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Preface to Second Edition

The ams and scope of this book are unchanged and simpheity re
mains the central theme The text 1s designed to be digestible for be
ginners yet not without value to those who already have a nodding

e with electrocard:

The whole text has been meticulously revised and new sections
have been mcluded ou the following subjects the Ty wave the U
wave relation of standard to umpolar hmb leads systolic and dias
tolic overloading of the ventrcles parasystole coronary smus
rhythm main stem extrasystoles differentiation between ventneular
and suprasentricular tachyeardias intra atral block nodal and ven
tricular escape A V dissociatton with interference infarction without
Q wave electrocardiographogemic  di ease  post extrasystolic
T wave changes hyperkalemia and hypocalcema

A number of <elected references have been included and these have
been chosen with an eye not only to therr value but also to their ac
wesability  After each of the last six chapters review tracings without
descriptive legends have been inserted to serve as a cursory refresher
course and as a stimulus to master what has gone before

Seventy six new 1ltustrations have been added while 26 of the old
ones have been elimmated Once again the publishers have graciously
given me 2 free and unconventional hand in arranging the layout of
pages ~o that T have been able to place 1llustrations and descriptive
test 1n as comt enlent proximity as possible

HJLM






Preface to First Edition

Boohs on electrocardlograph) 3cem to passess one or mare of seyeral
disadvantages for the beginner the mtred Ty chapters on electro
physiology are so ntrieate and Tongwinded that the reader s mntercst
1s carly drowned 1 o troubled sea of tectors axes and gradients or
only eertam aspects of the subject are dealt, with for evample the
arrhy thmias may be entirely omitted or Wustrations aye deficient
and fi 1y sstuated mEartably far from the deseriptiy e text

than the complexities of the elect d 2) to gne the reader
only thase eleetrophy mologic concepts that mahe oy eryday interpre
tation more mtelhgble without burdening him with unmnecessary
detatl 3} to cover all dzag‘unshcaﬂs important e!ectmcardxugrapmc
patterns and 4) to provde adequate wlustrations and 1 every
stance to have tho lustration convemently situated to the reader
as he reads the descriptive text To schieve thes last desiderataym the
publshers have y warved pubhishing conventions and gryen
me & free hand 1 the arrangement and spacmg of Wustrationg and
text

Thus book 13 designed for those pproaching electrocard, phy
from the pownt of vien of the climetan 14 g9 hoped that 1t w1 enable
the beginner to acquize & rapid but thorough graspof a sophisticatad
yet sunple disciphne

HJIrLw
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Introductory Nete

Ticetrocardiography 18 generally sumple but this does not mean
that it slways provides 8 clenreut answer The electrocardiogram has
defimite bmstations which must be thoroughly sppreciated In the
arrhythmias and blocks 1t ususlly gnes 3 speatfic and 1rrefutable
gnawer but with my oearchal disease there 18 much less speafiaty
Esery mterpreter no matter how experienced b ties encounters
tracings which he cannoy unrmel ot frequently o trsang 18

borderline or abnormal but ron speaific and must be clasufied
s such—an unsatisfying stuation for both the mterpreter and the
chnieran 1 charge of the case yet one which must be frankly and
hurmbly faced

Profesaen and 131ty alihe are mchned to lay too rouch stress on
mechanical devices @ ding: The el 4 which 1
§ar from infallible 15 5o excoption 14 should be remembered that a
p:mentmih & normal tracing may drop dead of a coronar) attach five
minutes fater while another with @ grossly abnormal tracing may
ive on without eardiac 8y mptoms for tany 3ears

14 cannot be too emphatically urged that the electroeardiogram
should alnays be read i the clearest possible hight. of ebinieal obsena
ton Al pertment clmeal data hould be m the hands of the iter
preter Tdeslly the chmcian 1 charge of the case reads his own tracangs
fathing this he should ec to 1t that by terpreting colleague 1s fur
arshed wath full chuen) detatls anghudmg s own chinseal scapression
for only sowill be and ks patient derne maximal benefit from expert
terpretation

as clcctmcnrd\og,mphxc anterpretation and clinmcal observation are
or should be ncparable & certam pumber of climet notes of prae
tieal diagpoatic wale are echided 1 thns prsmanty electrocardio.
graphie text

x
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Fig 1 The standard limb leads and the firat precordial lead

Caution The dout le headed arrow

1 the diagram are not intended to
represent Enthoven s tnangle



1
Electrodes and Leads

STANDARD LIMB LEADS

These sre three 1 number and hase been m use for about fifty
years Vie therefore have far more empmeal hnowledge of these
teads than of the numerous addittonal leads more recently antroduced
It 15 probably true to say that about eighty to mnety per cent ac
curacy in dinguons can be achieved by mspecting these leads alone
ot arrhy thooias and most types of heart bloch are easly diag
nosed from these leads alone

The connections of these leads arc iltustrated i figure } Lead |
connects the two arms lead 3 conneets the left arm with the left
feyy while lead 2 the hypotenuse of the tnangle connects the nght
arm with the left leg Each lead records the difference in potential
between the two connected hrabs Although the electrodes are at
tached at wrists and ankle this 13 purely 2 mater of comy emence—it
13 castest te attach hracelets fo these parts of the hmbs ¥t 13 more
securate to think of the potential as derved from the roots of the
respactiie himbs 1e  from the two shoulders and the left grom
The heart 13 approuimately in the center of the triangle so formed
(fig 1)

It 13 worth noting Einthoven s law which states in effect that
& complex n fead 21s equal to the sum of the eorrespending complexes
w leads 1 and 3 (2 = 1 4 3} Thisis a helpful rule to remember when
the technteran has wrongly lsbelled the leads For example if the P
waiz e seen to be upright in sl three leads you know at a glance that
the Jead with the tallest Prstead 2

1



2 PRACTICAL FLECTROCARDIOGRALNY

PRECORDIAL LEADS

The standard hmb leads have two disadvantages 1) each 1s de
rived from fuopoints destant from the heart and 2) the three electrodes
are all 1 the same plane 1e the frontal plane of the body It 15
not surprising that additional information can be gamed by placing
electrodes closer to the heart and moving such electrodes round the
bend of tho thorax to obtamn views of the heart from different angles
The first precordial or chest lead mtroduced 1n 1932 connected the
Teft leg wath the apex beat and was called lead 4 (fig 1) This was
a successful nnovation and soon a series of precordial pomts was
mtroduced whose positions are illustrated m figure 2 Pomt 1 15
just to the nght of the sternum n the fourth nterspace pownt 2
just to the left of the sternum in the fourth mterspace Pomt 4 lies
m the midelavicular line in the fifth terspace Pont 3 1s halfway
between 2 and 4 Pomnts5 G and 7 are at the same Jevel as 4 1n the
anterior middle and posterior axillary lines respeetnely
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T1o0 2 Precordial points from which chest leads are derived



LLECTI ODES AND LEADS 3

Most cardiologists employ precordsal positrons from 1 to 6 routiely
Sornetimes 1118 desirable to tahe additronat leads from further points
some of these are al o Hustrated n figure 2 Pomt L1s ertuated over
the ensiform process The atmal lead pomt (&) 18 Just to the nght
of the sternum in the tiord nterspace “FThe jocatins of further
nght precordial ponts 34 dp ete corespond with the locations of
thear oppostte numbers o the left mde of the chest Ocrasionally it
s deairable to take leads from the postenior thorav pomnts 8 and 9
are ab the angle of the scapula and over the spine nt the same level
as4 & Gand7

Tt 15 comement  though not entirely acourate to think of these
precordial ponts 83 pchan,, up potentsals {rom certain areas ot cham
ors of the heart 4 tead dornved from the atrit lead posnt 15 thought
of as 4 nght atral fead (If @ left atrial lead 15 required an esophageal
dlectrode 15 used ) Leads dern ed from pomts I 2 F 35 and 4g are
comemently thought of as night ventricular leads 1eads from ponts
o b and 7 are regarded as left ventneuter feads white transiionat
jeads are dernved from 3 and & and are most hhely to reflect septal
currunts 1t <hould be emphasized that this 15 rongh geography but
holds true for the magonty of hearts Changes i heart positton or m
the relatne saze of the ventrcles may matenally alter these relation
Ships In fact as will be «eenm Chapter o nht and left ventricular
and transtionat feads ave better recogmized by thar configuration
than by therr precordaat points of omn For o note on the use of the
terms left ventneular liad  etc see page 48

1n & standard lead the tno electrodes are about equally remote from

the heart and are therefere sbout equally important i therr contribu
tion to the tracng Vehen however one electrode s placed 1n one of
the precordia} positions while the other electrode 15 on a bmb i 19
naturel that the closer chest electrode should contribute more to the
tramng and the bmb electrode le s The hmb atiachment of such &
tead 15 therefors called the indifferent electrode while the chest
electrode 1 referred to as the exploring electrode =ince 1t 15 moved
1 an exploratory fashion from pont to pont across the chest If the
indfferent elestrode 18 nttached to the left leg the connechion g
designoted CF f to the night arm CR if to the left arm CL Accord
g to the precordinl point employed a subserbed number 15 added
to the CF CR or CL label Thus for example lead CF; mdicates
that the explonng electrode 35 placed ot pumt §in the anteror
axillary lne while the mdifferent electrode 15 attached to the feft
sakle



4 PRACTICAL ELECTROCARDIOGRAPHY

V LCADS

Though the explorng electrode exerts a far greater influence on the
tracing than the mdafferent electrode the indifferent electrode never
theless has considerable mnfluence It was discovered empiriculy
however that if all three imb clectrodes were connected through
resistances of 5000 ohms each to form a common central terminal
this afforded a more truly mdifferent connection Tor 1t was shown
that the potential at such a central terminal was practically zero
throughout the cardiac cyele Thus theoretically at any rate such
a connection leaves the exploring electrode as sole dictator of the
pattern The hookup of the V leads 1s diagrammatieally shown m
figure 3
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Fio 3 The hookup for ¥ feady
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0 PRACTICAL ELTCTROCARDIOCRAPHY

Although th lly the V lead s should grve the most
reliable precordial pattern n practice 1t 1s not so certain that they
always do (2) and 1t 1s worth appreciating the expected differences
between the various precordial connections The e majy best be sum
manized by stating that the CR leads tend to empha ize positive
(upright) deflections while the CF leads lend emphasis to negative
(downward) waves The pattern of V leads usually lies somewhere 1in
between In other words 1t may sometimes be useful to tahe ad
vantage of the emphasizing  tendencies of the CR and CT connee
tions, rather than to rely slavishly on the V leads becawuse they are
theoretically superior Such employ ment of the CR or CT leads may
be likened to the use of & magmfying glass to detect otherwise invisible
or questionable changes Figure 4 illustrates the difference between
CT and V tracings tahen from identteal precordial positions The
difference 1 respectrve T waves 1s readily apparent This figure will
agan be referred to mn the discussion of coronary disease
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8 PRACTICAL ELECTROCARDIOGRAPHY

aV LRADS

The standard lumb leads are strictly bipolar representing as they
do the difference 1n potential betneen two ponts CF CR and CL
leads are also clearly bipolar 1n that they too record the difference in
potential between two pomts In the standard leads the two pownts
miolved exert approumately equal influences whereas mn the C
leads as stated above the precordial point 1s more nfluentsal than
the distant limb connection Wath the V leads comes the virtual ex
clusion of this distant influence because the central terminal shows
practically zero potential throughout the heart cycle They arc there
fore referred to as unipolar precordial leads From this deyelopment
1t 15 only a short step to the umpolar limb leads By using the central
terminal as the indifferent connection and placing the exploning elec

— M
F/

VF

Fia 5 A The hookup for lead VF B The hookup for augmented
VF (aVF)



FLECTRODES AND LY4DS g

trode on one himb the resulting tracing mught well be expeeted to
record the potential ab the root of the explored himb exclumely
Such leads are Iabeled VIU 11 and \F according ta the limb with
which the exploring electrode 1s connceted The connections of VF
are dgrammatically shovwn in figure 5 \ The deflections m such a
Jead are small

1t was soon empmieally discovered that the amphiude of complexes
m such leads could be matenally increased by disconnectng the
central terminal attachment to the explored himb {fig 5 B) This
device incressed the size of the deflections (thus making them more
readable) without sigmficantly altermg thewr shape This augmeniation
of potential 15 designated by o prefised s —aVR aVL aVF

RILATION OF BIPOLAR TO UNIPOLAR TIVIB LEADS

It 18 therefore apparent that m a sense the umpolar limb Jeads are
the algebraie hriehs of which the bipolar leads are built Lead 1 dlearly
represents the difference between aV P and VL lead 2 the difference
betneen aVR and aVF and lead 3 betneen L and aVF

Now quite arbitrandy as ongwally ordaned by Fmthoven the
polanity of the electrodes 15 arranged as in figure 6 F 1s positne i
relation to R in lead 2 and relatne to Lin fead 3 whilemlend 1 L
is posttive m relation to R In other words F s alway s relatwely pout
tive and I s aluays relatnely negative while Loas varable as be
tween leads 1 and 3 The relationships betw een the bipolar and um
polar bmb leads ean thus be summarized 1 the equations

fead 1 = alL — a'R
lead 2 = a\F — 2V R
lead 3 = aVF — aVL

M

Fra & Volanity of elrctrode n the atan Jard lea ts



10 PRACTICAL ELECTROCARDIOGRAPHY

Theoretieally the mformation as-ulable from the six limb leads ean
be deduced from any two of them In theory therefore 1t 15 only
necessary to tahe two of the imb lewd  but m practice it ts probably
more valuable to aequire 1 working knowledge of ali «x If only two
leads are taken 1t has becn found that the most switable and m

formatnve pur are 1 and aVF (o)

SUMMARY

It 15 generally accepted thit in a routine screening electrocardio
gram twelve leads should beemployed the three standard hmb leads
the three aV leads and s1x V leads from 1 to 6 melusive It should be
understood however that for certtn purposes this nuraber of leads
18 1nadequate while for other purposcs twelve lead are quite unneces
sary In following the progress of an arrhythmit a single lead 2 or 3
15 usually ample whereas m a doubtful case of myocardial infarction
1t may be wise to employ CF as well as\ connections and to explore
additiona]l higher and more lateral areas of the precordium There
should be no rigid routine While the usual twelve leads are generally
adequate and necessary the number should be freely modified or
supplemented by an mtelligent understanding of the particular re-
quirernents

RIFERI\CES

1 Douglis A Il and Cohen \  The vector and ulgel raie relation hap of
the (F and \ che tlexd Am Heart J 191 48 10

2 Jditernl Are the V leads alnavs superior? Ann Int \ed 1952 36 1548

% Schaffer A I et 1 A\new look at electrocardiographic leads Am Ileart
J 190 52 04
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Rhythm and Rate

1n every electrocardingram mne features <hould be exammed s

tematieaily

1 Rhythm

2 Rate

3 Pware

4 P Romterval

5 QRS complex and mter al

g ST segment

7 Twme

& L wave

9 QT duration
J

A suggested form for
on page 13

routine nerpretations s gien

REY SHM

A glance 1S enough to determune whether the rhy thm s regular or
wregular 1f1t1s regular the wierpreter <hould tate whetherstssinu
atmal (S A)—as 1t sl A\ nodal or dworentricular T s
ya rrgalar & prehmunary surey should be made to determmne whether
those 16 & defimte pattern o the rregulanty eg beats grouped n
purs every fourth beat dropped ete or whether the wregulanty 15
erratic as 1 atnal fibrdiation

1



12 PRACTICAL ELECTROCARDIOGRAPHY

TIMING

The tracing 1s inscribed against a background of millimeter squares
and every fifth line1s thicher than the intervening four The horizontal
span between two consecutive thck hines 1s 1§ sccond (02 sec) the
time elapsing between two consecutive thin lines 1s 145 second (0 0%
soc) The basic interval for tumng electrocardiographic events 1s
thus 004 seconds In practice, if an wterval 1s to be measured one
counts the number of small sqruares horizontally contamed within the
terval and multiphes this number by 004 It 1s an easy matter to
multiply by 4 and adjust the decimal pont In ﬁ&ure 7 it can be seen
that about two squares are horizontally contained between the be
ginning and the end of the QRS complex the QRS mnterval 1n this
case 15 therefore 2 X 004 = 008 sce The P R interval (from begim
ning of the P to the begmning of the QRS) measures 314 small squares
and 1s therefore 0 14 sec

7
T

s
]
)
i

=g
1

1

T

1
-

1

T

+ 1
PRI

!
i il o
+ T,k v e +~

Fic Measurement of P I and QRS intervals
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SUGGESTED FORM FOR ROUTINE RECORDS

RHYTHM RATE
PR INTERVAL QRS INTERVAL Q T DURATIO
PWAVE

QRS COMPLEN
axs
electrieal positron
transstional zone
Q waves

ST SEGMENT

T WAVE

U WAL

N} BRESSION




14 PTACTICAL FLICTROCARDIOGPAPHY

To determme the rate of the heart we use manly the thick lines
as pomts of reference As there are 300 fifths of a second 1 a minute
(5 X 60) 1t 15 only necessary to determine the number of fifths of a
second between consecutiye beats (f the rhythm 1s regular) and dwide
this number mto 300 For convenience we select a complex which
conerdes with a thick line and then count the number of fifths elapsing
before the same complex recurs The QRS complex 18 usually em
ployed but 1t 1s obvious that any wave will serve pros ided the rhy thm
15 normal and regular Should there be only 1€ second between con
secutive beats the rate will be 300 1f 24 150 1f 34 100 and so on
Table 1 gives the rates prevailing if from one to ten fifths elapse be
tween consecutive beats For rates between 30 and 100 1t 15 obvious
that reasonably accurate approumations can be made at a glance

In the <econd ¢xample (b) 1n figure 8 the QIS marked ¥ corncides
with a thiek lime There are then 61> fifths of a second (thiek hnes)
before the next QRS 1s reached Thus the rate will obviously lie about
halfway between 50 and 43 and may be called 46 or 47 with convic
tion that the approumation 1s within 1 or 2 beats of the actual rate
Ths method 1s obyviously quite accurate enough for all practical pur
poses and the slower the rate the more accurate the approxumation
Tor even greater accuracy the intermediate figures provided mn the
guide m figure 9 may be employed (These figures arc obtamed by
dividing into 1500 the number of 25ths of a econd elapsing between
consecutine beats )
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TABIT

T 2ATE 15

<
2 QRS toarias
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‘ 300
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Fia ® € ulefo ryni umetion of hewrt rate In any tractng efest o
ORS ¢mpley that cosnusde with a thich hine { g the e marked xan the tuo
example 1 kg 8) Thr thy k hine 15 repre ente by the first the Kline A4 1
the gwde bove ™Note aith  hich D the next Q1 S in the tramng corerd «
{arr nsinty 8 (ndre & (fF the rute from tte corre pon hing hae f the gus fe
fir tasr v rate 3 /tracimg &) cvond arrow rate 46 (rsemg 1) NOTF L\
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16 PRACTICAL ELECTROCARDIOGRAPHY

- .
£l i

-JF fedadaaR

1 ] I

m 16 Estihation of raph rates In c?e 5 seconds Uetween the tho

markers there are 11 cardiac cycles The rate 18 therefore 11 X 12 = 132
per minute

o
S

B3

]>x§-<—

When the rate 1s over 100 the margin of error rapidly increases
and to determme the rate more accurately, 1t 1s better to count the
number of cardiac ¢y cles oceurring 1n 5 6 or 10 seconds and multiply
the number by 12 10 or 6 This method must also be adopted regard
less of the rate when the rhythm ts irregular Figure 10 illustrates
this method for estimating a rapid rate

Some electrocardiographic paper (eg Sanborn) conventently pro
vides margmal markers at 3 sccond intervals On such records the
simplest and quichest method for estimating rate 15 to count the
number of cardiac cycles in sg(_sc‘cowm multiply by ten
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Practical Paints

Enough vanables influence the tractug without miroducing un
necessary techemeal ones Care should therefore be exeraised to insure
that techmtue is umform from tracing to tracing and day to day so
that allowances do not bave to be made for vanations m techmaque
The {ollowing points are of waportance

1 Effechise confoe! between electrode and shin 15 essentil
Electrode jelly contmns electrolytes and an abrasne the
ahrastve 13 mntended to break down the waterproof homy
Inyer of the shin so that the electrolytes of jelly and body
may form a continuous conductor The jelly should there
fore be rubbed briskly not debestely smewed on the shn
before the clectrode 13 apphed Poor contact may lead to
unduly low soltage and other artifacts wn the tracing

2 Standard: atien should be consistent It should always of
posuible be full and should be adjusted exactly When 1
muiinolt 13 thrown into the oreust the baseline should de
flect: exactly 10 mm If standardization vanes from traciog
to tracing 1t may be difficult to evahuate shght changes
Moreover the interpreter 15 grien considerable and un
necesenry extra work i be has to take note of meonssten

e 10 d and make all far them

3 Plocernent of the precordwel electrode 1s often 100 casual It
should be as exact and constant as possible For thig reason
onty bomy landmarhs should be used an locating the pre
cordial pomnts {page 2} Especally m leads close to the
transttionnl zone (page 47 and figure 27) small displacements
of the clectrode may produce considerable changes wn the
pattern

4 Postion of patient while the tracng is being tahen 13 of 1m
portance  He should be lymg umformly fiat If for some
reason he has to be 1 any other postion & nate to thus
effect should be made Lywng on ether mde or sitting up
usually alters the heart s avs electrieal posstion and trans
tonal zonn thus serial tracings if taken m o Varety of
pesttions are difficult to compare
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Complexes and Intervals

When a complex 1s partly above the baseline and partly below 1t
1t 1s called diph or bipk Vihen its ¢ above and
below the line are approximately equal 1t 1s called 1sodtphaste or
equiphaste

P WAVE

Ths 1s the first wamve of the clectrocardiogram and represents the
spread of the electrteal impulse through the atra (activation or de
polartzation of atria) It 1s normally uprightin leads 1 and 2 but 1y
frequently diphasic or inverted mn lead 3 It 15 normally my crted m
2V R and upnight m aVF_It 15 vartable i the other leads Tts amph
tude should not excepd 2 or 3mm 1 any lead and 1ts normal contour
15 gently rounded—not pointed or notched

Abnormalitics that should be looked for are therefore

1 Imiersion in leads where the P wave 1s normally upnight or the

presence of an upright P wave m_al R {where 1t should bo m

verted), such changes are usually found in conditions where

the impulse tra els through the atria by an unorthodox path—

as n ectopre atnal or 'V _nodal rhythis (fig 11 C)
Increased amplitude which usually indicates atnal hyper
“Trophy _or dilatation and 1s found especially nsmritral stenosis
Ay pertension andeoF pulmonale
Increased wadth usually ndicates left otnal enlargement or dis
' ered atrial musele The normal I wave usually does not ex
l;;’r ceed 0 11 sec_in duration

1
{ Votching when the left attum 13 mainly mvolved (as in mitral
18

[X]

X3
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¥16 1L Abnommal P waves 1 P mi
trale note broal netehed | waves tallerin
lesd 1 than n lead 3 B P pulmonale
note fiat P m lead with 1 wath tall pointed

I wave o Jenls . AL 3 €AY nodal
thythm note wiverled £ in feads 2 and 3
with short P R anterval
—
stenaws) the I wave often becomss vnxde and notched and 1s
/glc?m tead 1 than i jead 3P mitrale (hz 11 A} Sotch
mg 15 consdered signtficant shen the distance betsseen peahs
evceads B0} se -
o Teahing tight atral stran wauslly producests® ponted P waves
tafler 1 Jead 3 than i lead 1P pulmonale (fe 11 By e
& Abserice of P waves shieh oceurs wiSome A V nodal rhythms
radnS A black

In summary P waves are

normally upright m } 2 and oVF
normally snverted m AV H
vanable m & all and chest Jeads
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Abnormalities to be looked for are

abnormal mversion (or positivity m aVR)
mereased amphtude and width

abnormal contour

absence

N

Te WAVD

This w we formerly called Ta (21) represents repolanzation of the
atria, and 1s 10 the direction opposite to the P wave—if the I’ ware
15 uptight 1t 15 myverted and vice versa (fig 12 C) It 1s usually m
isible because it comeides with the QRS complex Tt ¢an hest be seen
m complete AV _blach where the P waves are not followed by QRS
complexes and there 15 consequently an opportunity for the Tp nre
to show 1tscif

P R INTERY AL

This 15 measured from the beginning of the I wave to the beginning
of the QRS complex It measures the time taken by the impul e to
travel all the way from the S \ node to the ventricular muscle fibers
and this 1s normally from 012 to 020 seconds Tt 15 customary to
cxamune several interyals Ai teeord that which appears the longest
Other things being equil the mtersal vanes with heart size and rate
bemng shorter 1 smaller hearts or at faster rates It 1s thus propor
tionately shorter in chaldren weraging 011 sec at 1 year 013 at 6
and 0 14 at 12 years An mterval prolonged bevond normal hinuts 1s
regarded as evidence of A} block (fig 12 C)

At relatuely slow raics a few apparently normal people with no evs
dence of heart diseace have been found to haye interyals ranging con
siderably above 020 sec (23) Such prolongation 1~ more likely to be
a pointer to otherw1 ¢ Jatent rheumatic or caronary_disease but one
must not brand an mdividual as & eardiac  whose only st ma 15 an
uncomventionally long P R interval Obviously 1t 1s a signal for the
most thorough sedrch to exclude cardiac abnormality but if none
other 1s found the heart should be acquitted with reseriation 12
rates oter 80 & P R nterval longer than 020 1s probably always ab
norm

Biologieal values do not .ubmt to arthmetical exactitude and
1t 15 1mportant to bear m mind ali the phy siologreal factors winch ma;
influence P’ R duration An elept e man with a cor
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i Fiit SR
Feaikamstecd T
] s
STHER R 7 &
" T o
ks e o] E iR
Y T G HEAR S
JgEs fasct rhem toves THIEE BT
HEshe B e {

A B v

fia 17 P Rantervals A Normalinterval of 0 1f see B Short P Pan
gerval of 010 see from 4 hypert nuve patt nt shortly after an eps ode of
atewl flutter © Erolonged § R mterval of 039 see note of alfondy ymverted
Tpwave indicited 1y araw) immediately follostng 1 wave

large heart » il have = Jonger mterval then a pitits woman of Jess
than hall us size She may have trie blouk v 1th an nterval of only
T8 whnle ke may well have a normal duration of 0 21 sec Such bio
Jogie sl varwtions too aften ate lost sight of 10 sttempting to regiment
natural values

The P I mt'erm] 1> abnormally _hort when the smpulse onginates
@ the AV aode (hy 31 C)Y mstead of the b A node and also when
the pas 1ge of the wnpulse to the ventnele 13 acrelrrated as n the
Wolff X arhwy an VWhit _syndrme A short P R wmterval 15 also come
s wien as » normal varmbion (5, 136) But this combimation
(normal ¥ <hort I R and normal ORS) 1s pechaps not a9 bemign o
variant as noght be thought because 1t 13 found often 1 assocration
vith hvp rtension (4) and wath the tendency to develop parovy sms of
tachveardia (3)

In summary the PR tenal 1z

p o 2ed shers ol

/a) th AV Block fp 133/ dueto  (2) m AV nodal and low atmal
coropary i ca.e  rbegmatic rhythms {p 115-124)
disetse, el [ Tt

310, S n Wolll Parkinsin White g0
(b) 83 & rare normat vanation drom_ (p

t¢} a4 a normal vanaton
oI yanat

The QRS COMPLEN represents the spread of the unpules through
the ventnicles and 15 the mt st xmportant component of the traaing
Tts dt ¢u ston will he postponed unt later m thus chapter {page 286 )
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ST SEGMENT

This segment 1s that part of the tracing immediately succceding
the QRS complex (fig 13) Two of 1ts features should be observed
1) 1ts lerel relntive to the baseline 1€ whether it 1s eley ated hoye or
depressed below the I P segment and 2) its shape,

Normally 1t 15 on the same level as the T P scgment 1¢ 1t 15 150
electric or only shghtly above or below 1t It 1s sometimes pormally
clevated not more than 1 mm _n the standard leads and even 2 mm
in some of the ¢hest Teads 1t 15 never normally_depressed more thatig
h&" mullimeter or @ “An interestin,, cxception 15 sometimes ol
served partrcularly m healthy young Negroes (6 7) where the ST
segments may be marhedly elev ated (sometimes as much as 4 mm )
one or nore precordial leads (fig 14)

In shape the ST segment normally cury e gently and imperceptibly
mnto the proximal hmb of the succeeding T uave It should pot form
a sharp angle with this imb nor_should 1t pur ne a frankly horzontal
course_ Horizontality of the ST segment which 1 highly susprcious of

cqronaryansufficiency  has been called  plane depresston  (fig 13 C)

Fic 13 ST segments A Normal B Same lead same patient ss A iwno
minutes after exercise shoning ST depre sion (coronary nsufficrency) C ST,
segment 18 mmmally depressed (certanly less than 0 5 mm ) but 13 honzontal
and forms & rather sharp angled junction ith proximal mb of T wave (com
pare with A) D ST elevation from myoeardial injury (acute mfarction) E
ST elevation as 2 normal vanant in a healthy Negro
T WAVD

The T wave represents the recovery period of the ventricles when
they recruit their spent electrical forces (repolarization) We par
tieularly notice three of 1ts features 1) lts'n'i_tzgc_lz_ag, 2) 1ts shape and

oy 1 v ta
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il piisi
Fio 14 Fromanomal colored
1 precordial leads ¢ peciaily ¥4 and

The T wave 1s normally upnght i leads 1 and 2 and an chest
feads over the loft veninicle {eveept 1n mfants and sery young el
dren) 1t is normaily mnerted in ol R, n all other leads 1t 18 vanable
Certain general ruled govern this varabiity 1) The T wave 13 nor
mally upnght n aY L and w aVF if the QRS 15 mors than 5 mm tal}
but may be mverted m the company of smaller R wares 2) In the
precordial Joads the tendency to mversion of T naves over thejeft
ventncle (Vs and Vo) rapdly dimmshes with sereasing age andn
adult hfe 1t 1s generally conmdered sbnormal if the T wates are m
verted as far to the left as V3 The Tan Vimay be mnverted normally
at any age and mn Viibas also sometimes negative ¥

