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TO OUR WIVES

So nun die ding sichtlich werden miissen und one dise sicht-
barkeit ist der Artzet mt gantz, Nun milss die natur dohm
gebracht werden dass sie sich selbst beweisst.

Paracelsus, Das Buch Paranurum, 1565

One lesson learnt long ago 1s that of my own ignorance The

older I grow, the more 1gnorant I feel, because I am continually
learning how much there 1s yet for me to learn.

Theodore Taylor, aged 100

The Spectator, 4th August, 1950






PREFACE

WITH the possible exception of some processes in the central nervous system as shown
in the electroencephatogtam there 1s no other commen dsorder of a biological func-
tson sn man caused by the abnormal behaviour of 2 smail number of cefls, possibly of only
one cell, which lends itself so readily and so well to datatled analysss as do disturbances of
cardiac rhythm due to extrasystoles and athed arthythmias

At first sight this tope may appear 1o be a very hmned one, but closer sludy proves this

view to be ertoneous and reveals not only iis bl scope and P , but also
the pumerous finks which refate 1t to other b ! p physiologi as welf ay
climcat,

Even taken by ttself the phystol 1 and chmcal imph of such disturbances of

rhythm are great Experimentally such arrhythmias can be produced by numerous and
diverse means with a varying degree of ease, yot many fundamental aspects are still im-
petfectly understood or altogether obscure. Moreover, since Marey’s and Engelmann's
pioneer work the “ method of extrasystoles ™ has been an important tool i the mvest-
gations of fold problems of cardiac p

Equally great 15 \he chmeal ranpe of such srregulanties of cardiac thythm  There 13
hardly a human bemg who at one time or other has not had extrasystoles Their chnical
upnficance extends through the whole spectrum {rom the entirely harmless occasional
* missed beat ™" of the healthy subject to the ominous ectopic beats heralding fatal ventn-
cular fibrillation  And the vanety and seventy of symptoms mueror that of the prognostic
sigmficance at one end of the scale the acaidentally discovered asymptomatic extra-
systole, at the other seermngly rdentical disturbances of rhythm giving fise to truly agomzing
pat and distress

Our snterest in these problems was atoused nearly thirty years ago by Prof Wenckebach
to whose hospital we were attached at that time and we should like to put on record our
grautnde to him as well as to Prof. Rothberger for the encouragement they gave us in our
early studies  For the last three decades we have collected observations and data, and have
formulated 1deas about extrasystolic and athed disturbances of thythm and their vartous
aspeets By 1939 we thought that the progress made in this subject warranted a review ina
comprehensave manner, but owing to the war we were not able to start before 1945,

‘We were encotraged to undertake this venture by vanous consuderations Wath the
exception of von Skramltk’s monograph published 1a 1932 and limuted to certain physto-
logacal ixsp:cxs no book d:voxcd w this problem had appeared, and Léon Gallavardin’s
p i m 1946, 5 Lccnﬂncd to 4 dcsmptxon of the purcly

chmcal aspects of
or p of y not freated m a detailed, Jet a]onc
cxhaumvc, anner  On the other hand more recent adwvances 1 e(ectrocardmgraphy and
physiology, particutasly neurophysiology, have thrown much light on this problem and
have made 1t posstble to form more detaled views about some of its aspects than was pos-
sible some time ago

It seems to us then that these considerations justfy an attempt ata comprehensive review
of such disturbances of cardiac thythm; and in the pages that follow we endeavour 1o give 2
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wiii PREFACE

description of the subject 1n its general biological comcxt which we trust will also bring out
its close relation to numerous allied and some Though
we are well aware of the gaps in our knowledge and of many shortcomings of our
presentation we hope that this book will be of interest not only to cardiologists, but also to
those who are engaged in the study of phystological and chnical problems which centre
round the 1nitiation and propagation of impulses.

NEWw YORK AND LONDON. D.S.
January 1953 A.S.
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description of the subject in its general biological comcxt which we trust will also bring out
its close relation to numerous allied and some Though
we are well aware of the gaps in our knowledge and of many shortcomings of our
presentation we hope that this book will be of interest not only to cardiologists, but also to
thase who ate engaged 1n the study of physiological and clinical problems which centre
round the initiation and propagation of impulses.

New YORK AND LONDON.

D.S.
January 1953
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xiv INTRODUCTION

Simple sinus tachycardia as well as sinus arrhythmias other than sinus extrasystoles are
not wcluded as they are solely due to variations in rate of an otherwise normal cardiac
mechamism. The dividing line between normal and abnormal is but vaguely defined in these
conditions which do not present any special problems either physiological or clinical

Within the above great group of atrhythmias, abnormal beats following the preceding
beat at a constant interval—that is having accurate coupling—command a special place,
not only because this type of wrregular heart action is very common chinicaily, but also
because we believe that in this type of arrhythmia the abnormal beats are due 1o a
mechanuism different from that underlying the other varieties of disturbances of cardiac
thythm covered by the above definiti With the ption of the dingly rare sinus
extrasystoles, 1n this group too the abnormal beats with accurate coupling are ectopic in
origin 1115 Yims group of arrhythrma to which, in our opinion, the term extrasystolic should
alone be applied.

For the purposes of thus book we therefore define extrasystoles as contractions of the
whole heart, or parts of the heart, due to impulses which are abnormal, either regarding ther
site of origin—ectopic—or their time of oc -p both, rfermg with,
or replacing a domnant rhythm, whereby n the electrocardiogram the abnormal beats are
accurately coupled to the preceding beat and in many though by no means alf cases have
constant shape.

Instances will be discussed 1n this book 1n which ectopic beats with accorate coupling
have varying shapes in the electrocardiogram, but which, because of thetr accurate coupling,
we believe 10 have the same mode of origin as those with constant shape, and which, for this
reason, we include in the group of extrasystoles in the strict sense of the term. The very rare
observations of cases with certain types of systematic changes in the coupling of ectopic
beats, in which we believe the underiying mechanism to be the same as in those of extra-
systoles with accurate coupling and which we therefore 1clude 1n tins category, do not
mvalidate the above definition,

1t will have become apparent that, sn a book having a scope as defined, we are not des-
¢ribing one entity, but that disturbances of thythm of widely varying types and mechamisms
are meluded. Thus, there are good reasons to assume that acuve formation of automatic
mpulses 15 ikely to be the mechamsm 1 parasystole, whereas 1n the commonest form of
extrasystolic arrhythmias, namely those caused by ectopic beats with accurate coupling
and constant shape in the electrocardiogram, the extrasy should be con-
sidered to be a more passive ph d dent upon, and preciy d by, the pre-
ceding beat. This distinction will be discussed in detail.

The above definition of the scope of this book mncludes paroxysmal tachycardia as wefl
as auricular flutter and fibrullauon. The close refation of paroxysmal tachycardia to extra-
systoles 15 1 j Not only 1s paroxysmal d garded as a senes
of extrasystoles occurning n but also the ling of the first ectopic
peat of such paroxysms 15 a further and important hink between this paroxysmal disorder of
rhythm and true extrasystoles; the occurrence between attacks of 1solated extrasystoles of

the same shape and ling in the el d 15 an add [ observation pointing
wn the same direction. Flutter and fibriifation being due, in our opinion, not to a circus
movement, but to frequent ong 1bed focus, or focy, are more

ma
closely atlied to ¢ les than ! d. Whle their nature and mechanism
will be discussed 1n some detail, from a climcal point of view they form distinct entities and,
except for some remarks on differential diagnosis, the chimical aspects of aunicular flutter
and fibnilation and their ventnicular counterparts will not be considered as they are fully
4 d 1 current cardiologicat %
Other arthythmas which would not vsually be termed extrasystobe are included for a
vanety of seasons. For instance, sithout detaided analysis dissocration with interference
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cannot be hed from the varieties of ext and for this reason
alone had to be discussed 1n detail Moreover, 1t can well be argued that, in dissociation
with interference, the interfering sinus beats, even though they occur according to an
undisturbed sinus rhythm, are premature in the sequence of the otherwise regular dominant
A-V thythm and that ths arrhythmmia thus presents a disorder of rhythm which falls within
the scope of this book as defined. Alternans 1s included for entirely different reasons,
namely for historical ones and because of the effect of extrasystoles on alternation

We propose to use the term * extrasystole ™ as defined above, but also to employ the
terms ** premature beat > and “ premature contraction ” where applicable. As far as beats
which we do not consider to be extrasystoles are concerned the terms “ectopic™, “hetero-
topic ™ and “ automatic** will be used. The first two denote only mmpulse formation
at an abnormal stte, without any implication as to the presumed mode of origin  The
reasons for our contention that automatic beats should be separated from extrasystoles
will, we trust, become clear and acceptable m the course of this book







CHAPTER 1

HISTORICAL REMARKS

1t 15 safe to assume that from time immemonsal the rhythmie pulsations of arteries have
aroused the curiosity of man and that srregularities of the pulse have puzzied the physicians
as much as they have alarmed the patients. Some 3,500 years ago, some connexion was
thought to eust between the pulse and the heart: * In the heart are the vessels to the whole
of the body. As to these every phynican, every sextet-priest, every mapician, will feel them
when he lays hus fingers on the head, on the back of the head, on the hands, on the stomach
{? hieart) region ™ and ** he wall make exanmination of the heart on account of its vessels for
every member ” 15 stated in the Papyrus Ebers {Dawson; Bryan).

In ancient China, the begiamngs of the art of pulse feeling seem to be lost 1 the musts
of antiquity, but certamnly date from about 500 5.¢ (Read) Some records of the obser-
vatron of intermuttences of the pulse appear to go back to the sixth century a.C. and are
contamed in the Dyfficult Chapters of Medicine by Pien Ch'o (edited by Wes Yuas 1693)
{Hubotter) Intermttence of one pulse m fifty was thought to be compatible with health,
but with imtermsttences of one in forty, thirty, twenty and ten beats, one, two, three or four
organs respectively were considered diseased and death expected to occur an four, three,
two and one year respectively Interimttence of one pulse m every three or four meant
death within six to seven days and with every other pulse failing to appear the patiest had
only three or four days to live, no mustake about the prognosis was considered possible so
long as such rules were observed (Hubotter) In view of the fantastic ideas i ancient China
about the wmportance of the pulse—it was beheved that the site and nature of all diseases
could be dizgnosed from the pulse alone-—it 15 not surpnsing that vanous kinds of mter-
mittency, which were thought to denote vanous and definte diseases, were described m
detasl In the Pen tsao, or System of Medicine, which 1t ook Lt Shi-chen about thirty years
to compie i the sixteenth century A b, the chich pulse 1s defined as * intermuttent, slow,
with occasmonal missing beats ™', the tar pulse as “ ivegular, tremulous, beats occur at
srregutar itervals 7, and the tsu pulse as * runming, 1apid, with occasional missing beats ™
(Wang). When such distinctions onginated does not seem to be known with any degree of
certainty, a Pulse Claxsic of ten volumes existed about AD, 280 Some of these 1deas can
sull be traced in the eighteenth century (see below),

The first to describe what may have been extrasystoles was Herophilus (born 300 5 ¢ }
According to Arciers the term * diczotic pulse ™ 1s due to hum (Sicpares = double beating)
and he compared 1t to the jump of a goat, bemg accomplsshed 1n two actions  Hence the
term Pulsus caprzans  Herophilus also recognszed that the pulsations of the artenes are
caused by the heast beat and that they are rhythmic and  relation to age and disease

“The term ixporos 1n relation to pulse was alse used in the second century A D by Arche-
genes, and by Rufus {see Appendix A} (Liddell and Scott)

At about that ume Galen (132-201} published tus sdeas about the grave significance of
the internmttent pulse, sdeas which were to wfluence medical thought until the beginmng
of the twentieth century. Gales taught that of the wreguianties the mtermittent pulse was
the most dangerous (9, 293), 1t may produce sudden death (9, 544}, but there were many
varreties the most serious of which were p angd i 19, 584):
1f the second beat was more powerful than the first it was less sertous than if the second beat

B 1




2 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

was weaker (9, 294). The intermuttent pulse was considered by him to be particularly dan-
gerous 1n adolescents, less so in old people and tn children In the aged the body was soft
and its humours upset by smaller causes so that the body could rid itself more easily of the
evil humours. In children there was, 1n addition, a more effective concoction of the hormal
humours which was a further pont in assisting the eltmination of the evil humours and their
restoration to normal composition {9, 283).

If normal *“ propertions ', that 1s time relations between artenial systole and diastole,
obtain, the pulse was termed eurhythmus. (As Galen designated by diastole the expansion
of the artery and by systole 1ts ion, his terminology 1s ially the reverse of the
modern one. Thts should also be borne 1n mind regarding the wntings of Thomas Fienus,
discussed below.) If such tme relations were abnormal, the pulse was called arhythmus.
Amongst arhythmic pulses three varieties were distinguished by Galen according to the degree
of deviation from the eurhythmus, namely pararhythmus, heterorhythmus and ecrhythmus,
10 ascending order of abnormality. This classification warrants to be briefly mentioned
since the term * pararrhythmia ™ has more recently been revived, though with a different
and more specific connotatton While the terms heterorhythmus and ecrhythmus have
become obsolete, the word heterotopic 1s often used as synonymous with ectopic. What
Galen termed intercidens pulsus may perhaps have been interpolated extrasystoles. (8, 515;
19, 409, als0 9, 471 )

Galen also distingwished between the pulsus caprizans and the pulsus dicrotus: whereas
1n the former there were several pulsations in one systole, m the latter there were only two
(19, 640). For extracts from the original, see Appendix B

That Galen’s views held sway for many centuries 1s common knowledge, the extent to
which his teaching about the pulse donunated medical thought until the seventeenth century
and influenced 1t even later, and the difficulties with which his assertions were subsequently
replaced by the result of observations 1s truly astounding

A medieval reference to bigeminal pulse may have been contained 1n the consil. 266 of
Bartollomeo Montagnana (sentor), Professor of Medicine in Padua 1422-1441 (Fig. 1).
His patient was a youth named * Federicus, of the famous city of Vicenza and the cele-
brated famly of Verlactius . After it the symp M goes on to
explain them accordmg to current theory, that 1s giving the * formal ** (we say * screntific ™)
explanation The aenal spints conveyed 1n the arteries are contamunated by evil vapours
The more the vapours accumulate, the more aecessary it s that they be cleared, and the
heart therefore works faster and faster in order to get nid of them Then he continues-
“ But this 1s the * formal” cause of the bigeminal pulse Therefore the bigenunal pulse
appears 1n this youth with a tremulous movement of the hcn.rt; as I have said.” (See

In the sixteenth century Galen’s teaching seems to have been generally accepted and
repeated without any q An ing d held, between 1551 and 1554,
entrrely 1n accordance with Galenical views on what we would now regard as a case of extra-
systolic arthythmia following dysentery, has recently been published by Friedenwald. One
of the earhest monographs on the pulse, Petropaulus Galea's Tractaus de Pulsibus, 1597,
reiterated Galen's views.

A few examples taken from authors from the sixteenth to the eighteenth centurres may
be quoted 1n some detail 1n order to show the hold of the Galenical teaching at that period
and the way n which 1ts valuc came to be doubted. The part played by humoral pathology
will be noted

Petrus Salius Diversus, 1n his De febre pestilenti Tractatus, ctc. (1586} wrote that two
signs indicated impending cardiac syncope and sudden death: first, a sensation of sudden
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< ion of the heart d with collapse, pallor and perspiration, and: “ the sec-
ond 1s that in these [patients] an mtermittent pulse sometimes occurs, if the internussion
extends beyond one pulse great danger threatens and it signifies that such syncope 1s
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imminent, which mtermisston, as well as the feeling of suffocation, ongnates nowhere
else but from that amount of thickened blood which obstructs and imparrs those vessels and
internal parts  (See Appendix D)
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Similarly Ballonius (1538-1616) in his Consthorum Medicinalwm Libri II: * To revert
now to the interruttent pulse. Sometimes a pulse intermits for the greatest possible interval
n 2 single beat, sometimes longer, for an interval of two beats. This fatter is fatal and no
one ever recovered from it. Galen observed an intermission occupying an interval of one
whole pulsation or a little longer in many who recovered, particularly in patients of advanced
years or in the prematurely aged.” (See Appendix E.)

Thomas Fienus, 1567-1631 (in Stmrotice, sive de Sigms Medicis, Tractatus), distinguished
between intermittens singularis and mternuttens systematicus. It scems that, by the former,
he understands the ““intermission in one diastole *’, by the latter occasional intermissions.
He considers the *“ single ™ intermissions very dangerous and signifying impending death
whereas the occasionally or periodically occurring ones are less dangerous. For this view
he gives the following reasons: the * single ™ intermutting pulse he supposed to be due to a
cessation of movement 1n one drastole, or one pulsation, this being due to impatrment of
the constitution of such a degree that a whole diastole could not be completed without its
latter part being interrupted. The occasional mtermission, on the other hand, he con-
stdered caused by the suppression of an entire diastole after several normal pulsattons, and
he reasoned that it meant a greater degree of weakness on Nature’s part not to be able to

plete one movement, or one pul , without a pause, than to require such rest after
several movements, that 1s several pulsations Moreover, the former variety signifies, not
only weakened faculty, but also 1ts increased activity, producing the beat after the pause,
for 1f such did not come to the rescue, Nature would not complete the diastole, but would
cease activity altogether,

From the intermittent pulse Fienus dist ished the pulsus cap in the former
there 15 a difference 1n the pulse only mn regard to speed (that 1s time relations, or rhythm),
whereas in the latter such differences exist both in regard to time and strength. The etrology
of the pulsus caprizans was, 1n his opinion, the same as that of the intermittent, but the
former had also a favourable side to it since the latter part of the diastole had a strongir
. . . L. LR [ E SN ey -

PR SNt MU

extrasystoles, he seems to have noticed that the post-extrasystolic beat tends to be stronger
than the normal ones. The pulsus dicrotus 1s distmguished from the pulsus caprizans, but it

senses. (For extracts from the onigmal, see Appendix F.)
As to the conditions which were believed to cause the intermttent pulse, faulty crasts
of the blood, weakness of the apimal spinits, and obstruction—particularly by polyps—may
be mentioned as important examples
Regarding the first of these, Lower (1631-1691) wrote in his Tractatus de Corde, 1669
** The movement of the heart 1s changed by the blood when 1t 15 coagulated and con-
gealed, exther by mixture with a foreign substance, or by withdrawal of its own constituents,
so that 1t completely closes its own path and passage  This sometimes happens in plague
and 1n poisoning, and as a result there follow those very serious symptoms, namely, heart-
trouble, tremor, palpitation, intermittent pulse, and finally syncope and sudden death.”
{Translation by K F. Franklin) 5
A combination of the Chinese * art ** of feeling the pulse with contemporary views on
pathology are found in Sir John Floyer's (1649-1734) Physician’s Pulse-Watch (1707), 1
will prove by the following Relations that the Chinese have fm'md out the real Art of feelng
the Pulse * (1, 228) ** Whatsoever hinders the Heart from its alternate Contraction and
Restitution, of else hinders the Blood from flowing in and out freely, and diverts the Blood
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from flowing towards the Brain, produces an intermutting Pulse, or imbecillity of the Spirits,
or Syncope, if the Artenes be obstructed by a Stone, there is preat Pamn, if by a Polypus,
Weight, Patn, a defect of blood, or Plethora, as well as the great Acrimony and Viscidity of
Blood or Windiness, convulsions Passions, and compression on the Nerves by Tumours,
produce an intermuting Palse ™ {1, 35.) The pulsus dicrotus is distinguished (mter alia}
from the pulsus caprizans (1, 30).

