller electrodes for the condenses
sarface ynder the bandrge t

s smaller when the electrode s smal

ler The sk surface 1w contact wath the water i the usuat

tan, electrode s also smalt thus accountng for the sty of
atershooung with these

The gvershoating cm wsually be norded by having the o
wemities comfartably warm To this end the room must be warm
ZTE ‘i:;l;ﬁ‘u:&: ;;x\etod with blankets the electrode paste shonld
obseed a bt \mm Vi[‘le slan and 1if the overshootu, 15 still
e partof hee ;;tcr oitle should be placed so as to 1est new
o three o hemw, to which the electrode 13 applied  Mow
. ‘ﬂmdx!ammnb l:ﬂ:;g:lcsl after applisng 2 hot wter bottle for
daponr Senmtchn o pl im and the condion wilt usually
neccsan g the shin has been suggested bud is mirely

DIFEICLLTEs 1y O1ERATION

The etect
Leep 1t m( rfrdwmp,"r outfit necds but hide wenton to
camera lno?m pelr runnming order heepumg the ume wheel and
Yy honerer :" ed 15 about all that s ta be done Qccaston
1w Yocate the m:n:blc will develop and at is well to knaw hos
st common catses so
pn;,(nm\) Pt 1 order that the apparatus cm bie
o trng 1
the pat

‘knmtdasu;ua) by ‘hcp k|cnx 1t 15 found that the stning, 1 not

shin current and the electrocardiogram
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begns relunely slowly as does the T w wve, will not overshoot so
much and so will be rehtively less mcreased than the more
quichly deseloping waves Whn thus wrtafact s markedly present
the end of the T wase will also ovarshoot the zero and then
return toat, or tf 1 1s downward will curve tbove 1t formmng
m exaggerited U wive

The cse of tns overshooting is fairly well understood It does
not depend upon the slwckness of the strng for if the strng 1
left 1t the sume tension 15 1t the ume this ovashooting was ob
served when standardizing through the patient wd the two ends
of the lead wires uce short encuied by connecting thens together
the appheation of I nnthvolt m the avcut will cuse 1 move
ment of the stiing without sign of overshootng This wmosement
will now be much morc thn 1 em becawse of the low resistance
of the crcunt nlhicn the tho wires wie connected together IE the
knob for slufung the leads 1s turmed to 4 so that the resistince
R3 15 pliced m errcwt mstend of the patient 1t will be found tha
1 Frge resistmce must be used m this bank to bring the ¢veawr
sion of the stung resulisng fiom 1 nullinvolt to the sam size as the
deflection when the patent wis 1 the encurt It mught be 5000
ohms o1 more but the pphetion of 1+ mdlivole it R2 through
thiss resistmce will not cuse overshooting s 1t does through the
pitient though the tension of the stigz s resnuned undhnged
md the 1csistce of the cuamt 15 now 14 lugh 1s was the resist
mce of the paient

The cause of the overshootmy must he e the pannt 1 be
Beve that it s the vasomotor conditton 1 the shan under the
buduges for 1t 35t rare thing 1o find overshootmg when the
patiesit s exticsty 1s warm and common when it is cold fut
tharmote [ hne seen the ovetshooting disippent suddenly 1 the
cold extrenuty becune wum also weompruned by 1 chmge i
the shin current When using small lead plute electrodes wd the
COpPLY wine clectiodes deseribed by Stewart 1 have found over
shootng to occut less frcquently thin wihen usimg luge Camatt
alver clectiodes It ts vare 1o find st when usmg the modein small
plates and clectrode paste 1nd 1s sety rare when using twk elec
uodes It 1s aways found m 1 prent with cold (vsemuties
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the
objecst such 8¢ 3 it of wase oF watcht acrznfl dx\c 3}_";; ::)fh‘:t p;’
rear eosedpe (g 8y 3 ¥oaws the sliados I by spcans of
Saren the Hont mcroscape forward thote 14 mch by
St and hew wrew 3¢ back o i former
the focusng adjusmen s forus agan I the
pasitton so that 1be hiaden of the wire 15 3 . ; ol have
sing was stk 10 the objectine of this miCTonseoPe e of
Yieets dutordged by this process and will seappear i the C'f i !
il ¢ Mot scren the rear mucrascope backnard abous Y4 ;“; .
andk then forsssd 10 1ts former posttion <o shat the shad s ol the
wire 1 focus This wilt daslodge shie stong 2 21 was suck <o
the rear micro.cope Tht precaution toweintag te shados of
the wite 18 neces<ary 1o prevent each merosehpe bemy srened
ack past its proper position and agawst ibe viher one
I the stan fads 0 teappear after the abos e manipulatiuns of
the wucroscopes 1 15 enher swch to the sides of che she or 1s
braken Turn che string adjustinent wheed for three or four rever
tutsons 5o as to tighten e stng This may puif it free butsiag
does not now appeat 1 the arcle of light 1 will piobably be
tecessry to call upon the scrvices of a factory runed suechanic
or w wad the string cartier 10 the factory for adjustimens Wity
the nes er madels of the mstsament U sinng carfiags may be
tastly rermoved and replaced withour danger of Lreahang the
string 2ad thus will serte to free 3t of static ¢} 2 ges
The precauttons agunst sach sticking ol the sting e {1 y\eep
the sewsiance bow comacts Jdean and (2) never leme the gal
tamometer with the stiing unusally slackened that 15, so hat sx
woves more than 1 an per mallsvolt through 2000 ehms Wauk
the smalf modet of the Combridge msrument the stnng should
he left at such 2 tension that i ol deflect 1 em for 1 main oh
HIth NG cevistance m cirent
If we find that on tarakng in the current from Lead 1 thete 25
w0 Jelecuna ar the strong winle an furmng m ather of the
utlier teads there 1 a deflection the troul,
vons tath the pauer t 3 Lead 2
dead thien the trouble hies i the,
and ¥ and 0ot snso Lead
e 15 snside the sesstance
stng on wading maoiste

le hes 1t che cotnec
s oght and Leads § and 3 a5¢
wire which entess miuo Lerds |
that 28 the Yeft arm wire If the trou
Dox there nal) be no dellectson of the
ned fingers 1o Y inding posts of the



390 THE ELECTROCARDIOGRAM

test another lead to see sf that behaves sumlaly If no deflection
1s obtuned from iy of the led conmections turn the switch 10
contact 4 wnd 1ttempt to pass current through the sessstance cotls,
15 {or mewsunng the patent s resistance If no deflection 15 ob
tamed through the resistance coils, then the striug seself should
be tested by touching one mowstened finger up to exch of the
ternupals on the sting houwsmg The difference 1 potenual
between the two finger ups should cause the strng to jump If it
daes not then the string has ceased to conduct and must be
rephiced by 1 new one Obviously if the stiing does jump when
the ternunals are touched m this way wid s not moved during
the previous procedutes the troublc must Iie m the conneenons

1f the stung shows large very mynd regular vibrazons while
the dils of the resistance box are being turned 1t 1s due to dirt
between the conticts of the dinls This should be prompuly cor
rected for 1t may cruse the string to be thrown aganst and such
erther to the side of the slit i which 1t hes or to one of the
microscope objectnes so that ats shadow will not rppear m the
arcle of the hght

To clewm the cantacts of the wesistance didds open the boy wd
wipt the surfices with 1 fine ussue paper winle wining the
dials back and forth Do not use emcry as the fine gt 1envuns
wid mahes the contact worse rather than better

If the string suddenly disappears from the field of the uncw
scope whule the mstrument 15 beng nsed 1t may hue been due
to 1 sudden lrge sarition m the skan current Turn the protect
ing 1esistwce PR o INF d the strng should reapperr Moo
fuls to do so 3ts disapparnce 1s probabhy due o sts beng stuck
exther 1o the ymnioscope objectines ot ta the sde of thy shit Thas
wry be due to 1ts haung wequired 1 stine chrge from defectise
groundmg or to the above described result of duty contets 1o
the resistince boy To fiee the string wurn off the gihanometer
current and turn the protecung reststance to zeso which will
distribute any stite charge sall remunmg  Mpping the nucto
scopes gently with a lewd penal mav now dislodge the string 1f st
15 stuek to therm md s shadow will then verppear in ats proper
place m the arcle of light If dus does not suffice =t more com
phcamd procedure will he necessary Plice some thin opwpie
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wires of the two dead leads the protecting resistince beng turned
to 0 for cvample R4 wmd LA (Lexd 1) nd Rd and Ld (Lead 3)
might give no deflection even if Lead 2 1s funcuoning properly
1f tlus procedure gives 1 deflection of the string then the trouble
does not he i the resistince box but i the wires o the panent