1t should be borne m Tund that a3 mentioned carlier the polanty
of the precordial naves tends to vary with the senes of chest leads

ployed \: the positne i of the CR
nnd the negative mfluence of CF 1t 1s obvious that an mverted T
R, will be more surpnaing, and more hihely to be abnotmal than an
wverted T 1 CF; Indeed an averted T in CFy s probably often
withmn normal hmite whereas with the V or even more the CR
hookup &nnverted T n this position 1s ususlly considered abnormat

We may summanze the direction of the normal adult T wave as
follows

It

normally upnght m 1 2and V-V
nermally snverted in sV R
varablen 3 aVL aVF Vyand 4,
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The shdpe of the T wates 1s normally shehtly rlz;}med and slightly
asy mmetrtea hen T wan es are sharply_pomted or grossly notched
(8) thev should be regarded with suspicion though either of these
characteristics may cong,hg_x_gs oceur m precordial lends as a normal
vanant Notching of the T waves 15 particularly common as a normal
varant 1n children (fig 15} on the ather hand 1t 1s not nfrequently
found m penicardiis A sharply pointed symmetrical T wave (up

~ nght or i erted) 15 suspicious of my ocardial mfarction {f,, 16)

G Fhe héight of the T waves 1s also mportant They are normally
not abové 5 mm 1n height 1 any stand<Fd1e3d ~nd not aboye 10 mm
n any precordial lead Unusually tall T waves (fig 16 B and D) sug
gest myocardial infarction or potasstum intoxication Tall T waves
are also not infrequently seen 1n my ocardial ischemua without mfarc

Vi

Fig 15 T waves in a normal ehild Note marked
notchingin V5 thi 1s a normal trn 1tiomat form of
T wave betneen the normally mverted T tn V4 and
the normally uptight T 1n ¥4

Fro 16 T waves A Nomal T nave B Tull T wave of myo
eardial 1sct emia 1n s patient with angina but without infaretion
C Deeply inverted symmetrical T wave of antenor mnfarction D
> Pk Dave -
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tion 1 certain forms of ventricular strain (see page 59} m psychotics
and i patients with cerebro vascular aceidents

QT DURATION

This mterval measured from the beginning of the QRS to the end
of the T wave gues the total duration of ventricular systole It
varnes with heart rate sex and age and its normal salues are most
convenently determined by consulting a prepared table based on the
calculations of Ashman (table 2) A ueeful rule of thumb 1s that the
Q T nter: al should be less than half the preceding R R terval This
holds good for normal simus rates However astherateslowsbelow 6a
the maximal normal Q T duration fall further and further below half
the preceding R P interial and as the rate increases above 90 the

TABLE 2
Normal Q T Intervals and the Upper Limits of the Normal

oeER LT T womk
BART T ER Iy Ny AND CHOD N WOMEN
um
M sdChue W om
«
400 0419 0 461 0 491 0 503
430 0438 0 450 0 49 0 491
46 0 0 4% 0438 0 466 0478
430 0 4°0 0432 0 460 0471
50 0 414 0475 0 453 0 464
570 0 407 0418 0 445 0 456
545 0 400 0411 0438 0 449
570 0393 0 404 0 430 0 11
600 0 336 0 306 0 12> 0 432
630 038 0 .88 0413 0 423
65 030 0 350 0 404 0414
05 0 361 031 0395 0 400
750 0352 0362 0384 0394
800 0312 0357 0374 0381
860 0332 0341 0363 0372
925 0., 03% 0 351 0 360
100 0 0 310 0318 0338 0 347
109 0 0 207 0 300 0 3% 0 333
120 0 0283 0 °01 0310 0317
133 0 0268 027 0794 001
150 0 0 °u2 0258 0”75 0282
172 0 0 234 0210 0 25 | 0 262
d with kind of the from E: of Elec

trocardiography by T Ashman and T' Tull The Macmullan Company New
York 1945
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normal Q T duration gradually eiceeds half the preceding R R
These pomts will provide a near enough guide for most practical
purposes The diagnostic value of the Q T duration 1s seriously Imited
by the technieal difficulties of measuring 1t exactly (15)

The Q T duration 15 lengthened m congestive heart faiure myo
cardial 1nfarction (11) and hypocalcemia by quinidine and prones
tyl It 1s sometimes lengthened m rheumatic fever (9 10 14) and 1n
other causes of myocarditis (12 13} Careful measurement has shown
that 1t 15 not lengthened m hy pohalemia unless there 1s an associated
deficit 1n caleum (16} It 15 shortened by digitalis and by potassium
toxication

U WAVE

This 15 s small wave of lon 3 oltage sometimes scen following thc T
ware Itsnormal polarty x&m:}‘c Qe when
the T wave 15 upright 1t too 1s upright and vice versa) and the nor
mat wave 1s often best discerned m lead Vs It 15 rendered more prom
nent by potassium deficrency (fig 17) and its_polanty 13 olten e
versed 1n ‘myocardiat rschemua and left ventricular stramn (g 17)
These are the condtions Tn which 1ts alterations are of Tiost v alug
diagnosis but 1t 15 affected by numerous other factors digtalis
quinihine, epinephrine, hyperealeemia th)nﬁo_gcgm_nnd exeraise all. all
merease 1t» amphtude (17 19

Its prear e significance 1s uncertain In the cardite cy cle 1t comneides
with the phase of supcrnormal exeitability during ventrieular re
covery (18) and n this connection 1t 15 interesting to note that most
1entricular premature beats oceur at about the time of the U wave
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e

) vy
(AN 1 H ERARI R LR
Fig 17 U waves Upper m»»—uprxg!u Uwnisves A “ormal B Cand D
L. wavesin Lower rteid U waves A Tracing

irom which thes 13 taken howed no stmormahtres exeept for ¥ wave wversion
n several Jeads thus srtuation 1s referred to us solated U wave 1nversion

P From a pauent with hypertension whase tracing shosed Jeft ventroular
straw tncinding mverted U waves C Yrom a patient »ith coronary wmsuffi
cteney bt without hipertenson D Note marked mversion of T waxe s well
a3 U wave from a hypertenane
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QRS COMPLEX

This complex 1s the most important in the electrocardiogram, as
1t represents spread of the impulso through the ventricular muscle
(actvation or depolarization of ventricles)

Proper labelling of the component wates of this complex must first
be mastered (fig 18)

1 1f the first deflection 1s downward (negative) 1t 15 a Q wave

9 The first upright deflection 15 an R wave regardless of whether
or not 1t 15 preceded by & Q

3 A negative deflection following an R wave 15 called an S wave

4 Subsequent excursions above the hine are labelled successively
R’ R” etc smilarly Iater negative cxeurstons are lahelled
8’ §” andsoon

If the QRS complex consists exclu nvely of an P wave the pomnts
at which the complex begins and ends are labelled Q and S re pec
tivels though there are no actual Q or S wates When the complex

R R R
WIL J\F R
)
Q S Q s ! 13
0] @® ® @
R R R
Lo
Q s e

©® ® ® ®

Fic 18 Labelle QRS compleses (sce toxt)
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conststs exclusively of a © wave 1t 15 usually desenibed 23 2 QS com
plex A convement convention to save du e words 5s the st of
<mal} and large letters to sigmfy $he relattse s cs of the component
wates Thus mn hyure 18, (c){m)ccm enicntly Jazi)éllcd\gm which 15
quicher and simpler forrthe eader s eye t«h:m[( a.omall Q5 tall R
sud a seall S wase  Inf thv/ figure {a) would b labelled qRR {b) Rs
() RS (b) QR, and so on The term QRS complex’ may always be
used 25 2 <ort of collectrve noun to describe the ventricular complex
no matter what + aves actually compnse 1t Thus all the examples mn
figure 18 may also quite currecfl__}MS__,
In interpreting the QRS comiplexes there are at least seven features
that showld be routmely mspected
thesr duration (the QRS mnterval)
their tolfage or amphtude
the pre ence of Q wates
their axts 1 the standard himb leads
the electrical heart posthon {(from the aV Jeads)
thie~relative prommence of the component waves m the pre
corthal leads Vito Ve notng the transttional ~one
the timing of the inirnsicord deflections i leads V; and V¢
Fach of these wil) be discussed m turn
The duration of the normal QRS complex 1s usuall

Lo os 00
to 0 10 seconds but this is undoubtedly 1oo restnete t tintes &
shurt artersal of not more than 004 ys seen n normal hearts and

occastonally an mterval of 0 !1 must be considered normal The QRS
mterval 1s measured from he begimning of the QRS to its end, and

15 usually estimated m the standard imb hpds 1he che t leads fre 4
quently (h>p)nmmad (001 or 002 <econds +
Jonger) than the standard leads the explanation for this is ndt clgar
A measurement of § 12 seconds or more 1§ Indieatrve of abnoral’in
traventrcular conduction and usually means block one niﬁ—hg——
\ burdle branches or 1 ventricular arrhy thaa

The toltage of the QRS compleres hay wide normal huts It 1s

generally agreed that if the total amphtude (above and below the s

IRV

-

ssoelectrrc line) 15 5 mm_or less n all three standard leads 1t 1s too
1o 3 to be healthy such fo v voltage s seen m diffuse coronary disea e
earthac falure penicardial effusion mysedema primary amyloidosis
and any Gther eonditrons producing widespread myoc’i%dma\m{geﬁ
1t 1» also found m emphysems generaiized edoma and OBty —The
m oimal QRS amphtiude 1 precordial leads waxes and wanes from "
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aght to left across the chest being generally accepted 48 5 mm 1n
Vyond Ve 7mm mnVzand Vs and 9mm m Vyand 1,

1t 13 more difficult to set an arbitrary upper hmit to normal voltage
Amphtudes up to 20 or even 30 mm are occasionally <een 1n lead 2
m normal hearts while the generally accepted mavimum in a pre
cordaal lead 13 20 to 30 mm

Tt must alnay s be remembered that the amplitude or  voltage " re
corded on the tracing 15 dependent on many factors besides the health
of the heart for example the distance of the heart from the recording
electrode (as determmed by size of chest thickness of chest wall pres
ence of emphysema ete ) profoundly affects the size of the recorded
deflections Such factors must alnayvs be given due consideration be
fore the voltage of any complex 1s adjudged too high or too low

The significance of Q ates 1s one of the most important and some
time» the most difficult assessments 1n the tracing Size 1s )mportant
and yet a dimmutrie Q wave of less than a millimeter may be fraught
with ommous significance while a QS complex of 10 mm m certam
leads may sometimes be within normal limits \ smll Q wave of a
millimeter or two 1s 2 normal finding m leads 1 aVL and aVF and
1n che t leads over the left ventricle eg V5 The reason for this
will become apparent 1n the discussion 1 Chapter 5 devoted to the
relatyy e prominence of the component waves 1 chest leads On the
other hand deep QS or Qr complexes are a perfectly normal finding
mn aVR and QS complexes are occrtonally found normally 1n lead
3 and 1n leads over the nght ventrniele Vyand V3 The Q wave shonld
never tahe longer than 0 03 seconds to reach 1ts lone ¢ point (nadir)
te chould not be more than 003 seconds 1 width To gauge their
ymportance Q w2y es must be viewed in the fight of the over all pieture
and one must take Into account 1) their depth 2) thewr width 3)
the leads 1n which they appear and most important 4) the clhintcal
preture
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Some Llectrocardiographic Mulestones

Tolhker and Muller in Germany demonstrated that contrac
tion of heart muscle was accompanied by electrical activity

Waller 1n England recorded the first electrocardiogram in
man using a capillary electrometer

Emthoven 1n Holland introduced the string galianometer
electrocardiograph and employed the classical standard mb
leads 1n human electrocardiography

Lewss m England introduced a two string electrocardiograph
Our knowledge of the of rdial activation 1s
based on his studies with this machine Lews also intro-
duced the concept of the mtrmsic deflection

Wolferth and Wood m America demonstrated the value of
precordial leads

TWilson in Amenea introduced the central terminal and with
1t the unipolar or V leads

‘Wilson 1n America demonstrated the superionty of multiple
precordial leads over one such lead



Axs Deviation and Electrical Position

ANIS DEVIATION OT QRS COVIPLEMES

If the main QRS deflections mn leads 1 and 3 are directed upwards
(1e are positive) 1t 15 termed a normal axis If on the other hand
the mam QRS deflection in lead 115 upward (positive) while the mam
deflection m lead 31s downward (negative) the pattern 1s described
as left axis deviation If the maun deflection m lead 1 1s negative
whle that 1n lead 315 positive we call it right axis deviation It 1s
also convenient though not strictly accurate to regard it as a munor
degree of night axis deviation when the QRS 1n both 1 and 3 are up
nght but that i lead 315 taller than that m lead 1-—1e if the QRS
complex 1n lead 11s less positive than in lead 3 These patterns are
llustrated n figure 19

It should be emphasized at once that deviation of the avs to the
left or night 13 not necessanly abnormal  normal axis 1s not the
only norm There are generally accepted upper limits of normal de
viation to both night and left and certainly deviation beyond these
extremes may be considered as abnormal Thus the axus of the heart
or the degree of axis deviation ean be caleulated from the following
formula

(Ri + 8;) — (8 + Rq) = suis

The upright nave of lead 1 measured in millimeters 1s added to the
downiward deflection of lead 3 from this sum 1s subtracted the sum of
the downward deflection in lead 1 and the upward deflection in lead 3

Inother words the tendency to right axis 1s subtracted from the tend

ency toleft aus deviation If the axis comes to 430 or more 1t1s con

eidered abnormal left avis deviation 1f 1t comes to —10 or Jess at 1s
considered abrormal right axs shaft

A
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Fie 19 Aws of the QRS A Marked left aus dewiation B Shight
left awis deviation € Normal axis D Bhght nght axws deviation
E Marked nght axie deviation

Many deviations short of theso extremes honwever are at times
aboormal ¥ for vample a person who has had 2 normeal avg
all lis Ife develops hypertenston and his avis begins to shuft to the
left the earliest indication of tins axis shift may be presumed to result
from his hy pertension and therefore 1s an expresston of abuormality
w tht wmdividual Another person may have shown o normal degree
of left avus deviation all s hfe He then develops emphy ema and
the axis begins to shift anay from the left tonards the nght On the
wiy to frank right aws denation it will pa.s through the stage we
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eall normal axis yet this normal aus being caused by the develop
g hypertrophy of his night ventricle as a result of the emphysema
1s actually abnormal for this man who has alway s had a left axis shuft

Bearing such reservations in mind we may summarize the circum
stances m which avis shift 1s found

R ghs s

Normal variation Normal vanation

A 1 ft shaf prration high
emphysema diaphragm from pregnancy as

cites abdominal tumors ete

Right ventricular hvpertrophy Left ventricular hy pertrophy

Right bundle branch block Left bundle branch block

Teft ventrieular premature beats  Right ventnicular premature beats

Infertor infarction Anterotateral infuretion

Dextrocardia

In considering mechnmcal <hufts 1t <hould be noted that such dis
turbances as pneumothorax and pleural cffusion usually can e a
wholesale Iuft of the mediastinum heart and all towards the opposite
«ide and do not necessanly affect the heart s axis—they push it to
one side without necessarily rotating 1t

The reason why ectope 1entricular beats and bundle braneh blochs
.wing the electrical aus of the heart mn the direction they do 1s casily
expluned The normnl impulse spreads down between the two ventn
cles and then fans out smultancously to both sides activating the
ventricles n parallel  The resultant direction of spread 1s there
fore approuimately m the axis between the ventnicles (fig 20 A) If
on the other hand the impulse begtns 1n one ventricle and spreads to
the other thus actnating the ventncles 1n series  the resultant
direction of spread 13 obviously swung towards the <ccond ventricle
1f there 15 an ectopie focus m the right ventricle gnng nse to prema
ture beats the mmpulse spreads predominantly from nght to left
swinging the was for that beat to the left (fig 20 B) If the left bundle
branch 15 blocked a rather sinular state of affairs exists for agun the
mpul e preads through the npht ventricle first and then involy es the
1eft (fig 20C)

It has been smd that determunation of the electrical anis of the
heart 15 of httle if any value in diagnoss This 13 not true because at
tumes 1t affords a mo t important diagnostic elue  'wo examples of
its value willathy trate this 1) i a congemtal heart wath ¢y anos the
prewcnce of left axideviation makes the diagno 15 of tricu pid atresia
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NORMAL

Riont VENTRICULAR LEFT BuNOLE
PremaTune BEAT Bramcn Buogx
Pio 0 Left aus shift n night ventneular premature beat and Jeft
tundle branch block

2) the presence of Jeft wus deviation may be on important constituent
of the pattern of anterolateral infarction {page 166)

AXIS DEVIATION OF P WAVES

Now that aas deviation of the GRS 13 appreciated #t can be seen
that the pattern of mght atnal hypertrophy already referred to
{page 19) with Py Joner than 1; 13 an cypresson of o tendeney to
wards right as deviation of the atna and smtarly the T wave
pattern characteristie of rtral stenows wsth Py taller than Py ang
1 ~ometmes aetually mverted indscates o shoft of the atmal aqs
towards the Feft
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ELECTRICAL HEART POSITION

The five generally recogmzed positions about the heart s antero
posterior axis are honizontal semi-horizontal mtermedxate,
semn vertical and vertical These positions are recognized entirely
from aVL and aVF The five posttions are 1llustrated n figure 21
1f the main deflection of the QRS 1s positive in both leads the position
15 called mtermediate If the main deflections are divergent the heart
13 horizontal, if convergent vertical Semr horizontal and semi verty
cal positions are halfway stations between the intermediate position
and the honzontal and vertical extremes

It 1 helpful to correlate the patterns of axis deviation with the
patterns of positton It 1s simple enough to associate left avs devia
tion with a horizental heart and nght axis deviation with a vertieal
heart If leads 1 and 3 m axis deviation are compared with leads aVL
and aVF 1n horizontal and vertical hearts it will be immediately
obwvious that the QRS complexes are divergent m both left axis and
horizontal patterns while they are convergent m both right s and
vertical patterns (fig 22)

NORMAL FINDINCS IN al LEADS

\/ aVR All three compleves—P QRS and T—are inverted Ths 1s
to be expected for as aVR 1s denved from the right
shoulder and as the general direction of spread of both
atnal and ventricular mpulse 18 away from the
night shoulder obliquely downwards towards the left leg
one would expeet both P and QRS deflections to be
negative The inverted QRS complex usually presents
an 1S pattern but may be QS or QR m form

aVL Ali the compleves 1n this lead are variable T QRS and T
all mny be upnight or mterted according to the heart s
electrical po ition If the QRS 1s as much as G mm tall
the accompany ing T wave should not be mverted Any
pattern of the QRS can be normal even QS when the
voltage1slow However,f the R wave 13 6 mm or more
the Q wave should be «mall by comparison—not, more
than 1-2 mm deep and not more than 003 seconds in
duration

aVF The complexcs in this lead are also vanable depending
manly on the heart s position The P wave 15 usually
upnght but may at times be iy erted Again asm aVL
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ELECTRICAL HEART POSITION

The five generally recognized positions about the heart’s antero
posterior axis are hortzontal semt horizontal, intermediate
sem vertical and vertical These positions are recogmized entrely
from aVL and aVF The five positions are 1illustrated 1 figure 21
If the maim deflection of the QRS 1s positiv¢ m both leads the position
15 called intermediate If the main deflections are drvergent the heart
1s horizontal 1f comvergent vertical Semn horizontal and semi vert:
cal positions are halfway stations between the intermediate position
and the horizontal and vertical extremes

1t 1s helpful to correlate the patterns of awis deviation with the
patterns of positton It 1s simple enough to associate left avs devia
f10n with a honzontal heart and night axis deviation with a vertical
heart If leads 1 and 3 m axis deviation are compared with leads aVL
and aVF 1n honzontal and vertical hearts it will be immediately
obvious that the QRS complexes are divergent m both left axis and
horizontal patterns while they are convergent 1n both right axis and
vertical patterns (fig 22,

NORMAT FINDINCS I\ aV LEADS

" aVR Al three comploxes—P QRS and T—are imverted Thisis
to be expected for as aVR 1s derved from the night
shoulder and as the general direction of spread of both
atrial and ientncular impulse 15 away from the
night shoulder obliquely downwards tow ards the left leg
one would expect both P and QRS deflections to be
negative The mverted QRS complex usually presents
an 1S pattern but may be QS or QR in form

aVL  All the complexes in ths lead are vanable, P, QRS and T
all may be upright or inverted according to the heart’s
electnical position If the QRS 1s as much as 6 mm tall
the accompanying T wave should not be inverted Any
pattern of the QRS can be normal, even QS when the
voltageislon However 1f the R wases 6 mm or more
the Q wase <hould be small by eomparison——not more
than 1-2 mm deep and not more than 0 03 scconds in
duration

aVF  The complexes 1 this lead are also varable depending
mainly on the heart s position The P wave 1s usually
upnight but may at tumes be mnverted Agan asmat‘]
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5

Genests of the Precordial Pattern
The Intrinsicord Deflection

Over the normal heart the R wave becomes taller and the 8 wave
smaller 43 the electrode 1s moved from night to left across the chest
To understand this 1t 15 helpful to consider the patterns that result
when an electrode 15 placed at vanous points along a single strip of
stimulated muscle

In figure 23 the muscle strip ABC 1s stimulated at the arrow and the
wate of activation spreads from left to right to the other end of the
strip If the clectrode 13 placed sucees nely at pomnts 1, 2 and 3 the
Mustrated patterns are respectively derved from point 1 an 1S com
plexn from pomnt 2 an RS and from point 3 an Rs complex It 1s easy
to deduce from the e patterns that as long as the impulse 1s travelling
towards the electrode n positive deflection (R wave) 1s produced
while a negatin e deflection (3 wase) 13 mseribed when the impulse has
passed the electrode and s travelling away from 1t

A conmvement way to rationalize this findimng 1s to think of the 1m
pulse as & moving dipole 1e 2 parr of charges one positiye and one
negatine travelling together with the positive charge always leading
This 18 & crude but conyenient approximation of what actually occurs
when an impulse travels through stimulated tissue Iet us consder
1 terms of the dipole what happens when the electrode 1s placed
the middle of the muscle stnp (point 2) and the strip 15 then timu
lated As the dipole travels from left to night the leading positine
charge gets nearer and nearer to the recording electrode os it ap
proaches 1t exerts a stronger and stronger influenco on the electrode

40
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5

Genesis of the Precordial Pattern
The Intrinsicord Deflection

Over the normat heart the R wave becomes taller and the 8 wave
smaller as the electrode 15 moved from night to left across the chest
To understand this 1t 15 helpful to consider the patterns that re ult
when an electrode 15 placed at various pomts along & single strip of
stimulated muscle

1In figure 23 the muscle strip ABC 1s stimutated at the arrow and the
ware of netryation spreads from left to night to the other end of the
strip 1f the electrode 1s placed succes 1vely at pomts 1 2 and 3 the
1llustrated patterns are respectinely derved from pomnt 1 an 1S com
plex from pomt 2 an RS and from pomt 3 an Rs complex It 15 easy
to deduce from these patterns that as Jong s the impul<e1s travelling
tonards the electrode, a positine deflection (R wave) 1s produced
while a negatn e deflection (S wave) 13 msentbed when the impul e has
passed the electrode and 1o travellmg, anay from it

A comenient way to rationahze this finding 1s to think of the 1m
pulse as o moving dipole 1¢ 2 paw of charges one positive and one
negative traselling together with the positive charge always leading

I'tus 19 2 crude hut cons enent approuimation of what actually eccurs
when an impul~e travels through stimulated tissue Let us consider
m terms of the dipole what happens when the electrode 1s placed
the middie of the muscle strip (point 2) and the stnp 13 then stimu
lated  As the dipole travds from left to nght the leading positive
charte gets nearer and nearer to the recording electrode 89 1t ap
pronches 1t exerts a stronger and stronger influence on tho electrode
40
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- (RS

Fie 28

and the tracing becomes more and more positis e until 1t reaches mav
mal postieity (peak of R wave) at the moment that the postne
charge 13 immediately under the electrode A split second later the
dipole has moved on and the negatine charge 1s now mmedhately
under the electrode cxerting s maumal mfluence So the tracing
makes a gueh swing {the downstrohe) from maumal postnaty 1o
mavwmal pegatnaty Then as the dipole contines on its utney s
negatne tall recedes from the electrode and st< ifluence thereby &
mum<hes The tracmg becomes less and fess negative until when the
whole muscle stnip hns been actnvated the traewng regums the 10
eleeine hine
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The downstroke which repre ents the abrupt swing from maximal
positivity to maximal negativity is called the intrinsic deflection
Tt 1s a deflection of great practical importance for 1t tells us the
moment that the impulse (dipole) has armved under the electrode
We know that the start of the upstrohe marks the moment that the
impulse started from the arrow  we now also know that the start of
the downstrohe marh the moment that the impul e armved at B We
can thus measure the time 1t takes for the impulse to travel the dis
tance from the arrow to B This of course hike all timing 15 mea ured
honzontally as illustrated in figure 24 This simple principle has been
u.ed for decades 1n experrmental physiology Lewis used 1t to plot
the times of mpulsc arrnval at various pomts i the atria when he
was attempting to prove his theory of circus movement Prinzmetal
has recently used 1t even more extensiiely 1 his experiments on the
atrial arrhy thmaas

In the light of the foregoing let us now examine what happens when
electrodes are placed mn contact with the myocardium of normally

Fic °t Timng of the wntrnsic deflection The
time tt
clapses from (1o beginning of t1 ¢ QRS comy lex to the peak ::
the P wave 1s measured | onzontally
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AV nole ;.’

oty Septal Twse -

Fig 23 drawing of i
paths Note 1) the early sepial tng anng from the Iefs
Yundie tranch high up &ad perpendiealar path of wn
put o through mvoeardsam

funetoning sentncles esther m the evpenmental anmal or w man
with the heart urgieally expored 1f an e'ectrode 13 placed 1 contacy
with the suxface of the nzht sentncle 2 mainhy negative (7~} deflec
t10n 1» . eribed if placed in contact with the left ventnele a mamiy
pesitive (qF ) complex L s d Forallp 1 purposes the pat
werns are the amea thoe ob ed chineally from Lia) pornts
to the nght and left sy s and Vs Toappreciate the rea on for this
1t 13 pecessary to recall the rarmifications of the ventneles conduction
paths These are chemateally represeoted m fizure 2>

Most of the detaids of the spread of the cordine mnpube are well
enough known but two pomts deerve emphacie 13 Shortly after the
bundle of His Bas droded inte sts branches the left bundle branch
goves off a emalt tnig 1o the upper part of the septum the early septal
twig No corresponchng EW1g ares from the nght bund'e branch It
follows that the first part of the entnetlar myocnrdium to be ac
tivated 15 the upper past of the septum and this 1s activated exclu
aely from lefe to might %) When the impul-ps are distnbuted by the
Purlanje fibers to the endocarthal surfares of the sentneular wall
they then travel perpendicularly through the walls from endocardium
to epreardium
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We are now 1n a position to sce nhv night and left precordial leads
develop their respective patterns Figure 26 llustrates diagrammatic
ally the order 1n which 1arious areas of ventricular muscle are act:
vated First the upper part of the septum exclusiely from the left
(1) then the lower part of the septum stmultaneously from both 1des
(2) then both ventricular walls are actrvated simultaneously but be
cause the nght wall 1s much thinner than the left the impulse tra
verses 1ts perpendicular path through the nght wall and arnves at
the eprcardium (3) long before 1mpulses on the left have reached the
epreardal surface Then finally the left ventricular muscle 15 pene
trated first at the apex and then successtvely towards the base (4
5 6)

Now if an electrode 15 placed over the thimn wall of the right s entricle
(A fig 26), the first impulse (dipole} to mfluenco 1t will be that de
mved from the early septal twig (1) this 15 traveling towards the
clectrode and the deflection produced wil) therefore be positine The
impulses at 2 are tray elling 1n opposite directions and are equidistant

e

RV P

‘VQ? 5“'

Fia 78 The approvimate order of activation of
tle ventnicular myocardium and the form of
ventricular comy] x derived ver cach ventricle
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from A so that they neutrahze each other and evers no dascermble
mfluence on the tracmg The next impulse (3) 15 also travelling to
wards A and therefore augments the already posttive deflection From
this time on the only dipoles left in the picture are thase aetnating
the left ventnicle These are all travelling avay from the electrode A
and therefore cause a negative defiection The wall 1 thiek and the
unpulses have & relatively long journey so the 8 wave 18 relatiely
dezp The composte pieture produced 15 thus an 8 complex

When an electrade 12 placed over the left ventncle (B m fig 26)
1gan thefirst mfluence felt1s (1) fhisisnow travelling anay from our
electrode and therefore cnu ¢s a small atial negatine deflection {Q
wave) The mmpul es at (2) eancet each ather out as before Trom now
on the electrode 18 under the mfluence of the approachg mpulees
travadling towards it through the left ventnicular wall Therefore the
remamder of the left ventnienlar traemg 15 postse and the com
posite picture 1s 2 qR complex

Thus over the night ventncle 2 deep S ware represents actnation
of the left ventricle while over the Jeft ventricle self ats actinvation
ssrepresented by o tall I wave In other words from both sides of the
heart the major deflectson represents activation of the maror (left)
rentncle \sm the single muscle strip the downstrohe from the peak
of the R nave i the mtonsie deflection and tells us when the mpulse
has reached the epicardiat wurface of the ventncle over which the
electrode 15 placed s the nght <entnele has « much thinner wall
the imoulse over this ventricle naturally reaches the surface much
earfier than it reaches the surface of the left ventncde 1e the peak
of the small R wate over the nght +entricle 1 reached earhier than
the peak of the tall R wave over the left ventricle

In chmwal practice we obviously cannot take direct or eprcardsal
leads and the best we can do 15 o place the electrode on the chest
wall at strategic interials across the precordmm The resulting senes
of semy direct or precordial leads produces patternsvers samilar to
those taken with the electrode sn direct epicardial contact In the e
chmeal leads the downstrohe s the analogue of the 1ntnnme deflection
and 15 therefore called the mntrnsicord deflection This deflection
=hould begin 1¢ the peak of the R wave should be reached withm
002 seconds in V2 and within 003 <econds m N I 1t tahes longer
than this for the mtrnsicaid deflection to start downnards meang
that the imputse 1s late i reaching the epteardial surface of the ventn
cle under the clectrode and ths indrcate esther that the wall of the
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ventricle has become thichened (ventricular hypertrophy) or dilated
(so that the conducting paths have been lengthened) or that there
15 a block 1n the condueting system to the ventricle concerned (bundle
branch block) The intrinsicoid deflection 13 therefore a most useful
component of the ventricular tracing

