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PREFACE

This work 15 the outgrowth of previtus mandals prepared to supplement the Graduste Courzc
@ Electrocardiography giwen at Wayve Universaty Coliege of Medicine for many years The ¢ :
jective 15 an organized presentation of the Interpretation of the unipolar electrocardiogram  The

only basic physics mcluded is that considersd essentsal $o the interpretation of the tracing cone
troversial theories that do not contrsbute 10 climen) analysis have been omitted  The vast tera~
ture bas been utilized fresly as & Backfrbund but wndividual references have not been cited n

order to conserve Space PRI

The anilysis of the arrhythmias A 7538 trer reads that cfearly display auricular as well as
vextricular deflections the interpretation of the QRS~T compiex 1s Pased upon the findings m
malt ple precordial and back leads supplemented when necessary by esuphageal and unipolar
limb leads The registration of the normal ang pbrer~al QRS-T complex 15 based upon contepis
devetopea by Frank N Wilson and associates ard showrt (0 be consistent with experimental and
yost mortem findings These pts have been pr d 1 detail and suitably 1lustrated with
Q agrams 4s an wtroduction to climcal analys s Efforts have been Concentrated on a systematic
tuesd description of electrocardiographic findings n an attempt to make reproduction of tracings
unnecessary

The descriptions are drawn 10 part from the literature in part from obsem a*to'ts derwed from
correlation of electracardiograph:e and ¢ost mortem findungs carsied out as Detroft Recewing
fosputal during the past Bilteen years  The author 1s particularly indebted to Dr Tumiharn
Hiratzka Associate Professor of Pathology who has devoted eg pecial attention ta the sutapsy
findings  invaluable assistance has been gven by numarous associates ip the Depariment of
Medieme especudily Dr Charles H Sears formerly Assistant Professor of Medicine and Dy
)’\;mr glam::r Professor of Medieshe  The diagrams were made by Miss Evelyn Erickson and
75 Geraldine Fockler This work has been sapporteg in pa
Sonr e oaame I ppi part by grants from the Michigan
) f:\ee\trecardwgrapmc Hiterpretation in this manual has been approached as an entity 1 arder
tina\‘_: hmze description and evaluation of 15 gontrbution to Cardiolagy  In the practict of medi-
: ;b“e‘ e::c;racardmgram should be employed a8 20 adgunet in the final dagnosis and never as
_—— vle: " ;;xre cal!::x;‘alefu;dnfs 1t should always be mterpreted in the lght of oll clinical data
ce of other nformatan  Unde
Werpratation sshieven s proper rore 1y hseat mel;i :.::-nse e cireumstances electrovardiographic

G B Myers
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A. INTRODUCTION  THE RELATION OF THE
ELECTROCARDIOGRAPHIC DEFLECTIONS 1O
MECHANICAL AND ELECTRICAL EVENTS
N THE CARDIAC CYCLE

The electrocardiogram 1is a record of poteptial varations originating n the heart ax:‘d regis-
tered from arbitrary points on the body surface or within the phag The relat aof
electrical to mechanteal events 1 the eardiac cyele 15 lustrated by Figs 1A and 1B The form~
er represents a sunulianeous recording of standard Lead 1 of the electrocardiogram heart
sounds and jugular pulse whereas the latter 1s sumiar except that carotid pulse is recorded in
place of mgular pulse

I_P segment At heart rates below 100 tnere is an appreciable wmterval {ollowing the second
heart sound during which the entire heart 15 normally at rest bath electrically and mechanically
Throughout this wterval the string remams stationary as evidenced by the fact that its photo-
graphc unage pursues & horszontal course the isaelectric Line (T-P segment] The smooth hor-
1zomial devel ofa p 1 During the inscription of the iscelec~
tric Line under normal circumstances a zero potential prevails throughout the heart and galvano-
metrie errcuit * The ventricles are 1 diastole during the regstration of the {soefectrie line as
evidenced by & progressive fall i carond pressure {Fig 1B} The jugular pressure rises early
wn the pemod as & result of aumcular Hlling {V wave) then falls with the optmng of the auriculo-
ventricular valves {Fig 14)

Pwave The e me 1S ter

d by the advent of the P wave recorded as a gradu-
ally sloping rounded upright deflection m leads facing the ventricular surface Coincident with

the termmal portion of the P wave there is 2 sharp rise in Jugular pressure due ta auricular
contraction {Fig 1A} This fixed relatioustup wndicates that the P wave represents the wntra-
aurieular spread of the impuise which instistes surcular tontraction Following the end of the P
wave there s a brief iterval corresponding 10 the passage of the impulse through the auriculo~
ventricular node  During this interval the string shadow usually drops slightly below the 150
ele:(nc 1Ime as a result of the beginning of the aurscular T wave which 15 produced by r:oolar
12 -
m: ::: :mtll;e auricles and 1s analogous to repolarization of the ventrmeles to be discussed in

*A similat smooth he- -
due 1o Ingury of the sub
§ury of the subendneasc
Pages 78 82

S%eu a4l ThArA Yn.
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RELATION OF ELECTROCARDIOGRAPHIC DEFLECTIONS
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MECHAMICAL AND ELECTRICAL EVENTS IN CARDIAC CYCLE

of two Limbs an ascending and descending The latter 15 precipitous in precordral kand e:o;;\ha;zz.:l
leads and 15 known as the mtrinsicoid deflection By defimition an mitial downstroke h% e ip -
cedes the R wave is designated as a Q wave a secondary downstroke which follows the mu‘:s ;
co1d deflection below the 1soelectric line 1s known as an Swave ‘Ths tracing displays a diphasic
qR deflection and shows slurring at the base of the descending limb of the R wave in place of the

S deflection When only one phase 1s present 1t 1s referred to as an R wave f the deflection is
upraght and 35 a QS complex f the deflection 13 entirely below the 1soelectric line  When the
QRS is multiphasic and includes two upright deflections the second upstroke is referred to as an
R qeflection  Another downstroke extending below the 1soelectric line after the R' wave 1s des-
1gnated as an §' deflection

The Q wave and the ascending limb of the R are completed prior to the onset of mechanical
systole as s evident {rom a study of Fig 1B The first heart sound raarking the onset of ven-
tricular contraction hegins during the registration of the descending limb of the R wave whereas
the sbrupt rise 1n carotid pressure marking the ejection phase begins near the termination of
the QRS P These relationships indicate that the QRS complex represents the Intraventri-
cular spread of the 1ctivating 1mpulse which imtiates ventricular contraction

S T complex At the end of the QRS complex customarily referred 10 as the S-T junciion the
strung shadow normally returns to the 1soelectric line for a brief but variable period then pro-
duces a gradually sloping upright defiection of smeoth conmtour known as the T wave The elec-
trical phenomena which give rise to the T wave ocenr during ventricular systole as shown by
the fact that the T wave 15 completed just before the advent of the second heart sound {Fig 1B)

A the countless cells comprising the ventricles were likered to munute storage batteries conneeted
m series and capable of rapid discharge and spontaneous recharge the QRS complex would repre-

sent the fluctuations m potential created by discharge or depolarization the T wave the potential
changes associated with recharge or repolarization

Uxave Following the termination of the T wave and the onset of the second heart sound a
additional small wave knawn as the U wave may be present The origin of the U wave 15 un- "
known bot the prevatling concept 1. that 1t represents an after-potential 1n the ventricl 'l‘

10 that which has been demonstrated 1n the nerve afer the conduction of an impulse ¢ anslonous



B. GENERAL PROCEDURE FOR THE
INTERPRETATION OF MULTIPLE PRECORDIAL
AND UNIPOLAR LIMB LEADS

\/I PRELIMINARY SURVEY to determine if the tracing 1s technically satisfactory and if a suffrcient
number of leads has been obtatned

A EVALUATION OF TECHNICAL QUALITIES OF EACH LEAD

1 The standardization record produced by the sudden introduction of a potential difference
of exactly 1 0 millivolt (mv }into the circuit 1s characterized by an abrupt vertical dis-
placement of the baseline at the moment of application and an abrupt return to the origi-
nal level at the moment of release Standardization should be recorded between the com-
pletion of the T wave and onset of the P wave of the next cycle while the electrocardio-
graphic tracing 1s pursuing a horizontal course otherwise allowance must be made for
the distortion caused by the superimposed potential changes of cardiac origin Either the
vertical jump made by the introductionof the knownpotential difference or that registered
by 1ts removal may be selected for the following measurements depending upon which is
recorded during the T-P segment or during the more stable portion of the cardiac cycle

a Amplitude In a correctly standardized tracing the vertical jump should measure 1 0
cm 11 which event each millimeter of the electrocardiographic deflections will rep-
resent a potential difference of 1 mv If the standardization record measures less
than or slightly more than 10 mm the true voltage of the electrocardiographic de-
flections may be calculated by multiplying their measured amplitude by a fraction n
which 10 1s the numerator and the height of the standardization jump in millimeters
1s the denominator If the amplitude of the standardization record 1s 15 mm or more
the tracing should be rejected because of the likelihood of artefacts from overshooting

b Tume elapsing between onset and completion of the vertical jump should measure less
than 02 sec When the standardization response requires more than 02 sec the
registration of the QRS will be erroneously prolonged and distorted necessitating
rejection of the tracing When the standardization record 1s made during the T-P
wnterval the thin vertical line should terminate at an abrupt right angle with the thick
horizontal line when made during the registration of the P or T wave the latter should
continue undistorted from its point of interruption

2 Freedom from artefacts that interfere with imnterpretation Each lead should contain
2 mimmum of 2 or 3 consecutive artefact-free cycles mn which the T-P segment main-
tains a horizontal plane so that the position of the S-T junction in reference to the T-F
segment may be accurately determined The commoner artefacts comprise

a Erroneous standardization with consequent QRS-T distortion is recogmzed from the
standardization record Isolated abnormalities of amplitude that are within bounds

14
| — .
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MULTIPLE BRECORDIAL AND UNIPOLAR (e LEADS

T 02 sec or more
tally An terval of
a7 he corrected arithime O e o rugh
e des“‘hedta::;emﬁp{euon of the standardization Judp AL :;\;\\1:2; o8 kin and
e ves er;:ice nsually {Towm pact electrical contact betaeen e heaton o T e
e o vam after proper

tign of ihe electrogardiog e e
“e(assg‘?:rzg:ru‘\‘g othe combination of prolongation of the s;ar(x:larﬁ:;:t:; mj:\ ndg et
b ation of its amphtude and the protuction of additional deflec
aggeraty

mng
jection of the tragy .

dering haselne gowng wp OF down bill 15 ususlly traceap’e :: di{r"t);‘ zlf;‘:ﬁxgh e

W:?ch act as a small battery and gwve Tise {0 & minute current that 1o
W
electrocardiograph

o

]

aor
irregular bizarre deflections may result Trom dirty electrodes loase connections
defects within the electrocardiograph

a

Mixed up lead wires veverse the polarity and result in reciproeal deflections

L]

Alternating current interierence 15 recogmzed by regolarly apaced e;pu(»:e‘.:i acczér;mg
at 60 cyeles per second when derived from the budding cireu t, it 15 eliminate ’y
adequate ground connections and if necessary by removal of nearby electric molers

-

Muscle tremar is mamfested by ywregular 1agged oscillations assocwgted with tine to
coaese muscular contraciions

B AVAILABILITY OF A SUFFICIENT NUMBER OF LEADS FOR A FULL EXPLORATION OF
THE CARDIAC SURFACE Sxce a semivest vmpelar lead (com the chest wall reflects
principally the potential varations of the underlywng epicardial surface muliiple leatds are
obligatory 40 properly explore zach vent~icle The customary & precordial leads (V, -V,
sned § fad to cover the outflow tract of the right ventricle the basa of the anterior and {at-
£r21 walls and 1he entire posterior wall of the left ventricle and the diaphragmatic suriace
of the heart even when the heart Is normal m size and position  The following leads A1)
pravide adequate explaration in the presence of most abnormalities 1 size and positson and
are vecommended as routine  Leads Va-¥g orelusive Leads HVy-HYy inclusne takenat
the ydersections of 1274 o' lines thyough the customary elecirode positions with a horizon-
'3l ine at the Jevel of the sternal margin of e Mird interspace and Leads aVy, aV, and
4V  Unless the heart iy considerably erlarged or maredly rotated, the potential varistions
of the tricuspd orifice are usudlly reflected in Viz 2nd V), those of the out{low tract of the
Taght versvicte sn MY, tha.e of the astersor wall of tbe right ventrizle in Vz somenimes in

Uy those ol the apical aspect of the anterior wall of the tefi ventricle V4 5 and basal as-
pect 1n HVs and HY, those of the apieal

portion of the lateral and posterolateral walls in Vs
and 3 respectively those of the bisal aspect in HV; and HV; those of the posterinr wall
of the left ventricle 1 Vg and Hiy those of the diaphragmatic surface of the hear? wm ayv
snd the endocardial aspect 1w aVy  When sulfictert 2eads are 2vatlable to explore bhc;e

aspects of the heart the interpretation of the electrocardiogram 18 aimplified angd expedited
and errors are Munmized swqe direct deduc

tions canbe rrade from recorded patiLrns n-
’ p n
za:;: of F(:: ans ;eason :nz’ : y when the required leads have nnt heen
® eXtry axpense lor sensitized paper and sl1
on the part of the technician are Jugtiltadble i slieht sddutional time

I
1 ;i?\:s??giig&;};ig gzszﬁtﬁa:éﬁ‘r)lxomw A TECHNICALLY SATISFACTORY TRACING
» rhyt {B) perusal of P and Ty waves 1
:é? ;’;c: c;;‘ ;:us%;; of evidence of sbnarmalities s auricutar ac’»\«:\\;on anpd reopgleaﬁ:-’:!‘?e
Ly ¢ QRS 5 T 2nd T waves in pack tead to determine whetl Zetiva
and repclarization ape normat or -

vertrioular 1
stnormal and to diagnese the nature of activation
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PROCEDURE FOR INTERPRETATION

advisable to protect against errors from oversight The following procedure 1s recommended
to those who have not worked out systems of their own

A DETERMINATION OF CARDIAC RHYTHM Intimate knowledge of the physiologic mechan-
1sms and clinical manifestations of the arrhythmias 1s essential The electrocardiographic
features are presented in detail in Section D orgamzed according to a modification of the
usual classification Electrocardiographers familiar with Section D recognize most arrhy-
thmias from a mere inspection of the tracing and interpret the more difficult cases with the
aid of calipers In the process of mastering the arrhythmias the following systematic ap-
proach differing from that of Section D may be of greater aid in the analysis of the tracing
In this section the description of each arrhythmia s reduced to the bare minmimum for the
classification 1n Section D additional details are given

1 Identify the P and QRS deflections in each lead This usually can be accomplished at a
glance Difficulties may arise when the P waves are of low voltage or when they are
buried in the QRS-T complex The fact that P waves are oppositely directed 1n aVy and
and aV; 1s of aid 1n 1dentification of deflections of low voltage Even though obscure 1n
all limb leads distinct P waves may be detectable in Vaz V; and HV; or in esophageal
leads taken at the level of the atria In the presence of auriculoventricular dissociation
P waves which fall between ventricular cycles should be clearly visible whereas those
superunposed on the S-T segment or T wave are usually recognizable from the deform-
1ty in the S-T complex those recorded simultaneously with the QRS may cause visible
notching but are often completely buried With the aid of dividers set at the interval
between the closest pair of recognizable P waves the position of the buried P waves may
be revealed and the nature of the auricular rhythm thereby established

2 Count the ventricular rate and if necessary the auricular rate

a Ventricular rate The method used depends upon whether rhythm 1s regular or
irregular

1) Irregular rhythm The approximate rate may be determined by counting the num-
ber of QRS complexes within 30 consecutive large squares (6 sec ) and multiplying
by 10

2) Regular rhythm
a) Rate may be determined readily from the cycle length (R-R interval) by refer-

ence to the following table

R-R Interval R-R Interval R-R Interval
Small Small Small
Squares | Sec Rate |[Squares| Sec Rate [Squares| Sec Rate
30 120 50 23 92 65 16 64 94
29 116 52 22 88 68 15 60 100
28 112 54 21 84 71 14 56 107
a7 | 108 [ s6 20 80 75 13 52 115
26 | 104 | 58 10 6 | 19 12 [ a8 125
5 | 100 60 18 72 83 i1 44 136
'_2;‘— 96 62 17 68 88 10 40 150

|

cutive small squares constitute a time interval of one minute

b) Snce 1500 conse culated by dividing 1500 by the number of small squares in

the rate can be cal
the R-R interval
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MULTIPLE PRCCORDIAL AND UNIPOLAR LIMB LEADS ,

b Aoricular rate X 2 QRS complex {nllows every P wave at 2 uniform interval the
auricular rate will be the same as the ventricular §f the relationship between the P
and QRS waves vaTies sn different cycles it will be necessary to determine the auri-
tular sate 1n the $ame manner as described aboyve for the ventricular rate

3 Determine whether the spacing of the P and ORS deflections 1s _regular or wrregular A
glance at each lead will usually suffice for this decision and often for the recogmtion of

the type of wregulartty as well If uncertaln by mere inspection of the electrocardio-
gram the nature of the irregularity 1n the P and/or QRS deflections should be deter-
mined with the ad of dividers A diagrosis as then established by integrating the data on
the spacung of the P and QRS complexes with data on their mterrelationships (heading 4)
and respective contonrs (headings 5 and 6)

s

Note whether the relationship of the P waves and QRS complexes is constant or variable

{broughout the tratang  Measure the P-R wterval from the onset of the P to the onset
of the QRS

a Copstant relationship of P and QRS as indicated by a uniform P-R ianterval in every
cycle of a given lead

1) Normal P-Ranterval The lower limit 3s 12 sec  the upper limit depends upon age
and heart rate  In adults the upper lumt of normal for the P-R intervalis 21 sec
at rates helow 70 20 sec for rates hetween 70 and 90 19 sec for the 50 to 110
range 18 sec for rates between 110 and 130 and 17 sec for higher rates The
upper lLumits of normal for children between 2 and 6 years of age are 04 sec below
the adult figures for chuldren between 7 and 13 ihe values are D3 seec below the
adult and for adolescents the upper limit1s 02 sec less than the adult Measure-
ments slightly exceeding these figures have been obtained in persons without clin-
1cal or other electrocardiographic evidence of abnormalities

2) Prolonged P R delayed A-V conduction ({irst degrec block) Every P wave s fol-
lowed by a QRS at 2 P-R nterval exceeding the upper limit of normal Before mak-
ing 2 diagnosis of farst degree block the possibility of a 2 1 block must be excluded
by setting divaders at one-half of the P-¥ interval and placing one point of the di-
viders on a well-defined P wave and searching for an additional P wave in the por-
tion of the tracing where the other pomnt falls

3) Shortened P-R measuring less than 12 sec

2) Sums rhythm

by
{y) vl;:;masluu: yentricular excitation thraugh the bundle of Kent (Wollf- Parkinson-
. br:adyn !rome) 1s recognized by the characteristic fusion QRS consisting of
slurred or notched premature component and
oo Shurre ponent and a final component of
(2):.‘259:::;!:? Q—chonduchon recognized by steeple~like P waves 1averted in
1
e g aVe a shightly shortened P~R nterval and a QRS of normal
bjA W
shap:Zd;‘;hv bm recogmzed by upright P waves i aV, and sharply inverted V-

b Varatle o aves w aVp 1ssocxated with a short P Rand a QRS of normal contour
ol ot dmd:tlﬂ:ls:\ of P and QRS-T The entire trating should be studied with the
Tulses panch s : etermine (1) whether some but not all of the sinoauricutar im-
Precedung p ‘:n actwate the ventricles to produce QRS-T complexes related to th
quent Jldependzves or {2) whether none evokes a ventricular response with ccnse?

Ay Motk :\;e of ventricular and auricular cvhythms  In the Sormer event
dlssoua\\m lsn me! dffere- jated from the relatively rarc intermittent mnterfer Feruat
€ latter event complete A~V block and the rare b
complete interference
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PROCEDURE FOR INTERPRETATION

dissociation must be distinguished A-V block 1s characterized by partial or complete
nterruption of conduction through the A-V node with a resultant ventricular rate
slower than the auricular Interference dissociation 1s an expression of a second
more active pacemaker 1n the A-V node or ventricle that usurps ventricular control
from the sinus node intermittently or continuously as a consequence the ventricles
beat either at a more rapid rate than the auricles or at approximately the same rate
but slightly in advance of the arrival of the smoauricular 1impulse

1) Ventricular response to some but not to all auricular impulses

a) Partial A-V block The ventricles are still under auricular control but con-
duction 1s sufficiently impaired that some 1mpulses fail to reach the ventricles
resulting 1n dropped ventricular beats thus making the ventricular rate slower
than the auricular The degree of partial A-V block 1s evpressed as a rat1o be-
tween the number of auricular and ventricular complexes and may be classified
into 3 grades The electrocardiographic features of each form of partial A~V
block are given in detail on page 95

(1) Low grade partial A-V block (second degree black) The ratio 1s subject to
variation in different portions of the tracing ranging from 10 9 up to 3 2 re-
lated to fluctuations in vagal tone and sympathetic activity Electrocardio-
grams are further subdivided i1n accordance with the relationships of QRS to
P 1n succeeding cycles

(a) Moebius type There 1s delayed A-V conduction with occasional dropped
ventricular beats but an otherwise constant P-R interval

{b) Wenckebach type There 1s a progressive increase 1n the duration of the
P-R interval 1n succeeding cycles until an auricular impulse fails to
reach and activate the ventricles In the cycle following the dropped ven-
tricular beat the P-R reaches its minimum (which may be within or above
normal range) and in succeeding cycles progressive lengthening of the
interval 1s repeated until another ventricular beat 1s dropped

{c) Paradoxical shortening of a prolonged P-R nterval 1s a rare finding 1n
partial A-V block and 1s characterized by significant shortening of the
P-R nterval from one cycle to the next succeeding beat described mn
more detail on page 96

{2) High grade partial A-V block with ratios of 2 1orhigher(31 41 etc
In 2 1 block the QRS follows every other P wave usually after a long normal
or lengthened P-R interval The diagnosis 1s made by identification of the
P wave with blocked ventricular response This P wave 1s detected by search
for deformity in the preceding S-T segment or T wave and 1s 1dentified by 1ts
shape and time relationships with other P waves as shown with the aid of
dividers

(3) Very high-grade partial A-V block with atrioventricular conduction only when
P waves fall within a critical time interval after the preceding QRS (usually
from 45 to 75 sec after the onset of the preceding QRS) The differentiation
from complete A-V block 1s made by the fact that P waves falling during this
critical period are consistently followed by a QRS at a constant P-R wnterval

interference dissociation complicating an escaped A-V nodal {or
" ‘:;i::;:l‘::) r}:ythm with retrograde block The background for this l.llnusu:\é ar-
rhythmia 18 (1) the presence of a pacemaker in the A-V node {or x‘;are yzxr:hee
ventricle) that generates impulses more rapidly than the sinus x;o e (tg‘mu .
preservation of forward conduction but block of retrograde conduction gl
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MULTIPLE PRECORDIAL AND UNIPOLAR LiMB LEADS

uricles as indi-

the A-V node The stous node has exclusive controlgz:: :’:lc':E e ol pace-

by uniform P waves of sius origin but compe e tracar-
catidr {o‘;nvenmcular pacemaker) for control of the venlrx:les! E::.:n ea g Foen
T e ted on page 99 but in briel &
dlografphllc::xi‘zzzry“;)‘l:::de;::im::aied P (\Jsa%'es of smus oragn (2} 2 slightly
;;:z:;- e(sz:aped ventricular rhythm mamfested by regularly spav::d QRSS:::CX_
plexes that make their appearance furth(zr t:nd fu:h:’x; 1?;2:1::ntc: :Ioaxqﬂs

sinus orgin (3) the periof

p\ex?;:c(ie‘rfnt‘y‘ei\higx:ineo:o ::ermn fransm&ssmn of the next regular auricular
:mp\x\se snto the ventricles and elicatation of a response This interjects pt;‘lxl';-r
odic cycles consishing of a P wave synchronous with the regular a:anc
rhythm followed after a P-R interval of 12 sec or more by s QRS that a{!-“er
pears early mn respect to those of independent rhythm originating from the ‘t;
pacemaker The decision as to whether the lower pacemaker Lies 1n the A~
node or ventricies 15 made from the contour of the QRS-T during the escaped
rhythm as compared with that during sinus control QRS complexes like those
during sinus control indicate a nodal pacemaker broad and bizarre QRS com-
plexes point to a ventricular pacemaker

2) Absence of ventricular response to any swoauricular impulse The atrfa are under
control of the sines node the ventricles beat independently in response to an A-V
nodal or wdwventricular pacemaker This may be observed as a result of {a) com-
plete block of antegrade conduction {rom auricles to ventricles as a consequence
of which the ventricles beat at an wndependent rhythm slower than the auricular
thythm and fail to respond to any sinoauricular impulses regardless of the por-
tion of the ventricular cycle in which the P wave falls {b) complete interference
dissotiation 1 which the ventricles beat at approximately the same rate as the
auricles with QRS onset slightly in advance of the arrival of the sinoauricular im-
pulse so that the latter reaches the junctional tissues when they are 1n a refractory
state that prohibits conduction through the A-V node

a) Complete block of forward conduction from auricles to ventricles {third degree
block) 1s almost always but 0ot invariably accompames by mnterruption of retro

grade conduction {rom ventricles 4o auricles this necessatates subdvision into
2 categories

(1) Complete A-V block with interruption of both forward and retrograde con-
duction The ventricles beat at an mdependent rhythm slower than the aurs-
cles and fail to respond to any simnoauricular impulses regardless of the por-
tion of the cycle m which the P wave falls The wntervals between the QRS
complexes are regular unless the ventricles are stimulated by more than one
focus The shape of the QRS-T will depend upon the site of the ventricular
pacemaker which may be classified as follows
(a) Pacemaker above bifurcation of Bundle of His The QRS-T comple

normal in duration unless there 15 complicating bundle branch bl‘:: 1): o
itraventricular conduction defect e

(2) Complete forward bi
lock with preserv:
phenomenon o make the dragn ol retrograde condustion a rare

0515 the presence of complete forward blocek
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must be demonstrated first The preservation of retrograde conduction 1s
established by the 1dentification of intermittent oppositely directed P waves
(1e upright inaVy mverted in aV;) following the QRS at a fixed interval

b) Complete interference dissociation complicating an escaped nodal {or ventricular)
rhythm with retrograde block This rare arrhythmia requires (1) the presence
of pacemaker 1n the A-V node (or rarely the ventricles) that generates impulses
at approximately the same rate as the sinus node and sends them into the ventri-
cles slightly in advance of the arrival of the sinoauricular mmpulse at the junc-
tional tissue (2) the presence of a retrograde block The electrocardiographic
features are described on page 109 n summary they consist of (1) regularly
spaced P waves of smus type (anverted in aVy upright in aVy) that occur either
immediately ahead of the QRS (with P-R interval of less than 12 sec ) super-
tmposed upon 1t or immediately behind the QRS (2) independent regularly spaced
QRS complexes that are usually normal in contour (nodal pacemaker) rarely bi-
zarre (ventricular pacemaker or nodal pacemaker with abnormal intraventricu-
lar conduction) The relationship of P to QRS tends to vary slightly in dufferent
parts of the tracing due to the fact that rates of the two pacemakers are seldom
absolutely regular

5 Note whether the P waves are uniform or variable in contour in each individual lead

a Uniform:ity in contour of P waves in each wndividual lead indicates a single auricular
pacemaker The location of the pacemaker 1s determined from the shape and direction
of the P waves particularly in Lead aVg as contrasted with aV, When the direction
and contour of the P waves indicate that the rhythm 1s not of sinus origin rate 1s also
taken into consideration in the differentiation between a passive A-V nodal rhythm and
an active ectopic rhythm (1 e supraventricular tachycardia and auricular flutter)

1) Swinus _rhythm 1s indicated by uniform P waves that are nverted in aVp and upright
mn aVy occurring at a rate that 1s usually below 120 and almost invariably below
150

a) Regular sinus rhythm 1s present when cycle lengths do not differ by more than
12 sec

(1) Sinus bradycardia—rate below 60
{2) Sinus tachycardia—rate above 100

b) Uncomplicated sinus arrhythmia 1s present when cycle lengths differ by more
than 12 sec but P waves and QRS-T complexes are uniform in contour and re-
lationship n any given lead
(1) Phasic sunus arrhythmia 1s manifested by waxing and wamng of cycle length

related to respiration
(2) Nonphasic sinus arrhythmia—P waves are uniform 1n contour but P-P cycle
lengths exhbit irregular variations apparently independent of breathing

c) ginoaurtcular block complicating an otherwise regular sinus rhythm is manifested
by intermittent pauses amounting to approximately 2 cycle lengths or multiples
thereof during wlich there 1s absence of auricular and ventricular actwvity Fur-
ther subdivision 1s made according to the character of the beat that terminates
the block

tion of sinus activit
1) Sinoauricular block with resump
( )the block 1s characterized by a P wave P-R interval and QRS
that of other cycles

y The beat termnating
-T similar to
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ve i the
2) Smoauracuiar viock with nodal (br veniricular) e.SApe Th:p ? d\: :cem,bla
” 1e terrmnating the blogk 18 elther retrograde m type or g
:’c we of burying 1 the QRS Source of ibe escaped beat 1¢
eTHA’
Srom the eontour af the QRS T

3} Nodal-QRS T simular to that produced by wnpulses of sinus oMIpIN
o) yentricular—~QRS-T lengthened in duration ahd brzarre wn contour

Q) Coexsstent suus and A-V nogal rhythms with jnterference dissociation and retro-
¥ ~distnased above
grade bloc
) Passive A~V nodal rhythm with retro, cade anripular condughon is maniiesied byd
¢enly spaced unform P vaves that are upright 1n leads aVe ang 2% ant mveTIe
and V shaped maVe  The QRS complexes are normal uniess there 13 a comphicat
ng ventricular lesion  The rate should be pelow 300 an cortradsshinetion to active
rodat “kythms  Further subdivision is made i agcordance with the temparal reta~
ugnships of the retrograde P and QBS

a} Uppar nodal rhytim P wave precedes QRS usually by an interya) of less thar
17 sec  but exceedmg the latter in the presence of delayed A~V conduction

b} Bhddle nodal thytha Py ave 18 superimposed upon the QRS

c} Lower nidal riythry P wave follons QRS sfera variable interval depending
upon the site of the pacemaker and the speed of retrograde conduction

{1) Reciprocal rhythm a rare ph oppprr 2 i1 Yower nodal rhythm and
secognized by a secand QRS followsng the retrograde P aimulating the first
QRS contour and separated from it by an wvevexl of 5 sec or fess  The
probable mechanism 18 discussed on page 110

37 Active ayricular eclapie rhythms

2} Supraventnicular tachyrasdis is charactecized by successions of rapid regularly
Spaced ectopic P waves ocourring a® rz €5 usuaiyy between 150 and 220 In each
fead the P waves are separates by mtervals devod of auricular actwvity The
emsode begans with o supravert-igwnar premature beat and terminates with 2
pause sometunes 1allowed by one or more escaped beals Tram another facus be~

fore resumption of sinus rhyditt - Sugraventricular tachecardus 15 subdivsded in
accordsnee with

(1) The tarm of the P wave —2 varreties are distingmshable

ta) Juricular tachyeardia  The P waves ave sumyfar in direction to thase of
Sip0auricular rhythm an

d bear close resemblance 1n respect
pect to contour
P Rmterval s 12 sec Or greater and ;s gltes frofonged
(&) Fodal ‘achicard 3 The direction and form of the P ‘wave are similar 1o
\he%se ;nhewaswe ¥ rodat royttun and rate may range down 1o as tow asg
- may};:aves mhay precede the QRS by an utervat of less than 12
superunposed upan th
0T gy pont the QRS or may fafl vetween the QRS
and the tompacat:

es
e~ -
D The QRS com-
plee N ~upraventricula;
~ :w_»i b L¥TR I contour * -

P wave

due exther ta aberrant

<omplexes ys dilferentiarea by the fact thay the
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conduction through normal ventricles or to a complicating ventricular lesion
causing defective mtraventricular conduction The ventricles may respond
to each auricular impulse (1 1 ratio) to every other impulse (2 1 ratio} or ir-
regularly (variable block) rarely the ventricles may beat at a slow ndepend-
ent rhythm (complete A~V block)

b) Aunicular flutter Auricular activity 1s manifested by regular uniform undula-
tions that are continuous and without 1soelectric interludes in at least some of
the leads but not necessarily in all leads occurring at a rate generally between
250 and 360 The diphasic form of the undulations often bears a resemblance to
saw teeth but sometimes only the troughs or crests of the waves can be made
out because of obliteration of the remainder of the undulation by superumposed
QRS and T waves The ventricles most commonly respond regularly to each
second or fourth undulation (2 1 to 4 1 ratio) rarely the ventricles are regular
at some other ratio or because of complete A-V block Irregular spacing of the
QRS 1s a commeon ventricular response to auricular flutter and results in vari-
able ratios which usually fluctuate between 2 1 and 4 1 The QRS-T 1s usually
not altered with 4 1 ratios but may become aberrant with 2 1 ratios or faster
ventricular rates

b Variability in the contour of the P waves in any given lead 1s generally attributable to

more than one focus for auricular excitation but may result from variability in intra-
atrial conduction of impulses origmating 1n the simus node The first problem 1s to
determine whether the findings are referable to some complication of an underlying
sinus rhythm or to an irregular ectopic rhythm such as auricular fibrillation In the
former event the next problem 1s to determine whether the P wave variations are ex-
plainable by a shift 1n the point of exit of the impulse from the sinus node or a change
in 1its intra-auricular pathway or whether they indicate the presence of one or more
ectopie foct displacing the sinus node

1) Sinus arrhythmia with shifting sinus pacemaker The wandering of the pacemaker
within the sinus node 18 recognmized by slight variations in the amplitude and con~
tour of the P waves and 1n the duration of the P-R interval in the presence of sinus
arrhythmia The P waves tend to be taller and more sharply peaked 1n the shorter
cycles lower and more rounded in the longer cycles

2} Sinus_rhythm (or sinus arrhythmia) complicated by ectopic P waves coming either
from an auricular or A~V nodal focus or rarely from a ventricular focus by retro-
grade conduction The approximate location of the focus 1s determined from the
direction of the P wave 1n the umpolar Iimb leads When the focus 1s located 1in the
right atrium the P wave 1s inverted in Lead aVp but differs sigmficantly in contour
and amplitude from the P wave of sinus origin 1t 1s usually upright in aV, and aV;
but may be shallowly inverted in the former when the focus 1s 1n the upper part of
the right atrium or shallowly inverted in the latter when the focus 15 in the lower
portion P waves arising from the left atrium are upright in aVy 1f the focus 1s
high in the atrium they are inverted in aVy and upright in aVe 1f the ectopic site 1s
low they may be reversed 1n direction 1n the 2 latter leads When the impulse
originates from within or near the A-V node the P wave 1s sharply mverted and V-
shaped 1n aVr and upright m aVg and aV and the P-R interval 1s shorter than in the
sinus beats pgenerally less than 12 sec The nature of the arrhythmia 1s deter-
mined from the temporal relations of the ectopic beats to the sinus rhythm
a) MW by premature auricular or nodal beats The dxagnozsxs

1s made by the 1dentification of a P wave that 1s (1) premature as shown by its
nce of the next anticipated P wave (2) ectopic in origin as
ant differences in direction and/or contour from P waves of

occurrence 1 adva
indicated by sigmiic
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ally in
s omgn primsurs el bets Eneraly 2000 SR oty
beat or the Jirstina
short runs 2 single premawre T et of contaur o
t10n to the precedng ¥ and QR3-T corp
L:t: :?;;mnon 15 often complicated by the tendency (olr pvem:l\t‘u;ee:‘e\::\t::yw
s of the preceding cycle, W WhIC
B S e et 55 d with the T wave. Supra-
5 or mwoy be perfectly fused wi
D T eatare bests lassiied in accordance with the la-
lar premaiore beals ™27 te further class g
::ea:l::::i t‘nepsc\opw fotas the time required for a yentricular response ihe con
tour of the QRS T
(1) Logation of the ectop ¢ focus (e whether in right atrium lek atv(u.r; ar
A<V node} 15 determined from smiena given above  The presence of 2 or
more ectopic foct 19 dhcated by significant dufferences {n the contour ang/
or direction of the ectopic P waves in a given 1ead

{2) P-B interval

{2} Auricular yremature bealy The P-R interval may be simiar to that of
{fie associated sinus beals or slightly longer or shorter depending fn
part on tne locanon of the ectaple facus, on the degree of prematurity anid
on the conductivity of the A-V node  When very premature the P-R inter-
val may be sigmiticantly prolonged or a QRS response may fall to oecur,
due to partial or compiete refractoriness of the Junciional tssue

(b) Noda) premature heats  The P-R Interval depends upon the poriion of the
node i which the focus 15 located and the relative speeds of retrograde
and forward conduction  If the forws is in the upper portion of the node
the aberrant P may precede the QRS by an internval of 0230 12 sec 3¢
lower down the aberrart P wave may be submerged in the QRS or may
faliow 1t In the event of retrograde block a P wave ol sinus orlgin may
be detectayle qust before m or just alter the QRS the nodal omgin loy
the latter beung indicated by 3 contour hive that of the QRS-T complexes
decurfing 10 resplnse 10 a sincauricular impalse but premature i Yime

(3} QB3 T complex f0llow.ng & sugraventricular ectopie beat may be ldentical
wiith that due 10 an wopnise originating 11 the swus node O it Taay duffer very
shghtly inbeaght shape or duralion  When the P wave §s quite prémature,
the wmpulze may be blacked or it may take an aberrant course through the
ventricles resulting in a bizarre QR3-T complex e sembling that of preyma-
ture ventricular beats For this reason it 1y necessary to search for a pre~

mature P wave belore detiding whether a premature QRS-T {8 avising trom
an ectopic auricular or a ventricular focus

b§ Sinys - 4

laryt ~ =
T-p
S etk pause ma agamst profonged cardiac stand.

Y ococur during the course of marked sinu. h:
23 2 result of sipauricul r - o Tnmia
e . lar or partial A~V block or fallowing 2 ventrlewar pre-

E d beats are 7 as
0 nedal in ory;
by & QRS-T complex that i: ident.

QRS T complexes resslt

g when the pause (s terminated

. wical with or only shightly different from the

T TR 2 ssauricular impodse and

o as ventri

‘M%m when the pause 15 terminated by « broad bizarre QRS quite qiff Sy
Eoccur;&ng 1 Yesponse 10 $0US 1mpulses crent from

seaped rrda’ beats are further characy
SPMsE L ) retrograde com oy

¥ the type of suricular ro.
aVy inverted ip aVy anq

Y & P uave that (8 ype
unmediately precedey cometdes with or tﬁ\\’f‘:ns l'gxl:'
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QRS ({2) retrograde block may be presumed when no evidence of auricular ac-
twity 1s detectable (3) interference 15 mdicated when a P wave similar to that
of sinus beats 1s found just ahead of the QRS (at a P-R interval less than 12
sec ) superimposed upon the QRS or following 1t If the sinus node recovers
mn tume to gain control over the whole heart at the next cycle the previous beat
1s referred to as an escaped nodal beat with 1solated interference 1If the nodal
center retains control over the ventricles for several consecutive cyeles while
the sinus node controls the auricles the phenomenon 1s designated as an es~
caped nodal rhythm with interference dissociation {page 109) If the associated
normal QRS-T complexes and retrograde P waves continue for several cycles
the rhythm 1s designated as an escaped nodal rhythm with retrograde auricular
conduction

c) Wandering pacemaker between the sinus and A-V nodes There 1s a single pace-
maker for the auricles and ventricles which shifts back and forth between the
S-A and A-V nodes as a result of vagal depression of the more irritable focus
P waves of sinus origin (inverted in aV, upright in aV;) are replaced during the
course of a few cycles by oppositely directed retrograde P waves and abnormal~
ly short P-R intervals of nodal origin  During the transition fusion P waves
ntermediate between those of sinus and nodal origins are prone to occur as the
result of simultaneous auricular activation by impulses from the S-A and A~V
nodes When the pacemaker wanders back to the sinus node the reverse changes
m P waves and P-R mtervals occur

d) Auricular parasystole This 1s a rare disorder manifested by two independent
sets of P waves one of sinus origin the other arising from an isolated ectopic
focus distmnguished by the following characteristies (1) a varying temporal re~
lationship to the preceding cycle of sinus origin as contrasted to the constant
relationship characteristic of repeated auricular premature beats from a single
focus (2) a constant but slower rhythm than that of sinus origin which 1s best
demonstrated with the aid of dividers Gaps of an exact multiple of the para-
systolic mterval may occur when the ectopic focus happens to discharge at a
time when the auricles are responding to the sinus impulse Likewise gaps n
the sinus rhythm may oceur when the sinus node discharges during or shortly
after an auricular response to the parasystolic focus

3) Auricular fibrillation In place of discrete P waves there are rapud auricular un-

dulations of varying size contour and spacing occurring at rates generally be-
tween 400 and 600 sometimes of such low voltage to be demonstrable only 1n right
precordial or esophageal leads A totally irregular ventricular response® is elic
1ted and 1s subject to great variations in rate depending upon the degree of func
tional block in the A-V node and may be as high as 200 to as low as 50 When all
of the QRS-T complexes are derived from impulses transmitted through the A-v
node they are usually but not necessarily uniform in shape in any given lead An
impulse transmitted from the fibrillating auricles through the A-V node may reach
the ventricles before they have fully recovered from the previous beat and conse-
quently may spread through the ventricles in an aberrant fashion to give rise to a
bizarre QRS-T complex following closely upon a normal QRS-T and resembling a
ventricular premature beat Intermattent bizarre QRS-T complexes may also be
the result of intermittent ventricular premature beats complicating auricular fi-
brillation A definite diagnosis of ventricular premature beats 15 Justifiable only

when there 1s fixed coupling

*An exception to the totally irregular ventricul
block the existence of auricular fibrillation ts estal

ar rhythm occurs in the presence of a complicating complete A V
blished by the irregular auricular undulations and the complete

A V block by the perfectly regular ventricular rhythm
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§ Note whether the QRS-T comp exes_are umform or yariable 1n_contour an ench individual

Y Q 9! tes a single
- lexes 1n each indivadual Jead indica
rmity in contour of QR3-T com
: g:::f:maker Tor ventricular actwatwon The telauonshxpl of the ;?::i :‘; ;};erv:::fre‘z“hr
hether (1) the unpulse res 1
serves as a basis for determimng W " A
tricle at some point below the bifurea
actwation originates within the ven o
ted from auricle to ventricle throug
dle of His {2) the unpnlse s transmat!
!:::ma\ous pa\gv\ly {Bundle of Kent) (3) the impulse reaches the ventricles through
the A~V node  In the latter event the duration and contour of the QRS scrve as an

Index as to whether the wnpuise spreads through the ventricles w0 a normal or abpor-
mal fashion

1) Unifocal ectopic ventricular rhythms are characterized by broad bizarre QRS:;D“"'
‘blexes wiih opposstely direcied T waves completely indeperdent of all antegrade
impulses arisitg above the bifurcation of the Bundlc of His as shown by the fact

that the P waves fall at different pownts in reference to the QRS-T and occur at &

rate mathematically unrelated o the ventricular rate Although the demeonstration
of the absence of ventricular Tesponse to unpulses of auricular orygin 15 essential

1o the diagnosis of an ectopic ventricular rhythm conduction n the reverse direc~

1100 18 compatible and 1s occasionally observed resulting in retrograde P waves

following each QRS of every second thurd or fourth ventricnlar comglex Ectopic

ventricular rhythms may be subdivided wnta 2 groups  (a) passive manifested by a

slow ventricular rate and occurring hecause of complete A-V block or arrest of

impulse formation 1n higher centers and (b) active manifested by a rapid ventricn-
lar rate  Although the following ectopic ventricular rhythms are classified under
the heading of umformty 11 QRS-T contour they do not always comply with this
characterization variability in QRS-T contour may be observed as a result of
change 1n the manner of spread through the ventricles as well as from superimpo~
sition of P waves on different portions of the QRS-T complexes

a} Passive ectopic thithms  Idioventricular rhvihms associated with complete A~V
block or escaping as a result of depressed impulse formation in the S+A and A-V
nodes have been described on pages 108-110

] Active ectopic rhythms

(1) Unfocal ventricular tachycardia 1s characterized by paroxysms during which

the ventricular rate may range from 120 to 250 but 1s generally above 170
The paroxysm bepin. abruptly with a ventricular premature heat and termi-
nates with a pause followed by resumption of sinus {or nodal) rhythm During
the paroxysm the ventricular rhythm may be perfectly regular or may show
shight irregulanities in cycle length  The QRS complexes are prolonged in
duration and coarsely slurred or notched the T waves are readily demarca-
ted and are opposite 1n direction to the main deflection of the QRS rhe ap~

proxiumate location of the focus 1s determaned fr
om the QR -
tiple precordial leads as described o o e 1

n page 106 Ventricular tachycardia 1
:\ff;&:ennﬂted {rom avrngular tachycardia complicated by bundle br{mch blocsk
Y demonstrating an sndependent surtenlar rhythm with P waves falling at
variable pownts i reference to the Q! oo

RS-
actwatiop and at the same time 1 T;‘::’r?Dng retrograde auricular
o ventricles ©

from auricles

inseparable

are wndependent of the ventricular undulations 0 the tracig the P waves
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2) Anomalous ventricular excitation through the Bundle of Kent a neuromuscular bun-
dle found in a few human hearts connecting the lateral aspect of the right atrium
and surface of the right ventricle and/or the posterior aspect of the left atrium and
ventricle The bundle of Kent may function termttently transmitting the smo-
auricular impulse to the ventricular terminus 1n advance of the arrival through the
Bundle of His producing the Wolff-Parkinson-White syndrome, characterized by

a) Normal P waves of sinus origin

b) Shortening of the P-R interval below 12 sec as a result of premature onset of
the QRS

¢} A ORS deformuty characterized by a fusion complex consisting of a coarsely
slurred or notched premature component and a smooth thin imaged final com~
ponent The fusion of the coarsely slurred or notched premature component with
the normal final component results in (1) a slurred or notched @S deflection 1
the lead or leads facing towards the Bundle of Kent {right precordial leads 1n the
presence of a right lateral bundle back leads with a posterior bundle) and (2)
slurred or notched R waves 1in leads over the opposite walls ‘The T wave tends
to be opposite to the major deflection of the QRS The greater the disparaty in
time of arrival of the impulse transmitted through the 2 pathways the greater
the amount of ventricular myocardium activated by the anomalous route the
greater the amplitude and duration of the premature component and the greater
the deformity of the QRS and T waves

d) Lengthening of the QRS interval at the expense of the P-R segment without change
1n the interval between onset of P and end of QRS

€) A tendency towards paroxysms of tachycardia The episodes of tachycardia are
usually characterized by P-R intervals and QRS- T complexes indicative of
transmission through the A-V node rarely by the WPW pattern

3) Ventricular activation through the A-V node and Bundle of His 1s established bv a
study of the relationship of QRS to P as described in detail above in sections 4 and
5 For example in sinus rhythm a constant P-R interval of 12 sec or more wdi-
cates ventricular activation by way of the A~V node 1n auricular fibrillation total
wrregularity in spacing together with umformity in QRS contour in a given lead
ndicates a supraventricular control of the ventricles After establishing that ven-
tricular activation resulted from wmpulses transmitted through the A-V node the
decision as to whether conduction of the activating impulse through the ventricles
1s normal or abnormal 1s made from the duration and contour of the QRS

a) Normal intraventricular conduction 1s indicated by QRS complexes 10 sec or
less in duration and normal in contour 1n all leads

b) Defective intraventricular conduction s indicated by a QRS interval of 12 sec
or more together with abnormal slurring or notching lesser degrees may be
mamfested by abnormal slurring or notching in association with a QRS interval
of 09 to 11 sec
{1) The ventricular site of the conduction defoct is determined from the chest

leads exhibiting an abnormally late onset of the intrinsicoid deflection{i e
the precipitous final dewnstroke which begns at the peak of the R {or R')
wave) Late intrinsicoid deflections are not followed by S waves

ate intrinsicoid deflection occurs in leads facing ;{’Ae

Vy V; almost always Vg usually
Joardial surface of the left ventricle (Vg Vq

3}1) In the severer grades of conduction defect the intrinsicoid deflection

uf these leads begins 08 sec or more after the onset of the QRS 1n the

lesser grades 06 to 08 sec

(a) Left ventricle The &
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(b) Raght ventricle The late ntrinsicord deflection occurs ir;lmz‘\ld; {::;x;gr
the epscardial surface of the tricuspid ring {Viz Vag usud 0}; ‘c, O e
conus pulmenalis (HV;} In the severer grades 1t begins se:
after the onset of the QRS 1n lesser grades from 05to 07 sec

determined from the direction of the

The nature of the conduction defect is

@ intial deflection of the QRS and the relative duration and amplitude of each
of 1ts component phases

(a) Left ventricular conduction defects

Left ventplc At

(1)) Left bundle branch block 15 manifested by an imtial upstroke in all
Teads facing the epicardial surface of the left ventricle due to early
pastwity of the left ventricular cavity The left bundle branch block
1s classed as complete when QRS duration 1s 12 sec or more in-
complete when 10 to 11 sec

(2)) Quter wall of the left ventricle 15 the site of the conduction defect when
the leads with a late intrinsicoid deflection have a distinct g wave re-
flecting initial negativity of the left ventricular cavity and indicating
septal activation in the usual left to right direction When the q wave
15 normal (1 e duration of 02 sec or less amplitude less than 25%
of the R} whereas the ascending limb of the R 1s tall and prolonged
the ncreased time interval is referable to prolongation of conduction
through the outer wall of the left ventricle usually the resuit of left
ventricular hypertrophy When the Q wave 13 abnormal {1 e duration
of 3 sec or more amplitude more than 25% of that of the succeed-
g R) the delayed conduction is attributable to infarction of the sub-
endocardial layer of the subjicent myocardium

({b) Right ventricular conduction defects

{1)) Inttial R wave {and subsequent R') deflection in right ventricular leads
with late ntrinsicoid deflection indicates uncomplicated right bundle
branch block  The lesion 1s complete wheu QRS duration s 12 see
or more ncomplete when 09 to 1) sec

(2)) Inztial Q wave in right ventricular leads with late intrinsicoid deflec
tion results in a pattern that may be due to

(a)) Septal infaretion with right bundle branch block established by
characterishic $-T changes and by evidence of continuation of the
infaret 1nto the anterior wall of the left ventricle

(b)) Marked right ventricular hypertroph

phy with delayed co:
the free wall of the right ventriele Y rasction in
b Variabilty in contour of the QRS-T 1
in any piven lead It is -

\l:nl;\zme whether there is (1) an exclusive Supraventricular pacemaker wath va‘yk::;ie
o raventricular conduction (2 one or more ectopic ventricular foc1 in add :i o

Praventricular pacemaker (3) an ectopic ventricular rhythm £ ore
2 ! TOm WO or more
1) Exclusive supraventricular

pacemaker The means of arrivi

have been descrived  Under these circumstances vanaﬁuvs“g RS peonlusion

given lead may be due to 7 2% QRS contour in 3

2) Intermittent Wolff-Parkinson White syndrome w

SRﬂs complexes produced by impulses transmitt
ode and fusion complexes produced by mpuls

1th alternation between normal
ed exclusively through the A-v
es transmitted partly through
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the Bundle of Kent partly through the Bundle of His 'The diagnostic character-
istics of the latter have been described There 1s one addtional criterion of
value when the syndrome 1s intermittent namely that the time from onset of P
to the $-T junction (P-J interval) 1s the same 1n the fusion complexes as n the
normal

b) Intermittent bundle branch block 1s established by the demonstration of alterna-
tion between QRS complexes of normal duration and of bundle branch block type
in the presence of a perfectly constant P-R interval In some cases the P-P in-
terval of the eycles exhibiting normal QRS duration 1s significantly longer than
that of the cycles exhibiting bundle branch block The extra time presumably
permits recovery from fatigue that interfered with conduction in the bundle
branch Intermittent bundle branch block may be associated with a constant
rate and may still reflect fatigue since a conduction defect 1n altcrnate cycles
provides twice the usual period for recovery of a fatigued bundle

c) Respiratory alterations 1n cardiac position may cause considerable cyelic fluc-
tuation 1n QRS contour 1n leads at the transitional zone without change in P-R
interval or in QRS duration

2) Supraventricular pacemaker (1 e sinus rhythm nodal rhythm or ectopic auricular
rhythm) complicated by intermattent beats from one or more ectopic ventricular
focy

a) Underlying supraventricular rhythm complicated by premature ventricular beats
The diagnosis 1s made by the demonstration of a premature bizarre QRS-T com-~
plex together with the exclusion of a premature ectopic P wave The QRS com-
plexes of premature ventricular beats are invariably longer in duration and
different in shape from those of supraventricular origin They usually exceed

11 sec 1n duration and are coarsely slurred or notched The T wave 15 oppo-
site in direction to the main deflection of the QRS Ventricular premature beats
may be further classified in accordance with source frequency time relation-
ships and effect on auricular and ventricular rhythm

(1) Number and location of foci

(a) Single focus 1s indicated by uniformity in contour of all premature beats
1in each individual lead If the premature beats are frequent the approxi-
mate location of the focus can be determined from the contour 1n multiple
thoracic leads A QS complex 1s recorded 1n the lead or leads overlying
the epicardial surface of the ventricular segment from which the prema-
ture beat 15 originating a monophasic R wave 1s registered 1n leads from
the opposite wall of the heart a diphasic RS complex 1s recorded 1n inter-
vening leads The upright component of this RS complex is small and
brief in duration in leads over portions of the ventricle near the ectopic
focus and increases wn amplitude and duration at the expense of the S wave
1n leads farther and farther removed from the focus

{b) More than one focus 1s present when two or more premature beats n the
same lead show decided differences in direction andfor contour

Ventricular premature beats may be occasional or frequent
may occur singly 1in paws orin short runs They may follow each supra-
ventricular beat resultingina bigeminal rhythm or each second gupra
ventricular beat causinga trigemnal rhythm

ation to preceding ventricular cycle All ventricular premature beats

e focus and occur singly have a constant temporal
The time of predilection for

(2) Ereguency

(3) Rel.
that come from the sam:
relation to the antecedent ventricular cycle
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in diastole superimposed on the 1)
ntricular premature beats 1s early

:eave of the preceding cyele  Another common finding is a late ventricular
premature beat superimposed on the P wave or following it by an terval
siygmificantly shorter than the customary P-R

{4} Auniculay rhythm 1s generally undisturbed the sinoauricular P wave occurs

at the scheguled time and 15 sometimes recognized as a notch on the QRS-T
and 15 at other times detectable only by the demonstration of an undis urbed
auricular rhythm with the 218 of dividers When the ventricular beat is very
premature and the heart rate slow @ retrograde unpulse may pass from the
ventricles through the A-V node and excite the auricles before the sinus node
1s discharged producing a retrograde P wave (mnverted in aV; upright in
aVy} n advance of the scheduled tume for the sinus P wave

(5) Ventricular thythm Provided that the auricles are beating regularly under

sinus control the interval between the ectopic and next supraventricular
QRS 15 lengthened suffictently {o compensate exactly for the shortening of
the preceding cycle The pause 15 noncompensatory under the following cir-
cumstances

{a) Retrograde auricular sysiole

(o) Inferpalation of the ectopie ventricular beat between two normally spaced
QRS complexes This octurs when a premature venirjcular beat s
blocked from further retrograde conduction at the A~V node and when the
heart 1s so slow that the ventricles recover in time to respond to the next
unpulse coming down from the auricle The cycle which follows an inter~
polated extrasystole 1s likely to show a prolonged P-R irterval and & dis-

torted QRS-T This 1s the only type of premature veniricular beat which
18 & true extrasysiole

{c) Underiymg ectopic ayricular rhythm  in auricular fibrillation comptica-
ted by ectapie ventricular beats the ventricular rhythm remains totally
irregular Differentiation between ectopic ventricular beats and aberrant
intraventricular conduction of supraventricular impulses is difficult un-
less the bizarre QRS-T complexes are frequent If of eclope ventricular
omgin they will show a constant coupling to the antecedent ventricular
complex if due to aberrant wntraventricular condugtian of a Supraven-

tricular impulse the relation to the antecedent ventricular complex will
be variahle

b) Underlying sinus rhythm complicated by escaped ventricular beats The diag-

€)

3) Multifocal ectopie veptry

ewlar rhythms are ¢

broad bizarre QRS combplexe raered b
blended T waves
aMegrade 1m:
!onogw - wulses arising above the Bundle of His

nos:sdx; made by the demonstration of a bizarre QRS-T complex without asso-
ciate: wave ovenrring after a
el g alter an wnterval longer than the customary R-R {n-

Ventricular parasysiole complicating sinus rhythm 1s suspected when ectopi
complexes resembling ventricular premature beats {all at different poy tc e
relation 1o the QRS~T complexes of sunus orsgin The diagnosis 1s v‘: Itlis '
demons!ratmg that the mterval between any 2 ectopic complexes that are ser)
arated by eycles of simus origm s a multiple of the interval bet: 2 coney.
uous ectopic complexas veen & conug-

Y wrregularly spaced

‘eppos tely directed ar
d it of al)

sified ag

s of variable contour with
The ventricular are

A J 13
They may be clas
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a) Mult:focal passive ectopic rhythms In complete A-V block more than one 1dio-
ventricular pacemaker may be present giving rise to QRS-T complexes 1n a
given lead that differ significantly in direction and/or contour

b) Active ectopic rhythms

(1) Mult:focal ventricular tachycardia differs from the umfocal variety 1n that
ectopic QRS-T complexes of two or more distinctive types are present in a
giwven lead Each type of QRS complex 1s independent of auricular activity
and 1s prolonged in duration coarsely slurred or notched and followed by a
readily demarcated T wave of opposite direction ‘The most common finding
1s an alternation between two different types of QRS-T patterns

{2) Ventricular fibrillation 1s characterized by irregular undulations of varyimng
size and shape without demarcation between QRS and T

B PROCEDURE FOR THE INTERPRETATION OF THE AURICULAR COMPLEX This con-
sists of the P wave representing auricular activation and the T, wave representing auri-
cular repolarization The utilization of P waves in the analysis of cardiac rhythm has been
discussed m detail If sinus rhythm 1s present the study of the P waves should be extended
to provide (1) estunation of anatomic relations of the atria to the various electrode posi-
tions (2) evaluation of auricular activation and repolarization

1 Estimation of anatomyc relations of the atria to the various electrode positions is based
on the direction and contour of the P waves The following inferences can be drawn pro-
vided sinus rhythm 1s present

a Multiple precordial leads The approximate position of the right atrium in reference
to the anterior chest wall may be ascertamned if sufficient leads are taken from the
right precordium The P wave 1s inverted when the electrode 1s above and to the
right of the atrium, 1t s diphasic with steep intrinsicoid downstroke when the elec-
trode 1s over the atrwm 1t 1s upright with precipitous descending limb when the elec~
trode 1s n the vicimity of the right atrioventricular groove and upright with gently
slopwing limbs when the electrode 1s over either ventricle This information 1s of in-
direct aid 1n the interpretation of the ventricular complex

b Esophageal leads The relation of the electrode to the atria 1s deterrned from the
contour of the P wave When the electrode 1s behind the atrium, the P wave 1s char-
acteristically diphasic and consists of an mitial upward component analogous to the
R wave af the ventricular complex followed by a precipitous downstroke or mtrinsi-
coid deflection which generally continues downward below the 1soelectric line as a
negative component analogous to the S wave In esophageal leads opposate the atrio-
ventricular groove there 1s a tall upright P wave with steep intrinsicoid downstroke
1n esophageal leads at the level of the upper margin of the left atrium there 1s a re-
ciprocal P wave When the electrode 1s well above or below the atrial level the P
wave 18 monophasic and does not exhibit an intrinsicord deflection In high esophageal
leads the P wave 1s mverted with smooth rounded limbs In leads from the stomach
and lower esophagus opposite the ventricle the P wave 1s upright and has gently slop-
1ng limbs like those 1n Vs and Vg

p imb leads In the presence of smus rhythm the P wave in Lead aVg1s ale
¢ I\fzr:ysollir;;rted Whereas that mn aVy 1s always upright The direction of the P wave m
AV, 1s subject to considerable variation n different patients depending uponh;l:e:osx—
tion of the heart 1n the chest fnverted or diphasic P waves iwn aV wndicate & “;’ee
heart 15 1 a position that will facilitate transmission of potential vanalxo:s [ "
lar cavities through the atrioventricular orifices to the left arm hence the
o d or diphasic P waves mnaV consitutes a warning against attach~

te
presence of 1’ ficance to @ waves 1 this lead On the other hand the registration

e nathologic s1gni
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is
bs ke those 1 Vg Vg sugges
ht P wave with gently sloping Yarn! e
o ant“tp:alrlgsx!rxxssxon of aucseula™ potentlal variahions {rom the lcwe:n:?:gms o
S}:ﬁx‘:’xﬂm through the ventriemlar wall 1o \}: \e:;e arm :xc\uam !:?a‘::?s T
& £

on to lelt axillary posisons  Under thes .
tm::r::a’;xs;n‘; s;‘\o\nd he representative of the potertial varations of eprcardial surface
pa e 3
of the ventricle