AMILIFIER TUBE LI ECIROCARDIGCRAPH

Of 1ecent years with the dovclopment of the amplifier tube
3t hs become possible to record the electrocardiogram by means
of m instrument quite different w principle and m method of
operation from the string galvanometer Instead of recording the
hearts tiny current by mews of 1 very sensitive galvanometer
the curient hom the hent 1 greathy wnphfied so that 1 les
fragile mstrument with equal sensitsvaty of 1ts recordmng pant
cm be used In thiy new appirnus (Iig 98) the recordng ele
ment 1s a beam of hght reflected from a woving mursor Several
modcls of thus mstrument are on the warket the fust hving been
developed by the General Llecunie \ Ry Corporation m 1927

One of the man differcnees between the amplifier and string
types of electrocarchograph hres n the prinaple of 1ecording
The strang gahonometer 15 a current recording device wheres
the amphifits gype clectrocardsograph s a4 voltage recordng de
vice o the former the amount of current drawn froni the heart
1s rernvely farge bemng determined by the total resistwce of the
arcurt contuning the bods tesistance and the resistance of the
gab wometer string In the latter the current driwn trom the
paticnt 15 several hundred umes less being hmited by 1 very Iugh
resitance The amphifier type electiocardiogtph furmashes 2
dircct me s for recordmg heut potentials 3s contrasted with the
wdirect tacns provided by the stung galvinometer 1 herem hes
the mawm revson for the dufference m characteristies and method
of operstion of these two types of st ument

The amphﬁer type electrocardograph s ndependent of bods
resistace hence no 'td;usmlcms or precautions m TLOJY(I to this
reststance e necessary Lhis 1s brought 1bout by the fact that
the equpment has inserted mn the pitient s ¢srcing a resistance of
very hugh ohunic vilue When the body 1uststune of the pruent
which may vary from 1000 to 2000 olims s added the change ts
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relativedy so simall that it does not appreciably affect the total An
adjustmacnt of the sensitinaty of the msttument i accord with the
body resistance 15 therefore unnecessary

Compensition for shin potentinls 1s not requned and shin
voltages even of exceptiomally ugh magmtude cnot damage
the cquipment or caise 1 brcihage of the galvwnometer Should
the recording shadow be deflected by the shan soltage when the
p1tient 1s connected m the areust so that it disyppeus from the
cilsbration scale it wilt reappear alter ¢ wut of from 10 to 20
seconds 1md gradually come to yest 2t the pomt hiom winch 1t
started This gradual return of the shadow s due ta the presence
of condensers i the amphifying arcuit which do not muntun
the deflection resulting from the umpression of 1 constant voltage
such as the shin potantind or the nullnolt used for stindardiza
tion

Thius wnsteaunent 1s so free from the overshootng due to the
capaciiine effect of the pattent s shin wcting ke 4 leaky con
denser The umount of pvershooting 1s depondent on the current
tahen by the mstrument  Smce this 1 severa] hundied times less
than that tiken by the sinng gnhvmometer such overshootng 18
proporuonately smaller

Exactness of recording of heart s cunrent Tigure gg A s a con
tol cury e of an cirly model of the Victor T lectrocsrdiogrph md
shows the deflection of 1 em resulung fiom the mtroduction of
1 mulhvolt dufference of potentl i the cucust of the gilvanom
cter Tt wall be seen that 1s soon 1s the deflection reaches 1ts peah
there begms 1 slow retumn toward the basehwe This deflection
recedes 0 8% mm 1 the first 020 second after the mntial yjump
The retain to the basehme tikes the fonm of 1 curve so that the
complete return to zero tikes 2lmost § seconds In recont models
of amplifier tube smstriments n attempt has been made to chm
mate the po.ssxbxhly of error inherent m this decay of the mtial
deflectionr Spectal wiiny methods have 1ltesed the constants of
the appwatus so that the curve of decry tollowmg the mtroduc
tion of 1 constant canrent 1s very newrly strught durng the first
0 16 second alter the deflecion has reached ats peak as is seenn
Tigure gg » The decny of the dellection then tikes phice with
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i Records v coni) cunes of ampllier twbe elecotanhiograrh

A Conte | oure 140 ety wodtl of b Lo Electacardogragh mowing
debiectiom vsuling f10m the mitodutnion of 1 milnoly posential difference ws
chie curcuit € e gal anometer Tte defloction sery Quickly reachty 15 geah and
mmed ately stz 2 slow telum toward the Lasthine which w does pot teack
By almost § seeo Qs

& Cortrol tur e of an yostrument of modere design \ote thay afier die de
Hecan 15 complerad ¢ temarms almost lesel for abopt U156 sécond (efore Martmng
10 rerurn (@ \he bascline The decay then :hcs place more rapally bowg tom
pleted 1o 185 scegnds

€V simar control carve wid the Sandborn mstTument In this cune the
tlecay % not romglered uned 25 scconds after the wmunal deflernon As i 1ewrd 8

tesin of the decas w delayed Tor 016 second so DAL The (une 18 pracutady
stragl duning Uy Uine

0 show 3 rewurn of the deflection o zero n TLsponse to d con
stantly mamtained potential was a source of some apprehension

to the users of thus type. of apparatus for fem that 1y mght result
w0 3 distortion of such p of the ectracard

ji4 A main
tamed a level or approxumately fevel deflection Such electrocas
shograms ave extremely rare but one may be seen 10 Figlte 100
which shows zbout the manmam degree of distornon what coyld
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relattvely so small tht 1t does not appreciably ~fect the total \n
adjustment of the sensitivaty of the mstrument s accord with the
body reststance is therefore unneccssary

Compensation for skin potentrads 15 not requued and shin
voltages even of exceptionlly igh migmitude cinnot dwnge
the equipmcent or cause ¢ brexhage of the grhwometer Should
the recording shadow be deflected by the skin voltage when the
patient 15 connceted in the arcuu, so that 3t disyppes from the
caltbiatzon scale 1t Wil rerppear after 1 wast of from 10 to 20
seconds nd griduilly come to rest 3t the pomt from which st
started This gradual return of the shadow 15 due to the presence
of condensers i the mplifying arcust which do not muntam
the deflection resulting from the nmpression of 1 constint voltage
such as the shin potenunl or the mullivolt used for standwdiza
tion

Thus mstrumient 1s 1lso free from the overshovtng due to the
cipiatatne effect of the patent s shin acting hike  leaky con
denser The mount of os crshooting 1s dependent on the current
tiken by the mstrument Since this 1s severa) hundied tunes less
than that taken by the string galyanomcter such overshooting is
proportzomitely smaller

Lxactaness of recording of heart s c1psesit Figure g9 A s 1 con
trol curve of M1 enly mode! of the Victor Liectrocardiogiiph and
shons the deflection of 1 cm resultng hom the mtroduction of
1 millnolt difference of potentil i the circunt of the glvanom
cter It w13l be seen that 15 soon 1s the deflechion 1eaches its peak
there begws a slow return towud the baseline This deflection
recedes 0 8% mm 1 the fiist 020 second fter the st} jump
The return to the baselime takes the form of 1 curyve so that the
complete 1etun o zero tikes Almost § seconds In recent models
of amplaficy tube mstruments w attempt hs been made to tlim
nate the passxbzhly of crror mherent w thas decyy of the sl
deflccion Specal wirtng methods have altered the constnts of
the 1ppIruius so that the cusve aof dec v followng the itroduc
tion of @ constant cuirent 1s very neardy st ught dunmng the first
0 16 sceond after the deflcction his rerched ws peak s 1s sceran
Figme 99 B The deew of the deflection then takes phie with
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Ton ard Sogh frequencies wathout Mafsficant Amozzmn, The
acsunr tubes are siandard vadio whes bugt especatly sdected
and tatched 1 sets They bhase a seasonably Jung hife vt e
easily seplacenble