This application of the dipole concept to the complex process of
activation of the entirc heart 15 obvioudly an over simplification
though a mot conventent and practical one Regardless of what term
—impulse dipole electromotive force or vector—isused m de cribing
the phenomena of myocardial activation the principles enunctated
above are most helpful 1n 11suahzing the tramn of electrical events

CLOCKRWISE AND COUNTER CLOCKRWISE ROTATION

Between the defimite nght ventricular pattern (1S) of V, and the
defimite left ventricular pattern (qR) of Vs there aro transitional pat
terns—as was stated above the S wave becomes less deep as the elee
trode 1s moved towards the left while the R wave becomes progres
sively taller The transitional zone 15 the area 1n which the QRS
complex 1s equiphasic (an RS complex) and this ususlly appears in
V; or V, or between them In figure 27 five series of precordial leads
from Vi to Vg are recorded The first three show normal transitional
zones (T) m A lead Vi shows the equiphasic complex m B lead V,
shows 1t 1n C the actual transitional pattern 1s not shown but V,
looks hike a right ventricular lead while Vi looks Iike a left ventrieular
lead the transition from one to the other has occurred between
the two

The last two series n the figure show abnormal transitions In D
1t can be seen that the transition occurs between ¥, and Vs, 1 other
words the left ventricular pattern 1s recorded unusually far to the
right of the chest In E the transition occurs between Vs and Vi 1¢
a nght ventricular pattern is recorded unusually far to the left of
the precordium

In explunng this we picture the heart to have rotated about its
longitudmal axis In deseribing rotation about this axis we are ashed
to look up at the heart from under the diaphragm ‘Thus if the front
of the heart revolves tonards the left we have from our ubphremc
viewpoint clockwise rotation If the front of the heart rotates
towards the right we have counter clockwise rotation Clochwise
rotation will obviously move the zone between the two ventricles
towards the left so that the transitional zone mn the precordal tracing
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<hifts to the left (En fig 27) while counter clockurse rotatton will
<hft the transitional zone towards the right (D i fir 27) Such rota
tions are not necessarly abnormal

Rarely 1n extreme cases the transitional zono between the two
yentrneular patterns may be situated further to the night than V, or
further to the left than Vs In such situations leads further to the
nght (Vs and Vin) or further to the left (V7 and V4) may be taken
n an attempt to obtan nght or left ventricular patterns respectively

NOTE ON USE OF FERMS VPNTRICUIAR TEAD AND
YCNTRICULATR PATTERN

Tt should be emphasized however that a precordial record 1 not
derned exdlusively from one underlyin,, area of the myocardium No
matter what lead 1s used the resulting tracing 1s Wwayvs 1 composite
pieture an clectrieal resaltant of all the many 1multancous impulscs
or dipole that are tratelling 1 varou directions through the
whole myocardiam It 15 true that the area of myocardium subjacent
to the clectrode m1y mahe a major contrihution to the record—the
so called local prek up  effect—becau ¢ an important factor de
terminmg recorded volta.e 19 the nearness of the eleetrode to the
electrical force and thereforc a nearby force will excrt more influence
than a distant one on the pattern produced As an (xample if the
electrode 19 placed at position 6 the impulses travelling through the
~pall of the left ventnicle are eppreciably nearer to 1t than those
traveraing the right ventricular wall and the left ventricle therefore
everts a greater nfluence than the rght but as long as forees con
tinue to be generated m the nght ventrrcalar wall they will be making
some contribution to what we have been calling the  left ventricular
pattern  In other word a2 mht or left ventricalar pattern means
the ty pe of pattern produced when the clectrode 13 placed vier the upht
or left ventricle rather than the pattern produced exclusuddy by the
subyjacent ventricle Indeed 1t 19 obvious that the <o called nght ven
tricular pattern 13 mammhy derived from left ventricular forces Pro
videdat 1s fully appreeinted what s meant by night and left v ontricular
fead and right and left ventriculwr pattern these are useful deseriptive
terms
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Ventricular Hypertrophy and Strain

ath the genesis of the normal precordial tracing fresh in mind
the readiest pattern to turn our attention to 15 that of ventrieular
hy pertrophy

LLFT VENTRICULAR HYPERTROPHY AND STRAIN

The pattern of left ventricular hypertrophy 1s exactly what one
would predict If the wall of the left ventricle 18 thicker than normal
the impulse will take longer to traverse 1t and arrive at the eprcardial
surface TMherefore the QRIS mterval will mercase towards or to the
upper himit of normal the intrinsicoid deflection may be somewhat
delayed over the left ventricle and the voltage of the QRS complexes
wall increase—producing deeper S waves over the nght ventricle and
taller R waves over the left (asn the precorcial leads m hg 28) The
most reliable smgle indication of left ventreular hypertrophy 13
pre ent when the sum of the Swavem Vyand the R wuem 1, totals
more than 30 mm In figure 28 the total 15 48 mm  \ccompanying
the e precordial changes left axis deviation 1 the standard leads 1s
usmally found

{Vhen strun  complicates the peture the ST segments and T
waves are affected Over the left ventriele (Vi Va Vi) the ST sep,
ments become depressed with an upward contersty who ¢ final down
wurd cure blends into an mverted T wave If left axis devation 1s
pre ent the same ST T changes are usually evident i lead 1 symylar
ehanges alo appear aV leads having the form (qR) of left ventricu
lar leads In the case llustrated i figure 28 these changes have taken
place 1 aVl Not uncommonly the earliest sgn of left ventricular
<tram s ML eron of T waves in left sentricular leads

&
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Fio 28 Left ventricular hypertrophy and strain Note hotszon
tal heart with left axis deviation ST T changes 1 . aVL V.,
high voltage of QRS complexes in precordral leads
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It 15 important to realize that left avis deviation 1s not an invariable
accompamment of left sentricular hy pertrophy It 1s 1n fact possible
to have actual rnight aus deviation m such a heart 1f 1t 15 1 & vertical
position (fig 20) If the ST T changes of stram are present they will
then be seen in whichever standard leads have the form of left ven
tricular leads Thus when left ventricular hyportrophy and stramn
appearna horizontal heart wath 1uft axis desation—the usual finding
—lead 1 (and perhaps 2) and aV T will show ST T changes (fi, 28)
whereas i 2 vertical heart with nght axis deviation the ST T changes
will appear 10 lead 3 and aVI (fig 20) If the tracing <hows tall R
waves m all three standard leds as 1n normal axis or shight nght avs
deviation (fig 20) the ST 1 changes may be present m all three
standard leads Turther examples of left ventricular hypertrophy end
stram are shown m fizures 30 wnd 31

In summary heart position lone determines wheeh standard and
aV Jeads will manifest the ST T changes of strain and the diagnosts
;)f ]jl't ventricular strain must be made predommantly from the chest

eads

Yo 9 Left ventricular hypertrophy and Strain Note certical
At with rght ave deviation therefore ST T changes in @ 3 aVF
“ N tice QRS amphitu de of over S0 mm 1n Vpand v

he
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Fia 30 Left ventricular hypertrophy and
strain Note marked left awis deviation with
ST T changesin 1 2 CF,and CF  delayed m

trinsicord deflection 1n CFy
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2 \#) Vq Vs Ve

Fi¢ 31 Left ventrscular hypertrophy and strain Note left
axis deviation ST T changesinl atL Vyand b

Stram 15 a u cful non commuttal term The exact mechansm
which produces 1ts pattern 1s not completely settled but there are
several factors belicved to contribute toat It 1s known to develop in
those who have shown the pattern of left ventricular hypertrophy for
some time and the pattern intensifies when dilatation and faulure
set 1n Myocardial 1schemia and slowing of intraventricular conduc
tion are mmportant among the factors which probably contribute to
the pattern

Along with the left ventncle the left atnum may also feel the
stran  In such cases the P mitrale pattern (page 19) with left axis
deviation of the I waves may be as otiated with the pattern of
ventnieular hy pertrophy and stram

“Much the commone t eause of left ventricular hypertrophy and
stram s hy pertension  Less frequently the pattern 1s found following
msocardinl infarction n aortie stenosts sortic 1nsufficikney coarcta
tion of the norta and oceastonally in other conditions
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Salient features of left ventricular hypertrophy and

1

o

stramn

Deeper S waves over night ventricle and taller R
waves over left

QPS interval towards upper limit of normal
(008011 sec )

Late intrimsicoid deflection m Vi ¢

Left axis demation—usually

ST segment depression with upuard convezity in
left precordial leads and m whichever standard
and aV leads show left ventrieular (qR) pat
tern

5
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RIGHT VENTRICULAR HYPERTROPHY AND STRAIN

The pattern of right ventnicular hy pertrophy and stram 1s not so
easily rationahzed but 1t 1s easily enough remembered In the fully
developed preture the precordial pattern s reversed so that tall R
waves appear over the rght precordium (v, Va), while 1S complexes
develop over the left ventricle The simplest and possibly the correct
way to rationalize this reversal is to thiak of precordial compleves
with tall R waves as representing the major rather than the left
ventricle Normally the left ventricle 15 the major ventricle and so
produces tall R waves When the nght ventricle shows extreme hy per
trophy 1t becomes the major ventricle and the rS pattern appears
over the now munor left ventricle The QRS complex may become
somewhat prolonged and the mtrinsicord deflection somewhat de
layed over the right side of the precordium but these ehanges are not
usually o marked as the corre ponding changes i hy pertrophy of
the left ventricle In the standard leads nght axis deviation almost
s anably oceurs

Right ventricular stram manifests stself n ST T changes smilar
to those scen n left yentricular strain but in different leads namelv
in those over the nght ventnele (V, V,) and in lead 3 The changes
of fully developed right ventricular by pertrophy and strain are seen
1 figure 32

Thus full blown pattern of right ventricular hy pertrophy and strain
18 much less commonly seen than that of left ventricular strain be
cau e the causes of right etramn are less common and because 1t re
quires a higher degree of stram to produce the mature pattern In
left ventricular hy pertrophy the left ventriele 1s already the major ’
ventricle and as 1t hy pertrophies 1ts majonty becomes aceentuated
so that early hy pertrophy 13 fairly readily secn as an cxaggeration of
the normal pattern In nght hypertrophy on the other hand the
right ventnele starting as the mior ventricle has a good deal of
orvertahing to do before it becomes the major ventricle and matenally
alters the trsemg
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Fra 3% Right ventricular hypertrophy and
strajn Note marked nght axs deviation tall
R waves over right veninicle with deep S wave
over left ST T changes only slight 1n 3 but wejl
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Note nght axis deviation
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patient with emphysema
P pulmonale pattern ST T

changes m 2 and 3 and deep § waves as far to the left
25 CF (clockwise rotation)

A pattern short of the fully deseloped night ventricular stram pat
tern 13 more often seen This consists 1n rS complexes all aeross the
precordm (clochwise rotation) with nght aus deviation m the
traciny, 12 seen 1n many cases of emphy scma
for example which have not yet developed sevcre cor pulmonale A

standard feads Such a

tracing from such a patient 1s seen i figure 33

In the presence of night ventricular hypertrophy and stram the
nght atnum may al o feel thestrain  In such cases the P pulmonale
pattern 13 added to the pattern of vontricular stram If pure mutral
stenosis 15 the cause of the night Ventncular stramn the P mutrale pat

tern may appear
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The main causes of nght ventricular hypertrophy and stram are
congemtal lesions such as the tetralogy of Fallot pulmonary stenosts
and transposition of the greut vessels acquired valvular lesons n
cluding pure mitral stenosis tricuspid stenosis and/or insufficiency
and chromie lung diseases especially emphysema

I ATTERNS OF SYSTOLIC AND DIASTOLIC OVERLOADING

Recently the patterns of ventricular stramn  have heen subdivided
into two types systolic overloading and diastohe overloading
(1) When the heart has to pump a amst an ohstruction 1t 151n systole
that the stram 1s felt when the blood overfills the ventncle as m
aortie msufficiency the predominant strain 13 obviously felt in dias
tole

With systolic overloading of the left ventricle as scen in hyper
tension and aortic stenosis the elassical pattern of hy pertrophy and
strain as outhned on pa.e 50 1s «een hut when the mam load 15
borne 1n diastole asin pure rheumatic aortic msufficiency or mn patent
ductus a different pattern 1s seen this con 15ts of prominent upright
T waves as well as tall R waies over the left ventricle (V)

TWith svstohic overloading of the right ventricle as scen 1n pulmome
stenosis or pulmonary hypertension the classteal pattern seen 1n figure
321s produced but when the mamn load 1s diastolie as 1n atrial septal
defect the pattern of complete or mcomplete right bundle branch
block (sec next chapter) re ults This pattern apparently does not
result from blockade of the right bundle branch but rather results
from hvpertrophy of the basal portions of the right ventricle (8)

Salient features of right ventricular hypertrophy
and stramn

1 Reversal of precordial pattern with tall R over
nght precordium (V3 V2) and deep & over left
(Vs Vo)

2 QRS nterval within normal limts

3 Late intrinsicord deflection in Vy 5

4 Right axis deviation

5 ST segment dep with upuard conext,
and inverted T waves in night precordial leads
(V1 2} and 1n whichever standard and aV leads
show tall R naves
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Intraventricular Bloch

It 15 conventent to consider ntraventricular block next because its
patterns In many ways are simply exaggeratons of the corresponding
ventricular hypertrophy and strain pattern The commonest form of
intraventrieular block 15 bundle branch block but 1t may al o result
from diffuse slowing of the impul e throughout the conduction system
of one ventnicle or by conduction disturbances 1n the ventricular wall

LLCFT AND RIGHT BUNDLE BRANCII BLOCKS

1f one of the branches of the bundle of J1is 1s blocked by disease
1t stands to reason that the impulse will travel down the branch to
the other ventricle first Having actnated this ventricle the impulse
will spread through the septum to the ventricle on the side of the
block and n turn actinate 1t In other words the ventricles will be
actinated one after the other mstead of mmultaneously i senes n
stead of i parallel

Tt 13 worth mentioning that we shall encounter four condittons n
which the ventrcles are activated successively mstead of simultane
ou ly—bundle branch block ectopte (premature) ventricular beats
paroxysmal ventncular tachy cardia which after all 1s simply a rapid
suceession of ectopic ventrcular beats and idioventrnicular thythm
originating m an ectopic ventricular pacemaher There 13 therefore
m these four dit a marhed il 1 m the
bizarre pattern produced n each cae there 1s prolongation of the
QRS mterval and the ST <egment tends to slope off i the direction
opposite to the main QRS deflection An isolated premature ventriey
lar beat a <ingle complex abstracted from a run of ventneular tachy

61
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cardia and another from an example of 1dioventricular rhythm are
1llustrated side by side with a smgle complex from a tracing of bundle
branch block 1n figure 34 The stmilanty of pattern common to alt 1s
evident at a glance

In bundle branch block the QRS interval 1s prolonged to 0 12 sec
ond or more and 1t tends to be more prolonged m left than in night

! c D

LA B _ .
F1o 3t Comparison of patterns of (A) bundle branch block
(B) ectopic beat (C) v 1 y and
1 rhythm origmsting 1 a low ventricular

pacemaker Note that cach pattern has in common 1) prolonged
QRS interval and 2) ST segment sloping off to T wave in diree
tion opposite to main QRS deflection

branch block To determine whether night or left branch i afTected

the intnnsicord deflections over nght and left ventricles should be
serutimzed When the left branch 1s blocked the impulse reaches the
right ventncle punctually but 1t 1s late 1 actiyating the left ventricle
The intrinsicord deflection over the nght ventnicle (e g Vi) there

fore begtns on time whereas over the left ventricle (e g 1n V) this
deflection 13 much delayed {fig 35> A) On the other hand when it 1s
the nght branch that 13 bloched just the reverse occurs—the intrinm

cord deflection 18 on time 1n left ventncular leads but 1s late over the
night ventncle (fig 3o B) The QRS complex over the nght ventricle



INTRAVENTRICULAR BLOCK

e

A 8

Fra 35 Bundle branch block
(A) left and (B) right The important
leads to study 1n BBB are 1and 3 V,
and Vs (see text)

63
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often becomes M shaped 1n right bundle branch block (fig 36 B)
while wide S waves appear over the left ventricle

F1a 36 Right bundle branch block Note wide
8, late intninsicord deflections 1n CFy and early donn
strokes 1o CFy and CFs
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Charactenstic  though less reliable changes also occur in the
standard lmb leads Left bundle branch block usually produces
marked left axis deviation 1n these leads (figs 35 A and 37) Right
bundle branch block on the other hand produces a prominent wide
Swavem lead 1 If this S wave s sufficiently deep and the QRS com
plex 1 lead 3 1s upright frank nght axis deviation may be produced
(figs 36 A and 38) thisis the uncommon type of nght bundle
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Fre 37 Twoexamples of left bundle branch block Note left aus
deviation and late mntrin teod defl ctions over ft ventricle
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branch block A much more common type 1s sometimes known as
Wilson block, here a tall slender R wave precedes and exceeds in
amphitude the wide S wave n lead 1 {fig 3o B}

(==l ]
Fira 33 Right bundle branch block with marke 1 night avs desition—
the uncommon type of RBBB
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Changes m the standard leads hovwever are very vanable Indeed
on the basis of such changes the patterns of left bundle branch block
have been subdivided nto four types and those of right bundle
branch block into noless than seven It 1s quite unnecessary to become
familiar with these several types The two diagnostic prineiples that
must be borne 1n mind are 1) that the final analysis of bundle branch
block rests with the precordial leads and 2) that the standard leads
show a great vartety of patterns Just as left axis deviation 1s not a
sine qua non of left ventricular hy pertrophy (page 52) so 1t 1s not
nvanably found 1n left bundle branch block It 1s not rare to see
normal axis (fig 39) and 1t 18 even possible to have night axis devia

Fic 39 Left bundle branch
block The axis is normal but the
late trnsicoid deflectionover the
left ventricle (CFs) 18 decisive
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tion 1f the left block affects a vertical heart (fig 40) Similarly right
bundle branch block may be associated with marked left aws devia
tion 1f the heart 1s honizontal (fig 41) This 1s not infrequently scen i
hypertensin e hearts when nght bundle branch block 1s superimposed
on the pattern of left ventricular hypertrophy

| 2 3
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| CFy (A [ CFe
Fio 40 Left bundle branch block There is right avus

deviation but the late ntrinsicoid deflectron over the left
ventricle (CFy) 11 deciive
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Fia 41 Right bundle branch block Two examples with left sns
deviation A wde 818 present in eash tase trinmicoid deBections ase
late over the night ventriele (Vi and Vi) but eardy aver the Jeft
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Fia 42 Left ventricular hypertrophy and
strain (A) 1ncomplete left bundle branch
block (B) anl complete left bundle branch
block (C) compared
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i

As mtimated earher the pattern of bundle branch block can be
ummanzed as an exaggeration of the pattern of ventneular stram
Sompare A B and C i figure 42 The mamn differences are that the
QRS mterval 1s longer 1n block the intrinsteoad deflection over the
slocked \entricle 1s correspondingly later and the ST T changes are
more p: 1 The QRS defl m block however are often
of lower voltage and are more hhely to show defimte notehing than
m ventrjeular hypertrophy and stramn One further important detail
chould be noted whereas the normal Q waves over the left ventncle
may be present or exaggerated m ventneular hypertrophy 1n left
bundle branch black these normal Q waves are absent This 1s be
cause as the left branch 1s blocked no mpulses reach and traverse
the early septal twig ansing from that branch—the septum 15 entirely
activated from its right side 1n left bundle branch block Figure 43
Mustrates how left ventricular hypertrophy and stramn sometimes
progresses to left bundle branch block 1m the same patient
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Fig 43 Two tracings from same patient taken two years ,p," First
tracing (first and third rows) shows left ventricular hypertrophy and
strain second tracing (secon i and fourth rows) shows fully developed left
bundle branch block
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It 15 distinetly arbitrary always to be dogmatic in differentiating
ventricular hy pertropby from bundle branch block on the basis of
QRS duration alone Proved cases of bundle branch block have shown
QRS intervals of not more than 0 10 second, on the other hand un
doubted eases of pure hypertrophy have QRS mtervals of 012
second The designation incomplete bundle branch block has
been assigned to those patterns whose QRS mtervals place them m
the no man s land of 0 10 to 0 12 second with a left bundle branch
block pattern (fig 42 B) or 009 to 010 second with a nght block
pattern (fig 44) The term arborization block has been applied to
the combination of bundle branch block with extremely low voltage
m the hmb leads

= j53

Fia 44 Incomplete night bundle branch block Note the salient fea
tures of the night bundle branch black pattern—wide § in lead 1 with late 1n
trinsteord deflection 1n ¥ —but with QRS duration of only 0 10 sec
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Teft bundle branch block statistieally at any rate carries with it a
less favorable prognosis than mght (2 3 6) It 1s obvious however
that the ultimate outlook depends not on the conduction disturbance
per se but on the disease that 1s causing 1t Therefore m any gren
wstance of coronary discase causing bundle branch bloek the prog
nosis should obviously be based not on which bundle the discase
process has happened to affect but on one s estimate of the seventy
of the underlying coronary disturbance Intermuttent bundle
branch block 1e prolonged QRS complexes present at times but
not at others (figs 4o and 46) presumably carnes the <ame mport
as permanent block and probably represents a transition stage before
permanent block 1s established

Left and night bundle branch blocks occur with about the same
frequency (3) Coronary disease 1s much the commonest causc of per
sistent bundle branch block  Other causes are rheumatic disease
syphilis trauma tumors and congemtal lesions Tranwent bundle
branch block may oceur n acute heart failure acute myocardial n
faretion acute coronary insufficrency and acute mfections or may
result from digitalis or quimdine intoxication

Salient features of bundle branch block

Left bundle branch | Right bundle branch
block

Leads block
—_ |—
ATy early intrinaicond !lalc mtninsicord M shaped
RS
e Iate wntrinsicaid 0o | early mtnnsicosd
Qwaves
Standard | left axs deviation | wide 8 with or without

leads usually aus deviation
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Fra 45 Intermittent bu I1¢ branch block The first stripas
lead 1 from one patic 1t 1t t  1uthre leads are from apother
patient Note the varatt QI ~1 ttern and duration Ju the firat
sterp the first two beats 1 + wotry ¢ tricularbloch the last two are
of normal dyraton at 3st 1 4 et [th other leadet can alzo
bo seen that some QRS ¢ 5 jle 8 1 lony d while others are of
pormal duration
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kic 46 Intermittent intraventricular block Intraventricular block
presumsbly of left bundle branch type § revail m stan Lard limb leads during

aVR relstively normal mtraventnentir conducticn appears and continues

through tte a\ leads blick reaprears in v, and continues th roughout the
precordial fea ]
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THE WOITF PARKINSON WHITE SYNDROME

1hs purely electrocardiographie  syndrome  (9) 15 convenuntly
considered here becau e the prolonged QRS that charactenzes it mves
1t L superficial resemblance to the bundle branch hlock pattern It
has been called  p cudo bundle branch block

The pattern consists of a shortened P R interval folloved by a
lengthened QRS mnterval The QRS t as much longer than normal ag
the P R interval 13 shorter than normal The P R interval u ually
measures 0 10 second or less and the P wave 15 normal The upstroke
of the QIS 1n lead 1 15 usually heavily slurred producing the <o called
delta wave (fig 47 \)

Tia 4 A Wolff Parkinson White syn
drome Note short I R interval prolonged QRS
1nterval and delts waves (slurred upstrokes) in
lead 1
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™l
B [+
Fra 4¢ B and

B Bundle branch block and € W E W svn
drome compared diagrmmatically

If the pattern of bundle branch block 1s superimpo ed on a normal
P QRS sequence we get the composite pieture mndicated 1n figure
47 B the blocked ventricle 1s activated late so that the superadded
tracing 1s tacked on to the downslope of the norma) QRS leaving the
P R mterval untouched In the W PV syndrome the superadded
traeing 1s attached n front of the normal QRS thus shorteming the
P Rmnteral by as much as1t lengthens the QRS (fig 47 C) In bundle
branch bloch we know that the QRS 1s prolonged beeau ¢ one ventricle
19 aetivated late 1t scems reasonable to assume that the W P W svn
drome results when one ventncle (or part of a ventricle) 1s actiyated
abnormally early  This phenomenon s called pre excitation

The. explanation 1s generally accepted and has indeed been proved
but the exact mechamsm of early activation of onc ventricle 1s 1n
di pute It has been widely believed that accelerated conduction to
one ventnicle 1s effected through an accessory bundle (bundle of Iient)
which by passes the AV nede and bundle and so avouds the pause
which normally occurs when the impulse arrives at the A ¥ junctional
tiues Prinzmetal (8) has recently presented evidence that the asyn
chronous activation of the ventricles in this syndrome 15 due to
differentinl transmsston of the mmpulse at the AV node itsddf n
other words mo.t of the impulse suffers 1t8 normal delay at the A \
node whle part of the impulse speeds ahead to its ventricular des
tination Ie has d the term 1 1 d syn
drome as a deseriptive alternative for Wolff Parkinson White syn
drome

This syndrome 13 & relatively benign condition 1t occurs mawnly
i indnduals with no sign of heart disease whowe only other car
diac pecuhanty 18 o tendeney o parovyemal atrial tachycardia At
time< however this anomaly of conduction appears to result from
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serious heart disease and therefore cannot be said to be invarably
associated with a bemgn prognosis It affects males predomiantly
and 1s found m all age groups

REFFREANCES
BUNDLE BRANCH BLOCh

1 DeForest R F Four cascs of hemgn left bundle branch block 1 the
same family Am Heart J 1956 51 308
2 Johnson R I et nl Prognosis m bundle branch block II Factors in
fluencing, the survival period 1n left hundle branch block Am Heart J
1951 41 925
3 Me er A L etal Prognousin bundle branch block IIT A comparison
of night and left bundle branch block with a note on the relative meidence
of each Am Heart J 1951 41 939
4 Myers G B The form of the QRS comple 1n bundle branch block and 1o
anterolateral infarction Am Heart J 1050 39 817
5 Papp C ond Smith h S The changing electrocardiogram m Vialson
block Circulation 1905 11 53
6 Shrecnivas et al  Prognosis in bundle branch block T Factors ifluencing
the survival period 1n might bundle branch block Am Heart J 1950 49
891
Vazfdar J P and Levine 8 4 Bemgn bundle branch hlock Areh Tt
Med 1952 89 563

WOLFF PARKINSON WHITE 8¥NDROME

8 Prinzmetal M et al Accelerated conduction The I olff Parkinson 1 hue
Syndrome and Related Cmditions Grune and Stratton New York 1950

9 Wolf L Syndrome of short I R interval wth abnormal QRS compleves
and paroxysmal tachycardia (Wollf Parkinson White syndrome) Cirey
lation 1954 10 8
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]
B c
Fra 47 B and C

B Bundle branch block and C W1 W sn
drome compared diagrimmatically

If the pattern of bundle branch block 1s superimposed on a normal
P QRS sequence we get the composite picture mdicated in figure
47 B the blocked ventricle 1s activated late so that the superadded
treeing 1s tacked on to the downslope of the normal QRS leaving the
P R nterval untouched In the W P'W syndrome the superadded
tracing 1s attached m front of the normal QRS thus shortening the
P Rinterval by as much as1t lengthens the QRS (fig 47 C) In bundle
branch block we know that the QRS 1s prolonged becau e one ventricle
1s actinated late 1t scems reasonable to assume that the W P W syn
drome results when one ventricle (or part of a ventricle) 1s activated
abnormally early  This phenomenon 13 called pre excitation

This explanation 1s generally accepted and has mdeed been proved
but the exact mechamsm of early actnnation of one ventricle 18 1n
di pute It has been widely believed that accelerated conduction to
one ventricle 1s effected through an ecescory bundle (bundle of Jent)
winch by passes the A ¥ node and bundle and so avoids the pause
which normally occurs when the impulse arrives at the A V junctionsl
tissues I ninzmetal (8) has recently presented evidence that the asyn
chronous activation of the ventricles in this syndrome’ 15 due to
differential transmission of the impulse at the A V node itself m
other words most of the impulse suffers 1ts normal delay at the A
node while part of the impulse speeds ahead to its ventricular des
tination He has suggested the term accelerated conduction syn
drome as a descriptnne alternatne for W olff Parhinson White syn
drome

Thts syndrome 13 a relatively bemgn conditton It occurs mainly
n indiaduals with no sign of heart disease whose only other car
diac peculianty 1s a tendency to paroxy mal atnal tachyeardia At
times haweser tlus anomaly of conduction appears to result from
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More Practical Points

The techmcian 13 not expected to learn how to interpret the trac
g but she should be told certain useful points that will make her
work more inteligent and more mteresting She <hould watch the
tracing come out of the machine with a tramed alert eye and she
should be given the following practical instructions

Notice carefully the pattern of these four leads—

1 Lead ! If the complexes are inverted check your arm elec
trodes—they are almost certainly reversed (fig 143 B page
197)

2 Lead 3 1f the first deflection of the ventricular complex 1s
downward (a Q wave) tell the patient to take a deep breath
and hold 1t for a few heart beats (figs 110 and 111 page
152) This will help to distinguish between important and
unmmportant Q waves

3 Lead V. If the ventneular complex shows a tall upright (R)
wave wnstead of the usual deep downstroke take a lead or
two further to the nght (Via V) to try and get a nght
ventricular lead with the major deflectron downward

4 Lead V¢ If the ventmcular complex shows a deep down
stroke (S wave) instead of the usual tall upnght wave tale
a lead or two further to the left (V; V,) to try and get a
left ventricular lead pattern with the major deflection
upward
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The Arihythmias Ventricular
Arrly thmas

Disturbances of thythm are most conveniently divided nto a)
supraventricular and b) ventricular This eorresponds with simple
electrocardiographic difference—arrhy thmias origmating in the atrium
or AV node (supraventricular) are characterized by normal QRS
complexes while ventricular arrhythmias produce bizarre QRST
complexes with prolonged QRS mterval Exceptions rarely oceur
Therefore the golden rule in interpretng arrhythmias 1s look first
at the QRS interval If this mterval 1 normal! the arrhythmig ,
of supraventricular origin 1f 1t 1 prolonged the arrhy thoma 15 prob
ably of ventricular origin