7 Fyaluation o} aumenliar 2etwation and repolarization

T~

a Aupieulap aotwabion 15 mamfesied by the P wave ‘The decasion as to whether ;u‘.\;‘;c; -
Yar activation 15 normal or abnormal 15 made from the duration and contour ‘D Iy
wave and from 1ts maximal amplitude wn the customary precordial and 1imb lea

3} Duration and contour of the P wave Duration 15 determined in the pmcordsa:vc:;d
1ib lead where the P wave appears to be widest hut care must be taken v.o1
incluyion of the Tpwave Since 1t1s customary \o demarcate tume intervals on
convex surfaces measurements of the duration of an upright P wave are made from
the poant on the Jower margin of tne basvline where the defiection begins its upward
curve 1o the corresponding pont +here 1t returns {0 Jon the bascline whereas
measurerrents of the duration of an 1nverted P wave are made from pouns on the
upper margn of the haseline Contour 15 noted in each lead

) Normal finding,  ‘The duration of the P wave should fall within a range of 08 to
1 sec averagmg 09 sec  The P wase 1s uswally smoath in contour but ex-
hibits fine notehing in approxumately one-third of normal cases This nolching
1§ prane 0 occur near the summit and 15 more common on the upstroke than on
the downstroke 1t is of no signilicance provided that the duration of the P wave
15 less than 12 sec Rarely a P wave durglion of 12 sec has been found in
young aduslts wath chincally normal hearts  This finding should not be classed
as a normal variant unless the P wave 15 smooth {n contour and the elecirocardi-
ogram negative in other respects

©) Shoormalities A P wave duration of 12 sec should be regarded as abnormal
except under the carcumsiances given above a measurement exceeding 12 sve
15 always abnormal  Prolongation of the P wave is generally accorpanied by

coarse notching and 15 indieative of defective intra-atmial conduction  The etip)-
opy of the defect must be determined clineall

y since the electrocardipgraphic
findings are nonspecific

2} Amplityde of the P wave 15 measureq {rom the top of Wne isoeleciric Line 10 the spm-
mt of upright P waves and from the bottom of the {soelectme 1
wverted P waves ¢ tine 10 the nadir of

2} Normal fndings  The P wave should not exceed 2 5 mm in amplitude 15 the ups
tolar lmb teads or i pregordial Leads ¥y throuph Vg 1t seldom exceeds 1 mm
n precordial leads overlying the ventricles Tall pomnted but wirrow church~

steeple-ttke P waves are recorded in lead aVe 1n vertical position of the hea

They are recogmzed 1s a normal variant wh "

en their duration s below 12 sec
Aurscular hvgem-ogh! is ehiracterized b

1) P wave
more { 3mv ) i at east one of the uni T e amplitude of 3 mmn ov

polar Limb or customa:
1eads (2) P wave duration of *¥ precordial
Wg {3) evnam = b 12set or preaten ~~pamied by coarse notch
right ate

Hypertraphy of the
the right the P wave in jeads neq
o wuve b r
£erate and prolong the e L ypertrophy of the left at

rum tends tQ exap-
negative phase of th 4
the omplttude of the p ot ezophageax :e::‘:,ave 1 such leads and to tnerease
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b Auricular repolarization results in the T, wave, which begins immediately after the P

wave and lasts for a total of 22 to 26 sec The level of the Tp deflection ghould be
determined with reference to the T-P segment and the comparative directions of the
P wave and Ty wave noted An erroneous impression as to depth of the Tp wave may
be obtained mn the presence of tachycardia sufficient to cause superimpos:tion of the P
wave on the preceding T and thus obliterate the T-P segment

1) Normal findings When visible, the Tp wave 1s opposite to the P and hence 1s nor
mally directed downward in precordial leads and aVy upward 1n aVy In many cases
the Ty, wave 1s undetectable because of 1ts low voltage and because a considerable
portion 1s covered by the QRS when the P-R interval 1s normal The displacement
from the T-P segment usually amounts to 5 mm or less, but may range upto 10
mm or rarely more In the latter event the Tp wave may cause pseudo depression
of the 8-T junction below the T-P segment a situation recognized from the presence
of a corresponding depression in the interval between the end of the P and the onset
of the QRS

2) Abnormalities

a) Auricular hypertrophy The Tp wave 1s exaggerated in amplitude and opposite n
direction to the P wave

b} Auricular infarction The Tp wave may be displaced in the same direction as the
P wave during acute mnjury and may show serial changes during orgamzation
A-V block facilitates recogmition of this abnormality

C PROCEDURE FOR THE INTERPRETATION OF THE VENTRICULAR COMPLEX This con-
sists of the QRS produced by ventricular activation the 5-T junction marking the end of
activation and the S-T segment and T wave produced by repolarization
1 Multiple thoracic leads

a Duration of the QRS representing the time required for ventricular activation must be

b

<

determined in leads where the onset and termnation of the complex are clear-cut All
measurements of tume are made 1n 2 horizontal plane from onset to end of the complex
A lead 15 chosen in which the RS amplitude 15 relatively large and in which the QRS in~
terval appears to be longest these stipulations are made to avold selection of a lead 1n
which either the first or last part of activation 1s 1soelectric and thus not recorded
Usually a precordial lead just to the left or just to the right of the transitional zone
proves most suitable Measurements are made with the aid of a hand lens from the
powmnt where the furthermost margin of the baseline starts curving convexly to form the
nitial deflection of the QRS {1 ¢ the top of the baseline 1n the presence of a Q wave
the bottom in the presence of an inittal R wave) to the point where the string shadow
suddenly thickens to resume the baseline (1 e the top of the baseline 1f an S-T junc-
tion the bottom if an R-T Junction) Estimations made with a hand lens are gepend
able within a range of £ 005 sec

Duration of the Q-T mterval representing the total time required for both ventricular
activation and repolarization must be determined in a lead where the onset of the QRS
and end of the T wave are clear-cut Care should be exercised to differentiate the U
wave and to terminate the measurement at the end of the T wave

Localizatson of the transitional -~ tha M’ﬂnxt;aal
Localizatyon O tne 17<s2—c
variations of the epicardial sur —-—ast

retent number of leads has Lo
s:t:ufd be evident 1n the @RS patterns recorded from the right precordsum and those
: om the left axilla or back a transition should be demonstrable 1n leads from inter-
r
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vening pownts € the QRS patterns in leads at the right and left ends of the senesda;‘e
roughly the Teciproeal of one another the transitional zone should be lovated and the
leads dominated by the potential variations of each ventricle should be dentified if

not sufficient additional leads should be taken to atian this objective  Adeguate cover-
age will almost mvariably be provided by Leads Vap-Vy snelusive 1V, - HVy inclusive
ana avy ab and aVp whach are recommended as a routine for the first electracardio-
grathic study {page 1o} When a repeat elecirocardiogram 1s tequested 1t s customary
to take ¥i~Vy 1nclusive and aV; unless the orginal tracing revealed the desirability of
other teads Leads from ponts to the right of the transitional zone reflect principally
the potertial varations of the right side of the septum and epicardial surface of the
right ventricle or right atrum depending upon anatomic pogition, as judged from P
waves as described on page 30 and are for the sake of conventence designated as
right veniricular leads leads {rom points 10 the left of the transitional zone reflect
erumcipslily the potential variations of the left side of the septum and the epicardial
sarface of the left ventricle and are veferred to as left ventrieular leads

1) Lransihional zene

2) Lacation The transitianal zone 15 situated between the lead farthest to the left
#ith R/S relationships comparable to those 1w right ventricular leads and the
lead farthest to the right with R/S relationships like those w left ventrigular
leads ¥ ouad 1o the left of POBMion V, an effort shosld be made to detormine
whether the tisplacement 18 at{ribatabis to a mere clockwise rotution ta Tight

b} Characteriobies of she QBS T pattern 1 leads fro;

y 2RI B MO QRS T w m the transitional zone
(1) QRS pattern depends ubon the &
: pusition of the e

e o E.Elhe heart 1s 1 duwsioe When thy
over the sam,
tional zone ¢
age compos

Tesemble that in other Jeads

:;::i:;l: Wher the etectrode Straddles the seplum the trans;.
et v : Z]urred or natched complex of relatively Jow volt-
aothon o Iy and S deflection of 2pproximately equal amphitude ‘The
of the transttional zon:s roaparases o 1n leads to o rignt or lofy
classitiable mn s mBltzarre QRS patterne ay the transitional zone pot
U5t e it rproteg o o :l"’:g!’me Broups suggest a myacardsal lesion but

tricular loagy ght of the tindings 1 adjacent righy ang lefy ven-
{21 T_pattern depengs upon the

tumn when the heart 15 1

the 0 Shif
hat for 4, ¢ the transitiongy zone f
mal electroea, e QRS Thys become. ¢ Sor the
rdiograms v whath we s.7 sngmenz?a:;t’-rxx::nnahce i abnor.
Ves in leads prow
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one ventricle are opposite 1n direction to those over the other ventricle Thus
a QRS pattern ltke that in right ventricular leads may be associated witha T
wave like that 1n left ventricular leads or with a fusion S-T complex the first
portion of which 1s chiefly right the terminal portion chiefly left ventricular
n origin

2) Identification of leads reflecting principally the potential variations of the right ven-
iricle These leads are situated to the right of the transitional zone The relation-
ship of the electrode to the right atrium and ventricle respectively 1s judged from
the contour of the P wave as described on page 30 A minimum of one lead near
the tricuspid ring or inflow tract (V; or V3r) one over the anterior wall of the right
ventricle and one 1n the vicinity of the conus pulmonalis or outflow tract (HV,) 13
necessary

3) Ident:fication of leads reflecting principally the potential variations of the left ven-

tricle These leads are situated to the left of the transitional zone A minimum of
one lead facing the anterior one facing the lateral and one facing the posterior wall
at the level of the apex (V;4-Vg) and at the level of the base (HV,-HVg) 15 necessary

d Configuration of the ventricular complex mn the various leads reflecting principally the

*The capital
actrvation and &

potential variations of the epicardial surface of the right ventricle as contrasted with
the configuration in the various left ventricular leads With especial attention to the
features given below the QRS and S-T patterns in the various right ventricular leads
should be studied individually and compared with one another then a similar analysis
should be made of the QRS and S-T patterns in the various left ventricular leads and
finally the findings in the former and latter should be contrasted In succeeding de~
scriptions when the relative amplitude of two or more phases of the QRS 1s significant
a lower case letter will be used to indicate a deflection of relatively small amplitude
and short duration an upper case letter for a deflection of relatively large amphtude
and duration When both deflections of a diphasic complex are approximately equal
capttal letters will be employed for each when the number of phases and relative am-
plitudes are not pertment the capital letters QRS will be used regardless of the con-
figuration ¥
1) QRS complex The component phases should be 1dentified 1n each lead At the same
time abnormalities in contour of any phase of the QRS complex (namely notching
or coarse slurring) should be noted and the time of occurrence after the onset of
the QRS should be measured accurately One should then determine whether the
deformaty 1s cowmncadent with the peak of a normal R wave in a nearby lead or wheth-
er 1t 1s an independent and abnormal phenomenon
a) Direction of the iitial deflection of the QRS should be noted 1n each right ventri-
cular lead and 1n each left ventricular lead If a Q wave s found the following
procedure 1s recommended to determine 1ts significance

(1) Analysis of each individual lead with an 1utial downstroke The manner of
analysis depends upon whether or not a succeeding R wave 1s present

(a) Q wave succeeded by an R (occurring as a part of a diphasic qR or tri-
phasic qRs and qRS) The interpretation depends not only upon the ven-
tricle over which the pattern 1s recorded but also upon the followtng addi-

tional measurements

1 letters ed as a general symbol of electr -diograpl ordings during v 1cular
trocars aphic recordings during ventr!
t QRS are used g Y g

re not mistaken for an indication of 3 phases of appr y equal p b

of such a finding
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gsing Q e on

1y) Time elapsing {rom onset to nadir of ‘The measumm!e?;:sb;::;!‘m

R s horizontal plane from the point on the upper margn : e
where the convexity of the Q wave begins to the apex of the

from bottom of the baseline to na-

plitude of the Q wave {measured

@n ?l’; i:s compared with the amplstude of the succeeding R (measured
from 1op of baseline 10 peak)

ds not only on the ventricle over
Q! comglex The interpretation depen
(h)u:‘ch the pattern 1s recorded but also upon the contour One should note
whether the QS has smeoth d ding and ascending Limbs or
whether there 1s notching or coarse slurring representative of an r equi-
valent (e embryonic r) on either limb

(2) Comparsson of the 1mtial deflections the various right ventricular leads to
Jetermine whether the findings are normal or abnormal A diphastie qR and
triphasic qr§ complex 1 leads over the right ventricle ave always abnormal
on the other hand a QS may be fourd as a normal variant w leads near the
right atriam

parison of the Q waves n the various left ventricular leads as to dura~

(3):1:::3:«.! amplitude %o detrrmine whether the relationship is normal or abnor~
mal A QS complex in a lead facing the epicardial surface of the left ventri-
cle 1s always abnormal a QR complex may be normal or abnormal depending
on {a) the duration of the Q and the ratio of Q to R amplitude 1 the individual
lead (b} the relationships among the several leads

b) Ralative amplutndes of the R and S deflections n the various right ventricular
leads 1n the various lelt ventricular leads and in the former as contrasted with
the latter 'The relatwe amplitude of the R in respect to the §is stressed rather
than the abselute voltage of either because of the fact that extracardiac factors
such as thickness and electrical eonductivity of the intervening lung and thoractic
cage marbedly influence absolute voltage of any given deflection but do not mod-

Uy relative amplitudes of 2 dufferent phases of the QRS  When the R wave is
double peaked consisting of an R and R!

t the measu fram the
upper margin of the baseline 1o the top of the first peak (R) and fram the onsey

of the second upstroke {or from the top of the 1soelectric line if there 15 an inter~

venng S) to the second peak (R') are taken when the § wave is doubled the meas-
urement of the S' component 15 taken

(1) Fidings i right ventrienlar leads

(2) Over~all findings Note whether the normal relationshup (1€ a relatively
small r 1 comparison to S) prevails i all right ventrignlar leads qr
whether an abr:c!‘mallv large R n respect to S 15 present 1n one or mare
leads lllanaR deflection 15 present note location of lead n which 1t 1s
maximal and measure voltage to determine whethe
et e ether a pormal variant ar
{b} Combarison of patterns in the ¥Ariou:
s right ve
ing successive oo e & r yemrcnlar Jeads  n compar-

ght atrium and {TAnstional zone note

{2} Emndings in lest ventricwlar leads
(8} Qver all findang, Note wheths
er the normal relat
o £ tonship (1 e
R and smalil or absent S} prevails wn all leads or whStgter thae rl:‘\::::)y
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15 abnormally reduced m amplitude n respect to erther the QorS§

(b) Comparison of patterns in the various left ventricular leads In compar-
ing successive leads taken leftward from the transitional zone, note wheth-
er the expected progressive decrease and disappearance of the S wave
takes place or whether the S wave persists nto axillary and back leads

) Duration of the ascending limb of the R wave and tune of onset of the ntrmsicoid
deflection 1n a representative right ventricular lead as contrasted with corre-
sponding measurements 1n a representative left ventricular lead In making the
selection the lead expected to give maximal recording of the potentials developed
in the activation of the one ventricle with mimimal influence of forces from the
opposite ventricle 1s chosen for measurement A lead over the tricuspid ring
as judged by position of electrode and contour of the P wave 1s preferable for
the right ventricle the lead with the largest R and no S wave 1s selected for the
left ventricle If an S wave 1s present 1n all available leads back leads 1includ-
ing Vg and HVg should be taken in search for a lead without an S wave The du-
ration of the ascending limb of the R wave 1s measured on a horizontal plane from
1ts onset to peak the time of onset of the intrinsicord deflection comprises the
time elapsing between the onset of the QRS and the peak of the R (or R') deflection

{1) Duration of the ascending limb of the R wave When the R wave constitutes the
1mitial deflection measurements are made from the begmning of the upward
movement of the bottom of the baseline to the peak of the R (or to the peak of
the R’ instead 1if the latter 1s present) Such a measurement in a right ven-
tricular lead will comprise the time required for activation of the septum plus
the free wall of the right ventricle This measurement may not represent the
actual time consumed since opposing negative potentials transmitted from the
posterolateral wall of the left ventricle tend to foreshorten the R wave regis-
tered 1n right precordial leads This effect 1s exemplified by the exaggeration
of the amplitude and duration of the R wave in right precordial leads after in-
farction of the posterolateral wall of the left ventricle In a left ventricular
lead when septum 1s activated from right to left the time from beginning to
peak of the R wave will represent the total interval for actwvation of the sep-
tum plus the free wall of the left ventricle When the R wave 1s preceded by
a Q measurements are made from the nadir of the Q to the peak of the R (or
R') This measurement provides an index of the time consumed 1n passage of
the impulse from the endocardial to the epicardial surface of the subjacent
outer wall

(2) Time of onset of the intrinsicord downstroke 1s measured from the onset of
the QRS to the peak of the last upstroke (R or R') wave This measurement
will correspond with the duration of the ascending lumb of the R of the mitial
deflection 1s an upstroke but will be longer if a @ wave 1s present The qR
duration provides an index of the time elapsing between the onset of ventricu-
lar activation and the arrwval of the impulse at the epicardial surface beneath

the electrode

2) S-T complex The electrocardiographer should have knowledge of the age ;f the _pa»
tient and of recent medication especially digitalis when evaluating thz S- su:::m e
plex Determination of the length of the Q-T interval 1n the tracing under ey55en.

ed to the average and upper hmit of normal for sex and heart rate 1s
o terpretation of the S-T segment and T wave The following features
:}i‘;utllzl :‘: e‘::alugted 1n right ventricular leads and i left ventricunlar leads

unction The position should be determined in mllhimeters above or below

@ f};TT P segment 1n a portion of the tracing where the T-P segment is at the
the T-
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MULTIPLE PRECORDIAL AND UNIPOLAR LiME LEA

tefacts
re successwve eycles and where no ar )

e \eﬂasfo; :;:;‘pxlx; I the segment Deiween t{\e e;\dac\\: :::n‘:.c
are pres \he;,Q_R segment) 15 depressed below the TP leve! o aitton
ot o or he amplitude of the causative Tpwave lo ;udigmg‘ e R
o0 en 15 tustomary 1o express dilferences m lLve “\a rgree
of the § T Jnction sented (Fe ysoelectrie line and the §-T ynchon e(muy 2
s PePl‘eem potentanl wWhereas dyfferences in levels may ac P
g! di‘r‘:xs‘;t‘;‘:\’::ﬂ\mv ar hath from zero pet:s\[:mls 1{“ m;n i::: :i?tzﬁ -
o e contour of the S-T se
f‘?\:;?::::l:? Of%\';\rel;n:xl: ﬂ::s&ca;\so be taken into consideration
ude

he 5-T
g i o demargaie e and of ¢
A 35 often didficult or Wopos) o
RE ir;ir:m :he neginnng of the T wave asd 1t 15 unnecessary (o :&1 s: mpor-
s:gzge:a“m of the 67 segment 18 of minor elinfeal symficance - (csr AR
:axeu :S's the general contour and direction af the tracing betweenw ; T e
faon and the apparent beguning of Ahe T wave The een;o.:r f:o:mg :s o
border of the tra
ance with the curvature of the upper i
::::Stir strarght and the direction should be clsssed as either upward down
ward or horizontal

o) Cvaves oo should be taken of the following features

Direct flat inverted or diphasic The

1y Darection T waves are ¢lassed as uprxght

{ )lat\ev are subdiided wte the +~ variety (vutial epright and final downward
phases) or into the -+ type

(2) Amplitude 18 measured Irom the top of the iscelectyic lme o the summit of

anupright T or from the bottom of he fsoeleatric line 1o the nad = ¢* an in-
verted T

{3y Comtpur  The shage of the summit should De noted and the gradiens of the
proximal and tisial hunbs compared [In the presence of noiching the possi-
ity of a superimposed F wave or a partially fused U wave shogld be inves~
tsgated  Notching mherent w the T wave 15 of no signiffcance when limited to
the transitional zone and s rare in other leads

4 Ywaves  Notation should be made of ¥ waves that ave af unustal amplimde or
opposite to the direchion of the T wave

2o lations ol the cardiag surface
s applied {b) the position of
~ s i e irection of votation on s transverse amerpposteri-

or and longitudinal axes

.

¢ach lnb 8 cumpared wady that an multiple pre-
The results of such comparsons indicate that the P
and QRS T pattern s 5 & ver umpolar 11mb leaq resembles that recorded in thoraeie
rectly opposste the somatie attachroent of the extrem-
Wy and thersfore sexves as an index of the potential varaations af tius carthac surface

Swmce the Mgt aTrm Szces towards the atria and preat vessels the major defiection
of ventrienlar ovsgw 2» § sad aVg 15 derved trom the potertal cariations af the endo-
cardium and cavities of the 2 ventricles as transmisted throgh the valvalar orificeg
On tlhe other hangd the loft leg faces towards the mlerior surface, of one or both ven-
t(;\:\e; 1::::; ;o::e?::::‘)‘; Lﬁaf‘ :Vy records the potential Variations transmitted from
e poronp varx‘:x o u;‘nthe le?tn the daphragn: 1s tow to ntermediate 1n posaton

leg are goverved avgels by those of the epataraiay

¥ e U ulgpludl lead trom



PROCEDURE FOR INTERPRETATION

e o e e B e by he resemblance of e ptern 1 1 10 vt
aVy resembles that in right ventnculawl nd © :!P v e pattern in Lead
trarnsmonal complex of 1iw volt: Tecorded raprnderaiely elevated an equiphasic

age 1s recorded representing a cancellation of poten-
tials of right and left ventricular origin

The fuidings 1n Lead aV tend to be opposite to those in aVr and show even greater
variation due to the fact that the potential variations of the left arm may be transmit-
ted not only from the epicardial surface of either or both ventricles but also from
the endocardial surface through the atrioventricular orifices The cardiac positions
that facilitate transmission of potentials from the ventricular epicardium to the left
arm tend to favor the registration of an upright P wave i aV, in the presence of sius
rhythm whereas those positions that facilitate transmission of potentials from the
ventricular endocardium to the left arm tend to favor the registration of an inverted
to diphasic P wave in Lead aV,

After 1dentification of the surface of the heart havmng the predominant effect on the
potential variations of each extremity the evaluation of the findings in the respective
unipolar limb lead 1s based on whether or not they come within the expected normal
range for the cardrac surface which they reflect For example 1f 1t 1s concluded that
the potential variations of the left leg are transmitted principally from the epicardial
surface of the left ventricle the criteria used for the evaluation of the findings 1 ax-
illary and back leads over the left ventricle are applied mn the interpretation of Lead
aVy Furthermore if 1t appears that the potential variations of the left arm are trans-
muitted from the epicardial and not the endocardial surface of the left ventricle the
same criteria may be applied

Lead aVy furmishes a valuable index of the potential variations of the diaphragmatic
surface of the heart (1 e usually the apical half of one or both ventricles) It should
be taken habitually both in the imtial and repeat tracings because it provides informa-
tion about a portion of the ventricles not adequately explored by the routine chest leads
Lead aVj provides direct evidence of injury to the endocardial surfaces of the ventri-
cles and should be taken ser:ally under such conditions Lead aV, supplies little or no
evidence not more reliably provided by chest leads

b Determmation of the electrical position of the heart in the chest The direction of ro-
tation on the transverse axis 1s judged from the pattern in aVy and the direction of ro-
tation on the anteroposterior and longitudinal axes from the comparative patterns in
Leads aV| and aV; as will be brought out 1n the description of the normal lindings
(page 122)

3 Standard limb leads are still taken for sake of precedent but yield no information that
cannot be obtamned better from the unipolar Lmb leads plus multiple chest leads There-
fore, the findings 1n standard leads will not be described If desired the findings may be
determmned algebraically from the recordings in the two constituent unipolar himb leads




C THE ORIGIN AND FORM OF THE
NORMAL AND ABHORMAL QRS T COMPLEX

varations i electrical potential assowated with activation and repolarization of an isolated
cell Variations in electrical patentsal are not unx

que to cardiac muscle but have been demon-~
table tissue from plant as well as ammal
during the activation of other types of excl
z:f:::s ufn‘eg physologe basis for the QRS and T deflections of the electrocardiogram may be
better understood through a preluninary consideration of the electrical phenomena recorded dur-
ing the activation of a smgle cell

Successful recordings have been obtaned from 1solated cells of the alga Nitella and the glant
aon of the squd whick are several centumeters o length angd approximately 5 mm n diameter
By wsertion of an elestrode into the cell and pairing with another electrode on the surface meas-
urements of the impedance {plectrical resistance) of the cell membrane and the voltage across it
have been made  The membrane of the resting cell possesses a high tmpedance the potential of
the outer sarface exceeding ihat of the wnterior by 50 106 mv  The high wopedance of the cell

membrane 1s represented by the heavy hine of Fig 2 a and the potential distribution by the plug
and manus signs  The intact resting cell 18 i a polarized state

Although any pownt on the external surface of the wntact resting cell 1s positive in reference to
the wierior it 1s at the same potenuial as any other pownt on the exterior as shown by the fact
that no deflection will be © d

when a g is d to electrodes at Y and Z or
at any other points On the external surface  The ulustrations of Fig 2 represent tracings that

would be obtained by the separate recordmg of the potential variations at the two ends of the cell
through the use of twe galvanometers ‘The first galvanometer 15 connected to point Y adjacent
to the left end of the cell and 10 a distant electrade far enough away so that its potential varia~
tions are reghigidle the second galvanometer is connected to pownt 2 at the right end of the cell
and to a syrniar remote elecirode  Connections are made so that an upright deflection will be re-
corded when the potential at the adjcent surface electrode 18 relatively positive and & downward
defiection when 1t 15 negative

The apphication of sn apprapriate stmulus to one end o 47 N W t
2 b} causes a ~vn r

cell{at Y in Pig
¢ [} N ¢t “1 ¢ as represented
dx‘agramn;)ahc e s -0y« lun lise and produces a short
3 r‘c\m os1t ~ » rumthe stumulated end disappear tirough the altered membrane into the
;: 1 to expose the negatwvity of the interior at pomt ¥ as represented by the arrows in Fig 2 b
o (:otem\ai at the pownt of excitation suddenly reverses becoming negative m respect to the
221 ;::dpc::;:lutl‘ :; mel per\x:n sull in the resting state as mdicated by the downward deflection
gh the elecirode at pont Y and the upward deflection at
pole 15 thus set up 2t the bounda: T et e maeyeotrical bi-
Ty zone between the partion of the cell which h
tive and the partion stilf m the restmn; b ey became ac-
g state much as 1if

voles straddlng ths boundary zane had been activated ® el battery with negatuve and pomve

39



i ORIGIN AND FORM

The spread of the exciting impulse through the cell 1s accompanied by a sudden fall of imped-
ance of contiguous portions of the membrane through which current continues to flow from the
outer surface into the interior as indicated ;n Fig 2 ¢ d The electrical bipole marking the
boundary between the active and resting portions moves progressively across the cell Through-
out the spread of the excitation wave the potential of the end of the cell to which the stimulus had
been applied becomes more negative as indicated by the progressive downward deflection record-
ed through the electrode at Y, whereas the opposite end continues positive as indicated by the
steadily rising deflection recorded through the electrode at Z The fact that the progress of the
excitation wave 1s slow enough to be photographed on moving film 1s in keeping with the fact that
a chemical impulse 1s the basis for the changes of potential The latter are transmitted mnstanta-
neously and registered in accordance with the laws of electrical conduction

Figure 2

at the opposite end the last portion of the cell changes from
Upon arrve. Oft::: et):\celi‘ltelzrrrc,:{eblpcle 1sp:xtmgulshed and current flow ceases The poten-
T onds o ddenly reverts to zero as indicated by an abrupt vertical return of the tracings
Ll b sut et . level in F1ig 2 e Thus anupright deflection or R wave 1s completed
a¥and Z to e o tm; whereas an equal but oppositely directed deflection or QS wave 1s com-
fromdﬂ;e rec:;;d:?gcso:dmgs at Y These deflections are thus a manifestation of activation or de-
pleted from

polarization of the cell
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appreciable yme one would ex-
i the depolarized st P Fllg ’ e':e‘;::e‘:i::fc ?:lneptfi zero potential after the com~
B o \{n;ou:d Nn;::::g?:;s]{h:f:nig: the electrode at Y show that the ascending humb
plecion of the QRS deflBel 1 to undergo an abrupt transition (the S-T
of the QS complex continues above the 1soelectric line T ey lustrated
sloping upward deflection {the $~T segment an ave} :
i:n;:wnz) 1?0’:;\20:15:;2:' ihatp thge e?ectrcae 21 ¥ has become electropasitive by the t:n:: a;t:r:VP
tion fs completed In the recordings through the electrode at Z the v;lescehdmgt Limb ore emdua”y
contines below the isoelectric hne where 1t undergoes an abrupt transition into a n;o ehf mau
slaping downward defiection indicating that the electrode at Z has become negauwlz y e o at
activation is completed The reappearance of a positive potential at Y and a negative p e
Z 3s accompanted by a measurable rise in the impedance of the cell membrane at the po , p
phicatian af the argunal stimulus The return of high membranal impedance takes place mucl
rove gradually than the precipitous fall during actwation but pursues the same course deve! og-
ing first 1n the portion of the cell adjacent to Y and progressing to the opptism: end as indicate
wFg 2 L g b The return of hugh membranal mmpedance 15 1ed by the r
of a patential difference a

ppearanc
cross the cell membrane and constitutes the process of repolarization
The representation of repolarization yn a series of three diagrams and activation in a series
of four was made for convemence of description and 1s 1 no way indicative of the relative amounts
of time d 1n the two pr The temporal relationships are brought out through the
recordings the steep slopes of the QRS s thin 1mage and the briel interval from beginning to
end of actvation contrasting sharply with the gradual slope of the T its thick image and ine
relatively long terval from the S-T junction io the end of the T wave * Drering the first portion
of reptlarzation a gently sioping ppsivoke 15 recorded at ¥ andicating gradually inereasing posa-
tivity of the surface of the cell facang point Y  Catncsdentally a gently stoping downsiroke 1s re-
corded at Z ndicatng that the gradually wncreasing negativity of the imnterior 1s heing referved
through the as yet depolarized cell membrane facing point Z During the latter part of repolariza~
tion the tracing at Z shows a gradual rise to the 1soelectric line indicating a progressive resolu-
tion of the former negativity by return of positize potential to the surface adjacent to pomnt Z
Meanwiule the tracing at Y returns to the isoelectric line due to balancing of the positive poten-
ta} at ¥ by the developing positive potential 1t Z thereby completing repolarization It is note~
worthy that the T wave recorded from a single cell 1s opposite to the mamn deflection of the QRS
After the completion of the T wave the cell has returnped ta the resting or polarized state

The onigyn and form of the QRS T complex as recorded i direct leads from the mammahian
vertricle  During every cardiac cycle each of the functioning muscle cells 1n the myocardial

e wallnl:;i d‘.ie cmi\y four of the Jarge number of cells that make up the thickness of the ventricy-
Era axe. p:;:\:d P'i;hetpol\anmd state characterized by a high impedance of the cell mem

€ potential on the exte -
mreated w e Grogeams rnal surface and a negative potential in the interior is

employing a heavy 1;
State characterized by los. of memhrangal mp@vgar::: :Sx; :lhe aprane The e

1sappearance of the potential duffer~
‘eh ::: :;‘da light Line for the cell mermbrane Cells undergoing
vart by 2 aght e ergomng repolarization Fig 3 ¢ ar

by s’gnz in part by a heavy Line ang the resultant S e

electrical bipole 15 indicated by a +
The serwes of dia

rams in
*ecording of the ot g ¥Fig 3 reconst:

Tuct schematieally the trac obtamable by separate
ngs a; Y sepa.
enhial variations of the emcardial surface and cavity of the mammahan left

The width of tha
ohotographie wnage is 1nvers,
1y proportional 16 the &
peed of string movement
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ventricle through the use of two galvanometers after the manner of Wilson and associates One
terminal of the galvanometer 1s attached to an exploring electrode in contact with the heart where-
as the other terminal 1s made almost completely indifferent by connection to the two forelegs and
left hind leg through the Wilson central terminal The exploring electrode connected with the first
galvanometer consists of a sharply powmted insulated wire which 1s thrust through the ventricular
wall so that the bare tip projects nto the ventricular cavity at pont Y and registers potential va-
riations of the cavity the remainder of the wire being adequately insulated from currents i or
exterior to the ventricular wall The exploring electrode of the second galvanometer 18 apphed to
the visceral pericardium at pomnt Z in the diagram thereby registering the potential variations of
the epicardial surface of the small segment of ventricular wall to which 1t 18 attached The dia-
grams represent the tracings obtained with connections made 1n such a way that a positive poten~
tial 1n the exploring electrode will register as an upright deflection whereas a negative potential
will register as a downward deflection The series of diagrams depicts a single cycle broken up
nto the following stages ventricular diastole Fig 3 a spread of the activating impulse from
endocardium to epicardium Fig 3 b ¢ d extinction of the activating impulse at the epicardial
surface Fig 3 e repolarization Fig 3 f g h

Figure 3

resenting ventricular diastole all of the cells are electrically polarized com-
e cellof Fig 2 a As long as the entire ventricular wall 1s in the re:;tmg
state no potential difference will exist between the endocardial and epicardial surface an r;a3
11 be recorded by either galvanometer The next event 1s depicted 1n a series o 8
e 3 b ¢ d The progressive descent of the tracing at Y signifies increasing negad
e Flgft ntricular cavity the simultaneous upstroke at Z denotes reciprocally develop-
tivaty of the 1o fv: 1card:a} surface The diagrammatic evolution (Fig 3 b c d) begins with
g PO e eFl’xlse at point Y via the Purkinje network 1t reflects the centrifugal spread
the arrival of the 4l dium and successive activation of each responsive cell 1n its
of the 1mpulse towards the epna¥ ell 1t produces a sudden decrease in the impedance
pathway As the 1mpulse reaches a given ¢ it p

In Fig 8 a rep
parable to the singl
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em-
f the cell membrane accompamed by an abrupt drop electromot:veﬂf’or::;;rgozse‘;?z \::erf;-
e tive 1n respect ta the
) yraergoing BYmtation becomes nega e
e 'trhedcf::r‘:n! (%owsg{mm pownts yast ahead of the 1mpulse to the cell just :i:m;)ni; o
oo tta . a:ienual of the cell undergoing actvations transmitied backward through the e
hey::lel::e}; layer of myocardium nto the cavity as indicated by the downw‘;artd delnecho‘r;vx;cgmen
e duced m Fig 3 b ¢ d The relatvely posi -
tered through the electrode 2t Y and repro . P
tted through the intervening I3
1he cell qust ahead of the advancing anpulse 1s transml
::xls:ie 22 :he e]pxcardmm as mdicated by the vpward deflection sumultaneously registered through
the electrode at Z

T of positive p 1 to the epicardial and cutaneous surfaces facing the ad;r:mlc-
sng {mpulse occurs because {he wintervening resting myocardiurn and soft ti1ssues serve as ¢ c:n-
cal conductors  Negative potentials are simultaneously transmitied through activated myocardwm
10 the endocardial surface thence through the blood n ventricular and auricular cavities the
ateial wall 2nd soft figsues to the opposnte cutaneous surface From the standpoint of electro-
cardiograpue methads of recording transmission of potential changes to any powt 1n the body
may be regarded as mstantaneous since 1t takes place 1n accordance with the laws of electrical
conduction QOn the other hand passage of the impulse through the auricles and ventricles is slow

enaugh to permt photographic registration and tuming on film moving as slowly as 1 mm per 04
secaond

When recordings are made through an electrode applied to the epicardium at paint Z an up~
strohe presumably makes s appearance (he moment the impulse reaches and begins to activate
the underiying subendosardial layer {Fig 3 b} continues to rise as longas the impulse is ad-
vancang ibrough responsive musele {Fig 3 ¢} and attains its peak upon arrival of the impulse at
e epacartinl surface {Fig 3 d)  When the most superficial musele Iymng just beneath the epi-
cardium bas been achivated ihe potential difference across the ventricular wall 1s abruptly ex-
tinguished as depicted m Fag 3 e  The potennal at point Z suddenly drops 1o zero as mani~
{ested by an almost perpendicular downsiroke knowsn as the intrinsie deflection  The tume re-
quired for the umpulse to pass through the ventricular wall is ihus represented by the interval
elapsing between the onset and the pea¥ of the R wave and depends upon Ahe thickness of the ven-
tricle and the integrity of the muscle composing 1ts wall

Coweident with the registration of the upstroke of the R wave through epicardial Lead Z a
reciprocal downstroke s recorded through cavity Lead Y {Fsg 3 b ¢ 4}  After complete acti~
vation of the ventricular wall there 1s an abrupt return af cavity potentials to zero mainifested
it the frating at Y by an abrupt ascent 1o the 1scelectric line (Fig 3 e)

After 3 braef but variable mnterval at the 1soele.
ciric level corresponding to -
tween completion of activation and onset of re; iy it rim be

gentle upward slope

polarization the tracing at 2 narmall;
ly describes a
Fos Pard slope vhereas that at Y shows a recipracal downslope as ilustrated in Fip 2
. deflection in pro: 4
xanor? process of formation 1s the T wave anrd 25 & wamifestation of repolari~

The fact that the normal T wave recorded b,
facing th s surface 15 upry;

would sigmfy that the e

o picardial surface 15 relatwel;

r: ocardia) surface relatively negative during the process of repolar:: “; e G a e
specthively recorded from surfaces of on, etiontng e T waves
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In Fag 3 attention was focussed on the effect of electromotive forces derwed from a small
segment of the ventricular wall upon the potential variations of a direct lead from 1its epicardial
surface no consideration was given to the possible influence of electromotive forces generated
elsewhere 1n the heart The tracing obtained through a direct epicardial lead actually represents
an algebraic summation of potentials transmatted to the electrode from all portions of the heart
undergoing activation or repolarization however the wnfluence of excited muscle 1 any given por-
tion of the heart upon the potential variations of an epicardial electrode 1s mversely proportional
to the cube of the intervemng distance For this reason, the portion of the tracing recorded
through an epicardial electrode during activation or repolarization of the underlying segment of
muscle will represent largely but not quite exclusively the potential differences developed across
this segment of musecle

Lc RC IC x Y 2
RC oog-z
= LY 4.

ST Tyt

Figure 4

The amplitude of the R and T waves in & direct epicardial lead thus serves as an mdex of’;}t:e
d 1n the underlywg wall during activation and repolarization respectively e
Yoag e ee otnve forces released simultaneously tn the opposite wall of the heart on the R
sffactof 6180“‘0:” “t epicardial leads 1s relatwvely small because of the cube root decrement n
A O e roasing distance but nevertheless 1s indarectly demonstrable by the exaggeration
potential with Wi xeasite £ ver the anterior wall following infarction of the posterior

es i leads o
o :he ? al::eer::g:‘: :\hi‘transmxssxbﬁuy of potentuils of remote origin through the excited as
wall ur

lete auriculoventricutar block bv the
wall 15 exemplified 1 compi

nell as the resm’lg‘ ve::;ri::s:.‘uf recognizable P waves superumposed on the QRS and T waves
e eimbmadian 1N VANTYIO!
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as well as on the 1soelectric line The chiet mfluence of activation of the opposie wall or more
remofe portsons of the heart on a tracung through a durect epicardial lead occurs duriag the inters
val priar to the arrival of the umpulse 1n Yoe Subendonardial tager of the underlying segment and
dnnog the period {ollowing extinetion of the wnpulse at the epicardial surface  If activation of the
opposite wall 15 10 Progress durmp either period negahve potentials referred to the cavity may
te transimtted to the eprcardial electrode and recorded as a downstroke reaching below the iso-
electric line

The QRS complex recorded i dayect or n precordial Jeads is psually not monophas:e as NMus-
trated 1 Fig 3 It 1s most commonly diphasic consisting either of an RS or a qR deflection not
nfrequently 3t 15 triphasic exhibiting aq 20 R ond an Swave In Fig 4 an attempt is made t0
1lustrate diagrammatically the mode of orign o the noymal q and S waves  This figure recon-
structs tramangs that would be abtawned by supultaneous eads {rom five separate posnts namely
LC thecavity of the left ventricle RC, the eavily of the mght ventricle ¥ the epicardial surface
of the anterior wall of the right ventricle ¥ the epicardial surface of the anteroseptal wall of the
Ieft ventrscle 4 the epieardial surface of the lateral wall of the \eft ventricle The normal daffer-
ence m thickness af the right and left ventricular walls has been depscied by represerting the for-
et by a single cell the latter by theee to four cells  The same symbals have been employed as
WFig 3 Fg 4 a regresents the portion of the tracing recorded during the first 01 after the
are val of the impulse together with the probable state of ventricular activation The next three

figures represent tre prog; during we mntervals of approxmmately 01 see each where-
as the last figure covers the Tinal partion of venircular activation *

,,;:{;ré)n;i :;,S;g ;éa :evetahlastth:t the left ventricular cavity {LC) 15 mtially pegative e
sude of the Leptum shy ;fla‘( :lfead u; l: xmv\;ll?? E"mauy reriod e toad trom the emeadal
1l s g vfmnde v sm:s ::5 ups":z:xi !:1; rw:wd the lead {rom the emcardial
s o e mght venueicle () shox 4 ynchronous with that recorded in Lead RC
tavity potentials th ase 38 thus produced by transmission of posiwe right ventricular
comiy b ‘:‘ a“st rough the as yet unactvated outer wall of the right ventricle A lead from the
satee c;n ; rface of the lelt veniracle {}) also shows an ymnal upsiroke  Since the left ventri-
i cau z“bef,:mmdemuy negative the posihvaty at the surface denotes early oaset of activa-~
on o the subend nc:“i;al laver of the anterosepial wall of tite left ventricle as indicated in Fig
g e ;h: 1:;;-:1:::‘:;1) d(;wns\t‘ri:t: o{;’q wave x: recorded in the Jead from the epfcar-
o iz ol the 2 ;Tn gt vg‘ da; i Lead LC and resultig from transmission
lende gy otemtats theous e gr L la: (:r ame ; a{&&.ra! wall  The normal q wave recorded an
et ot s 1o 08 posteror walls of ‘el eft ventricle 15 an expression of the physiologic
Vrorst aot pacsari fec. batneen ptal actwvation and the arrnal of the impulse 1n the
Corend appreoierior walls mm:;::::!;\j:k:: }?i :x::z;;g that the impul.e requires 01 sec to
Uuring the net Q1 see {Fig 4 b} Lead RC sk
i‘;‘:ke whereas Lead X from the sur)taee of the n;:;ii:s:‘?c:mehm Y fal B wave oy down-
e These fidmg s o Curtase of the cle shows further increase 1 the R
o vecton togammes s activation of the right side of the se:

For purpo,
ses of desery
TOW RS Wan u the re: PUAD amrery:

als have tee:
Tatively ymall ¢ o arbitramily seterted
anioe beart 12 approximate those £,
ound in the human



46
ORIGIN AND FORM

By the end of 03 sec (Fig 4 cj the attainment of the peak of the R wave at Y 15 an ex ressi
of the arrival of the unpulse at the epicardial surface of the anterior wall of the left ventrfcle bar
the continued ascent at Z 1s referable to continued progress through the lateral wall .
potentials simultaneously referred to the cavity during activation of the free wall of th
cle are maniested by a progresswe downstroke in the LC lead A parallel downstroke now appears
n leads from the cavity and surface of the right ventricle due to transmission of left ventricular
cavity potentials through the depolarized septum and right ventricle to points RC and X Thus the
S wave 1n these right-sided leads 15 a mamfestation of the same forces that are responsible for the
R wave 1n leads from the epicardial surface of the left ventricle

The negative
e left ventri-

After approximately 04 sec (Fig 4 d) the attainment of the peah of the R wave at Z indicates
that the wmpulse has reached the epicardial surface of the lateral wall Meanwhile the intrinsic
deflection has been insceribed at Y and has continued downward below the 1soelectric hine as an S
wave due to transmission of negative cavity potentials through the depolarized anterior left ven-
tricular wall Further increase in the S waves at X and RC 15 evident paralleling the downstroke
at LC

Fig 4 e represents the abrupt return of cavity and surface potentials to zero following com-
pletion of ventricular activation Thus a QS complex 1s recorded from LC signifymng that the left
ventricular cavity 1s negative throughout ventricular activation an rS 1s recorded from RC and X
wndieating 1mtial but brief positivaty followed by prolonged negativity The imtial R at Y shows
that activation of the anteroseptal wall of the left ventricle began early, but the succeeding § indi-
cates completion ahead of other portions of the left ventricle The qR complex withont succeed-
ing S at Z 1s evidence of relatively late onset and completion of excitation of the lateral wall
Since the T wave registered over the anterior and lateral walls of the right and left ventricles 1s
normally upright, the electrical events associated with 1its mseription are presumably sumilar to
those illustrated in Fig 3 f g b The T wave in right as well as n left ventricular cavity leads
1s normally inverted reflecting the slower repolarization of the endocardial than the epicardsal
surfaces

Comparison of direct and precordial leads The discussion thus far has been based upon dia~
grams of records obtainable by direct leads from the cavity and from various points on the epi-
cardial surface of the mammalian ventricle Such leads are not feasible i man except 1n the
occasianal patient undergoing cardiac surgery or catheterization The closest approach that can
be achieved routinely in the human 1s the semidirect lead 1in which the exploring electrode 1s ap-
plied to various poimnts on the thorax or inserted at different levels in the esophagus whereas the
other electrode 1s made as indifferent as possible by connection to the two arms and left leg via
the central terminal Under these circumstances the potential variations of the indifferent elec-
trode are reduced to a mmimum and probably never excecd 3 mv

A fairly close correspond has been d trated between tracings obtained by direct leads
from the epicardium 1n dogs and tracings recorded simultaneously by semudirect leads from the
overlying precordium of the same ammal The observed differences could be anticipated from the
nature of the leads The amplitude of the deflections in direct leads 15 much greater than in pre
cordial leads in keeping with the demonstration that voltage decreases in proportion to the cube
of the distance from the source of the electromotive forces

The shape of the deflection in the precordial as compared to the direct leads will depend upon
whether or not the segment of veutricular wall which domnates the potential variations of the pre-
cordial lead 1s umform in electrophysical actwity The reason for this becomes apparent when
res the areas of the segments of ventricular wall which have the dominant influence on
epicardial as compired to precordial leads The electrode em-
11y consists of a thread moistened with salme and the Rand T
1most exclusively the potentials derived from the small core
lied the electrodes used clinically on the thorax are metal
tectrodes applied to the skin or esophageal mucous

one compa
the R and T wave as recorded by
ployed for epicardial leads genera
waves recorded thereby represent 2
of wall to which the electrode 15 app
disks 3 cm n diameter Furthermore e



37
NORARL RO ABNORMAL QR&T COMPLEX
d a still farger area
by soft Lissue and thus subten
4 {rom the epicardium bY
merabranes are separate
of the cardige wall

4 lead 15 normal
ales (he potential variations of the precordial o
u (:\e ﬁe,in;i:t::rfnwaf\x&n\f‘:;‘:ri:\:;\xcal activity the shape o!‘b :h:d t;a;;ntgh:i‘\; ::::;\E: e\::t r:s
or e $ of the some sublende
carded Lrom a1 004 wu:;nn;‘:eg i::::xg{ e(;ip;ew:ve 1 p precovdsal \ead 15 rot as stleep as :’ r:Zii
wod be experted 'h; i::cause the former 1s @ cOmposNe derved from 2 yelaively arge‘s n% e
o d“:; e \arius parss of which thete are shight dalferences in time of onset a »
O ewmaton For the same Teason the downstroke following the peak of e erL\;?‘;e :
A aui‘“e:;?cu\n &3 direct lead tut less abrupt 1 the corresponding preco e(;l
prachcall(z‘: :r these Miferences toe desgent of the R wave 15 referred to as the utrinsic de-
fl?eglco:g:\n & direct lead and the mtrinsicod dafiection 1n a precordial lesd

3 there 1% 2 small circurfacrsbed lesion within the zane that has the vrefti‘?m::;asnlz ::;:I:“:l:cee:,:
the grecordial lead various Wivect leads from poants on the epcardwm M(h o o muimm
bt steking differences depending upon wheiner they overhie normal of s nu‘rlm'ads 3 o td
The precordial electrode vill record a mixture of eftects from multple direct leads an ¥
3 tracung resembling that 1 the majority of subjacent epicardial leads

Althaugh the sepment of venirrular wall which dommates the patential variations of a precer-
dual Jead 15 much larger thas the segwent which dommates the potential varitions of a direct ep~
eardhaf fead 1t pevertheless comprises only z fraction of the cardige surfsce as exemphitied by
the fact that shight changes n the postion of the exploring electrade on the thorax result in dis-
twet changes 1 configuration of the traclrg  “tds muiuple precordial leads studied in reference
to aue another wall provide Mmiormation sulfcient for the detection and approximate localization of
fesions of the mterolateral walt of he vandruc’Ps such as moyocardial ifarchion whereas multiple

esophageal and back teads will furai.h analogous 8aiz tor the diagnosts of infaretion and otner le-
swmns of the pasterior wall

To cover the antexsisteral aspect of the heart Wilson recommended a mimmmin of six precor-
dial lead, namelv v troogh Vg {F ¢ 3} The electrode la pasitions Vy and V, s in the fousth
wherspace at the Tight and lelt stermal borders respectively in these positions W generally faces
towards the right ventricle ot aaricle ard recerds g QRS dommated by the potential variations of
the right 5182 of the septum aod emeardial surface of the right veatricle  Since the electrode n
the V) position 1s ofter nar far enongh to the right ty adeantageouslv register the potentials s~
rived from actvation of the tricuspid ring st 1ezs one addinonal lead from the right precordivm
1§ recomsnended euher V,

e 9 Vg o the Yy and VY, posatzons  the electrode may be over the an
terior aall of the right ov 1aft ventricle pr Toay stra

° ddle the anterior margsm of the septum de~
BEOCig WPON e BOSYNAT and suze of the heart 1nd thus records a greater admicture of right and
n{kﬁ vengrewlar effects than precordial leads farther to the right or left Positions Vg arg ¥V, are
Gct‘}ted x;\ the antersor avitlacy and mad axlary nes respectively at the same horizontal level
a: , and thus narmally tace towards the anterolatera) surlate of the apex of the left vertrycle
¥
B ::x:?oifho'! ’;1: fl:fa Izzazaplex’ u;! L;,ads Vs and V; re, vesents almast exciusively the potentia)
E THow of the left s3de of the septum and ¢!

terolateral wall of the apex of the Jeft veptricle ; o eearial surlaco of e an-
pects of the veniriole reguimes the addition of Le
scapular lines Tesgectively at the same horizontat

As Wustrated sn F& 5 positions

Vi V5 and ¥ face t b en

cover e bsgg,n(ghq_hea_g}/,_lead&hhn - s 8 face towards 1
are recne ~ terspace and stermum
voe vic

" vt 1rBC of the mght By afd UV are m -
omin, e - e right 1eatricle and m
HV5 are sransionay amunﬂar»as 1 the svent of hypertraphy HY; HY; and sometim e;y show
vemtricle Sepeng retley the poteptunl varmations of the basal porfions of the ri ever
a0d 1y s ﬂeme:‘;;pwé\ cardaac position and size The QRS complex 1 Le :3 ¥ ;;ghl S
crafly trom actvalion of the provemas POTHOR of the fett S; s o}f s Mg Hyy
€ e Sepitum

posterior axillary a
level as Y Ty and

“ the left ventricle To
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and the anterolateral or pusterolateral aspects of the base of the left ventricle Unipolar himb
leads taken with an exploring electrode on either the right arm the left arm, or left leg, subtend
a much wider surface area than precordial leads and thus are less defitive in localization The
increased time and expense of registration of multiple precordial leads s fully justified by the
fact that they frequently reveal abnormalities that cannot be detected 1n the limb leads

HIGH (HV) feads

Figure §

The form of the QRS complex as recorded 1n precordial leads of the normal adult In tms sub-
Ject the QRS deflection was 08 sec 1in duration and was normal m contour in afl leads The pre-
cordial electrocardiogram 1s reproduced in Fig 6 and 1s analyzed through a set of four ciagrams
In the first drawing (Iig 6 a) that portion of the QRS which was registered mn each lead during
the {irst Ol sec after the onset of the complex 1s accurately reconstructed and s accompamed
by a schematic reproduction of the probable state of ventricular activation at the end of the first i
0l sec The second, third and fourth drawings carry on in a sumilar fashion respectively repro
dueing the portion of the QRS completed by the end of 02 04 and 06 sec together with the
probable status of ventricular activation at the end of each period Since the precordial leadls u:s
his and 1n subsequent figures were taken consecutively rather than sunultaneously this analys
:s subject to error in the event that the beginning or end of the QRS complex happened to be 150~
electre

e was two and one-half times

The g1 on Kk e e eardiogaam takon at the cusiomary camera speod
the square mxlhmetir “::,r:;ngiate the upstro¥e and dowastroke of the QRS complex sufficiently
This was done 1 oF e!‘learl pxdentxﬁed i the drawmng The time interval as measured on a hor-
so that each could be ¢ yo vertical ines 15 04 sec and that between each fifth heavy line 1s
1zontal plane between an:g tw 1h the electrocardiographie tracing The amplitude of the tracing
20 sec thus corresycn{ m!,'l‘;'l the drawing 1s the same as 1 the orignal electrocardiogram and
as measuredll?u;n:::?:;te::bjected to the magnification (X 2 5) employed for the time intervals
thus the ampl:
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In the cross sectional diagrams the portion of the ventricle over which the electrode was pre-
sumably centered 1s indicated by a dot for each of the six leads Since the electrode was placed
on the precordium at some distance from the epicardium 1t subtended a much larger ventricular
area than 1s represented in the diagram The sign adjacent to each dot was determned from the
direction that the string was taking up to the moment depicted 1n the diagram Thus the registra-
tion of an upstroke 1n a precordial lead indicates that the electrode was becoming increasmngly
positive and 1s represented by a plus sign at the corresponding epicardial dot the registration of
a downstroke sigmfies that the potential of the exploring electrode 1s changing 1n the opposite di-
rection and 15 represented by a minys sign  The sign 1n the cavity denotes the presumed potential
of the endocardial surface at the same moment

The course of the impulse through the segment of wall subjacent to each of the six precordial
positions 1s represented by arrows The beginning of the upstroke wmn a given lead 1s taken as the
reference pount for the start of the impulse through the underlying subendocardial layer whereas
the peak of the upstroke marks the arrival of the impulse at the epicardial surface The arrow-
head represents the approximate position of the activating unpulse at the moment depicted mn the
diagram as estimated from the portion of the ascending Limb of the R wave completed at that mo-
ment When the phase 1llustrated in the diagram antedates the arrival of the impulse or follows
the completion of its passage through a given segment of myocardium the arrow s omitted Un-
der these circumstances potentials created by activation of other portions of the ventricle and
referred to the cavity are transmitted through inert segments to dominate the exploring electrode
as indicated 1n the figures by parallelism 1n the potentials of the endocardial and epicardial sur-
faces

Prelimnary reference to the original electrocardiogram {Fig 6 ) reveals that the QRS com-
plexes at V; and V3 resemble closely that recorded at V; whereas the QRS complexes at V, and
Vs are much like that at Vg The striking contrast 1n the form of the QRS complex m V; and Vy
indicates that the electrode :n its shift from one posttion to the next has crossed the interventricu-
lar septuma  Thus 1n this case the electrode at positions Ve and V3 like that at V; 1s dominated
by the potential variations of the epicardial surface of the right ventricle whereas the electrode
at positions V4 and Vg like that at Vi 1s dominated by the potential variations of the epicardial
surface of the left ventricle

The imtial upstroke n right ventricular Leads V, and V; indicates early positivity of the epl-
cardial surface of the right ventricle Since an early R wave has been demonstrated 1n leads from
the right ventricular cavity of dogs and human subjects the endocardial surface of the right ven-
tricle 18 electropositive mmtally as illustrated m» Fig 6 a The R wave wn leads from the right
ventricular cavity and the first portion of that in leads from the right precordium 1s derived from
electromotive forces originating in the septum and 1s due to earlier onset of activation of the left
side of the septum as illustrated in Fig 6 a and/or to greater magmtude of the forces developed
through activation of the left than the right half of the septum as indicated by the disproportion
petween the septal arrows 1n Fig 6 b Passage of the impulse through the free wall of the right
ventricle as represented in Fig € b contributes to the R wave 1n leads from the right precor-
dium The attainment of the peak of the R wave in Leads V, and V; by the end of 02 sec and the
onset of the ntrinsicord deflection immediately thereafter indicate early extinction of the positive
o the right during septal activation and early arrival of the impulse at the ep-
e right veniricle as depicted in Fig 6 b The brief time required for the
ht ventricle 15 attributable to the thinness of this

potentials referred t
1cardial surface of th
impulse to traverse the free wall of the rgl
stirycture m normal persons

of the tracing at position Vs to that at Vi and V; indicates that V5 1n
the potential variations of the right side of the heart The
than at V> and ¥V, together wath the later attainment of the
potentials derived from activation of the

The general resemblance

this case 15 hkewlse domuinated by

t V:

reater amplitude of the R wave al 3

iea'h 1s attributable to greater admuxture of positive
nearl’ny anteroseptal wall of the left ventricle
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ty of the anieroapical wall of the lefy ven-
The taitial upstroke M Lead V, taken{rom the vicim! e ot apes 28 e tn Pog
e as “&m(&s‘ah::da;“s:ee:;gsi?:u::: ;zhez;:np\;\:: contimging ascent of the R wave i\nm';l.
e o damanEzt rsa ¢ sigmifies that the smpulse 1s still i progress through the amex-::a;; c;-
A 01 1ce1e The sagpilicantly longer tume required for actwation of the anierio

::llll Zfl t:’::i le;t :;:nrthe right veniricle 1s referable to the normal dufterence {n thickness

and Vg Indi~
The fact that the mmtial movem;.nt :;l hthe st:;n:(zfv:g::: ::n:::-::‘.c‘:“;:f;?\ :!f\trk?e o gentr\-
s reached and begun .
ﬁf::n:;iléx \:n::::mav‘ griar to it srf“:\'al 1 the anterolateral :n:nl:e:-:;lz :]ll.za{‘as;ngmpl{ﬁ{
©
fons V. and ¥ The antecedent onset of actwation of the septum an e ttiod theough tne
sricle canses merassing Negativity of the ventricular eavity whic)
‘: ;Yeic\‘,n:cma\ed fateva) wall producing q waves at Vs and Vg, a8 sllustrated in )Fiiésb a,;::’:,
gowneard movement or g wave at Vg fasts for G1 sec when it is suddenly replace ;v iy
ward movement or B wive marking the onset of actwahon of the subendocard{al muscie o e“
anterolztera) aspect of the left ventricle as represented by the arrowhead in Fig 8 b Activation
of the lateral wall beneath Vg begns somewhat lates the downward movement of the string con~
tanuing for a tota) of D2 sec The fact that the g waves in Vg and Vglast but 01 1nd D2 sec  re-
spectively and ave succeeded by R waves whose amplttude is at least four tmes as great indi~
cates that these § waves ave with g normal luztits  Both their dutation and magnitude are explzin~

able by the normal ditference in onset of activation of the septal and lateral walls ol the et
ventricle