35r{’\e ;mtr for operating the pifer w pravded Uy diy
batterses Yoated 10 the pouner compartinene of the umy The
sitnsaens can therefore be apirsted mynlere sk pendent of
commercial Qtectnical wpply The twa A bateries supply the
Pouer for hghtng the M xmerts of she vacuma whes and he
gahangracter hamp The thiee B bstenes provide soltages for
the plue arcure of the tabes The yid baas 1s dernved from the

soltage may be checheg at amy tyne

A filament congrot reguiates the volage wnpresset across the
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be encountered Figure 300 a 15 Lead 3 zihen with 3 string
gihanomcter The 5 T segment of thus record 15 more negtly
strught and hotwants thep anv ather wiich has beers observed

T

|
i

- ’LL( i )\151113.14 dggetes o e

hnimn il

B

T, 100 Two tecords by Lead 3 af the <ame patient o ffustine the deformuy
of the clectrocardiogram e ultng Hhow the decay of 1+ mamtamed potential

A& Record nmtade with 2 stzing, gaby momuter

B heeard moade with ap easly moded ¢f the Vidor Flecnorardiogiaph Y very
shght duffarence 1 i fisst phase of the 1 wine may be obrenned that n record
B Dbeing sowewiar nore mchined ovard the baseline than m record A where
there 33 3 Bittle more i et Sl a1 the bepmumg of the deficction winch
rerurns the 8§ osegmem 1o the Laselhne

[1gure 100 3 shows 2 1ecotd of the sune pattent mnde at the sant
tunie without ramose g the electrodes but using an old model of
the Victor Licctrorrdiogriph mnde before the arant was modi
fied s0 16 to raxmd the fivst portion of the curve of decay It wid
be seen that the ST segmant achnes downward from the junc
tion shghtly more than docs the corresponding portion of record
100 A Leads 1 and 2 of this pavant showed no differences i the
form of the tures obtuncd weth the two instruents No distor
ton of the usud 1 wae would occar becwse dhieze 1s no section
of tt which muntains 2 cohstane dellection The newer models
¢ hias been pownted outr have correcied even tlus source of posn
ble eiror

In the prescut mudet of the Generat Flectric Gompany $ shistr
ment the wunplifier 1 esscnually a three stage resistance coupled
yype especally designed to meet the ueeds of clectrocirdio
griphic work and capable of recordng heart potcntials of both
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lon and fugh frequencies withont sigmbicant distortion  The
s.cuwm tubes are stndard 1adio tubes but especiatly sclucted
and matched 1 sets They have a reasonibly tung hife wd are
easly replaceable
The power for opertung the amphfier 15 provided by dry
ba teries located n the power compartment of the wmt The
mitrument can therefore be operated amythere mdependent of
comuerctsl electsical supply The two A batienies supply the
power for lighung the flaments of the vacuum tubes nd the
sshanometer lamp The three 1§ barteries provsde soltages for
the plate cnowe of the tabes The grid buas 15 derived {rom the
o G bastery cells Battery hife 1s reasomably long and ther
replacement 15 simple and mexpensine L baftery test penmis
Connecting each group of batterzes ta the voltmeter so that their
voltage 1ay be checked ar any time
A filament control tegulates the xolta e wmpsessed across the
flament of the v scunm tubg and m conjunction with a calibrated
voltmeter permics mwntasmng the 3olage at a certay constant
value Thus 1oltae 15 also mnpressed across the standardizanion
cteuit shen the standardization swatch 1s accusted The caremt
‘:“;15[5 of tho reststarices of such value and so arranged that one
ilivolt can be obtained and umpressed on the mput side of the

asiphmer for calibration purposes Yo obtatn esacrly one mih
Y s nccessary 1o adyust the filament cortrol so that the volt
gl)eter needle ss exacdy on the calibranon fme Tt 15 best to test

;‘slzndqrdlzauon with the lead selectar on posion S on
:anir:‘liazmem is shortciicuited IF 1 15 desred to record
e the St;m;ﬂ :lm pattent s leads all that 1s necessary 15 to oper
fead 1o m:r 12ation switch 1 the comse of recording each
cansany §y gn;uds of the standsrdirstion deflection remans
Tests opy tbece;b a tracangs or a5 long a5 the voltmeter needle
the flameny :a‘ ‘m;w: e If the ncedle drops below thus Ime
posttion ntrof shonld be 1djusted to bnngat to the gnal

Fhe ga
o smafl 1::101’16!21 COTNSES Of Bwo Cols of very fine 1ire wound
am\zmm;,\mm spoals 2 phesphor browse mibbon tron \ine
o e “e S::rmr The nbbon 15 suspended at 2 defismte ten
® 1o
cals Which are facing gach other and are
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shightly sepirated A smalt iron vane 15 fastened on one side of
the ribbon and the concive murror on the other The wirior 1
frcmg the window through winch the bewn of hyght enters the
gihvaometer The couls and ribbon a1e mounted 1 one assam
bly and immersed 11 special dynping o1l Lach gahanometer 1s
tested 1ndividually for deflection time magmtude of vesponse
dimping and other chracieristics The entire galy mometer 5
hermetseally sealed, remamng fined m ats adjustment mdefi
nitely 1nd not requining any sttesntion

The heart potentials after bemy, amphficd pass through the
galvanometer couls, sctung up a magnetic field which m conjunc
uon with the fixed field provided by a permanent mignet
mounted owmtside of the grlvinometer icts upon the ron vane
nd causes 1t to turiy one way ot the other depending upon the
flow of cunient thiough the cods The mmount of thsting or
tarmmng of the wron vane even for the tallest heart deflections 1
very small not exceeding 10 degrees ¢ach way

£ he optical system 1s designed to provide a consventional white
tricing on 1 dwk background The light source 1s a concentrited
fitament lamp mounted m « case The powes for hghung the
Lunp s derned from the A batteyies The hght 1s 2lloned to pass
out thiough a smull circular hole 1n the cise It s then reflected
by a martor passed through = par of condensing lenses before
fallng upon the galvanometer mumios A stecl pa 15 mounted
between the condensing lenses and the grhanomcter and 1ts
shadow trices the heart record on the piper and 1dso appens m
the calibrion window The hght reflected from the giha
nometes nurror falls on 1 nunor smmediatehy below the cunera
operung  pusses through a oylmducal lens mounted m the
camera and reaches the sensuise paper A portion of the reflected
hight 15 mtercepted by another murror which reflects it upward to
the caltbration windos 1ncotporaung 1 ground ghss scale grd
nated 1 5 mm steps Thus ssndow pernuts the operitor to ob
senve 1t any time the movements of the shadow from the
galvanometer

No adjustment of the opticil sustewn 1s necessuy  evcepting
that of the galsinameter lamp when tt 1s repliced Due to the fact
that the filaments m these lamps do not all occupy exactly the
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same posItion 1t 18 ecessary to adjust the lamp by roaung ‘ll “;‘3
moving 1t up and down W gyder o obtaur an lumnated fie
25 brught and as evenly distributed as possible on the camen
murror and on the cahbration window
A beam djustment 1s provided to enable the operator to have
contro! of the posiwon of the gal\ IndMeLeT IITOT Tlus adye L
mounted on the
by geanng that
. ie beam contiol
Lnob The rotation of the maguet acs upon the 1von vanc i the
gal\:momclcr and causes 1t to moyve i unison thus pcrlm(lmg
centening the shadow on the calibrition scale
Difficulty which mght arise from the pich up by the patient af
alternating current fields 15 solved by the 1nterference suppressor
The suppressor 15 so connected 1 the crcwt that the inmerference
tnduced in the patient 1s counteracted by that picked up by the
ground cord of the suppressor
A spring motor drnves the photographic paper m e camera
as well as the tme markin, device s a precision motor and 1s
s0 construted that 1t will maimtain a constant speed {= 1 pef
cent) on heing, wound for a 2o foot run of paper The motor
speed can be checled at any tune the operitor may care to 4o so
by means of 2 stoboscoprc dise and a neon glow bulb prov wded
or by simply determiming the ume 1t takes 2 marked scile to
make a certain number of revolunons
The camera 1s arranged so as 1o be removable from the unit
and has a capacity of %0 feer of paper at one loadm, The paper
15 coated with hyomde emudsion and has 1 width of 40 mm The
:;::“::C:\pl;::; can be removed at any time without disturbing
1])‘)“3“15 - pl(:‘ffl(m: \l footage mdicator on the panel of the
e orms the operator of the amount of paper
e lﬂ\:lhs the camera and aids i obtammmg tracings of de
‘\‘:;’;):l/;:":f:i'::; of ulprmlmn The followtny, brief descripuion
H hl:dl the e;:cll “K‘ f OprALIR e cduipment
tance are not neccs
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sary The paticnts cord lewds ue properly labeled and color
coded