The view that the vartous diseases of the various organs manifested themselves 1n the
pulse and could be diagnosed by exercising the proper art of feeling the pulse was stulf held
towards the end of the eighteenth century, as shown sn Fouquét's Essai sur e Pouls, pub-
hshed 1767 (H Fouquét, 1727-1806)

Snnlarly under the influence of the humoral theory, Friednch Hoffmann (16601742}
stated in Yus Medicina rationahs 53 stematice 10 1738 Indeed, the unegual pulsation of the
arteries, pow great, now smali, now raped, now weak, alsointermittent, may occur when the
free passages of the blood through the coronary vessels, ot also the ventricles of the heart,
 tmpared by some obstacle, or the tenacious thickened blood adberes 1 the coropary
vessels, or a fibrous or polypous concrement in the auticles or the cavities of the ventrieles
or vessels of the heart, or else it may occur if the thick and coprous blood is accelerated,
surges to the heart and temporatily suppresses s systole ™ {See Appendix G}

While 1t walt be shown below that down to the beginning of the present century the inter-
muttent pulse was widely held to carry @ senous prognosis, it 1s epportune here 1o point out
that dissenting vsews were put forward at an early stage, supported by observation, but
fasted to gasn general suppert  An early 1nstance 1s contained sn Joseph Struthius’ {1510~
1578) Sphygrmcac artis wam mille ducentos annos perditae & desideratae librs V of 1555, i
which he wrote' * Whte I was with the Turkish emperor Sultan Suleimaa Sachus I got to
know of a certam Turkish soldier who in an acute fever always had a dicrotic pulse. which
after the dliness had subsided was in no way changed, with signs indicating with certainty the
convalescence of the body' wherefrom I snferred that nature had gven him this type of
pulse It ss therefore most expedient that people when they are well should often meet the
doctors to whom they entrust themselves dunng ittness  For the family doctor or hus friends
can eastly remember what the pulse was yesterday (1 ¢ recently) during health when he has
already been taken it and he will duly netice how much st has changed 11 wdeed you
should encounter 2 bad and sernious pulse 1 2 patent whom you do not know and whose
artenies you have not previously touched before he was taken ill, remember thus sule  If
from all the other signs the disease appears to be without danger, 1t should be realized that
the ternfying pulse 1s Fust] a natural phenomenon, or was i facet present before this fliness,
because of some evident cause ' (See Appendix H.) (Some of this 1s not without some
topical smportance some four huadred years after it was written }

Another early and similar view can be found i Johann Weyer's (Wierus, 1515-1588)
Medicarum Observationum Librs {1, In 1t the case 15 descrbed of the noble Rutgerus of
Ratdwick who, during a most maligaant fever, showed an watermuttent pulse with every
third beat, then a pulsus caprizans  But Weyer, although by no means ignorant of the grase
progrostic sigmificance which, without exception, Galen had attributed to ths pulse, did
not conssder its presence as a reason for desparr. At first, it caused Weyer the greatest

anxiety about lns patient, but, having found other certaan signs of impending recovery, he
atinibuted the )atermittent pulse to the great strupgle of nature with the disease, whatever
the meamng of the srregular pulse may have been  And after a coprous evacuation the noble
patient recovered

‘Weyer's more general conclusions are not without interest to-day. The outcome of o
disease depended w fus opimson on the relative strength of Nature and the mortd cavse. I
they are equal, no chanpe enher way takes place. If Nature 1 superior the patient wil}
recover, 1f the reverse, he will die. Every continuation of pulsauon sigasfies the strength of
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the vital faculties, its default, that is intermisston, their weakness. From this he deduces a
simple numernical scheme regarding prognosis: if one intermussion 1s felt after two pulsa-
tions, this indicates two grades of strength and one grade of weakness; since one grade
cannot overcome two, such a pulse cannot therefore indicate rmmunent death  And even
less 50 a pulse which shows one intermission after a series of ten or twenty beats.

This was not the only instance of intermittent pulsc in which Weyer saw recovery The
other occurred 1n his son * Henricus Wierus ”, doctor of philosophy and medicine  * Be-
cause of industrious hard studies in Bonn he fell 1ll with sumilar palpitation of the heart,
with a disordered pulsus caprizans which was often intermittent. But by venesection, under-
taken according to good practice, and also by adopting the precepts which, according to
our art he judged useful, by God’s singular mercy he regained his full health.”

For extracts from the original, see Appendix I

Weyer's observation was extensively quoted in Gregor Horst’s (1578-1637) Opera
medica (1661), prefaced by an admomition to be cautious in the evaluation of the intermuttent
pulse, however great the temptation to foretell the future * Though people admure and
praise the doctor for nothing so much as his ability to predict the future, since nothing in
medical art appears more muraculous than to predict by certain signs approaching recovery
and death, nevertheless one should proceed not rashly, but with cautton, as Hipp. often
counsels; for this reason follows the observation of Wierus regarding the cure of a malignant
fever, 1n which the significance of the intermittent pulse 1s discussed, and whose words are
as follows: ” (Follows an extensive quotation of the above observation of Weyer) (See
Appendix 1)

A similar observation is to be found 1n Schenck & Grafenberg (1530-1598), particularly
interesting since this may be the first report of such an arrhythma observed by the author on
himself On feeling his pulse he found an intermission after a varying number of beats,
numbering from four to thirteen, and knowing the very grave sigmficance which Galen
attnbuted to this he was at first filled with the greatest anxiety. But then he noticed to hus
relief that he could not find anything else wrong with himself, also he was getting on in age
and remembered that, according 1o current views, the mntermuttent pulse was less ominous
at this stage of ife  So, lest hus health become impaired, he took himself 1n hand, was care-
ful with his diet and avoided food which might obstruct the veins in the heart’s vicinity or
undermine or weaken the strength of the heart And after nearly a year the pulse became
normal again  (For extracts from the oniginal, see Appendix K )

A similar fortunate outcome was recorded by Amatus }.usx(a}ms (l’fl lilgés). It con-

to weakness of the constitutron, and, acting on this assumption, he was able to cure his
patient by strengthening the heart, withd g and then the h and
purging  With this treatment the pulse changed from being heterorhythmc (which accord-
ing to Galen denoted a great degree of deviation from normal proportion and harmony) to
pararhythmic (a lesser degree of abnormality) and finally to the normal eurhythmee. This
may be the first observation 1n which 1t was specifically mentioned that the intermission
tasted for the tme of two normal pulsations (see below). This report 15 also noteworthy in
that 1t contains a primtive tabular presentation of the various kinds of arthythmic pulse
according to Galen's classification. (For extracts from the ongmnal, sce Appendix L.)

The most outstanding seventeenth-century cun.lnln:'lion in this connexion is that of
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in something a diverse manner than in its palpitation or trembling: For in these as to ns
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motion it 1s amuss and srregular, in the other as to s rest; for it 1s sometimes twice as long
as 1t used 1o be according to its ordinary course.

“ First, we ought to distinguish this affection, which (unless 1 am greatly deceived) hath
two distinct ways of being made; For although sometimes the Pulse does mtermut, because
the Heart ceases for that tme from motion; yet bessdes the Pulse being felt someumes
seems 10 sntermit at the Wrist, whilst the Heart is perceived to shake (as it dogs in s tremb-
fing) most swiftly and incessantly mn the Breast: The cause of which I suspect (o be, for that
this passion of the Heart urgsng a very little portion anly of Blood, 15 cast forth at every
Systole imto 1he dorta- Wherefore this being void and growing flacaid, and wanting sts load
10 be moved away, lest 1t should act so often in vain, it ats
and seems even as th the untoading of & Ship when the wares are more difficultly, and by
some fet for a time, stard 1 drawing them forth of the hold, the Porters that carry them are
put besides or pretermit some turns of gomg and coming  Further, in malignant or deadly
Fevers, if at any time the Pulse be quicker and weak, 1t also then mternuts, the reason for
which s aot that the Heart sometimes ceases from motion (for it then mostly and nces-
santly labours) but for as much as the Blood 15 not carned with enough plentiful provision,
by every Systole mto the Aorra, wherefore this wanung work to do, sometimes grows
wite

* But moreover the Pulse sometimes witermits, because the contractwon of the Heart at

self is suspended for & ceriain Lme, OF 1S panse 15 twice fonger, which indeed any one may
eastly find 1n humself of another, by putting fus hand to the Breast, yea those who are sick
as often as the Heart ceases from motion, may planly percenve o 1a themselves, by the
wesght and oppression of the Breast  Moreover this affection does not so much happen to
the tangmg, those about to dye, or that are dangerous sick, as to those well enough and as
to many things m good order, whesefore it ought not always to be taken according to the
oprmion of the vulgar for a dasease, or for a very pernicious or so hurtful 2 sign. These who
ate obnoxtous to this, are wont to be traubled for the most part also with the Ferrigo, the
Headach or I Affections But ths defect of the Heart 25 to its type 1s vanous, for
now the pertods of Intermision are certamn, and determaned to 8 certain change of the
Pulse, to wit, the third, fourth, fifth, or serme other more often or more rare, now they are
uncertan and wandring, as & cessaion now happensafier a few Pulses, by and by after more,
The vibrations of the Artery whilst they are contigued are well and strong enough, and for
1he most part equal, but yet sometimes the fisst Pulsation s the greatest afier the rtermussion,
that which succeeds a {xttfe lesser, and so by degrees they are lessened vnts the intermission
comes agasm, then afterwards a great Pulse beginming, it descends again as 1t were by a ladder
to a cessation,

* 1 have known some {sp much as the busiaess conld be made knows to our observation}
that were always endued with an mtermitting Pulse, so thas I never at any time touching the
Artery could find it otherwise, and 11 the mean time they seemed well enough and come
plamed of no sickness  Bug however I have known others also to have had an imtermtiing
and more sjow Pulse than ordinary, only when a cruel Headach or some more grievous
Affectson of the Head was present or neer at hand

“ From these | think 1t appears that the cause or formal Reason of the Affectton, but
now desertbed, does nat depend upon the mustion or Crases of the Bload, but ouly from the
irregular dispensasion of the anmmal Spirts from the Cerebel mto the Cardiack Nerves, and
from thence into the tendons of the Heart. For it may be well suspected that by reason of
those Nerves being somewhat obstrocted, the ammal Spirsts cannot descend to the tendons
of thus Muscle with & full Channel or mflux: Wherefore as thewr provision 18 something
deficient, the Monon of the Heart ceases forthwih for one Pulse, unb! more plenty of
Spirits betng restored presently #ts action is continued- So we have seen a Mili drven about
by & smadl Stream, the water sametimes falling and growang scant, to stop or go slow for a
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little time, and presently when the water flowed or rose higher, to repeat its rotation or
going round.

“ Those whose Pulse is great of it self and strong cnough, and 1s wont to intermit, are
not only obnoxious to Head-aches and vertiginous Affections, but for the most part also
to the Jncubus and sometimes 1o the Apoplexy: For if it should happen that the Cardrack
Nerves at first not enough open and fitted, should be afterwards wholly obstructed, there
will be for that reason a necessity, the Heart (which 1s the first Elater) being made immone-
able, that the whole Machine of the amma! Body should presently cease from motion and
consequently from Life.

* Although this affection having no present disturbances or danger requires not any
hasty cure, yet for preservanion sake, lest more grievous discases should follow, Remedies
and a certain Therapeutick Method ought to be prescribed, at least the means or way of
lving, as to the ordering of all things rightly 1n the whole Life to come; yea a certan light
course of Physick, to be observed yearly in the Spring and Autumn 1s wont to be prescribed,
vz that as much as may be all the morbid seminaries lying within the i xédador, or apt to be
begotien, may be taken away and provided against.™

These wntings of Willis are remarkable in several respects. First of all, he pointed out

quite clearly, though with certain reservations, that the intermuttent pulse is found in other-
wise healthy subjects, that it may be present for a long time, and 15 not a sign of danger.
Some of his observations convey the impression of possibly having been made in patients
suffering from psych is 1n which les are known to be & common occur-
tence. Moreover, he had noticed two essentially different mechamsms underlying this pulse
rrregularity, namely, on the one hand the omission of one cardsac contraction, and, on the
other, the failure of a palpable pulse at the wnst though the heart continued to contract
In retrospect this may have been the first distinction between dropped beats and extra-
systoles To what extent such interpretation can be given to observations made long before
the discovery of auscultation, let alone that of more modern graphic methods, s, of course,
doubtful Should ths interpretation be correct, some of the features characteristic of prema-
ture beats and the good prognosts which 1s now known to be carnied by the majonty of
extrasystoles would seem to have been attnbuted by Willis mainly to that vanety of the
intermittent pulse which would correspond to dropped beats The failure of the palpable
pulse 10 occur at the wrist was attnbuted by Wilhs to the small quantity of ejected blood,
which 15 11 accordance with modern views and seems to have been entirely overlooked by
those who later put forward the theory of hemusystole {see below) Another astounding
observation was that the intermussion 1s sometimes twice as long ** a5 1t uses to be according
to its ordinary course “—perhaps the earliest observations that the sum of the ntenvals
preceding and succeeding a ventricular extrasystole equals double the cycle length of the
dominant rhythm, Such time relations were to be of fundamental importance for the
analysis of extrasystohe amhythmias more than two hundred years after Willis's paper.
Willis also noticed the greater strength of the pulse followtng an intermussion (for an earlier
simular observation by Fienus, see above) Another striking passage 1 Williss paper 1s his
therapeutic advice: the p: t importance of suitable adjustment of the patient’s
general mode of life 1n the treatment of this condition has lost nothing with the passage of
close on three hundred years.

Lancist, m 1707, not only expressed limself agamst the Galemcal view of the grave
sigruficance of the 1ntermittent pulse, but also supported this by having observed this
irregulanty in himself for six years, with complete impunity regarding his general health
and subsequent disappearance of the arhythma:

* And first of all, as far as the abnormalities of the pulse are concerned, although, in
some, the inequality and intermittency is such that Galen was able to predict from 1t Anti-
pater’s sudden death, according to our observation this sign is by no means fatal, not only
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i children and ofd people, as Galen asserted, but even in young and steong mdivduals,
when the disease proceeds from poor nutrition of the organs or from the irntation of the
hypochondria, where perhaps intermuttency of the pulse was constitutional, as 1 the case
of one Oeconomus, whom Galen himself frankly admitted was guste healthy and atloved
him 10 resume hus customary occupation. Surely if only an itermittent pulse affects a man
who otherwise 1s in good health, this should dissuade the Best doctors from foretelling sud-
den death; rather shou!d thus raise in them the hope that 1t 1s a shight sllness and that he will
escape anything more serious and that it can be removed by the appropriate yemedy. The
truth of this T proved by an experiment on myself. For fifteen years, without a break, I had
been conscions of the contraction of my heart, and thereafter 1 had suffered from an sater-
muttent puise for $ix years (and 1 had observed ths longer 1 others), ansing from sympathy
with the hypochondria, At Jast, 1 made a perfect recovery, treating myself with great care,
with thubarb, chalyb and jutee of vipers  Therefore, i arder for the intermuttent pulse to
be a certain Sign of unexpected death it 15 necessary that all kinds of meguahity are jomed
together, palpitations, shortness of breath, and other simular affections of the chest about
which more below.” (See Appendix M)

A mote speaific progrostic significance of certan pulse wrregulanties formed the subject
of a large tome  Laprs Lydos Appollims, by Franaisco Solano de Lugue (16881738}, pub~
hished 10 1731 i Madnd. Solano stated to have firmly estabhshed withoat (having hmself)
any doubt, that the intermattent pulse indicated an approaching critical diarrhoea, that the
length of the mtermission was a measure of the amount of the discharge dunng the im-
pending critical diarrhoea, the timung of which could also be foretold by the intermission,
If the intermittent pulse was soft, the cntical diarthosa was associated wath ertical diurests,
sf hard, with vormutng, {One wonders whether, 1n the smudst of all this purely speculatine
and unfounded long discourse there 15 not here = gram of sense ta that Solano might have
been aware of the signs of impending uraerua, though 1he tenor of hus disquusition lends
hutle support to the mterpretation that anythung he wrote was based on observation.)
Contrary to Galen, and e conscrous opposttion to Galen's teaching, he emphasized agam
and agam that such intermuttency was a sign of extremely good prognosis  The reason of this
association between snteymutiency of the pulse and crincal diarrhoea was based on bumora!
theory and believed by fum to be the following: In order to nd the body of the morbid
material Nature concentrates its strength and efforts on therr evacuation and, to achieve
this, temporardy suspends other activities, ncluding the pulse beat  Consequently, the
larger the quantity of morbid matersal to expel, the Jonger the concentrated affort and thus
the sntermission has to be.

The origual work 1s not eastdly
amuss (see Appendix N and Fig 2)

Just as the pulse cnticat darthoea, 50 Bispulsacién v,
that 15 the dicrotic pulse of the ancients, was considered a sign of approaching epistaws
{cniticat pasal haemorrhage), s time of occutrence could be foretold by the frequency of
the “ tuspulsacsdn ™ wirh one 1n thurty beats 1t could be expected m about four days, with
one every alternate, or with each beat, withun twenty-fonr bours In a simlac way the pulsus
wcsduus mdicated an impending entical sweat  Theroute of chrunation seems to have been
conswdered determined by the kund of morkid matenial to be got rid of.

Solano's teactung was considered to be of the greatest importance and attracted much
attentson beyoad the borders of Span James Nihell went to  the Doctor ™ especaally 1o
study the new dectrine at the source and, sccording to Ins New and Extraerduary Gbser~

vations concerming the prediction of various erisex by the pulse (second edition, 1750) seems
to have been greatly mpressed by Solano’s teaching  His admration, however, was not
without himts; he thought that there were & £ from und: data, that
Solano's rules were too absolute and extensive, But Nehell was lement it his cnticism®

and a few may th not be
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* However, such a Mistake was particularly excusable in the Doctor, whose Erudition in
Medicine, and knowledge of Natural Philosophy, was, according to the unhappy State of
Learning in his Country, too weak to counter-balance the deep and overbearing Impresstons
which a great Number of new and extraordinary Facts had made on his Imagmation.”
(Author’s italics.)

Others were less critical and more enthusiastic about Solano’s great discoveries. For
example, Fouquét, while querying some finer details of Solano's views as to the kind of
morbid material which produced the several kinds of irregular pulse, defended Solano in
10 uncertarn terms aganst Nihell's suggestion that Jack of erudition might have vitiated his
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work- * mats pourtant tout cela vaut son prix, mas les découvertes de Solano dureront au
dela des siécles, & les pémbles chef d’oeuvres des erudits, semblables A des phosphores
Iégers, n’auront fait québlourr un moment * (Essai sur le Pouls, 1767, p. xxvij
Solano's mterpretation was accepted by Laennec (1819, .§ 675, p. 236)-

La derniére

:iécouv‘en par Solano de Lucque.” Laennec also accepted Solano’s teaching regarding the

other vaneties of irregular pulse. . . .
Doubts about the universally bad prognostic significance of the intermittent pulse,

based on grounds more similar to those of Willis and Lancist, were expressed by other
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wrstess of the eig! hocantury A gst thase may be d E, A, Micolas (1722~
1802). According to his Theorensche snd praciische Besrachiung des Pulssehlages (1746), o
disinction should be made between a pulse miermuttiag * von Natur oder wegen esner
ublen Beschaffenhent des Korpers and da Ubnigens der Mensch gesund ist * {we would say-
constitutionally 1n an otherwsse healthy mdividual), and that vanety due to ™ widernati-
Iiche Ursachen ™, by which he und; a i of the card lar system, such
as polyps, ulcera in the vessels, ventricles or auricles (* Ohrlaplein ')
A simufarly more diser of the si| of pulse intermissions 1s
found 1 Senac’s (16931770} Trautd de la structure du caeur, de son action ef de ses maledies
{1749). He enumerates some of the different condstions which may give rise to such inter-
muttency and concludes that because of the vanetses of causes the srregulatity dees not
atways denote the same condition. Tn ald peaple the inconstant pulse was due to the harden-
ingof the arteries due 1o dryness which <ause an unsteady flow of the bload and the * spuats™
mnthe nervous tubes. Thearrhythmyashadagreater importance mmahgnant fevers Hesums
up by saying (p. 217-8)" “En généri, de quelque espece gue s¢ient les mierrissions, ciles
ne suffisent pas seules pour qu'on pursst Prononcer SUT I morg ok sur la vie 52 efles som
dangereuses, comume on ne sqaurolt en douter, elles se sont souvent termundes heureusement,
clest ve qu'on peut assuter sur e témoignage coastant de Pexpertence, presque taus Jes
Praticiens avouent qu'aprés des in(ermssions qui ne par laisser aucane

drvers malades sont parfarement guéns™
Senac exemphfied the intermittent pulse by the fasture of a pulse 10 occur at the third
second, assumung an otherwise regular sequence of one pulse per second. From thus he
distinguished the * ponls ntercadent, celul-ct consiste en ce qusl survient entre denx
une put qu'on 5 pas "-—which, 1n retrospect, may have been the

first clear description of an wterpalaied extrasystole
Marguet (1747) deseribed the vanions types af pulse m terms of & speesal musteal gota-
non  The normal pulse was expressed as a crotehet between two hoszontal lines; nermal
rate was indicated by such crotchets being put at the beginming of o bar which was divided
1nto five parts by egually spaced verticat hines. A mimm ndicated a farge pilse, a quaver, a
simal} pulse and & semi-quaver the vermucular pulse  The position of the note denoted what
we could now ¢calf the tension  below the fower horizontal hine a * pouls conceniré ™, on
the lower ine a pulse more difficult to palpate than normal, between the two horizontal
hines normal tension, and on o above the upper hine types of pulse more casily palpated
{* pouls éleve ” and * pouls superficiel ). The dfferent chinical conditions which were
thought to give rise to the diverse types of pulie were described largely in Galemcat terms.
Regarding the signsficance of the sntermttent pulse Marquet stated that generally it
carned a bad prognosis  Bul amongst the duferent vaneties the * pouls éclipsé ou snter-
cadent ™ and the “ pouls inégal ™ were considered nearest the normal  Regarding the for-
mer ™ o bat réguliérement pendant dix, vingt & quelquefors teente pulsations plus oy
mosns, puss 1l s¢ concentre sans se faire sentir au tact, ensuste 1 frappe fortement & brusque-
ment, def i conunue son tram 3 Pordinare * Marquet encauntered this kind of pulse
1a subgects wha were troubled enly by frequent vapouss and be believed 1t to b2 due (o ar
bubbles asrenlating with the blood- when these passed through the heart this could didate
only feebly and as a result cardsac systale and artenat dsastole were umpercepuble, guasy
suppressed. His observation that this kind of palse was habdle to oveur yn divers was ex-
plamed by the fact thas they held thew breath for 2 long ume and that air compressed 1n the
Jungs entzred the blood vessels  In fus musical notation the intermission s indicated bya
space without a note, the karger pulse afier the intermission by A mumim on the upper hae
m order to sigmfy a larger and less eawnty suppressed pulse. The swronger pulse after the
wntermssion 35 atinbuted to the strong and brusque pulsation of the heart due to the greater
guantsty of blood in the heart after the mtermissson. This description seems 1o be miost
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suggestive of abortive extrasystoles followed by a large post-extrasystolic beat though
dropped beats cannot be excluded. (Sn' Fig 3a.)