TWith a prolonged mtcrval we ean only say probably ventricular
beeause there 1s always the possihility that intraventncular block 15
comadent with a supraventncular disturbance of rhythm Sych 4
block may have been present before the suprasentricular arrhvthmg
began or agam the stran put upon ventriculer conduction by ap
arrhythmie tachveardia may have mduced a temporary ntrasen
tricular block The pattern of mtras entricular block plus supray en
tneular tachy cardia may be virtually mdistinguishable from ventrcy
lar tachycardia Bearing this exception m mind when a tachycardia 5
seen with bizatre prolonged QRS complexes 1t 15 best diagnosed as 5
ventricular tachyeardia till prov ed otherwise

Two other practical ju tifications for the subdruision of arrhy thmiag
1nto supraventricular and \entricular wre 1) 1t 15 sometimes impossible
to distingui h between atnal and AV nodal tachyeardiss ang
2) the treatment of both supray entricular tachyeardins 1s the same

81
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Arrhythmias may be recognizable m any lead but as a general
rule the most satisfactory leads for diagnoss are leads 2 3 and V,

VENTRICULAR ARRHY THMIAS

Four ventricular arrhythmias are generally deseribed—ectopic
beats tachycardia flutter and fibnllation

The terms ectopic beat premature beat and extrasystole are
virtually synonymous All ectopie beats howeser are not premature
For example the ventricular response m atral fibrllation may be
mterrupted by an ectopic ventricular beat but as the time of the next
ventricular response during atnial fibrillation cannot be predicted 1t 1s
obviously ridiculous to call such a beat premature For this reason
ectopic beat 1s here preferred as the generic term though premature
beat and extrasy stole will be freely used when their use seems appro
priate
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Fia 43 Premature ventricular beats Tho second
beat in each leal 13 an ectopic (premature) vestnicular
beat Notice that while the dominant complexes how left
aus deviation the ectopic beats shown right axa shuft They
tterefore an e in the left ventnicle ( ce pages 36-3 )
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Frc 49 Companison of mterval following premature ventricu
lar beat (A) and that following a supraventricular premature
beat (B) see text

ECTOPIC VENTRICULAR BI'ATS

The 1solated ectopic ventricular beat 13 perhaps the most easily
recogmzed of all cardiographie aberrations It stichs out grotesquely
1ihe a sore thumb Several are shown in the strips 1n figures 48 to 53
1t can be seen that the ectopic impulses have produced distorted
QRST complexes all of which have certan characteristics in common
1) they anticipate the next normal impulse (1 they are premature)
2) the QRS intervals are prolonged 3) the ST segments slope away
1n the direetion opposite to the mam QRS deflections 4) followng
each premature beat there 15 a relatively long pause until the next
sius impulse 1 due time mitiates the next cardiac cycle this pause
15 as much Jonger than the normal cardiac cycle as the ectopre beat
was premature Thus the interval from the beat preceding the ectopie
beat to that following 1t 1s exactly equal to two cardiac cycles 1e
mn strp A 1n figure 49 the nterval from b to ¢ equals that from a to b
The pause following the p beat 1s therefore fully c
tory i contrast with the intersal that follows a supraventricular
beat (stnp B fig 49) Careful measurement m stnip B will show
that the mnterval from b to ¢ 1s not quite equal to that froma to b
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M 5

Fic 50 Relition hip of I waves to premature ventricular
beats In \ the ventricular beat1 vers premature and the P wase
(x) deforms the ST egment In B the ectojicbest1 only shightly
premature and the 1 » e ) precedes st In C the hirst premature
teat 1s followed by n retrograde 1 wave () retrogra le condue
tHn to the atrina not of erved following the second premature
beae

E=1 Nt

The P waveis usually lo t in a premature ventricular beat beeause
the QRS complex 13 usually sufficrently premature to swamp 1t Oc
castonally 1t may be seen as a notch or splinter shightly dcformmng
some part of the QRS complex or even the T wave (ig 10 A) Onthe
other hand if the ectopie beat 15 only “hghtly promature the normal
I’ wave may have time to put in an appearance  hortly before the
abnormal QRS (fi, 10 B) Not rarely the cctopie impulse from the
ventricle spreads bachwards mto the atna m enbing o retrograde P
wave which replaces the <inus I wave that was otherwree cxpected
() {fig 20 C) Oceatonally the ectopic beat 14 so premature that the
nest wussmpul ¢ finds the ventnicle uffiontly recovered tore pond
In such crrcumstanees the premature beat 1s sandwiched m between
two normally paced nus beats and 15 known as an interpolated
beat (fig 5t )

When every other beat 13 a premature hent (l'g »2) the rhy thm 1s

1 bl aa F {nilerte h v
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Fig 51 Prematute ventricular beats A The prcmature Feat

15 3susua) followed by compensatory pause B 'The premature beat,

18 sandwiched in between two normal sinus beats—an interpolated
ventricular premature beat

Fia 5> Bigeminal rhythm In each le d every ullem:\le beat 13 a pre
mature vet tnicular b at In this patient the dysrhythmia was due to digitalis
1mtovieation

8
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or coupled beats If every third beat 1s a premature beat (fig 53 A),
or if each normal beat 1s followed by a pair of premature beats (fig
53Band C), t y (pulsus t tr I rhythm)
13 produced
Ectopic ventrieular beats are generally regarded as a normal find

1ng unless they are very numerous or arise from more than one focus
(multifocal or multiform ectopic beats) (fig 53 B and C) Lven
igeminal thy thm honever 1s sometimes seen 1n an otherwise normal
heart When both ventricular and atrial ectopic bents are observed

H i
LI I B B A R i~
F16 o3 Trigeminal thythm two fyms In A every thard beit 19 n ven

tricular premature beat 1n B an 1 C each sinus beat is £ Mlowed by a1 e of
srrmiler rirnrnal tire beata
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1m the same heart 1t 18 generally conuidered evidence of cardiac dis
ease (1)

Sahent features of ectopic ventricular beats

1 lizarre premature QRST complex with pro
longed QRS ntersal and ST segment sloping
off 1n direction opposite to mam QRS deflec
tion

2 followed by fully compensatory pause (unless 1n
terpolated)

3 P wave usually lost (submerged in ventricular
complex)

PARASYSTOLE

Premature ventricular beats tend to occur during the supernormal
recovery phase of the ventricle which corre ponds with the U wave
m the electrocardiogram During this phase of supernormal exeita
ility the ventricles can be activated by stimuli which are otherwise
sub threshold Premature beats therefore tend to bear a fixed rela
tionship to the preceding beat this fixed relationship 1s hnown as
fixed coupling and the ectopic beat 15 thought to be m some way
causally related to the preceding beat

Sometimes however an autonomous ectopie focus m the ventricle
fires off regular 1mpulses at its own mndependent rate and whenever
these impulses anse at a tume outside the refractory period an ectopie
beat results This phenomenon of a parallel pacemaker competmg
for contro} 13 known as parasystole 1t 1s to be suspected whenever
(1) the ectopic beats show a varying time relationship to the preceding
beats and (2) the mtervals between eonsecutive ectopie beats are all
equal to or are multiples of the shortest mter ectopic intersal observed
(fig 5%)
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Fic 54 Pos ible parasystole Every ccond beat 13 premature but the
interval betwoen premature beat and preceding beat 15 vanable 1 there 1s
no fied coupling The mter ectopic interval {distance betneen consecutive
premature beats) however 1s constant These tno features are compatible
with but not of pi tole Careful t 1 a much
longer strip would be necessary for precise diagnosia
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PARO\YSMAL VENTRICULAR TACHYCARDIA

Ventricular tachy cardia 1s merely 4 run of rapidly repeated prema
ture beats It 1s recogmzed by the appearance of bizarre prolonged
QRS complexcs recurring at a rapid rate They are more or less
regular but this 1s the least regular of the so called regular ar
rhythmias (sec table on pige 126) The I’ waves are frequently lost
though they mav sometimes be recoginzed as notches occurring at a
<lower rate and usually 1n no constant relation hip to the ventrcular
complexes (igs 90 and 56) In fact, 1dcnnhgntiwngchtcd IJ
wavests the only certan means of recogmzing, s trieular tachyeards

~1X,El=lp' FEwl

A=

Fio 50 Ventn:ular tachycardia at relatively low rate ¢f 120 Inde
pendent I wave are clearly seen at slower rate (92)

= i
e
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Fra o Ventricular tachycardia at rate 1% Trpicul pattern in leads
1ani3tutthediagnow 1 conchuivels eatall belty thess i1y ar Jepend nt
P waves inlealZat rate 110
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—if such I waves are not seen there 1s alnay«< the possthility that a
supras entricular tachycardia1 associated with intraventricular block

Thus 1t 19 sometimes 1mpossible to differcntinte true yentricular
tachycardin from a upraventricular tachycardia complicated by
mtraventricular block The ecombination of supraventricular tachy
cardia with mtratentricular bloch may be suspected however if the
patient 13 known to have been subject to supraientricular arrhyth
mias 1e 1f premature atnal beats or atral tachyeardia for exam
ple have becn ob erved m previous tracings It may be strongly <us
pected if the patient had a pre extsting bundle branch bloch and
with the anset of the tachy cardia the pattern of the QRST compleves
has i| h d It can be diag d with certanty only
the event that abnormal I waves are seen 1 constant relationship to
each abnormal QRS complex

1 2 i s
F1o 5/ Ventricular tachycardia Short runs of ventricular tachy
cardia at rate of 115
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PAROXYSMAL VENTRICULAR TACHYCARDIA

\entncular tachy cardia 15 merely 4 run of rapdlv repeated prema
ture beats Tt 15 recogmzed by the appearance of bnzarre prolonged
QRIS compleres recurring at 4 rpid ratc They are more or e s
regular but this 1s the lcast regular of the <o called  regular ar
rhy thmeas (~ec table on pige 12600 The P waves are frequently Jost
though they may ometimes be recogmzed as notches oceurring at &
Jower rate and u ually 10 no con tant rddation hip to the ventneular
complexes (figs 2> and 56) In fact, wdentification of unrelated Tg’[

wase t the only certain means of recogmizing v ntncular tachy cards

P -7 ]

(= RN

Fic 5> Ventricular tachycardia at relatinely low rate of 10 Inde

penlent I wave are clearls eren at lower rate (0

£§§§é¥@k§ 1
- E&%@ ey

F1c of Ventricular tachycardia at rate 1S3 Typical pattern n leads
1and 3 but the diagno 15 13 conclu 1vels estat It hed by the v1 1l 1y independent
P waves in lead 2 at rate 110
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Fic 60 Two serious forms of usually presag
ventncular fibnllation and deﬂth A ﬂldu’ectmnzl ventricular tachy
cardia B Multifocal v tt called chaotic
heart action)

i

Fig 61 Ventrcular tachycardxa s T,p-eal form 4t rela
tively slow rate of 130 B and C form a continuious strip 1o whach
occasonal atrial impul s are conducted (x)
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proimately 1 mnute apart and illustrating 1l e transition
from ventnicular tachyveardia through flutter to fibrilation
A Ventricular tachycardia Band C Ventricular flut

ter D Intermediate stage between flutter and fit rillation
Iand I' Ventricular fibrillation
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ventrieular rate 15 relatively <low and indicates that an impu} e from
the mdependently beating atrnia happening to arrive 1t an opportune
moment nhen the ventneles were no longer refractory has been con
dueted

Ventricular tachyeardia is l¢ss common than atmal tachycardia
but 1t 1s much more serious It 1s u ually a 8.0 of grave heart disese
and 15 a not imcommon prelude to ventricular fibnllation Ventricu
lar flutter 1 the term gnven by some wthonties {0 a rapid ventricu
lar tachy eardia giving a shghthy modified pattern 1 the electrocardio
gram (fig 62 B and C) Nothing 15 gamed mn separating, 1t from
ventricular tachycardia

Ventricular fibriflation 1s usually a termunal event and 1s there
fore of only academic mportinee rarely transient bout may be
responsible for Adams Stokes attacks Tt 18 eastly recognized in the
electrocirdiogram by the coraplete abscnee of properly formed ven
tnicular compleves— the baseline 13 seen to waver unevenly with no
attempt at forming clearcut QRS deflections (fiz 62 E and F)

RLFERF\CLS

Huppert ¥ F ard Bershner b Auneular fremature systoles occurning
at ramd heart rates Bull N X A d Coll 1Jot 14 23

2 Justis A and Tan donne M Retroerade condu tion from premature
ventriular contraction & common oeewrren e 1o the human Teart Cyr
culation 1653 3 (3%

3 Mach [ and L dori R Factors gt time of
of premature systoles Circulation 1950 1 910

4 Fick A Tarasystole Circulation 135 8 2

<

Schesf D and behott A Eztrasystoles and Allied Arrhythmias Grune
and Stratton New York 1J53
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\V/ The Arrhythmas Atrial Arrly thmias

SINUS RIY TIIMS

Before dealing with tho atral arrhy thmias proper a few words
should be said about the sinus (S A) rthythms In all of these there 1s
normal impulse formation at the S \ node and normal spread of the
mpulse from here to the 4 ¥ node The hallmark of all sinus rhy thms
18 therefore a normal P wave

The normal rate of impulse formation by the stnus node 1s generally
accepted as 60 to 100 per munute Above 100 the rhythm is called
sinus tachycardia (fig 63 A) below (0 sinus bradycardia (fig 63
B) Sinus tachycardia results from everel ¢ eatmg emotion pamn
hemorrhage shock fever thyrotoxicosis and infections 1tisa common
reaction to heart discase and heart fatlure per se and may be caused
by many drugs such as caffeine micotine adrenaline atropine amyl
nitnite and quimdine Smus brady cardia 1s seen as a normal varation
especially 1n well tramed athletes whose heart rates may be in the
thirties at rest— and often not much more with exertion 1t 13 a physto
logic reaction tosleep fright carotid sinus massage or ocular pressure
and 1t may also result from disease proces es such as obstructive
jaundice {effect of bile salts on sinus node) glaucoma (oculocardiac
reflex) carotid sinus sensitivity and mereased intracramal pressure
1t 15 often seen 1n contalescence and as a result of digstahs therapy

When the smus node forms mmpulses wrregularlv, we have sinus
arthythmia (fig 63 C) This 15 of two vaneties one that wases
and wanes with the phases of respiration the heart aceelerating with
spiration and slowing with exprration and a less common type

R}
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Fia 63 A Sinus y B Sinus y C Sinus
arrhythmia

whuch the changes of rate bear no relationshup to the phases of respura
tion Smus arrhythma 15 a perfectly normal finding but 1t maj on
occasion produce such marhed wrregularity that 1t can be confused
clmically with other more 1mportant arrhythmas

THE SUPRAVENTPICULAR ARRHY THMIAS

These arrhythmias arse from erther a) an intable ectopic focus 1
the atrum or b) the A V node They are all characterized (unless
they are complicated by comeident mtraventncular block) by normal
QRS duration

ATRIAL ARRHY THMIAS

Four atnal arthythmias are generally deseribed ectopic beats
paroxssmal tachy cardia flutter and fibrillation For some time 1t ha
been generally considered that ectopic beats and tachycardia have a
common mechansm—discharge from an 1rntable ectopre focus 1n the
attum—~—but that flutter and fibnllation anse by a different mech
amsm namely cireus movement Recently Prinzmetal (5) has pre
sented evidence for the wunalary nefure of the atrial arrhythmuas
demonstrating that all four arrhythmas can and probably do arse
from an ectopic focus and that circus movement 1s almost certainly
not the underlying mechamsm of any of these arrhy thmuas
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\ccording to Prinzmetal » thess, all four atril arrhy thmeas have
the sume underlymg mechant m more or less frequent discharg of
impulses from an cctopie focus moonc of the atra It appoars that
the most ymportant factor m dotermang, which verhy thn develops
19 the rate of discharge from thas focus If the rate of di charge svary
rapid fibnllation re ults of the rate of di chirge 13 300 or «o flutter
1s produced IT the rate 15 m the neighborhood of 200 piroxy<mal
tachycardia occurs Wath rates of 100 or less more or less frequent
premature beats ansc

Thus simple coneept has much to recommend it besides the mpres
sine factual evidence that has been accumulated m ats support It
leaves a few munor points unespluned but 1t 19 overw helmngly better
and more thoroughly documented than the theory of errcus movement
which held almost undt puted sway for a quarter of a century

If we accept this unitary concept there 1s no fundamental differ
ence between tachyve wdin and flutter this pomt will be further dis
cussed on pages 103

LCTOPIC ATRIAI BFATS

When an ectopic focus 1e o pomt i the atria other than the
S A node) mitiates an impulse this impul e obvion 1y travels across
the atria by an unusual path and therefore creates a distorted often

Fic 64 Ectopicatral beats labelled1  \ Three con ecuttve premature
atnal beats are shown eich ansing from a different atral focus (thice differ
ently shaped P waves) B After the third sinus beat a very eatly premature
beat oecurs finding the '} 1t 18 not. di d C Atrial
bigeminy every other beat 1s a premature atrial beat the most premature
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Fio €, Premature atrjal beats A anil B sllustrate abnormal
premature P waves (X; followed by normal QRST sequences € Fe
topy I’ waves are sesn a8 notches on the T waves (\} and are not fol
lowel by ventricular complexes The e are eauly wdentifiable zs ah
normal P waves since the T waves of otter eycles sre smoott snd

unnotet d

wnerted P uare When this impulse armves at the A 'V node st wilf
proceed down the orthodox \ V conducting paths like any other
suprasentrn ular ;mpul e and if the ventnicde 1= not refractory wilt
spread through and normally activate the ventneular myocardmm

To¢ therefore recogmre an eetopic 1tral beat by the premature
abnarmal P wave T mphasis bas been jad on antersion of the T wane
Tt 18 true that often the crtopie P wave 39 imverted where ot should be
uptight {feads 1 2 and 2V 1) snd upright where 2t <hould be nverted
{aVR) but this s not necessartdy o and the mmportant featun, of the
cetopie P 1s smply that sts form differs from that of the normal P n
the lead 1n question

T sually the yentricles re pond to the promature wral impul ¢ and
 normal QRS | ~cquence 1 enbed (hes 02 Aand C 6o Land B)
If howeser the atrial impulse 15 very premature <o that it finds the
ventriele il refractory the ectopie P wave will not be followed by o
ventncular complex—a  non renducted  atnal premature beat (hgs
61 B nd ¢ (3 At times the impubve may find the sentneles only
partly nssctsre and <o have to travel through them by an aberrant
path this recalt anoan abrormat QRS T sequence and the phe
nomenon > hnown 9s aberrant ventrtcular conduction (31 or
senmneular sberration (fig 61 Q)
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The inters al following a premature atrial beat 1s usuatly somewhat
longer than the normal cardine eycle, but 15 not <o long as to be
Sully compensatory (page 83) The differcnce m the time relationships
between atnal and ventricular pramature beats was illustrated
figure 49 pagc 83

Salient features of ectopic atnal beats

1 abnormal often inverted premature P wave

2 normal QRST

3 cnswing interval 1s about equal to or shghtly
longer than the normal cardiace cycle

PAROXYSMAL ATRIAL TACHYCARDIA

This arthythma 1s best thought of as a run of rapidly repeated pre
mature beats It 1s therefore charactenzed by normal QRS complexes
appeanng at a rapid rate usually between 160 and 200 per minute
Therr spacing 1s usually perfectly regular though shight wregulanty
sometimes occurs Theoretically an abnormal P wave precedes each
QRS complex but 1 practice the rate 1s usually so rapid that the P
wave 1s merged with the preceding T wave and 1s indiscermble The
arrhythma 18 thercfore diagnosed by the occurrenco of normal QRS
complexes at hugh speed and considerable regu]unt) If the inter
preter waits for the appearance of abnormal P waves he will diagnose
only a small proportion of cases It 13 often impossible to distingwish
between atrial and AV nodal tachyeardin 1t 1s frequently w1 est
to commut onesclf to the diagnosis  upraventricular tachycardia
For a general discussion of this differentiation see pages 126-7

Secondary changes 1n the ST T segment may occur Any tachycar
dia shortens diastole and therefore curtals coronary blood flow ,f
the coronaries are slready diseased and sometimes even 1if they are
normal ST T changes charactenstic of coronary in ufficiency may
develop These changes consist of depression of the ST segment with
lmvcrsmn of the T wave and arc well shown 1 figure 66 It1s mmportant
to noto that ST and T wase changes of this sort may persist for hours
or days after the paroxysm of tachycardia has ceased (post tachy
cardia syndrome)
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Fie 66 Atrial tachyrardia Rate 955 “\ote nermal QUS interval
ant 8T depre sion o all Jeads

ey



100 PRACTICAL I FCTROCARDIOGRAPITY

ﬁﬂﬁiﬂﬂi ]
i,

| A
N

eatored 1) ¢ QRST pat




ATRIAL ARRIITHMISS 10t

1t has already been mentioned that atnal arrhy thoias mav be com
phicated by mtraventneular block (fig 673 In such esreum tanees the
QRS complexes will obviou Iv be prolonged and this combmation
can only he differentated from ventrieular tackyeardir of the abnor
mal P waves happen to be di certuble
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Yip 6% Parovysmal atrlal tachycardia Traciog hows onset and off
sets of short bur ts of atna) tachyeardia Lewds 1 and 3 ehow normal sinus
shythm lead ? shows atnal tachyeardia rate 114 lead aVF al o shows the
tachycardis but the third beat an es from a separate focus lead a1 R shows
th la t three beats of a parovysm followed by n sinus beat aVL shows two
sinus beats followed by the first thre b ats of & paroxysm of ta hyeardia
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Fia 60 Two examples of atrial tachycardia with 2 1
AV block This rhythm would be ealled atrial flutter by
some authorities because of the pre ence of A ¥ block (see
p 103)



ATRIAL ARRHYTIMIAS 103

Salient fe tures of paroxy smal atnial tachy cardia

1 rapid (150~250) reyular normal QRS complexes

2 abnormal P waves preceding QPS (rarely dic
cermble)

3 ST T depresstons frequently seen

ATRIAL FLUTTER
Flutter versus tachycardia

It has already been pointed out that according to Prinzmetal s
evidence the man difference between atnal tachycardia and flutter
15 that flutter repre ents a faster discharge from the ectopre foeus in
the atrrum In the past flutter has been arbitranly <eparated from
tachyeardia on the basis of a) atnial tate b) presence or absence of
A Vbloch or ¢) the <hape of the atrial compleses

8) An atral rate of 200 has been set as the diidmg line between
tachy cardha and flutter A distinetson as discretionary as a numerieal
boundary cannot be defended single bouts of tachy cardia have been
obsurved m which the atral rate has wandered on both sides of this
boundary within a single unnterrupted attack

b) The presence of A V bloct 1s used by some s a diagnostic ent
terion of flutter {see hg 69) But 1t 1s Jear that the rate at which the
ventricles fail to hecp pace with accelerated atra 15 determined
by the efficteney of the mdnadual AV condueting tissues and not
by the ainal mechamism Bloch  tll not develop 1 one heart 4l »
rate of say 250 1s attawed whereas it may develop at 200 i
another By the enterion of block the rhythm will still be called
parovy mal tachycardia at 240 in the first heart while at 210 1n the
second heart 1t will already be flutter—smmply because the second
heart has a less efficient A V conducting system

©) The form of the P ucies1s perhaps the most charactertstic of the
tradrtional critenia for diagnosing flutter Asfaraswe hnow at present
the shape and direction of abmormal atnial waies depend mamly
on two factors the part of the atrium m which the ectopw focus 1s
situated, and the rate of discharge from that focus Apparently the
faster the rate of discharge the more lihely 15 the atnal wace to be
come distorted mto the form that we have come to regard as typical
of flutter This 1s not the whole story however for the typreal con
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Fio 70 Atrnial tachycardia (or flutter) with AV block Tte I
waves are barely discermble in lead 1 and are inverted in 2 and 3 The
A\ block vaniesbetneen2totand3to2 Inlead 3 the 3 to” ratio 1s con
stant leaving the ventricular | ests grouped in pairs

tour of flutter waves may be seen at times at an atrial rate of no
more than 200 whereas the small inverted complexes usually asso
ciated with paroxysmal tachycardia may be seen at rates near 300
Turthermore the ¢ complexes mas have the one form mn one lead
and the other 1n another fead 1 the same traung

In view of these considerations 1t 1s clearly arlntrary and illogieal
to separate flutter from tachycardia on the hais of rate pre<ence of
AV block or form of the atrial complexes Opponents of the umitary
conecept however further pomt out that flutter 13 more common n
clderly patients wath heart disease whereas tachyeardia 15 more com
mon 1 the voung and healthy that tachycardia more often begins
1n the cephalic regon of the atria whereas flutter more often origmates
caudally and that whereas vagal stimulation frequently abol hes
tachycardia 1t usually has little effect on flutter and may indecd con
vert 1t to fibnllation These arguments are of mmportance but as
tachycardia and flutter cannot be clearly and exclusnvely defined
distinetions such as these cannot with certainty be attributed to erther
of them It i< therefore more logical to lump them together as par
oxysmal tachycardia with or without 4V bloch s this revision of
nomenclature has not yet becn widely accepted for the present 1t
seems wisest to mclude in this section a deseription of the traditional
pattern of flutter
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Classical fluter

Typread atmal flutter 1s recomzed by the pre ence of saw tooth
(fig 71-T4) or undulatng \fig 7o} atnal waves with ventricular
responses following evers 2nd 3rd 4th {up to Sth) atnal wave
Thest naves have been labelled F o {for flutter) wave It 15 m
portant to reahze that the e w 1ves do not reveal themschves with
equal elanity wn all leads Leads 2 and 3 u ually how flutter waves
most clearly while lead 1 may be partieularly treacherous in giving
wirtually no evidence of the ¢y pueal pattern (figs 71 77 74) The most
common rate of fluttcr wases 1 tetween 300 and 320 with a 2 1
block producing therefore a ventrieular rate of 150 to 160

The QRS complex 18 with «il atrial arrbythmas s of normal
duration unle s intras entricular bloc\ comerdentalhy compheates the
picture The T wave 15 usually dominated by the zizagging atnal
complexes o thit 1t 15 not clearly 1dentifiable but 1t often di torts
the otherw: ¢ uaiform saw tooth pattern

Fic 71 Atrial flutter Note 53 tooth waves m
feads 2 and 3 This is commonest rite ) flutter (about $06)
and commonestd gree of A ¥ tlock (Pto1) giving a ventne
ular rate of about 1,0 Tscelectrie shelf 1s clearly seen in
fead 3 Gndicate { by arrors)
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106

i "2 Atrial flutter In leads * and 3 the block 1a consistently 4
to 1 giving o regular ventricular rate of about 8 Block 13 evidently
variable m lead 1 produemg wrregulanity which could be confused mith

fibnllation Isoclectric shelf 1s clearly seen in leads 2 and 3 (indieated by

arrows)
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Fio 73 Atrial flutter In loads 2 and 3 the block

vanes betieen 2ta land 4 to 1
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Fic 74 Atnial flutter The atrid rate 13 slon  being only about
225 Ther 19 3 high grade of A ¥ block the ventn ular rate beyng only

32 This repre nt a ratio between b and 7 to I ffe diagnosis 1s pre
sumably atrial flutter nith complete A V block andre ulting 1d1oven

tricular rhythm

Sahient features of atria] flutter

1 saw tooth or undulating baselne of F waves

2 1to% lnatio

3 T waves snamped by the F wnave pattern

2 normal QRS complexes in
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Analysis of flutler wares

‘The saw tooth waves of flutter have been mtere tingly analyzed
by Prinzmetal He has demonstrited that the downward deflection
19 the abnormal P (P} wave and s followed by an upward Ta (or Ty)
wave te, the wave of atnat repolanzation Thisrapid IP T sequence
14 followed by 2 honizontal 1seelectric pau ¢ before the neat P wase
begmns The length of this pau e 13 determined by atrial rate becom
1ng, lon,er s the rate slows and disippearing altogcther at very rapid
rates He los termed this interal the 1soelectric shelf and 1t s
clearly «cen m the trwngs m figures 71 and 72 Tigure 70 allustrates
diagrammatically both the devdopment of Ta waves and the shorten
g of the woclectric shelf as the rate increises

95211 I"]’H!l‘l‘"‘.lt!'v
[ e g R e IR
R S e A
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Frg 75 Atmal tachycardia {or flutter) with 4 to 1 AV
block Tie only routine lead that showed any sign of atral ac
tivity sas Vi The third strip (F$) 13 an esophageal lead The
fourth strip 18 ¥y after digitalization showing atrial fibrllation
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AURIGULAR
RATE / MIN
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Fro 6 Illustratiog that with increa e mritc 1) the Ta

wave a< umes greater preminence 12} the 1 o Jectric shelf
becomes storter Reproduced with hind permussion of th
publishers from The 11 ricular Arrhjthmaas 1y Myron Pring

metal and others Charles C Thomas 1951
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Fie « Flutter fibrillatton \ The tricing sh
of flutter an 1 fibmal tion waves & shows 2 combination
B DNote undulating flutter navesn lead ® tovwarnls tle end of thy
lead atrial complexes suddenly Lecome more ripid and more erratic o
fibrillation sets 1n

ATRIAL FIBRILLATION

When the ectopte discharge becomes excessively rapid 1t also be
comes irregular and effectine It no longer leaves a regular imprint
on the electrocardrogram and 1t no longer elierts a regular ventricular
response The uneven and rrregular deviations in the tracing that now
represent atrial actiuty are Jabelled f waves (figs 78-80) \t
times no sign at all of atrmal activaty 153 1s1ble 10 the routine leads

Sometimes a mixture of fibrnllation with flutter1s scen Such a pat
tern 15 seen 1n figure 77 and may be called flutter ﬁbnllatm: or
smpure flutter
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Fn R Amzl fibrillation The tvjical uneven rreg
nlar { vaves sre v ableor all leads

v Ihe irregutanty of fibnllation may be chmeally witated by five
other arthvthmias

1

RN ST

frequent cctopie beuts—ientrieufar atrial or 4% nodaf
These, often produce a pulse defiut Note that a pulse
defiest 13 not diagnostie of atrial fibrillation

atrial tachycardr (flutter) wath varving AV block

smnus rhythm with varying AV block

gross sinus srrhy thmia

wandenng pacemiher
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Fto «3 A’nal fibrsllation with nght axis deviition this combina
tion 18 almost diigncstic of mitril stenosis
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Fia S0 Atrial fibrillation with unusuilly regular ventricular re
sponse