2 Phe the lewd sclector switch on posiion § Thus auto-
muclly short cireunts the pruent fiom the apparatus and makes
the wstrument ready for cilibration

3 Remove the mun swuch plug from off  receptacle wd m
sert 1t wto the on receptacle Thus turns on the wure p
pnatus

I Allow about 10 seconds for the equipment to stibihize This
1$ necessary to gne ume for the condensers of the amphfier to
charge md for the vacuum tubes 1o reach a sterdy state When
the appuatus 1s stable the shidow should hive appesred on the
calibritton window nd hne become stationry

5 Press down the standardiziuon switch and note the deflec
tion of the shidow on the calibrition window Adjust the senst
tivity control until the deflection 1s 1 em Once set 1t wall remun
constant as long, 1s the volumeter necdle 15 on the cilibration
Ine If the volige drops adjust the posution of the filunent
control swntch to bung the voluneter necdle on the hne

6 Start the spung motor by tmmng the motor kuch Tius
causes the paper to move 1t the speed of 25 mm per second

7 Momentiridy press the stmdardization swich  [lis mihes
1 record of the stwndardization on the piper If the stndardiza
uon record s desired on the lewds press the swatch m the course
of recovding of each lead

8 Stop the spring motor

9 Turn the lead selector to Terd 1 Wt for the shadow to
come back mto view on the cihibrison scle which may tike
from 5§ to 20 seconds The hewt acuon may new be obsersed
Center the shadow excurstons with respect to the center hne i
the cilibriuon scile by mews of the beum connol

10 Start the spring motor and allow s much pper 15 desiced
to be exposed  The amount of 1ecmd exposed will be shown by
the footage indicator

11 Stop the spung motor Turn the lead sclector to Lexd 2
Duplictte action as with Lead 1

12 The other feads e tahen m an analogous mannes

13 Turn off the power from the appirtus
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4 Remose the camera o the darktoom for daseloptent of
the record

Sources of difficulty The operition of amphifier tudie mistrs
ments 35 remarkably susple and free (rom techimer] difficattes
auang o the fact 1hat there 15 no trouble from the patients 1e
sance and thit compensation i sandardizauon need not be
pecformed with each Yead Tn the magarity of cas however the
aats of compensation and standardization of the stiing galsa
Rometer do ot 1ake fonger than 1 consumed v wastsug (or the
stadoss of the amphifies tube INSIFIBENY 1o Lotme W st at Zeto
Careless aperation of the mstrunent does not howerer leag o
any happcnmg comparable 1o he breahang of a stnog i the
Enthoren elecuocammgmph

Thete 13 ope {ettiire

1 some models which witl at times be &
handicap 1n he cltmcal

use af the sustrument This s the ela
cording film or pa per I tts width 1 Jesy
occastonally meet with yecords s0ing a

€ Proportionate sie of the V¥ I0US excur

wns
The chief souree of trouble wih amplifier whe mstrumengs
antses from the PPEATante of vibravons of the beam of highy
whieh oecyy mciepcndendy of the heart and are usually due o
bad conuyers somesltere w the epeuyt The most frequent ana
0 of this 15 1 g connecttons of the batecrses and ar frmies

B the imnperpq) Structure of the battery yuseif Occanon:llls the
€oltacts of 1he batteries vl becor
hould be testeq
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suy The puwnts cord leads ase properly labeled wnd color
coded

2 Phee the lead sdector switch on postuon S This auto
mtically short encuits the piuent 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 enure ap
parius

+ Allow about 10 seconds for the equipment to stabihze This
1§ necessiry Lo gine ume {or the condensers of the amphfier to
charge and for the v waum wbes o reach 1 steady state When
the apparstus ss stable the shadow should have 1ppeared on the
calibrition window ind hve become staton vy

5 Tiess down the stindwdizition swach mnd note the deflec
tion of the shidow on the calibiation wimdow Adjust the senst
tivity control until the deflection 1s 1 cin Once set 1t will reman
constant s long s the voluneter needle 1s on the cabibration
tine If the voltage drops djust the posstion of the filament
control switch to bring the voluncter needle on the hne

6 Start the sprng motor by turning the motor hnob Thus
cruses the paper to mote 1t the speed of 25 mm per second

7 Momently press the stmdardizaton swueh  This makes
a record of the stindirdization on the paper If the stwdardizz
tion record 1s desired on the leads press the switch n the course
of recording of erch lend

8 Stop the spring motor

9 Turn the lead sddector to Tead 1 Want for the shhdow to
come back mto siew on the ealibrtion scile which mu tike
from 5 to 20 seconds The heart action mry now be obsersed
Center the shadow excursions with 1espect to the center line
the ¢ilibration scile by mews of the beun contiol

10 Start the sprimg motor nd allow s much paper as desired
to be exposed The umount of 1ccord exposed will be shown by
the footage mdicator

11 Stop the spring motor Turn the lead selector 10 Lead 2
Duplicite 1cuon 25w tthiewd]

12 The other leids wre tahen i an wlogous mwnner

13 Turn off the power from the yppuntus
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one should be able to select the nstrument best wdapted 1o the
purpows moew

BIBLIOGRAPHA
Emthoven W and Biytel ] Ucber | durchi dens Blichen
horper Pflugers drch 198 439 1923
Hermann G R and Wilson F N\ new elecirode lor chmical and expent
mental electrocardiography 4m Heart J 1111 1923
Jenks ] Lo Jr g Grastiel A A mew nd simple method of a\mdmg Tugh

reastance and overshooting 1 talang standardized elec
4m Heart | 10693 1932
Pardee H E B An error in the ¢l \l anyng w the appl

of the elecirodes irch Int Mled 20 lﬁl 1917
Pardee H E. B Concerning the electvodes used clectrocardiography
4m ] Physial 4480 1917
Schwarzechld M and Jussin M The effect of condensers m the clectron
rdiograph £ Heart | 9217 193¢



402 THE ELLCTROCARDIOGRAM

which myht occasionally lead to error 15 m the method of pro
ducing the verucal tme hnes Because the rottor which causcs
these Jmes 35 2un fiom the sume spung motor 1 s the phota
sraphic paper it lollows tha if the paper slows shghedy the ume
Binres will stdl contimue to oreur 1 the same distance apare on the
piper though these distances now mduate longer miers s of
vme The reverse of thss wall occur of the paper speeds up Itas
true that stich v rruons an the speed of the paper 1aely ocur
1 the cowse of the tihing of 2 record but experience has shown
that 1t does happen occasionally If the change 1 speed of the
photographic paper 1s sufficient to ciuse an observable change m
the meensity of the osposure then there will be seen 1 darker or
1 lighter portion of the record depending upon whether the
paper 1s runnng slower or Dister thw the seandard 1E the prjer
should run unidormiy slow or uutformly fist thnoughout the
record s would not be suspected Al such mstruments have
provisions for chechang the speed of the pipet and also the speed
of the tme wheet but unless this choching 1s done frequently one
might s M occasiontd period of defcctive operaton of the
mstrument