The * pouls inégal & xnlcrmutcnl , also considered to approxxmnlc lhc normal pulse,
was characterized by T ¢ (* un peu préciy ") 7 ions (sce Fig.
3b)

The * pouls inégal & intercurrent ™', being without any regularity, seems to correspond
most closely to the pulse in auncular fibnllation
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Fig. 3b.

Fic 3 —Marquet, Nouvelle méthode fazule et curtense pour connottre le pauls
par les notes de la musique  2nd ed | Amsterdam, 1769 Figs 19 and 20,

(For a reproduction of Marquet’s musical notation of the pouls caprizant, vide Bedford.)

Marquek lhough weH known for his method to express the various types of pulse 1n

- ~++~dncn More than a century before, Hafenreffer (1587-

f mustcal notation, based on the Monochord

palpatng fingers, and some relationship was

thought to exist bet\veen the Mclodme Cardinales & Radicales”, namely bass, treble,
tenor and contralto, and the four elements fire, air, water and earth
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Itempeftive tempus perturhis mods
bis feriendo, Dicrorus,modd & faltu feu
guodam hiatu caprx Itals Gazelle di-
&=, fimilicudine fumym, Auncupatus
habetar pulfius Goprazans. Sicut enim
dictum animal uno & codem tempare
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Heberden (1710-1801) (paper read on 7th July 1768, publshed in 1786) denied that the
termutting pulse had any significance: * Some books speak of intermitung pulses as
dangerous signs, but, I think, without reason; for such trivial causes will occasion them,
that they are not worth regarding in any illness, unless joined with other sig
moment »*. He also observed that such arrhy ias may p aly

ns of more
in patients
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4 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

physician . Amongst such causes he mentions flatus, This may be an early description of
what we may now regard as extrasystoles precipitated by way of reflex from the gastro-
ntestinal tract.

An instructive example of intermittency of the pulse most probably duc to anxiety and
certainly perpetuated by st, as well as cured by appropriate treatment, is contained in the
following passage. 1t concerns a * certamn very experienc’d and judicious professor of
phystc at Bologna ™', who worried greatly about hus intermittent pulse; ** yet the very same
gentleman, after having not disdain’d to take my advice, though a young man, which was
to apply his fingers to his pulse much less frequently; and having, in consequence thereof,
less increas’d the anxiety of his mind upon the occasion, the intermission soon became much
less observable; till at Tength, by not attending to it, it entirely vanish’d away ™. Morgagm
had also observed that such intermittency may be due to cardiac factors, or causes in the
** neighbouring trunk *, or both, and ™ then, indeed, I must confess, st becomes a symptom
of importance, and we are under a necessity of conssdering 1t as such . In such general
form this view 15 ptable to-day, for extrasystoles are known to indicate tnvolvement of
the heart 1n infectious diseases as well as sometimes being the first sign of an otherwise
asymptomatic coronary sclerosis. Discussing cardiac abnrormalities in wnstances of inter-

we to conclude? Will these causes, which, when separate from cach other, are always
unable to produce an intermission of the pulse, be always, or almost always, able to produce
this symptom when they are join’d together? As, in order to discuss these points properly,
a much greater number of observations are requir’d, 1t will be suffictent at present to have
pointed out those things which do not always answer.” What an impressive example of

will become apparent as one of the central themes 1n the course of this book.
Views stmilar to those of Senac and Heberden were held by Maximilan Stoll (1742-
.

quoted I;y Nothnagel nearly a century later (1876).
Skoda (1805-1881) emphasized (1850) that, while disturbances of cardiac thythm may
unques(mnab]y be due to orgnmc c:\rdmc disease, 1t was certain that the mos! pronounccd
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auch seyn ma};, kann man desh:\lb nie den Schluss zichen, dass eine orgamsche Krankhest
des Herzens vorhanden sey”. (p 233))

Howewer, n spite of sucl\ wmmgs, Galen s View held sway until the begmnmg of the
e et nm et * =3 the > most senous

ery great wmport ™.
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HISTORICAL REMARKS 15

Fothergill’s tabular of arrhythmi d in his earlier paper of 1870
(see Table 1) is a good illustration of the jdeas prevathing about cardiac arrhythmias at that
tme. The complexity of conditions, which may gtve nse to cardiac irregularities, became
ncreasingly realized and 1nterest shifted to the study of the underlying causes, investigated
by expetiment and chnical observation.

Praer hee e
1 Visncstiaeof Blood | . '
Cardiac Muscular power  { L
Irregularity
2 Dustension Excessnc distension, rmm lempomry action of causes above
1s due to = Imperfect d sevel ~—from want of
Irntability of cardiac _ blood to distend the chmmber walls
Disturbance gangha + control- Exhaustron of sympathetic,~—from fatigue, debauch, withdrawal of
Iingacrionof vagus | | _nerve-force for purposes of digestion,
of Balances Chrome cerebral disease, &c —{Rechardson)
n— 3 Cardizc Gangha
Controlling action of )
AL V1 Ldiuidy
the vagus newrotics” _ Paralysing the carduc ganghia | 35, aconite,
or exciting vagus— i

TasLe 1.—From Fothergill, ] M (1870) * Cardiac irregulanty  Lancer2, 851,

Of the vanious factors tabulated by Fothergill, as r ble for cardiac archyth
two seem to have attracted most attentron® the 16le played by the cardiac nerves, and dxs-
proportion between the strength of the heart and the amount of work it had to perform,
with the additional importance of cardrac distension

Traube (1818-1876) was ane of the protagonsts of the importance of the cardiac nerves.
He was the first to specify the pulsus bigenunus as a chinical entity (substituting this term for
fus earlier one of “* zweispitzige Wellen ” = bifid waves) (1867, 1872), and attributed this
arrhythmia to a paralysis of the spinal inhibitory cardiac centres assocrated with increased
ritabshity of the cardiac component of the mhibritory spinal nerves While Traube has to
be given the credit for clearly distinguishing between the dicrotic pulse and pulsus bigemunus,
by starting a confusion between the latter and pulsus alternans he was to obscure the signifi-
cance of these two conditions for a considerable time to come. Both the bad prognosis,
which Traube atmbuted to the pulsus b and hts expl of this ph
were soon ch d (R 1877), but the confi between & and all
persisted much longer (for mstance, Gerhardt, 1896, Mackenzie, 1902, p 94), {see also
chapter on * Coupling”) Amongst those who considered the action of nerves as xmponam
1n the onigin of cardiac arrhythmias may be mentioned Notk (1876) who
abnormal activity of the automatic cardrac gangha and the possibility of vagal stimulation
by way of reflex, and Baumgarten (1888) who mentioned as causes wnfer aka abnormal con-
ditions 1n the medullary cardrac centre and disturbances of the cardiac nervous system both
1n 1ts cerebral and intracardiac portions, also reflexes ongmating from distant organs, Ina
way, Tripier’s assertion of the constant association of a slow and arrhythmic pulse with
epilepsy belongs to this conception

The view that disproportion between the strength of the heart muscle and the amount
of work whtch 1t has to perform was the main cause of cardiac arrhythmuas seems to have
played an even greater role. Thiswas based on the observation that, in certarn circumstances,
in¢rease mn the resistance to cardiac outflow produced arrhythmuas, and led to the belief
that such arrhythmias in man signified the presence of heart disease which mmpaired the
heart’s contractile power




16 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Knolland Heidenhain, both in 1872, found experimentally that, in certain circumstances,
raising the blood pressure resulted 1n cardiac irregularities (later confirmed by Henng in
1900, and Rothberger and Winterberg in 1910).

The cltnical application of such observations was the assumption that impaired cardiac
function, caused by myocardial disease and often d with di ion of 1ts chambers,
was the chief cause of such arrhythmias Such views can be found in papers by Fothergill
(1870, 1872), Nothnagel (1876, rather guarded inasmuch as he enumerated a fong list of
conditions ncluding many other than cardrac disease), Riegel (1877), Rosenstein (1877),
Dehto (1893, for those instances tn which atropine failed to abolish arrhythmias the distur-
bance was located in the automatic mechamsm of the heart itsell) In 1893 Mackenzie

garded the bi 1 pulse ** as evid of a jaded heart ” and ** always assoctated with
evidence of failure of heart power “"—a view which he was to change radically i the course
of the next twenty years As late as 1898 Riegel, who had extensively studied cardiac
arrhythmias, wrote that, from a chnical pornt of view, the commonest cause of all irregu-
lanties of heart action were diseases of the myocardium. The disproportion between car-
diac energy and the resistance to be overcome by the heart beat was stressed as an important
factor 1n the production of extrasystoles by Vaquez 1n 1911; NefedofT, in a paper published
in 1913 from Vaquez's Institute, emphasized that Extrasystoles are a sign that the heart 15
— BRI St Al 1y, “sontd'une
O . . T m which he

It may be mentioned parenthetically that, more recently, the part played in the produc-
ton of ectopic arrhythmias by mechanical distension and stretching has again been con-
sidered  Fredericq (1924) found in the 1solated turtle’s heart a decrease in chronaxie with
increased mechanical distension of the muscle fibres, Bard (1925) attributed the occurrence
of ventricular as well as of aunicular extrasystoles to distension and intracardiac changes mn
pressuce; and Scherf, Scharf and Goklen (1949) found a pronounced effect, upon ectopic
arrhythmras produced by the toptcal apphication of acomtine, on stretching aunicular muscle

An interesting interlude 15 provided by the attempts to explaim the intermittent pulse by
the assumption of hemusystole, that 1s, the contraction of only one half of the heart. This
1dea seems first to have been put forward by Charcelay 1n 1838. He noticed the absence of
a carotid pulse with every other beat while the jugular pulse was present tn every beat; with
others, only the carotid pulse was noted, without the jugular one He attributed this to
* dyschronisme ™ between the two ventricles and concluded: ** En conséquence, qui dit
systole du ventricule drost, dit pulsation jugulaire  qui dit systole ventriculaire gauche, dit
pulsation carotidienne ”  But the main protagonist of this view was Leyden who, on the
strength of observations mn one case (1868), attributed the second beat of a bigenunus to the
1solated contraction of the right ventricle, and on the strength of two additional cases of
this kind drew far-reaching conclusions about the underlying mechantsm (1875): In cases
of advanced mutral incompetence the regurgitating blood was—in his optmon—e¢jected nto
the pulmonary capillaries where it met the blood stream of the pulmonary artery and these
two streams cancelled one another. The result he believed to be that only with every second

beat was the filling of the left heart adequate for producing a pulse. The patent imposst-
biliies of such an explanation were exposed almost rmmediately by Bozzolo (1876) *“ mut
mehr Witz and Gruaden, als Hoflichkeit and C * (to quote M ’s words
about this strongly-worded paper of Bozzolo) All the same, the number of leading mem-
bers of the profession at the time who accepted this view 1s amazing; they snclude Gerhardt
(1876), Malbranc (1877) who coined the term Henusystoha cordis and accepted 1t 1 2
modified form, Rosenstein (1876), Friedreich (1878), and as late as 1908 1t was not only still
accepted by Kraus and Nicolai, but re-iterated by Leyden (and Bassenge)—a remarkable
record for an emment man to adhere for forty years to 2 patently erroneous view in the face
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of numerous publications which refuted 1t on experimental or chintcal grounds: Bozzolo
(1876), Riegel and Lachmann (1880), Mackenzie {1893, p 110), Frank and Vart (1900),
Hermng (1908) amongst them
Other unusual explanations of cardiac irregularsties were based on teleological consider-
ations In a way Hodgson’s view (1815) belongs to this group He had observed double
contractions of the heart with one pulse at the wrist in * contraction of the Jeft auriculo-
ventricular opening ™, this he attributed to two contractions of the auricle to one of the
ventricle, these being necessary 1n order to drive sufficient blood through the stenosed
ostiumn.  He considered this of diagnostic sigmificance: ** The double pulse at the heart may
therefore, 1 conceve, be regarded as charactenistic of of the
between the auricle and ventricle; ard 1n the absence of this double pulse, violent action
of the heart, accomparued by a small pulse 1n the arteries, may be considered as the diagnosis
of obstructton at the onfice of the aorta ™ This seems an early attempt to use changes of
rhythm for diagnostic purposes in valvular disease. Hodgson apparently noticed the greater
ncidence of arrhythrmuas in mutral as compared wath aortic valvular disease
Fothergill (1870) accounts for the longer diastolic intervals 1n cardrac arrhythmias thus.
 The wearied muscular fibres claim, every now and agam, and often very rhythmucally,
a longer drastole, and fatigue asserts 1tself m a longer sleep, however the irntant may goad
The heart’s brief, fitful sleep has 1ts longer and shorter periods of rest, according to its
necessities, as has the orgamism under weanness.” Handford (1888) held that * hnked
beats  (what we would now call extrasystoles) had the function to effect a complete empty-
1ng of the ventricles which one contraction was wcapable to achieve. Nicola: and Plesch
(1909) had smmlar views regarding extrasystoles occurring m complete A-V block; their
function consisted 1n increasing the ventricular rate and munute volume after exercise be-
cause the normal mechanism was absent owing to the block  As recently as 1949 a sinular
observation made 1n a case of smus bradycardia with A-V escaped beats was termed
** Lebensrettende Extrasystolen ” by Katsch and n flowery neo-vitalistic language hailed
as a contnibution to New Ways of Thought in Medicine
To revert, after thus digression, to the historical development of our conceptions on
cardiac arrhythmias  Until almost the end of last century papers on mtermuttent pulse were
mainly descriptive, and inferences about the chmcal significance largely speculative
Attempts at some classification, other than purely descriptive, were occasionally made. Some
of the work on pulsus bigeminus and alternans was of thus nature (see above in this chapter,
also chapters on “ Coupling *> and on ** Alternans **). Another instance is the introduction
by Sommerbrodt (1877) of the term ** allorhythmta > for some peniodically recurring alter-
ation 1n the strength or duration of the individual pulses which, 1n turn, alternates more or
less frequently with normal rhythm or entirely arrhythmuc pulses and which ysually was a
transient phenomenon (p 396) This term, coined for arrhytt 1n which a d
rhythm could be discerned, proved subsequently helpful for distingmishing the complete
arrhythmia of auricular fibnillation from other kinds of irregular heart action  Baumgarten
(1888) distingwished between a deficient pulse during which no heart sounds were audible,
and an 1ntermuttent pulse, also called pulsus pseudodeficiens, in which variety the heart con-
tracted, but the pulse thus produced was too weak to become palpable at the wrist In
retrospect this may have been the distinction between dropped beats and extrasystoles
(This distinction may have been implied n the paper by Willis, see above, and jn Laennec’s
(1819) differentiation between “ intermuttences ” and * fausses intermuttences *  the latter
were " trés-facile & distinguer, par le cylndre, d’avec arréts ou hésitations du coeur *.)
Progress became possible with a better understanding of the physiology of irregular heart
action, in particular of the sigmficance of the refractory pertod, and with the development
by Mackenzie 1 1892 of a convement method for recording in man auricular as well as
ventricular activity.

c
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The question as to the cause of the heart's thythmical action has aroused man's curiosity
for centuries  That 1t greatly occupied Leonardo da Vinci 1s evident from his writings of
which the following may be quoted (after Keele)

* And which part of the heart it 1s which is the cause of the movement; and whether 1t is
mside or outside the heart.”

Leonardo seems to have been the first 1o have thought of a myogenic, and what 1s more
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important m the context of this book, of an anomatic erigim  In an early drawing of the
left ventricle he drew a large papiflary muscle, labelled 1t N and wrote .
“N, hard muscle, contracts itself, and 1s the first cause of the movement of the heart.

(See Fig 5) .

“ Of the heart This moves on its own, and does not stop, unless for ever.

Thus 15 a clear conception of an automatic origin of the heart beat but for the name

Leonardo did, however, also consider the * reversive ™ nerves (vagi) as an alternative
cause of the heart’s movement, and although these notes gwe':vxdcpce of an early origin (ca.
1500, Keele, personal communication), Keele did not find this subject mentioned agamn and
assumes that Leonardo never found satssfactory answers to these questions
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The first to pronaunce the heart’s action automatie, alse in name, scems 10 have been
Borelli In his De motu ammahwn. the first edition of which was pubhshed in 1681, two
years after hus denth, he stated- *“And these, unless 1 am mi are to d
me that the movement of the heart can be carned out by natural istinet, nay by orgamc
necessity, and maves automatically.

“ Nevertheless it will not be superfluous to see whether there are veasons for doubt, or
whether the heart 1s moved not merely by natural mechanical necessity, but by that same
animal faculty by which all the other muscles are moved ” {See Appendix O.)

These words merst 10 be quotcd not on!y because of the intnnsic interest of this state-
ment d the of " ic " will be shown to be of considerable tmportance
in the context of this book—but also becanse of the historical woportance of Boreth * qur,
2 davers points de vue, doit &tre considéré comme Je point de depart de fa voute scientifique
sur laquelle se recontreront au XIX* sitcle § Muifler, R, Mayer, H Helmboltz, et depuis,
Ch Ludwiget J Marey” (M. def Gaizo, 1909).