The 1mportant canses of ntrial iibnllation are rheumatic heart dis
ease with mitrul valve mvolvement coronary disea e hypertension
and thyrotoxiecoss 1t not uncommonly complicates constrictine
pencarditis and atrial septut defeet At times 1t 18 found 1n apparently
healthy hearts (2}
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Salient features of atrnal fbntlation

1 abseuce of P waves which re replaced by irregn
far {"wayves (or no 3,1 av all of atrial aetin
1y}

2 normal QHS complexes srregular i time wnd
sometimes varymg m amplitude
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Fia J A na! fibrill with night axis
tion 18 almost diignostic of mitral stenoais

m r=
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Fic 80 Atrial with 1y regular re

The mmportant causes of atnal fibrillation are rheumatic heart dis
ease with mrtral valve mvoliement coronry disease by pertension
and thyrotosicoms 1t not uncommonly complicates constrictive
pericarditis and atrial septal defcet At times 1t 1s found in apparently
healthy hearts (2)
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The Arrhythmas
A-V Nodal Arrhythmas

AY NODAL PREMATURE BEATS \\D TACHICARDIA—
AV NODAL RHYTHM

When the 1mpulse anses in the A V node 1t travels up through the
atriz and down through the ventricle more or less stmultancons)y
The impulse trasels down to the ventricles by 1ts normal paths and
thereforc the QRST sequence 1s normal but 1t 15 travelling m res erse
through the atriz and therefore the I wave 1s distorted ( retrograde
P wave ) usually bemg mierted in everal leads where 1t should be
upright Three vaneties of this pattern may oceur

1 If the impul<c reaches and «preads through the atria first
the abnormal P wave closcly precedes the QRS complex
(fig 8la) the P R mterval being shorter than normal

2 If the mpulse reaches the ventricles first the abnormal P
wave 18 mscribed following the QRS (hg 81b)

3 If the impulse spreads through atria and ventricles simul
taneouty the P wave s lo t m the QRS (fig 8lc)

e~

a b e

Fro 81 AV nodal patterns a Atacrmal retrograle
P wave precedes QRS with short I I mterval (uppe > Jal
rhyttm) b Atonormal I vave follows QRS (lower nodal
thyttm) ¢ I wave comctd ¢ with QRS ant lo t (mud
no lal rhythm)
115
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Review Trocings
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For mterpretations sce page 213
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FiG 83 AV nodal premature beats Lich leal contain n high nodat
Dbremature beat between tw ) ne rmal sinus beats P R mterval of nodsl | eats
13 ahout, 0 10 sec

Tt jRa e R L
==t =
e e e

he third beat 1n each
F { A V noda) premature beats Tl
lcad':i :l s nodal | remature beat—the I wave Jollows tte QIS
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Sotetimes the L'V node hecomes exceedmgly irntable and mrtiates
a paroxysm of tachycardin A V nodal tachycardia (figs 8>-87)

Fia 85 A V nodal tachycardia rate about 102 Note short P R interval
with mverted P waves in 2 3 und aVE with upnight I waves i AV R
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Fig 8 A Vnodal tachycardia Inverted I waves
following the QRS are clearly seen in lead 2

Tio0 8 A\ nodal tachycardiz Two stnps f lead @
taken 10 minute apart upper trip shows nodal tachy
cardia with retrograde P naves lower strip show noemal
sinus thythm restored after °0 mg methovxami e ntra

veno1ly
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1 Sumilarly AV nodal tachyeardra ean only be distin

tingished from an atrial premature beat only by the <hortened
guished from atrial tachy rardiaf the abnormal I’ w we s elearly vist

Sometimes when the & \ node 1s cuppressed by drugs or di ease or
1s congentally absent the L'\ node may come to the reccue and act
1< the pacemaher of the heart mats own mtrn 1c thythm (%5 to 60
beats per minute)—A V nodal rhythm (fig 83 89) Al of thewe
rhy thms arc rdhtnvely uncommon  Lhey are sometimes most ¢anly
recogmzed or confirmed by noting rever «d polanty of I waves
The A V nodal prematire beat with the preceding P wave can be
ble accompanied by a <hortened ' R mterval Although this distine
tion 1s generally acecpted it 1s more arbitrary than accurate For an
atrial ectopie focus adjacent to the \ 'V node will obviou Iy produce

aVRand a3 T (fig 90)
{P R nterva
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F1c 89 A Vnodalshythm A} zorma) P waves
closely precede normal QRS compleves 1n leads
238d3

Tic 90 A V nodal shythm
Nate that polanty of P waves i
aVR and aV F 1s the reverse of nor
mal 1e uprght 17 aVR and
verted in a3 F

virtually the same P waie ard P R mterval as the 1V node teelf,
and a focus adjacent to the § A node will produce as normal P waves
as the 8 A node

And so agamn 1t 1s more logical to follow Prninzmetal s distinction
between hugh {cephalic) low {caudal) and muddle ateial foct by the
P wave P R mterval pattern f the P waves are mverted in leads
2,3and aVF and the P Rnterval1s hort the ympul ¢ onginates in
the caudal part of the atrm af the P waves are upnght m 1 2
3and aVT and the P R mterval 13 normal or prolonged the focus of
orign 13 m the ecphahic region of one of the atna if the I waves are
small or 1soelectric m leads 1 2 3and sV the inpulse onginates 1
the central portion of the atrum
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Salient features of L 1 nodal rhy thms

1 abnormal P waves closels preceding or following
QRS or absent P waves

2 normal QRST sequence

CORONARY SINUS RHYTHMS

When P waves have the <ame shape and direction as those of A V
nodal rhythm but are assoaated with a normal or prolonged (rither
then short) P Ranterval there is reason to believe that uch beats are
likely to anse from the neighborhood of the coronary «nus Scherf
(4) has applied the terms coronary sinus rhythm and coronary
sinus extrasystoles to arrhythmas showng these features (fig 91)

WANDERING PACTMAKER

Rarely the site of impulse formation may vary between § A and
A\ nodes some beats anang, from one and some from the other and
others arsing from the mtermediite atnal mu ele This phenomenon
1s known as wnndermg or shifting pncemaker (fig 92)

Fedee ot N 4
A

,m.—,_;.i :i{ Enne I

Tra o1 Lrobable coronary sinus rhythm
Note anverted I waves in ® 3 and aVF with PR
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Fra 9% Wandering or shufting pacemaker Inlead 1 the first two P
waves are inverted (A \ nodsl) while the last tno are upnight In lead
2 the first P wave 13 inverted (A} nodal) the next two are upright
(3 A) while the [ast 18 flat imud ainsl) In fead 3 the rhythm has

settled do vn tn regular A 3 nodal

and has a normal bape % thythmi mnus I wave 1s seen deforming,
tke ST segment of the premature beat The pause following the pre
mature beat 1s fully compensatory

MAIN STFV LXTRASYSTOLES

23

Vhen a premature beat of supraventrieular form is associated with
1o thsturba 1ce 1 shape or thythm of P waves and 1s followed by a
fully compensatary pause it 1s nssumed that the beat arces in the
main stem ot the bundle of His (2} {fig 93) Such a beat thus has
features of both vertncular and suprayntricular premature beats—
1m form it 15 bke a supras entneular beat but the undisturbed sequence
of P wate and the compersatory pause are pomnts m common with

ventricular beats
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/ RLOLASSIFICATION OF SUPRAVENTRICULAR ARRHYTH
MIAS
In summary 1t may submitted that today the most rational clas
sification of the suprasentricular arrhy thmias 1s as follows

Atrial
1 premature beats—usually recogmizable as high muddle or
low 1n origin
2 paroxysmal tachy cardia—sometimes (rarely) recogmzable
as high muddle or low 1n ongin—subdivided
a without \ V block (1 1)
b with A ¥ block (2-8 1)

3 fibnillation

\ V nodal
1 premature beats—diagno able if P wave 1s abeent or fol
lows QRS if P wave precedes indistingwshable from
low atrial premature beat

2 tachycardia—diagnosable for certam only 1if P waves fol
low QRS 1f no P waves wisible usually eannot be dis
tinguished ftom atrial tachyeardia 1f preceding P 1
vistble eannot be distinguished from low atnial tachy
cardia

COMPARISON OF THE THREE MAIN TYPES OF PRE.
MATURE BEATS

Let us consider for a moment the differentiation of the three mamn
types of prematuro beat that we have now encountered~ entrreular
atnal and AV nodal In figure 94 seven possible varations on the
premature beat theme are graphieally repre ented The numbers of
these seven beats are all cireled The others are 2l stnus beats with
normal A V sequence

The first premature beat (3) 15 a premature ventricular beat fol
lowed by » compensatory pause (fig 51 A page 80) The second pre
mature beat (5) 18 stmilar but 1s even more premature 1t 1s so pre
mature that the next smus beat finds the ventricle recovered and so
1nttiates & normal ventrieular contraction Such n premature beat
shoved 1n between two normal beats with no compensatory pau e 1sa
true cxtra beat and 1s therefore an imterpolated premature beat
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ERTERT
R

Fia 91 Diagram of atrio ventnicular relattonships 1a various forms
of premature beats (see text)

-3

@ wu\__,

(fig 51 B) The third premature beat (7) 18 barely premature, the
mmpulse has already spread through the atria and the ventnieular
ectopic focus only just casts its vote m time (fig 50 B) The next pre
mature beat (9) 1s atnal with normal A V sequence and 1s followed
by an approumately normal cardiac cycle The next three premature
beats (11 12 13) are A V nodal i 12 the impulse spreads through
atria and ventricles simultancously m 11 1t traverses atna before
ventrueles (fig 83 page 117) andm 13 ventriclesbeforeatna (fig 84)

Ventricular contraction closes the A V valves Therefore 1n these
premature beats where the 1entricles contract before the atria 1e
beats 3 5 and 13 the subsequent atnal contraction vamly throws the
blood against closed AV valves m such eircumstances there 1s no
where for the blood 1n the right atrium to go but back nto the vemns
This may often be seen clearly 1 an accentuated venous a wavein
the neck This phenomenon 13 termed a cannon wave Thus in some
ventricular (3 and 5) and some 'V nodal (12 and 13) beats cannon
waves may be seen but they are not seen m atnal premature beats
{9) where normal A ¥ sequence 1s undisturbed

THE RELATIVE REGULARITY OF THE ARRHYTHMIAS

The most regular of the arrhythmuas are the suprayentricular
tachycardias ncluding atrial flutter with constant A V block
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“The most irregular 1s atnal fibnllation Between these extremes
the other rapid arrhythmias dispose themselves They may be tabu
lated 1n decreasmg order of thetr regulanty as follows

atnal tachyeardia
A V nodal tachycardia

sinus tachy cardia
ventricular tachy cardie

frequent premature beats
atril tachy cardia with varymg A V block

atrial fibnllation

A hnowledge of the relative degrees of regulanty and irregulanty
15 helpful but 1t should be borne i mind that this relationship 1s
not mvariable Atnal fibnllation for example miy be surprismngly
regular (fig 80 page 112) while atnal tachyeardin may be surprs

ngly iregular

DITFERTNTIATION BETWEEN SUPRAVENTRICULAR AND
VENTRICULAR TACHYCARDIAS

A Chnmeecal

Two features of ventricular tachycardia help to distmngwish 1t from
supratentricular asynchrony between ventricles and dissociation be
tween atria and ventricles Ventricular asynchrony leads to wide
splitting of the heart sounds while A ¥ dissociation produces cannon
waves m the nceh (whenever atnal econtraction happens to fall just
after ventnicular) and varahion in mtensity of the first heart sound
(&)
‘An uncomplicated supraventricular tachycardia should show none
of these three findings but 1f a suprasentricular tachyeardia 1s » <o
ciated with mtraventricular bloch there should be sigus of asynchrony
without dissociation 1e  wide splitting of sounds without cannon
waves or variation in first sound

Carotid simus stimulation may help to differentiate m that ven
tricular tachycardia usually contmues unaffected whereas a supra
yentricular tachycardia may be broken or at least temporanty slowed

These scveral pownts will be enough to distingw b many cases The



AV \ODAL ARRAYTHMIAS 127

importance of these climical observations should be emphasized be
cause the Jard electr d 18 often dequate for separat
g suprasentricular tachyeardia with intraventricular bloch from
ventricular tachycardia

B Electrocardiographic

The distinction between typical ventncular and supraventricular
tachycardias is easy Difficulty arises in separating ventricular tachy
cardia from a supraventricular tachycardia combined with mtrayven
trenlar block and the crux of such eparation lies in identifying the
P waves If these are identifiable their constant or varying relation
ship to the QRS will respectively mdicate supraventricular or ven
tricular tachyeardia If they are not recogmzable even in V1 more
specialized leads may be mformative a precordial Jead taken from an
interspace abotie V1 (atral lead point zee fi, 2 page 2) may reveal
P waves and for this the CR connection may be more useful than the
V If this 15 unsuecessful a lead hnown as So may be tried (3) for
this the right arm electrode 15 placed over the manubrium and the
left arm electrode m the 5th right interspace clowe to the sternal border
with the switch set for standard lead 1 If this fmls an esophageal
lead will almost always be successful m displaying P waves Alter
natrvely 1f a tracmg 18 taken dunng the admimstration of pronestyl
mtravenously the ventricular rate will often be seen to slow under ity
mfluence and 1 waves will become apparent i the now lengthened
ntervals between ventrieular complexes (1)

< In summary

Chmnieally
(a) look for
1) wide splitting of heart sounds
2) vanation n mtensity of 1st sound
3) cannon waves
(b) observe effect of carotid sinus stimulation

In the electrocardiogram cherche. le P
1) 1n standard tracing especially in V1
2) 1n lead from interspace above V1,
3) n lead So
4) m esophageal lead
) durning int pronestyl ad:
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RLFCRINCTES

1 Bernstern I N etal Intravenous procaine amde as an ard to differen
tiate auricular flutter with bundle branch block from paroxysmal ventricu
lar tachycardin Am Heart J 1901 48 8°

2 Fletcher E T «trasystoles artsing from the matn bundle of Ilis Brit Heart
J 1955 17 506

3 Lian Ca simatis and Hebert Interet de la derivation precordiale aurieu
Imire 8 dand le dingnostic des troubles du rythme auriculaire Arch \al
Coeur 1952 46 491

4 Scherf D and Harris R Coronary sinus rhythm Am Henrt J 1946 32
443

5 Schrire Vv and Vogelpoel I The chnical and electrocardiographie differ
entiation of supraveutricular and ventricular tachycardias with regular
rhytbm Am H art J 1925 48 16”
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Intra-Atrial, Sinu-Atrnal and Atrio-Ven-
tricular Block, A-V Dissociation

INTRA ATRIAL BIOCK

Tt the 1pulse tales longer than normal to activate the atna, e,
1f the P wave s widened intra atnal block 1s <axd to be present The
upper normal himt of P waye duration 18 not unns ersally agreed upon
but the most satisfactory hinut 1> prubiably @ 11 ~econd The enterion
therefore for diagnosing intra atrial bloek 13 a P wave with a duration
of 012 <ec or more (fg 9oy Further evidence of bloek 19 to be found
m decp natching of the P wase nith 2 distance between pe ths ( pes}
imtervat ) of more than 604 ec (fiy, 92 C)

TIntra atrial block 15 not uncommon and 13 most often seen m coro-
nary diceace putral &) ease and m association with left ventneular
hypertrophy (1) It probelly often repre ents atmal enlargement
rather than true bloch and 15 thus analogous to the term mtraventoeu
far block applied to the QPS mterval of 6 11 ec or more when thus
12 due 10 ventneular enlargement (see page 73)

Fic 9> Intra atrial block Four amjles from four different patients
A and B &t ow wideniog of P wave without significant o tehing © and D show
marke | notehing with wide peak interval umore than 0 04 gee )

131
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When the heart actually drops & beat 1t means either that the 8 A
node has faled to itiate the mmpulse (S A block) or mueh more
likely that the mpulse after traversing the atria has been unable
to get through the A V conducting tissues (1 V block) Both these
types of bloch may be recogmzed 1n any lead in which P waves are
clearly formed

S A BIOCh

S A block 15 divided mto partial and complete

a Partial S A block consists in the more or less mfrequent sup
pression of impul e formation at the S A node with the result that
occastonal beats are completely dropped This 18 recogmzed n the
tracing by the occasional absence of the entire P QRS T sequence
(fig 96)

b Complete S A block exists when no impulses are formed i the
S A node—the S A pacemnher s completely knocked out This situa
tion 15 also referred to as atrial paralysis or atrial standstall In
these circumstances one of two things can happen ecither 1) a lower
pacemaher usually the A V node comes to the rescue and tahes over
the Job of pacemaluing or 2) cardiac standstill continues and the pa
tient dies If 1) occurs and the ventnicles proceed to beat mdepend
ently nodal or ventricular escape 1s said to have occurred and the
heart s rhythm 1s called idioventricular Complete S A block 1s thus
one of the two mechanisms (much the less common) leading to the
development of 1dioventeicular thythm

ER = EEEE
Tic 96 Partial S A block In each of the two strips a complete
P QRS T sequence has been dropped
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Fic 6~ Transent S A block 1nluced by a deep breath After the second
beat P waves are suppre sed and A V nodal escape occurs for the next four
beata The S A node then resumes control for the last two beats

Complete S A block 15 d 1 the elect d by the
complete absence of the entire P QRS T equence 1 by a completel;
straight and unadorned ba ehne this continues until 1f the patient
13 fortunate 1dwventncular QRST compleves appeir at a slow rate
{usually 30 to 40) while P waves remain absent

S A block 1s rather rare but 1t can be produced by a wide vanety
of causes drugs such as digitalis qumidine and sahcy lates diseases
such as coronary di ea e and acute infections physologic disturbances
<uch as carotid sinus senaitivaty and increa ed vagal tone 1n suscepts
ble patients even a deep breath may suppress the S A node long
enough for nodat escape to accur (fig 97)

Sahent features of S A bloch
a Partial oceasional ab ence of P QRS T sequence
b Complete
1 Pwavesabsent
2 QRST sequence at 1dioventricular rate
(3040) ¢
3 QRS mterval normal or prolonged depend
mg on site of ventncular pacemaker

AV BLOCh

AV block 13 also divaded into partial and complete

o Partial A V block covers 11l defects of AV conduction short
of complete diociation betvween atra and ventueles In nuld eases
the impul-e merely takes longer to travel from atrium to ventrcle
1t 15 delaved m the A V condueting tissues and L\ conduction time
(P R mterval) 13 prolonged In severer grades the atral mmpulse 13
a1, times held up completely at the 4 ¥ node or bundle fails altogether
to reach the ventricles and a dropped beat results Such dropped beats
are recopmuzed n the tracing by the presence of 1solated P \\‘;e?n;)t
followed bs ventricular complexes
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Partial A1 block 1s conveniently diaded mnto  degrees  sub
divisions vary with different authors seme dividing 1t 1ato two and
others mto three degrees A convenient clas<ification 1s as follows

1st degree partial A V blochk—simple prolongation of the P R
interal without dropped beats (fig 98)

2nd degree partial A V block—Dbeats are dropped more or less
frequently up to & maximum of every third beat 1e 23 2
ratio (fig 99)

3rd degree partial A V block ( high grade AV block)— at
lest exery other beat 1s dropped 1e a2 or more than 2 to
1 AV block (fig 100 4 and B) In atnal flutter n 7 or 8 to 1
ratio 1s sometimes seen

Second and third degree partial AV blochs require amplification
Dropped beats can occur agamst three differing bachgrounds 1) most
commonly the P R mters al 15 prolonged 1n tho ¢ eveles where the
beat 15 not dropped 1e both 1st and 2nd or 3rd degree block are
present (fig 100 A) 2) uncommonly the P R mtersal may be normal
1e there1s 2nd or 3rd degree but no 1st degree block (fig 100 B) or
3) the P R interyal may, progressih ely lengthen until a beat 1s dropped
This 1s known as Wenckebach s phenomenon (fige 100 C and
99) The P R mtert al may begin within normal limits or 1t may be
somewhat prolonged then with each suceessne beat the P R mterval
gradually lengthens until finally anmmpul e fails to reach the ventricles
and a beat 1s dropped Following the dropped beat the P R interval
reverts to normal or near normal and the sequence 15 repeated

It 1s worth drawing attention to tno climeal findings that charac

terize this phenomenon
1 In Lstenng to the heart one hears 1t slowing down (for as each

T
T

fiw
i

JREt

]

Fia 08 1st degree partial A V block The P Runterval s prolon.ed
A P Raterval 13076 seconds B P T anterval 15 0 84 aceonds and 1n
ths case 18 caused by digrtalis C Same patient as B showing effect of
e 7 wspiration ote ncrease 1n rate and decrease in I R interval
to 027 seconds
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F16 99 2nd degree partial A V blosk Tvery third ventricular beat
15 dropped This tracing als» shows the Wenchebach ptennmenon the
first £ R interval 1s 0 21 seconds tre second 18 03. ¢ conds the thirg
beat 18 bloched and the cyele begins again
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Fro 100 Partial A V block A ord degree partial block (3 to1) with
pralonged T P raterval of 0 36-0 10 seconds
B 3rd degree partial block (210 1) with normal P P anterval of 615
seconds
C Wenckebaeh s phenomenon The P R imtervals are sucess wvely
021 0% 033 03¢ and 038 erconds and then & beat 19 droyred the
P R interval then returns to 6 24 seconda

suceessive P R interval lengthens the total R R mterval lengthens
with 1t proportionately) then as the beat 1s dropped there 15 a
pauvse fo'lowing the pause the heart accelerates for st now has
horter near normal P R interval

2 If the Wenchebach phenomenon occur m a heart with the
presystolic murmur of mitral stenosis the murmur gets Jeft further
and further belind m diastole a3 A ¥ conductior time lengthens
until what was the late dwstolic murmur has become mud-drastal

PR
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then comes the pause and with the first beat following 1t the murmur
returnsto itspres) stoltc phase Thus findingwas long ago correlated by
Machenzie, 1t affords mndirect confirmation of the beltef that atrial
contraction 1s largely responsible for the presystolic accentuation
of the murmur of mutra) stenosis

b Complete A V block W hen no impulses pass the A 1 barner
completc AV bloch sometimes called complete A V dissocration
has devdloped Bilateral bundle branch block rather than blochade
at the AV node or in the mam bundle 1s sometmmes the (ause of
complete A 'V block (3) As with the less common complete S \ block
tno po 1bihties now exist Either the ventricles remam mactive
{ventricular standstill) and the patient dies or more hldly the
AV node (or a lower pacemaker) takes over and contrels the ven
tricles (nodal or ventricular escape) In this event the atna con
tinue to beat m therr own tiume and the ventricles now beat mn a
slower tempo 1dtoventricular thythm For example the atria may
contmnue to beat at a smus rate of 80 whilte the ventricles perform at
30 (g 101) This mdependence 1s readily recogmized m the tracing
by the lack of relationship between the slow ventricular compleves
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Fia 101 Complete A V block 1 waves and QRS complevey are
entirely independent Atrial rate 80 ventricular rate 31 Inverted gtrial
T waves (Ta or Ty waves) are planly vi 1ble shortly following P v aves
1n leads 1 and CF4
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Fra 10° Complete A V block I waves and QRS comp!
dependent The rhythms d by the of
ventricular beats As the QRS complexes are prolonged anl show
left axis deviation the idioventricular pacemaker 18 presumably an
ectopie focus situate | 1n the right ventmicular myocardm

1

[ 5 i g = =
Fio 103 Complete A V block The two strips form o continuous record
1 waves and QRS complexes are inderendent 8t ventricular rate of 28 and

atmal of 90

and the more frequent P waves Each maintamsits own thythm with
out regard for the other

1f the 1dioy entricular rhy thm is imtiated by the A V node or nearby
Junctional ti sues the QRS mters 1l and complex w1l be normal f the
rescumg pacemaherisin the entricular muscle 1t elf then the QRST
cycle 1s bizarre with prolonged QRS intersal and 1n form resembles 5
premature venteular beat (figs 102 and 103)

P
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In case there should be any doubt 1t 1s perhaps worth clanfying
the difference between idioventrieular and A V nodal rhythm We
have seen that the A V node can control the ventricles in both the e
rhythms Idwoventricular thythm however implies that the ventrcles
have their own pacemaker all to themsclves and are beating independ
ently of the atria the atria are cither beating m therr own time
{complete L\ block) or they are mactine (complete S A bloch)
1} nodal rhythm on the other hand means that botk the ventnicles
and the atria are under the control of the A V node—the A V node
15 the pacemaker of the whole heart

The transient yentricular standstill that oceurs when block becomes
complete 1s the underlying basis for true Adams Stokes attacks Cum
plete A V block 1s an easy bedside diag: Suspicion 1s i}
aroused by the slow ventricular rate Then signs of dissociation bc
tween atria and ventricles (variation in intensity of first heart ~ound
with an occastonal explosive first sound— bruit de canon  mde
pendent 2 waies and cannon waies 1 the jugulars) chineh the diag
nosis Complete block may sometimes be distinguhed from 2 1
A\ bloch by exeraise for this tends to double the rate in 2 1 block
but has no effect on the 1diov entricular rhy thm and rate of complete
block

A V block 1s common It 15 most often produced by coronary and
rheumatic disease varymg in mncidence with the age group Less fre
quently congenital heart disease syphilis diphthena or uremia pro
duces 1t Digitahs and quintdine 1n tovic dosage also often induce

this type of bloch

Sahent features of A V block
a Partial—mpaired A V conduction mdicated by
1 prolonged P Rnterval (Ist degrec)
2 dropped beats—P waves not followed by
QRST (2nd and 3rd degrees)
b Complete—atna and ventricles independent
1 P waves at simus rate (60-90)
2 QRST at idioventricular rate (30—40)
3 QRS mterval normal or prolonged depend
g on site of ventricular pacemaker
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F16 105 Varous bradveardias A Atrial flutter with high grade (J to 1)
A\ block and ventrieular rate of 31 B and C Atrial fibrlation with com
plete A V block note that ventricular rhythm s absolutely regular in B at
rate 33 1m Cat 32 D Sinus bradycardia at rate 40-15

3 A\ nodal rhythm

4 atnnl tachy cardia (flutter) with hugh grades of A V block eg
8 1block with an atrial rate of 320 giving a ventricular rate
of 40 (fig 100 A)

5 atrial fibrillation with marked A 'V block (fig 100 B and C)

6 sinus bradycardia (fig 102 D)

 PROLONGED QRS INTERVAL
We can now summarize the conditions assoerated with a prolonged
mtrayentricular conduction time A prolonged QRS interval oceurs
5 When the mmpulse 1s mitiated by an ectopic ventricular focus
1 premature ventricular beat
2 ventricular tachycardia
3 1dioventricular rhy thm (from a low pacemaker)
b When mtrayentnieular conduction s slowed
1 mtraventricular block
2 ventnicular aberration
¢ When conduction to one ventricle 1s accclerated
1 W olif Parkinson White syndrome
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AV DISSOCIATION

It has been mentioned that complete A \ block 15 sometimes re
ferred to as complete A V dissociation and 1t 18 certanly reasonable
that any rhythm charactenzed by mdependent action of atrna and
ventneles <hould be o called However the type of mdependent
rthythm that 1» usually meant when the term A 1 dissociation 15 used
without qualification has nothing to do with AV bloch

If the excitability of the S A node becomes unduly depressed or 1f
the \ \ node becomes unduly excitable we have seen that the AV
node may usurp control of the heart producing A V nedal rhythm
In this rhythm the impulse travels bachwards into the atna from the
A V node and fornard into the ventrcles more or Jess simultaneously
1f however backward conduction mnto the atna 1s blocked (retro
.grade block) the atna are protected from 4 'V nodal control and con
tinte to obey the S A node When this occurs the rhythm 1s properly
called AV dissociation For this disturbance to develop there are
thus two fundamental requiites 1) the ventncular pacemaker
must be firng somewhat faster than. the S A node and 2) retrograde
block must be present Forw wd conduction through the A 'V tis ues
can still take place however -0 that when the sinus impulse happens
to land at a strategic pomt 1 the cardiac eycle (when junctional tis-
sues and the s entricles are not refractory) t1s conducted to the ven
tndles This aceasional conducted beat interferes with the rhythm of
{he otherwiee independently beating ventrieles The phenomenon 15
known as mterference and the conducted beat as an interference beat

The terminology ot this ratber difficult subject has been unncees
sarily confused by the experts The usc of the term dissociation for
two fundamentally different mechansms a3 mentioncd above 15 the
first pomnt of confu on The second 13 in the appheation of the term
Interference  \s used here 1t refers to the fact that one pacemaker
Interferes with the rhythmof 2 second pacemaher This was the ren e
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1mphied by Mobitz when he oniginally mntroduced the term tnterfer
ence dissociation and by Scherf when he Jater modified the term to
dissociatton with interference Other high authorities (2) 1gnore
this use of the term and employ 1t m an entirely different sence—a
«ense no less correet 1n the termnology of physics but nonethele s
unfortunate becausc of the confusion thereby encouraged in an al
ready difficult subject T'urther beeause of this difference of meantng
1t 18 neces ary for this school to retain an additronal term  sventrie
ular capture  for the phenomenon of the ssolated conducted stnus
heat

In the electrocardiogram the I wases are seen to  overtnhe and
pass the QRS complexes (i, 106) When the I wave fulls ufficiently
far beyond the QRS the mmpulse will be conducted to the ventricles
making them beat pramaturely and thus interfering, with thar other
wise independent rhythm (x mn fg 100} Thus a sertes of dissoaated
beats 1s punctuated by a normally conducted beat

4V dissociation may be eau ed by factors which depress the & 4
node such as digitalis or by abnormal conditions that make the \ }
node more excaitable such as rheumatie fever and acute tnfections It
not uncommonly complicates the course of coronry disese
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Review Tracings
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Myocardial Infarction

LXPERIMENTAI CONSIDERATIONS

If a branch of a dog s coronary 18 tied and an electrode 1s placed on
an area of myorardium supplied by the ouctuded vessel the T waves
m the demved tracmg soon become myerted If the hgature 13 then
remouved and the flow of blood to the muscle rec tablished the m
verted T was es soon return to normal The T wave imver son 15 there
fore clearly the result of stmple tschemua Inverted T waves form the
bas of the pattern of 1schemta in the chmeal tracmg

1f when T myerwon occurs the liature 1s atlow ed to remain m Dlace
& dramatic changg in the pattern Jhortly develops within a mmute
or two the ST <egment becomes otrihtngly efcvated dragging up
with 1t and obhterating the mverted T wave If at this stage the ye
1eremoved the tracing gradually passing back through the my erted
T stage apam reverts to normal ST elevition representing a stege
beyond 1echerma but still resersible 13 hnown 19 the pattern of
injury