4n ygrand movement of the string begins 1 Lead Vg immediately after the expiration of the
02 sec nteeval and marks the arrival of the inpulse n the sybendocardial layer of the lateral
wall The activation of the lateral wall of the loft ventricle proceeds rapidly thereatter and the
peak of the R wave heralding the arriyal of the impulse at the epicardial surface is attained by
the end of Q4 sec {Fig 6 ¢} Meanwhile the peak of the B wave 2l V; has been passed and the
mirin.1cofd downstroke 15 10 progress at the end of 84 sec During the interval between 02 and
04 sec  the upstroke of the R wave in night ventricular Leads Vi V;. Vahas givern way to an fn~

trinsicosd movement wiuch reaches the isoelectric e by the end of 03 sec  This downsiroke
does not stgp at the 1

tric lne but 5 below as an S wave due to the fa~ that the deft
ventricular cavity potentials which a~e © 7 actvation
o* the lateral and posterior wails of t Tpletely de~
polarized septum and rigbt ventricula pus udits ¥y, Y, and Vi By the end of 06 s
(Fig § 4) the entire ovier wal o ac 3.3 o

of bath ventricles has been activated «s shown by the fact that
the string does not igress further from the 1.0electric line in any lead During the interval from
08 t0 Q8 sec  she potentials of both the cavity apd epicardial surfaces rapidly retarn to zere

The progressive Increase 1n the amplitude of the R
wave and in the leagth of the inte rval fro:
\lxl\:d\::‘\;m :‘u ihe pleak z;§ the ):h wave as the electrode 1s moved from posum%v ytoVgisy nomain
and merely seflects T g

g eAocrroge y e notmally increasing thickness of myocardium heneath the exglor~

The wterval from onset 1o peak of th
e R wave n L eads
elapsing between the opses of s&gtal activation and the an-:‘ e g o e of the e
ace of the right vertricle an

2} of the impulse at the epicardial sar-
o1 02 sec rapresents a typ!

anterslatera) wail of
ment of 03 sec  is below the normsl imnt of Q4 secme et vemncle and the oA measure-
The fact that the § wav
¢ ts dee;
15 moved tarther vy e, S ) PSS 2t Vy and V, and Progréssively duminishes os the eleatrode

N Al
termath of the normal Afferesices i tine of completion of
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activation The S wave 1s deepest over portions of the ventricles where activation 1s completed
earliest, because of the longer time interval available for the transmission of negative cavity po-
tentials to the overlying precordial electrode The absence of an S wave from Lead Vg indicates
that the lateral wall was one of the last portions of the ventricles to become depolarized the cav~

1ty potential having returned to zero by the time the intrinsicoid deflection was completed in this
lead

The form of the QRS complex as recorded in esophageal leads of the normal adult The form
of the tracing in esophageal leads depends upon the position of the electrode in reference to the
left atrium and the two ventricles This 1s exemphified by Fig 7 selected esophageal thoracic
and limb leads obtained upon a normal subject are reproduced 1n Fag 7 e and correlated with
anatomic diagrams mn Fig 7,a b ¢ d

A rough index of the position of the esophageal electrode may be obtamned from the length of
catheter passed through the nares, but a more precise estimate of its relation to the left atrium
1s based upon the contour of the P wave, provided that the pacemaker 1s 1n the sinus node The
presence of a precipitous mntrinsicoid downstroke 1n the P wave as evident in Leads Ej3s,40 of Fig
7, e ndicates that the electrode 1s behind the left atriumt  When the electrode 1§ near the auricu-
loventricular groove the intrinsicoid downstroke 1s almost entirely above the 1soelectric Line as
in Lead Eyp When the electrode 1s near the upper margn of the left atrium the major portion of
the intrinsicoid deflection extends below the 1soelectric line

The intrinsicoid auricular deflection 1s absent when the electrode 1s well above or below the
atrium and the P wave exhibits a more gentle slope and a more rounded contour In the presence
of normal sinus rhythm the P wave registered from points in the esophagus above the left atrium
1s inverted whereas that recorded from points helow the atrium and behind or below the ventricle
1s upraght An upright P wave with gently sloping imbs signifies that the electrode 1s either in
the lower esophagus opposite the posterior wall of the ventricle or 1n the stomach facing the in-
ferior diaphragmatic surface of the ventricles The contour of the P wave in Lead Egsof Fig 7
indicates that the electrode was below the left atrium and the short stature of the patient suggests
that 1t was lodged 1in the stomach Under these circumstances the QRS-T pattern may be consid-
ered representative of the potential variations of the epicardial surface of the posterior diaphragm-
atic ventricular wall The decision as to whether the predominant influence came from the poste-
rior inferior wall of the left or the right ventricle 1s based upon a comparison of the QRS-T pat-
tern 1n esophageal leads at the ventricular level with that in multiple precordial leads From the
close resemblance of the QRS-T complex in Lead Egs to that in Lead Vg 1t 1s evident that Lead
Ess reflected the potential variations of the posterior diaphragmatic surface of the left ventricle
The intrinsicoid deflection recorded 1n the P wave 1n Leads E,gand Egg signifies that the electrode
was behind the left atrium and thereby received potentials from the left ventricular cavity trans-
mitted through the mitral orifice and potentials from the epicardial surface of the posterobasal
wall of the left ventricle near the auriculoventricular groove The fact that the QRS-T pattern in
Lead aVy is intermediate between that m Esgand E,, suggested that the left leg lead reflected a
mixture of potentials from the posterior apical and posterior basal aspects of the left ventricle
These considerations governed the placement of the electrode 1n reference to the sagittal section
of the left ventricle and atrium n Fig 7

1stration of the QRS complex 1s analyzed 1in Fig 7 through a series of four diagrams
prepared in the same manner as those in Fig 6 The portion of the QRS completed by the end of
02 04 06 and 08 sec 1s accurately reconstructed and the cowncidental status of ventricular
activation indicated by appropriate arrows and + and - signs
n of the tracing recorded during the first 02 sec (Fig 7 a) reveals an
fying early arrival of the mmpulse 1n the anterolateral aspect of
the left apex and a simultaneous q wave 1n Leads Ess and aVy, indicating that the impulse had n;)t
; d and begun to aclvate the posteroinferior (diaphragmatic) wall of the left ventricle
as yet reached an d: and aVr represents the transmission of negative paten:!a)s from the
The downst‘roke‘m nLi? t:eEgzptum and the anterror wall of the left ventricle through the cavity and

The reg

A study of the portio
initial R wave 1n Leads Vs ¢ signy
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the resting posterior wall to the stomach and left leg Immedately after the expiration of the
first 02 sec the q wave at Ess and aVr 1s replaced by an upstroke, denoting the onset of activa-
tion of the posteroinferior wall of the left ventricle The completion of the downstrokes of these
q waves within 02 sec and their relatively small amplitude in comparison with the succeeding R
waves mndicated that the q waves of Leads Ess and aVp are normal The attainment of the peak of
the R wave in Lead Egs by the end of 04 sec and the onset of the intrinsicoid deflection immedi-
ately thereafter mark the arrival of the 1mpulse at the epicardial surface of the posteroinferior
wall of the left apex an interval well within the limits of normal Meanwhile the passage of the
impulse through the anterolateral wall of the left ventricle has been completed as shown by the
fact that the intrinsicoid downstroke 15 1n progress i Leads Vs This downward movement in
Lead Vg continues below the 1soelectric line as an § wave due to transmission of negative poten-
tials from the endocardial aspect of the posterior wall through the cavity and completely depolar-
1zed anterolateral wall to the precordial electrode

Since the registration of intrinsicoid deflections 1n the P waves of Leads Egs and E pdenoted
levels behind the left atrium the electrode was 1n position to record ventricular potentials trans-
mitted from the endocardium through the mitral orifice and left atrium as well as from the epi-
cardium of the posterobasal wall The Q waves in Leads E4pand Ej3slasted 03 sec and nearly

04 sec respectively and measured over 25 per cent and over 100 per cent of the amplitude of
the succeeding R waves in the two leads When the electrode 15 behind the left auricle (e g 1n
Leads Eypand E35) Q waves are expected normally to equal or exceed those of Euand Ejs and
are an expression of transmission of negative potentials from the left ventricular cavity through
the mitral orifice and left auricle Thus the prominent Q waves i these leads are of no diagnos-
tic importance The only significant temporal measurement in these leads 1s the tune from the
onset of the Q to the peak of the R wave which corresponds approximately to the time elapsmng be-
tween the arrival of the impulse 1n the septum and the completion of its passage through the pos-
terobasal wall of the left ventricle

Prolonged conduction through the outer wall of the left ventricle In Fig 8 the precord:al
electrocardiogram of a young woman with typical clinical and roentgenological signs of left ven-
tricular hypertrophy due to hypertension 1s reproduced and analyzed in a manner simalar to that
employed 1n Fig 6 The QRS interval measures 11 sec and thus exceeds the customary range
in normals but falls short of that in bundle branch block The transitional zone in Fig 8 hike
that in Fig 6 1s between positions V3 and V4 The first three leads reflect principally the poten-
tial variations of the right side of the septum and epicardial surface of the right ventricle the last
three those of the left side of the septum and epicardial surface of the left ventricle

The first drawing (Fig 8 a) represents a reconstruction of that portion of the QRS complex
registered 1n each lead during the first 02 sec accompanied by a cross section of the ventricle
showing the presumptive state of ventricular activation at the end of the period A study of this
drawing reveals that the mitial deflection in Leads V; Vp and V3 1s upright and reaches 1ts peak
within the first 02 sec  sigmiywng early onset and completion of right ventricular activation sium-
1lar 1n every respect to that found wmn normal tracings reproduced 1n F1ig 6 The mitial upstroke
in Lead V; facing the anteroseptal wall of the left ventricle signifies early arrwal of the 1mpu}:se
1n that region 1n this case asin the normal An nitial R wave 1s also recorded in Lead Vs Tve
fact that the portion of the R wave recorded 1n the first 02 sec 1s shghtly smaller at pz)smcnd“g,|I
than at V, is presumably referable to 2 slightly later arrival of the impulse in the subendoiar s
muscle beneath position V5 The delay 1n arrival of the mmpulse m the portion of the latem1 ;va '

the electrode at position Vg 1s sufficient to permut the registration of an mtial dow
subtended by t. cavity potentials transmatted through the as yet unactivated lateral wall Swmce
stroke xefle® m% thel ywave mn Lead Vg 1s only 02 sec 1in duration and 1s much less than 25 per
the ?O;J?;'r::,iyﬁzude :f the succeeding R wave this q wave 1s entirely normal and quite compar-
cent of the

able to that in the corresponding lead of Fig 6

f
ting the state of activation at the end o
{ the next two drawings represen

Thé;s:)x;ilkl:cg ferzt:;:cfwely 15 the increased duration and amplitude of the R wave in left
04 an 5
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ventricular leads in comparison with the normal findings as reproduced 1n drawings at sumilar
time intervals in Fig 6 The string 1s still moving upward at the end of 04 sec 1n the records
taken at positions V, Vs and Vg 1indicating that the impulse 1s still i progress through the left
ventricular wall as shown by the arrowhead 1n the second drawing The attainment of the peak of
the R wave marking the arrival of the impulse at the epicardial surface requires a total of 05
06 and 07 sec from the beginning of the QRS complex in Leads Vs Vs and Vg respectively of
which 05 sec 1s consumed 1n recording the upstroke of the R wave The increased time 1nterval
from the onset of the Q wave to the peak of the R (and from onset to peak of R) coupled with the
increased amplitude of the R wave 1n leads over the left ventricle differentiate the QRS complex
of this case from the normal 1llustrated in Fig 6 and are indicative of prolonged activation of
the outer wall of the left ventricle In patterns of this type left ventricular hypertrophy 1s almost
always present but a myocardial lesion prolonging conduction 1n the absence of hypertrophy 1s
occaswonally responsible The increased thickness of myocardium which must be traversed i
left ventricular hypertrophy accounts for the longer time consumed and the greater voltage de-
veloped

The lengthened interval required for left ventricular activation makes a longer time available
for the transmission of the negative potentials of the left ventricular cavity through the septum
and the right ventricular wall Thus the intrinsicoid movement n right ventricular Leads V; Vv,
and V3 continues downward as an exceptionally deep S wave which like the tall R wave 1in left ven-
tricular leads 1s a feature of left ventricular hypertrophy A small but defimite S wave 1s regis-
tered 1n V; due to continuing activation of other portions of the left ventricle after completion of
depolarization of the anteroseptal wall The absence of an S wave from Leads Vs and Vg 1s n
keeping with late completion of activation of the lateral wall of the left ventricle

The slurring or notching of the ascending limb of the R wave in Lead V, and of the descending
lmmb of the S wave in V3 are common findings in leads near the transitional zone and may reflect
the arrival of the impulse at the epicardial surface of the anterior terminus of the septum or the
opposite ventricle The slurring of the downstroke of the S wave 1n V3 1s synchronous with the
peak of the R wave 1n V, and apparently marks the arrival of the impulse at the epicardial surface
of the anteroseptal wall of the left ventricle The slurring of the upstroke of the R wave 1n V4 oc-
curs later than the peak of the R wave in right ventricular Leads V; V and V3 but earlier than
the peak of the R wave n left ventricular leads and may be due to arrival of the impulse at the
epicardium covering the anterior terminus of the intervening septum

The depression of the S-T junctions and deep inversion of the T waves 1n left ventricular Leads
V, Vs and Vg and the reciprocal S-T and T patterns in right ventricular Leads V; and Vp are
characteristic manifestations of this pattern The prolonged activation of the outer wall of the
left ventricle 1s apparently accompanied by prolonged repolarization The direction of the S-T
and T 1n left ventricular leads indicates negativity of the subjacent surface and subepicardial lay-
er of the left ventricle throughout repolarization and 1s consistent with progress from endocardium
to epicardium — the reverse of the normal process The depression of the S-T junction and seg-
ment suggests that repolarization 1s 1n progress at the completion of the QRS and the convexity
of the S-T together with the inversion of the T wave and lengthening of the Q-T mterval are 1n
keeping with late and prolonged repolarization of the subepicard:al zone

Left bundle branch block In Fig 9 the electrocardiogram of a patient with advanced hyper-
tensive heart disease 1S reproduced and analyzed by means of a set of four diagrams which rel—
construct the QRS complex as registered during the first 02 04 08 and 12 sec ;espe}:‘ctwe ly
The diagram of the ventricles differs from that of Figs 6 and & in that a coronal r:;tle;‘ttban :hes
transverse section is employed 1n order to depict the bundle of His and 1ts right :mf (J r:mrdml
The transitional zone 1s citua.ed between the V, and Vs positions so that the first ;:xrepnx;i:izle
leads reflect principally the potential variations of the epicardial surface of the right v

the last two leads those of the left ventricle
Vs and V, with the corresponding leads of a patient with typical

Comparison of Leads V; V2 lar hypertroph} (F1g 8) reveals a superficial

electrocardiographie findings of left ventricu
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resemblance with respect to the relative amplitudes of the R and S waves the displacement of th
5-T jJunctions and the direction of the T waves The most significant differences between th tt y
tracings will be found in the duration of the QRS complex and in the contour of this compl e
Leads Vs and Vg These features require detailed consideration e

The QRS interval of 13 sec in association with 2 smus rhythm and PR interval exceeding 12
sec estabhishes the presence of an intraventricular conduction defect A comparison of the gme
wnterval preceding the onset of the intrinsicowd deflection in leads aver the right with that 1n leads
over the left ventricle reveals the ventricle through which conduction 1s delayed The fact thata
mere 02 sec 1s reqired for the attainment of the peak of the R wave in the first four precordial
leads and for the wnscription of the intrinsicowd deflection in Lead Vy signifies early onset and
completion of right ventricular activation Hence the lesion responsible for the prolongaticn of
the QRS mterval 1s not located 1n the right ventricle On the other hand the precipitous down-~
stroke representative of the intrinsicoid deflection 1n Leads Vs and Vs does not begin until 08
sec after the onset of the QRS complex mndicating an abnormal delay in arrival of the impulse at
the epicardial surface of the anterolateral wall of the left ventricle Therefore the prolongation
of the QRS interval 1s caused by a conduction defect 1n the left ventricle

The decision as to whether the conduction defect 1s in the septum or free wall of the left ven-
tricle 1s made from the direction of the imtial phase of the QRS complex together with the con-
tour of the rest of the tracing preceding the delayed intrinsicord deflection If the prolongatton of
the QRS wmnterval 1n this tracing were the result of a conduction defect limited to the outer wall of
the left ventricle, Leads Vs and Vj; should have displayed a @ wave representing negative cavity
potentials derived from umpulses passing from left to right through the septum and transmitted to
the left axilla up until the beginning of activation of the anterolateral wall Furihermore if the
conduction delay were referable to a lesion 1n the subendocardial layer of the anterolateral wall
an abrormally deep and prolonged Q wave should have been present as an expression of the long-
er interval between the spread of the impulse through the septum and 1ts arrival in responswve
muscle mn the free wall This situation will be exemplified 1n Fig 19 If the lesion of the puter
wall spared the subendocardial layer but involved the midzone a normal Q wave followed by a
notched or slurred upstroke would have been expected A Q wave preceding a notched or slurred
R wave 1n leads facing the epicardial surface of the left ventricle would be imterpreted as evi-
dence (1) that the septum was activated in the normal fashion, (2) that the conduction defect re-~
sponsible for the distortion of the R wave was located n the outer wall

The 1tial and late upstrokes with mtervenming notching or slurring in Vs and Vg of Fig 9 are
distinet from the foregomng patterns The registration of an imhial R rather than a Q wave 1w all
precordial and umpolar limb leads with a late intrinsicord deflection (left ventricular leads) indi
cates early positivity of the left ventricular cavity due to septal activation by impulses passing
from right to left as shown by the arrow in Fig 9 a The secondary upstroke or R' deflection
beginning at the nadir of the notch 04 sec after the onset of the QRS complex marks the arrival
of the mmpulse 1n the outer wall of the left ventricle Septal actwation from right to left together
with abnormal delay 1 arrival of the umpulse 1n the outer wall of the left ventricle establishes
the presence of left bundle branch block The time elapsing between the onset of the QRS and the
onset of the R' deflection serves as an index of the time consumed n septal activation An mnter
val of 04 sec or more signifies complete left bundle branch block an interval between 02 and

04 sec 1s associated with mncomplete left bundle branch block

The tume elapsing between the onset and peak of the secondary upstroke or R' deflection n Vs
a rough wndex of the tume consumed 1n passage of the unpulse from the endo-
dia] surface of the anterolateral wall of the left ventricle The 04 sec inter-
dicative of prolonged activation of the underlying left ven-
The registration of distinct S waves following the intrinsicoid deflections wn Leads
{ continuing activation of more Jateral or posterior portions of the
polarization of the anterolateral wall as depicted in Fig 7

he esophagus or back would have shown an abnormally

and Vg constitutes
cardial to the eprcar
val 1n this case 1s borderlme and not n
tricular wall
Vg and Vg constitutes evidence O
left ventricle after completion of de
It 15 therefore probable that leads from t
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prolonged R' upstroke representative of hypertrophy and/or delayed conduction in the posterior

or lateral wall Actwvation of the free wall of the left ventricle not only produces the secondary
upstroke n Leads V5 and Vg but also contributes to the deep broad § waves simultanecusly regis-
tered 1 right ventricular leads (F1g 9 ¢)

Thus a diagnosis of left bundle branch block is reached in Fig 9 through the demonstration of
{1) 2 normal P wave and P-R interval of 12 sec or more signitying that the impulse which has
caused the QRS complex was of auricular origin and reached the ventricles through the auriculo-
ventricular node (2) a QRS wterval of 12 sec or more which denotes a conduction defect some-
where m the ventricles (3) an early attawument of the peak of the R wave in right ventricular leads
and 1n abnormally late attainment 1n left ventricular leads 1indicating that the spread of the im-
pulse was normal through the right ventricle and delaved through the left ventricle and {4) an ini-
t1al upright deflection m left ventricular leads signifying that the conduction defect was in the left
bundle branch rather than in the outer wall of the left ventricle The depression of the §-T junc-
tiong and mversian of the T waves n left ventricular leads and the elevated S-T junctions and up-
Tight T waves m right ventricular leads consutute the usual findings in lelt bunale branch block
and presumably have an analogous genesis to those 1n Fig 8  The S-T displacement in this case
w33 exagyerated as a result of digitalis action

InFig 10 the mechamsm of registration of the QRS-T in the normal electrocardiogram and in
telt bundle branch block 15 contrasted by means of a reconstruction of the QRS-T at fixed intervals
after its onset along with diagrams of the probable electrophysical state of the ventricles In the
Gagrams polarized muscle 15 stippled activated muscle 1s left blank and the vector associated
with the process of activation is represented by an arrow

Left pundie bronch block with
NORMAL {eft ventricular hypertrophy

02 sec after onset of pehvotion

Ouring repotonzation ( 1§ sec !?{ler onset ORS)

Figure 10
During tye 1

Noral 1rst 2 s,

ec af
rePresem\ng e or the onse

t of the QRS a 9 wave 35 recorded in Lead Vg of the
Bative potentials deryve Tom left to right activation of the sept; !
15 tial d f: 1 um and
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transmitted to the axilla priar to the arrwal of the ictivating impulse in the lateraf wall {Fig 10 a)
Meanwhile an R wave 15 recorded in Lead Vj in 1eft bundle branch block due to activation of the
septum n a right-to-left direction as :llustrated n Fig 10 a'

The nuddle pair of diagrams depiet the portion of the QRS registered mn Vg during the first 05
seéc along with the progress of activation  In the pormal the q wave has beep succeeded by an
upstroke derived from activation of the free wall of the left veniricle and recognized as normal
by iis contour and duration Prior to the expiration of 05 sec in the normal the peak of the R
wave has been passed and the succeeding wntrinsicold downstroke 15 1n progress reflecting ex-
tinction of potentials arising from actration of the underlying wall Meanwhileé an wnitisl R wave
and a notch, followed by the beginping of an R' wave have been recorded 1 F1g 10 b, reflecting
right-to-left activation of the septum during the first 04 se¢ to produce the R wave then onset
of activation of the outer wall of the left ventricle to wntiate the B wave The total time elapsing
from onset to completion of the R' wave coiers the wterval between 04 ta 09 sec , as Nlustrated
m Fig 10 b' and 10 ¢! and reflects prolonged conductian through the free wall of the left ventry~
cle probably from the depicted hypertrophy

The lower patr of diagrams exemplify the progress of repclarization The registration of an
upright 'T wave 1n the normal (Fig 10 ¢) indicates positivity of the surface apd 15 in keeping with
early repolarization of the subepicardial layer and progression centripetally ‘The registration of
a convexly wverted T wave i left bundle branch block (Fig 10 ¢'} indrcates negativity of the sur-
face and 1s in keeping with centrifugal repolarization and late recovery of the subepicaraial Jayer

Fig 11 exempines the registration of the QRS complex i imcomplete and complete lefs bundle
branch black In each case the wntial upsiroke ;n ¥ winch would also be recorded {rom the left

LEFT BUNDLE BRANCH BLOCK

Tyme  NCOMPLETE COMPLETE

after

onsef

GRS v v,
02 + oo

1 sec,

Figore 31

he upper pair of ia-
to-1eft septal vector as depicted 1n 4 Pl

or more 1 complete left bundle branch block (Fip 11
ete left bundle branch block (Fig 11, b} The beginming

yeniriculay cavity indicates 3 right-
grams Septal activation requires 04 e.ec1
b'} and betweel 2 ang 84 sec It wngomp
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of the R gefinction 1 Vg marks the arrival of the tmpulse in the subjacent wall and the peak marks
s extction The intervening periad serves as an index of the time required for activation of the
free wall of the left ventricle and 1s prolonged » hypertrophy andfor aberrant activation of the sub-
jacest outer wall  The total tume from onset of the QRS to the R’ peak 15 prolonged to 8 sec aor
more m complese left bundle branch block and to between 06 and 08 sec in incomplete [eft bundle
branch block (F1g 11 ¢ and c¥)

fig 17 illestrates 2 relahvely commen hindung characterized by the registration of {1} an rR’
comples 1 Lead Vg ard 1n all other leads at the horizoutal Jevel of the apex of the jeft ventiricle
(¥ ¢ and usually V5 and V) {2) = qR complex in Lead HVg and 1 all leads at the same horizontal
feve] ovesfying the base of the Jeft ventricle (HV7 1V and usually Vg) The upright injtial de-
flection Vg and n all leads facing the apex of the left ventricle points to a mght-to-~left vector
 achivatian of the apicat half of the septum the downward initial defleetion in HVg and in ali leads
facing e base of the left ventricle is an expresston of the usual lefi~to-right vector i activation
of tne hasal half of the septum  This combination of findings would be expected Irom the fact that
{1} muormal dogs onset of activation in the left side of the septum precedes that i the right by a
very brief mterval 4t the apex and by a significantly longer interval at the base (2) lesions of the
left sde of the apical portion of the septum are commoner than lesions elsewhere in the septum

Actvaron of APICAL portion Activation of BASAL portion
of septum and free wall of septum ond free woll

T\'me

aiter

onset Ve HVG
ORS =N

07

Figure 12
A% (ofery, Ao
T 0210 04 ge
¢ hetwaen the onse
Tation of 1 g ;ef‘ ventricnlar nset of the snatial R and the succeading R

leads at in Lead
1520 13 m bo at the horizontal level of the apex along with a

iotal QRS
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sigmficantly delay the onset of activation of this portion of the heart * An upstroke derived from
the free wall (R of a qR complex or R' wave of an rR' pattern) that exceeds 04 sec from onset to
peak 1s an index of prolonged conduction usually due to hypertrophy

In Fig 13, the patterns of left bundle branch block and conduction defect in the outer wall of
the left ventricle are contrasted Both are produced by an impulse arising in the auricle and
transmatted to the ventricles through the auriculoventricular node Both are characterized by
broad slurred, or notched QRS complexes 12 sec or longer in duration Differentiation 1s made
on the basis of the direction of the wntial deflection 1n left ventricular leads In left bundle branch
block there 1s an imtial R wave mn all left ventricular leads as the result of a right-to-left septal
vector (Fig 13, a} With an intact septumn and a conduction defect n the free wall of the left ven-
tricle, there 1s an initial Q (Fig 13, 2'), the amplhitude and dur ition of which will depend upon the
amount of delay in onset of activation of the free wall of the left ventricle The upstroke of the R
wave 1s frequently slurred or notched presumably reflecting aberrance in the propagation of the
mmpulse through the pathologic outer wall of the left ventricle (F1g 13 ¢')

Defectwve conduction thraugh
Lefi bundle branch block outer woll of lef} ventricle
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Figure 13

Prolonged conduction through the outer wall of the right ventricle In Fig 14 the precordial
electrocardiogram of a young woman with typical clinical and roentgenologic signs of right ven-
tricular hypertrophy due to mitral stenosis 1s reproduced and analyzed in a manner;umlar ;:f
that employed m Fags 6 and 8 The duration of the QRS complex i1s 10 sec A quic 1pefrusa g
the tracings shows a striking difference from the normal and an approximate reversat o th; pand
tern of left ventricular hypertrophy depicted 1n Fig 8 The tracings recorded at positions V; &

ex would be expected 1 HV ¢ in the presence of infarction of the subendocardial portion

#An sbrormal QF come 1 when the proximal part of the septum is activated 1n a left to right direction

of the base of the lateral wal
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Vz 1n this case resemble those oblamed at positions V,, and Vs in left ventricular hypertrophy
whereas the pattern m Leads Vg and Vs of this case 1s more representative of that customanly
found i Leads Vy and V; The general resemblance of the QRS complex 1 Lead Vs of Fig Uto
that of V; and Vy suggests that the precordial clectrode at the V3 position was dominated by right
ventricular poteatials, and the general resemblance of the QRS of Vy to that of V5 and V; suggests
that the precordial electrode 1n this location was dominated by left ventricular potentials  Further

dctails are brought out through a study of the portions of the QRS completed in each lead at the end
of 02, 04 and 06 sec , respectively

The mutial deflection 35 upright i Leads Vg and Vg as well as in Vy of this case, wdicating -
early activation of the lateral as welf s the anterior aspect of the left ventricle Furthermore,
the peak of the R wave 15 attamed 1n leads over the left ventricle i the very short span of 02sec -
presumably due in part to early arrival of the impulse at the epicardial surface of the anterior and

lateral walls of the left ventricle, in part to opposing forces transmitted from the conttmumng ach
vation of the right ventricle

The mtial deflection 1n Leads V, and V3 15 upright but the QRS complex in Vy apparently be
gws with a minute downstroke which 15 quickly replaced by an R wave Two explanations for
these findings were considered (1) the rght ventricular cavity was mmtially electropositive from
activation of the septum an the usual left-to-right direction  The potentials transmitted from the
right side of the septum would be expected 10 cause 1mtial upstrokes in leads over the right ver
tricufar eprcardum near the septum (Vj and V,) but may dwindle sufficiently to permt the regis
tration of a downstroke i Lead Vy and leads farther to the right presumably derwed jrom left
ventricular cavity potentials transmitted through the left and right atria [2) the right ventricular
cavity was imtially electronegative from activation of the septum from right to Jeft an unusual
vector that has been conclusively demonstrated in some cases of right ventricular hypertrophy b
recordings during right ventricular catheterization I such a vector were present i this case,
the registration of an mutial upstroke in Leads V3 and V; facing the anteroseptal wall of the right
ventricle would ndicate early onset of activation of the underiying subendocardial layer wheress
the q wave 1n Lead V; facing the anterolateral wall of the right ventricle would ndicate sufficient
delay w arrwval of the impulse to permut momentary transmission of cavity potentials 10 the suT
face Although no final conclusion was reached in this case because of the lack of cardiac cathe-
terszation the nfluence of the direction of the septal vector on the configuration of the QRS 1n
right ventricular hypertrophy will be presented in Fig 15

Py

The most striking features of Leads Vy Vp and V3 are the unusually tall B wave the late on-
set of the itrinsicoid deflection and the small or absent S wave From A study of the porton of
the tracing completed in the first 02 sec (Fig 14 a) it would appear that the umpulse has
reached the epicardial surface of the lateral wall of the left ventricle as shown by the attainment
af the peak of the R wave wn Leads Vs and Vg but only activated a fraction of the right ventricular
wall as shown by the relatively small portion of the R wave registered in Leads Vy, Vp and Va
The contmnuing upstroke in right ventricular leads during the next 02 sec (Fig 14 b) and the re-
qurement of a total of 04 to 05 sec for attainment of the peak of the R wave in these leads are
typteal of prolonged conduction through the outer wall of the right ventricle The bisis 15 usually
raght venircular hypertrophy occasionlly a myocardial lesion prolonging conduction m the ab-
sence of demonstrable hypertrophy

The registration of the descending limb of the S wave in Leads Vs and Vg Synchronously with
the upper portion of the ascerding lunb of the R wave 1y V; and Vp points to a common origin and
suggests that the S wave 1s due to transmission of negative right ventricular cavity potentials

1arized septum and anterolateral walls of the left ventricle to the left axilla The
through the dopo 11 S wave 1 Lead Vi facing the anteroseptal wall of the right ventricle together
pre:e?ct;;:ei::}iom Vv, would mdicate completion of activation of the anteroseptal wall of the
with 1ts

ht veniricle suificiently ahead of the lateral wall to perrmt brief transmission of negative cavity
right vel

potentials to the surface
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Athough tne contour of the S T segment 1n Leads V; and V3 suggests digitalis actfon the pa~-
1 ent had recewved no cardiac glycosides  The depressed S-T junctions and inverted to diphasic
T waves 1n Leads ¥y Vz and V3 are an expression of delayed repolarization of the subepicardial
tayer of the right ventricle secondary to profonged actwation and thus are analagous to those
over the hypertrophied left ventricle reproduced in Fig 8

Lpon pathologic examination of right ventricular hypertrophy three zones can usually be dis~
{agushed on the hasis of myocardial thickness (1) the tricuspid ring and/or crista supraventri-
cilars 1 which the myocardium equals or exceeds the thickness of the normal left ventricle,

{2) the trabeculated hody of ihe right ventricle which 1s usually dilated but relatively thin (3) the
owmal left veatricle In the coronal diagram of Fig 15 the electrode at Vi reflects chiefly the

potential variations of the hypertrophied tricuspid ring that at Vi reflects mainly those transmit-
;:;i(ir:;ri:;relatwely thin dilated body of the right ventricle whereas that at Vg faces the normal

. eTteﬁi::;;:(;::?}:‘:: 1‘:‘“3‘ deflection of the QRS depends upon the septal vector The mare fre-
lvedt vemm“l“eauw;::);eg::s::::n;e leisds together with dingrams depicting the probable
etorden o astraton nstructed in the left half of Fag 15 The Initial upstroke
Y 5 ms sg " 1enlar Leads Vag and V3 and the synchronous downstroke in Vj indicate o
canhnum:asc::ga fvg::mr as shown 1in the diagram of activation during the first 01 sec The
Ymare G tr:m e R wave 1n V3 between 01 and 02 sec and the simultaneous downstroke in
e more eert o acix;:ahon of the body of the right ventricle before arrival of the impulse in
cirdie) surtn of m:z(:d rmg Two channel records reveal simultaneous positivity of the ep1-
ran abotieg 03 o M} of the right ventricle and negativity of the cavity as shown in the dia-
yng sctwation of e leanwhxle the brief q wave in Vg has been replaced by an R wave signi-
Tetproen) § pave o Landercxateral wall of the left ventricle A prominent upstroke in Vapand a
Se¢ 10 fom 4 eads V3 and V5 are recarded late (between the intervals of 02 sec and 06
1agram} as a result of late activation of the hypertrophied tricuspid ring

The

and tm?iss:,,tf:: !‘:‘3“ thus comprises r and R' deflections separated bv notching or slurring
Yundle braneh block shape the rR lex found in the corresponding leads n § plete right
£ The e elac Tl;e distinction 1s based upon the duration of the initial r wave of septal ori-
¥ sec 1 moom r;smg rom the onset of the QRS to the onset of the R' deflection should exceed
sec satt o plete right bundle branch block and should usually measure between 03 apd

m 'mal septal activation st should not exceed 02 sec and 04

® 163d to the 11, This measurement
ht 1s made
complex ght of the septum with the best developed wntial component of an rR' or rRs i

The serial tra
cings on the right half of Fig 15 represent

e nt relativ

mﬁ:;:(we findings in right ventricular hypertraphy The mmtial d;l‘:s'::z;’mmon but wmportant

voutn synchronous R wave 1 Vg indicate A right to lelt septal vectar n € m Leads Vi and '

“avexchu!ar cavity 1n such cases the presence of an 1mtial downstroke records from the right

trateg ;s been demonstrated thereby confarming the lefiward dxrechonra;het than the usual r

bya the 0l sec digram The continuing descent at Vg togeth of the septal vector illus-~

d]agr;aupstmke that may cross the isoelectric line or may not relach(ﬂ‘ with the \nlerrup!ion n v

s m} are referable to activation of the body of the right vente; 1“ (a5 Mlusirated in the 0z

rocat :0" d\s\?’m ‘r(;c;sp‘d ring  The registration of pmmmer: ‘; fefore arrival of the impnise

wave in V3 and Vg 1s an expression of |, ate R wave

a3 1llustrated 1n the 06 sec diagram ate activation of the hypertrnphxedu:r‘xéek 2vg a recip-

uspd ring

alt

N
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Right bundle branch block The precordial electrocard
femoral arteriovenous aneurysm 1s reproduced in Fig 16 An attempted closure nine years pre-
viously was unsuecessful and further surgery was refused Serial limb leads over this periad
showed a first degree auriculoventricular block and no significant changes in the QRS-T pattern
At autopsy, marked right ventricular hypertrophy and moderate left ventricular hypertrophy were

10gram of a patient with long-standing

demonstrated
RIGHT VENTRICULAR HYPERTROPHY
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Figure 15

The tracing is analyzed 1n a series of four diagrams which reconstruct the QRS complex as 1t
was registered in each lead during the first 02 sec 04 sec 08 sec 12 sec respectwely In
these diagrams as 1n Fig 9 a coronal section of the ventricles 1s employed 1n order to depict
the bundle of His and 1its right and left branches

- 8 sec without dropped beats were present The
and a constant P-R interval of 2

Hg :::;Sy:lhﬁh?s sec was the most striking feature of the tracing and 1n view of the rhythm
fstabhshed the presence of an intraventricular conduction defect

1s that the broad double
lationships 1n the six precordial leads reveal

B oty o P-{NS Sriv:ves recporded inVy and Vz contrast sharply with the narrow R and w::e
peaked [ and narrov Vs, Vs and Vg Thus the transitional zone 1s situated between the in:‘].n
Slurr(’-d‘ S wavtehse 1fx:rsst two leads reflecting principally the potential variations of the epica

V3 positions
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surface of the right ventrscle the last fous leads i g chiefly the p { variations of the
epicardial snriace of the left ventricle
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The 1nitial upstroke n Leads V3 V4 V5 and Vg (Fig 16 a) together with the attamment of the
peak of the R wave in these leads within 04 sec (Fig 16 b) denotes early onset and relatively
early completion of activation of the anterolateral wall of the left ventricle and shows that the con-
duction defect responsible for the QRS prolongation 1s located elsewhere The fact that the mntrin-
sicoid downstroke in Leads Vy and V» begins 08 sec or more after the onset of the QRS complex
places the conduction defect in the right ventricle

The nature of the defect 1s revealed through a study of the portion of the tracing preceding the
late wmntrinsicoid deflection in Leads V; and V2 The registration of an mmtial R wave 1n these leads
indicates septal activation by impulses spreading from left to right as depicted by the arrow in
Fig 16 a the secondary upstroke following a notch or coarse slurring 1s referable to passage
of the impulse through the free wall of the right ventricle as shown by the arrow in Fig 16 ¢
The nterval of 04 sec between the onset of activation of the septum (or beginning of the imtial R
wave) and the onset of activation of the free wall of the right ventricle (beginning of the second R
wave) 1s abnormally long and establishes the presence of right bundle branch block An imterval of

04 sec or more may elapse between the onset and peak of the R' deflection of right bundle branch
block in the absence of a grossly demonstrable lesion of the outer wall of the right ventricle at
autopsy and 1s presumably due to aberrant activation analogous to that associated with left ventric-
ular premature beats In this case the known right ventricular hypertrophy may have been a con-
tributory factor An even longer time was apparently consumed i the activation of more lateral
or posterior portions of the right ventricle as may be inferred from the presence of S waves 1n
Leads V; and Vo

During the period between 04 and 08 sec when the R wave 15 being registered 1n Vy and V,
the mntrinsicoid deflection 1s completed 1n Leads V3 V; Vs and Vg and 1s followed by a broad
slurred S wave due to transmission of negative right ventricular cavity potentials through the
completely activated septum to the left precordium and axilla The opposing potentials from the
hypertrophied right ventricle may have accounted for the fact that the R wave 1n left ventricular
leads was not as great m amplitude or duration as might have been expected from the degree of
left ventricular hypertrophy found at autopsy

The depressed S-T junctions and inverted T waves 1n right ventricular Leads V; and V; and the
upright T waves 1n left ventricular Leads Vs and Vg constitute the usual findings 1n right bundle
branch block The diphasie T waves in the intervening leads are transitional in type

In Fig 17 the mechanism of QRS registration in Lead V; in right bundle branch block due to
septal infarction is contrasted with the uncomplicated pattern The presence of right bundle
branch block in QRS complexes of supraventricular origm 15 shown by a duration of 12 sec or
more and a late intrinsicoid deflection {delayed 08 sec or longer) in precordial leads facing the
right ventricle Uncomplicated right bundle branch block displays an wntial R wave from a left-
to-right septal vector (Fig 17 A)and a final R' deflection from aberrant activation of the free
wall of the right ventricle (Fig 17 C) These upstrokes are separated by slurring or by a down-
stroke of variable amplitude representing preponderance of negative potentials transmtted
from the left ventricular cavity during the period between extinction of septal activation and onset
of depolarization of the free wall of the right ventricle (Fig 17 B)

Right bundle branch block due to septal infarction 1s characterized by a QR deflection instead
of an RsR' complex The regstration of an mmitial downstroke in Vy and other right precordial
leads 1s referable to the septal infarct and 1s an expression of preponderance of negative poten-
tted from the free wall of the left ventricle through the dead window-like infaret over
rived from activation of septal remnants (Fig 17 A') The descent of the
1 the 1mpulse makes 1ts way by an aberrant route from the left to right ven-
ked by a late upstroke (Fig 17 C') Thus a QR complex is recorded
d duration and 2 late R wave

tials transmi
positive potentials de
tracing continues unti
tricle, whose activation 1S mar
composed of a Q wave of abnormal depth an

produced n Fig 1
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The presence of left bundle branch block could be established by ()2 normal smoauricular 0rgIn
and aursculoventricular conduction of the impulse (2} QRS duration of 12 sec or more 3)a
hroad slurred initial R wave Leads Vg and Ve The depressed convex g-T segments and deeply
sperted T waves 18 v, amd Vg constituted the wsual finding. 1 1eft bundie pranch block The deep
broad QS deflections in Vv Vp amd V3 were representative of a pastern sometimes recorged over
the right precordierm i uncomphicated left bundle branch block presumab\y the result of prepon-
derance of negative poiexmals from the right side of the septum over posmve putenhals from the
right ventriewla® wall early in the course of ventricular activation The clevated S-T segments
and monophasic ypright T waves 1n Leads V3 V2 consputed the expected findings 10 right precor-
daal lead
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of the septum during diastole as indicated nTig 18 A The Qrs pattern of relatively low volt-
age m Vy could be explamned as a mamfestation of the iransitional zone associated with an elec-
trode position straddling the septum during diastole, depicted Fig 18 A The Q wave corre-
sponded to the first portion of the QS n the first three precordial leads and probably represented
potentials transmatted through the anteroseptal wall of the right ventricle the R wave correspond-
ed to the expected tume of activation of the anteroseptal wall of the left ventricle and was probably
derived i thas manner The convex S-T segMent and inverted T wave of V, simulated those of Vg
and Vg and was attributable to counterclockw:se ratation of the left ventricle at the beginmng of
mechanical systole to a position subiacent to V; as dep:cted in Fig 18 B Upon analysis of the
record at V3 the resemblance of the elevated beginning of the S-T segment to that i Vp and the
resemblance of the coved terminus of the ST~T to that in V; suggested mechanical rotation of the
heart during registration of the complex so that the anteroseptal margin of the right ventricle was
beneath the electrode at the onset of S-T and the corresponding part of the left ventricle at the end
of the T, as depicted in Fig 18 B Mauxed trans:itional zonal patterns with presumed mechanical
counterclockwise rotation during systole have been encountered also in left ventricular hypertro-
phy without bundle branch block but with post~mortem exclusion of wmfarction
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acardial infarction Since correlative studies of serial electro-
Duregt leace l;x‘ ex::: Tr’t:nxfxlcxr?;tcozxc patholagy in anumals following coronary ligation form the
cardiograms Wit €7 tation of electrocardiographic patterns associated with myocardial infarction
basis for the Werp s amar of sore of the mare unportant observations in ammals will be given
:n humans 2 briet S“T s15 ::)f the electrocardiogram i human myocardial infarction Al;houglh
T« pre‘“dte QIC: i:vi';:e); about the findings 1n the antero-apical portion of the left ventricle following
the descriptio
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ve been demon-~

{ the descending branch of the feft coronary artery comparable 3‘?:59:02“”’ P

?5::::; leewhere Jn the heart following lLigation of o:lher m::{:r :;:2::;3; o ey the e rouapical
bl
Within 2 few s:c;nd:n?ﬁe;eosclusmn Zi::ea;:tefmr tis:d 0 f oy trom ahdh'ec; Le;d
B v any 1 \voﬁ the epicardium within the discolored area shows a progressive change r"‘
e 1o pa;ar 1y mverted T wave The T waves generally attain maximal depth within the
;m ﬂ(p :l‘x%:‘tt t(.;(:::;‘ndsp “li\t this stage the S-T junctions are usually 1soelectric but the S-T se gmer:(s
!lrl;:uenuyyethn the upward convexity and the T Zavle:n{ the ts‘:irplyt- :::;?:; ‘::;e‘x;s::;‘ iovx::\:hei
(uman myocardia arc!

f:: “'1"“::::: :::Lngttznz:c:::inn:::\mﬂ dep{h the color of the myocardium returns to ncrma{l and
the T waves progressively resume thewr orignal configuration The concurrent ap:):iaranc:a:ﬁme
sharp wversion of the T waves with mvocardial pallor and ¢yanosis and the promp ; 52;pp :
of the T waye ahnormalities with restoration of corenary circulation and myocardial color te nor-
mal wmdicate that the T wave abnormalities are the result of myocardial ischemia

1f the coronary hgature\ i3 retained for more than thirty seconds progressive elevation of 5-T
junction 15 noted m direct leads from the discolored area beginning 30 to 60 sec after the onset
of the acclusion and generaliv reaching a maxymum withm 60 to 50 sec At this time the S-T take-
off approaches the peak of the R wave and the T wave 1s monophasic upright whereas the ascend-
ing limb of the R wave is usually unaliered The elevation of the S-T junction marks the advent of
the stage of acute injury  Although the 1schemia and subsequent mjury probably extend through the
entire thickness of the wall the sharp T wave inversion and subsequent S-T elevation are probably
groduced by the injury of the subepicardial layer as shown by the close resemblance to the ST-T
pattern resulting frem burns scarification and other forms of trauma strictly localized to the sub-
epicardial portion of the myocardium On the other hand njury limited to the subendocardial Jay-
er causes depressionof the §-T aegment If the ligature 15 removed as soon as maximal S-T ele-
vation ¢ecurs normal color returns to the myocardium the S-T junction rapdly drops to the iso-
electric tme the T wave meanwhile exhibiting transient inversion prior to the resumption of 1ts
ongnal contour  The complete recovery from interruphion of coronary circulation for 90 sec or

less suggested by return of ECG to normal is borne out by histological studies which shaw no
evidence of myocardial lesion

1t should be emphasized that the electrocardiographic abnormalities do not arise direcyly from
the }ngated coronary vessel Gradual coronary rarrowing and eventual occlusion without electro-
hanges or h gical evad of mfarction may accur spontaneously in humans
and may be prod exper: ly i when the myocardium {s protected by adequate
collateral circulation  On the other hand myoeardial {schemia fnjury and infarction with their
characteristic electrocardiographic patterns may occur mn the absence of caranary occlusion

The electracardiographic cha,
ges which appear promp\ly after ligation of a coronary ar
!
::‘:eh;;::a:‘l‘y a‘n exg::srm;n of chemical changes in the heart muscle secondary to dep?;vatizf\yo(
pPYy n after coronary occlusion an extracellular e
:md within a few minutes reaches praportions r by ch et aog ins to ?::‘“:;\ﬂai:
::; b‘i’mc;x a{p;’l::ahon ©f potassium compounds to the epreardium produces S-T dis.;\lacem::t‘ m:
""aceﬁ“]; n(:; §wmg coronary hipation 1t has heen suggested that escape of potassium into mrz
d may be responsible for the §-T elevation and the talt monaphasic T waves

If the coro;
ol waven::g ;legva;‘ire s ;-et’amed for a longer period progressive reduction {n the amplitud.
ared sren wpnd devel zi?::;sf 3a:ra:nomx?l Q wave may be observed 1n leads from the d?sccl iy
minutes  The abhormalities in the QRS .
as well as thy
are demonstrable only 1n leads from the area deprived of “505"
*Certaln
cmphutzm::hf‘:mhs warticularly ventricul » ame—
39" et under ¢
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circulation are maintained reveal no intrinsic abnormalitzes in the QRS In addition to the elec-
trocardiographic abnormalities demonstrable in the area that 1s deprived of its blood supply there
1s evidence of altered physiologic function as indicated by dilatation and decreased contractility

If the coronary ligature 1s removed within the first 20 minutes, the myocardium may resume nor-
mal color and contractility m which event histologieal signs of myocardial infarction or degenera-
tion are absent

Thus the electrocardiographic pattern customarily ascribed to myocardial infarction may be
produced 1n animals by temporary deprivation of myocardial blood supply for periods too brief to
result in myocardial infarction While a comparable situation presumably occurs in man patho-
logic examination of hearts from patients who survived 24 hours or more after the appearance of
a typical electrocardiographic pattern has almost nvariably revealed defimte signs of infarction
Hence the acceptance of typical QRS-T changes, to be described below as evidence of the presence
of an infarct in humans 1s Justified by the available pathologic material

Although QRS abnormalities associated with deprivation of myocardial blood supply appear be-
fore the myocardial lesion 1s detectable pathologically, corollative studies are best carried out
after the infarction 1s readily recognizable The close relation of QRS abnormalities to the in-
farct has been demonstrated by comparison of tracings obtamned by multiple direct epicardial leads
with gross and histological studies of the segment of wall under each point where the exploring
electrode was applied Both electrocardiographic and pathologic examination show that the area of
wnfarction 18 not uniform throughout but 1s generally divisible into three zones namely (1)a cen-
tral zone where the infarct extends through the entire wall (2) a margmal zone where the mfarct
wmvolves only a portion of the thickness of the wall most commonly the subendocardial layer but
sometimes the subepicardial layer or midzone (3) an i1schemic zone hetween the boundary of the
imnfarct and the normal muscle 1in which there 1s discoloration but no degeneration Smaller 1n-
farcts often fail to extend through the entire thickness of the wall and thus display enly a margmal
zone and an 1schemic zone

When septal activation n the usual left-to-right vector 1s preserved the form of the QRS com-
plex 1n a direct lead 1s dependent upon the relative amount of infarcted and responsive muscle n
the underlymng segment of ventricular wall and upon the relative locations of the wnfarcted and re-
sponsive muscle wn reference to endocardial and epicard:ial surface Direct leads from points on
the central zone beneath which the entire thickness of the ventricular wall 1s infarcied reveala
QS complex with smooth unnotched descending and ascending limbs  This QS complex 15 sumilar
to that simultaneously registered through an electrode inserted into the left ventricular cavity
Negatiwve potentials referred to the left ventricular cavity throughout the period of actwation of the
uninfarcted portians of the wall are responsible for the downstroke of the Q5 whereas the extine-
t10n of these electromotive forces upon completion of activation s responsible for the upstroke
which returns the string to the 1soelectric line A completely infarcted ventricular wall does not
respond o the activating impulse but like a valvular orifice merely behaves as a window through
which negative cavity potentials are transmatted to the surface to the heart If a small amount of
muscle 1n the mfarcted wall beneath the exploring electrode 1s respensive the descending hmb of
the Q wave resulting from transmission of negative cavity potentials through the infarcted area
will be interrupted by a brief upward movement of relatively small magnitude due to momentary
reversal of polanity of the epicardial surface from activation of subjacent muscle As soon as
this small bundie of responsive muscle has been activated the downward movement of the Q wave
will be resumed Thus a notch w11l have been produced in the descending limb of the Q wave N
The upstroke of the notch does not reach the 1scelectric line if the electromotive force 1.-:tx--oduces
1n the underlying wall 1s small, but may ¢ross 1t to form an R wave if the electromotive ogce]x)

Hence a QS complex with smaoth lumbs 15 obtained from the central zone 1if the underlying
lal‘%el‘ letely infarcted whereas a QS complex with a notch 1 the descending Iimb 1s obtamed
»lvia; ;:n;%m;noun{ of myocardium 15 still capable of responding to the activating impulse
centrifugally m any direction a margnal zone will be reached where

As the electrode 15 moved If the subendocardial layer 15 infarcted and the

the mnfarct does not extend through the entire wall
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outer porhion 1s TeSpORfVE 2 QR complex s obtaed The initial Q wave i:s teg{s&fi:id:‘:g%e
the iteryal {rom the moment that the ynpulst has beguo to activate the septum unl : e
s way Wwrough the \nfaccted subendacardial muscle to reach hiving responsive myotard urn e
subepieardial zone subtended by the electrode During 1his per10d negative ‘potertials velers i\
the cavity from actvation of mntact portions of ihe sestum and outer wajl are transmatted throug
the tnvolved wall to the overlymng electrode causing & downward deftection As soon as the im-
pulse Teaches and starts to actwvate the responsive outer partion of the wall, the polarity of the
epicardial surface )s TeVeTICd and the § wave 15 replaced by an upsiroke The Q wave associated
wth suberdosardial infaretion s apnormal 16 depth and duration particularly when compared with
the R wave of the Same lead and a8 a rule greatly excet ds the normal 1imit of 35% of the ampU~
tude of the R Moreaver the R wave is reduced 1 amphitude presumsbly due to e fallure of the
tnfarersd subendoeardial portion to contritute towards it ¥ the infarct at the margina) zone in-
vo'ves the subepicardial layer or mid-portion, and spares the subendocardial layer, the wmital
deflection of the QRS 18 upright wdicating early actiwanion of the Tesponsive subendocardsal mus-
Qe weusyer fhe R wave is abnormally small i amplitede reflecting the diminshed magnitude

of vietiromotive foree developed 11 the sector beagath the exploring electrode A similar fipding
oay be btawed with fatchy nfarction scattered through the wall  In the 1schemic zOne just be-
yond the border of the 1nfaret the QRS {s acrmal contour and therafore again corsesponds to
the hstolome studies whieh show no myocardial degeneration in this area

Thus the form of the QRS in a direct lead from the epicardum serves as an index of the pres-
ende of an mfarct i the underiying segment of wall and of the approxumate thickness and location
of the 1nfarcted layer of muscle Through a study of the form of the QRS n multiple direct leads
the approtimate area of mfarction may be mapoed ous and delwneated fram the surrounding normal
muscle On the other hand the age of ire wiarct cannat he estumated accurately {rom a sjudy of
the QRS complex alone  Abnormahities wn the QRS appear before the histologic demonsiratility of
wlarction and may perssst hfelong i an appreciable amount of the myccardiom is replaced by fi-
Dbraus tissue however the GRS 16 not statse throughout the course of infasction hut may show
chinges paralleling those 3n the myocardrum i an origshaily unresponsive portion of the wall
recovers excitability the B wave roreases n amphtude at the expense of the @ or § deflection
whereas if the wiarct extends further wto the wall the R wave detreases or disappears

The age of the mfaret 1. vest estimated from changes imthe § £ se

zleetmcardmgrams Qlassical serial changes an thegs T segmer a:dz;‘ni::/:n:rer t‘!}:rvlgx::t::;\l:l
(:::i ::: :xr;t !'ewmwenks after wfarction by darect deads from any portion of s surlave except
retmy 1\:3:::!& ee\;n:er\ymg musale 1§ entirely dead  In such greas the T wave like the QRS,
compin sﬂmm‘uld Y & direct load from ipe ven‘ricular cavity The QNS consisis of a Qs
Bt & 5 droten :::ex\dmg and ascending imbs and the T wave is geneally upright and thus
Wt ap 1 orect ;:ase:z L::zer:!edm’r ;‘ﬁ:ﬂr(:?d n eoiCard al deads fram the zone Of ySehema
;: fment and T wave reflect reﬂ!:nfat:a:\v:t tnhr::fnsome et S ering wall the 57

s uscle the domnant mfluence
¢ subepcardwl surface  Even though the subepicardial musele 15 capable ii‘o:::g:;mmt%
ng

e stimglug 1t wall usually extubit abnormal repolarization for 2 considerable tune after the on-
of the wfarction itially the & T yunction 1s elevated an € T wave monophasic uprspht re-
set of the wnfaret 1n: T levated and the T J 3

S-T
enna) autberence miv i exists between the imure, o e or 13 AN wdIrect efteat of a e

ectroneganive mn
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During the course of the first few days after the onset of the infarction the elevated §-T june-
tion gradually approaches the isoelectric line, the termmal portion of the T wave meanwhile dip-
ping below the 1soelectric ine By the tume the S-T Junction reaches the 1soelectric line the T
wave has become deeply inverted This marks the disappearance of the paitern of acute subepi-
cardial injury and 1ts replacement by the pattern of subacute subepicardial mnjury The T wave
may become still more deeply wnverted over the next one to three weeks and then gradually de-
creases 1n depth over the next few weeks or months and finally may become upright and narmal
1n contour with complete recovery of the 1schemic muscle The age of the infaret 1s thus judged
from the evolution of the S-T segment and T wave in leads which exhibit an abnormal QRS complex
due to infarction Meanwhile 1in the original zone of 1schemia Just beyond the border of the infarct
the mitially inverted T waves tend to revert to normal much more rapidly

The principal differences between direct and precordial (or esophageal} leads have been dis-
cussed previously and will merely be reviewed briefly insofar as they have bearing on electrocar-
diographic changes produced by infarction The major difference 1s referable to the fact that the
tracing obtained by precordial leads 1s dominated by the potential variations of a much larger sur-
face of epicardium than that obtained by a direct lead If the infarct 15 unform throughout the area
which has the dominant 1nfluence on the precordial lead the form of the QRS of the precordial lead
will simulate that in direct leads from the underlymng epicardium Thus the registration of an un-
notched QS in a precordial lead over the left ventricle would suggest the presence of a relatively
large area of infarction extending through the entire wall The presence of a rather umform QR
complex 1n contiguous precordial leads would suggest a rather extensive subendocardial mfaret
If the infarct 1s wrregular in distribution the tracing obtained by precordial lead will represent a
mean of those obtained by multiple direct leads from the underlying epicardium If the central
zone 18 small direct leads may reveal a QS complex with smooth descending and ascendimng limbs
whereas the overlying precordial lead may register a notched QS complex or a QR due to admix-
ture of effects from the central and marginal zones If the infarct 1s very small and limited to a
portion of the wall multiple direct leads may yield diagnostic signs whereas precordial leads may
be equivoeal due to admixture of effects from infarcted and surrounding normal muscle While
direct leads tend to show a sharp delineation between central marginal and ischemic zones pre-
cordial leads show a more gradual transition due to overlapping effects Thus precordial leads
do not provide as accurate an index of the thickness of the wall infarcted or of the total surface
area of the infarct as do direct leads Nevertheless multiple precordial leads together with
esophageal leads will furnish sufficient data for the diagnosis of all but the very smail wnfarcts
and will permit a sufficiently accurate localization and estimate of size for climcal purposes

Anterolateral myocardial mfarction Fig 18 presents an analysis of the precordial electrocar-
diogram obtained on a 35-year-old woman approximately 2 years after an acute myocardial infarc-
tion and about 6 months prior to death Autopsy revealed a completely healed anterolateral nfarct
occupying the area left unshaded 1n the diagram  The electrocardiogram 1s analyzed through a
series of four drawings which reconstruct the portion of the QRS complex registered in each lead
during the first 02 04 06 and 08 sec respectely

Leads at exther end of the precordium show contrasting patterns the rS deflection i Lead V3 n
representing chiefly the potential variations of the epicardial surface of the right ventnc’lreh tlf;t;:r
complex 1n Vi reflecting the potential variations of the lateral wall of the left ventrxclle u Ze wasp
wntrinsicoid downstroke 1 the upright P wave recorded in Lead V, suggests that thebe ec(:j So“ave s
1 the vicinity of the tricuspid ring  The minute mtial R wave preceding the deep troa s
Lead V2 imndicates that the electrode was still on the right ventricular side of thehsep;ma"ems >
deflection m Lead V3 was transitional between the rS patterns in ¥y and V2 anld t. etcg ‘:“ e

Vg, suggesting that the electrode was near the septum but probably on the
NGy 1(?\’ ugh Leads V, Vs and Vg differ in respect to QR ratio they show a synchronous
lar e od %eﬂecnon gt 1eft ventricular origin  Leads Vs and Vg of this case are comparable
e arrenne ding leads of Fig 9 1n prolongation of QRS interval to 12 sec and 1n the delay mf
to the cioz‘;‘:isz‘m‘:‘imd deflection 1o 08 sec , but differ sigmficantly 1n respect to the direction o
onset o
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the 1mmtial deflection The significance of the latter in localizing the conduction defect will be
brought out subsequently in the analysis of the tracing