Marey 15 universally credited with the clear formulation of the laws govermng thyth-
mical and arrhythmical acuon of the heart. In no way does 1t detract from Marey’s great
achievement 1o point out that, more than a hundred years before, Felice Fontana oniginated
the conception of what Marey termed r:fmc(ory pcnud (Hoff). Fontana suggested that the
relaxation of a muscle dunng p 15 due to exh of 1ts store of
wntability by the very act of cnmmc(mn and applied these arguments to the heart: here,
the stimulus (believed at that time to be the presence of blood n the chambers) was con-
stant, but though the heart was 2 y as well as 4
5t relaxed after a time owing to exhaustton of wutability of the heart muscle, the heart rate
therefore depended on the rate with which the heart gained and Jost its irritability. Fontana
should therefore be credited with the discovery of the ** refractory penod " {Hoff). The first
10 differennate between what 18 now calfed absolute and refative refractory penod seems to
have been Schif (1850) who found that the length af the diastole could be shortened by a
modified and stronger stimulus apphied at a tme when the beart was not yet tesponsive to
the normal stumulus  These 1deas remamed unknown to the majonity of phystologssts until
Marey showed that the phase of absolute non-responsiveness depended on the wtensity
of the simulus and on the temperature, and that the forced beat was followed by a longer
mterval which he termed compensatory pause, as 1 his opinson it compensated the heart
far the ncreased expenditure of energy mncurred by the two preceding contractions the
forced beat and the preceding normal contraction (Marey, 1876)

Tt was not until Engelmann’s work {1895) on the h derlying the ™
satory pause > that the und of the ph of these arrhyth had reachtd
a stage which became applicable to chimeal work  He showed in experiments on the sus-
pended frog’s hearn that the interval between the fast normal beat preceding an extrasystote

I A I v S P S AL SIS S A

the normal pacemaker The next normal impulse reaches the ventricle at a tme when 1t 1s
im the reftactory period from the extrasystole and therefore fails to produce a contraction
The next ventneular contraction has to await the Sollowing normal auncular impulse,
therefore the interval between the le and the beat 15 prof by an
amount which makes the pause compensatory 1n that the onpinal rhythm 15 resumed with
the first post-extrasystohc beat and thus preserved 1n spite of the occurrence of the extra-
systofe  The same mechanism obtams 1n the case of several extrasystoles 1n succession,
Simitar conditions were observed with extrasystoles ongmating m parts other than the
ventricles, with the important difference that, in the case of auricular extrasystoles the post-
extrasystokc pause usually was shorter than © p y”, and with
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originating from the sints venosus no lengthening of the post-extrasystolic interval occurred.
These laws were soon found to be valid also in the mammalian heart (Cushny and Matthews,
1897)

The app! of these physiol ! discoveries to clinical cases is due to Cushny and
to Wenckebach who, in the same year 1899, independently put forward the view that in
many nstances the internuttent pulse was due to extrasystoles  Both these workers arrived
at these conclusions by accurate measurements of arterial tracings only and by noticing the
similanty in the time relations between the sequence of beats in the radial pulse in man and
that of the contractions of the heart as the result of extrasystoles in the experimental animals,
The conclusive proof was furnished by Mackenzie’s graphic records of the venous pulse
which made accurate recording of auricular, 1n addition te ventricular, activity in man
possible and apphicable on a large scale. These views were confirmed experimentally by
Hening (1900) His statement that a complete absence of lengthening of the post-extra-
systokic nterval always pointed to the onigin of the extrasystole in the large veins was cor-
rected from his own Institute by Pan (1903) who showed that, 1n certain cases, ventricular
extrasystoles may occur 1n man without producing any change 1n the sequence of normal
beats He thus confirmed the experimental findings of Trendelenburg (1903) and descrnibed
what are now called interpolated ventricular extrasystoles In the same year Wenckebach
summarized the knowledge then available, and for the first time described the arrhythmias,
not as disturbances of the pulse, but as an expression of well-defined disturbances of cardiac
funcuon The discovery and recogmtion of the function of the specialized conducting
system 1n the heart and the invention by Eithoven of the stning galvanometer were the
final steps leading up to present-day conceptions of extrasystolic (and other) arrhythmras
The first electrocardiogram of extrasystoles was recorded in 1906 by Einthoven who noticed
the abnormal spread of the excitation wave of the premature contraction

SUMMARY

The starting-potnt 1n this review of the historical development of our conceptions about
certain arrhythmuas 1s the art of feeling the pulse as 1t was practised in ancient China. It
was believed that the site and nature of all diseases could be diagnosed from the pulse
alone and various kinds of wrregular pulse were described, some of which are briefly dis-
cussed In the second century A.D. Galen taught that, with certain differences 1n degree, the
intermittent pulse had, on the whole, a very ominous stgnificance, often indicating impending
death Galen's writings are briefly reviewed as far as they are relevant to the assessment of
the significance of the irregular pulse. His views held sway until the end of the last, and toa
certan extent even into the present century.

In the sixteenth, seventeenth and eighteenth centurtes Galen’s views were still generally
accepted mainly m therr onginal form, though mterpreted and modified according to
mdividual observations This s tllustrated by the wnitings of Diversus, Ballonus, Fienus,

Lower, Floyer, Friedrich Hoffi D are known to have been put
forward from the h century ds, for ple Struthius, Johann Weyer, Schenck
& Grafenberg, Amatus Lusitanus, Wilks, Lancist, E. A. Nicolai, Senac, Heberden, Mor-
ool e L B . - . . indi
EE The

ts the

current View 1n the second half of the mineteenth century; this 1s exemphfied by Fothergill's
wntings. During that period the rdle played by the cardiac nerves and by disproportion
between the strength of the heart and the amount of work it had to perfqnn a_nractcd great
attention as bemg important factors in the causation of arrhythmias. It is pointed out that
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untl the second half of the mineteenth century papers on the irregular heart action were
m:unly descnptlvc, though some attcmpts at classification were made; these are briefly
The b heart action became obscured by

Traube's i of pulsus b w1th pulsus Some unusual views about
cardiac iregularities of xh:n period, including that of hemusystole, are briefly discussed
The rmportance of Marey’s work for the understanding of arthythmuas 1s stressed, although
the credit for the first description of what Marey called * refractory period ™ should be
given to Fontana who onginated this conception nearly a hundred years before Marey
The modern views about the underlying extrasystoli& arrhythmas are based en
Engelmann’s work on the frog’s heart, the essence of which 1s briefly reviewed Its apph-
cation to clinical work 15 due to the independent work of Cushny and of Wenckebach who
d that in many the intermuttent pulse 1s due to extrasystoles The tmpor-
tance of the climcal work of Mackenzte and of the experimental investigations of Hering 1s
briefly mentioned  The recognition of the function of the specialized conducting system in
the heart and the mnvention by Emntt of the string gal: are shown to be the
final steps leading up to present-day conceptions of extrasystolic and other arrhythmias
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wvel duas vel plures relinquit artena

lnl;mdens pulsus est quum 1nter duos ictus qui ordine proprio concitantur, inde quidam ictus medins
ntercidit

Deficiens pulsus dicttur in quo non ad duos tantum artena, sed ad tres etiam et ad plures ictus immobilis
perscverat  Alu hunc in modum Deficiens est quia magnitudine inciptens ac vehementia magis ac magis
subinde menurtur talisque quoad ullam habeat magrnitudinem myurus vocutatur; . .

Caprisans pulsus est ubi arteria quum se distendisse apparuenit nec fuent omnino distenta ad ahum
perculsum prius Quam systoles visionem pracbeat praccipitantius transilut; secundo autern fuit percussio
facta vehementior

19, 640 Quud differt caprizans a dicroto? Quod capnizans quidem 1n una systole motus efficit diversos,
quemadmodum subsultans capra pedibus salit 1n acrem; Dicrotus vero b in eodem pulsat;

C. Montagnana

Sed 1sta & ro formalis bispulsantss  Tgit appet tn ho uviculo ¢ii tremulo motu cordis pulsus bispulsas®
qd erat delarddi. (Sed 1sta est ratio formahis pulsus bispulsantis, Igitur apparet in hoe jveculo cum tremulo
motu cordis pulsus bispulsans  quod erat declarandum }

D. Dirersus

alterd est, quod n his pulsus quandoque accedit intermzttens, qui st supra umicam mtermittat pulsationem,
magnit periculum nunatur, significatque syncope hanc instare, quae intermissio, sicutt & 1lla pracfocatio,
non aliunde generatur, quam ex illa sanguimis coalescentts copia, obstruentisque ac gravantis vasa illa &
partes mternas
E. Ballonus
N mm A e oe

R

darm ot g St e At s
R I O T 5
R [N P

LR T

: L
aut praecipitats senes essent
F. Fienus
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R e aae P . f .

G. Hoffmann
Inaequalis vero arteriarum pulsatio, sive mox magna, mox parva, mox celens, mox debilis, mtcrmn}cns
PP P vy S P B e e N A

. o e A ' .

H. Struthius
Dum essem apud 1mperatorem Thurcorum Soltanum Suletmanum Sachum, compen militem quendam
Thurcicum, in acuta febri dicrotum semper obtinuisse pulsum  qui post elapsam aegritudinem, nihrlo fuit
im certis vere cogporis indicys  unde contecturam accepy, natura mnsitu fuisse

1pst htnus mod1 pulsum  Plurtmum agitur expedit, homines sanos cum medicts saepe conversart, quibus in
morbo se sint concreditury Fac:lc:mm mamonakretmem potest medicus farmhans, qualis m samtate fuclml
Rkt tvad e e L A A L o

, . VT A RPN
. P e
.
. ' . .o ce L . . BN
. . . R | W
P , N PN
. o
e o Woe v e . .
. } . . Vit o .
ey e e (. . . :
est consecutus T
J. Horst
K. Schenck

L. Amatus

Jacobus Basilius, nobilis Ragusaeus  morbo gallico & oculord suffusione laboraret Caeterum hic cum
sit quadraginta quinque annorum, morbis hus successu, ut ego ad eum accedens deprehend: pulsus ter-
missionem habebat, singularis nanque quatuor vel quingue pulsatiombus, arterta defictebat, remorabatur,
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& detinebatur, & te—-=-- ~ 4~ : ce- t o

me, iys 1n Centuryys . - .
Ceftunae perample » . - . . - .
pc{\culcsxorcs haben . . - .

M. Lancisi

Et quidem primo quantum spectat ad pulsuum vitia, etiamst apud aliquos maequaktas, atque intermt-
tentia tants fiat, ut inde Gal subtam mortem Antipatro praedixerit, nos tamen signurn hoc non solum In
puenss, & senibus, ut 1dem asservit Galenus, sed etiam Iin juvcmbus & robustis frequenter nullo modo
funestum obseravimus, cum scilicet ex Jevt vitio, vel ex um irntatione
proccdu. cuus rommn indolis :um( |nlermmen|m pulsus |]1|us Occnnoml quem ipse ¢ Gnlenuc (anquzlm

none indeque orta pulsus consensu, per lab: , plus
alus, quam mlhlochnosus & cautus, usu mndem rhabarban, chalybis, AJunsuper.\u perfecte convalu - Ut
igitur pulsu S OMEN €55€ POSSIL, NECEsse est, bt jungatur omni inaequali-

tatum generi, palml;mom anhelitur, alisqui sxm|[|bus pectoris passionibus, de quibus infra
N. Snlano
After re-stating Galen's view of the very grave significance of the intermttent pulse he goes on to

say m;u he (Solano) believed thes ** hasta que Dios por su alta, & inexcrutable providencia permitid, que yo
expenimentasse ser muy al contrario las mas vezes, como le veras muy presto bastando por aora e} que
confiesso delante de Dios, que las mas vezes con tal pulso observé que se siguicron maravillosas fehzidades ™

P 95 Lacant:dad tambien, siguendo el mismo sensato rumbo phitosofico, no sin confusion de muchos,
sospeche por el espacto de las intermissiones, y la experiencia (madre de la verdad) la contcsto en la misma
forma  Adverti, pues, que quando las intermuifencias eran largas, & de mucho espacio, era mucha la copia,
& causa matenal, que havia que mover, y quando breves, era poca  (The evacuation of the morbid matenal
requires a concentrated eflort of Nature Just as any other activity necessitating a great effort ) En este me
persuadia el experimento natural, y quotidiano de ac fucra  en que vemos, ¥ experimentamos todos, que
Ppara cumphr una accion como de alzar mucho material, 6 de impeler un grande piedra, & de fuchar con otro,
en que sca menester fuerza mucha, & impulso sucesivo, 0 largo se recoge por gran rato la naturaleza, privan-
dose en ¢l de otras acciones para arnmar todo el esfuerzo, y virtud, que se divertia en ellas, tan solamente
a aquella obra, y en una carrera se nota, que repite ¢l agente los conatos largos, suspendiendo toda otra
accion hasta la de respirar, para con las foerzas unidas dar mas presto satisfacion, & aquel empefio A este
modo, quando es mucho ¢l material morboso se suspende, 6 tecoge mucho para, haciendo mas fuerza,
poder impelerlo todo, y por esta sz vé la intermission Jarga, y espaciosa  y quando es poca, como no es
menestcr tanto mpulso, y conato, con menos tempo de union de fuerzas, y por consiguicnte de menor

to move it, and entirely to exterrmnate the cause, and thus one expersences that the efforts arc less vigorous,
and the mtermussions shorter ) (Qur translation
0. Borelh

Et haec, i fallor, satis suadent, motum cordis fier: posse naturalt instinctu, seu necessitate organica, non
secus, ac automa movetur

Nihilomenus non erit supervacaneum videre, an adsint ratrones dubitandr, utrum cordis motus fiert possit
non a mera naturah mechanica necessitate, sed ab eadem facultate, a qua omnes aliy musculi moventur



CHAPTER II
DESCRIPTION OF THE VARIOUS TYPES OF EXTRASYSTOLES

VENTRICULAR EXTRASYSTOLES

Ventncular extrasystoles oniginating 1n a ventricle, those ansing n the stem of the
bundle of His should be included, but 1n view of certain pecultanities of this variety they
are discussed 1n a separate section (see p 95)

The Nature of the Disturbance of Rhythm

Fig 6flustrates diagrammatically the disturbances of rhythm produced by ventncular
extrasystoles

! % 3 b 5
£ L2} €2 2
53 s 36 %3

Fic 6 —Diagram illustrating the nature of the disturbance of rhythm caused

by a ventncular extrasystole The figures indicate intervals m hundredths of a

sccond (except the top row which indicates consecutive numbers of S-A
impulses}

It shows three normal beats followed by a ventricular extrasystole. The ectopic snmulus
spreads over both ventricles, resultingin a and also 1s d
a retrograde direction over a certain distance, but, mn the human heart, usually fails to reach
the sino-auricular node as 1t 1s blocked below or m the atno-ventricular node In the
majgonty of cases the next normal stimulus occurs at a time when the conducting system
stilt 15 1n the refractory period of the extrasystole and, not betng conducted to the ventricles,
fails to yield a contraction. The following normal stimulus {No 5 of Fig 6) reaches the
ventricles in the normal way Thus the sinus and auncular rhythms are undisturbed by the
ventnicular extrasystole, one ventricular occurred pr ly, but as the
nterval between the extrasystole and the last preceding normal beat plus the post-extra-
systolic interval equal the interval between two normal beats the oniginal rhythm s preserved
and resumed with the post-extrasystolic beat
We propose to use the thythm * in order to des-
cnb: the underlymg or prevaling rhythm whlch 15 interfered with by the extrasystoles,
“ coupling ” to denote the interval between the beginning of the ventnicular complex of
the last beat preceding the and the b of the y * post-
extrasystohe interval * 1s called the interval bclween the extrasystole and the ﬁrs! post-
extrasystohic beat When applicable, the term ** premature beat ™ 1s sometimes used instead
- Y " This ter seems to us p to the one used by Lewss who
called the cycles of the rhythm din “1mtial cycles ”, the
coupling ** extrasystolic ™ or ** forced cycle ™, accordmg to whether the beat which ends 1t
27

.y
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1s spontaneous or forced by
the subsequent ones ** restored cycles ™,

With a given and constant sinus rate the post-extrasystolic interval (the “ compensatory
pause ™) becomes longer as the interval between the extrasystole and the last preceding
normal beat (the coupling) becomes shorter (Marey, Cushny and Matthews).

It has been pointed out by Engelmann that if more than one ventricular extrasystole
oceur, the mterval between the first extrasystole and the last preceding normal beat plus
the interval between the first extrasystole and the first normal beat, following the series of
extrasystoles, equals a multiple of the normal period. If two extrasystoles follow one another
at a short interval they usually replace only one normal beat.

These rules are valid only 1f the normal rhythm 1s entirely regular, and even if thus 1s the
case, the post-extrasystolic intervals often fall a httle short of being fully compensatory since
the first post-extrasystolic normal beat 1s conducted shightly faster to the ventricles than the
other beats (Engelmann) This observation was confirmed 1n man by Wenckebach,

the post-ext cycle ** returning cycle ” and

The Electrocardiogram
General Features

In the electrocardiogram the typical features of ventricular extrasystoles are premature

ventricular complexes of abnormal shape which are not preceded by P waves

The imtial deflection, or QRS group, of a ventricular extrasystole 1s usually either higher

or Jower as well as wider than those of the sinus beats and commonly slurred and notched.
The final deflection, or T wave, while showing many vanations, usually 1s directed opposite
to the mam deflection of the QRS group, but exceptions occur  An RS-T segment often is
missing and when present 1s displaced 1n the direction of the T wave

These features recall those encountered 1n bundle branch block and the resemblance is
so close that 1f the record of one individual extrasystole is cut out from a tracing 1t can
hardly be disuingurshed from the ventricular complex of a case of bundle branch block.
Nor 1s this a coincidence  In both conditions the features of the electrocardiogram are
due to the fact that one ventricle 1s activated earlier than the other In the case of ventnicular
extrasystoles that ventricle 1s first activated in which the extrasystole oniginates and, until
the 1mpulse has reached the other ventncle, the action potentials of the ventricle activated
first are unopposed by those of the other ventrnicle; higher deflections are thus recorded.
The abnormal direction of the spread of the excitation (depolarization) wave and its slower
rate of conduction account for the abnormal direction and greater width of the QRS groups
tespectively, and the abnormal sequence of the subsequent repolarization 1s responsible
for the abnormal T waves It follows that the features in the electrocardiogram of a ventri-
cular extrasystole will become more abnormal the more distal in the conducting system the
site of onigin of the extrasystole; if an extrasystole originates close to the bifurcation there
will be only shght changes; and if the site of impulse 1s in the stem of the bundle of His, that
is above the bifurcation, the extrasystole will give rise to p ventricular p
that appear normal. It)s also evident that the abnormal width of the QRS group of the
ventnicular extrasystoles cannot in ttself be taken to indicate myocardial disease although

D 1y wide )! not 1nfi 1y are found in pattents with structura} heart
disease (see below).

In a large majonity of cases of ventncular extrasystoles those of any individual case
show in the electrocardiogram a remarkable constancy of form over many years and
follow the last preceding normal sinus beat at a constant interval, that 1s show constant
coupling For an early paper on this phenomenon, see Lews and Silberberg (1911). The
significance of these observations 1s discussed 1n the chapter on “Mechanism™.

The record reproduced tn Fig. 7 was obtained from a sixty-year-old man without any
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Fia, 7—One ventricular extrasystole occurning after every two sinus beats

signs of structural heart disease. After every second normal sinus beat a premature ventrt-
cular complex of obviously abrormal shape which 1s not preceded by a P wave 1s visible*
a ventocular extrasystole occurred regularly after ever second sinus beat *

Fig 8 —Two urnng in ion in each of the

oce
standard leads

* The time marker 1n all tracings indicates 0-04 second, unless otherwise mentioned
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The tracings of Fig 8, taken from a forty-one-year-old man, do not show any signs of
myocardial damage; in each of the standard leads two extrasystoles are seen to follow one
another, replacing one normal beat.

fly the QRS comp are {ly wide; thus in Fig. 9 they measure 018
second. The electrocardiogram indicates infarction of the postero-lateral (basal) portion of
the left ventricle Widening of such degree 1s not rare in patients with structural heart
disease and may oceur even if the width of the mitial ventricular complexes of the sinus
beats 15 within normat limits - Such an electrocardiogram indicates a slowing of the spread
of the excitation wave, in addition to the other factors already referred to. So far as we are

FiG 9 -—The standard leads Ventricular extrasystoles with unusually wide
mittal complexes The sinus beats show the signs of an infarction of the
posterior wall  Time base 0 05 second

aware, it has not yet been determined from which value the increased duration of the QRS
complexes of ventricular extrasystoles can be taken to indicate myocardial damage In
cases with bundle bundle branch block, without any other myocardsal lesion, the duration
of the QRS complexes 1s 0 12 second or a little less, whereas mn those associated with myo-
cardial damage 1t may greatly exceed this figure

Cases 1n which the width of the QRS I of ventricular extr les 1s consder-
ably less than that of the sinus beats are rare  In Fig. 10a, recorded m an erghty-year-old
patient with coronary scleross, the sinus beats indicate Ieft bundle branch block After
the second beat an interpolated (see p 85) ventricular extrasystole occurred, the QRS com-
plex of'which measures only 0 08 second as compared with the 0 13 second of the sinus
beats Fig 10b, obtained from another patient, illustrates the same phenomenon concerning
extrasystoles which were not interpolated Simtlar cases have been described (Hewlett;
‘Wilson and Herrmann) and interpreted as showing beats originating in the interventricular
septum, with symmetrical spread of the excitation wave over both ventricles The presence
of a supernormal phase of recovery, resulting 1n a temporanly improved conduction 1n the
carly phases of diastole, has also been considered 1n this connexson (Simon and Langen-
dorf)
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Fic 10—a

'\-_ L

Fic 10—

Fig 10 —a Leadl O
of which measures only 0 08 second as compared with lhc 0 13 second of
those of the sinus beats & Lead V-2 Two ventricular extrasystoles the
initial complexes of which measure only 0-08 second as compared with

the 0 13 second of the sinus beats

Dressler reported an interesting observation made tn a case of bundle branch block with
occasional \«enlncular extrasystoles While the prcsence of bundle branch block masked
the features of , this was revealed by alterations
n the S-T portions of the extrasystoles A somewhat similar case was described by
Simonson et af who concluded that the pattern of myocardial mfarction or coronary
nsufficiency may be revealed ectopic beats 1n the presence of m!mventncu]ar block, and
that to a certan extent this 1s p of the p g the ectopic beats
(For a similar observation in a case of angma pectoris, see Goldhammcr and Scherf,
Fig 12a)

Alterations, by myocardial of the QRS p of ventricular
areillustrated in Figs 11and 12 Fig 11 was obrained from a sixty-eight-year-old man with
clinical signs of acute coronary occlusion  The three standard leads do not show any diag-
nostic features, the deep slurred Q waves and elevated S-T segments 1n lead V-2, and the
fow R waves and elevated S-T junctions 1n V-5 are diagnostic for an anteroseptal mfarct
The deep Q waves, marked elevation of the S-T junctions and distortion of the S-T segments
n the ventricular extrasystoles, as recordcd 1 the chest leads, are noteworthy, and further

signs of Fig 12 was recorded 1 a sixty-mne-year-old
man several v.ccks after an attack of coronary thrombosis. The standard leads and leads
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Fic 11 —From above downward the standard leads, V-2, V-5 Changesin the
QRS complexes of the extrasystoles For further explanation, see text

V-1 and V-3 are not d fora while the deep QS waves inlead
V-5 suggest a lateral infarction  The features of the ventricular extrasystole recorded in
Iead V-3 are noteworthy, namely a deep notched QS wave followed by marked elevation of
the S-T junction, pronounced distortion of the S-T segment with late inversion of T These
are features commonly seen 1n lead V-3 in cases of mycardial mnfarction and 1t 1s significant
that, 1n this instance, they were dlsplayed by the extrasystole wiule being absent 1n lhe sinus
beats in this lead For an observation regarding auncular see
p- 52 and Fig, 35,

Single and Multiple Extrasystoles

The frequency with which ventricular extrasystoles occur vanes greatly in different
indwviduals and m the same individual at different times. If they occur only rarely (inter~
current bigerminy) it may be difficult for the examinmg physician to record them 1 an
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electrocardiogram and in order to do so 1t
may be necessary to precipitate their appear-
ance by certain measures (see p 336). Onthe
other hand, a ventricular extrasystole may
follow each beat of the dominant rhythm, pro-
ducing an arrhythmia known as coupled beats
or bigemunal thythm Fig 13 shows an ex-
ample, for its further discussion, see p 193,
One important point may, however, be antici-
pated, namely, that coupled beats or bigeminal
heart action may be produced by a variety of
quite different mechanisms and that, for the
sake of clanty, such a diagnosts should be
qualtfied and amplified by an indication of
the underlymng mechamism; for example in
the above case. coupled beats (or bigeminal
heart action) due to ventricular extrasystoles.