Tf when the pattern of mjury 13 tully deveoped the tie 1s left an
place a further tring change eventually occurs The entire ORS
complex become., mverted to produce a O3 complex while the ST
segment comes back to the wsoelectric hinw and the T wave onee more
assumes 1ts normal upright contour If thus patiern 1s allowed to per
sist for Jong before the hgature 1s remored 1t 10 found to be irrevers
ible—~no matter how long and patiently you wut a QS pattern wit
continue to by, recorded from the damaged ares Irrexersible structural

45
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changes have occurred and the new pattern 1s ealled the pattern of
necrosis

Tt 13 not at first obvious why necrosis <hould produce this pattern
If a tracing 1s tahen with an electrode 1nside the cavity of the left ven
tncle however an identical QS pattern 1s recorded It 1s easy to ra
tionalize this A glance at figure 26 (repeated below) will remund us
that all the impul es (dipoles) are travelling centrifugally from the
ventricular cavity—they are all speeding, outwards through its walls
with their negatnve tails towards the cavity  The deflection recorded
from mside the ventrnicle will therefore be entirely negative that is
QS m form N\ow when a patch of the ventncular wall s dead and an
electrode 15 placed over the necrotic patch 1t 15 as though the elec
trode outside 1s looking through & window mto the cavty and re
producing what 1t sces within Expressed differently the dead muscle
can no longer acftrely transnut impulses 1t now acts ke a passie
conductor of what 1s beyond it 1¢ mtracavitary negatinaty
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This window’ theory has held sway and served 1ts purpose for
many years It 1s probably more accurate however, to thmk of the
development of O wavesn a somewhat dsfferent light If a segment of
myocardium 18 knoched out, electromotive forees eease to traverse it
There 18 thus a loss of forces directed towards the electrode placed
over the mert muscle and this results in a negative deflection (Q
wave) By the same token there will be a relative gan m forces di
rected away from the inert area and this may be indicated by 1n
crease m the size of the positive deflection in leads taken from the
oppostte surface of the heart This concept has been helpful m «x
plaming some of the less clasycal patterns of infarction encountered
several of which will be discussed later 1 this chapter

CTINICAL INFARCLION

These three changes observed in the expertmental heart—T wave
mversion ST elevation and the appearance of O waves—form the
basis of infarction patterns as we sce them climeally Around any
patch of infareted muscle there 13 a less damaged zone which will
produce the pattern of injury and outside this an even less affected
area from which the pattern of 1schemia will be dernved In the cox
perimental heart these zones can be picked up individually with the
use of small cleetrodes placed diructly on the cpicardum (direct
leads) Chimeally the nearest one can get 1s two or three mnches from
the myocardium on the outside of the chest (semi direct leads)
A natural result of this 1 that the precordial pattern 1s usually a
composite picture combiming the patterns of ischema injury and
necrosts all 1n one QR8T sequence—the relatively distant electrode
15 influenced by all three zones instead of only one

The first step then n diagnosing infarction from the electrocardio
gram 19 to know what changes to look for Those changes are 1) the
fresh appearance of Q waves or the increased prominence of
pre existing ones 2) ST segment elevations and 3) T wave in
versions Only Q wave changes are absolutely diagnostic of infare
tion (necrosis) but changes n the ST segments and T waves may be
suspicious and provide strong presumptive evidence The @ ST and T
changes all have special charactenistics which should be thoroughly
appreciated The Q wave s often wide as well as deep any Q measur
1mg 0 03 seconds or more wn width (from onset to nadir) 18 highly sus
picious of wfarction The deviated ST scgments typically show an
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upward convexaty The fully devcloped I' waves are ponted and con
sist of tno svmmetrical hmbs well hikened to an arrow head The e
three chanes arc summarized m figure 107 Nofe that the e changes
are registered 1 leads which face the area of damage, and 1t 1s
conyventent to refer to them collectively as mdieatine  changes

{

Fia 107 Acute myocardial infarction Tho three
indicative changes—Q wave ST elevation T mversion
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The two mam types of infarction u ed to be called anterior and
posterior But becau e the term  posterior s anatonueally mac
curate as 1t was appled to the surface of the heart resting on the
diaphragm 1t 1s becommg more common and certainly better prictice
to use the terms inferior or diaphragmatic when referrng to
lesions of this wall

If you hold a heart 1n your hand 1t 18 at once obvious that there
are no clear cut surfaces or boundaries any  walls defined are at
best rouh approximations The four walls usually referred to n dis
cuswons of mfarction are antenor lateral mferior and true posterior
(to distinguish tb from the false posterior of the older termimology)
These will be adopted here

It was stated above that indicatis e changes develop 1n leads facing
the area of damage Opposite or reciprocal changes 1e no Q
wave with perhaps some mncrease in height of R wave depressed ST
segments and tall upnght T was es) meanwhile appear m leads facing
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POSTERIOR ANTERIOR

L]
F

Fic 103 Illustrating how the anterior chest leads and lead 1 both face
thesame antenor (really antero superior) surface of the heart while
the posterior chest leads and the lower pole (F) of lead 3 face the 1n
fertor (draphragmatic) surface

the diametrically opposed surface of the heart Fortified with a little
1magination and with a glance at figure 108 1t 1s now relatis ely smple
to decide what changes will occur 1n which leads when 1 arous sur
faces of the heart are imvolved The only lead which exclusnvely
faces the inferior surface 15 aVF and this 1s therefore the most 1m
portant lead 1n the diagnosis of infersor infarction mn some cases 1t
15 the first or only lead to show indicative changes but leads 2 and
3 _each being partly composed of a3 T, usually show the<e thanges
also Reciprocal changes are usuaily seen m Jeads 1 al\ L and some
of the precordial leads In anterior infarction indicatrve changes
occur 1 precordial leads and m leads 1 and at L whie reciprocal
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changes desefop m leads that face the mfero-postencr suafare (2, 3
and 23 F) In lateral v all smfarction Jends aVL and V¢ and V4 are
most hirly to show mdicative changes and ren) 1procal ch:mEs ma;
sometimes devetop m leads taken furthest to the night (Vy , Vin , ete ))
Norg of the routine 12 leads faces the true postertor surfnce’of the
heart and <o mfarchon of this vall must be mlen'ed from recxpmnsl
changes occurnng wn precardial leads espmalb Vianddy -

The himb lead patterns s souated with the tho mam yprs of
nfarction antenor and infersor arc 5o well engramed 1 many runds
that 1t 15 perhaps worth summarzmng them separaiely Antertor 13
{aretion produses indicatsve changes i lead 1 and for this reason has
been called QTh tvpe mfarction Inferior rafarction produves mndies
tive changes m lead 3 and has therefore been called Q0T £y pe infare
tion In antersor mfarction mdiatise changes are also frequently
swen tn aVL and reciproeal thanges appear 1n 3 aad aVF In wfenor
snfarction mdiatne changes gre also found m 2 and aVF while
reuprocal changes develop i 1 and VL These changcs are sum
marized n figure 100

Fro 103 Charscien feearly changes of acute snfarefron 1o the
tomb leads A Enferjor snfarction B Anterior infarction
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It 15 important to realize however that the charactenstic changes
of ifarction may appear only in the precordial leads the hmb leads
remaning normal or near normal

T waluation of Qs

As a promuncnt Q wase m Icad 3 1s once of the hallmarks of inferior
infarction but 1s also sometimies 4 perfectly normal finding 1ts evalu
ation 15 often dafhcult (9) It 15 more likely to be abnormal 1f 1t 15 wide
(more than 003 <ec) f 1t 13 assocrated with Q wates also m 2 and
aVT and if 1t 15 followed by a <lurred upstroke into the R wavre

A =umple test 15 sometimes helpful decp mspiration wall wsually
eause an innocuous (positional) Qs to disappenr or materially decrease
(hg 110) whereas the Q; of infarction 1s relatively unaffected by thrs
simple maneuver (4) (fig 111)

At times but by no means mvanably it 15 helpful to refer the

¥ deaision to the aV leads (29) for lead 3 connecting left arm and left

leg represents the diffcrence between aVF and adI (3 = aVF —
alI) If the mmtil deflection of the QRS i aV T 1s less positnne (or
more negative) than the corresponding deflection m al L there will
be an mihal negatine (Q) wave m 3 \nd so if there 13 no Q waven
erther aV L or aVT but the R wase in 2VF 15 not <o tall as the R
aVl (fig 112 \) there will be a Q wave n 3 This will elearly not be
a pitholomeal Q war e asit results wmply from difference i the height
of normal R naves Insuch 1 situation the aV leads g e an immediate

- Lo |7 b
A o e i
] Hf’ N 11 - T
' ! 1, - I
[ — A ’}-..‘_J — '_...*'_,.._.
vho- [ [

Fic 110 The three strips are lead 3 from three different patients A
Vanation in QRS amphtude and direction with normal respiration B
The effect of forced decp mnspiration on a deep Q:  Duration of inspira
tion ndicated by black marker Note complete distppearance of Q
wave at height of imspiration © A mumilar flustratton showing the
effect of an uninvited sigh on a deep Q4
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Fre 111 Effect of deep mispuration on Qs 1 four patier ts wath v
farction Insprration brgan at the syron i each stng \ote oy oy L ST
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{fig 112 B onc has merely transferred the burden of proof 1o O
and 3t than hos to b decrded whother the Q wn aVE @ of abncrmay
pmi ance or not
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Further obsertations

Some important general pomnts must be borne 1 mmd

s Time relationships are of great importance Rarely, no changes
develop 1n the tracing for several days or even for two or three weeks
Usually however they begin to make their appearance within the
first few hours ST segment changes appear early and progress At this

f'“b;' 2 3
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v, Va Vi Ve

Fic 113 Acute inferior myocardial infarction Note indica
tive changes 1n 2 3 and aVF with reciprocally tall pointed T waves in
precordial leads

"oVl eVF

LV V2 V3 Ve Vs Ve
Fio 114 Acute anterior myocardial infarction Note standard
leads do not show dregnostic changes while characteristic Q and ST

deviations are consprouous 1m vy to V.
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Fro 116 A Acute antero septal myocardial infarction Note the
tall T waves in Vg 4 where they will later be deeply imverted

B Tahen Just a few hours later note striking changes in T waves
tracing 18 now remarkably normal

C Taken sx days later shows fully developed pattern of antero
septal infarction Note that no pathological Q waves have developed
but the infarction can be dingno od with certunty from the striking
evolution in the ST T pattern
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this tall T wave 15 assoriated with stlang depression of the 8T seg
ment (20} and then of course the reaiprocal pattern of an mnferior
wfarction 1s even more closely ssmulated {fig 117) "To udd to the
confusion stantar tall T wad s are oceasionalfs seen as an early stage
of nferior nfarrtion (8) n such czces this may well represent g

y stage of diaph e wall sk before actual
farction has oecturred Sumfar but perastent tall T waves are a nat
usneommon findwig m patrents with angina (27)

857

F 1 ) g

k13

B o N Y EA

16 11 Arute antertar wafarcion Note wu wtt eaely gteage 1 A wath
ta}l T waves and depressed ST Lihe off B faken s few Jays luater shows typical
evolution of anterior 1nfar 1 o
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Fie 118 Acutemyocardial infarction Stages of evolutionin the pat
terns of anterior and nferior infarctions

Q waves may appear early or may not deselop for several days
Wheneer the various changes appear they tend to evolve 1n a faurly
typreal sequence (fig 118) In the mdicatrie leads the ST segments
nise higher and higher and then begin to return to the baselme while
the T waves develop progressively deeper inversion finally after
weeks or months the T waves may become shallower and finally re
turn to normal Thus ST changes are usually the most transitory
the T changes are more lasting but the Q waies are the most hkely
to remain as a permanent record of the myocardial scar Persistent
ST segment changes suggest the possibihty of ventricular aneurysm
(26)
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The model seqquence of changes depieted diagrammatically 1 figure
11819 not invanable but there 1salways some evolntion of the pat
tern along sumlar hnes and to diagnoee an acute wiarchion sueh ey
olution must be w evidence For there 13 no means of bemg cerfain
10 a single tracing whether the ty pieal changes of wnfarction. vre due
10 a0 Acule Process or are the remnants of an old one ST segment dewr
ations are least bhely to reprecent an old process but even they Tay
sometsmes endure for a long tune and rarely ate permanent Progres
sive changes from day to day sre the conclusine evidence of an ac
tive noute process

b The eh d showld be dered of the
elinscal smpresmon and should not supersede 1t If the D:;henz s

i climeally of having sustawned a myocardisl wfaret he
should emphaticaily be treated as such even if hus tracmng 13 com
pletely normal The loohed for changes may be late to appear or
rarely they may never appent i the routwe leads although the
snfaretion 12 & chuneal certamnty For factors fas onng mussed diagnoses
of wfarction see page 109

¢ AT wase pattem of some umportanee 15 the i lower than T,
(M aVF) pattern Ty s often found normally fower than Ty {or oVF)
1 vertical hearts with nght axs devistion Itis alvo abnormally pres
ent 1n eanly left yentrxcular stran before frank myersion of T, has
oceurred If both vertieal heart and left ventricular stram can be
exeluded such o pattern 1g extremely sUspiious of an anterior infare
tion ether old o3 recent {24}

4 Apart from the changes speaific for seute wiarction other ab-
normahties frequently appear The tracing often shows low voltage
and the QT duratsan 18 frequentls g 4 reacheng sts '
in the second weeh Any srrhythmua or bloch may develop notably
atnal fikrdlation  ventricular premature beats tachyeazdis or K
boflation A ¥ block or bundie branch block
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Salient features of acute myocardial infarction

interior Inferior

1 Indteative changes (Q 1al\L 3 aVF
ST clesation T mver antertor  posterior
sion} n leads chest chest

2 Pectprocal changes n 3..Wr 1a\L
leads posterior  anterior
chest chest

3 Progressive changes n pattern from day to day

3 aVR  aVL oVF

A

)

!
Trem

i T

Ly
:
Iz
{0

Vi Va2 V3 Vg Vs Vg

Fic 119 Acute inferior myocardial nfarction Note mndicative
changes 1a aVF 2 and 3

Complez patterns

Trequenthy the pattern observed 19 not so pure  as the ones so
far deseribed If the anterior and inferior walls of the left ventncle
are both imyolved 1n the process 1ntero inferior infarction, vary
1ng combmnations of the changes t3 pical of each may oceur (3) Some
times an inferior mfarction develops 1n a heart that has suffered 2
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previous antenor infarction or vice ver<a 1n such errcum. tances the
current infarction prod changes te (or reciy 1) to the
changes of the previous infarction man tend to normalize the trac
ing <o that 1t looks better’ than 1t did before the second occlu.son

Bundle branch block produemg as 1t does bizarre QRS ST and T
changes of 3ts own mav completely ma X the changes of a supenm
po ed mfarction One of the mo t difficult diagnoses to make 1s that of
infarction 1n the presence of left bundle branch bleek (11) (g 122)
If a previous tracing 1s mvailable howing the uncompheated block
pattern then the appearance of fresh Q waves (e peeially over the
left ventricle where they are not found 1n uncomplicated left bundle
branch block) or a decrease in amplitude of R waves over the left
ventricle (13) or a change mn the elevation or hape of ST <egments
or T wnave: mav provide a <u picious clue but certamnty can onls be
expressed if definite exolution in a pattern <u picious of infarction 15
noted from dav to day

Right bundle branch block 1s less kels to cause confu ton (12)
Both anterior and inferior infarction patterns can often be seen
clearly superimposed on the block pattern (fiz 123 and 124) It
<hould be remembered that the bloch mav not have preceded the

VR VL oVF

e e

’J‘_’__b' AN
ARSI
e ] ¥

Fic 122 Powsible acute anterior infarction with left bundle
branch block. The high ST egments 1z V4.5 suggest the diagnesis but
these may occur 10 uncomplicated bundle branch block. Infaretion can
only be diagnosed with certaints 1f progressive change. are observed 1a
senal tracings.
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Fio 173 Acuteantener infarction wsith right bundie branch
block The  waves 1o %« togetber with ST elevation and Tinver
e tn ¥ 5 make the disgnosis “ote the evolution ta 8T T pattern
{rom upper serses of precordisls to lower sertes taken g dew daya apart
The standard lesds were taken on the day of tre lewer precordial eeries
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.
Fis 121 Acute infersor snfarction with wght bundle branch block
Qand T ctang s are evident 1 % 30d aXF with rectprocal T wave changes
miy

infaretion but may have resulted from at indeed the precence of
bundle branch block may be considered an integral part of the pat
tern of septal snfarction (28)
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Localr ation of infarction

Much has been wnitten about the serupulous localization of infare
trons Such Jocahzation 1s a good academic exeraise but 1s of relatn ely
Iittle practicnl value It 1s of some modest value m prognosis for 1t
18 generally agreed that the best prognosts 1s enjoy ed by patients with
small antero eptal lateral or subendocardia) infarctions while <eptal
nfarctions producing bundle branch block and combined anterior
and mferior infarctions earry the worst outlooh The most important
chneal question however 1s  Has an imfarction oceurred? , not

W here 15 1t?

Locahzation 13 maunly based on the previously stated prinetple that
the changes we have learned to assoeiate with the indicatry e lead (those
epitomized 1 fig 107 page 148) occur 1n leads facing the damaged
surface of the heart Thusif Q ST and T changes are seen 1n all the
precordial leads from Vi to Ve we dingnose a large antersor or

| 2 3 aVR_ aV aVF
T DL T T
N ]1'—_7 i ‘TJ _LLLH,_\:L_J‘J:HE_
i 1 T
rlliiir o e

L l‘t‘E_'_ T

L#-T LU__'LML! i

e A=Y
T

=

i

Fic 120 Acute subendocardial infarction Note S1 T depresston
10 several leads and the progression of these changes Tracing B was
talen 2 days after A C 8 days after B
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Infarction without Q wates

Q waves have come to be regarded as the halloned hallmark of
mfaretton But from what has been «aid earher m thus chapter con
cernmg therr genest 1t 15 apparent that there 15 nothing sacro-anct
about Q waves as <uch Therr real importance 1s that they represent
the replacement of electrical forces direeted tonards the electrode by
oppo 1tely directed force< 1e  replicement of impulses (dipoles)
travelling toward the electrode by mpulses travelling away from it
/This being »0 Jo s of R waye.sth or without gun in<depth-of § wave

meght well earry the <ame «igmficance as 1 Q wave Indeed m ome
circumstances this 15 found to be true JTo~ of amphtude of QRS
complexes over the left ventricle has already been mentioned as an
mdex of infarction 1n the pre ence of left bundle branch block

Again reversal of the normal trend i height of R waves n the
first three or four precordinl leads may be a helpful <ign In these
leads we have seen that the height of the R wave normally inereases
from night to left If however these R waves dwindle progressisely
from night to left 1t 1s su piesous of anteroseptal infarction It <hould
be mentioned that complete Joss of R waves e QS compleves) n
1, through V4 1s not necessanily evidence of anterior infarction and
15 scen not infrequently in left ventrieular by pertrophy (30)

It has been menttoned that m true po terior or nfero postenor
nfaretion the only changes may be reeiprocal ones observed i the
anterior chest leads At times 1n true posterior or in lateral infarctton
(19 21) the sole or primary change may be an merea e 1n the height
of R wave over the nght precordum (V;x V2 V) Simlarly an
merea cd width of the R ware to 004 cc ormoren V;and ¥ may
be diagnostic of true posterior infarctron (o)

Another infarction pattern of which the most striking feature 1s
left axis deviatron has been deseribed by Grant (20) Its character
1stics are 1) an mutial wade R nave (001 sec or more) folloned by a
deep S wave 1n aVF and 2) marked Jeft axas deviation with promu
nent termmal R waren aVR or S wave n lead 1 (fig 126) \ careful
study with autopsy correlation has shown that patients with this
pattern hate mfarction of the antero lateral wall Grant has also
ponted out that right ez1s detrafion may sometimes result from n
farction of the diaphragmatic wall (5)

1t was noted carher that one of the eniteria for diagnosing a sub
endocardial infarction was the absence of Q naves An evplanation
for this findmg has been recently <upplied It has been found that the
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Tso 176 Anteralateral infasction patiem desentbed by Grant Note
1) marked left avis 1 mstion 2} promonent Rip aVR szd 3) wide el R
wavesn sy} folloned by relativedy deep 8 wave

impulse travels much faster (s eral thousand mm per sec } through
the nner thied of the myocardum than 1t does through the outer
two thirds {about 500 mm per se¢ ) Infact b travels so fast that 3t
makes noe wnpression on the depolanzation complex (QRS) as re
corded by our erude wstruments expermentally and m the buraan
heart the QES semans unaltered when the muer myocardsal lay ers
alone ase mpured (1o 16}

It 15 thus clear that Q waies aithough they remawn the sheet
anchor of confident diagnosis 1€ by no means p sne qua non of all
nfarciion patterns
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Infarction without Q wates

Q waves have come to be regarded as the hallowed hallmark of
mfarction But from what has been aid earlier m this chapter con
cerning their genesis 1t 1s apparent that there 1s nothing acrosanct
about Q waves as such Their real importance 1s that they represent
the replacement of electrical forces directed towards the clectrode by
oppoately directed forces 1¢  replacement of impulscs (dipoles)
travelliny, towards the electrode by impulees travelling anay from 1t
This being 50,10 < of Rowave wath or nithout gain m depth of S wave

nght welt carry the same agmficance 83 a Q yave Indeed m <ome
arcumstances this 15 found to be true o s of amphtude of QRS
complenes over the left ventncle has ilready been mentioned as an
index of infaretion in the presence of left bundle branch block -

Agan reversal of the normal trend in height of R waves e the
first threc or four precordial leads may be a helpful sign In these
Jeads we have scen that the height of the R wave normally increases
from night to left If however thewe R waves dwindle progressively
from right to left 1t 1s suspicious of anteroseptal infarction It should
be mentioned that complete loss of I waves e QS complexes) 1n
1, through V4 15 not necessartly esvidence of anterior infarction and
15 scen not infrequently in left ventrcular hy pertrophy (30)

It has been mentioned that in true posterior or mfero posterior
nfaretion the only changes may be reciproeal ones observed 1n the
anterior chest leads At times n true posterior or m lateral infarction
(19 21) the sole or primary change may be an inerease 1n the height
of R waves over the nght precordium (Ve V1) Simularly an
nereased width of the R wate to 004 ec ormorem V;, and ¥V may
he diagnostic of true posterior mfarction (5)

Another mfarction pattern of which the most strihing feature 19
left axis deviatron has been described by Grant (20) Its character
1sties are 1) an mmtial wide R wave (004 sec or more) followed by a
deep S wave 1n aVEF and 2) marked left axis devation with promu
pent termemal R wave m 2VR or S wave inlead 1 (fig 126) A careful
study with autopsy correlation has shown that patients with this
pattern have infarctron of the antero lateral wall Grant has also
pomnted out that right aris derration may sometimes result from 1
farction of the diaphragmatic wall (5)

It was noted earlier that one of the eniterra for diagnosmng a sub
endocardial infarction was the absence of Q naves An explanation
for thus finding has been recently supphed It has been found that the
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Factors which <hould be borne 111 mind as probable cau es of misced
diagnoses are

{zshure to take emal tracmgs

fadure to tthe additional explorators chest leads i doubtful

13

casey
presence of bundie branch bloch
ditah action tendmg to neutrahze ST elevations
ssmultaneous mfarcts neutrahzing each others patterns
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Fie 18 Acute anterfor infarction L uastakenBhonrabeforay
Note tle raps 3 evolution of precardisl T waves
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VALUE OF THT a\ ITADS

We have now covered afl the vanious conditions m which the aV
leads ma3y be of particular value (29) and 1t may be helpful to sum
marize them

1 The electrical position of the heart 1s determuned from aV L
and aVT (page 38)

2 Occasionally aV] or aVI gnes the earliest evidence of Jeft
ventricular strain (page 52)

3 A V nodal rhythms are sometimes recognzed most eastly
or confirmed 1 al R and aVI" (page 120)

4 Leads al L and aVI' mav arbitrate 1n evaluating the sigmifi
cance of Q waves 1n lead 3 (pages 152-3)

5 Occasionally aV1 or al F gives the earhiest or best evidence
of myocardial infarction (pages 150-1)

REFERENCI §
ANTERIOR INFARCTION

1 Myers G B Klein H A and Stofer B E Correlation of electrocardio
graphic and pathologic findings 1n antero eptal infaretion im Heart J
1948 36 535

2 Mvers G B hlein H A and Hiratzhka T Correlstion of electrocardio
graphic and pathologic findings tn large anterolaters! infatets Am
Heart J 1943 35 83%

3 Myers G B hlein H A ond Hyratzka T Correlation of electrocardio
graphic and pathologic findings 1n 7 10r infarction Am Heart
J 1949 37 200

INFDRIOR (FORMITLY POSTCRIOR ) INFARCTION

4 Fvans W The effect of deep inbreathing on lea 1 III of the electrocardio
gram Brit Heart J 1001 18 407

5 Grant R 1 aod Aurray R H QRS complex deformity of m)ocardial
infaretion in the buman subjeet Am J Med 1954 17 557

6 Myers G B hlein H A nnd Hiratzka T Correlation of electrocardio
graphic and pathologic Aindings 1n po terior infarction Am Heart J
1949 38 547

7 Myers G B hlean H A and Irat kn 1T Correlation of electrocar
diographic and pathologic findings sn po terolateral infarctron im
Heart J 1949 38 837

8 Wachtel F W and Teich E M Tall precordial T waves as the earliest
sign of diphragmatic wall infarction Am Hesrt J 1956 52 91

9 Wesbart \[ I and Simonson 1 The diageostic accuracy of Q@ and
related electrocardiographic stems for the detection of patients with
postersar wall my ocardial infaretion Am Heart J 1055 50 62




AOCARDIAL INFARCTION i

30 PN G andBlake T \I The ssgasficance of QaVF 1 the diagnosis
of postertor snfarction Am Fleart J 1900 40 &5

INFARCTION COMIPLICATTD Bl BBB

1 Dsessler W Roesler B and Schwsger A The electrocardiographic
1503 of myoeardial anfaretion an the presence of bundle beanch block
L 3y oeardial infarction with left bundle branch block Am Heare J
1.0 39 21~

17 Dressler ¥ Roesler H  and Sehwages 4 The electrocardiographie
aigns of myoeardisl anfarction 1 e pre ence of bundle Lraneh block
I Yo ocardial infarction with nght tundle branch bloeh Am Heart J
190 33 544

13 hennamer R anlInngmetal M My ocardial infaretion complested by
left f undfe branch Hock Am Heart J 1906 & 8

SUBFNDOCARDIAL INFARCTION

1 Levine H D aud Ford BV Subendocardual safarction report of six
3 es aod entical survey af the Itessture Cireulation 190 1 248

15 Massum Bl 4 et nt Studies on the mechamsm of ventrieylor aetrvaty
(V1 Activation of the human ventrnel  Am J Med 1955 19 3>

16 Primzmets! M et al Studies on the mechanizm of ventree ylar astinty
V1 The depolanizatton comples 1n pure subendocardsal wfarction role
of the subendocardial rezion m the normal electrocardiogram Am 3
Med 1921 16 460

T Prutt B D hlakeg € B and Chapm I B Certam clieal states
and pathalagie chianges associated tith deephy anverted T waves 1a the

hal ek am Crrenk 820 11 517

B 3w I N\ G and Stewart J M dubend msocardia 1nf.

with special reference to the electrocardiographic changes Am Teart J

190 39 &

LATDRAL INFARCTION

19 Dumm W 5 Eéwards J ¥ and Prutt B D The electrocardiogram 1n
1nfaretion of the lat ral wall of the left vent 3! o shnicopathologe
study Crrculat on 1908 14 540

%0 Grant R P Left aus deviaton An elect o ardiographee pathologre
© rrelation study  Circulation 1906 14 ™3

9 Ievs L etal Promment R wave and hall N\ ve in Jaag y asa
sesult of Jateral myocardial wfarction Am He 1t 100 40 447

% Miers G § Blem H A andStofer BT Corr lation of eleetrocardio.
grapluc and pathalogre findings 1o lateral wlur & 3 194 37 g

AN ELLAN OUS

2 Dayles 1 M LaDac 3 & andSork DU Ko xuck grar bie ehanges
{locatventreulars el emia and 11U ) 1oLt 1t the d £ b1 temporar
ac tu ton of a corons y artery showarg  man isge n the evolution of
« myocardial tnf uctton Wm Yleart J 134 27 164



172 PRACTICAL ELECTROCARDIOGRAPHY

%4 Dresler W and Roc ler I The diagnostie value of the pattern T
foner than Ty (Ty < T:) compared with the information vielded by
multiple chest leads in myocardial wnfarction \m Heart J 1918 36
115

20 Dre Ir W and Roc ler H High T waves i the earhest stage of myo

cardsal snfarction Am Hewrt J 19, 3% 627
Fast T ond Oram S The cardiogram in ventricular aneury sm following
eardine infarction Brit Heart J 1957 14 12

.
8

97 Treundhch §  The diignostic migmificance of tall upright T waves in the
chest lend  Am Heart J 1056 62 39
23 Osher I I and Wolf L The diagno 1 of infarction of the mterven

tricular septum  Am Heart J 1953 46 479
20 Sokolow [ 7The elinical value of the umpolar extremity (al) leads Ano
Int Med 1951 3¢ 971
Surawiez B etal QS and QR pattern in leads Yy and ¥ an absence of
msocardial infarction electrocar ind vectoreard, h
study Circulation 1956 12 391

o
8




Review Tracing

MUIOCARDIAL INFARCTION

Ire G For mferpretation eep 213



174

Review Tracng

IRACTICAL }LFCTROCARDIOCRAPHY

3’

@ﬁ

~nmm
EHAT

Fia I For wterpretation ep p 213



13

Coronary Insufficiency and Related
Matters

Coronary 1nsufficiency may be suspected when T waves are flat
tened or myerted m many leads with or without accompanying ST
depression (figs 129 and 130) The pattern of left sentneular strain
obviously falls inte this category and no doubt the stram pattern
15 at Jeast partly the result of myocardial 1schemua It should be re
membered however that a number of other conditions cause ST T
changes which may readily be confused with those of coronary dis
ease These will be dealt with later 1n this chapter