In Lead V; the initial deflection 15 upright and ri1ses 3 5 mm to reach its peak by the end of
02 sec This represents a normal finding for precordial leads overlying the right ventricle and
1s 1n keeping with the demonstration of a normal anterolateral right ventricular wall at autopsy
Attention 15 directed to the marked reduction of the R wave 1n Lead V2 1n comparison with its
counterpart in Vi As the electrode 13 moved from the V; to the V> position an ncrease mn the
amplitude of the R wave 1s expected because of closer proximity of the electrode to the septum
and left ventricle The decrease 1s an abnormal finding and may occur under the following cir-
cumstances (1) infarction of septum and/or anteroseptal wall of the left ventricle with conse-
quent 1oss of positlve potentials transmatted from this portion of the heart to the nerghboring Vp
position, (2) disproportion between the muscle mass at the tricuspid orifice (near position Vy) and
that forming the anteroseptal wall of the right ventricle (near position Vz) due either to preponder-
ant hypertrophy of the muscular tricuspid ring or to infarction or other destructive lesion of the
anteroseptal aspect of the right ventricle The former alternpative is responsible for the reduction
1 the mitial R wave 1n Lead V3 of this case, as 1s shown by the abnormal Q patterns in precordial
leads over the left ventricle and subsequently confirmed at autopsy

A Q wave 15 recorded n left ventricular leads V3, V4 Vs and Vg (Fig 19 a), indicating 1mhial
negativity of the left ventricular cavity due to early activation of the left side of the septum by
impulses distributed through the left Purkinje plexus This finding excludes uncomplicated left
bundle branch block as a cause of the delayed mntrinsicoid deflection 1n the last three precordial
leads and the prolongation in the QRS interval Although Q waves may rarely be recorded in left
ventricular leads when left bundle branch block 1s complicated by almost complete infarction of
the septum this possibility 1s excluded in the present case by the fact that (1) the QRS nterval 15
only 12 sec (2) the Q wave 1s longer 1 duration 1n left ventricular leads V3 and V; which are
relatively near the right ventricle than in Vg which 1s far removed

A study of Fig 19 b shows that the mitial Jownstroke continues beyond the normal himat of 02
sec 1 each of the last four precordial leads In Lead V3 the tracing describes a smooth down-
ward course for at least 06 sec then returns to the isoelectric line thereby completing an un-
notched QS deflection (Fig 19 ¢ and d} The lack of an 1mtial or final R wave together with the
absence of a notch on either limb of this QS deflection would suggest that the anteroseptal wall of
the left ventricle subtended by the electrode at V3 1s unresponsive to the activating impulse In
s1iew of the normal R wave wn Lead V; and the abnormal QR deflection in Leads V4 Vs and Vg the
QS deflection at V3 may be interpreted as evidence of a central zone of transmural infarction, a
conclusion subsequently confirmed at postmortem exsnunation  Under such circumstances the
ventricular wall merely serves as a window for the transmssion of negative caviiy potentials to
the surface The downstroke of the QS 1s 1itiated by negative potentials transmitted to the cavity
during activation of mtact portions of the septum and 1s continued by negative potentials derwed
from the posterior and intact portions of the lateral wall of the 1eft ventricle The ascending himb
of the QS deflection begins when activation of the outer wall of the left ventricle ceases or wnen
the forces developed by activation of remaining muscle are too small to make the cavity more
negative The synchrony of the lower portion of the downstroke apex and upstroke of the Q3 de
flection 1n Lead V3 with the S wave 1n Leads Vi and Vz suggests a common origin The caml;ma»
tion of the ascendmng limb above the 1soelectric line to an elevated S-T junction may reflect begin-
ning repolarization of the ntact portions of the septum or right ventricle

terval of 03 sec 1 Lead Vg and for 04 sec

downsiroke of the Q wave continues for an i

o when it 15 replaced by an upstroke {Fig 19, ¢} The transmission of cavity potentials

I wall of the left ventricle for 03 sec or longer 1s abnormal and cecurs

layer fails ta respond to the activating tmpulse The usualfcautseols sub-
howing nereasing negativity during the firs sec

farction Since the cavity 1s s

endoca;dlal ;lnb the contimung downstroke in Vy V, and V3) the earlier reversallm the dlrr:chon

(?Sthew :i-ns; m}\'f Vs and Vg marks the arrival of the impulse 1 responsive muscle 1 mo.

of the stru 4

i V4 and Vs
through the anterolateral
when the subendocardial
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superficiat postions o the anterolateral watl The activation of subepicardial muccle {s confirmed
by the fact thal the upstroke Crosses {he 1soelectnc lne to form a distinct late R wave (Fig 19 dj
The tume wterval of 04 sec to 95 sec elapsing between the onset and peak of the late R wave is
sbnormally long for achvation of the rematng myocardium and may be due o hyperirophy and/or
patchy etension of the snfarcy mto the subepicardinl layer Trnus the lateness of the wmtrinsieond
deflection 2rg prolongation of the QRS interval are attributable o a lesion of ihe anterolateral wall
ard 3~a 1n part due 10 3 temporary arrest of the tmpulse 1n an infarcted syhendocardial layer in
part 10 a onget bime veguired (ar actwation of the more superfiial layers because of hypertrophy
or patchy nfarchion

The @ waves 1 Leads V) and Vs are abnorrpal nat only in dutration but also m amplitude rela~
tive to that of the Sucteedng B waves  Tnis is revealed by increased QR ratios of 100 per cent
2af $% per cent respectively i Leads Vg and Vs Althasgh the time 1nterval from onset to nadir
of the @ wave 1 Vg 15 sutficiently long to suggest subendocardial infarction the QR ratio has onlv
atorderlire value of 25 per cent probably due 10 mcrease of the R wave as a result of hyperiro~
thy of the movre superficial layers

OR patterns in lelt precordial leads characterized by a downstroke 03 sec or longer in duration
a1 wore than 25 per gent of the amplitude of the succetding R wave are characteristic of subendo-
cardial infarction and are recorded al e margms of 3 Aransmural wfarct due o the tendency for
such lesians to extend much further an their endocardial than on their epeardial surface A rough
est.mate of the relative fhickress of the wfarcted subendocardial and hving subepicardial layer
rtnav be made from (1) the time from onset to nadir of the Q as compared with the fime {rom onsel
(:;z:;:n:f R and {2) the relative amplitudes of the Q and R waves The equality of the Q and R de-
matety u:stzad;u borh a5 to duration and amplitude sugpests thal the inlaret mvolved approxi-
dorato o e ‘oca,rdm(l half of the subjacent anteroiateral wall The progressive decreass s
and Vi posstio s: ofthe Qunr nee ta the R wave as the electrode was moved to the Vs
e anterins 1:20 ;Ef::lﬁ .; pr(;}gresswe thinning of the subendoc irdial wnfaret as 1t extended trom
o e Harch foum ot ail:pswa These deductions are 1 keeping with the anatamice distribution

'y and 1llustrated in the diagram

The T va
aves rer‘:;r;dpr\‘z? E";vm I;x ed 1a seral tracings  The elevated §-7T junchions and upright T
heated wtarets ads V3 and Vs are not uncommon fixed residues n leads over extensive

Septal nfy
‘“W may produce no diagnostic elecirocardiographic
e genesis 1o showns o Fp? 1;0 ):r: characteristic pattern 1n right precordial leads whose prob-
Quration and g nrs team “i & patteTn is 2 qrS or A notched Q5 deflection of 08 to 1Y sec
The narmal r pop ot of rarmal r$ complex w respecef to the direction of the imti) defiection
e Sy rgtt aoa mPO enbo an rS deflection 1 produced 1 part by activation af the septum from
Wayp The mx‘za‘r;;w nywachvatmn of the Irer wal] ot the right ventricle as Mlystrated in Fig
S0 achyvation iy 20 f:rd companent of the abnormal qrS complex reflects a right-ta-left
100 o the tegy e El - : } Teversal of the seplal vector can occur as a mantestation of infare-
SNt of gro g “&(a!‘c\w:: :oﬁum Or 25 @ result of incomplete eft bundle branch viock in the ab-
e tepd 1p cause posst ‘: the septum Buereeding actvation of the free wall of the right vent
S 0rly 10 progane - ey (C FIght Bretordim ndicated by an upstroke Which may he suttr
Lol Swave 1g both c;;:::ht" TRY Qross the wsoelectric hne as an r wave (Fig 20 b')y ‘rh;u! ”
btacy BOEOns of e gaty stances represents negative potentials transmitted during acts atio;
e vide of the septum vemiricle {Fig 20 ¢) The abnormal geS Quagnostic of m!:f 1 e
tracle gy Telersble 4 52 companied by q waves in leads aver the anterior wall of r\f e
L e b S o b el o
a cular
““":}:i;:;‘fg l~he‘ epicardial surtace of ::: srng}lx‘:! 3::1:-‘:3:“ e o semal nfasction 1 Fecorded
1 Lead ¥, PO0n septal nfarction of this type may be ;12’;",:;:,,’;3?2;2 vé M the hesrt 15
grS or notehed Q5
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INFARCTION OF

NORMAL LEFT SIDE OF SEPTUM
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Figure 20

The effects of localized myocardial injury on the QRS-T complex 1n direct leads from the mam-
malian ventricle Myocardial injury of variable severity involving the entire thickness of any
given portion of ventricular wall or confined to the subepicardial or to the subendocardial layer
has been produced in anesthetized dogs and other animals by heat cautery electrocoagulation
curettage hypodermic injection of 1/5 M potassium chloride or 95% alcohol local pressure or
cold applications The changes in direct epicardial leads found by the various workers were fair-
Ly consistent and could be correlated with the distribution of the lesion between the endocardium
and epicardium of the underlying and opposite ventricular walls and also with the severity and
stage of the imjury but not with the noxious agent Furthermore myocardial 1schema and infarc-
tion produced by coronary ligation were manifested by changes in direct leads which were com-
parable to those produced by the foregoing traumatizing agents and which likewise could be corre-
lated with the distribution severity and stage of the i1schemic lesion A schematic representation
based on the studies of Hellerstein and Katz has been made of the electrocardiographic effects of
acute subepicardial injury mn Fig 21 and acute subendocardial injury i F1g 22

The cross section of the left ventricle 1s represented in the 1llustrations by three cells which
correspond respectively to the subendocardial third the middle third and the subepicardial third
of the wall A solid border 1s employed for the membrane of normal cells The thickness of the
border reflects the stage of polarization A thick border denotes a resting cell a thin outline
signifies a depolarized cell and a partly thick and partly thin boundary indicates a cell 1n process
of activation or repolarization A broken border indicates a moderately damaged cell that re-
sponds normally to the activating impulse but requires an abnormally long time for repolarization
a solid black contour denotes a severelv wnjured cell 1n a constant state of partial depolarization
and unresponsive to the activating impulse but notdead The cross sectional diagrams are accom-
pamed by a schematic representation of tracings obtamable by three epn.;)ardnal leadsf{::n;jt::
anterior {X) lateral (Y) and posterior (Z) surfaces of the left ventricle before and a ! Yy

| ——



NORMAL AND ABNORMAL QRS-T COMPLEX
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Figure 21
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Figure 22
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Acute subepicardial mjury Fig 21 depicts the effects of severe njury to the subepicardial -
third of the anterior wall and moderate injury to the subepicardial portion of the lateral wall on
the QRS-T patterns obtained by direct leads from the surface of the severely injured anterior wall
(X) the moderately damaged lateral wall (Y) and the intact posterior wall (Z) The level of zero
potential (true 1soelectric line) 1s represented by a broken ine The schematic representation 1n
cludes normal tracings before injury n order to bring out by contrast the abnormalities pro-
duced by acute subepicardial injury The registration of the latter 1s reconstructed in three phase
which comprise respectively (a) the portion of the tracing recorded during ventricular diastole
(b) the portion recorded up to the end of ventricular activation (c) the complete cycle The accom
panying cross sectional diagrams represent the probable electrical status of the ventricles (a)
during diastole (b) at the end of activation (c) during the course of repolarization

Continuous tracings taken while severe injury 1s inflicted on the subepicardial aspect of the
anterior wall reveal displacement of the T-P segment below the 1soelectric line of zero potential
1n the anterior epicardial lead (X) elevation of lesser degree m the posterior epicardial lead (2)
and usually no change 1n the lateral lead This displacement 1s referable to the development of an
electrical bipole at the boundary between the partially depolarized injured subepicardial layer at X .
and the polarized mtact deeper layers and the consequent flow of a current of injury from the lat- -
ter through extracardiac circuits to the former (the mjury current of rest) The downward dis-
placement of the T-P segment recorded at X (Fig 21 a) indicates relative negativity of the njured
subepicardial layer the upward displacement of the T-P segment recorded at Z 1s the result of
transmission of positive potent:al from the deeper uninjured cells through the cavity and opposite
wall The lesser magnitude of the displacement at Z than at X 1s referable to loss of potential 1n
transmission over the greater distance The absence of displacement at Y 1s merely due to can-
celling out of negative and positive potential in a plane perpendicular to the bipole

The horizontal course of the tracing during the inscription of the T-P segment reflects lack of
fluctuation in the potential difference between intact and injured cells and constancy of the injury
current of rest Unless continuous tracings are taken during wnfliction of the wnjury the displace-
ment 1n the T-P segment 15 not recognized as prunary because of the practice of wtroducing 2
compensating current into the galvanometer circuit to exactly counterbalance the sum total of all
constant currents picked up from the body including the normnl skin current as well as the ab-
normal cardiac mjury current of rest

Study of the portion of the tracing resulting from ventricular activation (Fig 21 b) reveals (1)
no change 1n the QRS deflection recorded at Y indicating no alteration mn the response of the later-
al wall, (2)a sigmficant reduction in the amplitude of the R wave registered at X attributable to
failure of the subepicardial third of the anterior wall to respond to the activating impulse (3) 2
slight exaggeration mn the amplitude of the R wave in Lead Z over the posterior wall secondary to
the reduction 1n oppositely directed electromotive forces arising in the anterior wall Upon com-
pletion of ventricular activation the excited subendocardial layer 1s no longer positive in reference
to the injured subepicardial layer and the mnjury current of rest 1s no longer present to neutralize
the constant and oppositely directed compensating current The latter tends to produce a positive
displacement as recorded at X and a negative displacement as recorded at Z Hence the S-T
junction will appear elevated 1n reference to the T-P segment mn leads from surface covering an
area of acute subepicardial injury (X 1n Fig 21) whereas the $-T junction will be depressed to 2

lesser degree In jeads from the surface of the opposite ventricular wall {Z of Fig 21)

- tracings X and Z at the level of zero potential

Although o7 wouldde:cpt?‘o::x zrfl : c'lt;rlnu::r:;:rtlull’; curregt that had earlier neutralized the mjury
owing to the unoppose nation of the tracings veveals elevation of the S-T junction above ths level
current of rest exam‘; a lesser degree of depression in the record at Z ‘The direction of the sup-
on the record at X 27 nt indicates that the deeper layers of intact myocardium which have just
plementary displacems are more electronegative than the partially depolarized mjured subepi-
undergone depol:au‘xzatuintt 15 relatively positive 1n respect to the former) The electrical bipole
cardial layer ( ef d:::a;e;and ntact muscle at the end of activation (Fig 21 b)1s oriented in the
at the boundary o
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apposite direction from that present at rest (Fig 21 a) d\nd ﬂ;)w Qé:;x;z:‘\l:i:::‘:;: z::):t;v:;:on
{mpury current of activity} 15 opposite from that during diastole o raeings dunng e
infhietion of subepicardial injury have shown that the S-T clevation in overlying leads a e
¢ procal depre.s10n m opposite leads may be due to a combination of the effects of the cur‘rcn
injury and achivsty or almost exclusively to ane or the other, depending upon the mdx\nd;m mse!
Although determiration of the relatwve contribution of thise twa currents 16 the S-F displacemen’
15 Impossibie withoat continudus {raciags at the time of mjury this 1s of no climeal sigmhecanee
The features of cliical importarce are (1) the recogmbson of the presence of acute mury and es-
tumation of 1ts severity based upon the demon.tration of abnormal $-T displacement of varying
degree 1n serial tracings mcreasg with extension of the wyured zone decreaswng or disappear-
ing wiith recovery or death of the mjyired cells (2) the localization of the injured area based upon
a comparative study of multiple leads

The full T waves are represented schematically m the final tracings but the aceompanymng
er0ss sechion {Fig 21 ¢} shows the ventricular wall daring the course of repolarszation to brmygy
oul the arientation of the bipoles during inscription of the T wave Althaugh the QRS complex at ¥
#as rot altered 2s a result of the moderate Injury 10 the sybepicardial aspect of the lataral wall
the T wave was reversed wn direction and prolonged .

This .upposition 15 borne oat by the fact that cooling
the T wave comparable 1o those at ¥ On the con~
accompansed by reduction of the Q T mterval sug-

2 state of the * sbendocardial muscle so that re-
polatization rke activation praceeds i a centrifugal directian Ths explanation 1s supported by
the mversion and shortening of the T wave 0 an emcardiil lead produced by warnmung the endo-
cardial surface

trary T wave mversion cayseq by digstalys 15
gesting shonanmg m the duration of the exc e,

A study of the §T~T complex at X 1n comparison wi
M Posi zon of § T segment and unchon as discussed al
evalaated independenily of the & T -egments At X thers 15 a termunal sversion of the T
whith would resemble the wverted T wave at Y i there Wwere 1o $-T elevation 1o 3 131 e
O/er-all contour  The resemblance i T Wwave pattern, 15 gratiably refecibte to rnd e o
lesian ot X from .evere 37y 1 the subepicardia) layer ta moderate njury 3 1{1;-. e o The
undymaged myocardium wn the subendocardia) layer The T wave mvcrsiony rn onzone to
¥ thu an expressson of moderalely wnyured myocardium showing normal e o8 that at ¥
regolarization ard . tuated desp ta the unresponse subeproardym oo CUvalion but delaved

th 1at 21 Y reveals the marbked duferences
bove but a resemblance in T waves when

Acute subendotardial mnyyr Tg 22 the counte

rpart of ti
regresentation of (1) the anatomic ang Physig i f the provsa
subengocardial portion of the anteriopy gt
and preservation of the Ppostemar

rd by direct epicardial leads trom points x Y

and Z,
changes are reconstructed afyey e findings of Halzers::fPPQEVC)y
trac ngs during the infliction of o %€ mechanical thy o e Bt

%o ohtaned continuays
on lacalized poruions of the Suben,

erma)l or chemicat
docardial taver of the left ventricle Ty of varymg grades
Continuous tracings reyea) thyy Sudden seve
rior wall 15 accompanieg by an abrupt Shaft of
depression al pow 7, Tha Ferordings throug
the partiatly depolaryzen Subendocardyy) layer
With CORSCAUED Biptle gy gy, 0 ) g Zzy N 204 pasitivity of the
transm tted (\lh:‘oug\\ eX ravardyag ussyes froy, ;f;:, D 2 ourre
At any twO PAITLS on e body are Feglstered by a"?roz‘;:z: the ynde.
® connec
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e

v
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In order to demonstrate that the T-P shift 1s primary a continuous record must be obtained durm,
infliction of the trauma otherwise the current of injury 1s counterbalanced by adjustment of the ¢
compensatory circuit of the electrocardiograph

Activation of the moderately injured lateral wall 15 not altered and the QRS at Y (Fig 22 b)1s
not sigmficantly changed from the control The development of a Q wave at the expense of the R
wave at X 1s abnormal 1n the absence of serial tracings to demonstrate 1its appearance the pres-
ence of a Q wave 03 sec 1n duration and more than 25 per cent of the succeeding R 15 abnormal
and reflects a delay 1n onset of activation of the subjacent wall After conduction of the impulse
through the bundle of His its activation of the left side of the septum and intact ad]owning myocar-
dium results in the transmission of negative potentials through the cavity to be recorded asa @
wave 1n leads over the as yet unactivated portions of the free wall of the left ventricle The po-
larity at the epicardial surface continues negative until reversed upon arrival of the mmpulse 1
intact subjacent myocardium hence increased duration and amplitude of the Q wave at the expense
of the R wave reflects severe mjury or destruction of the subendocardial layer The R wave in
leads over the intact posterior wall {(Z) 1s slightly exaggerated secondly to reduction 1n oppositely
directed forces from partial destruction of the anterior wall

Upon completion of ventricular activation the excited subepicardial layer 1s no longer positive
mn respect to the injured subendocard:al layer and the injury current of rest 1s abolished but the
constant and oppositely directed compensating current 1s still present This produces an S-T de-
pression as recorded at X and an S-T elevation as recorded at Z (Fig 22 g) From momentary
obliteration of the resting injury current one would expect that the S-T junctions would be of zero
potential however the actual tracings taken during infliction of injury reveal S-T negativity at X
and a lesser positivity at Y The direction of supplementary displacement 1s an expression of the
demonstration that the intact subepicardial myocardium which has just been activated 1s more
electronegative than the partially depolarized injured subendocardial layer (1 e the latter is rela-
tively positive 1n respect to the former) The electrical bipole at the boundary of the damaged and
1ntact muscle at the end of activation (Fig 22 b) 1s oriented in the opposite direction from that at
rest (Fig 22 a) In routine interpretations, the position of the S-T junction 1s determuned in refer-
ence to the T-P level as if the latter were 1soelectric the findings associated with severe mjury
confined to the subendocardial portion of the anterior wall are characterized by S-T depression in
leads facing the epicardial surface of the anterior wall (X) and a lesser degree of elevation mn leads

facing the opposite wall The two component factors in this displacement have been discussed above

- The full T waves are represented schematically n the final tracings but the accompanying cross
section (Fig 22 c) shows the ventricular wall during the course of repolarization to bring out the
orientation of the bipoles during wnscription of the T wave The injury at Y was not severe enough
to modify activation of the lateral wall as shown by lack of change mn the QRS but did prolong re-
polarization as indicated by lengthening of the T wave and hence the Q-T interval The mainte-
nance of positwity during nscription of the T wave indicated that repolarization was proceeding in
the normal centripetal direction the prolongation of the T wave was presumably referable to de-
he moderately injured subendocardial layer If the S-T displacement at X 15

e upright T wave resembles that at Y and 1s presumably referable to a centri-
dering on the severely

layed recovery of t|
disregarded the lat
petal repolarization that 1s prolonged 1n a moderately injured midzone bor:

traumatized subendocardial layer



D. DISORDERS OF RATE AND RHYTHM

e

WTRODUCTION

1 ANATOMIC BASIS Histelogicaily distnctive Touscle fibers  tagether with !ermina; \mg‘s1 :x;:ren
ine vagus and sympethetic nPrves are arranged anatormcally into two principal nodes g
sinosursevlar node of heh and Flack {S-A or sites node! composed of a head § mim
ameter Iocated on the syperior surface of the right atrium adjacent 10 the oritice of the supe-
rlor vena cava andayal 20w Yooy extending ta a dorsocaudad direction towards the ori~
fice of the inferior cava (2) the auriwloventricular (A&

V) node of Tawara which along wath
the anatormically comimipts avrievioventricular bundie of Hss  {orms o corahact band, 3 mm

n diameter  eormecting auricles sad veatrfules, and divisivie, tor deseriptive purposes into
1he following three portions {a) upper or atr

walpart 4 mm long and located on the right side
of the pasterior agpect of the nteratrial septum above the attach

soent of the medial ieatfiet of
the tricuspid valve and anteTior to the coronary siass  (h) muddie portion, pessing through the

conpective t1ssue a ipe atrioventricnlar Junction (¢} lower or ventricular portion continmng
fn an anterior and vandad direction for 4 distance of 10 mm  to the membranous portion of the
wEPAm wWhere it Awides o twn branches

The right branch lies beneath the endocardium of the right side of the septum and can be
1raced for a Sistance of 25 to 30 mm  where it divides into the Purkinje neiwork the Jeft
branch passes through the membranous portion of the septum ip reach the endoeurdial surface
below the coramissure of e right and posiernior aortie tusps  splita anto an anterior and pos-
terior dvigion ihen immediately breaks up nto a complex Purkange network  The fibers that
make up the Pucking plexug are tustologically distinctive but intimately assacisted with the
remainder of the myocardium  They fan out bepeath the endocardsal surfaces of both ventricles
and extend towards the ep. dium 1n an glmost perpendicul
ablique direction on the raght

d.rection on the left and & more
Small voltections of specialized muscle ¢ulls are scattered over
bon: a;u;ia but 40 1oy sppez t7 foreu 3 cominuous network like the Purkinge plesus of e
ventriclen

PHYSIOLOGIC BASIS Normal cardiac activatio
(1) generation of un imp
{3} radia) spread theo

1 18 accomplished throvgh the following steps
die branches an% Pu

ulse within the $-A zode (2] digeharee it the adjomng raght atesum,
ukg,h the nghz;md leftatria (4} ransmussion hrough the A-V node  busn-
TXINJE REIWOrk to the myocartin of the septum and both 8! 5
Sentrifugal spreas awzy from the sub ; e e
e o endocardial layer of muscle towards the ¢

ardinm of the free walls af doth ventricles
A LOCATION OF PACE!

enter of the sep-
MARER Al
gEnRErANNG imp! and Y

{ myacardial cells possess the wherent properiies of
g them ta st cells  The focus from which the
83
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DISORDERS

activating lmpulse arises 1s designated as the pacemaker The S-A node has the greatest in-
herent capacity for impulse formation and, therefore, serves as the normal pacemaker for
the heart All pacemakers outside of the S-A node are degignated as ectopic and are clasgi-
fied according to location as auricular, A-V nodal or ventricular These groups may be
subdivided into right or left auricular, upper, middle or lower nodal, septal right c}:r left
ventricular, and further, into basal or apical ventricular

NUMBER OF PACEMAKERS The entire heart 15 customarily activated from a gingle pace-
maker This 1s normally located 1n the 5-A node, but may be ectopic, 1f the S-A node 18 de-
pressed or if an outside focus 1s sufficiently hyperirritable to generate Impulses more rap-
1dly than the S-A node and therehy usurp control of the heart Many records show evidence
of more than one pacemaker and may be classified into two groups (1) concurrent but sepa-
rate pacemakers for auricles and ventricles, encountered in complete A-V block and in in-
terference dissociation, (2) consecutive pacemakers for the entire heart The latter may
consist of (a) the 8-A node and one or more ectopic foc:, with a resultant sinus mechanism
interrupted by ectopic beats comng singly or in short runs, (b) two or more ectopic foct
which consecutively usurp control of the entire heart

MECHANISM OF ORIGIN OF ECTOPIC BEATS AND RHYTHMS The two major types, as
Judged electrocardiographically will recewve separate consideration

! Escape 1s a physiologic mechanism that comes into play when the S-A node 1s depressed
and serves to protect agamst prolonged cardiac standstill Escape occurs because of the
nherent property of any part of the heart to take over as pacemaker when the S-A node
ceases to function Isolated ¢scaped beats are characterized by (a) an antecedent pause,
distinctly longer than the customary diastolic interval (b) a configuration indicative of an
ectopic origin (generally A-V nodal occasionally ventricular or auricular) An escaped
rhythm represents a series of escaped beats

2 Accelerated impulse release from an ectopic focus Premature heats may occur smngly
or in runs and are characterized by (a) appearance in advance of the next anticipated
beat (b) configuration indicative of an ectopic origin {most commonly ventricular but
also auricular or A-V nodal) Although readily recogmized electrocardiographically, the
eticlogy 1s often indeterminate and the mechamsm of production 15 speculative It is prob-
able that there 1s no single mechanism common to all cases with premature systoles or
with the closely related ectopic tachycardias The findings in some cases are consisient
with one or more hyperirritable ectopic foci, the findings m others are better explamed
by the theory of re-entry

a Hyperirritable ectopic focus  Application of an electric shock mechanical or chemi-
cal 1rritant to nonrefractory myocardium provokes the release of one or more impulses
which spread radially from the irritated focus to activate the heart A momentary stim-
ulus pencrally elicits a single ectopic beat but may imtiate a paroxysm of tachycardia,
provided that (1) the myocardium 1s predisposed by vagal stimulation 1schemia or
poisorung (2) the stimulus is applied just after the end of the refractory period Repet-
1twve stimuli may produce ectopic tachycardia flutter or fibrillation depending upon
the frequency and the state of the myocardium

The clase relationship of premature systoles ectopic tachycardia flutter and
fibrillation 1s exemplified by the similarity of experimental production One of more
hyperirritable foc: constitute the presumptive background for many but not all elm-
cal cases with premature systoles ectopic tachycardia flutter or fibrillation

The hyperirritability may be conditioned physiologically by way of the autonpomic
nervous system through reflexes from distended abdominal viscera or from irritated

rebral discharges accompanying cerebral disease emo-
cerebration it may be conditioned chemically as a result
gents such ag tobacco alcohol caffeine etc Premature
dias may occur under such conditioning influences in

somatic sites or through ce
tion and occasionally even
of alkalosis oOr exogenous 3
systoles or ectopic tachycar!

e~
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ragnge with & pOTeTiy; normal hearss  The also oy Arise irom \'nypeﬂnmxhle fact
pe oy

P] ¥ 'Y
secondary o structursl diseage sach as inflamrmation 1schemis etc Pramators

abl ema br siruciurel diseas ny_appear on exercise ere -~
systoles, referable ta ische  OT BTN ¢ by App _whi
A > BITNEMSTER S e A

{10!
! 35 thote 1p noTRiBl5 axe generally dissipated by exercise hecguge of the scceleration

xl ip the g8 roechamsm

Y

- - Y time interval between the
ot it coupled rhythm or fre~
wras inateumental in the
een explained b er tased
genesta of G p““fm;:l!‘:iz:n gs‘?ﬁ:::;; mnm:plengm oty the rriraciory period in con-
“PM:: o p::s::eo? n: rmyocardom  The exstence of a localized area of refragfory
:ui“oc‘fx xxm 1n the path of \ne sdvancng impulse of the normal evele is; postulat;dd "
this localized area of myocardrum s still comgpletely xefractory when first reache:
the vmpulse will by pasg it af it recovers sodn the {impulge toay subsequently enter it
{som another direction 1t the myocardium in the Yopalized zone e partially refracta-
ry the vinpuise ray persist unduly long in thag avex In either event, the excited
state may persist 1o ims Iocalized srea after recavery of the gsrrounding myocardium
from the eifects of actwvation
The excited myacardium becomes a focus Jor radial redistribution af the jmpulse to
the vest of the heart mandested by the mscriplion of an ectople deflection Aways
comgny at & fixed anterval after the precedinyg normal cycle 1 2 portion of the myo~
cardum surveuading the ectagie facus has tot Tecovered at the time of emergence of
the impulse 1t oy advance n s single instead of & radisl, direction  Because of
the approxumately vircular shape of the neart z unidirectional irapuise may be either
clockwise or counterclockwise  Propagation wall be expected a8 loug us the myocar-
dwum {rmoediately 1n advance has regaired responsiveness  If the impulse {s able to
continue 1 will retury to the origmal facus to piete a tirenit  Repeated move~

mer of the yapise around the same cireuft may constituts one mechanism for ectopie
tachycardia and flutter

D CONDUCTION OF INPULSES FROM AURICLES O VENTRICLES may be abngrmal in the
sens¢ of (1} retardation or block (2} acteleratian

t Betavdation or Black. Passage of hmpulses from atricles to ventricles by way of the AWV

wode and bundle brancbes s governed not oql
the unetional conducting tiague ut alaa by the tone of the innervating vagal §
bers Th
-V tlock may be elassified according to s "

a

y by the anatomir and physiologie integrity of

+ 3

nio three rlapping groups
Anztomie block  Ultimate rlassification mio this categary 1s based upon hstologic
evidence of a lesion invading or compressing the AV node andfor hoth v 4% hranchey
in some eases with complete A<V 1 Tant e obtained
b
bundle ot
e Contmat pove & ¢n though meticulaus effort ia

y of the Junchional tissues throagh serial sectl
1 spute of dense patehes of destruction normal A-V cnnductﬁsvz may haV: bize‘s mehus
tained during e as the result af the preservatio . i

n of a few naury; R,
tonneeling quricles and vensr museilar strands
[g® marmn tricles on the athar hand in nat ents vith leglons mnch
g

ve been present dur-

ag histologiealls
o Povvad U taxe y sich
3993;;‘02 from vagal “)'S”“rux‘namm;naus 38 quinidine gt particularly neuragenic

cat clzgsf:

Taten of ani ;Z?O l)t:;mn :f A=V block wata the anatomse group degends wpon ik

this poumk sk f - ge\n capable of damaging the bundie of Hig but does not E‘X'ECOg—
maplete study must not stop at
of welude an ev,
PHYSIOIopT tatwrs  suen ag ischemia, argitans :Luau::::ei:‘f%?g‘;m v etfeats
— C dfpression
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from vagal hyperirritability, to be discussed below The anatomic lesions which may
form the basis for A~V block may be classified as follows

1) Congemital defects are statistically important causes of complete A-V block, but are
relatively rare cases of partial A~V block  Congenital A-V block may be s;ccndary
to patent interveniricular septum  but oceurs in only a minority of the cases with
this defect, because of the fact that the aperture 15 usually anterior to the bundle of
His Congemtal A{ ckyt 2y date from the earliest clinical signs of cardiac ac-
twity in utero and has beZ *fagnosed antenatally from a slow fetal heart rate or it
may not appear until years after birth  Late development 1n patients with patent -
terventricular septum has been ascribed to eventual degenerative changes from n-
cessant mechanical 1mpingement of blood passing through the defect The diagnosis
of congenital A-V block 15 made readily mn children and less easily in adults on the
basis of the following crateraa (1) electrocardiographic evadence of A-V block
usually complete, (2) history of a slow pulse and/or syncopal attacks from an early
age, (3) physical signs of a congemtal lesion, usually with patent interventricular
septum, (4) exclusion of other causes

2) Myocarditis Acute infections constitute a frequent background for partial AV block,
but a relatively uncommon cause of complete A-V block The acute wnfections m
which A~V block 1s a classical compheation include diphtheria, rheumatic fever,
and other hemolytic streptococcal infections, such as scarlet fever and septic sore
throat Although the presernce of A-V block in febrile patients 1s often taken as pre-
sumptive evidence of acute rheumatic fever, recent studies have demonstrated A~V
conduction defects in many other infections partrcularly virus diseases such as
influenza mumps poliomyelitis and even German measles

Indirect electrocardiographic evidence of an inflammatory etiology for the A-V
block 18 present in some cases in the form of S-T patterns referable to subepicar-
dial mnjury arismg in association with pericarditis The presence of an inflam-
matory or toxic lesion 1n the junctional tissue may be inferred when high grade
block develops during the height of the infection, especially when bacteremia 1s
present or when the agent is known to produce an exotoxin, as in diphtheria

The mere fact that infection 1s present does not umply that an inflammatory proc-
egs wn the A-V node 1s responsible for the conduction defect The frequent appear~
ance of the conduction defect during convalescence or at a time when allergic reac-
tions are prone to occur suggests that hypersensitivity may constitute the back-
ground 1n many cases Such a concept 1s supported by the experimental production
of A-V block in rabbits by anaphylactic shock

Vagal hyperirritability 1s an important contributory factor in conduction defects
associated with infection particularly in those developing during convalescence and
1n those accompanying acute rheumatic fever as shown by the fact that atropine re-
duces the P-R interval to normal 1n some cases and shortens 1t §1gnificantly mn many
many others Underlying hyperthyroidism appears to render the A-V node suscep-
tible to functional impairment during intercurrent streptococcal mnfection and has
been digmfied by the description of a triad consisting of exophthalmic goiter
rheumatic fever and A-V block

The conduction defects associated with acute wnfection are usually transitory and
almost invariably disappear after recovery An occastonal exception may occur in

v/ diphtheria, which has been suspected as a cause of permanent complete block, and
Tn recurrent rheumatic fever ending in inflammatory fiprosis Granulomas -
vading or compressing the bundle of His such as sp@xtxc gumma are rare
causes of permanent A-V_block

A-V block may occur as a complication of extensive posterior

{1on
3 Acute wnfare fact that the A-V node r_?cexves its nutrition from branches
—

Infarction, owing to the
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the ti;
aspect of the ventricles naraely, gb_ 34
Theon vexsse]s N Sg‘a%p‘:n?:hgc;ﬁrgfmsﬂex 1 10% of the cases t:me;'::t l};ﬂv
Ry on °r:mxxpuz:a1;1on of posterior infarction nm:ga“d e L somes
it o ‘mcomn\‘arﬂc}x that customarily supplies ine A-V node e e
b COYOM-‘!;‘BAI wal sies of occlusion  When A~V block is pro !e ! the o
" Prommk\.inm: \;:nges an éﬂg—'l‘ pattern diagnostic of recent posder
is reveli‘ntehi‘;};ﬂen: survives mormal A-V conduction ig often restore
100

2
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luding thage dary to coronary disease are respon
w;!?ﬂ_ of cases of complete A~V block and high grade prarut:;;:lc;:.l;e‘y
e Bt ;he ::nl(:swnygenerally consists in fiprosis, occasionally calafical o
e e Uglaﬁaﬂ Calcification of the septum 1n the vicimty of the bundle of -
e ren ted as a manifestation of an extension of 2 calcified aortic stenosis
. bie:n;?;i’\?: and a complication of F Paget’s disease and might be Busp;]ctet;n ag a; .
:\::: of complete A~y block under these ciccumstances  Anewrysm of the sinus

valsalva has been reported to cause complete A-V block by compression of the bun-
dle of His

4 i ) 14
K YOPT of the bundle_of
oplasm may produce A-V block by mnvasion or_to
o P};jsp Apresu}x,nptwe diagnogls is possible when A-V Plock develops in a patient
wath a disseminated neoplasm such as leukemia metastatic _sarcoma, or
carcinoma
——
Physiologic andlor nhanenn~s’ .
el
str » s plidt BidcOI0gIC depressants  such as toxic_doses
of quimdine and (gg}taus Cardiac glycosides are verv frequent causes and produce
black inpart by a direct myocardsal effect in part by vagal stimulation The re-

ported association of complete A-V block with myxedema and recovery under thyroid
bly another of physiol

18 pr block The predisposing influence of
hyperthyroidigra has been mentioned above

a

v 1yperirritabiiity As em-

A-V node i3 an aggrava-
-~ wagt tauge of block 1n many patients with organic lesions
Prolongayion 1n the P-R interval has been observed in a number of healthy young
adulis 2s 2 manifestation of vagotonra whereas partlal A~V block ang rarely com-~

plete block have been produced by mechanical stimulation of the carotid sinus or by
vagal reflexea of esophageal origin”in persans with no clinical evidence of an darganic
Iesson of the A V node ™

The vagal origin of the conduction defect has been confirmed
by the 1mprovement or abolition after atropine

of

uricular origin may elicit a P wave and 8 QRS complex
after an interval Jess than 12 sec because of exther (a) accelerated transmission through
the A ¥ node without alteration 1n QRS contour (b} transmission thraugh an anomaloug
pathway 10 which event the QRS.is

latter by proper names the Wollf

aberrant 1o form  The customary designation of the
-Parkinson-Whate {W-,

P-W) syndrome rather than de-
scriptive terminology arose Pending the outcore of a

end gives credit to the fact that the detalleq account by
1830 was Jargely responsible fo

withstanding previous reports of isolated cases
been proposed but that based
hent has been adopted beeaus
a Anatomic evidence

contraversy over its mechanism
Wolff Parkinson and White in
this disorder of conduction not-
Several theories 23 to mechamsm have
©n azamalaws ventricular eveztation through the bundle of
oy be if!‘tsesx explairs the anatomme and physiologic findings

e bundle of Rent extend

suricle across the atrioventricglar groove to lh:‘ 5;:;:2‘;1:;;1::: :}a»\rhbridge o e
consistently present in certaw lower ammals and 6¢eurs a i
strated In tarefully studied autopsied cases o ot

maly in man  d -
f the W-P-W syndrome emon
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b Physiologic evidence Transmission of impulses through the bundle of hent was
demonstrated 1n the beating mammalian heart after severance of all other connections
between atria and ventricles and occurs in advance of transmission through the A-V
node 1n various birds and in calves The latter 1s 1n accordance with the electrocar-
diographic findings which 1n summary consist of (1) P waves of smoauricular ori-
gw, (2) shortening of the P-R interval below 12 sec as a result of an abnormally
early onset of the ventricular complex (3) prolongation of the QRS duration at the ex-
pense of the P-R interval, so that, when the syndrome 1s intermzttent, the time from
the onset of the P to the S-T junction 1s the same 1n anomalous as in normal cycles,
(4) a fusion QRS consisting of a thick-imaged (slurred or notched) premature compo-~
nent and a thin-1maged steep final component (5) delay in onset of the intrinsicoid
deflection 1n measurements made from the beginning of the QRS, but preservation of
1ts normal precipitous descent, and (6) tendency to paroxysms of tachycardia

¢ Reduplication of all of the electrocardiographic features of W-P-W syndrome has been
accomplished 1n normal anumals by pickup of the impulse after emergence from the
sius node and transmission to the ventricular epicardium at any predetermined time
prior to its conduction through the bundle of His Electrocardiograms simulating
those in humans wath the W-P-W syndrome were obtamned in normal cats and dogs
prepared by the attachment of small silver electrodes to the surface of the right
atrium and ventricle and by connection of the former to the input the latter to the out-
put of an amplifier The auricular actioncurrent responsible for the P wave was picked
up by the electrode on the surface of the right atrium amplified and transmitted to
the surface of the ventricle at any predetermined time prior to the arrival of the im-
pulse at the bundle of His

In tracings obtained by this procedure the P-R segment was shortened or obliter-

ated by the premature onset of the ventricular deflection the umitial portion of the QRS
was coarsely slurred or notched and the remainder of the complex resembled that in
the control tracings taken without the short cireuit The premature slurred component
of the QRS was inscribed by spread of the short-circuited action current from its point
of application on the epicardial surface into the adjomning ventricular myocardium, its
replacement by the normal final component evidently resulted from extinction of this
action current by the arrival of the normal 1mpulse distributed through the ramifica-
tions of the bundle of His and followed by activation of the remainder of the ventricles
n the usual manner The longer the interval between the arrival of the short-
circuited action current and the normal impulse the more of the ventricles activated
1n the aberrant fashion and the greater the distortion of the ventricular complex The
QRS deflections obtained by conduction of the short-circuited action currents to the
right ventricle were opposite in direction from those recorded by transmission to the
left ventricle A paroxysm of supraventricular tachycardia was produced by picking
up the ventricular action current during the registration of the QRS and returning 1t
to the auricle for retransmission through the atrioventricular node

D PRINCIPLES OF CLASSIFICATION From the electrocardiographic standpoint the rhythm
may be classified 1n accordance with the location of the pacemaker into four major gx‘z:-ups1 i
1 Exclusive or predominant sinus pacemaker, II A -V nodal pacemaker, III Ectopxctaur c
ular focus, IV Ventricular focus Each of the last three categories 1s divisible into wom-
principal subgroups depending upon whether the ectopic focus merely supplemenltlsborbazu -

1ly replaces the sinus pacemaker Further subdivisions in the classification wa e brougl
prd ugh a systematic presentation which differs from that 1n Section B in the manner of
e tgmn ra{her than the nature of the contents The objective in Section B was to pre-
ts):rgx:!;urzemod of analysis of the tracing for the purpose of determaning ca.r:l!;z;]c r};yﬁ:;:-

the objective of Section D 1s to present an organized description of the elec

Hherees features of each disorder of rate and rhythm For example it was necessary
cardmgrap::c ::mus forms of nodal rhythm 1n five separate portions of Section B all of
:}(:et::z:ti a_:evconected and ergamzed 1nto one portion of Section D
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1 EXCIUSIVE OR PREDONNANT SINUS RHYTHM
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B

£ xciuded, .,
A de,hherate search for blocked P waves as discussed on Page 17 A 21 sing- 3
v

FULAR i when ihe B-A node rpaintains
UNCOMPLICATED) SIMUS RHY THM iy presen! :
2§§uslve ..S.m\m\ over e heart by regular discharge of impulses that are trapsmitted in a
smform manner 10 Teath e vewtricles within the normal time Lmits

Y tea .
(NN LN PR PANE (0N
1 Plegtrocardiographic features [YVOU LA i | ~ ~e
a Regular spacing of the P waves and QRS complexes  Sipus rhythms are cor;;lﬂered

reguiar m e pregence of shght fluctuations in cycle length not to exceed sec

Sims mechanisgs #hach show varsations of more than 12 sec between the longest

and shortest cyeles tall Into the category of sinus arrhythomix

w

Coastant P-R interval falling wittun the normal limits  The influence of heart rate
and age are discussed on page 17

o

Registration of mverted P waves i Lead aVg and upright in aVj

s

Upforrity 1n the shape of the P waves and QRY T complexes in any given leagd  Ex-
cephions may ortur 10 a precardial lead near the transitional zone or in Leads a¥, and
aV% as a result of respirstory shuthng in cardiae position  The respicatory origin
ay be suspected shea the rhythmie alterations in contour recur every 310 4 sec and

may be confirmed by the absence of fluctuations 1n contour in a second tracing taken
{ while breathing 12 suspended

2

Clasaificanon according 3o rate  In the resting patient with regular sinus rhythm Qe

rate should fall between B0 and 100 beats per mirute [he following variants are noted

2 Swus bradycarda 18 characterized by 2 swas mechanism wath Tate below 60 The
Tate 18 usvally betwesn 20 and 60 byt rarely may (AR telow 40 and is often, althowgh

- rot invariably a d by suus arrhy Sinus bradycerdls may oceur in ™
persous wilh normal hearts particidarly in athletes may be an expression of exces~

~¥  she vagalione as In wnereased intracranial pressure  ocular pressure or carohiy "‘;vz:;

sumus prewsure o may be the result of certaw infoxications as jaundice  digitaliy e
quimdiee and lobacce  Belore arriving at a diagnosis 2 ) A~V block must be &

o

uricidar bioth 15 wdhst: ¥ from sunus Bradycardia untll a sudden change 1p 56 st
ralio oveurs a3 which the an abrupt dowbling of ventricniar Fate wall be roted of the
rat;o becomes 11 o~ an irregularity develops i there is 5 change ipa 3 2 or fowery,, otk
ratic .

o e “\\"
b Sngs tachycardie 18 characterssed by a simus mechamsm with 3 rate ablove 108 The \
| ™rtate s vsyally between 100 and 140 but may be as high as 180 Sinus tach: cardia
Sceurs x\hyszg}ggxcauy il respoose to exercise heavy meals and emotlona{ stimuly,
and in association with fever thyrotoxicosis Reorrhage, shock etc  in the ap ’
Sence 25 well as m the presence of cardiac de}ase Th‘e d;ff_ere *lation be! et
Bius ané ectopic tachycardias 1g given on vapp P* on between
SINDS >
form inpulas
vars L waLaa W the atria with congequent
4ren ang in aduits oy;:;;-l,z?:::‘:is 1(:::9; 128 Common finding pavit- g
?;iihfaia 13 3 Py siologic mechanism Hm e
P u:::} t; s!nr::é; :lgeutzen arsgmpames cardia,

.
« Lhumpie In ehildre,
nee of acute rheumanie carditis in elderly pesons ftg asso;;:i::\az:\;
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advanced coronary disease 1S more frequent than would be expected from chance ‘Thus
the presence of sinus arrhythmia should prompt a search for clinical and electrocardio-
graphic evadence of cardiac disease and a test for carotid sinu’ hypersensitivity before
final interpretation 1s made If these prove negative, sinus arrhythmia should be regard:d
as a normal variant  Sinus arrhythmia may be classified into two main subgroups depend-~
g upon whether the pomnt of exit from the S-A node and spread through the atria are con-
stant (as 1n the uncomplicated form) or variable {as 1n wandering pacemaker)

1 Uncomplicated sinus arrhythmia is present when cycle lengths differ by more than 12
sec while P waves and QRS complexes are umiform 1n contour and in relationship in any
given lead Two types may be recognized

a Phasic type the common variety, 1s manifested bv rhythmic waxing and waning mn the

duration of the cardiac cycl

nd lengthening of
the T-P.segment, related tc “The shortcstgand
longest cycles 1n a gaven le of sinus arrhyth~

mia 1s merely an exaggeration of the normal tendency for acceleration towards the end
of nspiration and slowing towards the end of expiration The P waves and QRS-T com-
plexes are characteristically uniform 1n configuration in any given lead but may show
shight variations in contour, especially in aV,, aVy, and transitional precordial leads,
as a result of respiratory shifting in cardiac position The P-R interval 1s constant

b Nonphasic type 1s characterized by irregular variations m cvele length in the presence
of P waves of uniform contour and P-R intervals of constant duration Conversion to
the phasic variety 1s generally demonstrable by repetstion of the tracing during deep
breathing

2 Sinus arrhythmia with shifting pacemaker Wandering of the pacemaker within the S-A
node or transitory shaft to the A-V node are fairly common i marked sinus arrhythma
and are easily recogmized if atfention 1s directed to the relationship of P and QRS deflec~
tilons in each cycle

a Swus arrhythmia with wandering sinus pacemaker resembles the uncomplicated phasic
or nonphasic variety in respect to spacing of the P waves but 1s differentiated by the
presence of distinctive variations in the contour of the P waves accompamed by shght
differences 1in the durafion of the P-R interval The P waves tend to be taller and more
sharply peaked in the shorter cycles lower and more rounded in the longer cycles
Shifting in the point of exat of the 1mpulse from the 2 5 cm long S-A node alters the
vector associated with activation of the auricles, thereby accounting for the change in
contour of the P wave, and also modifies the time of arrival of the impulse at the A-V
node and thus the duration of the P-R interval

b Sinus arrhythmis with nodal escape and wterference  In the wanng phase of marhed
sinug arrhythma  the diastolic pauses may be so long that an ectopic center 1n the
auriculoventricular (A-V) node discharges an impulse into the ventricles before the
sinus 1mpulse arrives This 1s known as nodal escape and 1s recognized by a preced-
ing pause distinetlv longer than the customary T-P mterval at the end of which there
15 a QRS-T complex sumlar to those of smus origin but independent of the P wave

If 2 s2nus ampulse 1s released before the nodal impulse can be conducted backward
into the auricles a P wave similar to those of sinus origin, should be visible either
Just ahead of the QRS {at a P-R interval less than 12 sec } or following the QRS or
may be obscured by superimposition upon the QRS * During such a cycle the ventra-
cles are controlled by the A~V node the auricles by the sinus node, a condition known

as interference

d backward and activates the auricles before an impulse is re

m the A-V node 15 conducte:
o the el e lex 1s followed by a retrograde P wave which differs in shape

jeased from the sinus node the escaped QRS comp
from P waves of sinus origin
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tire heart at the next
ime to gam control over ihe en x
U the sinus node B e aped podal beat with Jsclated inter
t iz referred to as an escaped n a
i thegre;\x: ‘;ih':iahazﬂ fhe A<V node muy coniTol he venteicles for se:ex;:l :;:al
’"mi ben;‘s whlle the supus node controls the aux\ic}es‘ reaummi Xl i\,n eosdca 1pbeats
" th mterierence non  Single or muliip apt -~V n R e
e w:a hysiol ¢ 10 depresaion of the sinus node and :\rc norma’
;::tabons n{ru\e irrl:ahmty antl rhythmicity inherent in cerdiac musele

L is manifested by

¢ SINUS RHYTHM COMPLICATED BY TRANSITOH;Y CA!t?;A‘S S’g‘l}igﬁ%w °y$: \ength o
an underlying regular sinus mecha.ni:m !:Zt! ?121?&5?\?3&::\11&30& enteieular setivity The
}o“?Jﬁtdd“;%i;:ﬁ;izﬁ;:;ﬁo\i::&w {he pauses 18 either perfectly regular a‘;: nearly
At 1 13 in which there are also con-
50 distungmshes thus x:u,sumier1 {rom mnax:;zt::v:\;i vairn; a?ﬁ\m‘ s dlaguosts, blocked auricular pre-
oo e poge 10) oo purist A<V block (pugs 96 muat be excladed by delberate
seareh for {solated P waves throughout ihe pavse and particularly on the T wave of the last

cle

Q’ The electrocardiographic features of transitory cardiac siandstill depend both on the
mechanism and mode of fer Transiory cardiac standstill in an otherwise regular
sipus rh sthun may be classified according to mechamsm into t_?’nv_nypes, namely sinus
arrest representing a transitory cessabion of wmpulse formaiion in tre S-A node, and sino-
aunicular block  constituting an MMerTuption fn transmisaion to the right atelum  BothT6FTaS
are usually the result of vaggl stunulation  but ave Uy t: ble to a
lesion of the § 5 node * Factors that operate through the vagal pathways include pharma-
colome stimulants such a8 digtalia mechanical irritation of efther the medullary center
{e ¢ {rom increased intracraral pressure) the carotid sunus or rarvely the peripherad
pottion of the nerve or reflex wrratation {rom stimuli arising in the afferent endings in the
esophagua or stomach factors scting divectly on the §-A node inclnde pharmacologie de~
pressamts such as quumdire and local lesfons such as inflammation ischemia infarction
and hemorrhage  Carfiac standstill from vagal stimulation may be counteracted hy phar-~
macolbgic antagonists such as atropipe  The electrieal actvity of the sanus Tode is record-
able through direct leads but not through brecordial or Linb leads therefore, Blotk In the
formation or release of impulses frowm the sinus node 18 recogmzed {rom the abnormal sus-
‘pension of both aurscular and vemreicylar 2ctivity  Smoauricnlar block and sinus arres; are
dfferentiated fr0m one another by the mathematical relationship of the duration of the cycle

embracing the pause to the customary cycle length

7 &Len - -

ases during which there is com-~
with consequent prolongation

¢ vioa atesy oouble (oecasionally treble or quadruple) that of the
underlying mnus rhythm  These PAUSER may oecur at frrepular mtervals or re_ggl‘_ar)
after every second third or fqurth lmpulse  In the event that every ather im, y
erdted tn the sinus node fals te reach the auricles the resultany patter~
able from tnacked sinug bradycerdia until a change 1 ratis of sians Yeats ¢ auricnlar
response occes  Restoralion of 2 ¥ 1 ragio causes an abrap; doubling of both the
ufar and ventricular rates, subatitution of = 3 2 ratio cauges coupling of the p Ayin
complexes with pauses of suspended anrieular and ventrieular activit —
imghs  Swnoaurieular block may ke further ¢ .

pulse gen-
iz indistinguish-

tassatied lasting two cycle
the underlng smus Mhypthm suied tato two types, depending upon
.
ne '
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grade excutal
auricular ac

a Swmoauricular block with an otherwise regular sinus rhythm 15 the classical variety
The P-P interval 1s umform except for the cycle embracing the bause, which is an
exact multiple (usually 2X occasionally 3X or 4X) of the customary cyecle length

b Sinoauricular block with a slhight, but progressive, lengthening of the P-P imnterval
preceding the pause is a variant, to be distingmshed from sinus arrhythmia, 1n which
the progressive changes in cycle length are more marked The slight lengthenmng of
the P-P interval 1s presumably an expression of increasing time required for passage
of the 1mpulse through the fatiguing bridge between S-A node and atrium whereas the
pause represents a transitory complete interruption of conductivity Proof of the
foregowng hypothesis has not been elicited 1n man because of the fact that the patential
variations of the S-A node are too small to be registered mn the usual leads but has
been obtained in the dogfish by means of 2 direct lead from the S~A node The find-
wngs were thus analogous to the Wenckebach phenomenon 1n partial A~V block

The progressive lengthening in human S-A block may begin with the first cycle after
the pause or not until after the second cycle In the latier event the first P-P mter-
val after the pause 13 shorter than the second, because of the fact that the rested con-
ducting t1ssue transmits the first impulse more rapidly from S-A node to atrium to
give a relatively early P wave, the second more slowly to give a relatively late P wave

2 Swus arrest The episode of complete suspension of both auricular and ventricular

activity 1 longer than that in S-A block and 1s not a multiple of the customary cycle

,» length Swus arrest, as a rule, is a mamifestation of the carotid sinus syndrome and

may occur spont\aneously or may be induced by pressure upon either of the carotid sinus

OJU bodies With protracted sinus arrest, ventricular control 1§ taken over by the A-V node

or an idioventricular pacemaker and the underlying auricular standstill 1s recogmzed by
the absence of sinus P waves from all leads mncluding precordial leads at the right
sternal border and when feasible esophageal leads *

3 Mode of termination of the pause may take one of three forms

a Resumption of sinug activity The beat termunating the pause 1s characterized by a P
wave P-R interval and QRS-T complex simular to that of other cycles

b Nodal escape The pause 1s terminated by a QRS-T complex simlar to that of other
cycles accompanied by either a retrograde P wave {upright in aVp anverted in avr}
or an independent sinus P wave This P wave 1s identified as of sinus origin by a con
tour simular to that of the P waves of the underlymng sinus rhythm and 1s judged mnde~
pendent of the ventricular deflection from 1ts position either just ahead of the QRS
(at a P-R interval less than 12 sec } or superimposed upon the QRS or following 1t

¢ Ventricular escape The pause 1s terounated by a bizarre QRS-T complex quite
different from that occurring in response to supraventricular impulses and may be
accompanied by an ndependent sinus or retrograde P wave siumilar to those seen in

nodal escape

D SINUS RHYTHM COMPLICATED BY ABNORMAL AURICULOVENTRICULAR CONDUCTION
The abnormality may take one of two directions namely (1) retardation or block (2} accel~

eration
1 Retardation or block The electrocardiographic findings yield conclusive evidence as to

the presence or absence of A-V block and establish the degree of block but do not reveal

the etiology except in cases with patterns pathognomo of infarction The etwlogic
T——

*In swus arrest with A V noda} or ventricular p

k auricular i1 may be prevented by retro
as nodal (or idioventricular rhythm with retrograde

tion however tracings of this type are classified
tivation rather than sinus arrest
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smetimes
dragross ordmarily rests on clinical erujeria 2s discussed ppove, but s
B oa n etectror ficiently common to necessitate
Trrors in electrocardiographic imarpre,(atmn are sui“ Ly

he
re emphasisof
pature of the P ave
With prolongat

f the preceding cycle it1s usnally identsfiable as a notch  but may he per(ectlz x:i_
?mth the summsi of the T wave Under these cwc.umst;nces the P E‘;:rr:::zn %mm oy
dal 1 or aur
d znd an erroneons diagnosis of middle nol ythm
;emx::de Em“‘(\\en no separate P waves are ascernible  the p@amW%g .
on the T waves should pe considered particularly when the Lm.eh: __gagsi;q;_sq‘t; au:'ndl :haglc
y the P waves are char:
investigaied by taking extra leads in which d
:fzd hv;:h fvo!taze (suc‘i as HV, o~ esaphapeal leads behund the atrium} AZ1 Al‘f i;\ock
mav be missed through jmlur€to recognize the Siocked set of P waves, as a result o
superimposition on Ahe T of the preseding cycle  This source of error may uswally be
avorded by careful fnspection of all Jeads _swnce there is usually sufticient varisbility in

A ¥ conductian _so that P and T are not perfectly fused in evex-; cycle of all leads  With
the md of divaders  aet at one-hs!