If two extragystoles follow each normal
beat, as 1n Fig 14, the resultmg arrhythmia
15 called trigenuny or trigeminal thythm  In
thrs arrhythmua the two extrasystoles follow-
1ng in succession may have identical shapes in
the electrocardiogram, or, as 1n Fig 14b, they
may have different forms. By some the term
trigeminy is also used to describe an arrhy-
thmia m which one extrasystole regularly
follows two normal beats, as illustrated 1n
Fig 7; this application of the term “ trrgem-
iy ” gives mise to confuston and should be
discouraged.

The use of the terms bigermnal and tri-
gemunal as outhned above 1s justified on
historical grounds. The word brgeminal was

e

ongnally used at a ume when mechamcal SEEESmmmss e
sy AN

pulse tracings only were avarlable which, in

such cases, showed two successive elevations,
often of equal height, before the tracing
revested to the base line. the 1dea that such
two elevations were produced by 2 “twin
contrachon™ was obvious and led to the  Fic 12.—From above downward the standard
name. In the same way a tngemmal pulse  leads, V-1, V-3, V-5 _ For fusther explanatio,
was said to exist when a pulse wave was see text

followed by two more elevations before the

record returned to the base line this kind of pulse tracing, if caused by an extrasystolic
arrhythmia, 1s now known to result from two extrasystoles following a normal beat,
but does not occur if two normal beats are followed by one extrasystole (see also Chapter
on Coupling, p 193)

If three extrasystoles follow a beat of supra-ventricular origin the resulting arrhythmia
1s called quadrigenunus, an example 1s provided by Fig 15 It shows auricular fibnilation,
every beat conducted from the aurncles being followed by three ventricular extrasystoles
The main d of the first extrasy is directed downwards, the two subsequent

D
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ones resemble one another and sre mainly directed upwards. The indwvidual groups of four
beats are identical in their appearance,

If successtve cxlrasysmles appear in shor(cr or longer groups, interspersed after several
normal beats, the term mul ext is d (Lewss) Fig. 16a, obtained from
a case of coronary sinus rhylhm, prowdcs an cxamplc If longer groups of ventricular
extrasystoles occur, say, ten or more, the term short ventricular paroxysmal tachycardia
would be appropriate (Fg. 16b)

If several ventricular extrasystoles follow each other in succession the rate usually
remains constant until the charn 1s suddenly interrupted and sinus rhythm recurs. In some
mstances, however, the rate gradually slows down, as in Fig 16a. In Fig. 17, which was
obtaned from a twenty-one-year-old girl, otherwise healthy, a series of five ventricular
extrasystoles was recorded The first of these cccurrcd so late mn dmstole tha! it comcndcd
with a normal sino-auricular beat so that in the elect 1 complex
appeared which was due to a summation of the normal and the cxtrasysxohc complexes,
The intervals between the successive extrasystoles gradually lengthened A sinus beat which
was due to occur duning the long post-extrasystolic pause farled to appear (see below in
this section, p 43).

The P-Wase of the Blocked Sino-auricular Beat

In the great majonity of cases the P waves of the blocked auncular impulses occurring
during the post-extrasystolic interval cannot be identified since the small and slow wave 1s
obscured by the far larger and more rupld notched QRS CUmpIexes of the extrasystole.
Occasionally, however, if the extrasy occur paratively early i diastole, the
blocked P wave 1s visible in the later portions of the QRS complexes or between the QRS
complexes and T waves of the extrasystole. This 1s the case in Fig. 18 which shows two

FiG 18 —Lead 2. The blocked P waves of the dormmnant simnys rhythm are visible
1n the RS-T segments of the extrasystoles

ventricular extrasystoles occurring in the final deflecti of which normal
P waves can be identified; these auncular impulses did not yreld ventricular contractions
and 1t therefore follows that the two extrasystoles replaced two normal contractions The
ventricular complexes of the conducted stnus beats show abnormal slurring.

Post-extrasystolic Changes in the Electrocardiogram

The following changes in the electrocardiogram may occur immediately after ventri-
cular extrasystoles:

(a) changes in the shape of the ventricular complex of the first post-extrasystolic beat,
or rarely of two or more post-extrasystolic beats;

(b} occurrence of heterotopic beats;

©) occurrence of abnormal pauses
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(a) Alteration of the Features of the First Post-extrasystoli¢ Sinus Beat
Changes 1n the features of the first post-extrasystohic beat are not rare and several types
may be distinguished
The commonest variety 1s that affecting the T waves In some cases such changes go m
the direction of normalization, that is inverted T waves in lead 1 may become upright in the
post-extrasystolic beat. An example of this 15 shown in Fig 19 The record, obtained from
a forty-six-year-old patient with hypertension (B P. 220/110), shows the pattern of left
ventricular stram (left axis deviation, displacement of the RS-T segments and direction of
the T waves opp o the man defl of the QRS lexes) One ventricular extra-
systole 1s seen 1n each lead 1Inlead 1 the T waves were deeply inverted, but this wave was

Fi6_ 19 —The three standard leads Marked changes in the form of the T wave
of the first post-extrasystohc sinus beat after a ventricular extrasystole

normal m the first post-extrasystohc beat, in lead 3 the T wave of the post-extrasystolic
beat was lower than the T waves of the other beats; no changes were ohserved 1n lead 2.

In other cases changes of the T wave 1 the reverse direction are observed, namely, up-
nght T waves may temporarily become inverted in the fiest post-extrasystohic beat. This 1s
shown 1n Fig. 20, taken from a woman aged seventy-six, a fortmght after a second attack
of coronary occlusion The record, lead CR-4, shows that the T wave of the first post-
extrasystolic beat was 1nverted, whereas the T waves of the beats precading the extrasystoles
were upright  According to Scherf (1944), inversion of otherwise normal T waves in the first
post-extrasystolic beat, even when 1t occurs m an otherwise normal electrocardiogram, tends
to mdicate structural heart disease  Ashman ef al (1945) concur with this view, but Videla
was unable to confirm this statement

Changes of this kind were occastonally reported 1n the literature and were seen in man
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(White; Bacq; Laubry and Poumailloux; Kapfl; Ashman and Hull) as well as in experi-
mental work (Boer; Scherf, 1941). An investigation undertaken to establish the frequency
of such changes showed that amongst 168 cases with extrasystoles they occurred in fifty-
seven, that s, in one-third of the cases (Scherf, 1944); such alterations of the T waves
were seen following ventricular and auricular extrasystoles as well as during auricular
fibnltation and A-V block with ventricular arrhythmia. These cases concerned hospital
patients, most of them with abnormal hearts. The incidence of this phenomenon among
healthy individuals with extrasystoles is certainly lower,

The mechanism underly:ng this phenomenon s still obscure and may vary in different
cases A few relevant considerations may briefly be mentioned.

1. A change of intraventricular duction may be responsible; duction may tem-
poranly improve owng to the Jonger post-extrasystolic interval available for recovery (Fig
22), or be impaired 1f this interval is tnadequate to compensate for the fatigue caused by
the two ventricular contractrons in quicker succession.

2. The larger dastolic filling during the compensatory pause may produce the changes
in the electrocardiogram by altering the size, shape and position of the heart and thereby

£t

i

F16 20— Lead CR-4 The first post-eXtrasystolic sinus beat shows an mverted
T wave, which, in the other sinus beats, 15 upnght

1ts areas of contact with the surroundmg tissues. This may cause changes in the ventricular
electr diogram by short- g the potentials caused by the depolarization and re-
polarization of the heart (Lepeschkin) However, if this were the underlying mechanism,
alterations of the QRS complexes would also have to occur in every case,

3. A change 1o the force of contraction of the first post-extrasystolc beat also has to be
considered It has been shown that in certain circumstances an extra contraction 1s followed
by stronger {R1h), Wood: h). This ph which has been studred
in the perfused heart as well as 1n the heart in s:tu, can hardly be responsible for the changes
in the electrocardiogram, as the length of the post-extrasystolic pause was found to be the
dectding factor rather than the extra contraction (Scherf, 1944).,

4, Changes 1n nutrition of the heart resulting from the extrasystole were considered
responssble by some authors (Katz, Fernbach), but such changes could hardly become
mantfest so quickly and be confined to one single beat,

5 Changes 1n contractility and repolarization due to the longer duration of diastole
seem so far the most hikely possibthity (Scherf, 1944)

. of this ph may Ity be of ! importance, for
instance 1n the differentiation between auricular and ventricular extrasystoles. Fig. 21
provides an example Sertes of seven and fourteen extrasystoles respectively are seen 1o
follow two supra-ventricular beats The first of these extrasystoles had a different shape,
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which was due to its greater prematurity, but later in the series changes again were seen
(the sixth extrasystole in each group) without any change in rate  Aberrant mtraventricular
conduction 1s the most probable explanation for the latter observation (p. 55) Simlar

tracings were obtained ﬂpenmentally during auricular ﬂuuer followmg d:lm:\ge of a bundle
Tenneh (Qahar® T0AOY A4 Bt oo sl cgrammae s bon m e - 41n \ .

The explanation therefore suggests itself that the higher T wave contmncd a supenimposed
P wave and that the extrasystoles were aunicular 1n onigin, with aberrant intraventricular
conduction  Other tracings of the same patient, however, showed that the extrasystoles
actually were ventricular in onigin and that the difference 1n the height of the T waves was
due to the phenomenon discussed above the higher T waves of the sinus beats were those
found during regular sinus rhythm, but the first post-extrasystolic beats showed consider-
ably lower T waves

Fio 21 —Lead 3 Multiple ventricular extrasystoles The two strips are con-
tinuous._ The first post-extrasystolic stnus beat shows alower T wave  The
first and the sixth ventncular extrasystoles of each series are aberrant For

further explanation, see text

Changes 1n the post-extrasystolic beat may not only affect the T waves, but also the
QRS complexes, though th:s 1s rarer. In one group of cases an intraventricular block
Foon

% chaspn m tha tan teagima Tand 2 fram 2

¥
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only a delay of conductmn was present, the longer nterval of recovery avallable dunng
the post: pause was 1ly to restore normal conduction,
In other cases lesser changes in the QRS complex of the post-extrasystolic beat are
observed, for instance decrease 1n herght or increase 1n depth of one or the other of its waves

(b) Occurrence of heterotopic post-extrasystolic beats

Rarely such post-extrasystolic abnormal beats are auricular 1n ongin. While abnormal
P waves of post-extrasystolic beats after auricular extrasystoles are common, this 1s rare m
those following ventricular ones Shght changes in the P waves following two successive
ventnicular extrasystoles are shown 1n leads 2 and 3 of Fig 8 Fig. 23, obtained from a
seventy-eight-year-old patient, provides an example of a more pronounced abnormalty of
thiskind The sinus beats show deep Q waves A ventricular extrasystole was followed by a
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premature contraction, the P wave of which was inverted. There is no evidence of a retro-
grade conduction of the extrasystole to the auricle, though this may well have occurred.

Fic 22.—a: lead 3 b lead 2. In both records the signs of tntra-ventricular
block are absent m the post-extrasystolic beat

More commonly, escaped beats which shorten the post-extrasystolic pause originate in
lower centres  In Fig 24, which was obtained from a child with resprratory arrhythmia
and ventricular extr les, ventricular 1 of normal form and not preceded by
P waves were sometimes seen duning the post-extrasystolic pauses which they terminated.
Such escaped beats arose presumably in the A-V node. A highly-developed automaticity

-
¥
A

x

FiG. 23 —Lead 3. Abnormal (inverted) P wave m the premazurc post-extra-
systolic beat after a ventricular extrasystole,

of the lower centres, which 1s responsible for this conditron, is by no means rare and does
not indicate the presence of heart disease

Escaped beats originating in a centre below the bifurcation are shown in Fig. 25, taken
from a fifty-six-y Jd man with mod: hypertension In this case, the ventricular
extrasystoles were invariably followed by an escaped beat with an abnormal QRS complex.
In the two instances shown the normal post-extrasystolic beat was due a few hundredths of
a second later
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In expenmental work abnormal ventricular and/or auricular beats are sometimes found
subsequent to stimulation of the heart. Fig. 26 was obtained from a dogwhose heart was
exposed during an experiment. Stimulation of the right ventricle (the last five of a series of
nine ventricular ectopic beats are shown, many of which were conducted back to the
auricle) was followed by three leff ventricular extrasystoles The P waves of first five post-
extrasystoltc stnus beats show an abnormal form.

Fig 27 illustrates a chnical observauon concerning the occurrence of an abnormal
ventricular beat following repeated rapid ventricular excitation. The record, obtarned from
a sixty-cight-year-old woman, two and a half days after an attack of acute nfarction of
the posterior wall and twenty-four hours before death, shows auricular fibrillation; the

mmrmrmu

mmummuuu

Fi16 28 —The two stnips are contmuous  Sino-: auncular block following ven-
tricular e secon 1s followed by an
beat

last reproduced complex ﬂlustrau:s the shape of!he beats of the dominant rhythm  Follow-
g an attack of dia one complex of an entirely different
shape was recorded which indicates that this beat originated 1n the other ventricle

(6) Occurrence of Abnormal Pauses after Ventricular Extrasystoles

Tn rare cases of sino-aunrcular block the block appears particularly following a ventri-
cular extrasystole Thus m Fig 28 an interval measuring twice a normal period, indicating
smo-auricular block, followed a ventricular extrasystole The second post-extrasystolic
pause, alkso due to sino-auricular block, was shortened by an automatic ventricular beat
showing abnormal features The patient had not recerved digttals  Thus phenomenon,
which we observed 1n two cases of sinus block due to digitalis and coronary sclerosis
respectively, 1n one case of coronary sclerosis without digitalis, and m one case with
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syphilitic aortitis, may be a vagal effect by way of reflex, each pulse wave producing, via the
presso-receptor nerves, a temporary increase in vagal tone sufficient to suppress stno-
auricular conduction (p. 64) (see also Fig. 17)

In rare cases, during rapid sinus rhythm, the interval between the last sinus beat before,
and the first after, a ventricular extrasystole equals three cycle lengths of the sinus rhythm
Fig. 29, which illustrates such an observation, was obtained from a seventy-three-year-old
woman with a recent apical myocardial infasction (note the elevation of the R-T junctions
and dome-shaped convexity of the R-T ) The coupling of the le plus
the post-extrasystohc interval equal three cycle lengths of the sinus thythm, Owing to the
sinus tachycardia, two—instead of the usual one—sinus beats were blocked and failed to
yield a ventricular contraction.

Fic 29 —Lead CF-5  After one ventricular mmsysmle the following two
stno-aurrcular impulses are blocked

During digitalis treatment the escape of centres lower 1n the ventricles is not rare (see
P 275) Insome of these cases the extrasystoles and the escaped beats have identical shapes
1n the electro-cardiogram which suggests that both oniginated in the same centre, Most of
such cases also show auricular fibnillation

It 15 obvious that at a time when only artenal pulse tracings were avarlable for the
analysis of arrhythmras, such abnormal post-extrasystolic beats appeared to be definite
exceptions to the rules of the compensatory pause and that the nature of such exceptions
could not be explared.

SUMMARY

1 Yo ic o d

The nature of the disturbance of rhythm caused by v is

and the ter 1 used 1n with such arrhytt defined. The electro-
cardiographic appearances of ventricular extrasystoles and some relevant features regarding
the width of their QRS complexes are discussed. It 1s pointed out that the frequency with
which extrasystoles occur vanes widely i different cases  Examples are given of tngeminal
and quadngerminal rhythm as well as of multiple extrasystoles and of short ventricular
paroxysmal tachycardia Changes in the post-extrasystolic beats after ventricular extra-
systoles are discussed under three mam headings, namely (1) alteration of the features of the
first p ystolic sinus beat, including the probable mechanism underlying 1t; (2)
occurrence of heterotopic post-extrasystolic beats; and (3) occurrence of abnormal pauses
after ventricular extrasystoles Such changes are discussed 1n some detail and illustrated by
examples.
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AURICULAR EXTRASYSTOLES

Extrasystoles ongmating 1 an auricle also produce a disturbance of the ventricular
rhythm, but the factors determuming the ventricular arrhythmra and particularly the post-
extrasystolic pause are more )l d than those p g 1n the case of ventricular
extrasystoles

Disturbance of Rhythm
The disturbance of rhythm caused by aunicular extrasystoles, three different varieties of
which are shown, 1s dizgrammatically 1llustrated m Fig 30.
The first extrasystole 1s presumed to have occurred after two normal beats and to have
oniginated rather late in diastole, namely O 54 sec after the preceding beat, the normal
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period measuring 0-80 sec. (Fig. 30a). The extrasystole 1s shown to be conducted both to
the ventricles and over a certain distance in a retrograde direction, towards the sino-
auricular node, where the next normal sumulus had begun to be formed and had started
to spread over the auricles. Both excitation waves meet and cancel one another since cach
meets refractory tissue. In such a case stimulus formation 1n the sino-auricular node is not
affected by the extrasystole, the next normal stmulus being discharged at the normal time.
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The post-extrasystohic pause therefore 1s compensatory (Cushny and Matthews; Hering,
1901; Wenckebach, 1903a).

The second aurcular extrasystole shown in the diagram (Fig. 30b) is assumed to have
occurred earlier 1n diastole, namely, 0 40 sec after the preceding sinus beat. Again it is
shown to be conducted to the ventricles as well as in the reverse direction to the smno-
auncular node, but owing to its greater prematurity it reached the latter before the next
normal impulse was completely formed There it discharged the immature stimulus and the
next normal impulse had therefore to be built up anew. Here again the extrasystole causes
a disturbance of the auncular as well as of the ventricular rhythm, Unlike the conditions
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prevailing with ventricular extrasystoles, or with the first vaniety of auricular extrasystoles
discussed above, the onginal rhythm of the heart 1s not preserved and the post-extrasystolic
pause, when added to the coupling of the extrasystole, is shorter than two normal periods,
that 1s, 1t 15 not compensatory

‘Whether or not an auricular extrasystole ts conducted 1n a retrograde direction to the
normal pacemaker and reaches 1t before the discharge of the next normal impulse depends
mainly on its ime of occurrence 1n diastole, on the heart rate and on the rate of retrograde
and normal conduction If the extrasystole occurs early in diastole and the heart rate 1s
slow, the extrasystole 1s likely to reach the normal pacemaker, particularly if the rate of
retrograde conduction s high - Thus mn certain fishes with slow heart rate (40-50 per minute),
1n which the retrograde conduction is faster than that m the normal direction, backward
conduction of the extrasystole to the sinus 1s the rule when the extrasystole occurs within
the first fourth to third of the auricular cycle In the tortoise, in which the heart rate 1s also
slow (20-30 per munute), such backward conduction 1s usual In the amphibian heart, on
the other hand, in which retrograde conduction 1s slow and, by compartson with the tor-
1oise, the heart rate 15 higher (about 40), and 1n reptiles with a higher normal heart rate
(lizards, snakes), auricular extrasystoles as a rule do not affect the impulse formation 1 the
sinus and the post- lic intervals are y (Skramlik)

In the mammalian heart and 1n man, 1n the majornty of cases, aurtcular extrasystoles
disturb 1mpulse formation in the smo-auncular node, and post-extrasystolic mntervals that

are shorter than p 'y ones are far , their ‘became known soon
after the importance of 1n the of arrhythmias was realized (see
p- 19) Gallavardin measured carefully the post-extrasystohe intervals m thirty-seven

of auncular They were found to be compensatory 1n eleven 1n-

stances (thirty-one per cent) The later 1n diastole an auricular extrasystole appeared the
more frequently was the post-extrasystoltc pause compensatory.
Whereas the length of the compensatory post-extrasystolic pause, whether follow:ng a
B Y . P ( o R .