In most sting grlvanometers the tmmg 1 cifected by a wheel
which 1s dlectneally controlled mdependently of the movenunt
of the photoprphic papu so that should the paper vary n speed
the shadows of the spokcs of the nme whedd wil} sull represent
the sunc mntenval of tune

In regud to the sensitavity or the abahity 1o makt M exact rét
ord aof the electrocirarogram there 35 at present no difference
between the stnng and the tube gilvanameter This mattes need
not be considered m makmg 1 chowce  Tactors which mast be
takenr imto account for hospuat work ate the question of rugged
construction the ease of mrrhing vecords for wdenuhicanon the
mobthity of the apparatus wid the abilits to taike @ number of
records withotit ranoviny the caman box For office wmd con
sultation work on the other hand poyeability s an unportmnt
feature 1 15 also 1 rugged consttuction w hach will wahstand the
yus of carvying sbout Onc should also tihe snto account whether
or nat there will be a need to ke records where there is ot an
available alternaning current With these gualifications i wund
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one should be able to select the mstrument best wdapted 1o 1he
purposes in Miew
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which might accsianlly laad o error 1s m the method of pro
ducing the vauctt ume hues Becuse the rot nor which causes
these fmes o ran from the sune spring motor w15 the photo
graphuc prper 3t folfows that sf the paper slows shightdy the ume
fines will stalf continue to occur it the same distance apart on the
pwer although these distances now mdicue Jonger mtcnals of
ume Fhe revense of tus will oceur af the paper speeds up It
true that such vainations m the speed of the papat rarely occur
1 the course of the tihing of a recond but expertence his shown
tt it does happen oceastonadly If the change m speed of the
photogriphic papur s safficant to cause an observable chunge m
the mtensity of the csposure thesn there will be scen 1 duker ot
t bighter poruon of the vecord dependimg upon whethey the
paper is rumung slower or faster than the stndnd JE the paper
should 1un wuformly stow or umformly fist thioughour the
1ccard  this would not be suspected Al such mstiuments hiave
provisions for checking the speed of the paper md also the speed
of the ame whed but undess this cheching 1s done frequently one
mught miss w ocewsoml pened of defective operation of the
mstrnent

In most string gabometus the uming ss effected by 1 wheel
which s electrecally controtiea wdependently of the movement
of the photogiapluc paper so thnt should the pipor wary 1 speed
the shadows ot the spohes of the vme wheed wall sull reprosent
the sune mtenal of nme

In regnd to the sensitsesty or the ity to make a enact 1ec
ord of the elcctrocwrdiogrun there v at present no difference
between the string and the tube galvapomcta This mawter need
not be connidercd m mnbing a dhotee Tictors which mus be
takett mto tccount {oy hospital work me the guestion of rugged
construction the eise of marling reeards for denuficwon the
mobihty of the ppuatus md the Wbty to tihe a pumbir of
records without remaving the cuners bow Yor office wnd con
sultation work on the other hnd portibility 1s wn nmportmt
featttre 13 15 abso 2 1uyged conustrucuon which will wathsemd the
ars of carrying about One should 1lso take mto weonnt whether
or not there will be a siced 10 t1ke records where there 15 not it
avulable alternating current Wath these quahificitions m mand
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ane should be able to select the istrument best whpted o the
purpuscs nview
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APPENDIN 1

{ AND
THE DETERMINATION OF THE DIRECTION /
THE MANIIEST VALUE Ot THE VECTORS OF
THE ELECIROCARDIOGRAM

I\ THOI EN S tables for the determination of the direction
E within the heart of any current recorded by the three
standard leads These directions refer only to the frontal planc
50 that cutrents which hie m other planes are onfy represented as
they affect the frontal planc

One wmust first make certamy that the deflections weasuted m
the three leads represent synchronous points of the elecirocardio
zam for otherwise the deflecuions will sot be duc to the sunc
current withun the heart This can often be nppm\un:ucd by an
mspecuion of the record measuring with a magutfymy, glass the
distance from the beanning or ending of same sharp deflection
suchas @ R or § 1f we are measuning, defiections which sepre

sent the same current within the heart they will be found o fulfil
very closely the formula

Value Lead 1 4 value Lead 3 = value Lead 2

If they do not approstnate thus formula they do not anse from
the same curtent within the heart

The dirccuon of any current within the heart 1s expressed m
relanon to the horizontal the 180° below the horzontal being
considered positine (4) and the 180 above the horizontal nega
twe {—) The drccion 0 1s horizontally to the patients left
and +190 horontally to the patients night (Fi, 21) Table
N s the most sausfactory for ordimary wse but Table \11 shows
rather graphically the reaiprocal sanation of the lead values with
thangm,, direction of the vectars

To use Table N the recorded potenual 15 determined by
measunn,, the height of the wave at the same pme mstant m

407
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each lead The value of the smallest Jead 15 then made propor
uonal to a value of 10 for the largest lead by substituting the
measured values in the formula

Valuc largestlead 10 value smallestlead

Thustileadl =+ 32 lead 2=+ 125 Lead 3 =+ 93 then
the formula would be

125 10 32« (323000 therefore x = 256

We now refer 1o Table \I1 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 7

1 115 desired 1o locate the angle with greater exactness than
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this che value of the smallest deflection 256 mm m ths case
rst be locited 1 cofumn B of the Supplementary Tible Lach
scerton of thn table will be found appropmnte 1o fll m the gap
between certun figures of the mumn wble though sometmes 1
must be mserted thw 1s rewd from below upward i order w0
do so The Supplumentay Table mndictes the angle 10 be 2dded
to the smaler value obtumed fiom the mam table esther m
columit A o1 column & depanding upon shether or not the
figures 1n the Supplementary Table must be read dosnnand or
upward 1o have them ke their phice batween the figures of the
nrun tible If read from above downward the angle 1s 10 be
found i cofumn % f trom below upu wd the 'mgle 15 to be
found w column G

In column B of the Supplementary Table the newrest value to
+2 5615 42 5 which 1s found m Scetion 2 This section must be
mmverted 1ead upwords 1 order to fit o ats Appropriate plice
m Table M so that the supplanentary angle s 1o be found m
cofin C and 1s 62 This angle 1s to be tdded to the bane 70°
obtunecd from the mun tible malimyg 76° winch s the enact
angle to produce 1 vortor with the deignated r1eoded vilues
(=32 ¢2=125c3=03

Shonbd we wish to determme the mansfest potentral (L) tha
15 the hypothetscal potennal which would give rise to such lead
excursions we use the fiyure for manifest potentidl found m
columat D of the Supplementin Tible oppusite the ngle ob
tuned fiom this tible In thus case the figwie i Section 2 oppostie
6 15 10§ Thisis the manfest potenul for 2 mrammn excur
sion of 10 mm so that for the 1 id vitucs wih which we srted
thus fiure must be changed According to the formult

104 10 x 125(‘91‘;“)’25=x)dmrm“13

Ths 1s the potential (Fm) shich would give the Jerd e tsions
we hive measuied if 1ts diecuon were 56° and there were no
shott cncutang withun the bods

1t 15 wclf to emphasize 1y bord thae the mantfest value doces
not ncewfly oxast Wathm the hene thae e wy one nstant

many potentt dds 1w mwny diffuent directions The sum of Wl
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= =12
Agan o the valuesaree 1= ge2=—1¢ed

(‘_l‘_‘l‘) ~333
12

the homrontal Tie wilt be opposite 3 32 and the verucal uﬂ:“ll]\:;
will be under € 3 = ~10 (the Jead of the largest vilue) ul
column headed by 2 {the lead of mallest salue) The angle s
—197 101 thus cse