1f the R-R interval and applied with ane point on the
cumott of a well-defined P wave the blocked P wave may often be detected by a search
of the portion of the tracing where the other polrt 15 expected and its temporal position
in the auricular cycle estublished by demonstrating that it falls mudway between two well-
defined P waves

When toe relationship of P and QRS-T is varisble the auticular snd ventricular rates
should be measured and he entire tracing should be studied with dividers first, to duf~
ferentiate between interfarence dissociation and 8-V block and secand, to ascertan the
degree of block  Although the former objeciive may be more under dabl

1o begi 8
after famuliarity with interference dissociation, described on page 109 and A-V hlock

page D} consideration of thewr mayer dufferences 1 essential to the avodance of errors
m the diagnosis of A~V block

Fartial and complete A-V black result from farlure of the veniricles to respond {o
bole same or all wapulses of avricular origiz, and as a consequence the ventricular rade is
en Ve slower than the ayricular  Ou the other hand interference dissociation is an expression
A il

ol a second more active pacemaker in the A-V node or ventricle, that ughrps ventricy-
% Lir control from the sinus node intermttently or continuously and causes the ventricles
e to beat either at a more rapid rate than the aurieles or at approximitely the same rate
I3, et slighly an advance of the arrival of the sindauricular impulse hence the failure of
3 sentricular response to a swnoauricular impulse 19 always explainable by QRS and P
relations that indicate arrival of this impulse while the ventricles are vefractory I the

P wave 35 su'frciently fate 1o indscate arryval of the sinoauricular impulse after the ven-
tricles have recovered from the refractory state a QRS r

should be @ L)
and »:idl indicate that tma digorder 15 mterference dissociation rather than A-V b\on):ﬂw
':h:‘ :ifsre:l;a‘icn of partial and complete A-V block 18 considered 1 the respective de
cTiplions below It 1s customary to clagsify A-V bl )
order of merenmin b y block into three drgrees arranged in
a Delayed A V canduction thirst degree block) 1g by P R pro} ‘
B tnterval from tne onset of the P wave to onget of the e

r;qm;red for the spread of the impulre through the atriz

<l

m;;i:enrmlels‘ the P R anterval may ve lengthened by defects 1n conduction throygh

o ms‘;;ed‘;;th:ulg;;hepmctwnal tissue  The former are regognized—by prg
10n 0| way LY i

the P R segment = vepeyon V}:SEE

the latter by lengthening in
1 Criteria for diagnosts consist i

2 PP wterval eaces
lengthenmng 1n the

Since
QRS 18 2 measure of the tyme

and for its passage fram auri-

ding the upper Lunuts
P Q segment of normal {page 17) as a result of
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b) QRS respanse to every P wave without any dropped beats This separates first
and second degree block Furthermore, the P-R interval 1s usually constant
n the former and variable in the latter

2) Evaluation of the role of vagal hyperirritability should be carried out, whenever
possible, by repetition of the tracing after change from a recumbent to erect pos-
ture, after exercise or a therapeutic dose of atropine

— fhindi 2

3) Ciasaification according to severity may be made into the following three groups

a) Slight prolongation, up to 28 sec , has been found in a number of healthy per-
sons, as well ag in association with disease hnown to affect Junctional tissue
The common denominator in both groups is vagal hyperirritability Because of
1ts demonstration 1n healthy persons, P-R prolongation should not be construed
ag definite evidence of @ myocardial lesion, when present as an isolated finding

b

Moderate to marked prolongation, represented by P-R interval between 28 and

50 sec , usually has an orgame background, but has been observed mn appar-
ently healthy persons Vagal hyperirritability 1s often an important contribu-
tory factor in the former and 1s solely responsible in the latter

¢} Extreme prolongation 1s a rare finding but may reach limits of 80 to 88 sec

b Partial A-V block (second degree block) The ventricles are still under auricular
control, but conduction 1s sufficiently impairedthat some impulses fail to pass through
the A~V node Ths results 1n dropped ventricular beats and makes the ventricular
rate slower than the auricular

In the analysis of complex tracings tihe influence of an 1mpulse that has penetrated
the A~V node on the ability of the junctional tissues to conduct a second impulse must
be borne 1n mind  After the entrance of an 1mpulse, the junctional tissues pass phys-
1ologically through the following stages in respect to their capacity to transmit a sec-
ond impulse (1) an immediate state of absolute refractoriness, followed by successive
stages of (2) partial refractoriness, (3) supernormal conductivity (4) normal condue-
tivity When the junctional tissues are wnjured or depressed the first two stages are
prolonged A second impulse will be blocked af 1t reaches the A -V node during the
stage of absolute refractormess or will be delayed in 1ts passage, but eventually trans-
matted, after a prolonged P-R interval 1f it arrives during the second stage The
supernormal phase becomes of clinical significance only when the junctional tissues
are markedly depressed, 1n which event impulses arriving during the supernormal’
phase are less delayed in transmussion than those arriving later  Thus, when one
wmpulse arrives after the supernormal phase and the next during 1, paradoxical
shortenmng of the P-R wmterval may be observed When the junctional tissues are able
to transmit only those wmpulses arriving during the supernormal phase, a rare form
of high grade partial A~V block 1s produced, that should be diffetentiated from com-
plete A-V block

When an impulse that produces a P wave fails to elicit a ventricular response n-
terference from an ectopic nodal or ventricular bheat must be excluded before arriv-
ing at a diagnosis of A-V block The disturbed auriculoventricular conduction that
oceurs when a smnus beat reaches the junctional tissues immediately after an ectopic
nodal or ventricular impulse 15 termed interference rather than A-V block Such i~
terference 15 almost always recognizable from the presence of an ectopic QRS either
ymmedsately ahead of the blocked P wave, merged with 1t, or following 1t by an inter -
val shorter than the customary P-R measurement Difficulty arises in the rare in-
stance of the premature nodal impulse that fails to pass backward nto the auricles
and also fails to activate the ventricles, by reason of arrival before they have recov-
ered from the preceding contraction Such a premature nodal impulse wiil itselfi ;
cause no deflection, but will render the junctional tissues refractory to a sinocauricular
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d blocked P wave
ward resulting in an lsalate
implse Wt:;:?:z&?xia:‘fgn;iei This rare phenomenon may be s;s;;ecv';::i’e \:hen
t::;:z:‘:smws sy BD&‘::‘S ;hfa;\il:&;\‘se[;okx:::;iz; ean be ex-
ture QRS complexes of naw! confs e o
::é:; :: :feareason for P waves failing to elicita QRS response A~V blo
est;:hsg:d as1s of partial A-V block will be tahen up firat and the dmeren‘taif::n r;.;::
mv,m;\eate h%nm:k wall be considered in connection with the r;excnp;nndz{gf ﬁ;: e
f partial A-V block depend upon the
ﬁ?ﬁ:ﬂt&agﬂ&h: ;e::::: Yotae the mumber of auricylar and veptricwlar com-
5P
plexes and may be classified into three grades

1) Low grade partial A-V block is manifested by ntermutient dropped ventricu\arde-
foads {hat ave leas frequent than the conduoted beats  Thus, the most severe
gree of block arburarly classified into this category is that wn which the average
ratio of auricnlar to ventricular bests 15 3 2 whereas successively duminishing
degrees of block are expressed by ratios o143, 54,65 76 87 orby notation

N

af accgsional Arannad hen o s ar beats
commoh and

razy be 2 s

1s usually 1 o

from ¢ 31c

w + o T Whenever

possible ine role of vagal hyperirrutapiity should be evaluated by repetition of the
iracing ajter change from 3 recumbentio.Anerect E_o_smre,‘after exepcise, or after

/ a therapesic_dose of atrapine  Low grade partial A-V black may be subdivided into
the following ihree groups according {0 the P-R relationships in successive eycles

2} Essentially constant P-R interval apart from the dropped heats, fs the uncom-~
mon finding and has been designated the Moebiys type  The P-R interval iz pro-
longed but constant 1n all conducied cycles so that the dropped beat oceurs
abruptly ‘The ventricular rhvthm 33 regular except for intermittent pauses
exactly twice the usual cycle Jength during which a regular synus P wave is
recorded bul ne QRS This fofm of A~V bloek should not be confused wmith §-A
block 1n which no evidence of auriculzr actingy is recorded during the pause
or with 3 blocked premature surienlar beat recogmzed by the prematurity and
aberrant Torsm of the 1501Ated P wave - T~
e e

bl culmmating in a dropped beat known as

ore cammon finding  There is a pragres-

R anterval in successive cycles reflec-
ting increasing fatigue of the_yunctiona) tissues until an auricular Impulse fafls
ta reach and activate Mventmg tollowing the dropped beat
ihe P-R interval reaches 1 5 summum and at that tune 15 generally slightly
ahove normal Yuy may be withun the normal range The increment i P-R 15
vsually preatestan.the second cyele followang the drapped beat bat the amterval
contuyes fo lengthen by smaller mcrements untll the next dropped beat  wnlch
18 brone to occur after the P-R has attained a lengih of 34 5 ©

103,40 sec
me'l;};e“:lauses occasioned by the dropped veniricalar beats are less than twice
o riycle length and  adong wath the irregmlarities inthe x utervenng ven-
_\Mythm oiay produce » waming ang paung effect remunscent of sinus

“hen the sincan
premature noda) bra
erolongation of the

TWhena 2 1 ratio

aar ympul,

e s(nﬂa:‘r ::“ ‘t:;e:‘d:r&m e gervod of pariis) Tolractoriress indured by the blocked
Ry weslar » ve may elicit a ventricalyr response aller 2 delay result )y
— gle tycle a rare phetamenon 10 pe distinguished from first de?fem\:;he *

. o
ained {or more than a brieg interval the block is classed as high grade -
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arrhythmia In the latter, the phasic changes mn ventricular rhythm are depend-
ent upon similar changes 1n auricular rhythm the P-R nterval remaining essen-
tially constant 1in the former, the phasic changes 1n ventricular rhythm result
from abnormal and variable P-R mtervals, the P-P intervals usually remaining
essentially constant
The ratio of auricular to ventricular beats 15 seldom maimntainea at a fixed

figure {such as 5 4) for more than a few mnutes, but tends to vary in accord-
ance wath ﬂuctuatmn's\ m vagal tone The role of the vagus should be investi-
gated exther by attempts at studulation, that would increase the degree of block,
or at depression of vagal tone by change from recumbent to erect posture, by
exercise or therapeutic doses of atropine  When the Wenchebach phenomenon 1s
of vagal origin, acceleration of auricular rate by exercise may lessen the degree
of block or abolish dropped beatsmen secondary to organic lesions of the A-V
"‘1‘1‘3 acceleration in auricular rate 1s pr’o?xe to inE-Ease the deg}r_e—;ar block

¢) Paradoxical shortening of a prolonged P-R mterval preceding the dropped beat
1s a rare finding and may occur when the succeeding impulse_fortuitously arrives
at the A-V node durwng 1ts supernormal phase of recovery from the preceding
impulse This phenomenon should be suspected in partial A-V block when the
B-R interval in the latter of two successive beats is less prolonged than in the
in the {(_)I;l}l&l‘ provided that the auricular rhythm 1s regular and the QRS com-
plexes umform in cgntour The last stipulation 1s made to exclude premature
ventricular beats but does not rule out an ectopic nodal beat released just
ahead of the arrival of the smoauricular 1mpulse To establish the dizgnosis,
1t 18 necessary to find paradoxical shortening of the P-R repeatedly through the
tracing and to demonstrate a critical relation between the length of the P-R in-
terval and that of the preceding R-P interval Short R-P intervals falling
within 2 narrow range critical for the mndivadual patient are followed by short
P-R intervals presumably because of the arrival of the impulse during the
supernormal phase of recovery from the preceding beat, whereas longer R-P
mntervals are followed by longer P-R intervals presumably because of arrival
after the supernormal phase

2) High grade partial A-V block 1s manifested by dropped beats as numerous or more
frequent than the conducted beats The common variety 1s 2 1 block 1in which
every other P wave is followed by a QRS at a constant P-R interval The P-R in-
terval of the conducted beat 1s usually slightly prolonged but may fall within the
upper Limit of normal The diagnosis 1s made by dent:frcation of the P wave with
blocked ventricular response This P wave 1is detected by search for deformity
1n the Preceding S-T segment or T wave and 19 2dentafzed by 1ts shape and time re-
lationships with other P waves as shown with the aid of dividers The recogmtion
of the blocked P wave avoids mistaking 2 1 bloch for sinus bradycardia Further-
mare auricular ectopic beats so premature that they fail to elicit a ventricular
response, shonld not be confused with A-V block and are differentiated by their
prematurity and significant differences in contour from P waves of sius origin

In 2 1 block the P-P cycles may be perfectly regular or may alternate in length
by as much as 08 sec to 12 sec In the latter event the cycles contasming the
QRS-T complex are shorter and the post-systolic cycles are lengthened The
alternation m cycle length 1s dependent upon variations in vagal tone as shown by
the fact that 1t 1s abolished by atropine The post-systolic slowing represents a
refiex vagal retardation of impulse formation 1n the S-A node apparently induced
by ejecton of blood 1nto the aorta Alternate P waves may differ 1n shape as well

as 1 spacing presumably because of shift in the pownt of release from the\S~A

' }nnde 1 also winfluence the ratio of auricular o ventricular

uations 1n vagal tone wi
bealt:‘sluxit hagh grade partial block  Reduction vagal tone may reduce the frequency

e
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of dropped beats resuling 2 ch:nge i:ci:; :ﬁsler;nfa;‘a‘:: :e:\ f;::((i; \i fto: ;1 e
1 response  wheres

:izz:: :: :Y:‘xl t::*a&‘l 1!:1\)?.!21 Hagh grade parisal Black of the Iatter varlienes 18 ::f -
foxentiated {ram compiete A-V block by the demonstratian of regularly relcur;s 5’ .
cycles 1n whitha P oave 16 followed by » GRS o 2 constant P-R wnterva éz
as the ayreuloventycular rago ts constant 1 partial A<V block the auricular rat
15 a multsple of the ventricular

13
@ cal
yume fov P waves to fall m order to et a yentricular response 18 pelwee : the
su nuats of the T and U waves of the precedung yeal representing an wnterval of
20 sec to 75 sac from the beginnsng of (e Jast cycle m most reported cases
P waves that fall before or after the cmtical penod {ail o el 2 ventricular
-;:-espnn»e
When most P waves fall outside of dhe eratcal fnterwad an ingependent (escaped)
nodal or ventricular rhythm 13 necessarily set up and the tracing 18 Ubely to be
mustahen for complete A-V Block  The duferentiation is made by {he deponsiraton
that 21l P waves thas 1all witiin the tratical period are followed 21 constam B-R
wter sals, by QRS complexes that aTe out of step with those of e wndepentent
vhythen  This pt may be expl d 10 one of three ways and 18 nat nec-
esgarily due to the same mechansm in evers Qase

a} Supirnormal phase of recovery  According to this hypothests A~V conduction
18 posstiie only when the wapulse reaches the A-V rode dartag the supernormal
phase of recavery follawing, the preceding unpul Thig explanation
for the observation Ui seveyal cases that @ 1 » YesRORSe oecurred when the au-
ricwldr rate was adpsted 5o that s}l P waves fell hetween the sutmits of the 'S
and U wyves of the preceding cycle but & complele block appearesd when the

2urienlar rate was sloved sulficlently to take all P waves fall alfier the U wave

A

Prolongation of xest period wn the area of hlock  Aecording to this i

antegrade conduction through the damaged A-V node takes glace onlyygzief}iz
preceding sinngurieular impulse has been extinguished proximasl to the mjured
ares therehy allowing addiional tume for recovery This takes place when an
sctapie rupulse 15 released from a focus i the ventracles or A-V node brigw
ibe point of wury 1 time o permat rétragrade conduction through the yunciional
sues to meet and extinguish the downcoming sinus impulse akove the area of
‘njiry  This hypothesis ha. been supported by the & rauon of N

from the jentricles back m o
° to the auricles to produce a ret
ro
o e grade P wave

ntrac-
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N
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syndrome* 1s more common when the ectopic pacemaker 1s located m the ventricles
than in the A-V node, and 1s also prone to occur at the advent of complete A-V
block T The paroxysmal form may be diagnosed when serial tracings reveal epi-
sodes of complete A-V block and episodes of sinus rhythm with 1 1 A-V ratio The
electrocardiographic features of complete A-V block are

a) Spacing and contour of the P waves When the auricles are under sinus control,

b

[+

)

the P-P intervals are usually regular however, vartations mn P-P intervals may
occur due to the influence of reflexes, arising in connection with the independ-
ent ventricular activity, on the S-A node

In some cases, the auricular cycles enveloping a QRS-T complex are shorter
than the cycles contaiming no QRS-T apparently because of preponderant influ-~
ence of the aortic reflex 1nitiated by ejection of blood Under these circum-
stances, the P wave following a QRS-T complex appears premature, but 1s rec-
ognized as of smus rather than ectopic origin by a configuration 1dentical with
other P waves

When there are three or more successive P waves without an intervening ven-
tricular contraction the P-P intervals may exhibit progressive shortening ow-
ing to the Bainbridge reflex, arising from distended atria During prolonged
ventricular standstill the auricular rate first accelerates then progressively
slows If ventricular standstill 1asts more than 20 sec  the P waves are lihely
to become bizarre and polymorphous

Ventricular rate 1s usually between 30 and 40 beats per minute It may exceed

40 particularly when digitalis intoxication 1s an etiologic factor or may be

less than 30 and even as low as 10 beats per minute The ventricular rate 1s
always slower then the auricular  This 1s the primary criterion in differentiat
ing complete A-V block from interference dissociation, in which ﬁle\vemxic_u_{arI /
rate 1s faster than the auricular The ventricular rate 1s often approximately

one -half of the auricular but accurate measurement of the respective rates

shows lack of arithmetical relationship This aids 1n the differentiation from
constant 2 1 A-V block 1n which the ventricular rate 1s exactly one-half of the
auricular

Ventricular rhythm

(1) Regularity depends upon whether there 1s a single or multiple pacemaher for
the ventricles When there 1s a single pacemaker as indicated by uniformity
11 QRS contour 1n a given lead the ventricular rhythm will be regular unless
there are episodes of standstill This 1s in contrast to low grade partial A-V
block 1n which the ventricular rhythm 1s always wrregular  When there 15~
more than one pacemaker for the veniricles i completé A-V block the
rhythm 1s wrregular In this event QRS complexes in a given lead differ 1n
contour as well as in spacing but consecutive beats from the same focus
are evenly spaced and uniform in pattern

(2) Independence from the auricular rhythm 1s established by demonstrating
(1) that the respective rates are arithmetically unrelated (2) that the ventri-
cles fail to respond to any smoauricular 1mpulses, regardless of the portion
of the cycle mn which the P wave falls This constitutes the fundamental crite-
rion for the differentiation of complete A-V hlock from both partial A-V block

*The Stokes Adams syndrome cl
but the ventricles fail to maintain cir
plete A V block but also from paroxysm.

1lnler‘mntem complete A-'
occasionally to strong vagal stimulation rarely

haracterized by syncopal attacks during which the auricles contunue 10 beat
culation may result not only from ventricular standstill secondary to com

al veptricular tachycardia

V block 15 usually referable to transient 1schemia complicating coronary disease
to other causes such as recurrent inflammation

Ve
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mpletel:

4 interference dissoclation When antegrade cmdu;:::;noi: ;oan; o4 x?ter

" supted a study of a long continuous record of one o oty hetween

o ptram roultiple Jeads will show P waves at sl posbl e B e re-

:&::%SRS complexes In the presence of cox;np\ete :;—c‘ie 0! e emtrlon-

ts tume in respect to the yentricular , will e
%:rn:-‘:::o?;; zs;nd thereby break the regularity of the independent ventric!

rhythm .
an
g} Locatson of the ventricular acemaker The electrocydiog;a):l:c ihmedinag; @
' Lhzccluucal course depend, toa considerable extent upon whe ; :;' ne ;:ric{;s
maker is situated in the lower part of the A~V node or mn ong of mem et
1th 2 nodal EMestmg ventricular rate 15 usually in the range
35 to 45 heats per
of standstill Witk
erally slower trat
and the prognos:s
judged from the QRS pattern

1A Dnnmem =
-

v @ + U LA lidy Dy Indistingwshable from an idioventricular pacemaker
wnless the bundle branch block is intermittent This 18 recognized by shift-
ing between QRS patterns of normal and prolonged duration in the presence
of a perfectly regular rhythm A nodal paceraaker with hilateral bundle
branch block has been diagnosed by the demonstration of even spacing of the
QRS complexes with alternation between patterns of left and right bundle
branch block type

{2} 1 ker 18 ated by leslons involving the A-V node
and both branches of the bundle of His The QRS-T complex is broad and
bizarre and 1s subject to changes i configuration as a result of the tend-
ency for the 1dioventricular focus to shift in location The approximate gite
of the pacemaker is judged by the eriteria employed for locating the focus
for ectopic ventriewlar beats (page 106)

2} Complete forward block with preservation of retrograde conduction ararep -
epon  To make the diagnosis the presence of complete forward block must be es-
toblished farst  The preservation of retrograde conduction 13 indicated by the dem-

onstration of intermittent P waves of opposite direction 4o thoge of sinus oripin {i »
upright in aV, 1nverted mn aV.} follnwine va ~—-

wwswie  Retrograde passage at other

oveen ;e.‘é Rn.syu: 1;\ blocked by the downcoming sinus impulse The wnterval be-
am

P € succeeding retrograde P wave generally ranges between 10

2 Accelerated conduction from auricies 1o ventricles Is mamfested by a P-R 1woterval less
the diagnosis 15 made, 1t 1
N 8 necessary to exclud
?: :llz::);:: mr:zs‘crib:d on page 110 Sinus meehamsms' with short P~I{ intervals Emny
wo typeg 4 upon the path 5y
g of
ventricles along with the manger of ventricular exclla'd"on from aunclas to
2 Accelerated conduction throu {23
the customar.
<it: n 18 mamfested by P wavesg consistent wa! s i normay emietar ex

th an S-A pacemaker 2 P

“R mterval
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slightly less than 12 sec , and QRS complexes of normal configuration and duration
This combination represents the usual finding at birth, 1t 1s not uncommon 1n children
under thirteen years of age presumably because of the small size of the heart, and
1s occasionally observed 1n adults The P waves tend to have a church steeple contour
with narrow base suggesting rapid auricular activation, but originate from a pace-
maker 1n the S-A node, or at least in the immed:ate vicimty * as shown by complete
inversion in Lead aVg and an upright deflection in aVy This syndrome has been
observed not only 1n normal adults, but also 1n hypertensive cardiovascular disease
and 1n adrenal cortical hyperfunction A predilection towards paroxysmal tachycardia
has been reported

Accelerated conduction through aberrant pathways with anomalous ventricular excita-
tion (Wolff -Parkinson-White syndrome} The bundle of Kent 1s a congenital anomaly
in humans with predilection for (1) the right lateral aspect of the heart, bridging the
groove between right atrium and ventricle, or (2) the posterior wall connecting either
the left atrium and ventricle the right atrium and ventricle, or the posterior ends of
the septa The bundle may never function, 1t may conduct impulses in episodes alter-
nating with periods during which the ventricles are under the exclusive control of im-
pulses transmitted through the A-V node In the presence of a bundle of Kent, ep1-
sodes of W-P-W syndrome are prone to occur even though the heart 1s otherwise
normal or may be precipiated by lesions that cause greater impairment of conduc-
tion through the A-V node (e g rheumatic and diphtheritic myocarditis septal in-
farction) etc

The probable genesis of the W-P-W syndrome 1n a patient with a functioning right
lateral bundle 1s 1llustrated ;n Fig 23 A B The shortening of the P-R nterval by
the premature onset of the QRS results from transmission of the auricular impulse
through the bundle of Kent to the right ventricular surface prior to its passage through
the atrioventricular node (Fig 23 A) The premature component 1s downward mn
direction in leads from the right precordium and axilla (e g V) which reflect the
potential var:iations of the epicardial surface of the lateral wall of the right ventricle,
away from which the impulse 15 moving, 1t 15 upright 1n leads from the left side of the
chest (e g V3 V) towards which the xmpulse 1s advancing as 1indicated by the
arrows i Fig 23 A The relatively slow progress of the impulse along aberrant
pathways 1s responsible for the thickening and slurring of the premature component
and for the lengthening of the QRS duration The abrupt transition from a deformed
imtial phase to a normal final phase of the QRS presumably results from the extinc-
tion of the aberrant umpulse 1n the right ventricle by the arrival of the normal 1impulse
distributed through the ramifications of the bundle of His with activation of the re
mainder of the ventricles in the usual manner (Fig 23 B) Since ventricular depo
larization 1s completed in the normal manner the time interval from the beginning of
the P to the end of the QRS 1n patients with intermittent W-P-W syndrome 1s generally
the same 1n the anomalous as m the normal cycles The electrocardiographic features
of the Wolff-Parkinson-White syndrome are as follows

1) P waves are characteristically normal in direction contour and duration and simu-
fate those of normal sinus mechanism 1n cases of intermittent W-P-W syndrome
Anomalous atrioventricular conduction can complicate ectopic auricular rhythms
and has been reported in association with auricular premature beats auricular
fibrillation auricular flutter and nodal rhythm Although the presence of the
W-P-W syndrome may be suspected from the nature of the QRS deformuty a

desig
*This syndrome has been
located 1n this vicimty or in the upper part of the A V

nated as coronary sinus rhythm but it seems unlikely that the pacemaker 1s
node 1n view of the direction of the P waves in the um-

polar himb leads
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should be ta¥en as the trie messurement prowided there 15 no reason o suspect
that the firet portian of the P wyve 1 (soelectric

%

Errontously long smeasurements

amoutling ta 12 see ar more may be obtdined 1z distant Jeads so far vemoved

that they tail 10 regster the potentual differences develoved a* the beguming of
ventricular

P Rantervals exceeding 12 sec i all leads may be found tn the event of {1
prolonpation xn the durahon of fhe P wave tb 13 sec Qr more as the rasult of
an & ersursenat condustion defect (2) retardanon o passage of the irapulse
through the hundle of Kent but still grester delay wn tranamission through the
ifsoventrieular node  The short P R uterval of the W P~% syndrome must by
dufferentiated from the short PR mterval asso: lated with A-V aadal vhvilim and
that d witn lerates cond

ihrougk 81 normal pathways {deseribed
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shightly less than 12 sec  and QRS complexes of normal configuration and duration
This combination represents the usual finding at birth 1t 15 not uncommon 1n children
under thirteen years of age, presumably because of the small size of the heart and
1s occasionally observed 1n adults The P waves tend to have a church steeple contour
with narrow base suggesting rapid auricular activation, but originate from a pace
maker in the §-A node, or at least in the 1mmediate vicumty * as shown by complete
version in Lead aVz and an upright deflection in aVy  This syndrome has been
abserved not only w1 normal adults, but algso in hypertensive cardiovascular disease
and 1n adrenal cortical hyperfunction A predilection towards paroxysmal tachycardia
has been reported

e

groove between right atrium and ventricle, or (2) the posterior wall, connecting exther
the left atrium and ventricle, the right atrium and ventricle, or the postierior ends of
the septa The bundle may never function, 1t may conduct :mpulses in episodes alter~
nating with periods during which the ventricles are under the exclusive control of im
pulses transmitted through the A-V node In the presence of a bundle of Kent epi-
sodes of W~P-W syndrome are prone to occur even though the heart 1s otherwise
normal or may be precipitated by lesions that cause greater ympaiwrment of conduc-
tion through the A~V node (e g , rheumatic and diphtheritic myocarditis, septal -
farction), etc

The probable genesis of the W-P-W syndrome 1n a patient with a functioning right
lateral bundle 15 1llustrated in Fag 23, & B The shortening of the P-R wmterval by
the premature onset of the QRS results from transmission of the auricular impulse
through the bundle of Kent to the right ventricular surface prior to its passage through
the atrioventricular node (Fig 23 A) The premature component 1 downward in
direction in leads from the right precordium and axtlla {e g Vzz) whach reflect the
potential variations of the epicardial surface of the lateral wall of the right ventricle,
away from which the impulse 15 moving, 1t 1S upright in jeads from the left side of the
chest (e g V3 V), towards which the impulse 1s advancing, as indicated by the
arrows in Fig 23 A The relatively slow progress of the impulse along aberrant
pathways 1s responsible for the thickemng and slurring of the premature component
and for the lengthening of the QRS duration The abrupt transition from a deformed
mitial phase to a normal final phase of the QRS presumably results from the extine-
t1on of the aberrant impulse mn the raght ventricle by the arrival of the normal umpulse
distributed through the ramifications of the bundle of His with actwation of the re-
mainder of the ventricles in the usual manner (Fig 23 B} Since ventricular depo-
larization 1s completed in the normal manner the time nterval from the beginmng of
the P to the end of the QRS 1n patients with intermittent W-P W syndrome 1s generally
the same 1 the anomalous as in the normal cycles The electrocardiographic features
of the Woltf-Parkinson-White syndrome are as follows

1) P waves are characteristically normal tn direction contour and duration and simu-
Tate those of normal sinus mechanism in cases of intermittent W-P-W syndrome
Anomalous atrioventricular conduction can complicate ectopic auricular rhythms
and has been reporied in association with auricular premature beats, auricular
fibriiation  auricular flutter and nodal rhythm Although the presence of the
W-P-W syndrome may be suspected from the nature of the QRS deformuty a

*This syndrome has been designated as €0
jocated in this vicinity or 1 the upper part of t!

ronary sinus rhythm but it seems untikely that the pacemaker 15
he A V node in view of the direction of the P waves tn the uni~

polar limb leads
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positive differennation from aberrant conduchion through the ramifications of the
bundie of Fis generally awaits the deatification of the W-P-~W cornplexes after re~
version to normal sinug rhythm

2 P R anterval is shorgg;ed a5 a result of obliterniion of the P-R segment by the pre-
mature anget of the QRS and is characteristically less than 1¢ seec  Measure-
moents may vary m thfferent Ieads  The shorter values are ohtained In leads near-
est the partion of the vertricles uutially activated by way of the bundle of Kent and

S Arads
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5)

on page 99} In W-P-W syndrome the P waves are characteristically of sinoau-
ricular origin (1 e , upright in Lead aVy, inverted 1n aVg), and the QRS shows the
classical deformuty of its imtial phase, in auriculoventricular nodal rhythm, the P
waves are opposite in direction {1 e , inverted in Lead aVe, upright in Lead aVy),
and are generally followed by QRS complexes of normal contour, wmn accelerated
conduction through the normal pathways, the P waves have a characteristic narrow
base and steeplelike contour and the QRS complexes are generally normal in
contour

QRS duration usually is prolonged beyond 10 sec and ranges between 11 and 18
sec The prolongation occurs in the portion of the QRS inscribed prior to the on-
set of the intrinsicord deflection  This interval exceeds 05 sec and generally
ranges between 06 and 12 sec  depending upon the length of the premature com-
ponent The greater the duration of the QRS and the premature component the
greater the distortion of the QRS-T contour, due to the registration of relatively
more premature and relatively less final component The lengtheming of the QRS
occurs at the expense of the P-R interval Measurements of the time between the
onset of the P and the end of the QRS (P-J 1nterval) are generally the same in
anomalous as in normal complexes when both are present in the same tracing,
however the P-J wterval may be shorter in anomalous complexes when the dif-
ference between the time of arrival of the impulse at the ventricular terminus of
the bundle of hent and A~V node 1s great enough to permit complete activation of
both ventricles through the aberrant pathway This 1s prone to occur when the im-
pulge distributed through the bundle of kent reaches the ventricle 06 sec or more
ahead of that passing through the A-V node to the bundle of His

QRS contour The classical QRS in the W-P-W syndrome 15 a fusion complex,
consisting of (1) a premature component {delta wave) characterized by a relatively
thick string image with either slurring or notching reflecting a comparatively slow
progress of ventricular actwvation through an anomalous pathway, (2) a final com-
ponent character:ized by a thin string mmage and a precipitous deflection repre-
senting a comparatively rapid movement of the activating impulse distributed
through the bundle of His and its ramifications The relative duration and magn1-
tude of the premature and final components are dependent upon the duration of the
wmnterval between the arrival of the mmpulse transmitted through the anomalous
pathway and that conducted through the A~V node and bundle of His, as discussed
above The premature component 1s brief in duration and small 1n amplhitude when
the impulse spreading from the ventricular terminus of the anomalous pathway 18
soon extinguished by the arrival of that distributed through the bundle of His 1t 1s
longer in duration and greater in amplitude when there 1s greater disparity in onset
of ventricular activation through the two pathways The premature component
forms the entire QRS when the 1mpulse transmitted through the anomalous pathway
arrives sufficiently early to activate all the ventricular myocardium Under these
circumstances the QRS 1s not a fusion complex but rather resemblesan ectopic
ventricular beat arising from a focus corresponding with the ventricular terminus
of the anomalous pathway

QRS direction The direction of the premature component of the QRS1in a givenchest

Tead depends upon the location of the anomalous pathway in reference to the heart

and to the position of the electrode When the bundle of hentbridges the gap between
the lateral aspect of the right atrium and ventricle the impulse arrives in the sub-
epicardial aspect of the lateral wall of the right ventricle and proceeds to activate
the ventricle 1n the right-to-left direction Under these circumstances the pre-
mature component will be recorded as a downstroke in leads from the right pr:cor-
dium and axilla which face the epicardial surface of the lateral wall c;rflhe gng ;‘
ventricle (Vy to Vg inclusive} and as an upstroke in leads from the left side o

~
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1n leads from the posterior wall of the chest (Vg Vg Vge and Vgg) and an up-
stroke in leads from the anterior aspect of the right side of the chest (V) 10 Vgs
inclusive) as well as from the left precordmm (V; to Vg inclusive)

The differentiation between a right lateral bundle and a posterior bundle as the
anomalous pathway 15 made from the durection of the premature component in
leads from the right precordum (Vg Vg Vaz 2ndVy) as compared to that in
leads from the back {Vy Vg and Vig) The regisiration of an initial downstroke
in Leads Vgz Vi Vi and Vy and an initial upstroke in Leads Vg Vg and Vg of
the same case indicates that the vector associated with anomalous excitation is
directed from right to left in a transverse plane and from front to back 1n a sagittal
plane and thus pomts to actwation through a bundle of hent terminating in the sub-
epicardial aspect of the lateral wall of the right ventricle The regstration of an
wutial downstroke in Leads Vg Vg and Vg; and an imtial upstroke in Leads Vgg
Vir Var 2nd Vi of the same case wndicates that the vector associated with anoma-
lus excitation 1s directed from left to right in a transverse plane and from back to
front 1n a sagittal plane and thus points to activation through a bundle of Kent ter-
minating in the subepicardial aspect of the posterobasal wall of the left ventricle

Esophageal leads opposite the atrioventricular groove like Leads Vg and Vg
show 2 premature upstroke when the anomalous pathway is on the right lateral
aspect of the heart and a premature downstroke when the anomalous pathway 1s
posterior  On the other hand esophageal leads opposite the posterior diaphrag-
matic aspect of the left apex (Egsand Eg as well as precordial leads facing the
anterolateral aspect of the apex (V, V5 and Vg) display a similar premature
upstroke when anomalous excitation is through a lateral or posterior bundle of
hent Presumably because the directios
from base towards apex in euther case
S T compley and ¥ wave.
the relative proportions of
and the Purkinge system
tion tends to be 130electry

n of the vector 1n a cephalocaudad plane is

The findings are quite variable and depend 1n part on
ventricular activation by way of the anomalous pathway

‘When the premature component 18 brief the S-T junc-
¢ and the T wave normal in direction

The more
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prolonged and larger the premature component the more likely the displacement
of the 8-T segment and T wave 1n a direction opposite to the QRS The T wave 35
also subject to considerable variation n leads facang dufferent portions of the same
ventricle mn a given patient No inference regarding the state of the myocardium
can be drawn from the QRS-T pattern when the W-P-W syndrome 1s present

Paroxysmal tachycardia 1s @ common complication and was present 1n approxi-
mately two~thirds of the cases in the largest individual and collected sertes The
true imncidence 1§ no doubt, below this figure smce asymptomatic patients tend
to remain undiscovered During the paroxysm the P waves resemble those of
auricular tachycardia and along with the associated QRS complexes occurata
rapid rate believed referable to the establishment of a continuous circuit between
auricle and ventricle The QRS complexes are generally of normal supraventric-
ular form attributable to antegrade conduction of the circular impulse through the
auriculoventricular node and retrograde conduction through the bundle of hent
Upon cessation of the tachycardia, the QRS complexes revert to the fusion pattern
typical of the W-P~W syndrome On the other hand the QRS complexes during
the paroxysm may resemble those of ventricular tachycardia presumably from a
reversed circwyt  Under these circumstances a supraventricular origin is indi-
cated by & constant and umform relation to the P waves An abnormally short P-R
wterval would suggest a reversal i circuit with conduction from atrium to ventri
cle through the bundle of Kent a normal P-R interval would suggest transmisston
through the auriculoventricular node with complicating bundle branch block to
explamn the bizarre ventricular complexes Paroxysmal auricular fibrallation or
flutter 15 responsible for the episodes of rapid heart action in a few cases Some
of the ventricular complexes maj) be normal and others fusion wmn type indicating
conduction through both pathways

Influence of physiological factors and pharmacological agents The W-P-W syn-
drome 1S often intermuittent and 1s sometimes manmfested by alternation betveen
normal and fusion QRS complexes Reversion to sinus rhythm may occur during
exercise presumably as a result of vagal inhibition with consequent acceleration
of transmission through the auriculoventricular node Digitalis and cholmnerge
drugs (neostigmine and methacholine} given at a time when conduction 1s normal
cause reappearance of the W-P-W syndrome and eraggerate the effect of a pre-
existing anomalous excitation, preswmnably through lengthening conduction time
through the A V node and allowing more of the ventricles to be activated by the
impulses transmitted through the anomalous pathway Digitalis may fail to con-
trol ventricular rate in patients with auricular fibrillation when the ventricles are
activated through the bundle of hent Atropine has abolished the W-P-W syndrome
in a few cases but more often has been of no value Quinidine 15 the most effec
tine therapeutic agent and presumably acts by delayng conduction through the bun
dle of Kent sufficiently to permit ventricular excitation through the ramifications
of the bundle of His Paroxysmal tachycardia associated with the W-P-W syn-
drome may be converted to swus rhythm by quindine

D SINUS RHYTHM (OR ARRHYTHMIA) COMPLICATED BY ECTOPIC BEATS The class:

1 Premature ectopic beats are recogal
that are (1) premature, as shown by
cycle, (2) ectopic as shown by sy,

fication according to site of the ectopic pacemaker {t e whether nodal auricular or ven
tricular) and according to spaving {1 e whether a premature or an escaped beat) has
been discussed at the beginning  along with the pathogenesis, thus leaving merely a descrip

tion of the electracardiographic features

zed by the interjection 1nto a sinus thythm of beats
their occurrence in advance of the next anticipated
grificant differences from P and/or QRS deflections
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fes of simus origie ¥ Premature beats may be occasional or frequent r;:ayno;;:u .
- c}ic e; airs or short runs They may occur after each sinus cycle caus ﬁmj ge
smf(yo“ 11:6) rhythm  or after each paw of sinus cycles resulting ina trxg;m -
ulxxaythmc PThey may anse from 3 single focus as indicated by a consis;i{r;t shape 1{ Yy
: decided erences in
than one focus as recogmzed from
ARSI n the same lead Premature beats {from
il petween two or moTe premature beats e
;0:;;1; focus show a constant time relation to the preceding sinus cyele as would l‘;e
expected if they were an expression of re-entry discussed on page 85 They may be
classufied according to location of the focus as supraventricular (nodal or auricular) (d:a;'
ventriuclar and each group may be further subdivided in accordance with eontour andjor
spacing of the premature P andfor QRS complexes

a Premature supraventricular beats are recogmzed from the interjection of premature
ectaple P waves 1nto @ basic thythm origmnating from the sinoauricular node Pre-
mature supraventricular beats may arise from any part of the atria or A-V node The
approximate source 18 determined from the contour and spacing of the premature P
waves {he manner of conduction through the A-V node and ventricles as indicated by
the P R wnterval and the QRS~T contour as compared with smoauricular cycles

1) Contour of the premature P waves Evaluation of contour or even recognition is
often handicapped by the tendency for premature P waves to be superimposed upon
the T waves of the preceding cycle The P wave often appears as a notch that is
eamly identified and evaluated however the P wave may be perfectly fused with
the T wave 1n which event 1t 15 recognized and evaluated as to direction and ampli-~
tude by comparison of the fused complex with other pare T waves The location of
the focus 1s udged from the direction and shape of the premature P waves parti-
cularly 1n the uvmpolar limb leads as amplified below The presence of two or
more ectopc foct 1s undicated by sigmficant differences in the shape andlor direc-
tion of the ectopic P waves i a given lead  The conductivity of the impulse through

the remainder of the airia is determined from the duration of P wave as discussed
on page 31

2) Nodat premature beats are mamifested by ectopic P waves that are sharply in-

verted and V shaped 1n aVy and upripht 1n aVp and aVy

b) Auricular premature beats  When the focus 1s lecated in the Tight ateium  the P
wave 18 mverted in Lead aVg but differs sigmficantly 1n contour and amphtude
from the P wave of simus oragin 3t 18 usually upright in aVi and aVe but may be

shallowly inverted in the former when *ke focug is 1 the upper part of the m)g"xt

#rium or shallowly mverted in the latter when the focus 18 1n the lower portion

P waves arising from the left atrium are uprig]

ht 1 aVp of the focus 1s high in
the atrium  they are nverted in aV( and upright 1 the ectopze sltegxs low

 aV;
they may be reversed mn direction tn the two latt 4

er leags
Spacine of the premature P waves
- T T premmsture b waves

a)
) I; zam;ervals The unterval between the preceding sinus P wave and the ectopie
o ‘;m:lssz:mr!ened whereas the ainterval between the ectapic P wave and th:
€al 15 lengthened  After noda) beals this pause usually compensates

for the prematurat.
y of the preceding cycle aft
asually imeutticiens for futr o penia:ian ter auricular beats the, payse 1g

Premature auricular beat:
ur tram 1)

s are characterized P wav show sigm ces
cont 1zed by premature

" aves tha
« = : omary P s Th 3 1gmiicant duferences 1o

¢y aTe {ollowed by QRS T
@ ventrieular hear AR T o &
P wave {3 almagy always umu“eds:re characterazeq by premature QRS T complexes O’u:!gmary o
very peime: Ut MY be replaced by o Fetrograde P wave when the et e
ventricular beat is
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b} P-R intervals

(1) Nodal premature beats The P-R interval depends upon the portion of the node
in which the focus 1s located and the relative speeds of retrograde and forward
conduction If the focus 1s 1n the upper portion of the node the aberrant P
may precede the QRS by an interval of 02 to 12 sec , i lower down the
aberrant P wave may be submerged 1n the QRS or may follow 1t In the event
of retrograde block a P wave of sinus origin may be detectable just before,

n or just after the QRS the nodal origin for the latter being indicated by a
contour like that of the QRS-T complexes occuring 1in response to a sinoauric-
ular impulse, but premature in time

(2) Auricular premature beats The P-R interval may be similar to that of the
associated sinus beats, or slightly longer or shorter depending 1n part on
the location of the ectopic focus on the degree of prematurity and on the
conductivity of the A-V node When very premature, the P-R interval may be
significantly prolonged or a QRS response may fail to occur, due to partial or
complete refractoriness of the junctional tissue In the latter event an 150-
lated premature P wave is found

(3} Ventricular response A premature P wave should be 1dentified to establish
the fact that the impulse responsible for the QRS-T arises from above
rather than from within the ventricles QRS-T complexes of premature
supraventricular impulses may be 1dentical wath those of sinus origmn or may
differ very shghtly 1in height shape or duration When the P wave is quite
premature the impulse may reach the ventricles before they have fully re-
covered from the previous contraction Under these circumstances the

mpulse may be blocked or may take an aberrant course through the ventri-
les resulting in a bizarre QRS-T complex resembling that of premature
|ven'crxcular heats When the ectopic P wave is very premature the bizarre

QRS-T response may be found, irrespective of whether the ventricles are

normal or abnormal when 1t 1s only slightly premature, a lzarre QRS-T

response raises the question of a latent conduction defect withmn the ventricles

b Premature ventricular beats are recognized from the interjection of premature bizarre

QRS-T complexes into a basic sinus {or ectopic) rhythm along with the exclusion of
premature ectopic P waves The QRS complexes of premature ventricular beats are
wnvariably longer in duration and different in shape from those of supraventricular
origin They usually exceed 11 sec 1n duration and are coarsely slurred or notched
The T wave 1s opposite in direction to the main deflection of the QRS Premature ven-
tricular beats may arise from any portion of either ventricle The approximate focus
1s determined from the comparative contour of the QRS in multiple chest leads Pre-
mature ventricular beats are further characterized by their effect on-auricular and
ventricular_thythm

1) Contour serves as an wmndex of the number of foc1 and the approximate location of
each focus when premature beats are frequent A single focus 1s manifested by
uniformuty mn contour of all premature beats i each individual lead more than
one focus 18 present when two or more premature beats in the same lead show
decided differences in direction and/or contour The approximate location of the
focus 15 determined from the QRS patterns in multiple chest leads A QS complex
18 recorded in the lead or leads overlying the epicardial surface of the ventricular
segment from which the premature beat originates a monophasic R wave 1s ob-
tained 1n leads over the opposite wall of the heart a diphasic RS com‘plex 1s rei-
1stered 1n intervemung leads The upright o t of th1s RS p :r is s;na
and brief in duration leads over portions of the ventricle near the ectopic focus
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and wereases 1n amplitude and duration at he experse of e § wave in leads fac-
iher and fasther remaved from the site of ovigin

2) Spacing

a) Relatlon to preceding yeytricular cycle AN vemtriewiar premaiure \;ea;;s :i\:;
come {rom the same fotus ang ecewr Fngly have a constant temporal Te a)
1y the antecedent ventricwlar cyele The time of predilection for ventricuiar
gremature beats 18 early 1 aiastole *b. actopic QRS being superimposed on
ihe U wave of the preceding cycle fi e e yheve af supernormal excitability}
The other common 1ype of ventricular premature bent peours late, superimpased
an the P wave gt follawing it by an interval signifscantly shorter than the cus-
tomary PR Under the latter cb 4 the QRS plex mav have Yhe
featares of 2 fusion beat (1 ¢ imiial phase slurred final phase Mxe that of
sypraventricular arigind, due to actvation of & portion of the ventricles hrough
the ectopie focus the remainder through ramificaiions of the bundle of Ris

B suricular thytug 1+ usually und Ped a teular ¥ wave occurring ot
fhe schedied bme  When e ventriodlar beat is only slightly premature the
F wave may be superimposed upon the instial phase ol the QRS or may precede
1t by an interval shorter than thbe customary P-R When the ectopic ventricular
Teat coincides with she U wave of the precedhng evele, the P wave will f28
somewhere on the hzarre QRS-T corplex and can be lpeated by dividers
Eveq though this P wave {3 completely buried in the ventricylar complex s
presence may be inferred by the demonstration, wath the alg of dividers of an
urdisturbed auricalar shythze  When the veniricuiar beat iy very premature
and the heart rate slow 2 retrograde unpulse may pasa from the veniricles
throvgh the A-Y pode and excite the auricles hefore the sims node §s dis-
charged producing a rewvrograde ¥ wave {inverted in aVr  upright in aVa) in
advance of the schaduled time for the sinus P wave  The {mpulse under for-
maiien w ke smus node is extingwabed and the sinvs *hyhm i3 interrupted for
one beat  Whea a vetragrade wmpulse from the veniracles is on s way through
the auracles at the tune of arrival of an antegrade lmpulse {rom the sunus node,

afusion P wave reflecting 1 mivture of esch 18 recorded heginnin,
of Wt customary P wave £ 2 ust shead

©) Ventricular rhythm  Frovided that the auricles are beating regularly under

sinus control  the interval betwern the ectopic and next supraventricuar QRS
is lengihened sufficiently to campensate exactly for the ghortemng of the pre~
cedang eyede  The pause 13 sofcompensatory usder the following eircumstances

(1) Betrograde auricular systole

) h§srpo\a\lﬂn of e ectopc veptriondar heat between tup normally spaced

E QEU; Q:?xx:g}::as( Thxsdoccurs wren 2 premature ventricular beat 15 blocked
Telrograde conduction al the A~V node and whe;
1 the b

sx:w it:::x e & ¥ node and the vemricle recaver in time to tesg:st\: 1?\;5 ©

1: xt impulse coting down from the auriwle  The cycle widch follow S
‘«:;f:iaggse;eza;ﬁmle 1s likely 1o show a proleaged ¥-R interval an?! :ndiin_
S 18 the only type h
2 tove ey 7 type of premature veptricular beat which iz

3! Underbyong ec gpic auricwlay rhythm (page 118}
B Bucered, 3
tog Sycle  The pause toltowin
Dot g 3 vantriewlar premat
na\:d i;(;tr;;;;nsag:ry or may be vhusually long sn v.lich ;::: i?ea\ il
ongen wn? 4s beat or an ectopre €5caped best  When a gom, ooy e terant
38 18 terminated by 2 swus beat the P wase ang ge?i&m” o pros
1 interval are

e
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identical wath others in the tracing  The resultant QRS-T 1s usually sumilar to
others of supraventricular origin, but may differ, particularly in respect to the
ST-T complex The T component of a cycle followang a ventricular premature
beat may differ sigmficantly in amplitude and direction from the T waves in other
supraventricular cycles not preceded by a ventricular premature beat When
differences are present the more common finding consists of upright T waves 1
the customary sinus cycles and inversion wn the sinus cycles following premature
ventricular beats

2 Escaped ectopic beats Escape 1s recogmzed by (1) a preceding pause distinctly longer
than the customary T -P wmnterval, {2) termination of the pause by a beat 1dentified as
ectoprc  Escape constitutes a protection against undue cardiac standstill The pause
that mitiates escape may occur as a part of marked sinus arrhythmia, as a result of
smoauricular or partal A~V block or following a ventricular premature beat When 2
pause longer than the customary T-P interval 1s termimated by a single ectopic beat
followed by resumption of normal sinus rhythm the phenomenon comprises 1solates
escape, when the undue pause 1s followed by a succession of ectopic beats from the same
focus usually at a rate below 100 the phenomenon consists in an escaped ectopic rhythm

Escaped beats are recogmzed as supraventricular in origw when the pause 1s termi-
nated by a QRS-T complex that 1s 1dentical with or only slightly dufferent from the QRS-T
complexes resulting from a smoauricular impulse, and as ventricular m origin when the
pause 18 terminated by a broad, bizarre QRS quite different from that occurring n re-
sponse to smus impulses  When the pause 1s terminated by a supraventricular escape
the focus 1s usually in the A-V node, rarely in an atraum  The differentiation and approx-
imate localization of the focus 1s the same as for premature supraventricular beats
given on page 105

Escaped nodal beats are further characterized by the type of auricular response
(1) retrograde conduction 1s wmdicated by a P wave that 1s upright 1n aV, 1inverted in aVe
and immediately precedes cowncides with or follows the QRS (2) retrograde bloch may
be presumed when no evidence of aurtcular activity 15 detectable, (3) interference 1s 1n-
dicated when 2 P wave simular to that of sinus beats, 1s found just ahead of the QRS (at
a P-R wmterval less than 12 sec ) superimposed upon the QRS or following 1t

II ECTOPIC NODAL FOCUS may coextst with the sinus pacemaker, 1n which event 1t excites the
ventricles and the sinus node governs the auricles or it may usurp control of the entire heart
by retrograde conduction through the atria and antegrade activation of the ventricles

A COEXISTENT SINUS PACEMAKER AND ECTOPIC NODAL FOCUS OR PACEMAKRER
The sinus and nodal pacemakers may be concurrent or consecutlve as determined from a
study of the entire tracing When concurrent each cycle shows evidence of P waves arising
from simoauricular impulses and QRS-T complexes originating from A-V nodal impulses
When consecutive there 1s a series of heats in which the whole heart 18 controlled by iun-
pulses of sinocauricular origin interspersed with episodes during which the ventricles are
taken over by the A-V node and the auricles either rumain under sipus control or are acti-
vated by retrograde impulses from the A-V node

Talling into this cate-

1 Concur
gory L. discussed above
under another classification and certain arrhythmias that belong primarily under thus
heading

a Swmnus rhythm with nodal beats and mterference wncludes premature nodal beats dis-
Cussed on page 105 and escaped nodal beats discussed above In cycles exhibiting
interference the QRS-T complex 1s of nodal origin and 1s dissocitted from the P

wave of sinus origin
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ped nogal rhythm, with retrograde block and interference dissociation When the

’ E:t?ot [:;:u;e r?\ease from the sinus node is depressed below the A-V nade  fnter-
ference dissociation may ocour  The ventricles under A~V nodal control beat at &
s'ow to normal rate  but more rapidly than the suricles or they may beat at approx-
imately the same rate but slightly 1n advante of the arrival of the smoauricular im~
pulse  When the suus impulse causing the P wave periodically arrives late enough
that the junctional tissue and ventricle have regained responsiveness there is a
persodic conducted beat interspersed between short episodes of escaped nodal rhythm
a pheriomenon known 28 Intermittent interference dissociation When the sinus im-
pulse causing the P wave always arrives fust after the ventricles have responded to an
impulse origmating 1n the A~V node no impulses are conducted from the sfnus node to
veniricles a condition referred to as complete mterference dissoctation

1) Intermuttent interference & )|

g an escaped A-V nodal rhythm
with retrograde block  The bachground for this unusyal arrhythmia is {a} the pres~
ence of 2 pacemaker 1 the A-V node that generates impulses slightly faster than
the depressed sius node (b} the preservation of forward conduction but Ylock of
retrograde conduction through the A<V pode  The suus node has exclusive con-
trol aver the auricles as wdicated by untform P waves of sinus origin but com-
petes wath the A-V nodal pacemaker for control of the ventricles Periodically
E pulge is d through the A-V node because of arpival
shighily after the Junctional tissue has recoveres from the refractory state in
duged by generation of the preceding impa'se  Tie re gularly spaced P wave pro-
duced by this 1mpulse Jeads to an isolated veniricular response following a P-R
wmterval of 12 see or more

Upon re-establishment of ventricular
the first QRS occurs abgormally early
terval short enough 1 ¢  less than 3
Pwave  Subsequent QRS
P Pantervals  As a cons,

ureaiar

controlby the more active lower pacemaker
n regpect ta the P wave generally at an in-

2 sec ) 1o indscate {ts independence from the
TCUr at regular interval:

but 18 easily qf
ur and spacing and the oy y differentiated by ihe
re&atmnshxps dm'lng 1
lower pacemaxer

) Complete smer: erence d 8tion complicating an escaped nodal r el
2 S80¢Laf b i:4 O m ¥
£ d 13 4 nodal hythm with ret
fograde block  Thig rare arrhythma Teguires {a)

Tval of less thay 3
Mediately behing BeC ) superimpogeq
Spaced and usua) e QRS 1) QRS con, pose
(Wmnc“\u Y Normal i contour {noga) Pacemaler plexes that Are remtar, iy
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When sufficient disparity in rates of the two pacemakers develops so that the P
wave falls on or after the T wave, the smnoauricular 1mpulse should be conducted
to the ventricle to interrupt the interference dissocation and convert 1t to the
intermittent variety discussed above

c Complete A-V block with ventricular activation from an A-V nodal pacemaker (and
auricular activation from a sinus pacemaher), discussed on page 97

2 Consecutive sinus and A-V nodal pacemahers A study of the tracing reveals consecutive

cycles during which the entire heart 1s activated by sinoauricular impulses interspersed
with episodes during which the ventricles are activated by an A-V nodal pacemaker Dur-
g these latter episodes the auricles may remain under sinus control resulting mn in-
termttent interference dissociation discussed above {page 109) or the auricles may be
activated in retrograde fashion from the A-V node This constitutes the condition hnown
as wandering pacemaker between the sinus and A-V nodes

There 15 a single pacemaker for the auricles and ventricles, which shifts back and
forth between the S-A and A-V nodes, as a result of vagal depression of the more wrritable
focus P waves of sinus origin (inverted 1n aVg upright in aVr) are replaced during the
course of a few cycles by oppositely directed retrograde P waves and abnormally short
P-R intervals of nodal origin  During the transition fusion P waves intermediate be-
tween those of sinus and nodal origins are prone to occur as the result of simultaneous
auricular activation by impulses from the S-A and A-V nodes When the pacemaker wan-
ders back to the sinus node, the reverse changes in P waves and P-R intervals occur

B NODAL RHYTHM with replacement of sinus pacemaker The entire heart 1s activated by

2 Nod:

impulses released from the A-V node and conducted antegrade through the ventricles ret-
rograde through the auricles On the basis of heart rate and mechamsm, A-V nodal rhythms
may be classified as (1) passive an escape phenomenon occurring when the sinus node 1s
depressed more than the A-V node and mamfested by a slow nodal rhythm below 100 per min-
ute, {2) active or nodal tachycardia, arising from a hyperirritable focus with rates exceed-
g 100 and usually above 150

1 Passive A-V nodal rhythm with retrograde auricular conduction 1s manifested by evenly

spaced uniform P waves that are upright in Leads aVp and aV, and inverted and V-shaped
m aVy occurring at a rate below 100 The QRS complexes are normal unless there is 2
complicating ventricular lesion Further subdivision 1s made in accordance with the tem-
poral relationships of the retrograde P and the antegrade QRS

a Upper nodal rhythm — P wave precedes QRS, usually by an interval of less than 12
sec but beyond 12 sec 1n the presence of delayed A~V conduction

b Middle nodal rhythm — P wave 1s superimposed upon QRS

¢ Lower nodal rhythm — P wave follows QRS after a variable imnterval depending upon
the site of the pacemaker and the speed of retrograde conduction

1) Reciprocal rhythm a rare phenomenon occurring in lower nodal rhythm and rec-
ogmized by a second QRS following the retrograde P simulating the first QRS in
contour and separated from 1t by an interval of 5 sec or less The production of
a second ventricular (reciprocal) response has been attributed to the establishment
of a circuit through the A-V node whereby the impulse moving backward through a
portion of the A-V node to stimulate the auricles reverses and moves forward
through another portion of the A-V node to reach and activate the ventricles for a
second time Rarely the cireust through the A-V node may continue and thus pro-
duce a third and even a fourth ventricular response

al tachycardia — to be discussed along with auricular tachycardia as a form of supra-

Ventricular tachycardia (page 111}
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ttently con~
the minus pacemaker and inter
LAR FOCUS may coexist wth e
" E?ﬁ? P:?rgﬁgcyen\nﬂes or may replace the sinus pacemaker, ugurping contro!
ral the
eatire heart o
RICULAR FOCUS OR PAC
ACEMAKER AND ECTOPIC AU! .
LR Sﬁ:’;: gtaus rhythm with ectopie suricular beats more apprnprm\%h ﬂ;@:e
"“;:s ;;‘:eg?nyd:; another Peading (page 109) and a verv rare 8isorder aurieviar parasy:
1

1A lar para 12 15 ¥ fosted by twa sets of P waves, different in conngurat;:ns
e ats and dspendent 1n Thythen  One wet 15 of sinus origit and the other o :
? an ectopie focus 15alated frorm ofects of the sinus umpulse by a protective blac
';:? latter set of P waves ig likely o be migtaken for avricular premature beats a;) fix::f
plonce bui s dustinguished by the following characteristics (1) a varying iempox]- e
tatioretup to the preceding cycle of sinus origan as contrasted 10 the constant rtlzzi;x :om
stup characteristic of repeated aurienlar premature beats from a sungle !o::m;,‘3 a o
stant but slower rhythio than that of sipus orign, which 18 best demonstrated wh the
aud of dividers  Gaps of an exact multiple of the paragystolic interval may occar ‘when
the ectopic facus happens to discharge ot 2 ime when the auricles are responding to the
suws 1mpulse  Likewsse gaps in the sinus rhythm may eccur when the sinus node dls~
charges during or shortly after an awwcular response 10 the parasystolic locus When
each set of P waves 15 coarsely notched and 12 se¢  or more in duratian an organic
wrial lesian  cansing mira-atrial bidek may be responsible for the parasystolle rhythm
B ECTOPIC AURICULAR BHYDHM replacing sinus pacemaker When the sinus node is de~
pressed there 15 an escape to a lower pacemaker usually the A~V node occasionally an
ectople fosus in an auricle OF yertricle  an escaped auriculer rhythm {5 mandfested by a
slow regular rhytnm {(pelow 300 erigwesang from an ectopie focus 1 an auricle not the
A-Y node  as dged from the contour of the P wave  On the other hand  the active ectopic
auricular rhythms which are much more common  are an expression of hyperirritabliity
2nd psUrp the p The pathoge hag heen ed brieNy lpage 84) the
elrctrorardioeyaphie features ave presented below with the classification

1 gupraventricular tachycardia 15 characterized by paroxysms in which the auricular rate

18 usually between 150 and 220 and the P waves are regularly spaced and separated by
mtervals an eack lead during which there is sio vlectrocardiographic evadence of auric-
ooy 2pnvty  3n order to establish the diagnosia Tapid regularly spaced ectopic P

waves shond be 2dentified  These P waves should be separated by intervala devoid of
auricafar activity in all leads

Thys 15 important in the differentialion om auyricular
fatter in which continnous replar surioular undylations are recorded In at least part
of the leads The P waves may be obscured in some or a)} of the routine leads by super-
saposition on the T wave but are uswally detectable yn HYy oot they are likely to
be dis~ernible an esophageal leads at the atrial tevel g

The onset andfor termination may by

e recorded thereby cont,
ot the P waves assomates wath the tachycardia 4 e e aource

2 The form i me P wase—z varieties are distingwishable
1) Anrie Yas gemr o
¢ (L 3 of
i . supraventricular t:
o , . , ‘ achytardia
. X ; b . ul,: vae t N r;;dhm and bear close resem-
of fomon wnty & - ¥és may he disearnble ay fir !
i ¥he T waves upder these Greumstances rareful scr::islya:;:u‘;sc:“se
e
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directed especially towards Lead HV, to detect separate Pand Twaves Esophageal

leads at the atrial level may be needed P-R intervalis 12 sec or greater and 1s
often prolonged

Nodal tachycadria The direction and form of the P wave are symilar io those in
passive A-V nodal rhythm andrate may range down to as low as 100 The P waves
may precede the QRS by an interval of less than 12 sec may be superimposed
upon the QRS or may fall between the QRS and T depending upon the point of or1
gin 1n the auriculoventricular node and the comparative speeds of retrograde con-
duction through the A-V node and auricles and antegrade conduction to the ventrscles

2

b The nature of the ventricular response during the paroxysm The veniricles may re-
spond to each aurcular impulse (I 1 ratio) to every other impulse (2 I ratio) or wreg-
ularly (variable block), rarely the ventricles may beat at a slow independent rhythm
(complete A~V block) The QRS complexes are often normal 1n duration and contour
(1 e supraventricular m form) but may be broad andfor izarre 1n cantour * due
erther to aberrant conduction through normal ventricles or to a complicating ventric-
ular lesion causing defective intraventricular conduction The distinction between
the latter possibilaties may not be possible until the restoration of sinus rhythm Upon
resumption of sinus rhythm after cessation of the ectopic tachycardia the QRS-T com-
plexes may be identical with those before the paroxysm or may show signmificant
changes referable to subepicardial or subendocardial mnjury etc

2 Auricular flutter Auricular activity is manifested by uniform undulations (F waves) that
are continuous and without isoeleciric interludes 1n at least some of the leads, but not
necessarily in all leads The aurrcular rate 1s generally between 250 and 360 with ex-
tremes of 200 to 400 The undulations are usually best developed in Lead aVy T some~
tumes 1n a right precordial lead {HV, Vi; or V;) Even though one or more of these
leads appears to show discrete P waves, separated by interludes devoid of auricular
activaty, the diagnosis of flutter can be established from the presence of continuous uni-
form auricular undulations in at least one lead The undulations are regular in spacing
and are constant 1n amplitude and contour in any given lead provided that allowance 1s
made for the distortion produced by the superimposed QRS and T waves The diphasic
form of the undulations often bears a resemblance to saw teeth but sometimes only the
troughs or crests of the waves can be made out because of obliteration of the remainder
of the undulation by superimposed QRS and T waves In the rare mnstances when onset of
auricular flutter has been recorded the paroxysm begins with an auricular premature
beat

The ventricles most commonly respond regularly to each second or fourth undulation
{21o0r 41 ratio) Brief eprsodes of 1 1 response may occur A 2 1 flutter 1s often con-
verted to a higher ratio while carotid smnus pressure 1s applied but reverts to the ori-
ginal status as soon as the pressure is relinquished Rarely a regular ventricular
rhythm may be maintained at some other ratio such as 3 1 If a regular ratio 1s present
the QRS should fall consistently at the same phase of the auricular undulation

The QRS-T 1s usually not altered with 4 1 ratios but may become aberrant with 2 1
ratios or faster ventricular rates The aberrance is differentiated from intrinsic QRS-T
abnormalities by its disappearance after significant ventricular slowing A slow but per
fectly regular veatricular rhythm mathematically unrelated to the auricular rate and
mamfested by QRS complexes fallang at different points on the undulations indicates a

#yertricular tachycardia characterized by rapid bizarre QRS T complexes 1s differentiated by the recog
nition of independent or retrograde P waves lpage 114)

Ty hen the undulations are not evident at a glance the presence may be suspected fram the recording of
bizarre auricular troughs m Lead aVy and should lead to careful measurement

of consecutive auricular cycles have shown varsations of less than 01 sec induration
s

tMeasuremenl
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tricular response to
smplete A V bloch  Irregular spacing of the QRS is a1 common ven!