1ng aurcular extrasystoles which disturb the stimulus formation in the sius node One
important factor 1s the time required for the auricular extrasystole to be conducted from 1ts
facus of origin to the sinus node. Tlus tme will mcrease wath the distance between the focus
of origin of the extrasystole and the sinus node Thus extrasystoles ansing near the head of
the sinus node will reach this node 1n a very much shorter time than those onginating at a
distance, say, near the A-V node. Exact showed this to be valid
{Lewis, Meakins and White) The rate of the reverse conduction of the extrasystole to the
sinus node will also be umportant; the more premature the extrasystole the slower the rate
of conductron (Wenckebach, Drury and Brow, Drury and Regmer).
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formation n the centre, and his experiments showed that such inhtbition 15 greater the more
damaged the heart muscle Inhibition of stimulus formation by an extra-stimulus has been
studted extensively 1n the automatically-beating ventricle (Erlanger and Hirschfelder, Hof-
mann and Holzinger, Rothberger and Winterberg, Rihl, 1913a; Miki and Rothberger, Scherf
and Shookhoff, 1925, 1926, Eccles and Hoff), but I.EWIS. White and Meakins pornted out
that inthus respect th 1cular and atno-ventricular nodes differ from centres producing
1dioventricular thythm  the S-A and A-V nodes show inhibitron of stimulus formation as a
resu]t of an extraucous stimulus only if they are poosly nourished or the heart 15 1n a hypo-

dy which can ly be assumed to prevail in the human
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heart with this kind of arrhythmia). It was also shown that such inhibition of stimulus
formation is greater when the extrasystole 1s early, or when there had been several extra-
systoles 1n succession (Hofmann and Holzinger). These results were confirmed by Lewis,
White and Meakins. Miki and Rothberger, who devoted a special study to the re-
examination of the problem, emphasized the importance of the inhibition of stimulus forma-
tion, and also found that the post-exirasystolic intervals were lengthened particularly
towards the end of an expennment or when the heart had been damaged by asphyxm.
quinine or muscarine

Whereas all the factors discussed so far tend, on the whole, to render the post-ex(rn-
systolic interval longer than the interval between two normal beats, this disturbance of
rhythm 1s rendered less conspicuous in the ventricular thythm as a result of differences in
therateof conductionto the ventricles of the extr. leand the post-extrasystolicbeat  Not
mfrequently aurrcular extrasystoles are conducted to the ventricles more slowly than the
sinus beats and this tends to be the more marked the earlier in diastole the extrasystole
occurs. The first post-extrasystolic sinus beat, on the other hand, 1s conducted at the normal
rate, or faster, with the result that the arrhythmia is less marked in the ventricular thann
the aunicular rhythm. Moreover, the post-extrasystolic interval will be shortened if it is
terminated by an escaped beat of idioventricular origin.

To sum up, the length of the post-extrasystolic ventricular interval after auricular extra-
systoles will depend on

1. the rate of the prevailing sinus rhythm,

2 time of occurrence in diastole of the extrasystole,

3. sinus arrhythmua, itself dependent on nerve tone,

4 distance of point of ongin of the extrasystole from the S-A node;

5 rate of retrograde conduction of the extrasystole to the S-A node;

6. degree of mhikition of stimulus formation in the S-A node by the extrasystole,
dependent on the condition of the heart and perhaps vagal tone;

7 rate of cond of the ystole and of the post ystolic beat to the ven-
tricles, 5

8 presence or otherwise of an escaped beat terminating the post-extrasystohc interval.

In view of the number and complexity of these factors 1t 1s easily understood that in an
individual case it 1s hardly possible to explain the time relations withany degree of certainty,
especially as a temporary slowing of the heart also has to be considered as an accxdenml

factor (Lewis, 1925). In man the first few cycles foll g auncular Y are
occasionally shortened (Gallavardin)
If for any reason the cond system is of cond the le to
the ventricles, the extrasystole is said to be blocked and will fail to yreld a ventricular
This d 1s 1l d 1n the third le of the dragram of Fig. 30
(Fxg 30c)

The EX gram of Auricular Ext tol

In the electr d auricular extrasystoles are ch 1zed by premature Pwaves
of normal or, more often, of abnormal shape; 1n the case of conducted extrasystoles such
P waves are followed, after a normal or lengthened interval of conduction, by a ventricular
complex of normal (supra-ventricular) or abnormal shape; in the case of blocked auricular
extrasystoles such P waves are 1solated and are not followed by a ventricular complex.

With auricular ext les the ling 1s d from the t of the P wave
of the last normal beat precedmng the extrasyslole to the beginmung of the P wave of the
extrasystole.
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‘The Shape of the P Wares

The shape of the P waves of an auric-
uvlar extrasystole depends primarily on its
focus of origin, but in certain circum-
stances 1s also influenced by abnormal
spread of the excitatron wave within the
auricles, that 1s, by mtra-auricular dis-
turbances of conduction, The first of
these two factors 1s by far the more
mpartant

Auricular extrasystoles onginating m
the neighbourhood of the head of the
sinus node give nise to P waves of the
same form as the Pwaves of the prevailing
stus beats (see also section on sinus
extrasystoles)  Extrasystoles springing
from foct situated elsewhere m the aun-
cles yield P waves of different shapes,

emd

e e e o st et Btk § Ktk

)

PTTAS.# NS

[

curves of right auricle

002 second An aurcular extrasystole, elicited by an
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they may be taller, smaller, wider, slurred, =
notched, tnverted or 1soelectric 11 one or a

the other lead Attempts have been made @y
to deduce the focus of ongin of the extra- 25
systoles from the shape of the P waves g

1 vanous Jeads, they are discussed on
p 401

Fig 31 was obtamned from a dog
which had been given 0 1 gm of quinine
sulphate intravenously a few muautes
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de dicection to the sious node, the
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before the tracing was taken The ven- =
trrcular cycles measure 0 64 second (rate 2
93) Owing to the effect of quinine the g g
P-R intervals were lengthened to 013 e
second and the QRS complexes were ¥ E
markedly widened By means of a break e
shock applied to an area close to the head 55%
of the sinus node an auricular extrasystole g 83
was produced, the P wave of which is £33
seen to have a form smular to those of §:§
the sinus beats The post-extrasystohic o2
interval was not compensatory The inter- i §ER
val between the P wave of the extrasystole ‘gEﬁ
and that of the post-extrasystolic beat cES
measures 0 82 second; this s far too (=g
long to be explamed by the time required 58
for the extrasystole to reach the pace- 4§
maker m the sinus node, even if full &
allowance 15 made for the slowing effect

upon conduction of quinine Inhibition

of impulse formation in the sinus node, consequent upon the breaking into 1t of the
- Tus, 1s the most probabi I
In man auricular extrasystoles may oecur singly, at more or less frequent intervals, In
E
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some cases, one extrasystole follows each normal sinus beat, giving nise to bigeminal heart
action or coupled beats; moreover, auncular extrasystoles may occur in succession in
shorter or Jonger groups Like the ventricular complexes in ventricular extrasystoles, the
P waves m auricular extrasystoles may maintain the same shape for years A few 1llus-
trative cases follow

Fig 32, obtained from a fifty-year-old man without evidence of heart disease, shows
auricular extrasystoles after every few sinus beats, in lead 3 they occurred after every sinus
beat, producing bigeminal rhythm, due to auricular extrasystoles Except for the extra-
systoles the electrocardiogram 1s normal.

Lty Sl
il “h '-.H
i AR
F1G 32 —The three standard leads In leads 1 and 2, one aurncular extra-
systole after every two or three sinus beats, in lead 3 after every sinus beat

Fig 33 provides an example of multiple auncular extrasystoles occurring in
three groups each of four are seen to follow a sinus beat This figure also shows another
feature often found mn electrocard of auricular extrasystoles, namely, the (partial
or complete) fusion of the P waves of the extrasystole with the T wave of the preceding beat.
1t 15 obvious that the earlier in diastole the extrasystole occurs the more closely its P wave
will approximate the T wave of the preceding beat According to the exact time relations
of the two waves and their sizes, directions and shapes, the P wave of the extrasystole wall
produce a more or less marked alteration 1n the shape of the T wave Such changes usually
consist of slurring or notching of the T wave or 1n an ncrease og decrease i 1ts height, such
alterations clearly indicating the superimposed P wave. If, however, the changes in the T
waves are very shight, the recogmtion of such a2 wave as containing a P wave may be ex-
tremely difficult and 1n such cases the presence of auricular extrasystoles may easily be
missed; this holds good especially for lead 1 in which the normal as well as abnormal P




s1

VARIOUS TYPES OF EXTRASYSTOLES

adeys 3y) Ui UOHRUII)|E YA AWIfIg JepnoLny

AN ..EEF
T

s

85538} 38l

2




52 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

waves often are very small. An example of very slight changes in T waves caused by
blocked auricular extrasystoles is shown in Fig. 40

Auricular extrasystoles, occurning singly, may show varying shape of P waves (see
Fig 34a) Inauncular bigeminy alternation 1n the shape of the P waves of the extrasystoles
1s occastonally observed (Fig 34b) These vaneties indicate myocardial disease (see section
on “Prognosis™) In cases of myocardral infarction auricular extrasystoles may show typical
alterations in their R(S)-T segments which need not be present in the sinus beats This is
illustrated by Fig. 35. The avricular extrasystole recorded in lead 2 shows elevation of the
R-T junction and pronounced distortion of the R-T segment which features are absent in
the sinus beats of this lead  (For analogous observations in ventricufar extrasystoles, see
p 3land Figs 11 and 12)

=t il

Fic 35-—7op lead 2, botrom leads 1 and 3 From a palent with a recent
myocardial infarction  The aunicular extrasystole in lead 2 shows in its final
deflection the high take-off and dome-shaped segment charactenstic for the
lesion, whereas these features are absent in the final deflections of the sinus
beats in this lead  These changes may be due to the Ta wave of the
mverted P wave

1f several auricular extrasystoles occur 1n succession, the P wave of the first extrasystole
may differ 1n shape from those of the succeeding ones (Fig 44) A similar phenomenon
observable with ventricular extrasystoles was described on p 39, its signficance is dis-
cussed on p 60 Occasionally the shape of the P wave of the last of a sertes of auricular
ectopic beats may differ in shape from those of the others (Fig. 36a) Fig 36b, obtained from
a seventeen-year-old patient with rheumatic matral valvular disease, shows slurred and
widened (0 14 second) P waves of the sinus beats, features commonly found 1n this condi-
tion  The P wave of the auricular extrasystole 1s not slurred and measures only 0 10 second

r e
n~
aof
L.
b I .
-
i. . - . -
Fic 36—(a). Lead 2 Muluple auncular extrasystoles the P wave of the last
of which 1s different 1n shape from those of the others (5) Lead 1. The
gross notching and widentng noticeable 10 the P waves of the sinus beats is
absent in the P wave of the auricular extrasystole
The C ion of Auricular Extrasystoles to and in the Ventricles

Auricular extrasystoles which occur late 1n diastole are, as a rule, normally conducted
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1o the ventricles; their P-R intervals equal, and theirr vcnlncular complexes resemble, those
of sinus beats. Aunicular ext of greater pi ity, howevcr, not mfrequen\ly
exhibit lies in auricul icularand i cular d ; three main types
of such disturbances may be distinguished :

1 Delay of atrio-ventricular conduction;
2 Failure of atrio-ventricular cond : blocked 1
3. Aberrant intraventricular conduction

1. Delay of Atrio-ventricular Conduction was seen early in his experimental work by Engel-
mann in 1894 Stnce delay in the d of the auncular results
in (1) a lesser degree of prematunty of the ventricular contraction and (2) a shorterung of
the post-extrasystolic interval (see p 47), the arrhythmia becomes less marked in the ventri-
cular rhythm than in the auncular one  Engelmann referred to this as an automatic self-
adjustment of the ventricular thythm If the delay in atrio-ventncular conduction of the
extrasystole 1s marhked the ventncular contraction may be delayed to such an extent that it
occurs almost at the normal time  This 15 often seen in chimical as well as 1n exprexmental
work Within certain limits and with certain exceptions (s befow) the delay in A-V conduc-
tion will be the greater the more premature the extrasystole (Hirschfelder and Eyster; Lewis,
White and Meakins) The condition 15 1llustrated in Fig. 42

According to Gallavardin the average P-R interval in auncular extrasystoles with -
verted P waves 1n lead 2 was shorter by 0 03 sec. than in those with upnight P waves 1n the
same lead This suggests that those with inverted P waves onginated near the auricular
portion of the A~V node. Some disturbance of the atrio-ventricular conduction was found
by him in 50 per cent of fifty cases of auricular extrasystoles

2. leure of Conduction to the Yentricles of an Auricular Extrasystole resuits in blocked
exti les, that s, p auricular not followed by a ventn-
cular contraction Thls condition also was observed early in experimental work (Engel-
mann 1894, Hering 1901, Trendelenberg 1909) It was first described 1n man by Hewlett
who offered two possible expl. 1 erther the cond 1n the A-V system 1s normal
and the failure of a ventricular contraction 1s due to a disturbance of contractility of the
muscle, or conduction 15 impaired  The second explanation seemed more satisfactory to
the author and 1s now generally accepted. Mackenzie attributed the disturbance to the
stimulus’ reaching refractory tissue on 1its way to the venmcles Thxs early work was soon
confirmed exper ily as well as ly (Rosenthal, and Draper, Rihl
1913b) It was found that while the degree of prematunty of the extrasystole 1s of para-
mount ymportance 1t 15 by no means the sole decisive factor, Thus the observation 1s not
rare that amongst aunicular extrasystoles occurring at the same phase of diastole some are
normally conducted whereas others are blocked Vanations in vagal tone seem of impor-
tance, impaired conduction being found more commonly with a high vagal tone (Robmnson
and Draper); moreover, periodic changes of excitability (Trendelenburg 1903) and the
presence or otherwise of a supernormal phase of conduction (p 497) (Ashman) also pay
an important part
Inlead 1 the P waves of auricular extrasystoles are often very small (see Fig 32) or even
absent In the case of blocked auricular premature beats the presence of this arrhythmia
may thus be nussed if only lead 1 15 examined, and the Jong nterval containing a blocked
auricular extrasystole without a visible P wave er y attributed to d ion of the
sinus thythm or to S-A block An instructive example of this kind was reported by Bix
(Case 2)
Fig 37a shows 1 h 1zed by deeply ted P
waves All occurred at about the same phase of diastole, but some of them were blocked
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whereas others were normally conducted to the ventricles The reason for the differences
1n conduction n thes case 1s unknown. In Fig. 37b, obtained from another patrent, three
auricular extrasystoles were blocked whereas two others were conducted to the ventricles,
the P-R intervals being lengthened to 0 48 second. (The ventricular complex of the last
extrasystole 1s not reproduced.)

Blocked auricular extrasystoles may exert a profound influence on sttmulus formation
1n the normal pacemaker as well as on the rate of A-V conduction of the following normal
beat This suggests that such extrasystoles, though not producing a ventricular contraction,
may in certain cases reach the sino-auricular node and be conducted over a certain distance
through the A-V conducting system before being blocked This assumption 1s 1n accordance
with experimental findings 1n the frog (Engelmann), turtle (Ashman) and dog (Scherf and
Shookhoff 1925, Lewts and Master)

The first of these two possibilities 1s illustrated 1n Fig 38. Afier two sinus beats, occurring
at an interval of I 12 second and showing a lengthened P-R interval of 0 28 second, a
blocked auricular extrasystole occurred The next P wave followed the extrasystole after
the long interval of 1.44 second, the post-extrasystolic interval measuring 2 04 second This
very considerable delaym the of the post-extrasystolic beat can only be explamned
by marhed i of the lus formation in the normal pacemaker which
lhe blocked auricular impulse must have reached

An extreme example of impairment of atrio-ventrnicular conduction caused by blocked
auricular extrasystoles 1s provided by Fig 39, obtamed from a sixty-four-year-old patient
with coronary sclerosis and angma pectons  The first part of the tracing shows sinus
thythm, the P-R intervals being lengthened to 0 28 second The fourth and all subsequent
sinus beats were each followed by an auncular extrasystole, all of them blocked, the first
one occurring early, the others later in diastole. With the appearance of auricular extra-
systoles, conduction of the normal sino-auricular stimul to the ventricles ceased and com-
plete heart block established itsell It must be assumed that the blocked aurrcular extra-
systoles travelled for a certain distance in the A-V system before being blocked and thus

further imparred atrio-ventricular conduction to such an extent that conduction became
entirely mterrupted and complete heart block resulted That blocked auricular beats
mfluence the length of the succeeding A-V interval was found by several mvestigators
{Engelmann 1894, Ashman, Langendorf) Langendorf (Case 1) reported that in this way a
subsequent auricular extrasystole may also be blocked

If a blocked auricular extrasystole follows each sinus beat a bradycarda results, the
underlying mechamsm of which may be difficult to elucidate Evenif an electrocardiogram
1s available the dragnosis may not be easy if the extrasystoles occur early n diastole and
their P waves, supenmmposed on the T waves of the preceding beat, produce only shght
alterations of the shape of the latter (see p 57) Thus m Fig 40 only a very slight slurning
of the T waves indicates that the third, fourth and fifth beats are each followed by a blocked
aurncular extrasystole In such cases other leads, particularly cettain chest (V-1) or oeso-
phageal leads, often are helpful

Large U waves occasionally may be mistaken for blocked auricular extrasystoles Fig.
41 shows both kinds of waves which differed conspicuously from one another by ther
different shape and dxrectmn

3. Aberrant C i As aunicular are due to supra-
ventricular impulses which are conducted to the ventricles through the normal pathways 1t
1 to be expected that the ventricular complexes resemble those of the sinus beats i a given
case While this hold> good 11 many instances {(see Fxgs 32, 41) anomalous ventricular

d with auncular spread of the 1m-

pulse through the ventricles, were found soon after the electrocardiographic method had
become available for the study of the spread of the excitation wave (Lewis 1910 and 1912
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and Rosenthal using one of Lewis's cases). This phenomenon was called ** aberration *’ by
Lewis who defined 1t as “ abnormal distribution of the supraventricular impulse in the
ventricle ” (1925, p 517).

Such abnormalities of the ventricular complexes may be very shight, consisting only of
anncrease or decrease in the height or depth of one or the other of the waves, or the appear-
ance or disappearance of one of the small (particularly Q) waves In other instances, how-
ever, the ventricular portions may be widened, slurred or notched to such an extent that

they closely ventricular extrasystoles and may easily be confused with them unless
due attention is patd to the fact that they are preceded by P waves at intervals usually found
with A-V conduction. Confusion with ventricular extrasystoles is particularly apt to occur
1f the degree of aberration remains the same from beat to beat (which 1s much less common
than a varying degree) or if the premature P wave 1s buried 1n the final deflection of the
preceding beat  Even regular alternation between two forms of aberrant QRS complexes
has been described (Stenstrdm, 1923, 1924).
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Generally speaking, aberration tends to occur, and to be more marked, the earlier in
diastole the extrasystole occurred. It will be secn, however, that other factors also are of
lmponancc.

Thus Fig 42, obtained from a twenty-onc-year-old woman, shows auricular extrasystoles
tn each lead In lead 1 on two occasions the P waves of the extrasystoles were fused with
the T waves of the preceding beats which they rendered slightly higher and more peaked,
the second aurtcular extrasystole occurred later tn drastole and its P wave is very low. In
leads 2 and 3 the P waves of the extrasystoles were deeply inverted  Aberration of some
degree 1s seen with each extrasystole, but even if extrasystoles occurred in the same phase
of dastole the degree of aberration and even the direction of the main deflection of the

- e el .l.