™ a1 e mneh quicker to use than 3s Table \IT for 1t docs

sle \11 15 1ls0 very
siple for the figure m the column unoer E10 the second
columnt which lies on the same hine as the an,le obtamed s to be
used just as was the simlar figure obtaned from the s\\pp\c
wentary table of Table NJJ The Jargest recorded atue m the
leads 15 phiced 1n the formula F10 10 N\ largest aalue For
the first example abore the mamfest potential would be 1616
and lor the second example 1t wonld be 1224
Carter Richter and Creene hase devsed a chart which 1s re
produced n Figure 101 for the graphic determination of the
angle ¢ using the values actually measured 1n the three leads In
order to use thus chart to deternune the an,le the values for exch
fead are measured or one may be approsimated as hias been suy,
gested so that they fulfill Einthoven s formult The values mens
ured 1n two of the leads are counted off from the center of that
lead (0) m exther the positine or neatne direcion dependin,
upon whether 1t 1s an upward or downward deflecion The lines
perpendicular 1o the sde of the angle from the pomts meas.
ured off on the lcads in question are followed 1n to thesr nter
ection and 4 dot miade a1 this point A hine the radius drwn
from the center of the arcle through this pont should be pro
jected to the aircumference of the aircle surrounding the tnan,le
and the angle ¢ will he read off upon thas w degrees with the
corresponding negatine or positive value mdicated As an ex
wmple if the vifue of Lead | = 49 Lead 2 = 416 Lead 3 = 47
the witersection of + 9 measured upon Lead 1 and +7 upon Lead
3 at the porne ndicated by 1 dot. the line projected from the

cemer through dus dot can be seen to

strihe the periphery of the
crdde at +35 5° whach 15 the angle a for such deflections Agun
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these 1s a certam potenttal having a cerinn direction, and this
potential, reduced by short arcutting within the body gives rise
1o the excursions 1 the leads The mamiest potential has a value
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 within the heawt would be the suue 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 if the targest deflccuon isa 4 salue m Lead 1 othever
tical column would be under ¢ 1 = 10 either m the column
headed by 21t the smatlest deflection were found i Lead 2 or 1
the column headed by 3 af the smallest deflection wete found n
Lead 3 If the Ingest deflection were a — yvilue n Lead 2 the
yertical column would be under ¢ 2 = —~10 erther i the column
headed by 1 1f the smallest deflection were found m Lead Lorw
the column hexded by 3 f the emallest deflectton weve i Lead 3

Tor esunple of the values m the lends were

el =G o2 =11 £3 = -6
then by apphvng the 1bove fornut to the suilest wnd the largest
vatues we obtatu

((,x 10y
16

375

The 1ngle 1s therefore found on the horizontd hine opposite 378
which figure 15 the nearest 10 375 Swnce the Tugest value wis !
4 valuem Lead ) the vertical column will be under ¢ 1 = + 10
and since the smallest snlue was m Lead 3 the particulr column
Wil be under 3 The mgle i this case 1s 82
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b the values e Lewd | o= 5 Lead 2 = L5 lead ¥ = +14
them 1t the junction of 5 from Lewd 1 wd 410 from L ead 31
dot di1s been made md the radius of the arcle pusig through
ths dot 1cches the pertphiery at 120° which ss the ngle o o
these vilues Sgam af the vitues ne Lewd 1 == +1) Lewd 2 =
—1 Letd § = —16 2 the mtersection of 4 projcction fiom +ih
i Lead Tand —16 210 Lead 3 18 shown by a dot and the radis
of the arele pusang through this dot 1esches the penphery 1t
~33° which 1 the angle a for these values

The mantjest valye Lm may be deternuned from dus chatt
afo if the distuace of the pont of mtersecuon of the lexd
1afucs from the center of the cucle be mesured off aloug wuy
hine prlicd to 1 lead The distince fom the center of the arcle
to the dot wineh give the wgle 55 50 1f measured along the hon
zontyf pirallel to Lead b gives Dm = 4 16 2 The distmce from
the center of the arcle to the dot which gives the angle of 120°f
measured atong the horzontad paalied to Lew T gives b= 410
and dsstinee from the ceater to the dot whieh gave the mgle 33°
if measured 1long the same horzoptal gnes Fm = 418 Ovmy o
the 1cfraely small difference between the ilue recorded m the
lead ad the mamfest value 1t 1s not 3 exact to detemme thas
from the chart as 1t would be from Table \IIT

Drewarde s chart A chag has been doysed by Dr TR
Dieuude (F1g 102) which 1bso llows the detenmnauon of the
mgle @ by using the wtual values recorded mothe Jods T
exact to within 3 or 2 degrees which s wedl within the humis of
ertot of the mersuremients of thic w 1ves w the kads Tn using tus
churt the meisured s dues may be applied direcdy s folluns
The me of sero for ead 1 15 the borzontal hine m the centur ol
tic vt marked o 1 Posttne salues e 1o be mc wured oft
abote thius mid negrane values bedow  The lime tepicsenting @0
for 1cadd 2 1s the vatial e w the coner of the de Libeled
¢ 2 Posatne vilues are 1o be measured o the riht of ths fiega
tave values to the left

Suppose the vilues m the leads were ¢ 1= 16 e 2 = 10 nd
¢ 3 = —6 Weshould then take the honzontd bne 16 md fol
fow 3t Actoss untd 1t mterseas wath the vertwal line +10 This
potnt Is crossed by 1 a1dius mdicatng + 10 s the angle Tsis
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1o be compared with 82 which was obmned w the shase e
ple Mustraung the nse of Table \UL on page 11 When 1 safue
of less than 9 15 to be dealt watli s lor example e | = $2 e =
125 ande 3= 93 1t 1 bewer 1o muinply the salues for e Lwd
£ 25y 2 Tlus will result t our measurements tibang phce m
the auter zone where the radit do not he sa dose together A
cordmgly for the above example ne find that the honaonnd e
64 (3% 2) mtersects the verticat e 23 {123 K 2} viry nesr
to the radtus -+72° Thes measurement 15 10 be compared with
the angle 76% derned from Table \H m 1o fuyoruon on
pze 403 dApmtel =8 el = ~4 anded = 12 we
will multphy 8 and —1{ by 2 and find that the horzonal hine
+16 for e 1 intersects the verncal bing ~8 for ¢ 2 very ner 10 he
wadius ~-50° This s 10 be compared with the value —35  wlach

s obtaned by the nse of Table \11 m the cxaniple ou poe
02

Drevasde also offers a comparatvely simple table for deter
g the mgswfest value (Ew) From the fact that

Emee_Je
wsa

hetias derned a table which follon s

Tase NV

THF VATLE OF ~1_
s

Tads ——.

28 *184 1 |
g W vwe oow a0 dusm | rse | oo
M 4+ 0002 55 125 174 o 06
” lml; CO1S 2 g ©w } 3§ 2o o a7
" s r‘%s:‘ %o‘(\}s (, 63 Wy | o239 ait
as 1 g g ) 4
kE i3 AL EY o at “ i3 4
[ |
2w tiss oo a hed l:; 33;
o7 [ o8s |
30 140 136 ou ® s
27
hes o iy % | | otss L 8 aty
u i i |
o I



2w

Jo 1uouR

aseows AW

fq oreador?

yeonP AW

10 yonzod

fue 30 ST

(z )3T perl put Nl Pl uy 01 cuo_au»u
—B_:u..zu am 10 wonRNP am FonnuitsdP 10y MEWD g aprenatd zot S11




APPENDIM 1 415

to be compared with 8% wlich was obtumed 1 the 2bove exam
ple ustraung the use of Table N1 on page 111 When a value
of less than 2 15 to be dealt with 1s for exumple ¢ 1=32c¢cl2=
125 ande 3 =93 it1s better to multiply the values for e | md
e2by 2 This will result 1n our measurements takin,, plce m
the outer zone where the radn do not lie so close toether Ac
cordingly for the above example we find that the horizontal Jine
64 (32X 2) ntersects the ertical hne 20 (120X 2) sery near
10 the radius +72° This measurement 1s 10 be compated w ith
the angle 76° derned from Table \11 m the tllustrition on
page 409 Aganifel =38 ¢ 2= —1 mded= —12 we
will muluply 8 and —4 by 2 and find that the horzontal hine
+16 for e 1 mtersects the serucal lne —8 for e 2 very near to the
radius —50  This 1s to be compared with the value —19° wiich
:: obtaned by the use of Table N1l in the exnmple on pigc
Dicuade also offers a comparatnvely simple table for deter
muung the manifest value (Em) From the fact that
Em=e—te
cos @
he has derived a table which follows