An ST T pattern particularly suggestive of coronary msuffiency
18 a honizontal ST segment (al o known as plane depression (1))
makng a <harp angle with the proximal shoulder of the still normally
upright T wave (figs 129 and 130 C) Normally the ST segment and
T wase should merge smoothly and imperceptibly

i

EETE =

Fio 120 Coronary mnsuffictency “ote honzontallv depre sed ST seg
ments 1 many lexds
L5
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b

N

Frc 130 Coronary insufficiency ST T depression in many leada
not conforming to any specific pattern note the sharp angled function
between ST scgments and the still upnight T waves in several leadsin
tracmg C
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At times the most striking or only esvidence of coronary msufficien
19 merted U waves (fig 131)

Another 1mportant «ign of coronary insufficiency 13 post extr
systolic T wave miersion (2 3) The T w e of the sinus beat follo
1ng the premature beat 1s distorted usually inverted sometimes th
change 15 accompanted by abnormal lengthening of the Q T mtery
(fig 132) Jevme has called tns the poor man s exererse est/

)' that the change 15 ineluded m the 1mtial tracin, and <o obviates t}
need and expense of a subsequent exereise test

Fio 131 Coronary insufficiency ST segments are rather hanzumal but
the strsking abnormality 19 U wave inversion most pronounced m leads 1 and 2
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e
e A SR

Fig 132 Post extrasystoli 7w ¢ chinges After two s1nus beats three

of the next four beats are 1 toles from diff rent foey {multy
form extrasy toles) Follow s tole the next sinus beat shong
marked tnerea e 1n T wave 1t ©ed QT duration (033 sec )
the next beat shows omew] | i veron ard @ T duration hag

Ie sened (0375 ¢ )

st e
Qg

Fic 131 Coronary mnsufficreney 1ead 2 tiker unng tn af}t’ackl of}chrsz
Pemahichla tc 1o 1 than a minute Top left corner tnp taken shortly “f“”
Pun began epontaneay ly figure on ubsequent strip S’;";EE‘;:‘I:‘"": "!:’df
nl3after on 1 of pain N tuee mrhed progre e tro mumten o
{7peatance of frequent ectopic ventricular Lent 4 end ¢ s
°7 bas returned to normal

I some casps of coronary msufficiency dh""m‘“l'?” ‘;‘;?ge ";"i;m
Serhogram gceur only durmg an attack of pam (g 1 bende m
Sthers the madequacy of the coronary C"C“h“;’" can o ’Iéhxs i t’k?e
potrated after exetesse (4) or after & period o 8"?‘;:3 ocardiogram

15 for the ‘arious esereise and anova te ts I'heboved:d o ewE;:SQ

"¢ Normal whle the patient 15 at Test he 1y sul xﬂre gt

toan atmosphere deficient m ovygen and tracings
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The appesrance n these arcumstances of flattened or imverted T
waves and depressions of the ST segments of 1 mm or so mdrcates
coronary wsufficieney (fig 131) In the healthy heart the changes
which normally follow exeraise are tachyecardia merea ed height of
P wave decreased P R interval «hight ST depresston (not more than
0 5 mm ) and increased height of 1 waves

Tinally, 1t should be clearly appreaated that the presence of cor
onary disease 1s not excluded by 2 normal tracing The diagnosis of

: ﬂﬁ-m@-.m
. 5?%;@

Fic 134 Positive exercise test A Control tracing
before exercise Within normal himits B Two munutes
after exercice stnking ST depre sion 1n V4 wath lesser
ST T ehanges 1n 1 and 2
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M Ve Vs Ve Ve Ve

Fic 135 Normal tracing 103 patwent sbo bas suffercd from angianof
effort for eight years

angina ;s made ppmanly from the histors  Figure 130 1 the tracing
from a 53 year old man who had z clear history of anging of effort
for 8 years The elcctrocardiopram s within normal linmts

FLECTROC YRDIOLR 1 HOGENIC DISF A4Sk

It should be h } that ab lities 1 the elect
gram do not neces arly mdicate cardiae di case much Jess coronary
discase (10) Whan deviations from the normal espeaally those af
feetn the ST cgmentsand T waves are encountered m the muddle
aged and clderly they are often much too ghbly nterpreted as

woronary msufficieney  Statitieally surh infcrences are wo doubt
ofteanight but th hatnt 14 bad prictice and 15 seientfically unsound
oo many people are mping thar nays through hfe maimed by tne
unkingd cuts of electrocardiogrephic interpretation (1%) The follonng
facts hould alway s be remembered before the  cardiac or  coro
nary  Jabel 1s attached

1) The range of normal 1s wide and sts Iimyts cannat be
satisfactonsly defined (19) Changes well out sde the arcepted range
are wadoubtedly at times normal varants Drvamples of this are the
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The appearance n these circumstances of flattened or inverted
waves and depy of the ST of 1 mm or so, indicat
coronary in=ufficiency (fig 134) In the healthy heart the chang
which normally follow exercise e tachycardin mereased height ¢
P uwave decreased I’ R mterval shght ST depression (not more tha
05 mm ) and mcreased height of I'wves

Finally, 1t should be clearly appreciated that the presence of co
onary disease 18 not excluded by @ normal tracing The diagnosis «

Fio 134 Positive exercise test A Control tracing
before exerct ¢ within normal it B 1wo minutes
after exerc: ¢ sinking ST depre sion in 14 with lesver
ST T chapgesn 1 and 2
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thema grrs all may produce changes m the tracmg wdieative of
myvocardial miohement and quite mdistmguichable from some of
the alteratrons recutting {rom coronars disegse

Therefore in assessing the tracimg that does not conform watl our
accepted standards we should remember the whole arras of common
and uncommon posainhittes and we <hould ash oursels es three ques
tions 1) Could this be a normal sanant? 2) Could these abnormahhes
be due to estracardiac factors phystologseal or pathological? and 3)
Could these changes be due {o heart disease other than coronary?®

The danger of attnbuting changes of the first and <econd category
to heart disease 1s that the patient 15 branded as a cardiae The danger
of jabethng the third group as corenary 1« that the physican m
charge of the case may be therehy blinded to the true nature of the
cardiac s olsernent and of the underhymg primary disease In the
end we should often be content to state that the pattern 13 abnormat
but non spectfic We should also certamnly be at pams to spread the
gospel that AN ABNORMAI  TRACING DOES \NOT “ECES
SARILY MEAN AN ABMWORMAI HEART
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MISCELLANEOLS CONDITIONS

Review Tracing

Fra 1
For interpretation see p 213
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Miscellaneous Conditions

Thia chapter 15 not an exhaustine <ection ifustriting il the
numberable circumstances n which the electrocardiogram deviates
from norma) It includes onlv tho e conditions 1n which the tracing
13 ormay be of diagnostic value

VALVULAR LESIONS

The electrocardiogram plavs only & mall part in the diagnosis of
valvular lesions Nhtral steno s is the only one which may claim
anything hike a specihic pattern (1) The P matrale pattern con 1t
ing of wide notched P waves m leads 1 and 2 with flat phasic or
mverted I’ wavesin 3 1s frequently found (fig 137} The combination

aVR aVL oVF

Fio 137 Mitral stenosts Note I mitral patt n nght axis devin
uon snd tall Rin V with deep San Vo,
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Fic 138 Mitral stenosis MNote atrial
fibrillation night aus deviation tall R ar R
waves n CFi; and deep § waves as far to
the left as CF,y

of nght axis deviation (with or without nght ventricular stramn) and
the P mitrale pattern or atnal fibrillation 15 strongly suggestive of
mmtral steno 1s (fig 138) It has been stated that the combination of
right axis deviation with atnal fibnllation m a patient under forty
1s practically diagnostic of mutral stenosis This combmation how
eser 1s sometimes found mn thyrotoxteosis and in atrial septal defeet

The effect of other valvular lesions can be predicted from the known
mechameal effects on the heart Aortic regurgitation or stenosts for
example predommantly affect the left ventricle producing left
ventrcular hypertrophy and stram signs of which may appear in
the tracing

ACUTE COR PULMONALE

The pattern of acute cor pulmonale 1s not often scen Tt des elops
rapidly and 1if the patient survives usually reverts to normal within
hours to a day or two Probably many are missed beeause the patient
dies or the tracing has reverted to normal before the cardiogram 1s
taken

The pattern develops within a few munutes of a massive pulmonary
embolism (3 5) or may developn the course of many other condrtions
producing acute cor pulmonsle () Its greatest mportance diagnos
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Fia 138 (continued)
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Fic 130 Acute cor pulmonale “ote Q T; pattern
consiatent with mferior snfarction marhed T wave n
version over right precordium (3 ,-14) prominent § wave
m1and 2
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tically 1s that its pattern somewhat re embles that ofnferior myo
cardial infarction and as the climeal preture also may well be confused
with myoeardial anfarction the distinction 1s a difficult one In-the
typieal ease, a Q ware deyelops in lead 3 and the ST segment becomes
elevated with shallow inver 1on of the T nave Meanwhile lead 1 has
developed somewhat reciprocal changes an S wate appears (inds
cating a not surpnsing tendeney to deselop right axis deviatign) the
ST segment 1s depressed while the T remains uprighty &l thewe
changes are compatible with inferior infarction Lead 2 howesver
tends to follow lead 1 and showsno Q wave but an S wave a slightly
depre~ ed ST segment and an_uprght T wave whereas in mfersar’
1nfaretion lead 2 tends to follow Jead 3 with a Q an elevated ST-and
mverted T
In the precordial leads elevated ST <egments and imverted T
waves are sometimes seen over the right ventricle while S waves may
become more promnent over the left ventnele (indications of right
ventnicular dilatation) Transient nght bundle branch block may
appear Many of these changes are to be seen mn figure 139
The differences between this pattern and that of infersor infare
tion mav thus be summanzed as follows
lead 2 tends to follow lead 1 rather than 3
the changes are fleeting evolving and receding in a matter
of hours rather than weeks or months
3~$T T devtations m hmb leads are shght whereas they may
be major m mfenor mfarction and mn nght precordial
leads they resemble the anteroseptal rather than the infe
rior mnfarction pattern
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CHROMNIC COR PULMONALE

Chronte cor pulmonale most often seen 1n emphysema 1> charac
tenzed by mght axis deviation and <ometimes the pattern of nght
sentnicular stramm Stran on the nght atrum 15 manfested by the
P pulmonale pattern (fig 140 also fig 11 page 19) consisting of
s low Pin lead 1 with tall pomnted P wavesin 2 3 and aVF The P
waves i right precordial leads are usunlly alse pornted but imyerted
or are biphasic with a distinet intrinsicord deflection Tow voltage 1s
not nfrequently present and Ty 1s often of lower yvoltage than Ty

Frequently 1nstead of the full blown pattern of right ventrcular
hypertrophy and strain with tall R waves m V; an intermediate
pattern 1s <een with deep S waves across the precordium from Vi to
Ve {fig 140) The Q T mtervalin cor pulmonale unhke that mn other
forms of heart fulure 1s not prolonged (2) Thrs may at times be a
helpful differential pornt

1 ]2 “3 HaVR uVL‘ n}VF
;‘: ! | !r:. J“ ' 1
S
TN i

, oo {"TT‘]

Fra 140 Chronic cor pulmonale Note I pulmonale pattern ver
tical heart and deep S waves across the precordium (clockwise 7o
tation )

-
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Salient features of chronie cor pulmonale v

1 Rught axs devsation

2 Right ventricular stram pattern or simply
marhed clochwise rotation

3 P pulmonale pattern

4 Often low voltage QRS and T, lower than T,

ACUTE PERICARDITIS

In acute pertcarditis from whatever cause the charactenstic
finding 13 an elevation of ST segments_ with upward concamty m all. <
—three standard leads and often in other leads as well TheT wave re
mams upright at first except m lead 3 where 1t may be merted
Lead 315 also often an exception in the shape of 1ts ST segment which
may present an upward conveuty These changes charactenze the
first or ST stage of acute pencarditis (fig 141}

rﬁ_,_mm S

Fra 141 Acute pericarditss n this
case an acute hemopeneardium) Note
ST elevation n all three standard leads
wath upward coneavity 1a leads 1 and 2
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The sccond stage or T stage presents T wave mversion 1 the
three standard Jeads and often in other leads” At thus stage the ST

segments have returned to the 1soelectric level Durning both stages
low voltage 1s a common finding In the average case of acute pen
earditis resolving m the course of three or four weeks these stages
each last for about ten days to tno wecks

The four most stnhmng differences between acute pericarditis and
acute infarction are tabulated

coTE PERICARDITIS AcorE N RCTION

ST reciproeity (betneen 1 | Absent Llevation m | Present Elevated m

and 3) both 1 and 3 one depressed 1n the
other
ST shape Concave upwards Convex upwards
Q waves { Absent Present
Period of evolution | Fow weeks onths

The changes 1n pericarditis are probably due to two causes
1 short circuiting of impulses by pencardial flud or thickened
pertcardium causes the low voltage
2 spread of the infl to the diately subjacent
layer of myocarduum (1e  subepicardial mjyocarditis)
accounts for the ST and T wave changes

CHRONIC CONSTRICTIVE PERICARDITIS

In the chronic constrictive or adhesive ty pes of pericarditis changes
1n the tracmng are relatnely fixed and non progressne They are not
unlihe the findinge 1n the T stage of the acute disease two of the most
charactenstic features l’°‘"5ﬂ‘m‘—“&w“‘£‘ficd_""‘r‘“ﬁ° Flat
or iverted T waves are present m all cases abnormal P waves mﬂ
about three quarters of the cases and lon voltage 1n over half (G)
Such changes are found 1n the threc standard leads and in all or many
of the other Jeads It 15 of practical importance to note the degree of
mversion of the T waves for the depth of 1nyerston 1s usually pro
portional to the degree of pencardial adherence to the myocardium
(7) deep T° waves are assocrated with mtimate adherence which
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Fio 147 Acute perl
carditis (in a chld with
rheumatic fever)

A Tracing taken befors
pericwrdinis developed I
Five wecks later at heaght of
pencarditis C Two duys
Tater Noto evolution of T
wave changes espeaially n
leads 2 3 Ck and CIy
In trasng B note the
notched but still uprsght T
wave in CF
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makes surgical stripping difficult or imposstble whereas flat or barely
mverted T waves usually indicate a relatively easy surgieal under
takmg

Atnal fibnillation 1s persistently present ym over a third of the cases

One other charactertstic which de erves passing mention 15 that
the axis of the heart does not alter 1s 1t does in the normal when
the patient turns from onc side to the other for being bound by
adhesions 1t 1s not free to swing from «de to side with change m
position  This electrocardiographic feature corresponds with the
clinzea) finding of a fised apex bent

Saltent features of chronie pericarditis

1 Low voltage

2 Flat or imerted T wates

3 Fred avs

4 Possible P mtrale pattern or atnal fibnila
tion

THE HEART IN CHILDHOOD AND CONGENITAL LESIONS

Several pomnts are of mmportance 1 interpreting, the electrocardio
gram 1n chuldren Tirst and foremost vanations in the normal are
more diverse than they are m adult tracings so that one should be
even more careful 1n declaring a 3 outhful tracing abnormal than that
of an adult The rate 1s relatively faster and the P R and QRS m
tervals relatinely shorter m childhood

At birth the nght ventricle 1s larger than the left and this leads
to a different balance of power \part from the common oceurrence
of right axis deviation tall R waves are frequently seen 1 precordal
leads to the right of the precordmim with deep S waves prescnt over
the left ventricle Thus a pattern remmiscent of right ventricular
hypertrophy or mght bundle branch bloeh i the adult may be s
perfectly normal findmg i the child
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A further important pont to remember 13 that T waves may be
normally mverted further to the left of the precordium m the cluld
(see page 23)

There are only two <peafically diagnostic patterns in congemtal
heart disease both very rare

1 YWhen P QRS and T are all mierted m lead 1 so that the lead
presents o mirror image of the normal and leads aVR and aVL are
al o transposed dextrocardiy with complete situs inversus may be
diagnosed 1t 1s important to realize that this p sttern 1s mdistnguish
able from that produced when the arm electrodes are reversed (fig
143) This technieal error 1s obviously much more frequently en
countered than the congemtal anomaly

2 The pattern of antenor myocardial mfaretion 1 infancy makes
the chagnosis of anomalous left coronary ongmating from the pul
monary artery

Non peerfic patterns are far more common Of these the commonest
15 that of rght ventricular strain which may be found m o varety
of 1esions neluding pure pul y stenosis atrial septal
defect with or without mitral steno 1s pulmonary stenosis with atral
or <mall ventricular septal defeet the tetrafogy of Fallot Eisen
menger ¢ complex and transposition of the great vessels

n dextrocardia B Lend 1
arm electrodes reversed

Tic 143 A Tead 1
from a normal heart with the
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2

B 53 | S LS i B

11¢ 144 Congenital heart disease From a cyanotic baby one day old
Standard limb lead show katz Wachtel phenomenon and precordial leds
show pattern of nght ventricular hyj ertrophy

JAnother commonly encountered pattern 1s the Katz Wachtel
phenomenon which consists in the of relatively h
QRS complexes n two or three of the standard Imb leads (g 144)
This pattern may be found m scveral congenital defects meluding
many of the above and 1t may al<o oceur in other abnormalities such
as 1solated yventricular septal defeet and single ventricle

Left ventrrcular stratn (8) 13 much less commen but may de
velop m a number of lestons includin,, coarctation of the aorta sortic
stenosi« trieu pid atresia and severe degrees of patent ductus arterio

; sus Notice that tricuspid atresia 1s the only ey anotic form of congent

tal heart disease associated with left axis deviation

Finally the tracing may remam cntirely normal especaally m
mulder grades of patent ductus, small septal defects and coarctation
of the aorta At the other extreme 2 large atrial septal defect bewdes
producing marhed n ht ventricular hypertrophy and strun may be
complicated by a number of other electrocardiographie abnormahties
ncluding nght bundle branch block A V block and atnal fibnllation
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DIGITALIS AND THE ELECTROCARDIOGRAM

Digitalis 1s to the electrocardiogram what sy philis was to medicine—
the great imutator It can mimue heart di ease and 1t can cause all
1y pes of block and all manner of arrhy thmias Itas of great importanee
to the chimeian to appreciate the sigmficance of the varous changes
produced by dygmtalis and so these wiil be considered m some detail

It 15 most comvenient to divide the effects of digitals mto four
groups

1 8T T changes digitalis causes depression of the ST segments
with flattening and imversion of T waves At the same time
the relative Q T duration is shortened 1n contrast to quiny
dine effect (see below) The shape of the depressed <eg
ment 13 often charactenshie—it 1s sagging with its con
cavity upwards and has been sud to look as though a finger
had been hoohed over 1t to drag it down (figs 145 and 146)
The e are not mndications of digitalis wntorication but rather
of simple digitalis ¢ffect They may be antiapated 1n most,
patients who are approaching adequate digitalization and
are not necessaniy an indication for reducing dosage These
changes oceur 1 ammals with approumately 20 per cent of
the lethal do e

Fia 145 Digitalls effect Note s:gging ST segments tn most lea Is
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Fic 146 Digitalis effect “ote sagging ST segments 10 most leads
especially 1n Vi

,I( should be noted that ST depresston and inversion of T
waves usually occur only 1n those leads with tall R waves
It 1s clarmed that such displacement of ST segments and T
waves in the direction opposite to the mam QRS deflection
means a umform therapeutic action on the myocardium
but that depression of ST and mversion of T also 1n leads
with mainly negative QRS complexes mdicates that the
drug 15 causing relatie coronary msufficiency mn the sub
endocardial muscle layers and 1s therefore an indicatton to
reduce the dose

2 Premature teniricular beats often proceeding to bigeminal

rhythm These are of course arrhythmias and as such should
be classified with the other arrhythmias below But they
are so much more often encountered than any other ar
rhythmia and are therefore so suggestn e of digitalis action,
that they deserve a category to themselves They are a sign
of defimte toxicity and are an indication to revise dosage
In animals they appear after approximately 70 per cent of
the lethal dosc has been administered

3 Arrhythmas Almost every arrthythmia has been reported to

complicate digtalis admuinistration  Premature entricu
lar beats have already been stated to be the commonest
but their hindred more sertous rhythms ventreular tachy
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cardiaandventneularfibnilation haveoccasionally cecurred

Afnal arrhy thmias may also be produced and premature

beats tachycardia and fibrilation have all been attributed

to dimtalis action Dhgitoan seems particularly likely to

mduce arrhythmie tachycardias LV dissocation wath
wterference 18 sometimes produced by digitalis

4 Blocks Simu atral  sino ventmcular and intrayentrienlar

Blochs have all followed digitalis admomstration S A bloek

may nduce the onsct of A V nodal rhythm <imple length

ening of the P R mterval 15 common and partly results

from vagal stunulation (fig 98 B page 134) In amimalsat

15 mduced by about 50 per cent of the lethal do e Higher

grades of AV bloch are not infrequently scen Complete

A V bioch may deselop without any warning symptoms i

2 patient mamtaned on digitoxin such blo k m amimals

mdicates about 80 per cent of the Jethal dose Prolongation

of the QRS nterval oceurs rarely in digitalis intoxication

Slowang of the heart m smus rhythm 15 not due to heart block but

10 enhanced vawal cffect on the S % node In atnal hibnllation

slowing of the 1cntncle is the desrable result of A block

QUINIDINE

In general quinidine causes qualitati ely sualar hut quantitatively
different changes m the tracng The naticeable exception to this
gencral statement 1s its effect on the Q T interval which it regutarly
lengthensin contrast to digitaliseffect It sle s hikely ta causc length
entng of the P R interya) but much more likely to prolong the QRS
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Its mfluences may be summarized as follons

1 ST T changes T waves become depressed widened notehed
and finally mverted Meanwhile the @ T mterval lengthens
(fig 147) TheST segment 1sless hikely to become depressed
than with digitalis admnstration

2 Blocls of all types can oceur 8 A bloch may produce fata)
atnial standstill Prolongation of the QRS 1s frequently
seen and 1s mportant to the therapist if this interval
increases duning treatment by 25-50 per cent 1t 1s an in
dication to discontinue the drug

3 Ventricular cctoprc rhythms are occasionally produced

Larik

i

il

I

o eits bl Hharsaant

Hﬂmn

il

Yu
i

>

Fro 14/ Quinidine effect Note the markedly prolonged @ T n
terval m A of nbout 0 54 seconds (upper ltmut of normal 1n a male at
this rate 72 18 0 300 scconds) qusnidine effect has pulled apart the
limbs of the inverted coropary T wavesin CF  In B the Q T interval
has returned to normsl (0 36 seconds) Quinidine hed been admimistered
for two weehs before tracmg A 1t was discontinued on the day of this
tracing and tracing B was taken one week later
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MY\EDEMA

The diagnosis of my xedems. <hould certainly never depend upon
cleetrocardiographic changes though 1t mav be suspected whe: fat
temun,, or haflon mveruon of many 1 waves1s een without com
parable ST di placement (fig 148) Its charactnistics are three

1 low voltage
2 sinus bradycardia
3 low to mverted T waves tn all or many leads

A =] BTTET RO ey

[N el =t e

116 143 Myxedema Tracing A was taken befo e treatment note talloy
\nversion of T waves i many lenls B was talen after teny eks of treatmer t
\ath thyroid extract the | reviou 1y inverted T \ aves are now uj rght

HYPOLALEMIA

The ¢lectrocardiogram may be of great v due m the diagnosis of
this not uncommon and dangerous stuation A sizmifcant pota um
deficit may be encountered m many metabolie di orders meluding
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cirthosts of the ver diabetic coma after vigorous treatment hypo
chloremic alkalosts from whatever cause (vomiting mercurnal diure
<15, ete ) and 1n situations where excessvie amounts of corticosterords
are being secreted (Cushing s syndrome pnimary aldosterontsm) or
admimstered It has been demon trated that the typreal ign of
potas tum lach 1n the tracing may appear when the <erum potas.um
15 within normal hmits and eonversely that the tracing may be nor
mal and how no evidence of pota 1um defieiency when hn polalemua
1 chemically proven As 1t 1 the heart that 1s most dangerously af
fected by too much or too lttle potas um 1t may well be that the
electrocardiogram 1s the most <en tthive mdicator of the mmediate
threat to lfe Furthermore an electrocardiogram can often be taken
when factlitie for chemical determrnations or flame photometry are
not asalable It 1s therefore worth while to know the changes that
potas wm defieit can imtiate (figs 149 and 150) These usually occur
1n the following sequence
1 Apparent prolongation of the Q T interval (This appears to
be due to flattening and widenung of the T ware but more
eareful analysis has shown that 1t 1s due to o lower T wave
and taller U wave merging to form a continuous wide wase
this early stage 1s shown 1n figure 150 A )
2 T wavemersion
8 Sagging ST segment and finally a low takeoff ! of this
segment
The fully deseloped pattern s scen n figure 150 B These changes
rapidly revert to normal with admmistration of pota.sium salts

Fic 149 Hypokalemia Tracing in A hows well marked signs of
ncy—lon ST take off With promunent U % aves giving
longed Q T interval B Four days Inter C Ten days

later tracing has returned to normal

potas 1um deficier
appearsnce of prol
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F16 150 Hypokalemia Iracings A and B are from liffer nt patients A
shows early changes of hypohalernia with prominent U wave merging to form
continuous undulating nave with T wave B shows ckanges of advanced hypo
kalemia (1.8 mEq /lter) 1n o patient with cirrho 13 fte ST T depression
with very prominent U aaves n Vs

HYPOCAT CEMIA

Caleium defieieney produces a prolonged Q T mterval This fength
emng s effected through clongation of the ST <egment the [ wave
Temmming relatisely normal (fg 151) termunal T wave inversion
however oceurs in - ome Jeads m ahout & third of the ca es

2 VTR
- n.@’l}mmggm

i
Lk

EXS

3
Fio 151 Hypocalcemia Note the prolonge 1Q T
\nterval 1n an otherwisc normal traciig QT = 010
ace (upper hmit of pormal for 1is rate an | sex 18
0% sec) Iauents gerum calaum was 70 mg /100
ml other electrolytes being normal
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Y PFRIBALPMIA

The earliest <1,h of potwsum intovication 1s the appearance
tall thin 1T waves (f,, 152) Later the P R interial becomes pr
longed the ST segment becomes depressed and the QRS mnten.
lengthuns Fmally the IP way es distppear and the QRS widens furthe
(hg 153) untl ventricular fibnllation eloses the preture

1 2 3
]
] | :
i [
j
i ¢ P
P .
i . .
L .
i
L :
. -
F Leoos o ED
o~

¢

CFy CFy CFg

Fie 15 Hyperkalemua in a patient dying
in uremss Note extremely tall thin T saves
1 precordial leads
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Fic 153 Hyperkalemia Tht tracing shor s evidence of Ivanced potas
sum intovication tall peaked T wave sl ent I nave widened QRS com
Dlexes and irregutar thythm I romaystient with erumle <l of8 1 mEq /hger



208 PRACTICAL ELECTROCARDIOGRAPHY

ELECTRICAL ALTLRNANS

This abnormality 1s readily recogmized by the alternating amphtude
of QRS compleves tn any or all leads (figs 154 and 155) This s much
less common than but has the same prognostic sigmficance as its
mechanieal counterpart pulsus alternans

i of QRS

Fie 154 EI 1 al Note al

complexes 1n leads 1 and 2 Patient had maltgnint hypertensson and
pulsus alternans

il i
LEaE

l@

F1o 150 Electrical alternans Note alternating direction of QRS com
plexes
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LOW VOLTAGE WITH INVERTED T WAVESY

It 15 opportunc to review the scveral conditions which can cause
low voltage QRS with mmverted T waves 1n all or most leads

1 Any diffuse myocardial 1moltement
a diffuse coronary disease
b heart failure treated with digitahs
© myxedema
d amylodosis

2 Pericarditis
a acute ( T stage )
b chrome constrictive

ST T DEPRESSION v/

When ST segments are depressed and [ waves flat to imerted in
many leads one should thnk of
digatalis effect
diffuse coronary disease
left ventricular stramn
cornbined anterior and 1inferior nfarction (autero mferior
mfarction)
subendoeardial infarction
hypohkalemia
As well as the above causes of ST segment and T wave changes
the many factors that can nfluence these labile members of the elec
trocardiogram (page 182) should be constantly borne 1n mind

FY X

oo

RFFERF \CES
MITRAL DISI ASI

1 Fraser H R 1 and Turner R TFlectrocardiography 1n mutral valvular
disease Brit Heart J 1955 17 450

COR PULMON ALE
2 Alexander J b etal TheQ T intervalin chrome cor pulmonale Cirea
1951 3 733

3 E\I,:“e‘:n AL sad Gian sracusa F The electroca d ographie diagnou of
acute cor pulmonale Am Heart J 1957 43 513

£ Mach T Harms R ond Ttz L N Acute cor pulmonate sn the ab ence
of pulmonary embolism Am Heart J 1950 33

5 Pl lips 1 snd Levine 3 D A entical evaluation of extremuty and
precordal eleetrocardiography i acute cor pulmonale Am Hewrt J
1950 39
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Tie J page 186 1} Atnal fibrillation 2) Complete A V block with
wdios entricular rhythm at rate about 38 %) Multiform ventricular
premature beats

e K pige 211 )P wavesarc mierted m 2 3 and al f upright
maVR this s thercfore an cctopre atnal (? coronary sinus) rhy thm
2)2tol LV hlock (atral rate 84 ventricular 42) 3) Ieft ventncular
hypertrophy and stram 4) Digitalrs effect

11 L page 212 1) Sinus brady cardia with arrhy thma rate 43-00
2} Intra atnal block (P wave duration = 0 14 «ec ) with P mitrale
note left ax1s deviation of P way¢s with night axes deviation of QRS—
this combination 15 highly sugge tive of mutral stenows Irom a pa
tient with rheumatic heart disease

Tic M pase 212 1) ST 1 pattern suggests left ventricular <tram
2) The third heat i each lead 13 a premature ventricular beat 3)
Iollowing the premature beats retrograde conduction to the atma
occurs (retrograde ' waves are <cen deforming the ST ¢,ments)
4) Post extracystolic T wave changes (inerease in depth of [ nave
mverson) are noted i the eveles following the premature beats
1 rom a patient with severe hy pertension
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(Figure number 1s grven first followed by page m parenthesis)