Fi6 42 —The three standard leads Auncular extrasystoles with aberrant
mtra-ventricular conduction  The tracings sllustrate that this 1s not solety
dependent on the degree of prematunity of the extrasystole For further

explanation, see text

ventnicular complexes may vary (cf the first and last extrasystole 1n lead 1 and the second
and third 1n lead 2) Fig 43, reproducing two tracings obtamned from the same patient,
shows auncular extrasystoles after each sinus beat, some of which were normally conducted,
others aberrantly, and others again were blocked Here agan the degree of prematurity or
Jength of coupling of the extrasystole to the preceding beat obviously could not have been
the sole dectding factors

Expenimental and chnical observations have shown that in such cases some other
disturbance of conduction, often of 2 munor degree or even latent, 1s present.

Expenimentally, abersation was found to occur after previous damage of the A-V
system (Stenstrom) After slight mechanical damage to the right bundle branch with
subsequent recovery of normal d auncular extrasystoles were foll, d by ventri-
cular complexes of the bundle branch block type Moreover if, at this moment of the
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experiment, the conducting system was faugued by a series of ventricular extrasyst

produced 1n rapid succession, the following sinus beats temporarily showed the feature
nght bundle branch block (Scherf, 1927). Lewis (1925) found that beats of this kind c¢
be obtained more easily in the cat, when the heart presented slight changes of conduct
for instance duning asphyxia.

Fig 43llustrates another observation which is by no means rare, namely, that the
of a sertes of auricular extrasystoles shows a particularly delayed conduction and mar
degree of intraventricular aberration  Thus m Fig 432 one blocked auricular extrasys
followed each normal beat except for two occastons when two conducted extrasyst
occurred in successton  The first extrasystole of each of these two groups showed a dela
A-V conduction of 0 24 second, followed the preceding beat after 0-44 second, and t
ventricular complexes showed marked aberration. The second extrasystole of each grc
which was conducted at a normal rate to the ventricles, followed the preceding beat |
first extrasystole of the group)at an intersal of orly 0-36 second, and thetr ventricular cc
plexes showed less aberration Simlar conditions are shown in Fig, 43b, in the secc
half of which an aunicular extrasystole with delayed A-V conduction and a coupling of 0
second was aberrantly cond d, whereas the ding one, following after only O
second with a normal P-R interval, had an almost normal ventricular complex (see ¢
Figs 57a and 58 in the sectron on A-V extrasystoles)

These observations, which tend to prove that the degree of prematunity cannot be
sole decisnve factor to account for the presence or degree of aberrant intraventricular ¢
duction, at first sight are surprising 1n another respect One would expect that wit!
succession of extrasystoles the degree of disturbance of conduction, both atrio-ventricu
and mtraventricular, would gradually ncrease, whereas the records clearly show the f
extrasystole to be most affected m ths respect. Moreover, 1t is by no means rare that, a
with longer series of auricular extrasystoles, the first one displays particularly marked de
n A-V conduction and degree of intraventricular aberration Similar observations w
made 1n cases of periodically dropped beats (Scherf, 1929). Another observation relev:
1n this connexion 1s that 10 a seres of ventricular extrasystoles the first one may be differ
from the others 1n the electrocardiogram (see Fig 21), or, more rarely, in a sertes of au
cular extrasystoles the shape of the P wave of the first one may differ from that of
subsequent ones (Fig 44, lead 2)

Consideration of the refractory phase seems to afford the explanation. It has been est:
Iished that the refractory period shortens as a result of increased heart rate (Trendelenbu
1903; Mipes, Lewss, Drury and Bulger) and of fatigue (Adrian) and the refractory period
a premature contraction was found to be shorter than that of a beat occurning after a lon;
1nterval (Trendelenburg 1903, Junkmann). (See also section on “Dynamics and Refractc
Period ”) The assumption seems justified, therefore, that beats occurring after Io
intervals (for instance the sixth beat of Fig 43a which was a post-extrasystolic beat afte
long post-extrasystolic nterval) have a long refractory period so that an extrasyst:
followng on such & beat will find the tissue only partially recovered; the disturbed €
duction resulting from p:mml rcfractormess {Lews, 1925) will account for delayed A-V

well as for abermnt cular The Y ltself huvmg a shorl

Other factors of 1mportance in this connexion are toxic damage of the heart, for ¢
ample by quintdmne, which tends to make aberration more pronounced (Berlner a
Lewithin), and vagal tone  Since stimulation of the vagus 1s known materially to short
the rcfmctory penod of thc dog s aunclc and thcreby mdu-ectly to xmprove conducﬁxon

o
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tone may well account for the different behaviour of auricular extrasystoles occurring 1n
man under otherwise seemingly identical conditions Since there 1s no evidence of a
direct action of the vagus on the mammahan ventricle the intraventricular conduction 1s
not influenced directly by a change 1n vagal tone

Reports about the di of aberrant d of auricular extrasystoles give
varying figures: White and Stevens found 1t 1n eleven out of twenty-three cases, Palmer and

Fig A4 The thean conndacd lands  Tha ranaed and antan o st b =41 Goarat 13

S . " r.o, . .

White saw 1t 107 times 11 a sentes of 387 cases, 1n a more recent senes of fifty cases it
e eeminl o el e -

If successive auricular extrasystoles follow one another at trregular intervals differ-
entration from auncular fibrillation can only be made electrocardiographically  Fig 36a
this cond; showing, , the to have varying P-R intervals

Occurrence of F pic Beats ing an Auricular E:
Just as in the case of ventricular les, the post

1nterval foll



62

d.
it

PSR g

A ke s arares

§.:

4

mn el B

P n -ty A

“v-

v

i

i

L YN

e

EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

plex and T wave of the escaped beats )

leads, Enselberg), but exceptions occur

P waves of the post-extrasystolic beats.

Fic 45 —Blocked auncular extrasystoles followed by an escaped beat.

auricular  extrasystoles may be terminated by an
escaped beat originating 1 a centre other than the
normal pacemaker Escape of a lower centre is partic.
ularly apt to occur after blocked auricular extrasystoles,
as here the post-extrasystolic interval tends to be par-
ticularly long. Fig. 45 shows a blocked auricular extra-
systole occurring after each group of two normal beats,
the post-extrasystolic interval being invariably termun-
ated by an escaped beat originatingin the A-V node, (The
normal P wave of the sinus beat due to occur shortly
after the escaped beat 1s visible between the QRS com-

In other instances the post-extrasystolic interval s
terminated by supra-ventricular beats showing abnormal
P waves. Thus Fig 46a, taken from a patient with
rheumatic mitral valvular disease, shows widened and
notched P waves. The two beats following an auricular
extrasystole exhibit different and grossly abnormal P
waves. The post-extrasystolic interval 1s not compensa-
tory Such abnormal P waves of beats following an
auncular extrasystole usually have the same shape as
that of the extrasystole (observed also in oesophageal

the aurcular extrasystole had a distinctly positine
P wave, whereas the P waves of the three following beats
were very low and gradually increased tn herght. Intra-
auricular disturbances of conduction may also play a
part The same phenomenon could frequently be ob-
served 1n experiments on dogs (Rothberger and Scherf).

Usually this phenomenon 1s transttory and only
found 1n the first few post-extrasystolic beats, The post-
extrasystolic interval tends to be equal to, or slightly
shorter than, that found without alterations of the

In tus first description of tlus phenomenon Lewis
(1912) pornted out that the discharge of the abnormal
extrasystolic 1mpulse may precipitate formation at the
same site of the next wmpulse to be discharged at the
tme 1t 1s due  This view 1s supported by the expen-
mental observation that following rhythmucal stimula-
tion of the aurcle the first impulse after the end of
stimulatton may anse 1n the stimulated area and not
the normal pacemaker (Skrambk, Rachmilewitz and
Scherf, Bloch) Abnormal centres other than thccemre

of origm of the also may

systoles (p 37).

nsc to lmpulses after the post- exlmsystohc interval

P beats g auricular extra-
systoles, whether blocked or conducted, may show
the same kind of alterations of T waves as were
described regarding those following ventnicular extra-
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Differentiation between Blocked Auricular Extrasystoles and 2 : 1 A-V Block

It is well known that 1n 2 . 1 A-V block those P-P intervals which contain a conducted
beat often are shorter than those without it, the P wave following a ventricular complex
occurring shghtly prematurely as compared with the subsequent P wave Moreover, the

Fic 46 —Both tracings lead 1, from different patients Changes in the shape
of the P waves of the first few post-extrasystolic sinus beats after an auricular
extrasystole  For further explanation, see text,

premature P waves in 2 1 A-V block may differ in shape from the others (Scherf, 1945)
This sequence 2 conducted beat followed by an 1solated premature P wave of different
shape obviously would fit both with a diagnosis of blocked auricular extrasystoles and that
of 2 1 A-V block, and special measures may be necessary to arrne at a differential diag-
nosss, the clinical importance of which 1s d Fig 47, ob d from an eight

year-old patient with theumatic fever, provides an example It shows conducted beats, the
P-R intervals betng lengthened to 0 24 second, followed by shightly premature P waves which
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degree (say, 3 . 1) and the differential diagnosis will be made possible in this way. Other
tracings of the same patient revealed that actually 2 : 1 A-V block was present in Fig 47,

[The mechanism underlying the changes in the time relauons and shape of P waves in
21 block 1s not fully understood, pertodical changes i vagal tone are the most likely
explanation, each pulse wave following a ventricular contraction producing a temporary
increase 1n vagal tone via the pressor-receptor nerves (Erlanger and Blackman, Ashman
and Gouaux, Scherf, 1945).]

Combination of auricular and ventricular extrasystoles in the same patient

This combination of ectopic beats 1s accastonally ebserved, but s not very common.
Figs 48 and 49 provide examples

Fig 48, obtamed from a sixty-six-year-old man with hypertension, shows also the un-
usual feature that a ventricular extrasystole mostly cccurred immediately after an aurcular
one (top record), but this was not invanably the case as illustrated in the bottom record.

Fig 49, recorded 1n a twenty-three-year-old man with attacks of paroxysmal tachy-
cardia while on a preventive maintenance dose of quinidine, shows in its middle portton
aunicular bigeminy  The third beat 1s an auncular extrasystole with gross aberration of
mtra-ventricular conduction  Its P wave 1s recogmzable as a notch in the ascending limb
of the preceding T wave (R-P = 0 4 second, P-R = 0 26 sccond as compared with the
R-P of 048 and P-R of 0 16 second of the extrasystoles of the brgemini with normal
mtra-ventricular conduction) The penultimate beat 15 a ventricular extrasystole. The
disturbances in intra-ventricular conduction of the sinus beats are attributable (o quinidine.

Fig. 44 may be another instance, sh ventricular ext lesin lead I and auricular
ones in leads 2 and 3 though the ectopic beats 11 lead 1 may be auricular in origin with
aberrant intraventricular conduction  Such possibility has to be considered pacticularly
as the P waves of auricular extrasystoles are often very smalf or absent in lead |

According to Huppert and Berliner the occurrence of both aurnicular and ventricular

1s strongly of cardiac disease. In one series of these authors all

the twenty-five patients, 1n whom this combination was encountered, were suffering from
cardrac discase In another series of twenty-one cases, in whom sius tachycardia (rate 100
and over) was present 1n addition, only two patients were free from cardrac involvement.

SUMMARY

Three main vanenes of dxsturbances of rhythm caused by aurcular extrasystoles are

d and ically  auncular premature beats without, and

with conduction of the ectopre impulse to the S-A node and therefore without, and with

shifting of the domunant rhythm, and blocked auricular extrasystoles The numerous and

complex factors determuaung the length of the post-extrasystolic interval in the ventricular
thythm are discussed and analysed

The electr d of auricular les 1s d bed 1n detail under three maimn
headings.

A. Shape of the P waves, including some special features, such as bigeminal rhythm
due to one auncular extrasystole following each smo-auricular beat, diagnostic difficulttes
anising out of the superposition of small P waves on the T of the preceding beat, and pecu-
ltarsties of the P waves in auricular extrasystoles occurring 1n successton,

of aurtcular extrasystoles to and m the ventricles Three main aspects
of IhIS are discussed

(1) Delay of A-V conduction It 1s pointed out that, while the degree of prematunty
15 the most smportant factor 1n determuning the length of the A-V conduction time of an
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auricular extrasystole, this 1s not the only one and others, discussed under (2), have to be
consydered

{(2) Failure of conduction to the ventricles of an auricular extrasystole: blocked auri-
cular extrasystoles. While the degree of prematurity of the ectopic beat 1s the most impor-
tant factor determuntng whether or not the impulse reaches the ventricles, variations 1n
vagal tone, changes wn excitability of the ventricles and the presence or otherwise of a super-
normal phase of conductivity also play an ymportant rdle. Blocked aurscular extrasystoles
may exert a profound influence on mpulse formation in the S-A node and on the rate of
AV d 3 this sl d by clinical !

{3) Aberration of intra-ventricular conduction Thxs tends to oceur, and to be more

Ta sl 2w

r-n-‘,ad tha anel aw cm A~
t .
this 15 absent, 1s explaied by the length of the refractory period preceding the first, and the
subsequent beats respectively of such sertes. Other factors are toxic damage to the heart
and vanations mn vagal tone m the aurncles

C The occurrence of heterotoprc beats occurning afler an auricular extrasystole and
terminating the post-cxlmsyslchc interval. cheml vaneues of such beats are discussed and
R -

auri '
Instances of @ combination of auncular zmd vemncular extrasystoles in the same patient

are described
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ATRIO-VENTRICULAR EXTRASYSTOLES

Introductory Remarks

Extrasystoles oniginating in the atrio-ventricular (A-V) node were first described by Pan
and by Volhard, both in 1904 before the discovery of the A-V node, but misintespreted as
ventricular extrasystoles with retrograde conduction to the auricles In the same year
Mackenzie published the tracing of an A-V extrasystole which, however, 1s not described
as such In 1906, extrasystoles oniginating 1n the A-V node in monkeys were described
by Hering and considered to have been due to increased resistance to the emptyng of the
left ventricle The first chimcal examples of this arrhythmia were those of Hering and Rihl
{1906), Ratchie (1907) and Mack {1908) Subseq ly cases were described by Lewrs,
Wenckebach and Winterberg, and others

The diagnosis of A-V extrasystoles and our conception about their site of origin within
the A-V node as well as their mode of conduction are based on our knowledge of A-V
nodal rhythm.

The ongn of the impulse in the A-V node results 1 the spread of the excitation wave
through auricles and ventricles 1n such a way that their contraction occurs more nearly
simultancously than with any other stte of ongin of ympulse formatton  Moreover, while
the direction of the spread of the excitation wave through the ventricles 15 the same as that
of beats of supraventricular origin, 1n the aurcles 1t 1s the reverse By studying the curves
of the momentary electrical axes (vectors) 1n A-V nodal rhythm Ruskin and Decherd found
them to pass upwards, backwards and to the left as compared with a downward and forward
course to the left i sinus rhythm.

Upper, middle and lower A-V rhythm and A-V extrasystoles

A-V rhythm and A-V extrasystoles were further sobdivided according to whether acti-
vation of the auricles precedes, coincides with, or follows that of the ventucles In the
electrocardiogram these three groups are characterized by the position of the P waves m
relation to the QRS ! the P waves p di ing with, or following the
QRS complexes respectively

For a considerable trme tn the past the position of the P waves 1 relation to the QRS
complexes was taken to indicate the site of origin within the A-V node of such beats This
view was based on the results of the early experiments of Ganter and Zahn, and of Zahn,

Y T s s ebeam ees wfoe o s dae and veptricular contraction, of warm-

1d Eyster’s experiments on the site
, L . This teterpretation was accepted
by Clerc and Pezz;, Wenckebach and Winterberg (pp. 143, 199) and others For different
reasans Lewss, though he considered * the exact location of events 1 a small structure
buried under septal muscle ™ “ precarions ”, beheved it to be correct
his some d d of which will be discussed below, is
diagrammatically illustrated i Fig 50 In Fig 502 ongmn of the A-V beat i the upper
(aurtcular) portion of the A-V node 1s assumed. As the centre of impulse formation lies
nearer to the auncles than to the ventricles and the A-V node 1s known to delay the propa-
gation of the impulse, the auncles are activated before the ventricles; and in the electro-
cardiogram 2 P wave precedes the QRS complex with a more or less shortened P-R interval
With the impulse originating n the m'ddlf portion of the A-V r:odc (Fig. 50b), the con-
P i PPt U S S St

Vg mmnrnns
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thus bunied in it If the impulse originates 1n the ventricular portion of the A-V node, as
shown m Fig. 50c, the auricles will be activated later than the ventricles and the electro-
cardiogram will show a negative P-R (or an R-P) interval, a P wave following the QRS
complex.

The Electrocardiogram
General Features
These derati about the d of spread of the excitation wave and the
sequence of auncular and ventricular activation explain the electrocardiographic features
1n the different vaneties of A-V extrasystoles

AURICLE

AV NODF

VENTRIELE R
a b ¢

Fic 50 —Diagram tllustrating the three vaneties of A-V rhythm and/or A-V
extrasystoles

In the standard hmb leads they are characterized by premature ventricular complexes of
supraventricular shape,

(a) which are preceded or followed by P waves which are low positive or 1so-electric 1n

lead 1 and sharply 1nverted and often peaked in leads 2 and 3,
or

(b) 1 relation to which separate P waves are absent

In those forms of (a), in which a P wave precedes the ventricular complex, the P-R.
wntervals are often abnormally short. In the vanety (b) the P wave, being inscribed simul-
taneously with, and buried 1n, the QRS complex often produces some alteration in the shape
of the latter

In the augmented unipolar right arm lead aVR the P waves of A-V beats are upright
(whereas those of sinus beats are inverted 1n this lead), 1n the umpolar left leg lead aVF
A-V beats show mverted P waves (see Fig 58)

Fg 51, ob d from a seventy-five-y 1d woman with coronary sclerosis, repro-
duces A-V extrasystoles with preceding activation of the auricles One extrasystole 15 seen
n lead 1, showing a low upright P wave Two extrasystoles are seen 1n leads 2 and CR-4
respectively and ope 1n lead 3, all showing deeply mverted P waves and P-R 1ntervals shor-
tened to 0 08 second as compared with the 0 13 second of the sino-auricular beats The
presumed site of origin of the extrasystoles 1s the auricular portion of the A-V node The

e ber el LI v e e, X
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Fig, 52 provides an example of an A-V extrasystole with simultaneous activation of
auricles and ventricles, Afier three sinus beats a premature ventricular complex, having
almost the same shape as those of the sinus beats, was recorded m connexion with which
no P wave 1s visible The post-extrasystolic tnterval was compensatory Since in relation
to such premature contractions P waves were also absent in all other leads, simultaneous
acuvation of auricles and ventricles has to be assumed  Close inspection of the QRS com-
plex of the extrasystole shows that the R wave 15 smaller and the S wave deeper than the
corresponding waves of the smus beats. These differences have to be ascribed to the pres-
ence of an jnverted P wave buried in the QRS complex In order to be certain that auricles

shortened

and ventricles contracted simultaneously a record of the venous pulse 1s necessary in which
an A-V extrasystole manifests 1tself by 2 premature high wave conststing of the auncular
a wave superimposed on the ventricular ¢ wave. Insuch cases the extrasystole 15 believed to
originate 1 the muddle portion of the A-V node

Figs 53 and 54 provide examples of A-V extrasystoles with preceding activation of the
ventricles, presumed to ortginate in the ventricular portion of the A-V node

Fig. 53, obtamned from a forty-eight-year-old healthy woman, shows a premature
ventricular complex of supraventricular shape after which a shallow inverted P wave 18
visible between the QRS and T waves. The post-extrasystolic interval was not compen-

satory-
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In Fig, 54 two A-V extrasystoles in each of the three leads are seen, the P waves following
the QRS complexes being very shallow in lead 1 and sharply inverted i leads 2 and 3. The
post-extrasystolic intervals were not compensatory and the mtervals between the inverted
P waves of the extrasystoles and the P waves of the next S-A beats were slightly longer than
those between two sinus beats These time relations are remituscent of those 1 ventricular
extrasystoles in complete A-V block and are most hkely due to the same mechanism:
destruction of the immature impulse 1n the centre of the dormnant rhythm by the extra-
systole with slight inhibition of impulse formatron

R RN TR I AR T AR A |

Fic 52 —Lead 2 A-V exirasystole with simultaneous activation of auricles
and ventricles, presumably ongmnating m the middle portion of the A-V
e The P wave of thy 1s buried n 1ts QRS

In cases with preceding activation of the ventricles the P wave of the extrasystole may
occastonally show every intermediate form between being sharply nverted 1n leads 2 and 3,
as described, and that of normal sinus beats  This 1s due to interference between the retro-
grade activation of the aurrcles from the extrasystolic foeus and the orthograde one from the
sino-auncular node This phenomenon will only be observed 1n extrasystoles occurring
very late 1n diastole, at a time when the next normal impulse 15 due

The length of the post-extrasystolic intervals after A-V extrasystoles depends on the
same factors as that following auricular ones and may be compensatory or shorter than
compensatory No data are available as to which of these two varieties 1s commoner.