Taste XV
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To determine the mansfest value from this table the value of

Leid 1 should be multiphed by the figure whach represents L.

when the electrictd s has the direction indicted by the a;;:
alpha shown in the tvwo left hnd columns The vatues are gnen
at mtersals of 5 degrees with snterpalited +slucs for one degtee
wihich can be used if needed Suppose for example Lexd ! = 5

wd g = 465 degices Then ;-Oé_‘; = 237 which muluphed

by o gives 1185 the saluc of £ (For the mgle a = 490
degrees we cannot use Lead 1 as the factor beciuse ;D:—a is m
fimty  honee tn such cses the value i Tesd 3 15 used )

In uang either of these chats 1t 18 best to noid deshing with
sunifl salues 1t s better 1o muluply the whole series of figures
by two m order to obtun mesuring pomts firther spire This
s priacululy truc i using Drewude s chart which confines the
metstw ements o only two fods one of which mav have 1 quute
small defleetion The chut of Cuter Rachia md Cieene s per
haps the most sausfactory
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To determine the mamfest vatue from this table, the value of

Lewd 1 should be multiphed by the figute which represents
cos @

when the electizeal s his the duection mndicited by the gle
lph shown s the tho left hand cotumns The vilues ne gnen
2t mtenls of § degrecs with mitespolited safues for one degice
which can be nsed 1f needed Suppose for exmmple Lewd 1 =5
md a = 463 degrees Thea ;;):-a = 237 wlich muluplied
by 5 gives 1185 the \value of ' (Fuu the wgle o = +90
degrees we cmnot use Lowd 1 s the fctor becwse &%; 15
fimty hence m such cises the value m Tead 3 1s used )

In wsmy either of these chats s best to avord deabmg wath
smadl valucs 1t ss better 1o muluphy the whaole scries of hawes
by tvo m ardar to obtun mewsunn, pomnts futher pwt Ths
1s puticularly true i usiy Dreunde s chut winch eonfines the
mewsurements to onhy two leads one of which my have 1 quite
small deflection The chart of Carter Richter wd Greenc s per
haps the most swsficton
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METHOD OF FILING AND INDEAIN
ELECTROCARDIOGRAPHIC RECORDS

WING 0 their size and character the presc nayon x{z;)
O filmg of elecrocardiographic records presents \arwous < '
ficultaes 2 seersts worth winte for s yeason 10 geve ra detat
the mechod which was gradually evolied at the News York Hos
ital before 1942 and which fas Shven conssderable eesfaction
It embles one 1o find prompily the record of 1y Puicnt or
Pk out wath musanm effor A senles of elctracardiagraphic
reeotds showmn,, any pecuhanity which has been diagnostd sug
wdeved “The trree strrps Lead | §.cad 2 and Lead % are placed

M Diger face downward and fastened together on e hack with
adiicyne Liney tape Preor

rcial teads miay he placed m ordey
below fead 3 satting with the lead olaned farghest to the
right The Precordhal leads are fotded bebund the himb Jeads and
e se1 s theg placed m ardinary cardboird Folders s that Lead
1 hies at the top The name of pauent 1s wntten on the
UPper <dpe of the folder th

oD the lower flap Subsequ,
be placed serral order
Te00rd and date noted on
same pauent are Teadily fo

e patient mag
the nurnber of e

hr outside <o thay afy records of the

ind togcther Fal

and the tolder muge Ye

The tegal sye cardly,
betause the SR Unmh of s comaine)
sps of the tecord Without faldiyg b3,
the recard g been folded gecr o
At she pamy of folding Anoher Tedsgy
8 ahat g &ives space for 5 laegs. wumty

$19

replaced

0ard folder 9%y 1 mches way used

T enahild us to file Iong
28 heen found that v hun
Btuath cmchs ang tews
for usig 1y, long folder
T of g signals which
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we Jatar o be pheed along us edge It 1s possible, though 10
use the ordinry letter size folder md by usmg signals of the
sonallest size to find space for almost fifty diagnostic titles

A book 15 hept i which opposite the seral number of the
tecord 15 written the mme of the pitient the age the chncl
dignosis the blood puessure nd the amount of digitalis which
hid been gunen duting the two weeks mevious to tihng the
record Qunuine medication during the twenty four howrs pre
vious to the record 15 also noted  These are the fwts which the
physicstn who miterprets the record must huve m mmnd m odar
to make his 1eport s helpful 15 possible to the cimawm With
vut them the report will not 1evesl sis full usefulness

The rccompying table of dingnostic terms may be used
diagnosing the records o1 othets my be substituted 15 desued

DIAGNOSIS TABLE

Normal sinus thythm

a  Smus arrhythinua (R)

b Smnoaurtcular block (6)

r Sunple bradycardia {(p)

4 \entncular escape (W)
Premiature beats

a Auncular (o)

b Nodal {a)

¢ Veatmncular ()

d  Unusual prematuce beats {a}

Symple tachycasdha {»)

Paroaysmal tachycardia

a  Auncular ()

b Nodal (0}

¢ Ventricular (8)

Auncular flutter

a Faroxvsmal (g)

b Chromic (6)

Auncolar fibrilavon

4 Paroaysmal (v}

b Chronie (1)

Auvicatoventricular hicart block

al  Partial block prolonged conducuon ¢
2 larual block dropped beats /

1 Compiete black (8)

¢ This prolonged conduction mav be duc to digitals or diseasc of t

Normal A 'V condurhon ume

10 Rbythm undiagnosed (&)

11 P Wae

a Abnormally 1 ade {2}

b Notched (7}

¢ Voltage unusually large (w}

4 Volage unusually small (o)

N -

w

& v

-~

23

o)

he buadle

e
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¢ Unusual pecul anty (8)
re la trsion

4t

2 QRS Group

14
L

17
18
19
Y

22

w

4
5
%
El

28

a Abnormally wide (ﬂ)‘
ba Notched
bs Slurred [
be & s “oteyed and slusred
© Valtage unusually large ()
d Voluge unasually small (w)
Lnusual pecubianty of (0}
Rugh L axs deviauon of QRS {8)
1t 28 dessation of QRS (v}
Twae
a Prolonged (o}
b Notched (#)
¢ Vobtage unusuatly large (w)
4 \olt ge unusually smahl to)
e Laus ial pecubianty »
ce Lpusual volage of S T juptnon
£ T wa e shows effect of dignal s (r)
¢ Diphas ¢ Lead 1 (6}
b Dipha. ¢ Lead 2 (»)
Diphasic 1n Leads 1 and 2 (w)
T wa ¢ wroed downnard
a Lead 1 ()
b Lead 7 (8)
© Leads1and 2 (%)
d Coronary T ware (¢}
Bundle branch block (#)
Tnuaventncular block (w)
Neither right nor left axss de 1at on
o abnormal ty of entricular wa €5 10 suggest myocardial discase
This T wa ¢ bnormal ty may be due (0 dig talis or to disease of the  entncu
tar muscle
a P abatly the fo mer
b 1 gbatly 1he latter
These abnormal tiea indicate diseas of the entr cular muscle
ind aung disc scaf ent (cular muscie
Ind caung poo funct onal condit on of the musele
The wa ¢ are deformed by the presente of high skir resstance
The ute pr ration of this record 1 umat sfaciory die 1o diptalls patient has
e d
Of doubiful sgmficance
Ofno lm ) gmcance

it will be found that by combining the numbers of these diag
hoses with a very few words 1t will be possible o make a saus
factory report of any electrocardiogram  These diagnosts num
bers are writen by the physician m the book under the patient s
nune and sersal number About # nches of cach fead 1 torn oft
\‘m\ the seval number and the number of the lead marked on
the

bl In order that the secretary my hnow wluch way to
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mouwnt the preces of the record 1t his been found swsfactory to
turn the strip over as one would turn 1 chedh for eudorsement
aud write the numbcr 1nd lead on the bick of the left hand end
of the stip  The book 1s now turned over to the secretary who
mounts the picces of exch lead wd types the 1eport of the rccord
somewhat 1s follows A 1eport m the bouk reads thus

drate 110~ Bal {} ~R = 22) ~ t4 marked -~ {2abn I bs2and 3d ~6a ~22
It would be written s follons