Aberration ventriculir 64(06)
Aternans eleetneal 1530009 155
(208)
Angina of effort 16(°1) 135(181)
Arthvthmia see Atrial AV nodal
Supraventreular and Ventricular
sinus 630(95) Li21°)
Atnial ectopic beats €4(96) 65(97)
B(I14) 104(130)
fibrillation  75(108)  «s(110) /8
(1) 79(117) 80(112) A(114)
C(129) 105B and C(140) G
(143) J(186) 133(188-9)
flutter ,0(104) 71(100) 7.(106)
73(106) 4(107) 75(108) 77
(110) 1054(140) I (134}
impure 47(110)
tactyeardia  66(99) 63(101)
(107) (0(104) 75(108)
AV block partial 12(21) 69(107)
0(104) 71(100) 7(106) 73(106)
TB(103)  98(134)  99(135) 100
(135) 105A(140) L(144) F(144)
@11

L]

complete  74(107) 101(136) 107
(137)  103(137) 11D and C
(140) G(173) J(186)

AV dissociation with interference
106(143)
AV nolal ectopc tents
83(11) S1(117)
patterns S1(115)

thythm 11(19) 8(1°0)
90171 (130} T(185)

tact veardry 851119) S6{119) &7(119)

Ay deviation Jeft 12(32) 2°(3N
28(sH  30(E3  3H 36

£2(116)

&a121)

37(65) 4°(:0) 102(13.) 126(167)
left Yundle branch block 30A
(63) 37(65) 4°C(:0) 43("2)
A(114) 12°(16%)
left ventricular hypertrophy 28
(51) 30(53) 31(51) 4”A(70)
43(72) C1™) 121(161) H
(174) h(ztl}
nght bundle branch Llock 35B
(©3) 41(69)
nght ventneular ectopic beat
57(85)
nght 10(35) 2°(39) 25(5) 3(57)
33(58) 33(66) 52(85) (0(104)
«9(112;
cor pulmonale 33(58)
emphvsema 33(58)
ieft bundle branch block 40(6%)
left ventricular ectopic leat
48(8 )
ventricular
29(5%)
mitral  stenosis
(183-9) L(212)
ngtt bundle tranch tlock 36
(61) 38 60
nght ventneular typertroyhy
3 (D)
Axts normal 19(35)
left bundle | ranet tlock 30067)

Teft hypertropty

137(18,) 138

Bigeminy atnal 6400)
AV rolal (116)
ventnieular 5 (%)
Block eeA\ Bunile} mnct Tntr
atral S 4

21v
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Brady cardia
atnal fibrillation 100B and C(140)
G(173) J(186)
A\ block partial 12(21) 100(135)
complete 101(136) 10°(137) 103
[¢kp]
AV dissociation 106(143)
sinus (S A) 63B(95) 105B(140)
L(217) M(212)
Bundle branch blach 34A(62)
mneomplete left 47B(70)
nght 44(:3)
intermittent 45(75) 46(76)
left 35(63) 37(6a) 39(67) 40(68)
17(70) 43(72) A(114) 127(162)
nght 35(63) 36(64) 38(66) 41(69)
4#4(73) DU30) E(4%) 123
(163) 124(163) H(74)

CF tracings compared with ¥ 4(¢)
127(168)

Compensatory pau e 48(82) 49(83)
50(84) 51(85) 52(85) 53(86)

ongenital heart disea e 143(197)

144(198)
“oronary 1nsuffictency  13(22) 120
175)  130(146-4) 131(178) 133

(169) 134(180)
Coronary  stnus
ke11)
Sor pulmonale acute 139(190)
chrome 33(58) 140(19%)

rhythm  91(127)

Jextrocardia 143(197)

hgstahs effect  145(199)
K1)

intovication 52(85)

146(00)

“ctopic beat atmal 64(96) 65(97)
B(114) 101(139)
A\ nodal 82(116) 83(117) 84(117)
matn stem 93(123)
sapraventricular 49(83)
ventnieular 31B(62) 48(82) 0(83)
50(81) 51(85) 52(85) 53(%6)
53(90) 59(90) B(114) C€(129)
10°(137)  132(179)  133(149)
M)
sterpolated 51(85)

=10 INDEX TO ILLUSTRATIVE ELFCTROCARDIOGRAMS

multiform 53B and C(86) 132
{179) J(186)
Clectrical alternans
(209
Lmphy ema 33(58)
Escape nodal 97(133) F(144)
Lrxercise test 13(22) 134(180)

154(208) 155

Fibnillation atnal 75(103) 77(110)
78(111) "9(112) S0(112) A(11)
C(129) 105B and C(140) G(1e3)
J(186) 138(185-9)

ventricular 62(92)

Flutter atnsl “0(104) 71(105) 72
(106) 73(106) 74(10 ) 75(108)
77(110) 100A(140) E(144)
impure 77(110)

ventricular 62(92)

Flutter fbriftation 77(110)

Horizontal heart 21(39) 22(39) 28
(51) H174)
left bundle branch block 37(6a)
$3072) 1"(162)
left ventmeular hypertrophy 28
(51} 31(54) 43(72) 121(161)
nght bundle branch block 41(69)
Hyperkalemia 152(206) 153(207)
Hj pocaleemia 151703}
Hypokalemia 17(27) 140(204) 150
200)

»
H; pothy rardism  135(203)

Idwventsicular  rhythm  31D(62)
74(107) 101136) 102(137) 103
(137) 105B and C(140) G(143)

Infarction antertor 109B(151) 114
(151)  11.(157) 171(161) 123
(163) 127(163) 128(167) H(I.4)

anterolateral 115(154) 196(167)

antero eptal 116(156)

indieatave changes J07(148)

inferior  1094(151) 111(153) 113
(154)  119(160) 124(163) G
(173) 1(185)

1nferolateral 120(161)

subendoturdial 1.5(164 5)

Inspiration eflect of
on P R interval 98(131)
onQ 110(152) 111(153)
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Interference dissotiation
Intermediate heart 21(39)
Intrs atnal block 9.€131) L(212)
Intraventnieular block see Bundie
branch block
Intrinsicord deflection delayed
aver left ventnicle
left bundle branch block 3ol
(63) 37{85) 30%(6T) 40(6%)
200 43(7°) AQ1Y)
laft.

106(843)

27

1 pulmonafe 1319F 33(58) 140(192)
Tremsture beats =atmal 61(06) 6o
97) B{l14} 101(139)
AV podal B2(118) 83(117) S4(iL)
sapraventnewlas §9(83)
ventrieular  ofB(62) 48(87 49
{83) 8088} 51{%0) 52(%5)
53(86) B3(90) 50(90) B(IlD)
C{1°y) 10213 3 132(1:9)
13301 9 M(m2)

30(3) 430°)
over nght ventricle
ngkt bundle branch block 35B
(63) 36(64) B3(66) 3169)
44473) D(130} L{144) 173
a3 1718 BT
nght veatnieular by pertrophy
I7(57) 141(198)
Iscelectric shelf 71(103) ~2(108)
76100y

Juvenle pattern 1o Negra 136(182)
Ratz Wacktel phenomenon 144(198)

Matn stem evtrasystole 93(13)

Mitral stenoss 11019} 137087) 138
(188 9) 1(ziz)

\yvedemn 139(203)

Nodal se2 AV nodal

Yacemaker wandering 92(1.3)

Farasystole 51(87)

Pon e compensatary 48(82) ORI
SO(R4) 5153 5O 53(6)
93{173)

Tenearditss acute 143¢193) 12(100)

Pomtrale 11(19) 13 {167) (21 )

Pusition electrreal hesrt 21(37) see
Hornzontal Intermediate Semy
bomzomal  Semn vertresl Yer
tieal

Po t-extrasystolie T wave change
12 M ety

lota sum  see Hyperkalemua and
Hypokalermia

51
nultiform 5B and C(86) 132
(179} J(156)
P It sterval normal 12(21)
prolonged 17(21) 93(134) 99(13)
100(135) hzny)
short 3V podal shythms 1:(19}

s2016) R es(lE) 89
(1°1) 20(22L)

by pectension 12(20)

Wolff Fatkinwon White syn

drome 4 (70)
1 waves nbnormal 13(19)
retrograde 1108} 5034} 81(115)
82(16) 8117y 8L(117) 85
(118) 86119} 87(119) £8(1°0)
£9(121) 00021 \K212)

QRS 1terva! profonged
bundle branch bloch 343(62
a5(83) 6{E1) I7(65) 3S(66)
30(87) 10(68) 416D) 4770
13(72) H{7R) 43(5) 46{ 6)
A1) D(HD) Igh 17
(162)  173(163)  ¥240163)
Hled)
wioventuiedlar rhythm 34D6%)
01136} 1037 103(137)
ventneular sberration §4(96)
ectopic beats 31B{6Y) 15(82)
40(83)  50(81) 51(S0) 53
{36) 58(00) 89(30) B(I14)
CQu) 10213 ) 1371 9)
B3 ) V)
tachyveardia 34C102)  55(8%)
56(6S} S7(90) 5R(00) 59
0) 60O 61(21) 67T
Wollf  Parkinson White €30
drowe 47(7 }
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QT duration prolonged
hy pocalcemia 151(%02)
post extragystole  132(1°9)
quimdine 147(20%)

Quimidine effect 147(202)

Retrograde I waves cc P wives

Reversed arm electrodes 143(197)

Rhythm ee AV nodal Bigemum
Coronary sinus Idioventricular
Trgemn

Rotation clockwi e 27(46) 33(5%)
140(192)

counter clochw1 e 27(46)

S A arrbythmia 63C(92) L(212)
block 96(132) 97(133)

bradyeardia  63B(35) 10oD(140)
L{217) \M(212)

tachycardiz 634 (95)

Semn honizontal heart 21(30) 115

(155)
Sem vertical heart 21(39) &3(117)
135(181) 145(199) 14%(203)
Shifting pacemaker 97(123)
Sinus ee 5
ST segments 13(2%)
elevated 1n \egro 14(23) 136(18”)
ST T junctions sharp angled 13(22)
130016 7)
Supraventricular arrhythmis  ee
Atnal and A ¥ nodal
ectopic beat compared with ven
tricutar 19(83)
tachyeirdia with intraventrcular
block 6/(100)

Tachycardia atral 66(99) 6(101)
69(10 ) (0(104) 75(108)
A\ nodal 85(118) S6(119) 87(119)
SA 631(9)
supraventricular with intraventric
ular block 67(100)
ventricular 31C(6%) 55(5%) 56(S8)
57(s0) 59(00) 59(90) 6091
61(01) 67(97)
T, wave 12(21) 101(136)
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Transitientt zone  27(46)
Trgetuny 53(86)
T waves 15(24) 1620

U naves 17(%)
coronary n ufficiency
a78)
hy pertenston 17¢27)
hypohalemia 17(27) 150(700)
1solated nversion  17(27)
left ventricular strum 10(%)

16(27) 131

Ventricular aberration 61(96)
Ventnicular ectopte beats 34B(67)

48(82)  40(83) S0(R1)  51(8o)
52(85)  53(“\6) 5S(90)  59(90)
BIM) CU%9)  1020137) 132

(179) 133(179) \212)
nterpolated 51(85)
multiform 3B and C(S6) 132
(179) J(156)
fibrillation 67(97)
flutter 62(9%)

hypertrophy and strain left 2§
(31)  20(52) 30(53) 3i(od)
42000 4377 Ca°9) 121
(161) K(211)
nght 32(57) 144(195)

tachyeardia  31C(62) 55(%8) 56
{8%) 57(89) 55(00) 59(90)

60(01) 61(91) 67(92)
bidirectional 60(91)
Vertical heart ?1(30) 27(30) 20(57)
114(154) 106(18%) 140(197)
left ventricular hypertrophy 20
7
nght ventncular hy pertrophy
32(5/) 13.(180)
Voltage Migh in precordinl leads
28(51) 29(57) 31(54) 32(57)

Wandenng picemaker 9°(123)

Wenckel ¢k phenomenon  99(135)
100C(135)

Wolff Earkinson White sy ndrome 47
N



GENERAL

Atdomen acuts 182
AF Jominal tumers 36
Aberration ventneuwlar 95 140
Aceelernted conductton <y ndrome 78
Actweation of atna 13
of septum 43 71
of ventneles .8
Adams Btoles attacks 93 133
Adsenalime D1 182
Aldosterontsm 201
Alkglosts 204
Alternans electneal 203
pulsus 08
Ayt mtnte 94
Amplovdons prunars 0 152 %09
Anemtz 182
Anpina 157 181
Anomalous Jeft coronary artery
Snona 178
Anuety 182
Sortie 1nyuffieten y 564 51 188
stenows 54 4D I8¢ 198
Arborzzatson block "3
Arrhy thmes 1 9 195 350 200
atral 4. 95~413 124
A% polal 15222
supraventnicular 81 9542
recla wfi aton 124
ventrs ula "3 8193 O
Azeite 10
A hman 75
Agynche mv 376 -
Atrial or hs thmas
et pic beats 6 €0 0o 9693
o1t a% MO 138 0l
1 n ondu ted 9
fil sdiation 10 Jo OF 104 Il
"y 1or 10 we 150 188
b 198 o0t

19

Aty

INDIN
futter 95 06 103-108 i1 175
smpure 110
fuster Sballstson 110
premature beats see Leiopie

beats
tachyeardia 78 81 82 93 95 96
98-103 104 111 124 126 MO

201
hypertrophy 19 37 131
puralysy 132
standstall 132

Atropine

AV 1lork 70 103 181 13 123 15
126 13 133133 139 10 150
103 201
causes 138
complete 20 136-138 139 4t

2
portial 133136 138
Brt degree L0 2 133 13%
159 .01

bundle 43 61 "8 173 136

disoaation 176 133 KIS 141142
complete 136 141
interferen 8 142

nodsl artAtimic 1% 91 105122
10

escape 130 13 139

prem ture teat 11 6 17y

>

125
rhvthm 11 19 118 120 140 1t
0

1
tachyearia 83 118 173 176
nole 3 B4 95 07 115 116 N§
190 13 136 137 130 M1
v lses elosure 475
swmve 1318
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Axs of heart 29
fived 196
normal 34 35 67
deviation 34-37 38
left 34 33 57 55 65 67 68 T4
166 19%
of P wave 37 54
nght 34 38 52 56 58 59 67
150 166 188 191 192 193
196

Beri hert 192
DBigermnal rhythm St S6 200
Wigemny 84 86 °00
Biphasic complexes 18
Block see under Arborization AV
Bundle branch Intra atnal In
traventncular and 8 A
Bradycardia 139-140
causes 139-140
stius 94 140 203
Bundle scceasory 8
branch bloek 29 47 61-74
150 169 191
bilateral 136
causes 74
ncamplete 73
internuttent 74
left 36 6174 167 166
incomplete 73
prognosis 74
pseudo  7¢
nght 36 59 61-74 162 182 196
198

3 89

incomplete 59
transient 191
uncommon
transent 14
of His 43 61 78 123 136
of hent 78

type 65

Caffemne 91
Calewum deficiency 26 205
Cannon wave 125 126 127 138
Capture ventricular 142
Carotid staus senattivity 94 133

stimulation 94 126 177
Causes of A ¥ block 138

GENERAL INDEX

bradyeardia 139-140
Lundle branch Lloch 74
hypohalemia 201
los voltage with mverted T naves
209
prolonged QRS 140
S A block 133
ST T depression 209
ventricular hy pertrophy and stran
left 54
nght 59
Central terminal 4 8 9
Cerebrovascular wceidents 2o 152
Chitdhood electrocerdiogeam 1n 93
24 196~197
Cireus movement 42 9o 96
Cirrhosws of liver 201
Clockwise rotation 4748 58 103
Conretation of aorta 54 198

Compensatory pause 83 87 98
173 1214
Comypleves biphasic 18
diphasic 18

equiphasic 18 47 198
1sodiphasic 18
Congemital heart diease 59 "4
138 196-198
Congesttve heart failure
falure
Coronary disen e 20 21 23 ¢4
112 131 133 138 142 200
wnsufficiency 72 74 98 165 I75-
181 700
Coronary sinus estrasystole 122
rhythm 122
Cor pulmonale 18 58
acute 188-191
chrome 192-193
Corticosterods 704
Counterclockwise rotation ™18
Coupled beats 88
Coupling fived 87
Cushing s syndrome 70t

ee Heart

Delta wave 77

Depolarization of atria 18
of ventricles 23

Dextrocardia 36 197



GENERAL T\DET

Diabetic coma 204

Digatalis 26 74 84 IR 18 147
160 132 199-201 °09

Dipstouin 201

Diphassc compleses 18

Dipbthena 138

Dipole 4042 44 45 4% 166

Duresis 204

Dropped beats 13° 133 138

Early septaf twig 43 41 71
Eating 8¢ 182
Fetapie tents 124125 196 178
ateal 86 80 05 96-98 1n1 124
12 140 159 201
nonconducted 97
AN nodat {1t 116 124 12
coronury sraue 127
man stem 103
supraveatricuter 83 123
ventneular 26 36 6! 82 83-87
I 123 174 125 137 139
140 155 00
iMerpolated 84 8
multsfoeal 8¢
multdorm 86
Ldema 25
Lifuston perseardial °0 191
pleurat 36
Linthoven 9 33
Taw 1
Eigenmenger a complex $9r
Electrocardsographogeme
181-163
Dlectrode contact 17
esophagesl 3
evplonng 3 4 8 17
ndifferent 3 4
By i
precordial 3 4 8 17
Teversed arm 80 197
Electraly to imbatanees 1. 203-206
Emotion 94 182
Lmphysema °9 30 3 88 59 192-
133

™

disense

Tadacrios di turbance 182
Epinephrine 26 See alac Adrenal ne
Tquiphasic rompleves 18 47 183

221

I cape nodal 132 336 133
ventricular 132 136 3%
Teerer e 20 94 133 178 179 150
1 ypisation left axrs deviation 36
sinus arrhy thme 94
Txtrasystoles see F otopre beats

Faslure hesrt 26 20 74 04 192 709
Tallot tetralogy of 59 197

Fever 94

Ishnffation atnal 16 95 96 66
110-113 121 1% MO 150 188
196 18% 20t

ventricular 93 150 200 %00

Flutter ateal 95 96 103108 111
175 10

wapure 110

ventrieular 93
Flutter fibnilaon 10
Friedreich & stavia 152
Fright 94
F waves 105 107
fwaves 110 13

Gall bladder b1 case 182
Glaveoma 94
Urant 158

Teart black <ec under Azbonzation
AV Bundle tranch Intra
atnal Intraventr cular S A

di g4s2  congenifal §P 71 188
136-198
coronary 70 24 9 "¢ 11> 131

132 138 142 209
rheumstic 200 21 74 112 138

e
valvular 50 187-188
furlure 26 20 74 94 197 .03
sounds brust de eanan 138
sphtting 196 12° 138
vanstion 10 xntensity 1.6 127
123
Temochr matosts 152
Hemorthage 44
Tiatus heraia 192
Hotszontal teart 38 68
1% percrceriaa "6
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Hyperhalemua 24 26 206

Hpertension 18 5% 59 68 112

Hypertrophy sce Atrial Ventrieular

Hyperventilation 182

Hy pocalcemia 76 205

Hypohalera 26 203-204 209
causes 204

Hj pothyrordism 29 187 203 209

Iced water 182
Idioventnicular rhythm 11 61 62
132 136-140
Indicative changes
151 160
Infarction see Mjyocardial
Infections 91
acute 74 133 142
Injury pattern of 145 147
Inspieation right axis deviation 36
Q effect on 152
sinus arrhy thmia 94
Insufficiency aortic 54 59 188
coronary 22 & 98 165 175-181
200

148 149 150

tricuspid 59

Insulin 182

Interectopic interval 87

Interference 141 142

Interference dt sociation 142

Intermediate heart 33

Intra atnal bloch 131

Intracavitary pegativity 146

Intracramal pressure increased 94

Intraveninicular bloch 61-76 81 89
95 101 100 126 1°7 131 140
201 See also Bundle branch

Intninsic deflection 33 42

Intnemcord deflection 73 45 50 55
59 62 71 74 197

Tschemua pattern of 145 4/

sodiphasic complexes 18

Tsoelectric shelf 103

Isuprel 182

Jaundice obstructive 94
Jugular pul e 125 126 127 138
Juvenile pattern 187

GENERAL INDEX

Katz Wachtel phenomenon 198
RLolliker 33

Leads atnal 3
a% 89 23 29 30 3% 150 153 160
170
bipolar 8
CF 3 6 8 10 23 168
CL 3 8 168
CR 3 68 73 168
direct 45 14
epreardual 45
esophageal 127
posterior thoracic 3 160
precordinl 2 3 6 20 30 33 45
48 52 67
s5 12
sermdirect 45 147
standard mb 1 2 8 9 20 30
33 34 67
Katz Wachtel phenomenon 193
transitienal 3 47
umpolar hmb 8 9 %3 20 30 3
150-153 160 1,0
precordial 46 89 23 33
V468023 33
compared with CF and CR 6
23 168
ventricular left 3 43 80
nght 3 48 80
Lewss 33 4°
Low voltage see \oltage
Lung discase chrome 59
Lupus dt emnated 182

Machenzie 136
Aamn stem extrasystoles 173
Aediastinal shaft 36
Mitral stenosis 18 37 58 50 112
131 135 136 187-188 197
“Mononucleosts infectrous 182
Auller 33
Murmur late diastolie 135 136
mud diastolic 135
presystolic 135 136
Muscular dystrophy 152
Myasthema gravis 182



GENERAL INDEY

Vzoeardial nfaretion 10 24 %6
81 "4 145169 170 191 194
acute compared with pertearditis
194

antertor
64 197
antero mferior 161 162 200
anterolateral 36 37 165 166
anfero eptal 160 166 181
diaphragmatic ce Infertor
evalution of pattern 158 150
infenor 36 150 181 15% 155 157
187 166 181

wferolateral 16,

lateral 150 165 160

tocalization 164-163

misaed diagnoses 160

podterior see Infenor

Q 7T prolosgation 26 159

QT type 18t see Antener

QT type 151 see Infenor
septal 163

sental tracings 163
subsudacardwet 165 209

transient bundle branch block 74
true postersor 151 16¢

without @ waves 165 166-16
Myoeasdial 1 cherma 24 26 54 145

157 17

Myocardins b 182

subepinardal 191

Ay xedems 79 203 200

150 181 1.5 359 162

Nerraug pattern of 14311t
Negroes precovdud poeiern n 182
Neuroesroulatory a thema 18
Micotine 9%

Nolal see AV n Lab

“ode ses AV BA

Cbe sty 20
Qeslar preamure 95
Deulocardise refles 01
Overloading ventneular o7
diastoly 5
systolie oD

223

Pacemaher shafting 11 122
waundenng ses Shaftin
Pam 04
Tarasystole 8°
Yatent dustus arteraosus 59 109
Tguse compensatory B3 5™ 98 123
124

Tencardial effusron 29 104
Tertearditis 21 207
acute 193-194 200
BT stage 193
T stage 101 209
chrome 112 194 209
Phenomenon Ratz Wachtel 198
Wenckebach 1331 135
1leural effusion 36
P nutrale 10 §4 58 187 188 106
Pnemmonia 182
1 aeumothorax 36
Foutton elestneal 90 38 10 eze
alse Honzontal Intermedimte
Bem: honzontal  Semy: vertsea}
Vertical
of patient 17
Tost extra ystobie T wave 149
Lost tachycardia sy adrome 93
osture 152
1ota sium defictency 26 203-204
mtoucation 29 26 206
1 pulmonale 10 8% 197 103
Practical pomts 17 80
Pre exeitation 8
Tregrancy 36 132
Iremature teats e Ectopse beits
Yronsure sntrierantad incren el J¢
ocutar
Iresysteli murmur 135 436
¥ Hoantereal 11 2021
messusement of 12
pret nged 20 .1 13 1 80 @y
rtortencd 2t
AVisoldshytEm 21 Jo § 0
W i farn o Wite 3y i m
4

Trom b §° 48 9 08 1D MM
E3d

Ircrests] 6 12 3%
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Hyperhtlemiz 23 26 206

Hypertension 18 5¢ 59 63 112

Hypertrophy see Atral Ventncular

Hyperventilation 182

Hj pocalcemia 26 205

Hypohalemia 2 203-204 209
causes 201

H potbyrosdism 29 182 203 209

Teed water 182
Idioventricalar rhythm 11 61 62
132 136-140

Indicative changes M8 139 150
151 160

Infarction see My ocardial

Infections

acute 74 133 142
Injury pattern of 145 147
Insparation right avis deviation 36
Qu effect on 152
sinus arrhythmea 94
Insufficrency aortre 51 59 158
coronary 22 74 98 165 175-181
200

tricuspid 59

Insulin 182

Interectopic interval 8/

Interference 141 142

Interference dissociation 142

Intermediate heart 38

Intra itmal block 131

Intracavitary negativity 146

Intracramsal pre sure increa ed 94

Intraventricular block 61-76 81 89
95 101 10, 126 12 131 140
201 See also Bundle branch

Intrinsic deflection o3 42

Intringicord deflection 20 45 50 55
50 67 71 4 192

Ischema pattern of 145 14

Isodiphasic complexes 16

Isoelectric shell 108

Isuprel 187

Jaundice obstructive 94
Jugular pul e 175 196 127 133
Juvenlle pattern 182

GENERAL INDEX

Katz Wachtel phenomenon 198
holliker 33

Leads atnal 3
2} 8023 20 30 38 1,0153
170

bipolar 8
CF 3 68 10 23 168
CL 3 8 168
CR 3 6 8 23 163
direct 45 147
epiearchal 45
esophageal 127
posterior thotacic 3 160
precordial 2 3 6 20 30 33
48 §2 67
85 127
semudirect 45 147
standard mb 1 2 8 9 29
33 34 67
hatz Wachtel phenomenon 1
transttional 3 47
unipolar hmb & 9 “3 29 30
150-153 160 170
precordial 4-6 8-9 23 33
V46892333
compared with CF and CR
23 168
ventncular left 3 48 80
rpht 3 48 8
Tewms 33 42
Low voltage see Voltage
Lung disease chrome 59
Lupus dtssemnated 182

Mackenzie 136
Matn stem extrasstoles 173
Mediastinal shift 36
Mitral stenosis 18 87 58 59 1
131 135 136 187-188 197
Mononucleosis tnfectious 18
Muller 33
Murmur late diastohc 135 136
mid drastolie 135
presyatohic 135 136
Muscular dystrophy 182
My asthenia gravis 182



GEVFRAL INDEX

block 19 132-133 137 200 202
causes 133
complete 332-133 133
partial 152 133
bradyeardis 94 140 203
node 70 94 96 170 12 132 133
1
tarkyeardia 84 176
Salieylates 133
Balient features of
atral sctopic beats 98
fibrilation 113
Butter 107
parexygmal tachycardia 103
AV black 138
aoda shythma 122
bundle branch block 74
cor pulmongle chronte 193
m) geardaal infarction 168
pererditin chrome 196
B A plock 133
ventricular ectopse beats 87
hyperteophs left 55
nght 53
Sarcordomy 182
Scleroderma 182
Rern honzontal heart 3%
Seme vertiel heart 3§
Septal defects 193
atrsal 59 112 188 107 198
ventrientar 197 103
ptum activation of 43 71
Bhufting pacemaker 11 1 ¥
Bhock 91 182
Suwgle ventncle 194
Swwus arrhythme 94 111
block see 8§ A
brads cardsa 9
pauze 139
rates 91 136
QT ducation 10 % %%
chytims 04 00
tachyeardin #1760
Situs m\ersus 10
Sleep 4
shmd,.mz-mon "
Stand hil atnal 1B 0%

22>

ensdise 137
ventneular 136
Stengms miteat 18 37 55 4 N2
131 135 136 187-18% 19
pulmenary 53 19/
tnen pd 59
Stran see \entreular
2T segwent 11 22
depresston 29 1 o
plane 22 175
elevated in Negroes 22 152
honizontal 22 175
woelectre 22
ST T depression 200
Supernormal eveitabilty 26
phase 87
Supraventnicular arrhythmiay 81
§5-124 see Atnial aud A 'V nodat
ectopic beats 123
retlasnfication 124

techycardis 81 €9 0% 125 126
27
£ wave 28
B & wav
SByndrame  gecelerated conduction
8

Cushing s (4
post tachyearda 98

Wolff farkimson White 21 77-78
140

Syphibs 74 13%

Tachyeardsa atnial 73 81 89 93
05 96 9&-103 04 13 124 176
340 20!
1y nr)h] 81 18 123 176

sinus 94 L
LU )

supraventneniar 8%
18 17

ventrieular 61 81 8893 10t 16

12340 15) 200

Tawave oo Ty wave

Techn alities pracizeal § 0

“Petralogs of 1allot O 19

Flyrotovieo 18 8 95 I 198

T lawertta T pattern 139 19
03
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Tp wave 20
T P scgment 22
Transittonal leads 3 47
zone 29
Tran posttion of great vessels 59 197
Trauma  causing bundle branch
Llack 74
Tricuspnd atresta 36 198
nsufficiency 59
stenosis 59
Trgemunal rhythm 86
Trigemuny &6
Tumors causing bundle branch block
4

7

T nave 11 22295
arrow head 148
drection 23
beight 24-95
notching 21
pointed 24
shape 24

Urema 13y
Uwave 11 26 50 87 178 04

Vagal stimulation 94 104 201
tone inereased 133
Valvular heart disease 50 187-188
Ventricle single 198
Ventricular aneurysm 158
arrhy thmias 20 82-93 202
ectopic beats 26 36 61 S2
8387 111 123 174 1% 137
139 140 159 200
interpolated 84 87 124

GENLCRAL INDEX

left 36
right 35
fibrillation 93 159 201 206
flutter 93
tachycardia 61 81 88-93 101
176 197 140 159 200
capture 142
dilatation nght 191
e cape 132 139
hypertrophy 47 50-60 73
left 36 50-55 67 68 71 131
166 185 198
cau es 54
nght 36 56-59 102 196 197 195
cau es 59
stramn 25 §1 71
left 26 30-55
198 209
nght 56-89 188 197 193 19
Vertical heart 38 52 63
Voltage high 50
Jow 17 ™0 73 159 193 194 196
203

159 10 15

with inverted T wave 209
Vonuting 204

Waller 33
Wandering pacemaker 111 122
Wenckebtch s phenomenon 134«135
Wilon 33
tloel 66
Wolferth 33
Wolfl Farkinson White vadrome 21
77-18 140
Vood 33