:.Mxiular flufter and results in variable ratios  which usually fluctuate between 2 1 and
31 WVrenthe ratio is variable the QRS may fall at different points on the flutter un-~
dulations

-~ undulations that are totally irregular
aly wregular ventricular rhythm

2 Auwcolar actvity  In place of discrete P waves there are rapid undulations of vary-
mg size contour and spacing occurring at rates generally between 400 and 600 ac~
compamied by 4 totally irregular ventricular response The amplitude of the auricular
widulations 1n Hibrillation 15 subjert 10 variation not only in different patients but
also in different Jeads of the same individual and has led to classification into two
overlapping subgroups coarse and fine fibrillation The voltage may be so low in
Limb and left precordial leads that evidence of auricular activity 18 not discernible
Under these circumstances the characteristic untulations of aurieulsr Ghrillation
can usually be made out In V3, V, WV, or esophageal leads at the atrial level If
ewnidence of auricular activity 18 not detectable the diagnosis of aurcular fibrillation
may be reached mferentially from the total irregularity in the spacing of QRS com-
plexes of sypraventricylar origin

Aurieular fibrillation is usually differentiated readily from flutter by the marked
ieregulsrity of the aurieular undulations in the former and the perfect regularity in
the latter however transitiona) forms are observed in which the ungulations are
almost but not exactly, regular and uniform and are referred to as impure fluMer
or Mutter fibralistion  Undulations due to somatic tremor are easmly distinpuished
:ﬁ theur sharper and more Jagged contour  An underlying regular sinus rhythm can
N le:!a:msked i the presence of tremor by the demonstration of discrete P waves in
dxap::a 83me of the cyeles and by the regular ventricular response  The very rare
mﬂEpeng:::nC fltter 15 maufested by more uniform undulations, but an underlying
wd QRS T “""‘;"1 cardiac rhythm 1s re d by regular superimposition of P
1840y ma romplexes  Undulations in the string shadow resembling those of fibril-
ststance h:s":;;lge I-:nr:w:ds made with the string galvanometer when high skin re-

T e e e A L el . s e

mOre than 02 gec awe rejeetod g ng standardization curves requiring

Y::;:ﬁ;;i:zgg: “;tpﬂnse to auricular fib

response 1o subyeot m&l °ea*;€ QRS-T complexes The totally irregular ventricular

lock 1 the 4 ¥ nade g:nd vari;;ltlans in rate  depanding upon the degree of functional
fotally irregular vemmcula;ua: e a8 hugh as 200 10 as low as 50 Ap exception to the

A ¥ biock the existence of rhythm oceurs in the presence of a complirating complete

war wndulationg  gng e aur eutar fibriliation 18 estiblished by the irregular suric-

rhythy, omplete A-V block by the perfectly regular veniricular

o

rillation i8 characterized by total

N When ajg of the QRS
¢ AV nyde they are

~T complexes are derived from impulses transmitted through
Tpulse trans;

vsually but not necessarily wniform in shape In any given
mitted from the fibrillating auricles through the A-V node

pi ely upon a normal QRS-T and re
he differentiation b
intermity Lt n between auricular fibril-
ectopy Ventriguan ;::t&berram Intraventricular conduction and that accompanied by
Wert gy op ectope v f 18 difficult unless the bizarre QRS-T complexes are fre-
atecedent venu?cx\;;iula“ ovn they will show a constant temporal relation
T camplex, if due to aberrant intraventriculay conduction
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of a supraventricular impulse the relation to the antecedent ventricular complex w1l
be variable A defintte diagnosis of auricular fibrillation complicated by premature
ventricular beats 1s justified when there 15 fixed coupling Impulses from an ectopic
ventricular focus may be conducted backward into the A-V node and make this
structure refractory to downcoming 1mpulses from the fibrillating auricles {o cause a
more or less uniform lengthening of the time interval between the ectopic and the
next supraventricular beat

IV ECTOPIC VENTRICULAR FOCUS may coexist with the sinus or auricular pacemaker,
which event the latter controls the auricles the former the ventricles Rarely the ventric-
ular pacemaker may usurp control of the entire heart by retrograde activation of the auricles

A COEXISTENT SINUS (OR AURICULAR) PACEMAKER AND ECTOPIC VENTRICULAR
FOCUS OR PACEMALER The sinus and ventricular pacemakers may be concurrent or
consecutive, as determined from a study of the entire tracing  Cycles with concurrent
pacemakers show evidence of independent auricular and ventricular actwvity Tracings
wath consecutive pacemakers show a series of beats in which the whole heart 1s controlled
by supraventricular impulses mnterspersed with eprsodes in which the ventricles are con-
trolled by an ectopic ventricular focus and the auricles by a supraventricular focus

1 Concurrent supraventricular and ventricular pacemahers Falling wnto thus category,
there are certain arrhythmias which were more appropriately discussed above under
another classification and certamn arrhythmias that belong primaraly under this heading

a Supraventricular pacemaker with (premature or escaped) ectopic beats —d1 d
on page 106

b Ventricular parasystole, complicating sinus rhythm, 1s suspected when ectopic
complexes that are of umform contour 1n any given lead, like premature beats from a
single focus fall at different poiwnts 1n relation to the QRS-T complexes of sinus
origin Premature beats from a single focus should bear a fixed relationship to the
precedng cycle The presence of a ventricular parasystolic rhythm 1s verified by
demonstrating that the wnterval between any two ectopic complexes that are separated
by cycles of sinus origin 1s an exact multiple of the interval between two contiguous
ectoplc complexes

¢ Complete A-V block with ventricular activation from an idioventricular pacemaker
discussed on page 97

d Escaped ventricular rhythm with retrograde block and interference dissociation
This 18 a rave variant of an escaped nodal mechanism with interference dissociation
discussed on page 109 and differs merely in the site of the pacemaker for the
ventricles The decision as to whether the lower pacemaker lies i the A~V node or
ventricles 15 made from the contour of the QRS-T during the escaped rhythm as
compared with that during sinus control QRS complexes like those during sinus
control indicate a nodal pacemaker broad and bizarre QRS complexes pomt 10 a
ventricular pacemaker

e Ventricular tachycardia with retrograde block 18 an active ectopic tachycardia
generally above 170 but ranging Trom 120 to 250 and characterized by broad
bizarre QRS complexes with oppositely directed T waves completely independent of
all antegrade 1mpulses arising above the bifurcation of the bundle of His ag shown
by the fact that the P waves fall at different pouts in reference to the QRS T and
oceur at a rate mathematically unrelated to the ventricular rate  Ventricular
tachycardia 15 differentiated from auricular tachyeardia complicated by bundle
branch block by demonstrating an ndependent auricular rhythm with P waves
falling at variable pomnts in reference to the QRS-T
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ema  which begin sbruptly

Yengracdlar tachveards ACHS - shor:n?;ai:vjx\phaiﬁ;zu% fotlowed by resump-
with a vesfricular TR St o ‘Ei cular ectopie beat that appears to injtiate
tion of suws {or noda) Foyihm g:\t :;;\ ft;!“i Sematore and Superinpose 4 upon the
T e o vy, T et Sy sy e
ey el oy er T arend o rethe,

e AR o - direction to the main deflec~
the T waves are readilly Gemartaied wd Ak opposite m& o o froms the OBS
yion of the QRS 1he approomate 1ocation of tiw focus ig determ Tond oo Joadis

le precordiallezds A QS compley is recorded in the Jea £.
zxﬁx;;‘:y‘!t‘h{::tzu;m surface of the ventmeular segment from whith ;.hv mc;;);cra;iia
15 originating  a moendhbhasie R wave 16 obtuned in leads over the oppos. zeiw:'. ot
Teat 2 Gighamie RS complex 12 registered In mtervening Yeady  The upright 1{!1;3
povent of this RS complex 15 amall and brief in guration in leadg qver portiona of the
ventricle near the ectopie focus and wnereases ampltude and durstion oy the expense
o (e & waxe 1 leads farther and farther removed from the locus,

ultifosal vastricular tachyedrdia 19 characterized by ectopic QRS-T complexes oY
€0 or maore distinctive types in a grven Jead ach type of QRS complex is ndepend~
ent of sur clar sctiwity and 1S prolonged n duration coarsely slursed or notehed and
followed by & readily demdrcated T wave of opposite direction The mbst common
tfisding Is an alternation between two dufferent tvpes of QRS-T patterns the so called
ifocal ventricular tachycardia

f Ventricular fluster Ir place of & clearly deflimble QRS corplex and T wave, the ven~
tricular deflections consist of rapd undulationg (f €  over Z5¢ per minute] in which
QRS and T components are blerded and wdisungushable  Ventricular flutter {a dif-
ferentiated from ventracaler £ brijation py the fact that the undulations are regular
and wform in the Jorumer rwegular in spacing aad varisble in contour and aroplitvie
w the latter  If anpsoular activity is discernible w the tracing the P waves are in-
dependent of the vendricudar undulations

Coasecutive supraventricular and ventricular pacemaker 18 a rare variant of the

arrhythma  wandering pacemaker between the sinus apd A~V nodes, described op page

110 In Yy contition wandersng paceraler between the sinuy node and ventricles there

38 2 slaw rate wath shult from epraodes of sir.g ovig o eépisodey characterized by

QRS T compltxes trom 2 ventracular focus and retrograde P waves

ECTOPIC VENTRICULAR PACEMARER 2
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E. SUMMARY OF FINDINGS IN
UNIPOLAR THORACIC AND LIMB LEADS

NORMAL ADULT

I THORACIC LEADS

A QRS INTERVAL —usual range 06 to 10 sec with average of 08 sec Measurements of
11 sec have been obtained rarely in apparently normal individuals, but should not be
passed over as a normal variation unless the remaining electrocardiographic and clinical
findings are normal in every respect

B Q-T INTERVAL varies with sex.and cardiac rate The decision as to whether or not the
Q-T interval in a given case 15 normal 15 best reached by reference to the table of normal
standards of Ashman and Hull The following close approximation of their values 18 easy
to remember and will serve when their table 1s not available

Heart Rate 60 70 80 80 100 120
Upper limits of
normal for men 42 sec 40 38 36 34 31
Average normal
values for men 39 sec 37 35 33 31 28
Corresponding
values for women 01 sec longer than those for men

For cardiac rates between 60 and 100 per minute the Q-T interval decreases by 02 sec
\/ for each merease of 10 beats per minute in cardiac rate The upper limits of normal are

approximately 03 sec greater than the average values

¢ TRANSITIONAL ZONE In a series of leads across the front of the chest at the ventricular
level and 1n a comparable series across the back of the chest contrasting patterns should
be present in leads from the right and left ends of each series and a transition should be
demonstrable 1n leads from mntervening pownts  This transitional zone corresponds roughly
to the area of reference of the potential variations of the anterior and posterior ends of the
snterventricular septum  Since leads from the right sxde of the back are not taken as a
routine, the posterior transitional zone 15 usually not demarcated The following remarks
apply to the localization of the anterjor transitional zone which is essential to the
delineation of the zones of reference of the potential variations of the respective epicardial

surfaces of the right and left ventricles
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its
degree of rotation of the heart on
o varation, depending upon the
' e fr:‘::ﬁﬁ;; The \ongxm&mal axis The usual location iz samewhs{e hetv(lfe\’::
:ht‘ismgmons 2 and 4, So that Lead Vz and leads from mewr%g\&: pr:gc:s‘ge\;:% ;;'e\a et
. ¢ {ace of the ! e
fations of the epicardial surfa
T Tarirer tential varistions of the
f laft reflect chiefly the pofen
Lead \,, and leads farther 1o the T et o dia-
sard tricle Clockwise ratation of e
epicardial surface of the feft vent R O e o posifion §
the transition zope leftward as far as chest D
g):::terclacmse rotation may displace the transitional zone to the right between
positions 1 end 2

(%)

{ation, probably deptpdent upont
Width of transitional zone is subject to considerable var N

th: anatomic relations of the long axis of the septum to that of the precordial electrode
positions

a  Abrupt dransyon is found when these 2 axey are approximately perpendicunlar to one
Znother and 18 characterized by 2 sirflang contrast in the QRS patterns in 2 adjacent
feada ‘The pature of the abrupt change in the QRS dependg upon whether the electrode
moves from a poist over the Tight ventricle across the septum to & point aver the left
ventracle m 7 adjacent chest leads or whether it moves from a rght ventricular
position to a point directly over the septum and then to u Ieft ventricular poaition in 3
conservhive leads  In the former there i8 an abrupt change from an rS patlern to an
Rs pattern in adjacent leads * In the latter & transitiopal rs complex is recorded
characterized by (1) an upstroke and a gownstroke of spproximately equal amplitude
{2} total voltage measured from peak of r fo nadlr of 5 significantly lower thag in
the 2 adjacent leads, (3} frequency of notching or coarse glurring

o

Gradual transition is found when the 2 axes are more paraliel to one dnothey  Under
these ear i ir 1 compt arer ded in Z or more leads

O QRS~T PATTERNS IN RIGHT VENTRICULAR LEADS AS CONTRASTED WITH THOSE ¥

LEFT VENTRICULAR LEADS
RIGHT VENTRICULAR LEADS LEFT VENTRICULAR LEAD,
QRS

-

*The fomer ea:
@ telatively Yarge

Direction of nitial deflection
1 Characteristically upright in all
leads aver right ventricle  due to
Imiztion of activation of septum in
It to right directian

1 Upright in leads Just to the left of the
transitional zone snd produced by
early activation of anteroseptal wall of
left vepiricle  Downward in leads
farther 1o the Jeft due to geptal activa-
ton from left ta right prior (o the arpival
of the 1rapulse in subendocardial aspect
of Jaterul and posterior walls To be
considered normal the 9 wave in a1l teft
ventricular leads must conform to the
following requirements
a  fdurabion from onset 1o padir— 02
se¢c or lesy
b ampiitude lese than 25% of the
2 Aes variant 8ucceeding R
2 QS complex may be
recorded  Lamitation to leads over

XY

As a normal variant,

2% initial R
may be recarded in al] e

1 customary leads
% Jelter 1s used 1
st o indicate & relatively small deflection e 4Pper cage Ing

tier to indicate
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the right atrium (with an rS 1 leads
over the right ventricle 15 a normal
finding, observed when the relatively
small potentials from septal activation
disappear with distance and recogniz-
ed by the fact that the resultant QS 1s
briefer than the r$ recorded 1 leads
farther to the left The registration
of a QS complex in leads over the right
ventricle as well as the atrium, may
be a normal variant 1n which event a
normal imtial upstroke will be re-
corded mn all leads over the apical
portion of the left ventricle as de-
scribed in the right-hand column
These findings are presumably an
expression of imtiation of gctivation
of the apical portion of the septum

by impulses which enter from the
right Purkin)e network and penetrate
towards the left — an alternative of

the left to right vector usually found
1 normals

facing the apex of the left ventricle in-
cluding V7 and Vg*, 1t 18 characterized
by a smooth upstroke consuming less
than 04 sec from onset to peak and a
total QRS duration below 10 sec
Incomplete left bundle branch block 15
also accompanted by a right to left septal
vector but 1s distinguished electro~
cardiographically by a slurred or notehed
initi1al upstrolke consummng more than

04 sec from onset to peal and a total
QRS duration that 15 usually between 10
sec and 12 sec Even though the
findings 1n all leads facing the apex of the
left ventricle exhibit a normal mtial R
wave from a normal right to left vector
1n the apex of the left ventricle HYV leads
facing the left side of the base of the
septum should display 2 normal q wave
since the base of the septum 1s always
activated normally after the apex and 1n
a left to right vector The normal q
wave in HV leads facing the left ventricle
should be less than 03 sec in duration
and less than 25% of the amplitude of the
succeeding R wave

R/S relationships and contour

1 The characteristic finding 1n all Jeads
to the right of the transitional zone 1s
an rS complex The small r wave
normally recarded in leads over the
tricuspid ring reflects the sum of
positive potentials reaching the
precordium from activation of (a)
the septum in the usual left to right
direction, (b) the free wall of the
right ventricle, minus the opposing
potentials coming from activation
of the lateral and posterior walls
of the left ventricle the large S
wave 1s derived from continuing
activation of these portions of the
left ventricle after completion of
septal and right ventricular de-
polarization As the electrode 1s
moved aver the right ventricle to-
wards the transitional zone the r
wave inereases w amplitude and
duration, due to the mcreasiung

1 The characteristic finding in the lead or
leads just to the left of the transitional
zone 1s an Rs complex The relatively
large R wave 1n these leads is produced
mainly by activation of the anteroseptal
wall of the left ventricle with a com~
paratively small contribution from the
anteraseptal wall of the raght ventricle
and represents the sum of these forces
munus the opposing potentials derived
from the posterior wall The con-
timng activation of the posterior wall
after arrival of the impulse at the
eprcardial surface of the anteroseptal
wall 15 responsible for the relatively
small S wave usually present 1 leads
just to the left of the transitional zone
Shight notching or slurring near the
base of the ascending limb of the R
wave occurring as part of an Rs com~
plex recorded just to the left of the
transitional zone may be observed as

sAn minal deflectson that 1 downwa

tration of an imtial R w
1 lelt 1o right septal vector the regs
r:‘::crely a mfmfcstahon of early activation of the anterolateral wall of the left

rd only in Lead Vg or in Leads Vg and V7 indicates the presence of the

ave 1n Vg and Vs under these circumstances
ventricle
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1S

o

contribution of poastive pofentials
{rapemtted from the epicardial
sunface of the anteroseptal wall of the
left ventricle The § waye attauns s
greatest depth i ¥y or V5 and
Quninishes as the electrode ap-
proaches the left ventricle

As 3 common rormal variant

slurring or fine notching of the
ascending or descending Limb of the

T wave may be ohserved due to im-

—amant

As a rare rormal variant an1or
complex may be recorded 1 Leads
VY ¥y ar HVz  The rf deflection
may be within normal Umts o §t
daes not excerd 3 mm  in amphitude
It iy belteved to be a mamfestation ot
the normal late activation of the
€rista gupraventricularis a thick
musentar ridge 1n the roof of the
Fight ventricle between the atripven~
‘ricular and pulmonary arifices In
the absunce of bypertrophy of thig
Structure or other portions of the
right ventricle the forces developed
duriny stz late activation are seldom
suffiesent to be registered in
precordial leads, but oocagy
may cause an ¢ deflection up
mm 1n heght
that an 7 deflect;

na)ly

ta 3

It has been laimea
ion may be recorded
inleadVy as a regult o transmyysion
af the potentyaf varalions of the
Posterior wall of the left ventricle to
= right srernal border but cop-
Vineing evidence has 10t been
Sltained Afthough transmission pf
these potentialg yeross the baok ta
e right arm has been ¢ £
tray 310N anteriorly 1o the right

£ @ border woylg Tequire extreme
clockwise Totation  diffyess 40
Teconent. anatomiealy; 8 -
bility cong not even b{: co::}:d:x:? =

;nless there way g Pronounced 1ate
WAVE 1 AV, but then mu
¥h have 1o
be inves gated by Lead,
5V,
elusive Y @t Von

T

4

ot from onset of QRS 1o Pek oI R s o
2 a Tepresentative lead By ¢amparigon of

a normal variant  produced by

potentials gerived {rom activation of

the adjacent anteraseptal wall of the
right venircle  Asg the electrade is
moved farther to the left 2 g wave ap~
pears due to later arrival of the

impulse in the lateral and posterior
walls and the 5 wave tisappears, due to
b+ resultant late completian of activation
of these areas When a qR ar qRs com-
plex is present ihe ascending Yimb of
the R wave iy normally smooth and should
not exhibit definite notching ot coarge
slurring  This R wave reflects \he
forces created by activation of the Iateral
or posterior wall of the left ventricle,
transmitied from {13 surface minus any
Pposing forces ir itted from the
opposite snterolateral wall of the rignt
ventricle  The latter are probably
neglinble under normal eircumstances,
but reach significant provartions in
vight ventricular hyperirophy and ton-
duction defets

Onset of Mirmnsicoi

G} deflection)
the measurementy

0 Pight wy
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left ventricular leads, one determines which ventricle 1s activated first
and which last By consideration of the actual figures one determines
whether the time consumed in activation 13 normal or prolonged

This measurement mncludes the txme for]
activation of the septum in the usual
left to right direction plus the time for
activation of the free wall of the right
ventricle and 1s preferably made
leads overlymng the tricuspid ring so
as to mummize effects from the
anteroseptal wall of the left ventricle,
the normal finding 15 less than 03
sec and reflects the early and rap:d
activation of the relatively thin right
ventricle

This 1s an approximation of the time
elapsing between the onset of septal
activation and the arrival of the impulse
at the epicardial surface of the subjacent
outer wall of the left ventricle The
normal finding 18 less than 06 gec and
reflects the later onset and completion of
activation in the left ventricle As the
electrode 15 moved from positions over
the right to positions over the left
ventricle this measurement progres-
siwvely lengthens to a2 maximum re-

flecting greater and greater contribution
from the left ventricle In leads wath

a q wave the time required for passage
of the 1mpulse from the subjacent
endocardium to epicardium 1s approxi-
mated by the time elapsing from onset
to peak of the R wave The normal

dur ation of the upstroke of the R wave is
less than 04 sec 1in the lead with the
longest measurement

—

w

S-T junction and segment

Isoelectric S-T junciion 18 the typical normal finding This means that the S-T junction
1s at the same level as the T-P segment

Elevation of the §-T junction to the extent of 5to 2 0 mm and rarely 3 0 mm may
occur as a normal variant in the presence of tall upright T waves particularly in leads
over the right ventricle or in leads at or just to the left of the transitional zone
Presumably this 15 due to the relatively large electromotive force already developed by
the repolarization process at the time of the termnation of the QRS An elevation of
the S-T junction may be considered normal 1f the displacement does not exceed 3 mm
and provided the S-T segment describes an arc with upward concavaty ending 1n a tall
upright T wave On the other hand, lesser elevations of the 5-T junction {! 0-1 5 mm )
may be sigmificant 1f the S-T segment 1s abnormal m contour

Depression of the S-T junction in precordial leads 1s rare and should be regarded as
abnormal when 1t amounts to 5 mm or more provided the following types of
pseudodepression are excluded

:

a Apparent depression may occur 1n the presence of a tachycardia when the normal
1spelectric T-P segment 15 not recorded due to the fact that the P wave begins prior
to the completion of the T  The only recourse 1s to Judge the position of the §-T
qunction in reference o the T'pjunction with the beginning of QRS

sing a depression of the S-T Junction is

all P wave and a reciprocal depression of the

wnterval between the end of the P wave and the beginnng of the QRS  When the

ect allowance cannot be made for the T, wave in judgwng the position of the S-T
cl‘x):rnon the measurement should be made with reference to the P-R junction rather

Junction,

b A prominent auricular T wave cau
recognized from the presence of at
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en there 1s p: pression of the S-T j ion due to
(ha‘n o uT Paf;:ﬁr;e:!m Wh‘ tfl’l‘p wave the §-T segment maintains the normalmm
cantour of a progressive ascent in an upwardly concave arc When there 1s abnor
depression of the S-T junction due 10 subendocardial injury the segment pursues :::
appreciable horizontal course or sags downwards The contour of the S5-T segme
thus awds greatly in dst hing hetween pi depression and abnormal
depression from subendocardial mpury

4 The contonr of the S-T gegment may be classified as straght, convex upward, ar
208 SoTTuY ol the b2 seproent
concave upward and 1s normallv related to the direction of the T wave When the T
18 upraght the S-T segment charactersstically slopes gently upward to the peak of the
T 15 a0 arc with upward concavity, when the T wave is inverted & gently sloping are is
directed downward with upward convexity lLoss of this characteristic curvature may
be withsn normal limits when confined to leads at the transitional zone or in any lead
-n the pregence of tachycardia The contour of the 5-T segment should be re garded ag
abnormil when a straipht slope 1s present under other circumstances or when the con-
vexity pownts in the same direction as the T wave A very slight downward sagging or
an undue horizontal course of the S-T segment should arouse suspicion and should

Prompt an evercise test unless there are clincal contralndicationg {page 143}

T wave
Right ventricylar leads Left ventricular leads

1 Direction of the T wave leads over 1" i

e e laadg over the
the right atrium is subject to the
B Sum

following normal variations a::er the

a Upnght when the electrode 35 left veriricle but the fouowmg ex~
reflecting chiefly the potential ceptions may be observed as normal
variations of the epicardsa) surface variantg

. of the right ventricle 2 Flattenng may oceur in axillary
Inverted when the electrode is and back leads in assoelation with low
reflecting ehiefly the Ppotentia) voltage of the R wave {below 5 mm )
Z:::t::ns ;; ethe :emi‘;cular and may be congidered as a normal
e etgorhe ::E :;: 3y gert»d T Variant if no abnormalities in QRS-
it in ;::(tei:; are found throughout the

¢ Diphasic or flattened with varyng b in::relon of the 'T
RS O Surtics ond cavny I posterior Teadarrne e O

. - B atrioventrieutar geoove (HVy Hv,
and Vg)

in normay children  In the latter the
® anvergion 19 &reatest in leadg over
right atrium or atriaventriculap
groove and Tecedes in pProgressyva)
leftwarg electrode Positiong  The %

¥ this quvenile pagy,
Persists intg the thard dec:de "
especiall; in Women

121
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3 Amplitude Upright T waves in precordal leads may range from 1 to 12 mm 1n height
Before classing a T wave 1n the upper part of this range as a normal variant recipro-
cal exaggeration 1n amplitude secondary to injury of the opposite wall of the ventricle
must be excluded For example, when T waves are tall 1n precordial leads over the
right ventricle and anteroseptal wall of the left ventricle, care must be taken to exclude
posterolateral infarction

4 Contour Normal upright T waves are characteristically smooth in contour with upward
concavity of both the proximal and distal limbs resulting in a blunt to moderately sharp
peak The slope of the distal Limb 1s usually steeper than the gradient of the proximal
lmb Notching or double peaking may occur as a normal variant in leads at the transi-
tional zone This should be distinguished from pseudodoubling ocecurring when the U
wave 1S prominent

II UNIPOLAR LIMB LEADS

A LEAD aVp; The normal variations encountered 1n this lead are dependent primarily upon
the direction of rotation of the heart on 1ts transverse axis

1 Forward rotation of the apex Under these circumstances the portion of the heart
directed towards the right arm consists largely of the atria and great vessels and
mncludes little or none of the epicardial surface of either ventricle As a consequence
the major deflections of ventricular origin are derived from the potential variations
of the endocardium and cavities of the ventricles and consist of a downward QRS and
mverted T wave This basic pattern 1s normally subject 1o 4 mnor varatons
namely a monophasic QS a manute r followed by a deep S, a deep Q followed by a
mnute r and an rSr' complex When any of the foregoing QRS patterns 1s present
the chief wmnterest lies in the S-T segment and T wave The S-T junction 1s normally
1soelectric the segment curved with upward convexity and the T wave wmveried

2 Bachward rotation of the apex facilitates transmission of the potential variations of the
epicardial surface of the posterobasal wall of the left ventricle to the right arm as
well as those of the ventricular cavities, and 1s manifested by the registration of 2
QR complex characterized by a late R wave ranging from 33% to 100% of the
amplitude of the antecedent Q wave This QR complex must be differentiated from the
abnormal rsR! or sR' wave recorded in Lead aVp as a result of right ventricular
hypertrophy or right bundle branch block The S-T junction 1s normally 1soelcctrie
and T wave inverted

B LEADS aVy and aVy taken together reflect the direction and degree of rotation on an
anteroposterior and a longitudinal axts  This type of rotation is influenced particularly
by the height of the diaphragm and the shape of the chest Elevation of the diaphragm
causes counterclockwise rotation into a horizontal or semihorizontal position In exther
position the potential variations of the left arm are dom1nated by those of the left
ventricle 1n the former the potential variations of the left leg are transmitted chefly
from the right ventricle and in the latter chiefly from the posterior transitional zone
and adjoimng walls of the two ventricles An intermediate position of the diaphragm
permuis reference of the potential variations of the left ventricle to both extremities
Lowering of the diaphragm facilitates clockwise rotation into a semvertical or vertieal
position In either position the potential variations of the left leg are domunated by
those of the left ventricle 1n the former the potential variations of the left arm are
derived cluefly from the anterior transitional zone 1in the latter from either the
epicardial surface of the right ventricle or left atrium depending upon the degree of
rotation on the longitudinal axis The normal variations in P waves (assuming sinus
rhythm} and in QRS-T pattern in Leads aV, and aV, classified according to electrical

pasition  are summarized 1n tabular form
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LEAD &V

HORIZONTAL - SEMIHORIZONTAL —
INTERMEDIATE

1 Transmussion predomumantly from
epicardial surface of lateral wall of
the left ventricle

a P wave npright

b QRS resembling that in precordial
or axillary leads over left ventricle
and yudged as normal or abnormal
by same criteria as applied to
correspanding cheat leads

1) Rs or monophasic R Ascending
Yrob of R less than 04 gec in
duration

2) qRs or qR The g should not
exceed 02 sec n daration or
2% of amplitude of the sue~
ceeding R

o

T wave upright but as a normal
varjant may be flattened i R wave
Iess than 5 som

2 Tr from posterobasal
aspect of 1eft veniricle and to a
variable extent from ventricular

cavities through atrioventriceular
orices

2 P waye inverted or dophamic

Y QRS resembling that i high back

Jeads [Vg) and characterized by
9Rs or qR pattern  Owang 10
posaible derwation from cavipy
potentials transmitted through AV
orifice g should not be considered

4bnormal unleas 04 se¢c or more
in duration

a

T wave usually upright but may
be flat or shallowly inverted

LEAD aVy
P wave upright in all electrical positions

HORIZONTAL
1 Transmission predominantly from
epicardial agpect of posterior inferior
wall of right ventraicle

a QRS resembling that in precordial
{eads over the right veniricle AnrS
complex is the usual normal finding, 2
QS is an occagional normal variant
Since the QS generally resulta from
1088 of the {nitially positive potentials
in the course of transmisaion {rom
the surface of the right ventricle to
the leg the total QRS interval under
such circumatances is significantly
shorter than in precordial leads
Often there 13 sufficient respiratory
shaft 1n disphragmatic position to
result in phagic variation from a
normal QS to rS complex but not 1o
a Qr deflection Thege features
distinguish the normal QS from the
abnormal QS resulting {rom trans-
murgl pagterior infarction In the
latter a2 small fate r i{s usually
detectable {page 153}

T wave most commonly upright, but
may be normally flattened diphasic
or inverted as1nV,

SEMIHORIZONTAL
Transmission predominantly from
posterior end of septum and adjoining

posteroseptal aspects ot Tight and left
ventricles

~

2 QRS consists of either a multiphasic

complex of low voltage or an rs
deflection that is approximately
;qmphasm and wsually low in voltage
Wave usually upright but ma
flattened TRy be

INTERMEDIATE

-

Transmission predominantly from
posteroapical surface of left ventricle
QRS and T patterns are deseribed
below
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LEAD av,

LEAD aVy

SEMIVERTICAL

1 Transmission predomnantly from

anterior end of septum and adjoiming

anteroseptal aspects of right and

left ventricles

a P wave may be upright diphasic,
or mnverted

b QRS consists of either a multiphasic

complex of low voltage or an rs
deflection that 1s approximately
equphasic and usually low an
voltage

¢ T wave usually upright but may
be flattened

o bya R

VERTICAL

Transmission predomnantly from

epicardial surface of right ventricle

a P wave may be upright, flat
diphasic, or inverted

b QRS resembling that in precordial
leads over the right ventricle An
rS complex 1s the typical normal
finding, rSr'or QS complexes
constitute occasional normal
variants If the rSr' 15 within
normal limats the r' component
should be small {2 mm or less}

and should be traceable to a normal

rt 1 right precordial leads, pre-
sumably derived from the crista
supraventricularis  The QS com-
plex generally results from loss of
the 1mtially positive potentials 1n
course of transrmssion from the
suzface of ventricle to the left arm
hence the total QRS wnterval 18
significantly shorter than in pre-
cordial leads This together with
the usual accompanying P wave
inversion, aids in distingushing the
normal QS from the abnormal
agsociated with lateral infarction

¢ T wave may be upraght flat,
diphasic or inverted

2 Transpussion predominantly from

ventricular cavities through

atrioventricular valves

a P wave wverted or diphasic

b QRS resembling that 10 hgh
gsophageal leads and characterized
by a Qr complex The suspicion

SEMIVERTICAL AND VERTICAL

1 Transmission predominantly from

posteroapical aspect of left ventricle
a P wave upright with gently sloping
limbs
b c&s_ resembles that 1n leads from
the stomach and from the back
below the diaphragm In normals
and in the absence of localized left
ventricular disease the QRS
pattern mn aVp of an mtermed:iate
semivertical or vertical heart
resembles that in precordial and
axillary leads over the left ventricle
It is judged as normal or abnormal
by essentially the same criteria
applied to the corresponding chest
leads
1) Rs or monophasic R The ascend-~
g lumb of the R 1s less than 04
gec 1n duration
2) gRs or gR  The q should be less
than 03 sec 1n duration and less
25% of the amplitude of the R wave
provided QRS voltage 1s over 0 5
mv  When voltage 1s low, Q/R
ratios are undependable and
decision as to whether the Q wave
1s normal or abnormal 15 based
solely on time from its onset to
nadir
¢ T wave upright but as a normal
variant may be flattened 1f R wave
15 less than 5 mm

2 Transmission predominantly from

posterobasal aspect of left ventricle

This may occur when diaphragm s low

and cardiac apex 1s displaced forward

This position 15 suspected from the

contour of the P wave

a P wave tall upright with a precip-
itously descending terminal himb
representatave of the intrinsicoid
deflection found 1n esophageal leads
near the atrioventricular groove

b QRS consists of a gR or qRs patiern
generally of relatnely high voltage
The q should be less than 03 sec
1n duration less than 25% of the
amplitude of the B
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LEAD aVy

ot the Qr romplex is a norma}

LEAD aVe

but a8 8

¥ wave usually upright

¢ aormel variant may be Tlat dipnasic
or shallowly inverted

& prasence of #n fnvertea or

\:ph‘;s;c P wave [he es:bhsh—
ert of the Qr a8 & pOrm;

:;rr:tan( ts further awded by finding
drastic changes In the relative
smplitude of the downward and
wprght companents with shift in
posture  However the final
decision as to presence o¥
abserce of infarction of the base
of lateral or vostersor wall is
made fram the pattern i high
chest leads

¢ Twavemveried

BUNDLE BRANCH BLOCK

A vethod for the analysis of tracings with prolonged or ahnormally slurred or notched QRS
complexes has been gven on pages 25 - 27  Ag a prereq!

wtraventricular conduction defect it 18 necessary 1o exclude an ectopie ventricular focus {as
1 ventrlcular tachyeardia idioventricular shythrs ete ) and apomalous veniricylar excitation

25 fn the Wolll-Parkinson-White syndrome  If 2 gtady of the rhythm indicates that the profonged
utzarre QRS complexes resulted from 1mpulses of Supravepirieular origin that reached the
ventricles through the A-V node  (he veniricle exnilating the conduction defect 15 determined
from the loeation of the chest leads exhipiting an abnormally late onset of the intrinsicois
deflection  The decsston a8 to whether fhe conduction defect iy in the bundle branch or free wall
of the vantricle 1s hased wpon the direction of the initial phase of the QRS in all l¢ads with a Jare
uitrinsicord deflechion

te o the estaplivh A of an

1 CLASSICAL LEFT BUNDLE BRANCH BLOCK (LBBB) In comvlese LBBB and in the
classieal Lase of meomplete LBBB  the QRS complexes in the high precordial leads resemple

thoge in the Lustomary precoraial leads in yespect to fae direcnon of or i) deflection
Tae registration of an itlal upstroke 1n all high 238 well a3 Yow leR ventricular leads points
&7 40 mierruphion of conduction on the left side of the septum af 35 base with activation of

the entire septuro 10 & right to Jeft vettor The classical finding mmst be tafferentisted from
a varian of incomplete lefs bundle branch block in which all costam.

ary leads facing the

apieal partion of the left ventricle (Ya~Vy inclusive and aVy) show an initial R wave whereas
high precordal 1eads over the left ventricle show a1 instlal normal g component of a qR
cump}e:&X This will be discussed separately  The following discusgion pertaing to clageflcal
;ncamp wated LBBB in such cases autopsy almost invariably showa left ventricular
a:gairu:phy and may inadditin disclose localized Yoangs kn the left ventricle  In almost
o n:;c ):e ;t u:(:::ﬁ:mé a:;“om’p]eu; LB]?!Z ;.;d 1nfarcion ol the left ventricle the hroad glurred

characterstic o B 12 »ecorded fa all left ventriculay leads and
:2:;5: :;nacrxhnei ;:tfm;:m of infarciion are detectable  With extensive m!arcdonai;f tx;:)e

+ g ere o8 0391}

2 e dracnenci on page 1ot « §ossibiliy of an imbial @ wave in left ventricular leadg, as
& QRS WTERVAL

1 Complete LBBB  — 22 2ec or it
2 on,
2 Incompleie LBRB — 10t 11 sec e



126 - SUMMARY OF EINDINGS

B Q-T INTERVAL - characteristically beyond upper Lumits of normal

C LOCATION OF TRANSITIONAL ZONE  Although the transitional zone may be in the usual
normal location (between V, and V;) 1t 15 more commonly shufted to the Jeft presumably
because of right ventricular dilatation It 1s often between chest positions 4 and 5, not
uncommonly between 5 and 6, and occasionally between 6 and 7 In most cases, tixe only
leads extubiting a late intrinsicord deflection and no S wave are Vg Vg+ Vy, or Va+ Vp 4V,
and the corresponding high leads ’ BT

D QRS-T CONFIGURATION IN LEADS OVER THE RIGHT SIDE OF THE HEART

1 QRS complex In the presence of left bundle branch block, the impulge arrives early in
the right side of the septum and free wall of the right ventricle and late in the free wall
of the left ventricle The late activation of the outer wall of the left ventricle 18 always
mamfested by a deep, broad, slurred § wave in leads facing the epicardial surface of
the right ventricle and atrium The 1mt1al phase of the QRS complex in these leads
depends upon the wmnterplay of negative potentials, transmitted from the endocard:al
surface of the right side of the septum and positive potentials produced by actrvation of
the free wall of the right ventricle As a consequence the QRS pattern m any given lead
over the right atrium or ventricle may take one of three forms, whereas the QRS inter-
relations 1n different right precordial leads are subject to considerable variation

a Varieties of QRS pattern that may be found in leads over the right side of the heart in
uncomplicated LBBB

1} AnrS complex consisting of a small narrow imtial r wave due to early pre-
ponderance of positive potentials comung from activation of the free wall of the
right ventricle and a deep, broad, slurred § wave due to activation of the septum
and the free wall of the left ventricle This r wave is abbreviated by the opposing
negative potentials of septal origin

2

A triphasic qrS complex the q wave representing imtial negativaty of the right
ventricular cavity from septal activation, the r wave reflecting depolarization of
the free wall of the right ventricle

3

A deep, broad, slurred QS deflection The r wave may be submerged and
obgcured 1n this monophasic downstroke because of complete dominance of
negative patentials transmutted from the endocardial surface of the right side of
the septum over positive potentials coming from activation of the free wall of the
the right ventricle or the r wave may be represented by an equivalent m the form
of notching or coarse slurring near the onset of the QS deflection

b Variations 1n QRS interrelations i different right precordial leads Leads over the
right atrium and ventricle in uncomplicated left bundle branch block do not necessartly
sho » either the expected increase 1n the mmtial r wave as the electrode 1s moved
towards the left or the umform QS or rS pattern occurring asg a recogmzed varant
A distanet S deflection (or rarely a qrS complex) may be recorded inLead Vy or Vz
and a QS deflection 1n one or more leads closer to the right side of the interventricular
septum 1n the presence of uncomplicated left pundle branch block and may lead to an
erroneous mnterpretation of anterior wnfarction The distinct R wave i Lead vy
andjor Vz may be correlated with an electrode position over the tricuspid orifice
favorable to the reception of positive potentials coming from the relatively thick base
of the right ventricle and perhaps from the left ventricular cavily via the left and
right atria whereas the decrease or disappearance of the R wave in V3 and V, may
be correlated with an electrode pasition over the relatively thin apex of the right

scle and nearer the right side of the septum

ventr



127
UNIPOLAR THORACIC AND LUMB LEADS

2

ted and often the displacement i8
P The §-T junction s always elaval -
i)igrmf?:::;;‘y beyond the upper Jimts of normal o € ﬁrea!et:a\?g:;‘r:e::‘;n;no: u;;};i §
t may show 8
t usually displays upward concavity bu
zz&:;tt; :artymularly i daptalis had been given The T wave is characteristically
tall upright

£ QRS T CONFIGURATION IN LEFT VENTRICULAR LEADS

1

2

QRS pattern  Leads Just beyond the transitional zone may show an R: patternba);\:: R
{hose farther to the left show the classical broad  slurred or notched monopl

wave ‘This s a composite deflection consisting of an imtial upstroke or R mvcd .
proper derwed from activation of the septum 1 a right to left direction followed by
a second upstroke or R! wave derived from activation of the free wall of the left
ventricle The two componenis may be fused into 3 smooth monophasic R wave
some left vertricular leads but are usually demarcated 1n other leads by the inter-
vention of sturring notching or & downstroke (S} that crosses the isoelectric line
When the two components are wentifiable separately the period elapsing from the
onset to the extinction of the 1mstial R wave 15 an wndex of the time required for the
smpulse to pass through the septum and start activating the Iree wall of the left
veniricle whereas the time from beguwning to peak of the R’ deflection is proportional
to the tsme consumed in activation of the outer wall of the left ventricle

a Imtal upright deflection 18 mvariably present 1n leads taken well over the epicardial
surface of the left ventricle and is the result of septal activation The duration of
this imtial R wave 1s a rough wrdex of the time consumed in sepial actwvation The
measurement is made from the onset of the R {o the onset of the R! wave in the
presence of 2 notched or slurred upright complex I there ig an S wave intervening
between the R and R' the measurement 15 made from the onset of the R wave 1o the
point where the string returns io the isoelectric line in the course of the dawnstroke
of the § wave This measurement should amount to 04 sec or longer in complete

left bundie branch block and 1s usually between 02 sec and 04 sec 1n incomplete
left bundie branch block

o

Late peak or R wave The time from onset of the QRS to the peak of the R' {i e

onset of the intrinsicoid downstrobe) 1s an index of the 1ime required for activation
of the septum plus the free wall of the left ventricle

The magmtude of th
prolongation depends upon the degree of block 3 ©

1} Complete LBBB — 08 sec or more after onset of QRS
2) Incomplete LBBB — 06 to 08 ger after onset of QRS

o

‘:’h:aergrt:;ns 1 QRS interrelations in different left precordial leads The portion of
on which the notch or maximal slurring oceurs in the presence of complete

R @ peak then the

msmn::‘;c;:xzus}; :;xjx:t' b;cﬂmes wmore prominent  This reflecis increaassxﬁzndmg
and pur

el of the 2t o purer recording of the potenttal variations of the outer

S T segment and T wa
ve are cha:
stirred- or michod - racteristical);

Y opposite in direction fr:
pry om the br
leads the S T puetis onof the QRS (e daseordant) Thus 1n left ventmcu‘l’::
convexsty and the T otht- segment curved with wpward
concordant)  This showld aro seaswomilly the T wave i
repolarizatio uee the suspician of a lesion '
et i: o!t the subendocardial layer of the underlyn, gt oaing

oRten not provided by pathologic examunaf (y z wall but a satisfactory

x0n
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B Q-T INTERVAL — characteristically beyond upper limits of normal

C LOCATION OF TRANSITIONAL ZONE  Although the transitional zone may be 1n the usual
normal location (between V; and V,), it is more commonly shifted to the left, presumably
because of right ventricular dilatation It 15 often between chest positions 4 and 5, not
uncommonly between 5 and 6, and occasionally between 6 and 7 In most cases the only
leads exhibiting a late intrmsicord deflection and no S wave are Vo, Vg+ Vy, or Vg + V7 + V,
and the corresponding high leads ’ 8T

D QRS-T CONFIGURATION IN LEADS OVER THE RIGHT SIDE OF THE HEART

1 QRS complex In the presence of left bundle branch block, the impulse arrives early in
the right side of the septum and free wall of the right ventricle and late 1n the free wall
of the left ventricle The late activation of the outer wall of the left ventricle 15 always
manifested by a deep broad slurred S wave 1n leads facing the epicardial surface of
the right ventricle and atrium  The 1mit1al phase of the QRS complex 1n these leads
depends upon the interplay of negative potentials, transmitted from the endocardial
surface of the right side of the septum and posttive potentials produced by activation of
the free wall of the right ventricle As a consequence, the QRS pattern in any given lead
over the right atrium or veniricle may take one of three forms, whereas the QRS mter-
relations in different right precordial leads are subject to considerable variation

a Varieties of QRS pattern that may be found in leads over the right gside of the heart in
uncomplicated LBBB

1) AnrS complex, consisting of a small narrow imtal r wave due to early pre-
ponderance of positive potentials coming from activation of the free wail of the
right ventricle and a deep broad, slurred S wave due to activation of the septum
and the free wall of the left ventricle This r wave is abbreviated by the opposing
negative potentials of septal origin

2) A triphasgic qrS complex, the q wave representing 1mtial negativaty of the right
ventricular cavity from septal activation the r wave reflecting depolarization of
the free wall of the right ventricle

3) Adeep broad slurred QS deflection The r wave may be submerged and
obscured in this monophasic downstroke because of complete dominance of
negative potentials transmatted from the endocardial surface of the right side of
the septum over positive potentials coming from activation of the free wall of the
the right ventricle or the r wave may be represented by an equivalent in the form
of notching or coarse slurring near the onset of the QS deflection

b Variations in QRS interrelations in different right precordial leads Leads over the
right atrium and ventricle 1n uncomplicated left bundle branch block do not necessarily
show either the expected increase 1n the 1tial r wave as the electrode 1s moved
towards the left or the umiform QS or rS pattern occurring as a recognized variant
A distinct rS deflection {or rarely a qrS complex) may be recorded in LeadV; or Vp
and a QS deflection 1n one or more leads closer to the right side of the interventricular
septum 1n the presence of uncomplicated left bundle branch block and may lead to an
erroneous interpretation of anterior wnfarction The distinct R wave 1n Lead V,
andfor Vz may be correlated with an electrode position over the tricuspid orifice
favorable 1o the reception of positive potentials coming from the relatively thick base
of the right ventricle and perhaps from the left ventricular cavity via the left and

the decrease or disappearance of the R wave 1 V3 and V,; may

vely thin apex of the right

right atria  whereas
be correlated with an electrode position over the relaty

ventricle and nearer the right side of the septum
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128 SUMMARY OF FINDINGS

F QRS-T CONFIGURATION AT TRANSITIONAL ZONE When the electrode in one or more
positions happens ta straddle the area of precordial projection of the patential variations of
the anterior end of the septum, the iracing may show a transitional QRS and/or T pattern,

that may cause confusion unless interpreted in the light of the findings 1n adjacent right and
left ventricular leads

1 QRS The usual finding 1n a transitional lead namely, a QRS complex of low voltage and
of comparable shape to that in an adjacent right or left ventricular lead should be easily
recogmzed Diagnostic difficulttes arise when a Qr or QR pattern is recorded swnce the
duration of the downstroke of the Q and the Q/R ratio are as great as found n association
with infarction involving the entire thickness of the left ventricular wall ‘This pattern s
differentiated from that of myoeardial mfarction by s locahzation, usually to one lead
and by the fact that there 1s an abrupt change from this very broad Q to an imtial R n the
nert lead on the left 1inatead of a gradual duminution of the Q wave observed as the
electrode 15 moved away from the center of an infarct The biventricular source of the
complex is established by demonstration of the correspondence of the downstroke of the
Q to the descending Limb of the QS n leads farther to the right and the synchrony of the
late R with that in leads farther to the left

2 S-T segment and T wave The transitional zone for the T wave may lie to the right of
that for the QRS as a result of a counterclockwise rotatory movement of the heart
during mechanical systole, occurring between the wnscription of the QRS and T waves
As a consequence a lead displaying an rS, qrS or QS patiern transmaitted from the
anteroseptal wall of the right ventricle or a Qr pattern coming from the transitional
zone may show a convex 8-T segment and sharply inverted T wave simular to that in left
ventricular leads or may show a fusion S~T complex characterized by an elevated S-T
segment hike that in right ventricular leads followed by sharp inversion of the T wave
like that in left ventricular leads Unless the registraiion of such mixed transitional
patterns m uncomplicated LBBB 1s apprec:iated an erroneous diagnosis of anterior
mnfarction may be made

I APICAL FORM OF INCOMPLETE LEFT BUNDLE BRANCH BLOCK 1s characterized by
(1) supraventricular origin and normal transnussion of the impulse through the A~V node
(2) 2 QRS wnterval of 10- 11 sec  (3) an imtial slurred or notched A wave in all customary
leads facing the apical portion of the left ventricle (Vy V; Vg and Vg Vg and aVp 1f left
ventricular) (4) a normal g component of a qR complex in high left ventricular leads In
such cases autopsy reveals left ventricular hypertrophy The septal vector is presumably
directed from right to left i the apical portion to account for the mnitial upstroke in all
customary left ventricular leads and in normal left to right direction in the basal portion to
account for the 1utial g wave 1n high precordial leads The underlying incomplete left bundle
branch block 1s confined to the apical portion of the septum and may sometimes be correlated
with a lesion in thus area To be differentiated 1s the electrocardiogram with comparable
findings in the customary precordial leads but an abnormal Q component of 2 QR complex in
high precordial leads This abnormal @ wave may be correlated with infaretion of the
subendocardial portion of the basal aspect of the free wall of the left ventricle as described
on page 152 Infarction of the subendocardial portion of the apex usually coexists but is not
manifested by Q waves n the customary precordial leads because of the right-to Jeft vector
1n association with activation of the apical portion of the septum  The electrocardiographic
findings are comparable to those of the classical form of incamplete left bundl;: branc}; block
except tn high precordial leads facing the left ventricle The gR gompz’gxsm ! ;s: ::;ui 15 .
10 to 11 sec 1in duration and consists of a normal g wave less than 3 ec tn durat en an
e with prolonged ascending limb 04 sec or greater from onset to peal s
b WaVB :nanx?lbmable to prolongation in conduction through the outer wall of the left
il::::isle :t the base, which 18 usually referable to hypertrophy
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flection
primary left ventricular hypertrophy ihe R wav: ;: dta\l :r;i ?:1:::-:‘:31':\;;1 :em f
the § wave is relatvely small ye ene
::l:nplt?: rI:SSBB 15 present the findings in left ventric;lar I:.adshdepi;xfh zp;;:‘ r 1s
it ventmicular hypertrophy
whether or niot there 18 predommnant rig e e heiet
ds to be relatvely small and hrie
the r wave 1n left ventricular leads ten
i:eds:hne‘ § wave exaggerated if right ventricular hyperirophy is not pregent elvidg:ce
of the right ventricular conduction defect may not be found in feft ventricular lea

2 5 TandT pattern In uncomplicated RBBB  left ventricular leads characteristically
Show an ssoeleciric S-T junction @ concave upward 5-T gegment and ap upright T wave
When {nere 1s predommnant left ventricular hypertrophy the S-T segment may be
depressed and convex  and the T wavye inverted

F QRS-T CONFIGURATION AT TRANSITIONAL ZONE In many cases of ABBB the

cransitional zone 18 broadened to extend over 2 or 3 leads Familiarity with transitional

zonal patterns i uncomplicated RBBB iy essential in the differentiation from coexisting
anteroseptal infarction

-

QRS patterns  Transitional leads may reflect predominantly the potential variations of
fhe anteraseptal wall of (1) the right ventricle in which event an Rsr's’ or a variant is
recorded or (2} the left ventricle mamifested by an rS deflection Towards the end of
the S wave of this latter deflection there i8 usually notching or slurring synchronous
with the R’ deflection of right precordial leads The marked reduction in the

amphiude of the R wase 1n the transifion from right to left ventricular leads and the

eft ventricle is the usual

(X3

$-T pattern may resemble that in leads over the right ventricle or that in leads over
the left ventraele or may be a maxture of the two

VENTRICULAR BYPERTROPHY

LEFT VENTRICULAR HYPERTROPHY (LVH)} is almost always but not invariably present
when the electrocardiogram displays one of the following 3 patterns 1 Complete LBBB,
i3 ln‘com;ile\e LBBB I Prolonged conduction through the outer wall of the left ventricle

by L&) qR in left ventricular seads consisting of a q wave less than 03
sec u;dutanon and less than 25% of the amplitude of the succeeding upstroke and a tall un-
:muhe B wave measuring 04 se¢ or more from onset to peak with a late intrinsicoid deflec~
S:;m::tg\:;mimor;m;x; D2 sec  after the onset of the QRS (B) a depressed convex S-T

mverie waye {0l
ot seaonn rve lor less typically a diphasic to flat T wave) that remain fixed
The faregoing 3 patterns should be 3
and require eluncal support before a def: m puve rather than pathognomonic of LVH
nte diagnosis is made by

branch block may be praduces b3 8 tocatired loum e - ecause of the fact that bundle

associated with LVH are indepe

sion rheumatic aortic valvulitis
o onosumatic sor i and ;ypt:nme adriie insutficiency are indistinguishable) and
hypertrophy 4

able lesions 1n the deft ventricle other than

The patiern designated
st b Qiffanne o o0 Prolonged eond -

auter wall o
wnfaretion)

ve sesion (usually
v «altu by a preliminary do
e I durag:::\::éd d;nnct)on but 1s disung\ushed nchr h;?g::, e ﬂecond”)' o o
more than 25% of the amplitude of the R wave or ;;}‘: ) ins - ‘ie‘f it
qi complex with one



130

UNIPOLAR THORACIC AND LIMB LEADS

leads from the right ventricular cavity it 1s recommended that the measurement be
made to the onset of the R’ wave in the presence of a notched or slurred upright QRS
If there 15 an § wave 1ntervening between the R and R' wave the time from the onset
of the R to the point where the string crosses the 1soelectric line in the course of the
downstroke of the S wave 1s recommended as an index of septal activation This
measurement should amount to 04 sec or longer wn complete right bundle branch

block and 15 usually between 02 sec and 04 sec 1in wncomplete right bundle branch
block

Late peak of the R' wave The tume from onset of the QRS to the peak of the R' (1 e
onset of the mntrinsicord downstroke) 1s an index of the time required for the activa-
tion of the septum plus the free wall of the right ventricle This measurement should
amount to 08 sec or more with complete REBB, 06 to 08 sec with mcomplete
RBBB

The R' deflection tends to attain 1ts maximum 1n leads near the tricuspid ring or
crista supraventricularis and progressively diminishes as the electrode 1s moved to
right or left With complete RBBB, the tume interval from onset to peak of the max-
1mal R' 15 generally 04 sec or more due to aberrant right ventricular activation
irrespective of whether or not right ventricular hypertrophy or damage are anatom-~
1cally demonstrable Furthermore, the R' deflection may be of high voltage even m
the absence of right ventricular hypertrophy because of the fact that activation 1s stall
m progress 1n the free wall of the right ventricle after the left ventricle has become
depolarized and no longer creates opposing forces With mncomplete RBBB however
the duration and amplitude of the ascending limb of the maximal R' serve as an index
of the physiologic state of the free wall of the right ventricle A time interval from
onset of R' to 1ts peak, amounting to 03 sec or longer and R' amplitude exceeding
10 mm are usually referable to right ventricular hypertrophy but are occasionally
due merely to delayed conduction in the absence of hypertrophy When mncomplete
right bundle branch block 18 the result of temporary prolongation in conduction through
the septum and right ventricle, as in some cases of acute cor pulmonale, the transient
hasis for the lesion 1s established by 1its disappearance in serial tracings