Suuple tachy cardia rate 110 per minute
Partial auniculoyentricslar heast block with prolonged conduction ume (P ~ R = 22

second)
Markedd feft axis deviation of QRS
RS 13 abnormally wide and shows notching in Lead § and slurrng tn £ cads 2 a0d 3
The QRS voltage is unusually smaif
The T wave 1s turned downward i Lead |
These absormalities indicate disease of the ventricular muscle

Again
7 {rase 95) ~ occus 3o — $3{312 bs 3 = 28} ~ 16 Iy ~ 21 ~ later record requested

Thes would be written 1 {ollows

Ausuular fibnllavon heart rate 95 per minute

Occasional veatnicular premature beats

Rught axis deviation of QRS

QRS graup s shurred 10 Lead 3 bug this 1s of no chimcal sigmficance

T wave turned downward in Lead 2 this T wave shnormality may be due to
digitalis or to diseasc of the sentricular muscle

A later record 1 requested

Tlus system s ives 1 grert denl of time 1 1eporting the 1ccords
but s chief v ddue hes m the ense with which it adapts wself ©
mdesiig my pecutiiriies which may be considered smportwt
For this purpose colored siguils are phiced upon the upper cdge
of the folder the position md color of the signal wdic g the
peculianty  The Crafico vise signals whuch e of metl wd
clamyp upon the edge of the folder hie been found sausfictan
cardboud stups ury be used if pasted on Signals colored red
green pth white orwnge and bluc we used md these colors
are repeated m this order from Ieft to night so chat 18 of the
signals may be set edge edge 1cross the top of the folder In
actual practice folders usunlly have but two or three signals and
rarely 15 Mgy s 4X A color hev 1s mnde upon 1 prece of card
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the colors being panted 1n ther proper order for 15 inchies and
the number of the peculianty to be recorded bang marked bedosw
1 corvespondm,, color This card 1s used 15 a ymde for placing
the signafs properly and also for picking out recurds with any
deswred peculianity The features ndexed 1 this way 2t the
Lospital are mdicated m the diagnoss table by having the
il of one of the color signals i parentheses after 1 These
are the features which seem especially important for such a cross

ndex but obsiously any other list of {eatures could be used w
this way
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Abemrant sentoiculay comploaes
auncular parovpmal wdn
arda 208
wm A\ nodal ihythm 184
with premature beats 184
nodal ipe 148 DY
w vendnicular excape 183
Adams Stokes attachs M yenuKuiat
Blnllaney 230
MamsStokes sendrome 208
in complete heart bloch, 203
w weemplete heast blod, 209
Wertans clecneal 730
\mphificr 1ube elec

fundes fyperirophy o€ £
uriular conteaciun 1n sl it pre
mature beats 199 200
spreadwy, of 22
wncufar fibttlagon 2313
suriculay Wites raractrnne of
o
Queal wigmeficance of 216
v omplete heart blach 208
due (o syphibis, 67
paraxysmad 228
A o biyperthyrocism 292
permaneny 22§
1

A4 )
rtords by s tecords be stning
Fabh anomeier 96
wechnigue of pperaung 399
complications of 40%
Amplitude of waves varations of
m b leads 18
Ameurwm diecing  elecitucardso-
amynh g
g pectons elcctimardiogrim
Cult 258
wodsamie  clectrocardio-
Brat wih 24
Yugfe afphs 341
Lathoven s methiort of determan
g, A
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b wethod of Dituade 414
f wethd of Cger Raehieer and
Creene 41%
Iy uechod ot Ltntho en 404
W neme mdaced  decyocardion
o wih 2,6
U panon bladh. 199 12y
frithgdmig s ) 9 2%,
A theia nevrourculaon  electro
ardiogtam \ ath 204
\regne cftect of an elegiracandio-
grum 38

Anganad

42

¥ fogacal fasis of 224
and prognoss 237
sentnenlar response duning 2 6
Aunentar ey 218
aurieufar waves characumstic of
a

chogal sgnificante af 213
APuse

Paovymal 2%
prmanem 217
3 Msiological basis of 219
welanon ol auncylar 10 yonston
Lar vate s Q19
aud agus sumulatian 219
\nculir paroxytmal  tachyesrdia

Laricular standsult 184

\uricutovensrrcular bizadle ondue
von of sumulus g 23

Sus dhation of QRY Ser under

s clecwieal of QRS See under
RS

441 wave 103

Baselwe dusturbances of 28%
Razerts (ém'mxh for QT dursuen

hetiben N clcdmc:nrdmgmm with
294

3
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Black sinvaunicular 182
Bradycaschia snus 182
bundle branch block 112
alternsting 130
charatienisues ol
113
due to diphithensa 2b4
wfarction 271
syphibss 287
eapenmental production of 112
meonplete 1.8 130
mtermttunt 131
lefr charactenstses of hmb leads
m 16
of precordinl Jeads w123
i hiily teads
and duraton of QRS 126
locabiation of levon  esidence
for 114
and myocwdnd diseve 168
T R ntennal 13
m precordial leads and pedd of
R 126
and prognoss foi
vecmvery from 169
right chirsctensues of faab Jowds
s 118
of precordual teads i 123
with short PR wterval 152
sypluhs i W87
trament 130
waves caused dn

w hmb leads

wm hmb Jeads

Calawm effect of on electocirdio
Lram 30>
Cubon monowde posomng  elec
trocardsogrant g 504
heare bloch w304
Caster Ruchter ind € reene method
of dewrnmmng  mgle of
sectors fid
cleetricid avs of QRS 93
Centryl termangd  use of
precordad Joads 327
Cluldren narmal I snem 37
PR mtenad m 39
pncardl.d lewds m ¥

witle
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Chidren  normal~—(Contmnued)
ST jencoon m o7
T wave in bl
Congenital abnormaliies ¢ffect of
on electrocardiogram 2o
Contraction  phases of 321
spreading of through suricles 22
Contriction stimulys  wituence of
Purkinje ussuc on 844
Cosonary  ouduson  electrocudior
gram with 270
progressave  clecuncardiogam
with 274
I wne See
wave
Corve plane I'nave Lo

Loronary under T

Duftection abfiormal amphiude of
aw QRS group 47
mirmsic and peal of R m pre
cordil leads 322
Q5 See QS deflcction
Dentrocardogrim 314
human 315
Diabetic comy duratzon of 3T 1
0%

I wave m 30%
Buphragns posttion of nd eleciro-
cirdtogram B>
Dicuasde s method of determpung
angle of vectors 11
Digutahs tHeet of on clectrocudio
grim 2%
Diphane T wine 201
Ihphithersa  bundie brinch blad
due o 2
clectrotarcho rim with 284
Dhsotation meerference 45

Fthoseny lan of values of b
ferds 348
micthnd  of  determusing  angle
dpha 107
method of determnmg dicnon
and valne of vectors 107
nemencliture for QRS grouy 350
trsangle 387
Electrical ans of QRS 80
deviauons of 81
esymaton of 81
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Flecuocardiogram 2nakvas of from
arcas of QRS and T 319
eficet on of angmal syndrome
27
angina peaoris 208
ayopine 302
bacteraf endocardits 20b
benbent 264
alaum 30
catbon monoxide 304
congenual abnormaliues 230
wrunary srtenosdeross 2o
coronaty oucusion 2,0
progressne 274
digialis 29>
diphthenia 264
disecung ancurysm 2,8
oerase 2,6
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hipertension 241
hypoglycema 304
wduced anoxemia 246
mfarcuon 269 271
msulin 303
wisulin defiaency 303
obar prewmon 285
myocardal dsease 109 1,4
acwe o6
drrenicc 166
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1,3
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trchunous 286
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mf rmaten (o be dawed Tom
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427
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theory of 312
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Ladocarditis bactenal «lectrotard)
ograwt with 280
Epincphune coffect of on cleciro-
wrdiogfam 301
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I ten
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aursculay

fhater

Huua See \uriular

Gabunometer connection of Lim)
feads wih 3

of precordsal leads with &
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