2 S-T segment and T wave are characteristically discordant with the QRS but are oc-

casionally concordant for no demonstrable anatomic reason The typical findings in
right ventricular leads are depression of the S-T junction upward convexity of the
S-T segment and deep wnversion of the T wave

E QRS-T CONFIGURATION IN LEFT VENTRICULAR LEADS

1 QRS

a Direction of the imtial deflection  Septal activation exclusively in a left-to-right

direction might be expected to exaggerate the normal q wave recorded in left
ventricular leads and together with late activation of the free wall of the right
ventricle tends to reciprocally decrease the amplitude of the R wave 11 the same
leads Thus Q/R ratios exceeding 25% are observed in left ventricular leads of
patients with RBBB 1n the absence of infarction however the time interval from
onset to nadir of the q wave remains within normal limits of 02 sec  On the other
hand an imtial upstroke may be recorded n leads over the anterior wall of the
left veatricle and only a munute g in other left ventricular leads presumably due to
unusually early onset of activation of the free w all of the left ventricle

R/S relationships  In the presence of complete RBBB leads over the left ventricle
characteristically show a relatively narrow R and broad S When primary right
rophy 1s responstble for the RBBB the ascending Ismb of the r
ds 1s unusually small 1 amplitude and brief 1n duration
11 as broad When the RBBB 1s a complication of a

ventricular hypert
wave 1n left ventricular lea
whereas the S 1s degp as we
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Jeft
f the Purkinje network gecondary to

1 perhaps because of the lengtheming © A
::iﬁ?cufarren‘;argemem Nevertheless the g wave of uncomplicated LVH sho:lsdo :;1:1
form to the following criteria that differentiate it from the abnormal Q wave a.
ated with subendacardial infarction

1) Tume from onset to nadr ~less than 03 sec

2} Relative amphtude ~less than 25% of succeeding R

-

Charastessstics of the R wave 1n Ieads with a QR paliern  The most {mportant feature
15 lengthemang 10 the interval between ouset and peak of R to 04 sec or more This
is often accompamed by slurring of the ascending Lmb of the R wave on the other
hand distinet notching of the upstroke of a R complex requires classification into
angther category t d above and d later ‘The prolongation in the as-
cending limb of the R wave 18 presumably a manifestation of the increased thickness
of the Teft ventracle and 15 largely responsible for another characteristic feature —
the late mtr d deflection, t g more than 05 sec after the onset of the

QRS The average amplstude of the Jeft ventricular R wave is greater sn LVH than in
normals reflectng a greater voltage developed during activation of a thicker wall,
but considerable overlapping occurs among indivaduzd cages  Amplitudes e ding 26
mm 11V, have been found in approximately 20% of patients with established LVH but
are rare m normals This observation is more suggestive of the need for careful
temporal measurements than ef primary diagriostic import most high voltage R waves
due to LVH show prolongation of the duration of the ascending limb

2 S T scgment and T wave The character{stic findings are depression of the S-T junciion,

upward convexity of the 5-T segmeni and wversion of the T wave The findings are sub-
Ject to considerable variation as follows

2 S-T junction and segment show slight to moderate depression They are rarely iso-
electric except in early or complicated cases and are not elevated unless there ig a
superimposed lesion guch as acufe subepicardial injury Marked depression of the
Junction wath stra g of the seg. may result from digitalization
0 whith event the Q-T interval is short or from acute subendocardial injury, in which
the Q-T interval 15 long and the pattern subject 1o rapid serial changes ‘The .SJl‘ seg-

ment shows convex bowing in uncompli
plicated LVH with ins
generally concave when the T wave is upright vermon of the T wave but fe

b T wave

n Yy:tia:;(;?:m): dL::cﬁon and contour in single tracings Although inversion ig the
el precluie ‘:P'l‘; waves may be diphasie, flattened or low upright The latter
ot T hagnosis of LVH when the classical QRS changes are present

even a suspicion of the diagnoma 1f the clasaical QRS changex.-; ar: i

tric in subepicardial inpury
The T waves are wsually m; v
ore inverted in leads from the axilla or back with a

m the anteroseptal
e ptal wall
gressive decrease un the depth of the fversd ™ an | <10 PAHEFA but 2 pro-
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or more definite notches on its ascending limb  The notching of the upstroke of an R wave that
1s part of a gR complex an abnormal finding should not be confused with notching of the upstroke
of an R wave that 15 part of an Rs complex which may be a normal variant in leads near the
transitional zone This pattern will be discussed 1n more detail 1n the section on myocardial
wfarction

On the other hand many patients with uncomplicated LVH fail to show any of the 3 electro-~
cardiographic patterns cited above as presumptive of LVH In some of the latter, the electro-
cardiogram 1s within normal limits, but in a relatively large group 1t shows IV a borderhne
pattern characterized by S-T and T abnormalities lihe those of group III but without QRS
changes indicative of prolonged activation Pattern IV, as an 1solated finding may be regarded
as suggestive of LVH, but requires definite supportive climcal evidence to become presump-
tive of LVH The characteristics of these 4 patterns are as follows

1 COMPLETE LBBB — pages 126-128§
II INCOMPLETE LBBB — pages 125-128
1l PROLONGED CONDUCTION THROUGH OUTER WALL OF LEFT VENTRICLE

A QRS DURATION —usuzally 10 to 12 sec , but may be slightly longer than 12 sec or
less than 10 sec

B Q-T DURATION - typically beyond the upper limits of normal

C LOCATION OF TRANSITIONAL ZONE ~ may be 1n the usual normal position between V5
and V, but 18 often displaced to the left between V4 and Vs not uncommonly to the axilla
between V5 and Vg and occasionally as far as Vy

D QRS-T CONFIGURATION IN LEADS OVER THE RIGHT SIDE OF THE HEART

1 QRS 1s roughly reciprocal to that 1n leads over the left ventricle The usual finding 15 2
small r an early intrinsicoid deflection and an abnormally decep and prolonged S wave
the time from onset of the QRS to nadir of the S wave exceeding 05 sec In leads over
or beyond the right atrium a QS deflection may be recorded as a vartant presumably
from fading of positive potentials transmatted from the right side of the septum and
epicardial surface of the right ventricle and improved transmission of negative left
ventricular cavity potentals through the mitral orifice and left atrium and thence to
the right atrium  The positive potentials may give rise to slurring or notching near
the base of the descending limb of the QS In the presence of such QS complexes con-
sideration must be given to the possibility of a right-to-left septal vector windicated by
the registration of an mmtial upstroke rather than a q wave m every left ventricular
lead

2 S-T complex The junction 1s elevated often more than the normal limit, the segment

1s usually curved with upward concavity and the T wave 1s upright and tall
E QRS-T CONFIGURATION IN LEFT VENTRICULAR LEADS

1 QRS 1s manifested by an Rs or qRs pattern in leads over the anteroseptal wall and by ;\
cﬁ_pattern 1n leads over the lateral and posterior walls Measurements of duration c_
individual phases should be made in the lead with 1 qR patternin which the tume inter
vals appear greatest

a Direction of the mmitial deflection A q wave 1s often absent from Jeads over the
ble 1n leads

anteroseptal wall of the left ventricle but should always be demonstra g
over the lateral and/or postertor wall The amplitude of this q wave may be cx;zg_
gerated beyond the usual normal Iimut of 3 mm because of the greater vollagzmn
veloped during activation of the hypertrophied septum and 1improved transmt e
{0 the axilla through closer approach of the enlarged leit ventricle to the thor
cage Furthermore the duration of this g wave may be slightly greater than
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t
pormal, perhaps because of the lengthening of the Pwikmge netl‘:(::; :t;::;:{d:;g utlod lsén«
¥ uneomp
wlar enlargement Nevertheless the q wave @ ‘
:::x: l’j; the follo ing criteria that differentiate 2t from the abnormal Q wave assocl
ated with subendocardial infarciion

1) Time from onset to nadar ~Jess than 03 sec
2) Relative smplyude —~less than 25% of sucteeding R

Characteristics of the R wave in leads with 4 gR pattern The mos} imporiant jeature
1% lengtherung 1n the fterval Between onset snd peak of R o 04 sec or more This
15 often accompanied by surring of the ascending limb of the R wave, on the other
hand distinet rotehing of the upstroke of 3 gR complex requires clasgification into
agather category d ahave and 8l d later The prolongation in the as~
cending hnb of the R wave 18 presumably 2 man{festation of the increased thickness
of the faft ventricle and 1s largely respongible for apother characteristic feature —

e late mtr d d tion b more than 05 sec after the onset of the

QRS The averape amplitude of the Jeft ventricular R wave 18 greater in LYH than in
novmals, reflecting & greater voltage developed during actlvation of a thicker wall,

but consideratue overiapping oceurs among individual cages Amplitudes exceeding 26
mm 1 Vs have been found 1n approximately 20% of patients with established LVH but
are rare i narmals  This observation is more suggestive of the need for careful
temporal measurements than of prumary dlagnostic smport most high voltage R waves
due to LVH show proloagatian of the duration of the ascending limb

2 8§ Tsegmentard T wave The characteristic findings are depreasion of the BT juneilon,

wpward convexaty of the S-T segment and inversion of the T wave  The findings are gub-
wet to qonsiderable varsation as follows

»

o

$_T junctton and segment show slight to moderate depression They are riyrely 150~
electric except in early or complicated casea, and are not elevated unless there is o
hupetxmp?sed lesion, such as aente supepicardial mury Marked depression of the
junction tog with ghiening of the seg; may result from digitalization,
::ewhxc;x e‘:en\ L;xe Q-T nterval is short or from acute yubendocardial injury, in which
the 3-5 . ;:: :Z:w;i— ‘kbix:gi amzn mui pslte;}n gubject to rapld serisl changey The $-T geg-
" C1
ety oo Do t}fe " m;)emfs ::::hl;\’li with version of the T wave, but Is

T wave

1 e

Although inversion is the
or low upright The latter
o, orestall even 2 6 cis OF LVH when the glassyca! QRS changes are present,
P b
ar

of the diagn if the clagaicsl
absemt The T wayes may be as sharpl; mverted and as dee -~

tric in subeprcardial fgury vated, or at Ieast igoelec-
The T waye

qE pattern tha: :: :e\;:ua‘n Y MOTS invered 1n leads frons the axilla or b ack with

gressive decrease in t}fe Z:m the anteroseptal wall with an Ra pattern, but 2

QRS voltage ooeurriy o5 of e tnveried T waves, 2lovg witlt a dclacu e

an occasional yarans L';: 1:» electrode is moved lettward from e ¢, reaise in

the heart Tibutable to Wss of porential wath mcrewm;a?:; rtll‘:uyx{ iz
e from
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or more definite notches on 1ts ascending limb  The notching of the upstroke of an R wave that
18 part of a qR complex an abnormal finding should not be confused with notching of the upstroke
of an R wave that 15 part of an Rs complex which may be a normal variant in leads near the
transitional zone This pattern will be discussed in more detail in the section on myocardial
infarction

On the other hand many patients with uncomplicated LVH fail to show any of the 3 electro-
cardiographic patterns cited above as presumptive of LVH In some of the latter the electro-
cardiogram 1s within normal limits but 1n a relatively large group 1t shows IV a borderline
pattern, characterized by S-T and T abnormalities like those of group III, but without QRS
changes wndicative of prolonged activation Pattern IV, as an isolated finding may be regarded
as suggestive of LVH, but requires definite supportive clinical evidence to become presump-
tive of LVH The characteristics of these 4 patterns are as follows

1 COMPLETE LBBB — pages 125-128
I INCOMPLETE LBBB — pages 125-128
LI PROLONGED CONDUCTION THROUGH OUTER WALL OF LEFT VENTRICLE

A QRS DURATION —usually 10 to 12 sec but may be slightly longer than 12 sec or
less than 10 sec

B Q-T DURATION — typically beyond the upper limits of normal

C LOCATION OF TRANSITIONAL ZONE — may be in the usual normal position between Vp
and V4 but 1S often displaced to the left between V4 and Vg not uncommonly to the axilla
between V5 and Vg and occasionally as far as Vy

D QRS-T CONFIGURATION IN LEADS OVER THE RIGHT SIDE OF THE HEART

1 QRS 15 roughly reciprocal to that in leads aver the left ventricle The usual finding1s a
small r an early intrinsicoid deflection and an abnormally deep and prolonged S wave
the time from onset of the QRS to nadir of the S wave exceeding 05 sec In leads over
or beyond the right atrium a QS deflection may be recorded as a variant presumably
from fading of positive potentials transmitted from the right side of the septum and
epicardial surface of the right ventricle and improved transmission of negative left
ventricular cavity potentials through the mitral orifice and left atrium and thence to
the right atrium The positive potentials may give rise to slurring or notching near
the base of the descending lirmb of the QS In the presence of such QS complexes con
sideration must be given to the possibility of a right-to-left septal vector indicated by
the registration of an initial upstroke rather than a q wave 1n every left ventricular
lead

2 S-T complex The junction is elevated, often more than the normal lim:it the segment
1s usually curved with upward concavity and the T wave 1s upright and tall

E QRS-T CONFIGURATION IN LEFT VENTRICULAR LEADS

1 QRS 1s manifested by an Rs or qRs pattern in leads over the anteroseptal wall and by a
qR pattern in leads over the lateral and posterior walls Measurements of duration of

individual phases should be made in the lead with a qR pattern in which the time 1nter-
vals appear greatest

a Direction of the imtial deflection A q wave 1s often absent from leads ;)ver Ih:ds
anteroseptal wall of the left ventricle but should always be demonstrable :;r; ce )
over the lateral and/or posterior wall The amplitude of this q wavf maylwL exdeg
gerated beyond the usual normal limit of 3 mm because of {he gre':; f:a:gmlgsmn
veloped during activation of the hypertrophied septum and 1mpr‘0re e rame
to the axilla through closer approach of the enlarged left vent!t‘;c e o e

Furthermore the duration of this g wave may be shghtly gr

cage
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ENT ed by one of {he followng

WYPERTROPHY (RVH) mav be accompany
RIGHT: 1 21%%3? R8B8 U Incomplete REBB 10 Prolonged conduc:::neth‘trc;:lg‘?a;he
;::;z:;::d ring andfor crsia supraventricularis, W Paue;'n sugg:zt:zhx;ii en:«’ﬂ:m“ o on

ce o
t hyperirophy v Tracings showiag no eviden
zﬁ:t::)g::h?al;:: of yeich pattern wil be brought out wmdivaduaily  The et lectrot;a;:lx;ix;aa};l;c
tierns of
RVE are wiependent of etiology {i e the pal

O s aiﬂi:itEd b cor pul le may be sndastingalshable) and may occur 1 the
;;:sence of anatomically demonstrable lesions m ihe raght ventricle other than hypertrophy

I COMPLETE RBBB 18 encountered more often as a complication of failure from primary left
veptrscular disease than as a manifestation of 1solated right ventricular hypertraphy or "
damage The most helpful evidence in the dafferentiation of the 2 major causes of uncompii~
cated RBEB 15 obtaued from the QRS pattern 1 left ventricnlar leads A gqRs complex in
these leads with prolonged upstroke late mtrinsicowd deflection and relatvely small 8 indi-
cates underlying LVH whereas a small r {or gr) exrly intrinsicord deflection and deep broad
§ suggest primary RVH as the cause of the RBBB

MNCOMPLETE REBR  Attention should be directed towards the duration and amplitude of the
ascenting limb of fhe R' deflection It 19 important that sufficient leads be taken to cover the
tricuspid ring and crista supraventricularis in order to find the lead with the largest R* and
shsence of S This lead 25 nsed for measurements  Although the largest R' is usually
recorded iz Vi or HV,, 3 may be found 1n Vg or Vaz ibus emphasizing the need of right
precordial leads A tume anterval from onset of R 1o peak of R' amounting to 03 sec or

longer along with increased amphitude of R® {10 mm  or more} and diminution or absence of
s' 1s usually referable to RVH but may be & of prolonged duction through

the outer wall of the right ventricle in the absence of hypertrophy

il PROLONGED CONDUCTION TRROUGH THE OUTER WALL OF THE RIGHT VENTRICLE in
the absence of RRBB 15 usually but not anvariably due to RVH It is characterized by a
;x:ax\c&we electrocardiographe pattern that may be considersd at least presumptive of

A QRS duration —~ 0810 11 sec

B Q Tanterval - characterisncally near or above upper limits of normal

€ LOCATION OF TRANSITIONAL ZONE  The tmost strikang change in pattern usually does
not occur at the interventricwlar septum bt rather at the boundary b the tr id
Ting or crista supravestricularis on the one hand and the trabecular portion of the right

ventricle onthe other The framtal pre:
Jection of thas b
interspaces 15 almost 1variabl, D 1o st ap o and B

y to the right of ¥ usually to the right of V.
uncommonly to the right of Vi The boundary ) AN iy
tonards the left so that 1 the e 1t o &

agonally upward and
positions  but sametimes bt\w::: !t;\;:l;z;s;‘alce i 19 usually between the HV, and 35
Right ver -
ring and{oc
source of

o= wiructures {g the apparent
~ ¢ wnat
aR or qRs complex reco:“ constitutes the essential feature of the raR!

rsR's
RVH ded 1n lrads to the right of this bmmdary line 1n typieal cases of
The trabecular
thin in raost caseg;:!‘;l‘?; ‘;n : the body and apex) of the right ventricle remains relative)
complex, that contrasts oy 28 a8 consequence overlying leads usually digpla: Y
transitional zone bexw;nr;dn &y with the pattern 1n leads farther 15 the ngth ;han ™
%all of the left ventricle 15 ® epecular porkson of the . 1ght ventricle and the a .
constitute the uswal major !E:dual ?nd olten difficult to localize singe 5 com;::roseptal
aster, ure of the findings ovy XeSs

F 7 encountered at s transitional zage wfn bee;i::\txi:e‘;‘:::res The variations 1
ow

A e N
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The wverted T waves so commonly associated with left ventricular hypertrophy
are indicative of reversal wn the direction in repolarization which, mn turn, 1s
presumably secondary to prolongation m activation Deeply inverted T waves have
been recorded i left ventricular leads mn cases 1n which subsequent autopsy
revealed no coronary narrowing or myocardial lesions From the findings mn a
single tracing this pattern should not be attributed to 1schema or "left ventricular
strain " The latter term 15 objectionable because of a physielogic connotation
beyond the realm of electrocardiography

2

-~

Variations imn serial electrocardiograms Tracings taken at long mtervals during
the development of an otherwise uncomplicated left ventricular hypertrophy tend
to show a very gradually increasing S-T depression accompanied by a change
from a low upright T to a flattened diphasic and then wverted T Abnormalities
in S-T pattern usually precede those in the QRS Tracings taken at short
intervals during exercise anoxia, or during a clinical episode of left ventricular
fanlure may show the following sigmificant transient changes in 5-T and/or T wave
without changes 1n the QRS complex

a) Transient S-T depression of 5 mm or more, together with a horizontal or down-
wardly sagging course of the S-T segment, 1s indicative of acute subendocardial
nury from rschemia and will be discussed at more length later Abnormal S-T
displacement 1s frequently, but not necessarily, accompanied by increasihg neg-
ativaty of the T wave

b,

~

Transient change from an 1nverted to upright T wave, accompanted by Q-T
prolongation but not by alteration in the S-T junction, may be referable to a
lesser degree of subendocardial mjury or may be reciprocal to an acute lesion
of the opposite wall

Transient wmversion or increase m depth of an inverted T wave, accompamed
by Q-T prolongation, but not by alteration in the S-T junction may be referable
to inereased delay 1n repolarization of the subepicardial layer Although these
changes ave frequently designated as “acute left ventricular stram ' the term
1s not appropriate because of 1ts mechanical tmplication

<

F QRS-T CONFIGURATION IN TRANSITIONAL LEADS

1 QRS The usual finding at the transitional zone 15 a QRS complex of relatively low

voltage consisting of R and § deflections that are reduced in amplitude as contrasted
with the QRS complexes wn adjacent leads to the right and left These intermediate
complexes often exhibit notching or coarse slurring which can be recognized as a
transitional zonal phenomenon by demounstration of synchrony with an R peak wn a right
or left ventracular lead Occaswonally right ventricular activation 1s sufficiently
ahead of left 50 that leads at the transitional zone yield a quadriphasic rsB's' complex
S-T Since the transitional zone for the T may be located to the raght of that for the
'Q—Rﬂé leads with right ventricular or transitional QRS patterns may have T waves that
regemble those 1n left ventricular leads or display fusion patlerns as described 1n
counection with LBBB  page 69

v BORDERLINE PATTERNS In this group are included tracings with §-T and T patterns

Like those of group U
R wave or delay m O

v NORMAL PATTEBRNS
demonstrated by chmeal or post-mor

11 but without prolongatson in the duration of the ascending limb of the
nset of the intrinsicoid deflection

may be found in agsociation with left ventricular hypertrophy

tem exarnatlon
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! me from onset to peak of this late R

2} w%yeg;ﬁmd 18 sbnormally long for passage

for B o mcce;!‘;; endocardial to epicardial surface of the muscular tricuspid

g ;‘:xli\;;:: gupraventricularis  This is usually due to hypertrophy bt o -'

Ix:xnsgxoenally results from a lesion prolonging coniucuotn u;l t:fea::ge:;; ogf ;y{:}:::

te cor pulmonale} ‘The tume fro

gl:ghtyo (;egonsﬁ ’:; frf: m!crmspicoid downstroke 1s also increased to 04 5e{c n;m .

tanger The lateness of the infrinsicoid dowmstroke is also ghown by !.h:S a::.“ et

1t exther terminates at the isoelectric Imne or 1s followed by an abnux-;na 13355

s (or '} wave Atermunals {or &) deflection 1s generally recorde: Sx:’ eX ved

near the mudline of the body with a late R and disappears ag the electrode is m

towards the right

b S T sepment and T wave The characteristic findings are depression of the S5-T

Tmction upward convexity of the $-T segment and inversion of the T wave, but 2
number of variants occur  The 5~T junction may be isoelectric or even slightly
elevated these findings along with a convex 5-T segment and a sharply inverted T
wave arouge the picion of )\ djal injury bul may occur in

the ab of an 1y ¢ abl 1es(mn other than hypertrophy The T
wave may be diph f1 d ar Oy upright in which event it is
dby a sT \

2 Patterns recorded over the trabecular portion of the right ventricle to the left of the
tricuspid ring and to the raght of the septumt  Tiie P waves in these leads are upright
with gently sloping himbs

a QRS patterns may resemble those in leads from the tricuspid ring and/or erista
supraventricularts when the electrawmative forces developed during activation of these
structures are sufficiently great to carry to the left of their usual precordial
projections or when there i8 an accompanying mar¥ed hypertrophy of the body of the
ventricle  However ire usual finding 1s a sharply contrasting pattern consisting of
either anr§ anrSr' a QS ¢qr$ or qrSr’ compler

The direction of the mitial deflection depends upon the direction of the septal
vector When thus extends from left io right animnitial comparatively small r wave
*s inseribed  partly {rom septal activation partly from pasaage of \he impulse
through the relativelv thin trabecular portion of the right vemiricle The intrinsicold
deflection 15 early in onset 2ud 48 followed by a deep S with or without a terminal
small r' pregumably transmitted from the epicardial surface of the tricuspid rirg
or crista supraventricularis

when the septal vector passes from right to left the direction of the inifizl
deflection depends upon whether the negative right ventricular cavity potentials or

the pogitive potent1als reaching the surface from earl:
y activation of the {r
have the preponderant influence on the traemn e

g In the latter ev +
complex 18 recorded 1n the former a QS ar grSr' complex is ::;xs:x-:i (gnrtiz)
downstroke of these QS complexes there i usyally a noteh or coarse slurrin
corresponding to an embryome r wave produced by activation of the thin trab: gul
rhau of the right venrtricle a late noteh or slurring near the end of the nps;;; T
ae QS synchronous with the R 10 leads further to the right comes from late °

Stivation of the tricuspid ring or crista supraventriewlaris
These QS or qrS deflections resemble those
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D QRS-T CONFIGURATION IN LEADS OVER THE RIGHT SIDE OF THE HEART As
indicated above, a sharp contrast 1s likely between patterns recorded over or to the right
of atrioventricular groove on the one hand and patterns recorded over the body of the
right ventricle on the other requiring separate description

1 Patterns recorded over or to the right of the tricuspid ring and crista supraventricularss
{Leads Viz, Viz, generally Vi HV; HV,) The diphasic contour of the P wave ards in
determiming the anatomic relations of the electrode

a QRS

1) Direction of initral deflection —~ may be upright or inverted depending upon
direction of mean vector associated with septal activation and upon distance
between electrode and septum  Since the potentials derived from septal activa~
tion and transmitted to the right precordium progressively diminish with in-
creasing distance, the direction of the itizal deflection should be determined 1n
the lead nearest the septum that displays a late R wave

a) Septal vector directed from left to right causes imtial positivity of the right
ventricular cavity {as indicated by the registration of a small wmtial r wave
through leads taken with an electrode in the cavity) and should therefore
produce an utial upstroke, at least in the nearest lead with a late Rf wave
The 1mtial r of septal origin 15 small and brief and 1s separated from the
final R by slurring or by a downstroke that usually stops above the
1soelectric line to form a notch that may extend slightly below to form a
minute s wave This results in either an rR' complex {with or without an 8'}
or an rsR' pattern (wath or without an s')

The general contour resembles that of incomplete RBBB  The difference
lies in the duration of the wimitial r wave, as measured from the onset of the
QRS to the onset of the R' 1n the presence of rR' patterns or to the pownt where
the string crosses the 1soelectric line 1n the downstroke of the s component
of an rsR' complex This interval is between 03 and 04 sec in incomplete
RBBB and 1s 02 sec or less in the pattern now under discussion  As the
electrode 15 moved to the right the imtial r decreases and may disappear in
Lead V,, or 1n leads farther to the right to leave a small imtial downstroke
and a large late upstroke which should be 1dentified as an sR' complex rather
than as a qR complex

Septal vector directed from right to left occurs in some cases of preponderant
RVH (in the absence of LBBB) as shown by the fact that all records from the
right ventricular cavity in these cases display a QS pattern, whereas all raght
precordial leads with a late R wave display exther aqR agRs ora QR pattern
As mdicated by the use of either lower and upper case letters to characterize
the wnitial deflection 1t 18 subject to considerable variation both 1n amplitude
and duration In some cases the time from onset to nadir of Q1s sufficiently
long and the QR ratio sufficiently great to mimic the abnormal QR pattern
recorded in left ventricular leads over an area of subendocardial wnfarction

The qR or QR pattern recorded in leads near the right atrioventricular
groove as a result of the combination of right to left septal activation with
hypertrophy of the tricuspid ring occurs in the absence of myocardial infare-
tion but must be dufferentiated from the qR or QR pattern recorded in the same
leads as a result of septal infarction with RBEBB In the former the QRS inter-
val 15 almost always less than 12, 1 the latter 1t1s 12 sec or longer The
S-T patterns are of aid provided that the infarct 18 acute Furthermore sgptal
Jnfarction usually continues into the anterior wall of the left ve(ntr!cl:stg)pro uce
diagnostic patterns in Jeads to the left of the transitional zone {page

b,

=

P
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o

2 ST and T wave
S 20C L wave
concave segmen* and upright T wave
Uwersion may be observed

F QRS T CcONFIGUR

VENTRICULAR SEPTUM

nght ventriewlar hypertrophy  This may result in qr ratios well above 2% !Iotv;‘cver
2 rustaken diagnosis of anteroseptal infarciion should be avoided by noting that the
time {rom onset to nadir of q {s normal {i e 02 sec  or less) and by noting other
s1gns of the causative right ventricular hypertrophy namely a prominent S in left

venricular leads the part of the diagnostic late R of leads {rom the base of
the right ventricle

Relationshups of R to S waves depend upon the relative magmitude and t{ming of the
forees developed in activation of the right and left ventricles  With right ventricular
bypertrophy and a normal left ventricle S complexes may be recorded in all lefy
ventricwlar leads  or the r wave may progressively increase at the expense of the s,
a3 the electrade 15 moved into the axalla and left back 1o result fn a gradation from
510 Bs 10 perhaps qRs complexes ‘The onset of the wntrinsicoid deflection in lelt
ven‘ricular leads 13 sigificantly earlier than in those from the base of the right
ventricle  With a preponderant RVH and shight LVH  the findings in left ventricular

leads may be like those of the second normal pattern described ahove or rarely, may
bt indicative of coexistent LVH

The typical findings are isoelectric to shghtly elevated $-T junction

e With associated LVH 8-T depression and T wave

ATION IN TRANSITIOVAL LEADS IN THE VICINITY OF THE INTER-~

The shuft from predominant right to left ventricular leads is often
&adaal with no slearly det

tional complexes may lead
because of the tendency to
2one and the tendency tow:
! gns

a

o

ined trausitional complexes The presence of one or more transi-
to an evroneous diagnosis of anteroseptal myocardial fnfarction
dimunution or extinction of the imtial r wave at the transitional
ards registration of fusion $ T and T patterns

Localized redaction in the amplitude of the initin) r wove Ar womtacnenn © [
be observed af the transitional zone mn right

due to the tendency towards mutual extinctio
vation of the septum from fts right and left s1ae8  Lhe 5 or QS i2 recognized as »
transitional zonat phenomenon by its relatively low

leads 1o the Tight and Jefr

atory shifts 1 cardiac posii
complexes ag rotatign on a longt
ascent of the diaphragm brings suc
and left ventricle under the elrotro:

lor axis with descent ang

cegalvelys the right ventricle transitional zone

de  Furtrer atd tn the g

res - left of that in which the QS 18 recorded
ulyP?::a : “;;7 faret to continue 8ubendocards~
e 1o normal QR pa

teras In one or mope leads to
:‘ﬁ:l;:iﬂhgauem is a rare vartant that Ay te inrerthed in a single lead when the
it PPens to firaddis the BEDRUM AN A fatlere ghrps QS patterns a,
et e, ver the adjacs po FIPhT vertrie ular wall aqg A
by ricular walf Thia QF patrern i roeegr red g
(-f)“) itg relatsely low vele, r AN rarepiearar
abo‘j;e) !e;dency 5 fluc watien aith, FREIA vy e ifts in cardlac po
N nd {3) ir2 gteicy 1n aliza fer  ga B un, Yoy noreaat inft
eads ta the left Te IRy r Latter s
immediate virkoltys of tr e 1
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muscular ring  Nevertheless, these patterns may be differentiated from thase of
wfarction of the anteroseptal wall of the right ventricle by the following criteria

(a) the demonstration of evidence of RVH in leads over the tricuspid ring should make
one hesitate to ascribe QS patterns 1n nearby leads to wnfarction (b) the 1dentifica
tron of the electrode posttions from which the QS or qrS patterns are recorded as
right rather than left ventracular, {c) the absence of s1gns of subendocardial de-
struction 1 leads over the anteroseptal wall of the left ventricle If a transmural
mfarct were responsible for QS patterns, one would expect the wnfarct to continue
subendocardially for a sufficient distance to produce abnormal QR patterns 1n leads
to the left of those showing QS patterng

b S-T and T waves are subject to considerable variation, not only 1n different cases,
but also in the same patient during and after recovery from an acute right ventricular
load caused by pulmonary embolism extensive pneumonia, intercurrent left-sided
failure etc The $-T junction may be iscelectric to depressed and followed by a
convex gsegment and inverted T, as in leads over the tricuspid ring or crista
supraventricularits On the other hand, the 5-T junction may be 1soeleciric to
elevated and accompanied by a concave segment and upright T wave as in the normal
or by a convex segment and sharply wnverted T wave as in leads over the base of the
right ventricle The latter §-T and T pattern 1s simular mn contour fo that associated
with recent anteroseptal infarction but differs in distribution

In primary right ventricular lesions, the maximal S-T elevation and most striking
cove mversion of the T wave occurs 1n leads over the tricuspid ring and gives way to
1soelectric S-T segments and upright or shallowly wverted T waves 1n leads to the
left of the septum, in recent anteroseptal wfarction S-T elevation and cove inversion
of the T waves may be found in leads over the right ventricle presumably from the
septal portion of the infarct, but 1s almost always more striking in leads just to the
left of the transitional zone over the anteroseptal wall of the left ventricle Shortly
after an acute right ventricular load as from pulmonary embolism elevated convex
S-T segments and sharply inverted T waves are likely to be found in right ventricular
leads, followed by rapid return to upright T waves and concave segments in serial
tracings S-T depression In leads from the posterolateral wall may accompany the
elevation 1n right ventricular leads and tends to return to the isocelectric lme con-
currently Although such S-T depression might be reciprocal to the elevation, it 18
often too great and too ertensive to be explamned on this basis  In acute cor pulmonale
there 1s evidence of interference with circulation through the raght coronary artery
secondary to the right ventricular dilatation, this provides a basis for the interpreta-~
tion of undue S-T depression in leads from the posterior and lateral walls as an
expression of acute subendocardial mnjury from 1schemia The S-T evolution iy acute
cor pulmonale 1s more rapid than that in anteroseptal infarction The differential
diagnosis 18 also facilitated by the differences in QRS pattern and in the distribution
of the sharply inverted T waves described above

E QRS-T CONFIGURATION IN LEFT VENTRICULAR LEADS

1 QRS The patterns depend upon the direction of the septal vector and the relative

magnitude of the forces developed in activation of the right and left ventricles

a Direction of 1mtial deflection depends upon the direction of the septal vector and the
earliness of the arrival of the impulse 1n the free wall of the left veniricle If the
septal vector passes from right to left, an mitial upstroke will be expected 1o left
ventricular leads If the septal vector pomts frem left to raght a g wave will be
expected 1n left ventricular leads but may be obliterated by the tendency towards
early arrival of the ampulse 1n the free wall of the left ventricle Uaq vsdave :js o
recorded diagnostic difficulties may arise because of the tendency towar rec prt;l:
decrease of the amplitude of the R wave in left ventricular leads in the presence o
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e
4 QT interval 18 charavieristically pralopged above the upper limits of norroal due to
Jalay in repolarization of the subepicardial fayers

oy

diographic diagnosis is paged on
§ T pnction S T segment 2nd T wave The electrocar

fhe cl::ramems\ic Tatore of the chaages in the ST-T complex and their rapid evolution
wnseral drenngs  For coavemence of desaription the sequential changes are arbitras-
My divided 1nto the followed three stages

2 Acgte stage The crayacierishe features of the acute stage are an elevation of the 5-7
Pocugs s ugward displacement of the §-T segment, and a monophasic upright T
we g The degree of « levation of the §-T segments and T waves is reiated 1o ihe de-
grer o agey The §-T segment generally ascends in a straight line or sometlmes
2 curved lge ith upward eoncavity and fess commonly exhibits the upward con-
vexity chardetersstic of the S~T gegment in myocardial infarction Farly in the evola-
i the T waves rday be tall upright with sbarp peaks and parrow bases buch T
waves bear a pesemblance to thase of hyperkaliemia and may be an expreasion of es-
cape of potassiurn out of the cells into the interstitia) spaces these T waves are oL~
ferentiated fram those due to potassium intoxication by the charasteristic 5-T segment
elevat on n the former, but fiot in the fatter  Soon in the course of evolution the sum-
mit of the T waves begomes rounded and the terminal poriion may assume a rippled
contowr  typical of pericarditls
In the clasmeal case, the foregoing changes in the S-T gegment and T wave are
present i 311 lesds facing the mnpired eprcardial surface  When abnormal elevation of
the $-T qunctiva occurs in only a few of the precordial leads as a regult of pericarditls
1118 rate to fing reciprocal depression of the S-T qunction in the remaining leads
Absence of recaprocal depreagion asds 1n differentiating S~T elevation due to pericar-
Qs Irom 5 T elevation due to myocardial infarction.
m\:"is T eJevation of acute pericarditis 1s usually quite transient, lasting Irom a Jew
sivafew days In gerial electrocardiograms taken during this period, progres-
:we return of the $-T' Junction back to the isvelectric line may be demunatrated With
ransitory fypes of wflammatony or traumatic pericarditis the T wave may remain

upright after the S-T jonction becomes {soelectric and mAy fail to show the evalution-
ary changes descrihed below under the subacute phase

Cd

%e‘-%%%‘%%:;?gg The iransitien from scule 1o subacute pericarditis is gradual For

11y taken a 5‘;}“’?’ g;’;;wu‘i;e“’"“ of the 8-T junction to the isoelectric level i5 arbitrar-
pasges from the g Jiae hetween the acyte agd the sublcute stage  As the patters
tric hine the T acutilm the subacute stage the S-T Junction approaches the isoclec-
 oceur 1 ay1 ]‘«":3: a:;fje"s and then becomas wnverted Inversion of the T wave tends
et S T & ¥ ) s gererally greatest 1n leads which prevously had shown the
wenal tracan siﬁ Ne?:m Progressive deepening of the inverted T is shosried fn
Chﬂtag!epwui “Ofe‘aa 2 zarkmum following which there 13 pradual regressfon The
elevation pbequma:; :;;?; ® 2Merrupted by recurrence of the acute Stage of S<T
cardium  The subacy ted with exacerbation in wjury to the subepicardial myo~

ute phage ends ewther with the “u
o
Wae 10 hormal or wath the development of a fixed s

1
mﬁ:aib further change 1 sevial electrocardio,
e Y cases of subacate perfoarditis the T
¢ o8 tayocarana) anfarction in fhat the 5

~T segment and T
abnormality i ST-T whick faiis
yrams

wave closely resembles the cave

% ~plage
T segment 18 dome -shaged with upward
15 and yacardal nfapaey s 1 disungulshing between subagute pericar-

1) QRS comple.
xe8 yoCarda
exther in contour :x;:ur :;Z " :'h“;f”e““"”- the QRS 15 almost always abagrmmal
n reas
these tespecvs  Infarcion ot the tree ‘:Etlcardmg the QRS 1 generallv normal

al} of the left ventracde with mantenance
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2 S-T complex and T wave The main difficulty in the interpretation of transitional zone
effects arises in atypical cases when leads well to the right of the transitional zone show
elevated S-T segments and upright T waves and those to the left show inverted T waves
The counterclockwise rotation accompanying mechanical systole (that takes place between
the registration of QRS and T waves) may shuft the heart sufficiently in respect to the an-
terior chest wall so that the left ventricle comes beneath electrode positions that faced
the septum or adjomning wall of the right ventricle during registration of the QRS The
suspicion of anteroseptal infarction may be aroused by the combination of QS complexes
of right ventricular or transitional origin with inverted T waves transmitted from the left
ventricle or fusion S-T complexes composed of an elevated 5-T junction of right ventrie-
ular origin with inversion of the terminal portion of the T of left ventricular origin The
differentiation of this transitional pattern from anteroseptal infarction 1s based largely on
the findings 1n leads just to the left of that in which the QS complex 1s recorded The ab-
sence of an abnormal QR pattern 1s strongly against anteroseptal mfarction

V. PATTERNS SUGGESTING RIGHT VENTRICULAR DILATATION BUT NOT HYPERTROPHY
Acute right ventricular dilatation associated wath acute cor pulmonale may be complicated by
transient RBBB and/or transient prolongation in conduction through the outer wall of the right
ventricle, in which event the electrocardiographic findings may transiently conform with groups
I, 11, or I, described above In the absence of an intraventricular conduction defect right ven-
tricular dilatation may be mamfested by QRS-T patterns over the anterior aspect of the chest,
resembling those recorded over the trabecular area of the right ventricle, described above
(group 11}, and also by transitional zone patterns like those described above For the electro-
cardiographic features and differentiation from anteroseptal mnfarction reference should be
made to the foregoing description

TRACINGS SHOWING NO EVIDENCE OF A RIGHT VENTRICULAR LESION may be encountered
particularly when right ventricular hypertrophy 1s secondary to failure complicating primary
and predominant left ventricular hypertrophy and sometimes when right ventricular hyper-
trophy and dilatation represent the primary and major lesion Thus, lack of electrocardio-
graphic evidence does not exclude even primary right ventricular hypertrophy

™~

MYOCARDIAL INJURY LOCALIZED TO THE SUBEPICARDIAL OR SUBENDOCARDIAL LAYERS
| SUBEPICARDIAL INJURY

A SUBEPICARDIAL MYOCARDITIS 1s manifested by an electrocardiographic pattern which 18
customarily referred to as the pattern of pericardiuis, but 1s actually an expression of a
lesion of the superficial layers of the myocardium This 1s borne out by the presence of the
pattern in cases where autopsy showed subepicardial myocarditis without associated peri-
carditis and by 1ts absence 1n cases with lesions limited to the pericardium The charac
teristic pattern may occur not only with inflammatory invasion of the subepicardial myocar
dium but also with uremic pericarditis, hemopericardium neoplastic nfiltration of the
subepicardium and subepicardial wmnfarction When the subepicardial layer 15 anjured in the
process of pericarditis both ventricles are involved and the electrocardiographic abnor-
malities are found in leads over the right as well as the left ventricle In primary subepi-
cardial myocarditis, the left ventricle 1s often 1nvolved to a greater extent than the right
and the electrocardiographic abnormalities may be limited to leads over the left ventricle
Although the electrocardiographic changes are actually referable to injury of the superficial
layer of myocardium the customary terminology of pericarditis will be used for the pattern

for purposes of convenience
e but shows no abnormality in contour or duration

nt or coexistent lesion of the deeper layers of myo-
perimposed pericarditis

1 QRS complex may decrease in voltag
de

wcept 1n the presence of an aniece
. rdx:um If former curves are available for comparison the sy

1s more readily diagnosed
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B SUBEPICARDIAL INFARCTION

1 QRS complex over the area of subepicardial mnfarction commonly shows a reduction in
ampbtude of the R wave when compared with 2 {ricing taken prior to infarction  Unlike
perscardihs an infarct that 1y imated to the subepicardial layer in one portion af the
heart {requertly extends into deeper layers in adjacent areas giving rise to an imtial g
wave followed by a notched or coarsely slurred R wave, characteristic of mid-zonal in~

wolvement or 3 QR pattern typical of subendacardial involven mn Jeads from the agd-
Puung area

~

Q-T wterval is characteristically above the upper lumits of normal

ST junchion, § T segmert and T wave changes in Irads over the area of suhepicardial

infarction ave similar to those deseribed above for pericardilis

B ACUTE SUBENDOCARDIAL INSURY 15 usually the result of acute 1schemia and 1 asgociated
with sportarecys angina  The tendency for iocalization {n the subendoeardial poriion is in
Part attributahie to the poarer blood supply of this layer, in part referahle to the greater com-~
préssion fo viuch the vessels tn this layer are subjected during systole The cardimna)
electrocardiographic manfestation 1s ap acute transitory horizontal or downwardly sagging
Gepres..ion of the 5-T segment of 5 mm or more usually D 4 by lengthening of the
QT wterval and sometimes by chanpe 10 the direction of the T wave

Subeadouaraial 1scherma may be clas ified according to electrocardiographic findings and

Y5 ologic distributton ag patchy or diffuse  In the patchy vartety munute foct of ischernic
musele are intespersed be

wr

plete LBE
When the poses B develops

hity of -
“00tine resting eje Y of angina pectomis 15 suggestea but unsertied by the hastery  yet the
M3y be posuible 1o ge

an occastanal

After accurately mapl -
abtamned all precoraial gnd um
sible after the stress coneentrat-

or lefy
t precordial eqgq T wave

T wave
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of the customary lefi-to-right septal vector 1s mamfested by abnormal QS or QR
complexes 1n overlying leads, a reversal to a right-to-left septal vector is mani-
fested by left bundle branch block Abnormal Q waves or bundle branch block are
not produced by lesions Limiteq to the subepicardial myocardium, but may occa-
sionally develop when pericarditis 18 merely one manifestation of a widespread
myocarditis involving the subendocardial layer, as well Low voltage of QRS may
be associated with both myocardial mfarction and pericarditis particularly when
the latter 28 accompanied by effusion

2) 5-T segment and T waves The S-T elevation of acute myocardial infarction tends
to exceed that associated with pericarditts, yet 13 more localized, jJust as the area
of wmnjury 15 more sharply demarcated Reciprocal depression 15 recorded in leads
over portions of the ventricle opposite acute myocardial infarction, but 15 not found
1 pericarditis In subacute pericarditis, the T waves are commonly inverted in all
precordial leads, whereas 1t 1s unusual to find such widespread wnversion in myo-
cardial infarction  Furthermore the inverted T waves of pericarditis seldom attain
the depth commonly seen 1n infarction and the evolution of the S-T changes 1s usu-
ally more rapid in pericarditis than in myocardial infarction In spite of the fore-
going criteria pericarditis and myocardial infarction may be confused electrocar~
diographically Diagnostic difficulties may be encountered in the presence of the
following patterns

a) Localized abnormal elevation of the S-T junction and/or cove-plane inversion of
the T wave in the presence of QRS complexes of normal or low voltage and nor-
mal contour and duration are character:stic of a lesion of the subepicardial layer
of myocardium and may be attributable to pericarditis, or an infarct that 18 not
wnterfering with response to the activating impulse Before reaching a diagnosis,
1t 13 necessary to consider the possibility of a pericardial reaction, secondary
to a relatively gmall infarct localized to a portion of the wall not subtended by
the 6 Wilson precordial and limb leads If a complete electrocardiogram was not
taken, Leads Vy, Vg, and HV, -HV,, 1nclusive should be obtasned to tnvestigate the
possibility of a Jocalized basal or posterior wnfarct Assumung that such his
been excluded the ST-T abnormalities may be the result of a localized sub~
epicardial myocarditis or an wnfarct that 1s either confined to the subepicardial
layer of myocardium or tco patchy to obliterate response to the activating
impulse In either event, an acute lesion 1s indicated by elevation 1n serial trac-
1ngs, an old regidue by fixation For further differentiation, the history wallusu-
ally be needed

b) Localized reduction in the amplitude of the R wave in a given lead below that at-
tained in adjacent leads to the right and left Such a finding suggests patchy 1n-
farction but may be associated with pericardial thickening or effusion

¢ Chronic pericarditis The QRS complex 1s generally low i voltage but is not abnor-
mal 1 contour or duritton Localized reduction 1n the amplitude of the r wave may be
obgerved in one or more leads, as compared with that i adjacent leads 1o right and
left perhaps due to variations in pericardial thickening Significant Q wave patterns
are absent The electrical position of the heart 1s generally fixed showing no appre-
ciable change with body position or with respiration Fixation of the electrical position
15 suggestive of constrictive pericarditis if the heart 1s small or normal in size but
has no significance if the heart 1s enlarged for the larger the heart the‘less the shift
of electrical position with change of body position or with respiration The 5-T junc~

The T waves are flat or wnverted i leads facing the left

s usually 1soelectric
vents ’ ght ventrienlar leads as well

ventricle and sometimes 11 r2
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ewluated  On the other hand if jocalized subendocardial sechenua 1s the sole
lesign leads facing the opposite wall may show a relatively slight S<T elevation
Fregeently, acute 1schemia mvolves the entire cir 1 of the subend dinl
layer of the left ventricle causmg acwe 6-T depression in leads over the anterior,
\ataral and posterior walls

o

Lead aV,, is the only routine 1ead that invarwahly reflects cavity potentials  Acute aub-
Tivcardial {schemna is manifested by transitory efevation of the §-T junicton in Lead
avg
B ACUTE DIFFUSE SUBENDOCARDIAL INSURY

1 QRS shows acute changes of one of the following types

2 Complete or lncomplrie LBBEB when the hundle pranch or irft ssde ot the geptum &

mealved  This 12 transitory i recovery occurs, but may persist if the ischem:a
yrogresses to infarction

b Absormal QR complexes characterized by 2 Q@ wave 03 sec oy more in duration
from onset 10 padir and 25% or maore of the ampiitude of the ding R If the
Qulfuse myury 15 \ransitory  the abnormal QR complexes are replaced by normal
patterns 1f 1t progresses to mfarction the abnormal panerns persist

2 g T sterval ~ lengthened

3 STardT -
m;;m changes are similar 10 type to those in patchy injury but are greater

<
ACUTE SUBENDOCARDIAL INFARCTION  discussed later

MYOCARDIAL INFARCTION

In the drsey

woghy and“dsfz:i: ::uhungle branch block left ventricylar byperirophe right ventricular fyper -
festares that oy n:i sxt'xiardmes and sybendocardisl injury some of tne riemroverdiograpiiic
dagmo 15 wog cansjderv-da en for mvocardial wnfarction were emphatized and she differential
0inug hres eupglement In the electrocardiopriphic diagnowis at myocardial infarction, the

o e snfarey botacer, m;‘:ry obyectives gshould be kept in mind 1 Estimation of the dist;xbuuon
Fetererce ta the cardia cardium and epicardium, I Estimation of ats ssze and location with
Oegentoses frgm toe ol suwface and I Hsumation of its age Although efforts to attaln th .

Yon of the electroeard, ctrocardiographic findings alone are of acadetmic interest the int o
errprg 1ogram 1n the light of clirucal data 18 2lways advisable to mmxmi::pram

¥ BLECTRO
ICAP D
PETWEEY Ewoé%izﬁ&cgfrmmmu OF THE DISTRIBUTION OF AN INFARCT
:;i::,:y e 5 T pattern 1 leadg ii:t‘RDHM is hased chzeflv on QRS configuration but 1s
25 stomgen e left precordium  axilla back
d:‘\“g“is‘*ea Péfhafagf:ai}’k leg  When the mfarct 1s large three co:cenxnr:r:::x t:e sover
)a centa) zape of 'y and usually ugon clectrocardiographic examunation '1: w?l;’ v

ca 1rangm
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represents a normal variant, the Q-T interval is usually shortened the change can usually be
prevented by repetition of the test after ergotamine  On the other hand neither the standard
exercise nor the anoxia tests produce sigmificant 8§-T depression in normals provided
pseudodepression from tachycardia or exaggerated auricular T waves (page 120) arc excluded
Although the S-T yunction may be 5 mm or more below the P-R Jjunction pseudodepression
15 recogmzed by the continuity of the curves of the P-R and §-T segments and by the progres-
sive ascent of the S-T scgment in a concavely upward curve, beginning at the S-T junction

A ACUTE PATCHY SUBENDOCARDIAL INJURY (spontaneous or induced by exercise or anoxia

Induced changes usually attain a maximum immediately after stress but may be de-

layed for a few minutes
1 QRS — usually no change
2 Q-T interval - transitory lengthening

3 5-T segment and T wave

a Leads facing the epicardial surface of the injured area The most significant change

1s a transitory horizontal or downwardly sagging depression of the S-T segment
amounting to 5 mm or more This measurement 1s most easily made from the level
of the T~P segment, instead 1t 15 made from the level of the P-R junction when the
T-P segment 15 obliterated or the P-R junction 1s significantly depressed by a ‘Tpwave
{page 120) This 1s indicative of acute injury to the underlying subendocardial layer,
provided pseudodepression {discussed above) and reciprocal depression from acute
mnjury of the subepicardial aspect of the opposite wall (discussed below) are excluded
Starting from 1ts low take-off the abnormal $-T segment may pursue a horizontal
course for a variable interval to end 1n an upright T wave or 1t may slope downward
i a straight line 1n a concavely curved or rarely, 1n a convexly curved lne to end
1 an wmverted diphasic or upright T wave Reversal in the direction of the T wave
15 usually secondary to the primary and sigmficant S-T displacement, changes n the
direction of the T wave without alteration 1n the S-T segment are not diagnostic  With
acute subendocardial injury in the posterior wall previously inverted T waves in Vg
Vg and Vg may become transiently upright

The fact that the change in S-T segment and T wave as well as the depression of the
S-T junction are the result of acute subendocardial 1schemia and wmjury 1§ verxfied by
their abrupt appearance transient duration and prompt disappearance in serial
tracings On the other hand, development of subendocardial wnfaretion s associated
with a much prolonged §-T evolution i serial tracings progression from a patchy
to a diffuse subendocardial wnfarct may be marked by the appearance of QRS 1bnor-
malities as described below

The surface relations of the acutely 1schemic area may be roughly mapped out from
the leads showing the acute 5-T depression e g localization to Leads V, Vg, and Vs
ndicaies 1schemia of the anterolateral wall of the left ventricle, localization to Leads
V; Vg ard aV; indicates 1schemia of the posterior wall localization to V; V, 2nd V3
potnts to 1schemia of the septum Classical $-T abnormalities usually develop mn a
Limuted number of leads but are often accompanied by nondiagnostic changes in the
S-T ar T complexes in other leads Distribution of the lesion 1n a circular fashion
around the entire inner circumfercnce of the left ventricle 1including the left side of
the septum 15 a common pathologic finding

Leads facing the tardiac wall opposite the mnjured area  Whenever acute S-T depres
S1om s observed a study of leads facing the opposite cardtac wall 1s essential before
= final interpretation 18 made, because $-T depression simulating that due to sub-
endocardial 1schemia may be merely a reciprocal effect of acute mfarct;onboi the ,
osite wall In such an event leads facing the opposite wall show QRS abnorma.
(:gss of anfarction and a much greater S-T elevation than the depression which 1s being
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evaluated  On the other pand it logahzed gubendocardial iscbem:a 58 the sole
fesion leads facang be oppusite wall wmay ghow a relatively stight S-T elevation
Frequently acute fachemla jnvoives the entire crrewm{erence of the subendocardial
tager of the lelt ventricle causing acute §-T depression in leads over the anterjor
fateral, and posterior walls

o

Lead aVg 15 the Only rouvtine et that insariably reflects cavity potentials  Acute sub~
srdorardial ischesua 15 manifested by trapsitory elevation of the S-T junction in Lead
aVy
B ACUTE DIFFUSE SUBENDOCARDIAL INJURY

1 QRS .hows acute changes of one of the following types

2 Comylete or incomplete LEBEB, when the bundie branch or 1eft side of the geptum I8

mvolved  This 18 transitory if recovery occurs but may persist if the ischemia
progresses to infarction

b Abnormel QR eompleses characterized by a Q@ wave 04 sec or more In duration
from onset to nadir and 25% or more of the aroplitude of the ding B If the
duffuse mpury 1s transitary the abnormali QR complexes are replaced by normal
patterns if i grogredses to infarction the abnormal patteras persist

2 Q T wterval — lengthened

2 S Tand T -
,ﬁ:g;;;wi changes are similar i type to those in patchy injury bul are greater

c
ACUTE SUBENDOCARDIAL INFARCTION - discussed later

MYQCARDIAL INFARCTION

L e durugsia

trophy s duat[;:snhmﬂi branch block, left ventricular hypertrophy right venirivalar hyper-
festures that may be !:fs’; c‘:vkrdzues apd subendocardial injury same of the electrovardiographic
Lagoss was copsadon da en for myoczrdial infarction were emphasized and the differential
follosung thret supplomen In the electrocardiographic dxagnosis of myocardial infarction  the

7 the iatarct betwesn ¢, dmv objectives showid be Fept 1 mind I Estimation of the distributio
refersaen to the cardmn ocardiumn and eprcardium 1 Estumation of its size and location with N
obectines from the elez t:\;i(ace and Il Estumation of 1ts age Although efforts to attain zhjs

ton of the electrovard ardiographue findings alone are of academic interest tht ind ot
errors ogram in the Light of climcal data 18 always advisable to m‘m;zrpre\a

L ELRCTROCAR
DY
BFTWEEN ENDC%ii;?Uﬂ:KCZ‘:g“‘ATXON OF THE DISTRIBUTION OF AN INFARCT
298r8 by the § T et EPICARDIUV is based cluefly on QRS conliguration but &
:npngug Stawach or 1efzef from the left precordium axitls back or from Lhn er.
Strgiisheqd eg When the infarct 13 large three concentric zonesec:w::
n

tholg,
{A) 4 centra iy gically and usuall
Y zone of Y upon electrocardiogra,
3"3“3\ o epxcardzuz: ﬂl’;;mura! wnfarction extending tr Dizhp$; :r)lctax?eh\,:‘;:l; o ends
pa:}z talways the gohend Qé;:\l:‘rsmal zbne of infarciion confined (o a per':iox\?tx&e“do-
mﬂ" and absenze of Histola, ayer and {C) an outlywing zane of ischemia o
Bwal and ysche, gic evidence of degenerstion I N
A Fmpin e zopes may be demonstrable the mntaret s small only the

QS IN LEADS
SUBTENDING A
b Crsractensue 1 CENTRAL ZONE OF TRANSMURAL INFARCTION

dun,
NOrmal Iefe ¢ s are likely to be enc
L Q Yight dires ountered when the septal
5 bresent i the free w:”th% and a relatively large central 70:12 :{ :’etter mamtaing s
ke registration of an abnormal QS com;;l’f:‘urall wfarction
a lead facing
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represents a normal variant the Q-T interval 15 usually shortened, the change can usually be
prevented by repetition of the test after ergotamine On the other hand neither the standard
exercise nor the anoxia tests produce sigmificant §-T depression 1n normals, provided
pseudodepression from tachycardia or exaggerated auricular T waves {page 120) are excluded
Although the 5-T junction may be 5 mm or more below the P-R Junction pseudodepression
15 recogmzed by the continwty of the curves of the P-R and §-T segments and by the progres-~
sive ascent of the 5-T segment 1n a concavely upward curve beginning at the $-T junction

A ACUTE PATCHY SUBENDOCARDIAL INJURY (spontaneous or mnduced by exercise or anovia
test) Induced changes usually attain a maximum immediately after stress, but may be de-
layed for a few minutes

1 QRS —usually no change
2 Q-T interval — transitory lengthemng
3 S-T segment and T wave

a Leads facing the epicardial surface of the injured area The most signmificant change
18 3 transitory horizontal or downwardly sagging depression of the $-T segment
amounting to 5 mm or more This measurcment 18 most easily made from the level
of the T-P segment, instead 1t 1s made from the level of the P-R junction when the
T-P segment 1s obhiterated or the P-R junction 18 sigmficantly depressed by a Tpwave
(page 120) This 1s indicative of acute 1njury to the underlying subendocardial layer
provided pseudodepression {discussed above) and reciprocal depression from acute
mqury of the subepicardial aspect of the opposite wall (discussed below) are excluded
Starting from its low take-off the abnormal S-T segment may pursue a horizontal
course for a variable interval to end 1n an upright T wave or it may slope downward
i a straight line 1n a concavely curved or rarely in a convexly curved line to end
in an wmverted diphasic or upright T wave Reversal in the direction of the T wave
18 usually secondary to the primary and sygmficant S T displacement, changes 1n the
direction of the T wave without alteration in the S-T gegment are not diagnostic  With
acute subendocardial injury in the posterior wall previously winverted T waves 1n Vg
Vs and Vg may become transiently upright

The fact that the change in S-T segment and T wave as well as the depression of the
S-T wnction are the result of acute subendocardial ischemia and mnjury 1s verified by
their abrupt appearance transiw.nt duration and prompt disappearance in serial
tracings On the other hand development of subendocardial infarction 18 associated
with a much prolonged S-T evolution 1n serial tracings progression from a patchy
to a diffuse subendocardial infarct may be marhed by the appearance of QRS abnor-
malities as described below

The surface relations of the acutely 1schemic area may be roughly mapped out from
the leads showing the acute S-T depression, ¢ g localization to Leads V, Vs andV,
indicates 1schemua of the anterolateral wall of the left ventricle, localization to Leads
V; Vg and aVy indicates 1schemia of the posterior wall localizationto V| V, and Vy
points to 1schema of the septum Classical $-T abnormalities usually develop 1n 2
Yirited pumber of leads but are often accompanied by nondiagnostic changes in the
$-T or T complexes 1n other leads Distribution of the leaion in a circular fasnion
around the entire mner circumference of the left ventricle including the left side of
the septum 15 a common pathologic finding

b Leads facing the cardiac wall opposite the wyured ares  Whenever acute S T depres-
s observed a study of leads facing the opposite cardiac wall 1s essential before
s final interpretation 1s made because $-T depression sumulating that due to sub-
endocardial 1schemia may be merel, a reciprocal effect of acute wnfarction of the

In such an event leads facing the opposite wall show QRS abnormal-

h greater §-T elevation than the depression whach 1s being

ston )

opposite wall
1ties of infarction and 2 muc
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B EINDINGS IN LEADS SUBTENDING A MARGINAL ZONE OF SUBENDOCARDIAL
INFARCTION

1 Characteristic fundings expected when the septal vectar iz in the normal left-to-right
Grection and a marginal zone of sufficient s1z¢ 1s present
2 QR or Qr nattenwe wes -
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Abnormr
03 sec
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inesr endocardial than on their eprcardial surface A rough estimate of the relative
hickness of the wnfarcted d -dial and living subepicardial layers may be made

from the tme of onset to nadir of the @ as compared with the time from onset o peak
of R and from the relative amplitudes of the Q and R waves The atate of the hiving
subepicardial layer 13 reflected in the S T segments and T waves
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igoelectric line together with mereasing cove -plane mversion of the T waves
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the depth of the inverted T waves and eventual re; ot by oot o

placement by normal upright T
waves  The evolution 1s usuall; o
sabepicardat ety y much slower in infarction than in other types of

T
he decision as to whether or not the Tecovered muscle 1s 1schemic is based




146

SUMMARY OF FINDINGS

the epicardial surface of the left ventricle * which should normally exhibit an R wave as
the major deflection constitutes evidence of transmural 1nfarction of the underlying
wall  In the occasional case in which the entire thickness of the subjacent myocardium
1s dead, the QS deflection has smooth descending and ascending limbs the T wave
resembles that 1n leads from the left ventricular cavity and remains fixed mn serial
tracings QS complexes with ficed ST-T patterns in one or more left ventricular leads
are sigmficant of acute transmural necrosis when neighboring leads show serial ST-T
changes typical of anjury or orgamzation Such QRS-T complexes are derived principally
from the opposite uninfarcted walland are roughly the reciprocal of patterns that can be
recorded from chest leads facing the epicardial surface of this wall

In the event of 1slands of acutely injured but Living, muscle in the more superficial
layers of the transmural infarct the QS deflection 1s usually notched or slurred from
the presence of an embryonic r wave, the Q-T interval 1s prolonged the 5-T complex 1s
at first markedly elevated and merged with a tall upright T wave whereas in subsequent
serial tracings the S-T Junction gradually approaches the 1soelectric line, and the T
waves undergo progressive cove-plane inversion

Lead aVy reflects the potential variations of the cavity as a whole and thus will extubit
serial ST-T changes from injured or orgamzing muscle i some Segments of the wall
even 1n the presence of a central zone of transmural necrosis If the central zone 15
small semdmrect chest leads may fail to show a QS deflection but instead may show
an abnormal QR complex referable to the surroundmg marginal zone of subendocardtal
wmfarction

Absence of abnormal QS or QR patterns may be encountered desptte the presence of
transmural or subendocardial isfarction When the clinical findings suggest infarction
but the electrocardiogram yields no confirmatory evidence the first step 1s to determine
whether or not sufficient leads have been taken to explore adequately the left ventricle
This 1s especially important when the transitional zone has been displaced into the mid-
ax:lla (as a result of right ventricular dilatation and clockwise rotation) for under these
circumstances, additional back leads may be needed to cover the left ventricle Even
though the electrode subtends a central zone of transmural infarction abnormal QS or
QR patterns may not be registered for one of the following reasons

a Septal vector directed from right to left as in complete and imncomplete left bundle
branch block Activation of the septum by 1mpulses passing from right to left causes
early pasitivity of the left ventricular cavity and thus an imtial upstroke all leads
facing the eptcardial surface of the left ventricle irrespective of the anatomic condy
tion of the free wall In leads over intact portions of the outer wall this imtial
upstroke of septal origin 15 followed by a second and often larger upstroke coming
fram activation of the free wall to produce a pattern of complete or mncomplete
LBBB depending upon the duration of the QRS interval In leads over a trans-
murally infarcted section of the outer wall the imtal r of septal origin may be
sumilar but the final component 15 diametrically opposite consisting of a broad s
instead of the late R To draw inferences from the registration of such an rS complex
m LBBB one must be certain that the leads in which 1t 1s recorded are domtnated by
the potential variations of the left and not the right ventricle since an rS1s the ex-
pected finding 1n right ventricular leads in patients with LBBB

«Location of the transitionil zore ard
essential to mahe certatn that the QS complexes are actually registered 1n lgads
11ght ventricle over which QS complexes may be recorded
right ventrs

d n V.,
may also be recorde 3
dilatation 15 responsible the leads over the Lleft v

arcas of reference of the potentia) variations of each ventricle 1s
from the loft rather than the

in the absence of infarction QS complexes of
cular origin may be found not only n Vy and V but in the presence of right ventricular dxlluhnon
4, sowelmrs even as far leftward as Vs or V5 ard Vg If right ventricular

" entricle (V. Vg) show no evidence of infarction
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SUMMARY OF FINDINGS

the epicardial surface of the left ventricle * which should normally exhibit an R wave as
the major deflection constitutes evidence of transmural infarction of the underlying
wall  In the occasional case 1n which the entire thickness of the subjacent myocardium
1s dead, the QS deflection hag smooth descending and ascending limbs the T wave
resembles that in leads from the left ventricular cavity and remains fixed 1n serial
tracings QS complexes with fixed ST-T patterns in one or more left ventricular leads
are sigmificant of acute transmural necrosis when neighboring leads show serial ST-T
changes typical of injury or orgamization Such QRS-T complexes are derived principally
from the opposite uninfarcted walland are roughly the reciprocal of patterns that can be
recorded from chest leads facing the epicardial surface of this wall

In the event of 1slands of acutely injured but Living, muscle in the more superficial
layers of the {ransmural infarct the QS deflection 15 usually notched or slurred fram
the presence of an embryonic r wave, the Q-T interval 1s prolonged the S~T complex 18
at first markedly elevated and merged with a tall upright T wave, whereas in subsequent
serial tracings, the S-T junction gradually approaches the isoelectric line, and the T
waves undergo progressive cove-plane iversion

Lead aV; reflects the potential variations of the cavity as a whole and thus will exiubit
serial 8T-T changes from injured or orgamzing muscle in some segments of the wall,
even in the presence of a central zone of transmural necrosis  If the central zone is
small semidirect chest leads may fail to show a QS deflection but instead may show
an abnormal QR complex referable to the surrounding marginal zone of subendocardial
infarction

Absence of abnormal QS or QR patferns may be encountered despite the presence of
transmural or subendocardial infarction When the clinical findings suggest infarction
but the electrocardiogram yields no confirmatory evidence the first step 15 to determine
whether or not sufficient leads have been taken to explore adequately the left ventricle
This 1s especially important when the transitional zone has been displaced into the mad-
axilla {(as a result of right ventricular dilatation and clockwise rotation} for under these
circumstances additional back leads may be needed to cover the left ventricle Even
though the electrode subtends a central zone of transmural mnfarction abnormal QS or
QR patterns may not be registeréd for one of the following reasons

a Septal vector directed from right to left as in complete and mncomplete left bundle
branch block  Activation of the septum by impulses passing from right to left causes
early positivity of the left ventricular cavity and thus an anitial upstroke 1n all leads
facing the epicardial surface of the left ventricle wrrespective of the anatomic cond
tion of the free wall In leads over intact portions of the outer wall this imtial
upstroke of septal origin 1s followed by a second and often larger upstroke coming
from activation of the free wall to produce a pattern of complete or incomplete
LBBB depending upon the duration of the QRS wnterval In leads over a trans-
murally infarcted section of the outer wall the mitial r of septal origin may be
sumilar but the final component 1s diametrically opposite consisting of & broad §
wstead of the late R To draw inferences from the registration of such an rS complex
n LBBR one must be certain that the leads 1 which it is recorded are dominated by
the potential variations of the left and not the right ventricle sce an t8 15 the ex-
pected finding tn right ventricular leads in patients with LBBB

[ acation of the transttional zone and areas of reference af the potential vartations of each ventricle 1s
esscntial to make cortain that the QS complexes are actw
11ght ventricle over which Qo complexes may be r
right ventricular origin may
may also be tecorded in Vi
dilatation 1s responsible the lea

ally registered 11 leads from the left rather than the
ecorded 11 the absence of wnfarction QS complexts of

be found not only an Vy and ¥ but in the presence of right ventricular dilatation
v, somectimes even as fir leftward as Vs or Vg and Vg Uf right ventricular

ds aver the left vertriele (V3 Y3} show no evidence of infarction
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the eprcardial surface of the left ventricle ¥ which should normally exhibit an R wave as
the major deflection, constitutes evidence of transmural wnfarction of the underlying
wall  In the occasional case 1n which the entire thickness of the subjacent myocardium
1s dead the QS deflection has smooth descending and ascending limbs, the T wave
resembles that in leads from the left ventricular cavity and remains fixed 1n serial
tracings QS complexes with fixed ST-T patterns in one or more left ventricular leads
are sigmificant of acute transmural neerosis when neighboring leads show serial ST-T
changes typieal of injury or orgamization Such QRS~T complexes are derived principally
from the opposite uminfarcted walland are roughly the reciprocal of patterns that can be
recorded from chest leads facing the epicardial surface of this wall

In the event of 1slands of acutely injured, but living muscle 1n the more superficial
layers of the transmural wmnfarct the QS deflection 1s usually notched or slurred from
the presence of an embryonic r wave the Q-T nterval is prolonged the S-T complex 1s
at first markedly elevated and merged with a tali upright T wave whereas in subsequent
serial tracings the 5-T junction gradually approaches the isoelectric line, and the T
waves undergo progressive cove-plane mversion

Lead aVi reflects the potential variations of the cavity as a whole and thus wall exhibit
serial ST-T changes from injured or organizing muscle in some segments of the wall,
even wn the presence of a central zone of transmural necrosts If the central zone 1s
small semudirect chest leads may fail to show a QS deflection but nstead may show
an abnormal QR complex referable to the surrounding marginal zone of subendocardial
nfarcion

2 Absence of abnormal QS or QR patterns may be encountered desp:te the presence of
transmural or subendocardial infarction When the climcal findings suggest imnfarction
but the electrocardiogram yields no confirmatory evidence, the first step 1s to deterrmne
whether or not suificient leads have been taken to explore adequately the left ventricle
This 15 especially important when the transitional zone has been displaced into the mid-
axilla (as a result of right ventricular dulatation and clockwise rotation) for under these
circumstances, addrtional back leads may be needed to cover the left ventricle Even
though the electrode subtends a central zone of transmural infarction abnormal QS or
QR patterns may not be registered for one of the following reasons

a Septal vector directed from right to left as in complete and incomplete left bundle
branch block Activation of the septum by umpulses passing from right to left causes
early positivaty of the left ventricular cavity and thus an mitial upstrohe in all leads
facing the epicardial surface of the left ventricle irrespective of the anatomic condr-~
tion of the free wall In leads over intact portions of the outer wall thms imtial
upstroke of septal origm 1s followed by a second and often larger upstroke comung
from activation of the free wall to produce a pattern of complete or 1ncomplete
LBBB depending upon the duration of the QRS interval In leads over a trans-
murally infarcted section of the outer wall the imtial r of septal origin may be
similar but the final component 15 diametrically opposite consisting of a broad s
wstead of the late R To draw inferences from the registration of such an rS complex
1 LBBB one must be certain that the leads in which 1t 1s recorded are dominated by
the potential variations of the left and not the right ventricle since an rSis the ex
pected finding 1n right ventricular Jeads n patients with LBBB

of each ventricle 1s
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QS complexes of

xf,ocation of the transitionnd zone and areas of reference of the potential varations

e coitan that the QS complexes arc actually registered in leads from th
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the portion re
2 chuefly the potential varations of the right ventricle When the transitional zone i in
1ts

* Ustial position in the vicinty of Lead Va anteriorly and nesr the mid-line posteriorly the
ftential variations recorded through precordial leads at and to the lefy of the transitiona

3204 V,) come ¢hiefly from the apical portion of the anterior wall of the lent
obtained 1n HV, come chirfly from the basal portion of the anterior wail o
those regisrered through the usual amllary leads (Vs Vg and \;) come malnly from e
Interolateral lateral and posterolateral aspects of the left apex respectively thoge in Ky,

s and HY from the correspanding portions of the base those recorded in mid-bacs, Lemli:
#¥320d V5 and 1n the low esophageal leads uswally come chiefly from the posterobaga) wayy f
the left ventricle those 1 leads from the left lag (AVE) stomacy, and lower part of thy b:lckb

1 zone
ventriele thoge
L the Yoty \entricle
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b

2) Preservation of the averlying subepieardial layer in acute subendocardial infarc-
tion permits registration of effects of acute subendocardial mnjury namely, abnor
mal sagging or horizontal depression of the S-T junction 1n overlying leads, with
progressive changes in serial tracings These may consist of increased downwar
S-T dispiacement 1in the event of exacerbation in subendocardial injury or the re
placement by electrocardiographic signs of subepicardial wnjury 1f the leston
extends centrifugally On the other hand subsidence 15 mamfested by gradual re
turn of the S-T segment to the 1geelectric line  Residual delay w repolarization o
the subendocardial layer may result in broad upright T waves with prolonged @ T
wnterval

qR patterns, recognized as abnormal because of distinct notching of the upstroke of
the R wave When there 15 an antecedent q wave, notching of the ascending Lumb of tt
R is referable to a defect in conduction in the cuter wall of the left ventricle and may
be correlated wath healed patchy infarction at autopsy The combuation of a distinct
q wave with notching of the upstroke of the R wave may be correlated with a healed
subendocardial infarct that extends in patchy fashion into the more superficial layers
On the other hand, notching of the upstroke of an mnitial R wave 1s of no sigmficance
1n the diagnosis of infarction and may be observed as a normal variant in leads near
the transitional zone and as a mamfestation of uncomplicated LEBB in any left
ventricular lead

2 Absence of characteristic findings

a

b

A gR complex consistent with that recorded in normals or m uncomplicated LVH may
be found 1if the layer of subendocardial wnfarction 18 thin in proportion to the overlyng
intact muscle or with coexistent infarction of equivalent thickness in the subendpcard
1al layer of opposite walls of the left ventricle Even though the duration of the g wav
and qR ratio are within normal limuts a presumptive diagnosis of a thin infarct of the
subendocardial aspect of the anteroseptal wall of the left ventricle may sometimés be
made on the basis of a reversal in the usual relationships 1n successive leads taken
to the left of the transitional zone In normals and in uncomplicated LVH the ex-
pected finding 15 a change from an Rs to a qR pattern with shght mcrease in duration
of q and 1n qR ratio as the electrode 18 moved from positions over the anteroseptal
wall to the lateral and then the posterior wall When the duratlon of the q and the qR
ratio are maximal 1n a lead over the anteroseptal wall of the left ventricle beyond the
transitional zone and dwindle as the electrode 1s moved leftward a presumptive
diagnosis of a thin infarct of the subendocardial aspect of the anteroseptal wall may
be made

The registration of an tmtial upstroke n place of a QR deflection may occur for the
same reasons as in transmural infarction discussed on page 146

C FINDINGS IN LEADS SUBTENDING A MARGINAL ZONE OF SUBEPICARDIAL INFARCTION
— discussed on page 143
D FINDINGS IN LEADS SUBTENDING AN QUTLYING ZONE OF ISCHEMIA

1

b rdial 1schemia (or transmural 1schemia) Even though the ischemia 1s trans

mural the S-T patterns Teoorded wn an overlymng chest lead reflect the changes in the

subepicardial layer and rese
to the subepicardial layer Th
segment with monophasic uprig!
isoelectric line accompamed b,
remains normal serial tracings
ted, whereas abnormal Q waves appear
previously 1schemic area

mble the pattern associated with ischemia {or mnjury) Hmited
ere 1s transient elevation and straightening of the 8-T

ht T, followed by rapid return of the 8-T junction to the

y cove-plane wversion of the T wave The QRS pattern
ag long as the ischemic area does not become infarc-
in the event of cxtension of the infarct mnto a

After chimcal recovery the presence or absence of residual
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sabepcardial (or transmural) ischemia 1s judged from the exercise or anoxia test The
development of transient § T elevation with prompt return to the control pattern is indica-

tive of residual p dial (or tr: al) ischemia

~

Subendocardial 1scherma  Evidence of subendocardial ischemia 1s recorded in leads
facing the epicardial surface only when the intervening subepicardial muscle is intact
The electrocardiographic features have been described on page 144

E FINDINGS IN LEADS OVER THE UNINVOLVED WALL OPPOSITE AN INFARCT Leads
over the opposite ntact wall tend to show patterns reciprocal to those recorded in leads
facing the infarct namely exaggeration of the R wave initial depression of the 8-T junc-
tion and progressive return to the 1soelectric line together with increasing height of the
erect T wave These reciprocal effects appearing in precordial leads are of particular
value 1n the detection of postercbasal infarction Infarcts confined to the basal third of the
posterior wall usually produce no diagnostic changes in Lead aVy and sometimes not in Vy
ar g but are lkely to cause reciprocal changes in customary or high precordial leads
Exaggerated R and T waves and depressed S T segments in precordial leads should always
arouse the suspicion of posterobasal wnfarction and prompt one to take Leads HV, HVy, and
and HVy  which shonld reveal diagnostic signs if posterobasal infarction is present

1. ESTIMATION OF THE SIZE AND LOCATION OF THE INFARCT WITH REFERENCE TO THE
CARDIAC SURFACE 15 hased on the fact that tracings obtained through multiple chest leads
represent chiefly the potential variations of the epicardial surface subtended by the exploring
electrode and 15 made by out the rel p of leads showing abnormal
QS or QR patterns to the surface of the heart Such es p PF the e: of the
rormal left to right septal vector and the consequent registration of abnormal QS or QR deflec~

tions 1n electrode positions overlying central and marginal zones of infarct In the presence of

LBBB the size of the infarct cannat be Judged from the QRS pattern The development of the

tonduction defect along with § T patterns typical of inury may be confirmatory of infaretion

but only a rough approximation of 1ts distribution and size in the free wall may be ventured

from the leads showing typical serial changes 1n ST-T pl U abnormal QS or QR com-

plexes are present overestumation of the area of infarction 18 likely when the chest is srmall

and the electrode positions close together or when the heart ig small underestimation o

w:\:\ the chest or heart 16 large l: serial tracings during the acute stage the appax-emc:;l::

of the wnfarct may decrease through recovery in the mar.

sult of Extens)cny v gl zone or T8y inerease as a re-
Satisfactory correlation between the eleclrocardiographic estimate of the

o { and the patholagic findings c #1z¢ and position

f the wnfarc P g1 2% can be achieved provided a sufficient number of semi-

direct leads 1s available to cover the surface of the ke,
ence of the potential variations of the two ventricles a;tp::i:"u‘::':!arcate the zones of refer_
multiple chest leads consists m the delineation of the §, quisite to the
cles in the lower and upper precordwm ang
The transitional zZone serves as an indey
of the septum onte the chest wall and thug
chest recewving predomnantly the potentya)
cewving cmefly the potential vamationg of th
1ts usual P"S‘“:m n the vicuty of 1eaq Vi
nal vAr1aLons recorded through
}():':e;ni V') come Shefly from the sy
obtained 1V, come chiefly

nterpretation of
preferably
T
:e;\)'::sp::f?m; of the anterjor and posterior endg
1viding 1;
—s 2 line between the portion of the

of the left ventricl,

e e and the porti, -
an';ilxx: ;/lentncle When the transmona]i zonzn).;e
A 3' and near the mid-line posteriort. th -
apica porens ih: :; t:;;nd 10 the left of the transltlo:;al zeone
ifrom the bagay por -

It ventricle thoge
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{LVy and LV;) come prinecipally from the diaphragmatic surface The potential variations of
the septum have a relatively greater influence on the findings 1n leads to the right usually Vi
and Vo When the transitional zone 1s displaced to the left of the mid-clavicular line, as a
result of dilatation of the right ventricle andfor clochwise rotation of the heart, the potential
variations of the anterior wall of the left ventricle are referred to the anterior axilla, those
of the lateral wall to the posterior axilla The following description of typical electrocardio-
graphic abnormalities associated wath the commoner sites of wfarction 15 based on the
assumphion of normal cardiac position and would have to be modified as described above, 1n
the event of displacement of the transitional zone

A INFARCTION OF THE ANTERIOR WALL OF THE LEFT VENTRICLE The usual large
infarct involves the apical third to two-thirds of the anterior wall continues 1nto the adjoin-
ing septum and 1nto the apical third or more of the lateral wall The electrocardiographic
mamlestations of the septal and lateral portions will be reviewed insofar as they contribute
to the diagnosis of anterior infarction but will be elaborated upon separately below Large
anterior infarcts usually have a ceniral zone of sufficient size to permit the registration of
QS patterns in one to three overlying leads, usually Vy V,, andfor V5 These QS patterns
are recogmzed as abnormal and referable to transmural infarction from the findings in leads
facing the right side of the septum and right ventricle, considered together with findings 1n
leads over surrounding portions of the left ventricle

If the QS complexes are an expression of transmural wnfarction leads over adjoimng
portions of the left ventricle laterally or above should display abnormal QR deflections
owing to the fact that a central zone of transmural wnfarction 1s almost always surrounded
pathologically by a marginal zone of subendocardial infarction The QR complex 1s clissed
as abnormal because of either (1) a Q wave 03 sec or more in duration and more than 25
per cent of the amplitude of the R wave, or (2) a q wave of normal duration that 1s followed
by a notched or coarsely slurred upstroke Registration in HVy; HV,, and/or HV; 15 2
manifestation of a marginal zone 1n the base of the anterior wall registrationinVs Vg
and/or V; 18 the result of a margmal zone in the anterolateral portion of the apex

The presence of diagnostic evidence of septal wfarction in Viz V; and Vp confirms ihe
wnterpretation of a QS complex in V3 as a manifestation of infarction but may open the ques
tion as to whether the QS 1n V3 15 a mamfestation of a transmural mnfarction of the anterior
wall of the left ventricle an infarct of the septum or both The presence of a normal r§
complex 1n Vi and Vy wndicates that a QS deflection 1n V3 15 a manifestation of transmural
anterior infarction provided that abnormal QR complexes are recorded in leads above
and/or to the left of V3 This latter provision 1s necessary to distinguish right ventricular
dilatation, which may be manifested by rS patterns 1n Vaz V; and Vg, true or pseudo QS
complexes 1n one or more leads near the transitional zone (such as V3 V, or Vs} but nor-
mal qR patterns in leads over the left ventricle both at the customary and high levels

Large anterior mfarcts also continue around the tip of the left ventricle mto the apical
portion of the posterior wall Extensions lumited to the apical third of the posterior wall
are seldom recognizable in the usual chest and limb leads, extentions into the apical half or
more of the posterior wall are generally manifested by abnormal QR patterns in Lead aVy
and in leads from the back below the diaphragm

With smaller anterior infarcts the central zone may be absent or too small to permat
the registration of a QS deflection i any semidirect lead Overlying leads should exhxbltno
abnormal QR complexes referable to infarction of the subendocardial layer nd pr:servawalx;
of some subepicardial muscle Small infarcts limited to the apicat thirad of t};e zi;: ex“’)or
of the left ventricle a1 e manifested by abnormal QR patterns locahzed ;o Lei:)t:e ;nter‘xor
and/or Vs, the relatively rare small infarcis confined to the basal portion o!
wall are mamfested by abnormal QR patterns in HV; HV, andfor HVs .

Jler areas of confluent infarctions may not have a sufficiently

Patchy wfarctton or smalle R patterns but may
extensive margmal zone to permit the registration of abnormal Q :xs established from the
nevertheless, exhibit typical serial S-T-T evolution The diagnost:
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1 ST-T evolution i
her itk Ge finding of normal ak complexesha:ée;{xiz: e septu
e ter exclusion of & lasge wharet which ha e 0 e oo roptace
P :r;cu;gs :;J;\;c& \eft bundle branch dlock 4nd therefore, I
ficlently o pro
;‘:ef :\ormax g, 1 alt left ventricular leads

terior {nfarcts
art of pracucally all large anf ‘
THE SEPTUM occurs as 2 P e atare
3::2?2?:&2 mfarcts byt noy of pramary late:a:;&ﬁ;;\; m:i;::ure’ e
tum, but seldom remmn tius -
m;y lﬁzﬁ%? ﬁiéiﬁ -vra{& of Abe, lef vertricle, less commanty into the posterior
exten

smfarction of the anterior or
aphac festations of the yng ;
Twﬁ:ﬁ::r:{:;ré:ﬂ:;“‘&d geparately  ‘The asgacianon of a\xr:fuloventﬁ;::l;; tloc s
i?h signs of pogterior {or rartly anterior) anfarchion suggests &

Ld
fFain ol
atroventrzeniar node  Contmwation of the anterior or posterior infaret acrass the yep

1 o the sgypaiag wall of 1he 13 it veptricie Soes “ot produce elgctrocardiographic signs
B "o g
4
referabie 1o he raght vepirienlar smvolvesnent  sfarction of the septum may not produce

win,
QRS ahaormalities  partievlarly after healing or mu, be mandested by one of the following
patern®

\ Rueht bundle branch blogk may be produced by septal mfarct irregpective as to whether
Hight gund ¢ brantl 2088
or not the lesion comtinues 1o Ahe adjowing free wall of (he right ventracle

a A diagnostic QR pattern churacterized by a QRS interval ol 12 sec or more 2n

Shmoroal G wave and & prompen Sate B save tn tight precardial leads may result
feam e.xtensmve wmlarction of the septum  imolving the apical balf or more pathologi-
callv  Contiauition of the mnfarct uo the anternseptal wall of the left ventricle 33
mamfested by the regstration of an abnormal Q wave preceding the expected rS in
1eads to the left of the transitiona) zone  Recent infarction is wmdicated by typical
$1-T evolution in the right precordium snd sn contiguons Jeads over the lelt ventricle

b An aliernative rSR' corplex rasy rarely be ragistered as a varant of the diagnostic
QR pattern and has been correlated with extensive wnfarerion of the septum ang free
wall of the left ventricle The 1mtial © represents positive pi 3n produced by
actwvation af the umnfarcted poriion of the septum and registered 1n right precordial
{feads because of the reduction of 2 negatve s hy nsive infarciion
of the outer wall of the Yeft ventricle The Qgromis is verified in recent and organiz -
g wfarets by typieal gerial ST-T changes

~

Left bundle brarch block from geptal infarection  The presence of left bundle branch
S TR VY T IO septal wiarction
block 15 established from the following erzteria {a) supraveniricular origin of the 1m-

pulée and transmission throuh the A-Y nade (b} prolongation of the QRS ¢ 12 see o2
more with complete LBBB 10~

11 sec with incomplete} (e} abnormally late intrinst-
card deflection in feft ventricular

leads | 08 se¢c or more w complete LBBB  06- 0%
sec m mcomplete LBBB) {d) intral upstroke 1w all lefs venyricmar leads The QRS
pattéra of LEBB with coesistent infarctiy

1 may be indistingwshable from that of wncpn -
Plucdted LBBD ¥ Bre miarct 15 recent, a dlagnoms from the Wstory may be cophirmed
by ypiral sersad ST-P evolution  Af times the presence of infarction of the free wall
can be inferred Irom 2 marked reduction the R? or 1t& repl bv an
Swave found locohized @ the leads facing the epicardial surface of the wmfaret  These
leads like all others tzeing the free wa™ of the left ventriale will show an infna) §  ape
1o Sepra activation in a right-to lefy veatar however the R! component over an mnfareg-
ted outer wall shosld be Jmimutyye or replaced by an § dernved from simult
ton of the opposite umnfarcred con eaonous actisA-

wal  Under the following carcumstances e
ven more
sistinctive GRS patterns o3y be associated with coexastent LBBB and nfarciyon i

> ;Bi:aﬂvg:;»;a:z; mB leht veminienlar Ieads  due to magsive mfarction of the sephum
e p e remamx:wffs&cxated vith mfgrotian of g portion of the septum, the acty~

Ia the vavity o B e ¢ sepium Iram right to left produces sufficient positaay,

e left ventriale and at itg epicardal surface to aceount for the \Su\gxk
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R wave 1n overlying precordial leads When the area of septal 1nfarction 18 large neg-
atwve potentials, derived from forces associated with activation of the right ventricle
and transmitted through the right ventricular cavity and septal infarct, may preponder
ate and lead to the registration of a Q wave 1n left ventricular leads This Q 1s abnor-
mal because of delay in activation of the free wall of the left ventricle and 1s followed
by an abnormally late R from activation of living subepicardial muscle The abnormal
QR deflection formed in this manner 1s considered relatively rare from post-mortem
experience 1n comparison with the abnormal QR recorded 1in left ventricular leads m
association with infarction of the subendocardial portion of the free wall {Fig 13)

b LBBB with infarction of the apical portion of the septum and abnormal Q waves In high
precordial leads from coexistent wnfarction of the base of the outer wall Whenever
all leads facing the apical portion of the left ventricle reveal the pattern of LBBB, the
high precordial leads must be checked for direction of the vector at the base of the
septum If an mmtial R wave 1s present in these leads, as well the diagnosis of
LBBB 15 established and the presence of coexisting infarction may be suspected when
{1} the R’ component 1s diminutive or replaced by an § wave (2) typical serial ST-T
changes are found When a distinct mnitial downstroke 1s present in high chest leads
1 association with the findings of LBBB in the customary chest leads, the interpre-
tation of the Q wave depends upon 1its duration amphitude, and distribution Q waves
of 03 sec or longer and more than 25% of the succeeding R waves are mndicative of
mnfaretion of the subendocardial portion of the base, provided that a transitional effect
18 excluded When uncomplicated LBBB 1s manifested by QS complexes in right
ventricular leads along with monophasic R waves 1n left ventricular leads QR com-
plexes may be found in transitional leads as the result of an admixture Such QR
complexes can be recognized as a transitional phenomenon by their relatively low
voltage and limitation {0 one or two leads Tojustify the diagnosis of infarction
abnormal QR complexes should be present in three or more leads To settle the
diagnosis additional intervemng leads may be needed

3 Patterns in right precordial leads wmndicative of septal infarction in the absence of bundle

branch block

a grS complexes of less than 12 sec point to septal mfarction provided due considera-
tion 18 given to right ventricular hypertrophy and incomplete left bundle branch bloch
In the presence of a right-to-left septal vector qr$ complexes may be recorded i
leads over the body of a dilated right ventricle, the diagnosis of hypertrophy of the
tricuspid ring 1s established by the presence of abnormal qR deflections in Leads Vip
Vi or Ver After exclusion of right ventricular hyperirophy it is necessary to de
termine whether the qrS 1s the result of septal infarction or merely a manifestation of
incomplete left bundle branch block In either case the g comes from septal activa-
tion 1 a right-to-left direction the r from passage of the wnpulse through the outer
wall of the right ventricle and the S from activation of the left ventricle The dect
sion 18 based upon QRS contour 1n leads over the left ventricle The continuation of
the g wave into left ventricular leads indicates that the qrS of right precordial leads
was the result of septal infarction A consistent itial upstroke in all left ventricular
leads indicates incomplete LBBB the presence or absence of coexisting infarction 1s
based upon other fundings described above

b QS deflections of less than 12 sec 1n all right ventricular leads also bring up the
Aifferential diagnoses between septal infarction without conduction defect and in
complete left bundle branch block The significant points in the a;mlysisihavc bctn
discussed above 1n cases with right ventricular qrs complexes I thcrf siz'e;::nlaLl
septal infarction the diagnosis may be confirmed by typical S-T evolution in ser

records of V; and Va2
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ENTRICLE The comsmonest site
¢ INFARCTION OF THE LATERAL WALL OF '{};Eosxtsuff':rz’ts L o ave exiensions of

1n the lateral wallas the apical one ihrd bw oo farcts row seprasent exten-
anteroapical leswons somme are continuations of Dig e ion of the P toral wall

{ pasterior infarcts and & few are prumary i the apiw P S enda v,
o nfined to this area may be manmifested by sbnormal QR patterns in . 5 -
M:/rg:f:ln ZZIymmfarctmn extending mto thus area from ather pox’ﬁonst ;‘)! :h:;;?::, 0: :;amc
p ; : 1 ieads depending upon the du
fested by abnormal QRS patterns n additfonal g teral wall tokes the
remainder of the lesion  The most common pranary nfaret of e ntarcts of iz
form of a truncated cove with base near the atrioventricular groo’ £ e

e apical third of the lateral wall o produce abnorm:

tya]::;;::)f:tv:“(s: ke;\x:'&v'é\iz;-h smpaller infarcts confined to the basal half of the Jateral
I\’nan are not detectable n these leads  Signs suggestive of high lateral mf:rcﬂo;z mﬂz;y be
gresent {n Lead aVy  but the diagnosis 1a established by abnormal QR comp! exesd x : ons
or without §S patterns) m hgh axillary leads {HV; ¥V, and 1V} Before QS deflection:
in hugh precordial and axliary leads are attributed to lateral infarction caution myost be
taken to exclude the possshlity that they represent the potential variations of the right

ventricle andfor cawty iransmitted to the upper precor Jium and axilla b of vertical
position of the heart In tus event =n Q@ n mememdsd ytoa
narrow QS 1n leads further to the responsible
for the r wave In cases of right ross the
transitional zone additional leads over the left ventricle wall be needed to clarify the
hagnosis

(NFARCTION OF THE POSTERIOR WALL OF THE LEFT VENTRICLE is more likely to
be missed electrocardiopraphically than infarction of the anterior or lateral walls because
the posterior wall 15 less accessible to exploration by surface Jeads yet more subject to
variations 1n anatomic relations as a result of the influence of the height of the diaphragm
4
A portion of the postersor wall of one or both ventricles rests on the diaphragm the re-
mainder faces towards the back of the thorax The portion resting upon the diaphragm de~
perids upon the position of the diaphragm and heart  With elevation of the diaphragm and a
horizontal electrical position of the heart the potential variations of the right side of the
septurn and the posterior wall of the right ventricle are transmitied downward to Somunate
the tracing in aVy and w subdiaphragmatic leads whereas the potential variations of the
leit side of the septum and posterior wall of the left ventricle are referred posteriorly and
upward to dominate the pattern in lower esophageal leads high back Leads HVy and HVs
and usually mud backLead Vg When the diaphragm 15 normal to low in position the
posteroapical half or more af the left ventricle 1s 1 apposition and has the predominany
z;nuence 8:\ the findings 1n aVp and other subldaphragmatic leads  VUnder these circum-~
ances the recordings from esophagus and back at the cardiac level
Tarsateons 1 c represent potential
ransmitted an par® rom ine posterobasal surface of the left
\hrough the verntricle n part
ough the mitral orifice and left atrinm Lead Vg may be utihzed for evaluation of the
pt;tenntal variations of the posterobasal wall but Lead HVj represents too great an
admixture to be d
Ao lependable particularly m tracings contaimng a negative or diphasic P
The most comma
cone with bysy paﬂ;;:;‘\:n‘;?;ﬁ?ct of the posterior wall takes the form of a truncated
m!a:e‘( ‘x'::“'éwlaz groove If the heart 1s in horizontal
-
back and stomach  wnless af extends si,n'f undetectable 1n aVy  snd 1n leads from the low
septal wnfa ieiently 1nto the septum to produce 1ypi
Teuon (page 151) 1 these leads R typical sigos of
of the teft vent ecogrition of infaretion of the po:
ntricle m such cases must by posterior wall
Dut & elue as 1o 115 presence mag b m;ﬂ‘::h:d Upon the patterns InHV; HVy and Vi Ve
Smaller Mfarcts “tmited va the pocet o deoi 3hthe reciprocal effects 1n anterior leads
produce abnormal QR patterns confined to HY. ;vposteﬂor wall of the left ventricte may
?;;‘OVEHU'XCULQX‘ groove but not in Yeads rm; the SBIO:KIIB I moophageal leads Just below the
¥} regardless of the position of the heart ach low back LYy LV orlent leg
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If the heart 1s 1n intermediate to vertical position posterobasal or posteroapical infarcts
large enough to involve the muddle third of the posterior wall should be manifested by
abnormal QR patterns in aVy  The Q component of 2 QR complex 15 abnormal if 1ts duration
from onset to nadir 1s 03 sec or more and if more than 25% of the amplitude of the suc-
ceeding R wave provided the voltage 1n aVr 1s 5 mv or more Even in the presence of a
large central zone, the registration of QS deflections 1s unusual 1n leads facing an infarcted
posterior left ventricular wall because the larger area subtended by the electrode permits
more admixture of potentials from outlying marginal areas If there 1s an apparent QS in
aVe, careful examination of the tracing or of a repeat taken during deep breathing should
reveal a late embryonic or actual r and should thus 1dentify the presence of a Qr complex
significant of infarction  Such a study 15 necessary to exclude the normal QS complex found
1 some cases of horizontal position, as a result of fading of potentials that would have
produced an imtial r wave in leads less distant from the heart If some phase of breathing
does not permut the recording of a normal rS complex the fact that the QS 1s a normal
var:ant 1s suggested by 1ts brevity and 1s established by the fact that the tame from beginmng
to end 1s significantly less than the time from onset to termination of an rS complex 1n a
right precordial lead

Complete auriculoventricular block may accompany massive septal extensions of postero-
basal infarction Secondary auricular infarction may be mamfested by auricular arrhyth-
mias but seldom by diagnostic changes in the P or T, waves Extension of massive -
farcts across the septum into the posterior wall of the right ventricle 1s fairly common but
does not significantly alter the electrocardiographic findings

Continuation of posterior nfarcts into the basal portion of the lateral wall 1s manifested
by abnormal QR patterns in HV; and HV, continuation into the apical portion of the lateral
wall by diagnostic signs in customary V7 and Vy  Infarcts wmvolving the apical but not the
basal portion of the posterior wall are usually continuations of anterior infarcts that involve
the apical portion of the anterior wall, the septum and the posterior wall The ECG usually
displays evidence of the anterior and sometimes the septal portion of the infarct but not the
posterior unless 1t 1nvolves more than the apical third of the posterior wall The term
anteroposterior wmnfarction 1s applied when the ECG shows evidence of siumultaneous rather
than consecutive infarction

I ELECTROCARDIOGRAPHIC ESTIMATION OF THE AGE OF THE INFARCT 1s based chiefly
on a comparison of the §-T pattern in serial tracings Recent infarction 18 manifested by pro-
gressive changes 1n S-T segment and T waves, healed infarction by a fixed pattern i ser:al
tracings Serial changes in the degree of S-T displacement indicate the presence of 1injured
myocardium that 1s still living and 1s destined either to death or recovery Subsequent serial
changes 1n the T wave have a szmilar connotation
In recent infarction with acute subepicardsal mnjury the S-T junctions show abnormal eleva-
110n that changes from day to day 1increasing if mjury spreads receding towards the 1soelectric
fine as it subsides the T waves are at first tall and monophasic upright then show increasing
1nversion of their termnal portions With the disappearance of acute injury the S~T junction
becomes stabilized usually at the 1soelectric level, and as orgamzation proceeds the T waves
at first show 1ncreasing cove-plane wnversion (waxing phase) then a much more gradual
decrease 1n depth (waming phase), and finally may return to a normal upright contour Perma
nent fixed S-T elevation and cove-plane inversion of the T' waves assoclated with abnormat QS
or QR patterns occurs with healed infarcts that wvolve a sufficiently large area of the wall to
r apeurysms
forfrnh:eggéc:;aern 18 oyf less help in determining age and often remains cc;nsta;nt ;ln serial
tracings, even though the infarct 1s recent or orgamzing However significant changes tm
found when adequate techmeal precautions are taken to sure against variations
A Patuzzz osition tonstitute evidence of activity A definmite tncrease i duration and
:nmepllex:uxd‘e ofl:he @ wave at the expense of the R wave at a constant electrode position would
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ds the epieardium  change fram

1ying subgndocardial mfarct fowar "
iy sﬁge:::f\:i:: j:l;kze biundax-ms of the lesion to abnormal QR deﬂccﬁ;\on:(;:\;idéf;ﬂ s
:f:r:f? uﬁ:rEase E\ area of wnfarction  On the other hond, abx;r;x:)ncz:::: ;8 u,!: e of

le inerease
1 1, may show considerab
-y m‘fti:iaug:nuﬁ mtxrxz\pred yocardinm recovers tncomplete Jeft bundle brar;c};::ock
e %mmmn Sirding 1 recent infarctiop volving the septum  but 18 often not perr:‘ L“n o
lg;n its isappearance 2 lefi-to ~raght septal vector bccomesd;;;ed;n::;nan;! E?r::arcf e
le  The distribution
tration of @ waves 1 leads over the left ventric. i

lt-::gfwa?ﬂ may tgm e estipated from the duration and amplitude of these Q waves in compar
sson with the succeeding R waves

DRUGS CAUSING SPECIFIC ELECTROCARDIOGRAPHIC CHANGES
1. DIGITALIS AND RELATED CAPDIAC GLYCOSIDES

A GRS complex 15 nat altered by therapeutic doses

Gross overdosage may cause natching,
slurring  or prolongation

B Q 7T iterval 1s progressively shortened in sl leads by wncreasing amounts of dipitalis due

1o an early onset and acceleration of the repolarization process with a consequent reduction
1n duration of the T wave

€ § T unction $-Tsegment ard T wave In leads where the R wave conshituies the mainphase
of the QRS and The T wave 15 origindlly upraght the earliest electrocardiographic changes
aredepression of the $-T segment reduction i voltage and duration of the T wave andshght
shorterung of the Q-T interval With cumulative dosage there is progressive shortemng of
the Q-T wmterval and depression of the £~% junction accompatied by downward bowng or
sagging of the S-T segment and a change from an upright to 2 diphasie {- 4} and {inally

an iverted T wave The rednchion m Q-T snterval 18 due 1n part 10 shortenung of the S-T
gegment and in part to shoriemng of the termumnal lunb
pornon of the deflechion

g increased steep s of this
*When dignalis reteation comes within the range of full therapeutic
totoxic doses the @ T wlerval is bulow normal tmuts the § T junction is significantly
depressed the segment slopes obliguely downward 1n a atraight line or in a slightly curved
Lre with upward concavaty to form the proximal imb of an inverted T wase, whose digtal
firab returns abruptly to the base hne  The foregoing changes are chaerved in left ventric-
ulgr leads of normals and of patients with patterns of left ventricylar hypertrophy and LBEB
ard i right ventricular lsads i patients with patterns of right ventricrylar hypertrophy and
RBBB  When the oraginsl tracing before mstatution of therapy showed Q-T prolongation S-T
depregsion and T wave nversion digitalization shortens the @ T to normal causes fyrther

8 T depression and deeper wmversio
n of the T wave and changes the conto ~f
ment from 3 domehive convesty to a stray, y et S8

ght downslope or a concavely purved Sowns
g’;:‘hsxf;iealsxz';ng or toxic doses leads with a predomumant § wave dzsp{ay TeLIpTDoA) :;f\?a~
e i Tm‘::::’o; Z:af::?m?g{ otl the S.}T segment and rapld return of the dista) limb
ectric line  These changes are observed in right -
uler Jeads of normals and of patients with pafterns of LV%I o remen 1o
s and LBBB and sometimes
dxsapip ::::n 1::2? :;\ iitiegts with RVH and REBB  Withdrawal of Bigatalis leads to gx-:;\lx:?
o e es¢ effiets requirtng from a few days ta three 10 four weeks de
e of elamination of the preparation admanistered pending

i P -
Wave —~ commonly shows no change but may be reduced m valtage
2 P Rinterval~,s
~1s prolonged with slight aves
Tlock ToRy result from gross overdbg:;{ge rossen

Partial to complete atrioventricular
3 Rate ang rhythm
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a Normal sinus rhythm before digitalization
1) Therapeutic doses cause shght to moderate slowing
2) Toxic doses may cause

a) Ectopic beats Ventrieular premature beats result from slight overdigitaliza-
tlon and tend to occur after each normal beat, producing a bigemmnal (coupled)
rhythm  Larger doses may produce ectopic beats from multiple focy

b,

Ectopic tachycardias  Gross overdosage may produce auricular, nodal, or
ventricular tachycardia, aurlcular or ventricular fibriallation Potassium
depletion sensitizes the myocardium to the toxic effects of digitalis and pre-
disposes to the development of the ectopic tacthycardias, particularly auricular
tachycardia with 2 1 ratio  Bifocal ventricular tachycardia should alwavs
suggest gross overdygtalization

¢) Swoauricular or atrioventricular block
b Abnormal rhythms before digitalization

1) Ectopic beats assoclated with myocardial disease may disappear with therapeutic
doges

2) Auricular flutter may be converted to auricular fibrillation

3} Auricular fibrillation Therapeutic doses produce moderate to marked slowing of
the ventricular rate through depression of the atrioventricular node Toxic doses
may produce a complete atrioventiricular block with an 1dioventricular rhythm
(page 113}

II QUINIDINE
A QRS complex 1s usually not altered by therapeutic doses but occasionally bundle branch
block 1s produced
B Q-T interval 1s prolonged above the upper limits for normals principally by an increased
duration of the T wave

C §-T junction —no significant change

ke

T wave 1s broadened reduced in arnphtude and sometimes shallowly inverted

£ Other effects Therapeutic doses may abolish auricular or ventricular tachycardia and
auricular flutter or fibrillation while toxic doses may produce atrioventricular block
bundle branch block ventricular premature beats or veatricular tachycardia

I CALCIUM The changes are rclated to the concentration of 10mzed calcium in the extra-
cellular flnd
HYPOCALCEMIA 1 HYPERCALCEMIA
QRS Complex

No sigmificant change i the usual clinical range
of hypercalcerma  Rapid intravenous
admimstration of calcium may cause widemng
and slurring of the QRS

No significant change

Q-T Interval

Abnormally short because of an absent or
markedly shortened S-T segment

Prolonged because of a marked increase
1n duration of the S-T segment
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M
HYPOPCALCEMIA 1 HYPERCALCEMIA
S~1 Junction and $-T Segment

5 T pnction is nat altered  but the segment $-T segment is markedly shortened or absent dye

1y onset of vepolarization  When the
en the S T yunction and T wave 18 t© an ear’ i
Z;;:mernuca\li“:\rng\'\ harizontal ard blood ca\ci(;xm 18 very‘ :lfra\?:ni:n :;v;:;:yper
r
ed 1 duration  reflecting an shnor- parathyroadism repo i
:le.?‘slay n the onset of repolarization sbortly hefore the completion of the QRS com

plex and cansequently leads to a displacement
of the 5-T junction 1n the direction of the main
deflection of the QRS

T Wave

Mz, became Joser m amphitude or inverted

Lattle or nochange i cdinical s*a‘es with hypor-
calcemia  Rapd intravenous admimstration

of caletum may lead to flattemng or disap~

pearance of T vaves

Other Lifects

P waves — decreased in smplitude  Bragycardrs

defective A~V conduction vertricular extra-
systoles ventricular tachycarda ang fibriy«
{ation may result from exce~sive intravenous

administration of caleium
Bestoration of normal blood e

normal

¥ POTASSIUM

aleiom Jevels causes an smmediate regression of these changes 1o

BYPOPOTASLSEMIA 3

Y PERPOTASSEMIA

The elec!rocardzogz‘aphxc changes associgted m’mm
with elpucal Botassm deficiency are with climcad potassium ercess an be corpe
Probably in pary referable to a low intra
celuar “oncentration of potassunn which
HAy Or may nat be reflected wy the serum
Polassium leval ‘The worg hypopotassema
Bere 15 faren to

mean a state of potasgrum hyperpotasse,
L‘ehc:ency which produces electro
Lardxographzc «hanges

e apgravated by hyper

The hnormantes
natreman

May be recorded ag 4 Manfestatian of acyte
Bubepicardial nJry wath narmat blood potag.
bnum Presumably as a regup of local ex-~
irusion of Wracellylay votasaium
QRS Complex
\Ss\:a“y o ehange

mdemng g gb‘:;it;“uy shight Charac’n’risnc Changes 1, e T Wave preced
alterations 1n RBS  The fiest cl\ange ;r:er;S
SRERS with levels n the nicnity of g mhq /L

Precavdiag Llead,
2t the expenge of Me Ry levels af gopy )

travents colqn block of the RBRg

type Gevelops gng With s10) higher Iuvels
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SUMMARY OF FINDINGS

HYPOPOTASSEMIA

HYPERPOTASSEMIA

defective intraventricular conduction pro-
gresses to the pomnt of cardiac arrest Pre-
terminally the QRS-T 1s fused into a smooth
biphasic curve with marked slurring and
widening of the QRS

S~T Junction and S-T Segment

S-T Junction shows progressive depression
in leads with a predommnant R wave and
often as well in leads with a predominant $
wave The S-T segment sags downward
from the depressed S-T junctionina U
shaped curve to end in a low upright to
mverted T

5-T junction may be depressed in leads with a
predominant R wave ‘The S-T segment re-~
tains 1ts normal upward concavity, but be-
comes more steep in ascent as the amplitude
of the T wave wncreases When there s
defective intraventricular conduction, the
3-T segment 1s directed obliquely upward
m a straight line from the depressed S-T
Junction to the peak of the T wave

T Wave and U Wave

With increasing hypopotassemia the T wave
becomes lower in amplitude and finally in-
verted Concurrently the U wave becomes
increasingly exaggerated as one or more
humps to result in a double camel back or a
triple rolling contour The U wave tends to
fuse with the T wave, so that measurements
of the Q-T interval are likely to be made to
the end of the U wave and to thus appear
erroneously prolonged Although fused in
some leads the T and U waves are usually
distinctive in other leads which are
utilized for measurements

All normally upright T waves become
caaracteristically church-steeple -hike in con-
tour as plasma K rises above 6 5-7 0
mEq /L The T waves increase in amphitude
and become sharper and more peaked as a
consequence the concave ascenting and
descending limbs become steeper and the base
appears narrower Although changes tate
place 1n the T waves of all leads they are
not necessarily umform The church steeple
effect 1s usually greatest in leads from the
right precordium and transitional zone pro
vided that the T waves were origmally up-
right mn these leads Inverted T waves of
cavity origmn {e g aVp) become deeper and
conform to the reciprocal of the upright T
waves Abnormally inverted T waves 1n leads
from the epicardium of erther veatricle may
become less inverted and often upright In the
absence of defective intraventricular conduc
ttan the Q T interval 1s normal or shightly
decreased tn duration With defective ntra-
ventricular conduction the Q-T interval 1s

| prolonged

Other Effects

P-R interval may be shghtly prolonged
Ectopic auricular and/or ventricular
rhythms may develop {premature systoles
paroxysmal tachycardia flutter or
fibrillation)

Potassium depletion s
dium to the toxic effects of digitalis

ensitizes the myocar-
The

P wave decreased i amplitude up to the point
of sinoauricular bloch and arrest of auricular
activity at high potassium levels There s

a resultant shift to a ventricular pacemaher
this 15 at first regular but with increasing
hyperkaliermia ventricular fibrillation may

oceur
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HYPOPQTASSEMIA

HYPERPOTASSEMIA

combanation of hypokaliemia and digitaliza~
t1on 15 prone to be complicated by ectopic
tachycardias especjally auracular
tachycardia with 2 t ratio and bifocal
ventricular tachycardia

IJA-V node and ventricles Partial or complete
atriovéntricular block defective intraventri-
cular conduction and ventricular standstill
may occur at high lavels

Ventricular premature beats Hyperpotassemia
will cause the disappearance of premature
beats particularly when they result from
digntalis intoxication
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This index merely covers major headings Since each subdivision 1s readily accessible through the

outline method of presentation and the cross references in the text

A

Angina pectoris
Anomalous ventricular excitation
Derwvation of pattern
Diagnosis
Method of detection
Anoxia test
Arrest sinus
Arrhythmias
Classification and diagnosis
Method of detection
Artefacts
Alternating current nterference
Irregular bizarre deflections
Mixed up lead wires
Muscle tremor
Standardization errors
Overshooting
Technical errors
Wandering baseline
Auricles
Anatomic relations
P wave of
T wave of
Auricular fibrillation
Diagnosis
Method of detection
Auricular flutter
Diagnosis
Method of detection
Auricular hypertrophy
Aurtcular infarction
Auricular tachycardia—see Supraven-
tricular tachycardia
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87
100
26 27
143

92

88-115
16-30

15
15
15
15
14
15
15
15

30
31
31

113
24

112
22
31
32

Auriculoventricular block
Causes
Anatomic
Neurogenic
Physiologic
First degree
Diagnosis
Methoa of detection
Second degree (partial)
Diagnosis
High grade
Low grade
Moebrus type
Paradoxical shortening of
P-R
Wenckebach type
Very high grade
Method of detection
Third degree (complete)
Complete
Diagnosis
Method of detection
Complete antegrade but preserved
retrograde
Auriculoventricular node-see under

tricular tachycardia
Axis—see under Positson electrical

B

Beats ectopic~-see under Ectopic beats

Block auriculoventricular and
sinoauricular —see

Nodal rhythm Supraven-

under Bundle branch block

Page
17 92

19

85
85
87
87

93
17

96
95
95

96
85
97
11

97
19
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Bundle branch block
Left

Complete
Dersvation of pattern
Findings

Incomplete
Derivation of pattern
Findings

Incomplete apical
Dervation of pattern
Findings

Septal snfarction

Right

Complete
Derivation of pattern
Findings

Incomplete
Derivation of pattern
Findings

Septal infarction
Dervation of pattern
Findings

c
Calerum
Carot d stngg syndrome
Conduction defects
Auriculoventricular —see under
Bundle tranch~see under
Intraventricutar localization
Left ventricle opter wall
T pulmonale
Curunary nsufficiency—see Angina

Pectaris
Coronary thrombosig—~gsee Myocardial
nfarction
D
Digitanig
DBrugg
Calciuy
Drguahg
Potassium
Quinidige
E
Eczopm beatg Premature
UPTaventrienlan
Diagnos;s
Aurieylar
Nodal
Methog of det,
Ventricytapr eetion
Diagnosis
lxmrpulamn

56 59
23

125

61
128
151

6%

129 135
66
129 135
68
151

156
91

2%
62
135

155

156
155
157
156

lo4
103
105

22

106
107

Mechanism of origin
Hyperirritable focus
Re-entry

Method of detection

Escaped beats

Mechamism of origin

Supraventricular
Diagnosis
Method of detection

Ventricular
Diagnosis
Method of detection

Esophageal leads
Exercise test
Extrasystoles—see under Ectopic beats

F
Fibrallation
Avricular—see under
Ventricular—see under
Flutter
Auricular—see under
Ventricular—see under

H

Hypercalcema
Hyperkaliemia
Hypertrophy—see under
Auricular hypertrophy
Ventricular hypertrophy
Hypocalcermia
Hypokaliernia

I

Idioventricular thythm—sgee under Ven-
tricular rhythms
Infarction myocardial —see under
Myocardial infarction
Injury
Subendocardial
Subepicardial
Interference dissociation
Intermttent
Dufferentiation from partial A-V
block
Diagmasis
Method of detection
Complete
Dufferentiation from complete A.y
block
Diagnosis
Method of detection
Intrinsicoiq deflection
Ischerma
Subendocardiay
Subepicardial
1g0electrie line

81
80

54
85
28

84

108
23

108
29
52

143

156
157

156
157

144
140

109
18

20
109
20
36

1423
148
11
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L P
Leads P wave
Direct 46 Amplitude 3t
Esophageal 52 Duration and contour 3
Requirements for adequate electro- Identification 16
cardiogram 15 Interpretation 30
Location 15 Relation to mechanical events 11
Number 15 Spacing 17
Standard lamb 38 Umiform 20
Thoracie 32 116 Variable 22
Unipolar imb 37 122 | Pacemaker
Left bundle branch block 56 125 Location 83
Left ventricular hypertrophy 131 Number 84
Parasystole
M Aurscular 24 111
Ventricular 29 114
Myocardial snfarction Paroxysmal tachycardia—see under
Age 154 Supraventricular and
Deravation of pattern Ventricular
Anterolateral 74 Pertcarditis
Direct leads 70 Derivation of pattern :]
Septal Findwgs 140
Wath right bundle branch block 68 Pogition of heart electrical
Wathout bundle branch block s Method of determination a8
Distribution between endocardium and Normal findings 122
epicardium Backward rotation 122
Central {transmural) zone 145 Forward rotation 122
Ischemic zone 148 Horizontal 123
Marginal zone 147 Intermediate 123
Location and si1ze Semihiorizontal 123
Antersor 150 Semuvertical 124
Lateral 153 Vertical 124
Posterior 153 | potassium 157
Septal 153} &R mterval
With bundle branch block 151 Constant 17
Wathout bundle branch block 152 Normal range 17
Subendocardial 147 Prolonged 17
Subep1cardial 143 Shortened 17
Myocarditzs subepicardial 140 Accelerated A-V conduction 17 99
Anomalous ventricular excitation 17
v A-V nodal thythm :Z
Variable
Noﬁ:eﬁ?ﬁ:r:ce dissociation Prolonged conduction through the outer
Complete 108 wall of the left ventricle
Intermuttent 18 109 ger;vatmn of pattern lg;
indings
Retrograde auricular activation 21 110 Prolongedgconduction through the outer
Lov}v{:;;pracal 21 110 wall of the right
21 110 ventricle
Maddle 21 :10 Derivation of pattern 62
Upper 24 110 Findings 135
Wandering pacemaker
Nodal tachycardia—see under Supraven- Q
tricular tachycardia
Q wave
Normal electrocardiogram 116 Method of nalysis 34
Precordial leads 122 Normal findings 17

Unipolar limb leads
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RS
Configuration
Duration
Duration of component
deflections
Method of analysis
Orgin and form
Direct leads 1n the marumalian
heart
Esophageal leads 1n the normal
human heart
Left bundle branch block
Myocardial infarction
Precordial leads m the normal
human heart
Prolonged conduction through the
outer wall of the left
ventricle
Prolonged conduction through the
outer wall of the right
ventricle
Right bundle branch block
Single celt
Relation to mechanical events
Relative amplhituda of component
deflections
Q T interval
Qumdine

R wave
Rate
Determunation
Disorders
Stnus bradycardsa
Sinus tachveardya

Determnation
Disorders
Anatomie basis
Physm\og\c bagig
Classification
Right bundle branch block
Right ventricylap hypertrophy

s
S wave—gee under QRS
SA node ~gee under Simoaurieutay
us

S
Swoauricular block
Diagnasis
Method of detectiny
Mode of terminatipn
Subsequem noda) escape
Subsequeny Tesumption of Sinus

actiity
A

33 118
32 116

36 120
34

41

52
56
ki)

48

54

62

38
1

35 118
32 116
146

35 117

16
83 115
89
89

16-30
83-115
83

83

88

66 129
135

91
20

21 92

20 g2

Subsequent ventricular escape

Sinus arrest
Sinus arrhythma
Nonphasic
Phasic
Shifting sinus pacemaker
Siwnus bradycardia
Sinus rhythm
Sinus tachycardia
S-T complex
Method of analysis
Normal findings
Depression
Elevation
Relation to mechamcal events
Standardization record
Amplitude
Duration
Subendocardial mfarction
Subendocardial injury
Derwvation of pattern
Diffuse
Findings
Patchy
Subemcardial Infarction
Subepicardial mnry
Diagnosis
Mechamsm
Supraventricular tachycardia
Diagnoms
Auricular
Nodal
Method of detection
Auricnlar
Nodal

T waves
Method of analysis
Normal findings
Transitionat 20ne patterns
Tachycardia-see under Sinus
Supraventncular

Ventricular
T P segment

Relation to mechanical events
Transuional Zone
Localzation
Normal findings
Waveg

U
U wave

Relation 1o mechanical events

21 92

92

20 80
20 90
22 90

89

20 89

33

89

36

120
120
13
14
14
14
143

a1
145
143
144
143

140
80

11
112

21
21

37
121
68

117
116
68
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Ventricular hypertrophy
Left
Right

Ventricular rhythms
Fibrillation
Flutter
Idioventricular
Tachycardia

Multsfocal

A

131
135

30, 115
25 115
25 114

30 115

Tachycardia (continued)

Umifocat e
w
Wandering pacemaker
Between sinus and A~V nodes 24
Within sinus node 2

W-P-W syndrome-see Anomalous
ventricular excitation






184 INDEX
v Tachycardia (continued)

Ventricular hypertrophy Umfocal 25 14
Left 131
Right 135 w

Ventricular rhythms
Fibraliation 30 115 | Wandering pacemaker
Flutter 25 115 Between Sinug and A-V nodes 24 110
Ithoventricular 25, 114 Within sinus node 22 8
Tachycardia W-P-W syndrome—see Anomalous

Multifocal 30 115 ventricular excitation