Fig 53 —Lead 3 A-V extrasystole with preceding activation of the ventricles,
presumably ongmating n the lower poron of the A-V node Its inverted
wave 15 visible between the QRS complex and T wave

Coronary sinus rhythm and coronary sinus extrasystoles
Attempts have been made (Zahn, Scherf and Hams, Michaelides and Costeas) to
separate from a rhythm ongmating 1n the upper portion of the A-V node, and showing

inverted P waves 1n leads 2 and 3 with a shortened P-R iterval, another form 1n which the
- 12 Shen cmeen Alama e b ahn D D ambors al o weaseon P u

Sche\"f, 1944) and records obtained in the dog of beats produ‘ced by stimulating ‘th}; a;;z;
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show the same features as tracings which are relatively common in man. (In our opinion
this type of A-V rhythm is commoner lh:m all the other types and has frequently been mis-
terpreted 1n chinical electr y.) h g the form of P waves in
the different leads as described above and associated with a normal P-R interval should
therefore be called ** coronary sinus extrasystoles ™.

It 15, however, not possible to separate coronary sinus extrasystoles from upper nodal
A-V ones with any degree of certainty because the length of the P-R mterval of such beats,
on which the distinction has to be based, 1s profoundly affected by disturbances of conduc-
tion This 1s discussed below.,

The term * coronary sinus rhythm ** was also applied, 1n our opinion erroneously, to a
type of tracing showing normal P waves with shortened P-R intervals (Katz) We believe
that such tracings do not indicate an ectopic site of impulse formation, but sinus thythm

FIG 54 —The standard leads A-V les with preceding of
the ventricles, presumably originating in the lower portion of the A-V node

which, 1n certamn conditions (left ventricular strain in certain types of hypertension, vitamn
B, deficiency), may be associated with a shortened P-R interval (Scherf, 1941) The use of
the term ** coronary sinus rhythm ™ for this kind of record does not appear to be justified
and, since 1t also tends to confuse the 1ssue, should be discouraged

The effect of disturbances of ion upon the diogram of A-V exi

‘While a more detailed review of the conditions influencing the electrocardiogram in cases
of A-V thythm 1s outside the scope of this book, 1t may be said that some objections have
been raised as to the validity of the scheme on which our discusston of the various types of
A-V rthythm and A-V extrasystoles has been based Such objections are mamly founded
on the following observations: The position of the P waves 1n relation to the QRS complexes
1s determuned, not only by the site of impulse formation within the A-V node, but also by
the rate of conduction of the impulse 1nto the auricles and ventricles respectively, shight
changes of which may produce marked alterations in the P-R or R-P intervals in A-V
rhythm Moreover, 1ntra-auricular disturbances of conduction may profoundly affect the
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shape of the P waves in A-V rhythm (Scherf and Shookhoff, 1926) and sinus rhythm
(Rothberger and Scherf)

A few examples. Temporary disturbances of conduction in the bundle of His may
produce a temporary lengthening of the P-R intervals, though the centre of mmpulse for-
mation remamns unchanged in the lower portions of the A-V node (Scherf and Shookhoff,
1925), inverted P waves with normal P-R ntervals do not necessarily exclude an ongin of
the extrasystole in lower parts of the A-V node as they may be the result of delay in conduc-
tion (Scherf, 1931, see also diagrammatic illustration of Fig 55, and section on the influence
of extrasystoles on A-V rhythm, p 102), upper nodal (and coronary sinus) rthythm may
be associated with P-R intervals exceeding 0 12 second, the length of this interval betng
sometimes, but not invariably, related to the length of the P-R mterval of the sinus beats in
the same patient (Scherf and Harms), also, mn experimental coronary sinus rhythm in the
dog P-R intervals exceeding { 12 second were occastonally observed (Scherf, 1944).

This view has been accepted by others. For mstance, Langendorf, Simon and Katz
belteve that sharply inverted P waves mn leads 2 and 3 with P-R intervals exceeding 0 12
second 1ndicate A-V rhythm with A-V block rather than sinus rhythm with intra-aunicular
disturbances of conductton In our opinton this 1s usually coronary sinus rhythm

A further degree of disturbances of conduction 1s the complete blocking of the impulse
of an A-V extrasystole in one or other direction. Instances of blocked conduction to the

Fic 55 —Diagram illustrating the effect in A-V rhythm, upon the position of the

P wave 1n relation to the QRS-T complex, of disturbances of conduction
1n the A-V system

ventricles were published by Dack and Mond, and by Holzmann (p 465) In the first-
mentioned case two coupled extrasystoles occurred at times The venous pulse tracing,
taken 11 additton to the electrocardiogram, proved both beats to have been of A-V onigin,
though only one of them produced an inverted P wave, whereas the other showed sinmul-
taneous activation of aurcles and ventricles P waves were visible only when, owing to
block m the ventricles, no QRS complex was nscribed—an instructive example of the
importance of disturbances of conductton n determining the features of A-V extrasystoles
1n the electrocardiogram

Langendorf and Mehlman described a case i which A-V extrasystoles with blocked
conduction to aurncles as well as to ventricles could be diagnosed with a great degree of
probability Obviously, with conduction blocked 1n both directions, such extrasystoles
could not give rise to either aurcular or ventricular waves 1n the electrocardiogram, but
their presence could be deduced by the disturbance of the sinus rhythm which they caused.
This consisted m, erther a sudden lengthening of the P-R interval of the following sinus
beat, or a dropped beat without any preceding increase of the P-R interval A similar
observatron, concerning interpolated A-V extrasystoles, was described by Bix (Case 1)

Revised classification of the various types of A-V rhythm and A-V extrasystoles

In view of such observations, 1t has been thought that 1t 1s no longer permssible to dis-
tinguish an upper, middle and lower nodal rhythm according to the position of the P waves
1 relation to the QRS complexes Instead, 1t has been proposed that thes classification
should be replaced by distinguishing A-V rhythm (and A-V extrasystoles) (2) with preceding
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auncular, (b) with simultaneous auricular and ventricular, and (c) with preceding ventri-
cular activation (Holzmann, p 460). While we do not intend to pronounce any final judg-
ment as to the extent to which 1t 1s possible to deduce from electrocardiograms the site of
ongin within the A-V node of impulses in A-V rhythm and A-V extrasystoles, in our opinion
such a determmation 1s possible with a fair degree of probability at least as far as a distinc-
tion between impulse formation in the upper (including coronary sinus area) and lower
portions of the A-V node 1s concerned. This view 15 also supported by the differences 1n
anatomical structure of the various portions of the A-V node (Kung), and by the absence,
1n a large proportion of cases, of any signs of disturbances of conduction. A distinction
between coronary stnus and upper nodal rhythm is not possible with any degree of certataty,
as already referred to

A-V extrasystoles with upright P waves in leads 2 and 3

In the dog, upright P waves in A-V rhythm can be found 1n the ano-oesophageal lead
(closely corresponding to lead 3), particularly in instances of altered intra-avricular con-
ducuion due to certain poisons (Scherf and Shookhoff, 1926)

3 .Es‘ PRIV )
Fic 56 —Top tracing lead 1, bottom tracing lead 2 A-V extrasystoles with
upnght P waves, some with blocked ventncular conduction From McGuire

and RosenBErRGER  Z Kressl Forsch

Electrocardiograms in man showing A-V thythm with upnight P waves in leads 2
and 3, precedmg QRS compl, of normal sup ricular shape with shortened P-R
intervals, are rare, but the few clinical records of this kind which have been published can
best be explamed by the assumption of an A-V ongin of such rhythms (Holzmann and
Scherf) The most convincing case 1n which such beats occurred as extrasystoles is the one
reported by McGuire and Rosenberger from whose paper Fig 56 is taken In the upper
tracing two normal sinus beats with a P-R nterval of 0 16 second and with rounded P
waves are followed by a premature beat with a2 P-R interval of 0 08 second, the P wave of
which was also upright, but had a different, more pointed shape The ventricular complex
of this beat resembled those of the sinus beats except for being slightly higher  After another
two sinus beats, a premature beat with the same features occurred Longer tracings made 1t
possible to exclude interference between sino-auricular and atrio-ventnicular rhythm, and
auricular extrasystoles could be ruled out by the shortened P-R intervals. A-V extrasysgclcs
seems the correct explanation The lower tracing shows that conduction to the ventricles
of such premature beats was blocked if they followed the preceding beat with a shorter
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coupling; 1n such instances, isolated P
waves were recorded after the T waves of
the preceding beat  In both tracings the
mtervals followtng the extrasystoles were
not compensatory and the atervals be-
tween the extrasystolic and post-extra-
systolic P waves equalled that between
two normal sinus beats

Multiple A-V extrasystoles
Occastonally A-V extrasystoles occur
n succession, forming shorter or longer
groups In the electrocardiogram such
ectopic beats show ventricular complexes
of supraventricular form, preceded by P
waves which are iverted in the leads
discussed above, and having shortened
P-R 1ntervals
Fig 57a shows an example of two
such series, mterrupted by one normal
sinus beat The P-R ntervals of the extra-
systoles measure 0 12 second as compared
with the 0:17 second of the sinus beat
The first extrasystole of the second series
shows marked aberration of the ventric-
ular complex and its P-R interval 1s longer
(0-2 second) than that of the other extra-
systoles The factors responsible for dis-
turbances of conduction affecting the
first of a series of extrasystoles were
discussed 1 connexion with those of
ventnicular and auricular ongin (see pp
39 and 60) Such extrasystoles 1n
groups form a transition to short runs of
paroxysmal tachycardia An example of
this 1n which exercise increased the rate
of the A-V tachycardia 1s discussed 1n the
section on paroxysmal tachycardia {Scherf
and Wesssberg, see p 237)

Fig 57b reproduces a group of nme
A-V extrasystoles with preceding activa-
tion of the auricles, presumably oniginat-
1ng n the upper part of the A-V node
The whole paroxysm 1s shown, including
sinus beats before and afterst The P-R
1nterval of the sinus beats was 0 20 second,
that of the A-V beats 0 16 second The
first A-V beat occurred prematurely, the
last was followed by a post-extrasystolic
nterval

Fig 58 was obtained from a young
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Fic 57 —Both tracings lead 2, obtamed from different patients Muluple A-V
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e

FiG. 58 —Top tracing: lead I, muddle. leads 2 and 3, botton. leads aVR, aVL and aVF, Multiple A-V extrasystoles
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man without any evidence of structural heart disease Lead 1
shows a paroxysm of supraventnicular tachycardia with
aberration of the first extrasystole The deep, sharply
mverted P waves 1n leads 2, 3 and aVF and the upright P
waves in leads aVR and aVL strongly suggest that the
ectopic beats originated 1n the A-V node
Fig 59111 the unusual
sinus and a ventricular extrasystole

of a coronary

Clinical significance

A-V extrasystoles are rare Not infrequently they are
erroneously diagnosed n cases of aurcular extrasystoles
whose P waves are indstinct or burred in the final deflection
of the preceding beat

A-V extrasystoles have the same sigmificance as ventric-
ular and auricular ones  Since in the A-V variety the flow
of blood from auricles to ventricles 1s more seriously im-
paired than s the rule with the two other types, it results ina
larger quantity of blood beng thrust back mto the vemns
whitch, 1n some patients, gives rise to a particularly unpleasant
kind of palpitation

SUMMARY
Our conceptions about the site of ongmn within the A-V
node and the diagnostic critenta of A-V extrasystoles are
based on observations on A-V rhythm It 1s pointed out
that, with the impulse ansing 1n the A-V node, the contrac-
tron of auncles and ventricles occurs more nearly stmultan-
eously than with any other site of 1mpulse formatlon AV
rhythm and A-V extr les were subdivid ding to
whether activation of the aurcles precedes, coincides wnh
or follows that of the ventricles The foundation of the
view 15 briefly stated that these different sequences of activa-
uon indicate ongin of the impulse in the upper, middle or
lower portions of the A-V node respectively The mechanism
of these three varieties 1s diagrammatically illustrated The
electrocardiographic features of the several kinds of A-V
les are d and by les The
attempts at separating a coronary sinus rhythm from upper
nodal A-V rhythm are critically discussed and 1t 1s concluded
that such distinction 1s not possible with any degree of
certainty This 1s due to the effect of disturbances of conduc-
tion upon the -diogram of A-V ext les which
1s discussed 1n some detail, including reports of cases of
A-V extrasystoles with blocked conduction to auricles as well
as to ventricles The comphcating factors introduced by
disturbances of conduction have resulted m doubts about
the posstbility of ded from the electrocard
features the site of onigin within the A-V node of A-V beats
A d revised cl: 10n 1s d which distin-
guishes A-V rhythm and A-V extrasystoles (a) with preceding
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Fic 59 —Lead 2, Combmna-
t0n of a coronary smus and a
ventricular extrasystole
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auricular, (b) with simultaneous aurncular and ventricular, and () with precedmg
ventricular activation,

‘While we do not 1ntend to offer any final opinion on this subject, reasons are given for
our view that a distinction between impulse formation in the upper (including coronary
sinus area) and lower portions of the A-V node 1s possible with a fair degree of probability.

Instances of A-V extrasystoles in groups {(multiple A-V extrasystoles) are described.
The clhinical aspects of this arrhythmua are briefly discussed
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VARIOUS TYPES OF EXTRASYSTOLES 7%
SINUS EXTRASYSTOLES

1t 15 a well recognized fact that, in the mammalian heart, centres with the highest degree
of spontaneous mmpulse formation are least prone to produce extrasystoles and vice versa.
The commonest site of onigin of extrasystoles are the ventncles, which have the lowest auto-
matiaity Conversely, the S-A node which, owing to 1ts high rate of impulse formation, is
the normal pacemaker of the mammalan heart gives rise to extrasystoles so rarely that only
a very few cases are on record 1n which the presence of sinus extrasystoles n man can un-
reservedly be accepted

On the grounds of the time relations 1n polygraphic tracings this arrhythmia was first
reported 1n man by Wenckebach in 1907 and Rihl 1n 1913

Experimental Observations

Experimentally, the extra-contractions elicrted from the sinus and the great veins have been
studied on numerous occasions, and some particular properties were found which are of
physiological as well as of chmeal interest

One of the earliest investigations 1s that of Tigerstedt and Stromberg who 1n 1888 found
on the blood-filled sinus venosus of the frog’s heart that the post-extrasystolic interval was
not compensatory, as had been established for the ventricle by Marey, but often shorter
Owing to the smallness of the recorded excursions obtained with a primutive method no
finer analysis of the time relations was possible. In his classical mvestigations on the frog’s
heart Engelmann (1896) established beyond doubt that the mterval following an extra-
systole oniginating 1n the sinus or the great veins as a rule equalled the interval between two
normal contracttons With extrasystoles occurning early mn diastole the post-extrasystolic
nterval often was Jonger than that between two normal beats, but with cycle lengths of
one to three seconds this lengthening never exceeded 0 2-0 3 second, and 1n fifteen thousand
nstances observed in over a hundred frogs never reached the degree of making the pause

compensatory The later m diastole the extrasystole occurred the smaller the increase in
length of the post-extrasystolic interval, the moment in diastole 1n which an extrasystole
was followed by an interval equalling the normal cycle length varied in different instances
Occasionally the post-extrasystolic interval was shghtly shorter than the interval between
two normal beats.

The problem was recently re-examined by Emery and Loomis (1943) in the heart of
the tortoise By means of 4 fine thread and carefully equilibrated alummmum lever,
mechanical records of the beating sinus were obtatned and over two thousand tracings
analysed. While the fundamental fact was confirmed that the post-extrasystolic intervals
following sinus extrasystoles were never compensatory, some detatls regarding therr
length were found to differ from those prevailing in the frog's heart If the extra-contraction
was produced within the first quarter of the cycle the post-extrasystolie interval was
always shorter than a normal cycle length, if it orinated m the first third of the cycle
the post-extrasystolic rterval was shorter than the pertod between two normal beats
m 77 per cent and longer 1in 9 4 per cent ; with an extrasystole oniginating in the mrddle
third of the cycle the corresponding figures for the pause following it were 54 I and
25 2 per cent respectively, and with extrasystoles occurring 1n the last third of the cycle
the post-extrasystolic interval was shorter than the normal cycle length in only 8 5 per
cent and longer in 80 per cent. Contrary to the conditions present 1n the frog’s heart, 1n
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long refractory period of the sinus an extrasystole placed as early as the condition of the
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sinus would permut was mnvariably followed by a longer pause than normal. As the length
of the refractory period of the sinus was found to vary in different animals individual van-
ations 1n the length of the post-extrasystolic intervals were common.

These d were found ially to apply also in the mammalian heart (Cushny
and Matthews, Hering, Lewis 1910, Sansum) and there 1s general agreement that, as far
as the disturbance of the normal rhythm 1s concerned, sinus extrasystoles differ fundamen-
tally from extrasystoles originating tn any other part of the heart, The one dissenting
opinion {Hirschfelder and Eyster) may, we believe, be disregarded in view of the werght of
experimental evidence supporting this statement This peculiarity of sinus extrasystoles
consssts 1n the fact that the post-extrasystolic interval equals, or is only a little longer or
shorter than, that between two normai peniods, but 1s never compensatory. The explanation
1s that, with an extrasystole originating at the site of impulse formation of the dominant
rhythm, the next impulse has to be formed anew from the moment of the extrasystole and
the time required 15, on the whole, equal to that between two spontaneous impulses. For
this reason the view has been put forward that it would be possible to deduce from these time
relations the site of normal impulse formation (Hering) It has also become clear that the
condittons prevailing in the case of sinus extrasystoles provide another proof, 1f such were
needed, for E X3 of the comp y pause after ventncular extra-
systoles namely, that the latter 1s not due to any change 1n excitability of the heart, but
simply a period of waiting for the next impulse oniginating in a different part of the heart;
whereas a post-extrasystolic interval equalhng the normal cycle length indicates impulse
formation at the same site 1n which the extrasystole originated  This law ts not confined to
the sinus, but holds good for any part of the heart which a centre of sp
tmpulse formation, for instance, the isolated perfused ventricle of the mammahan heart
(Woodwaorth), the auricle in certain fishes (Skramltk), or ventricular extrasystoles in com-
plete A-V block

Occasionally sinus extrasystoles may be blocked (Engelmann 1894, Skramhk; Emery
and Looms, Fig 3A)

The Electrocardiogram

In the electrocardiogram onigin of an extrasystole in or near the normal pacemaker 1s
characterized by a premature complex b the normal 1 n every respect
andinallleads In particular the P waves have the same shape as those of the normal beats
(Lewss, 1910), and the post-extrasystolic interval equals that between two normal beats or
1s shghtly Jonger or shorter, but never compensatory The shortening of the post-extra-
systohc interval after sinus extrasystoles 1s dered to be due to length of the time
of conduction of the extrasystole from the sino-auricular node to the auricles, conditions of
smo-auncular conduction being simtlar to those of the A-V conduction of aurtcular extra-
systoles (see p. 53) (Wenckebach and Winterberg) Since the activity of the sinus is not
noticeable 1n records, this 1] 15 only an though generally accepted.
Another explanation was put forward by Lewis (1912), namely, that the shortening was due
to ** sumulation of physiological impulse formation at the point at which they arse, so that
the succeeding physiological tmpulse 1s formed more rapidly than usual ™, but Lewis himself
stressed the ranty of this phenomenon and 1n the authors’ opimion differences mn the rate of
conduction 1s by far the more likely explanation Shght lengthening of the post-extra-
systolic interval after a sinus extrasystole may be due to vanations in rate of the sinus
rhythm and also to some inhibition of impulse formation in the S-A node caused by the
extrasystole The arrhythmia produced by sinus extrasystoles will, as a rule, be less marhed
1 the auricles than 1n the sinus, and in some cases less marked 1n the ventricles than in the
auricles (see also p 48) 3

The above electrocardiographic criteria are the strictest that could be lard down for this
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diagnosts to be made. Regarding clinical tnstances, as far as we are aware only two cases
reported 1n the literature satisfy these conditions (Geiger and Goerner; Langendorf and
Mintz, discussed below). It seems doubtful, however, whether these criteria are not too
narrow Itis true that at rdentity m app m the electrocard; of prema-
ture and normal complexes strongly suggests an origin of the extrasystole n or very near
the sino-auricular node, but the reverse cannot be said to hold good Altered and even
inverted P waves may be found in one or the other lead with premature beats which un-
questionably anse in the sino-auricular node (Rothberger and Scherf, Scherf, 1945). Fig 60
provides additional experimental evidence The records were obtained from dogs, with the
heart msuu The upper tracing was recorded during an experiment in which a fresh solution
of ouabaine was injected 1nto the area of the head of the sinus node Before the injection
the cycle length measured 0 31 second Within six minutes from the mjection bigemmnal
rhythm occurred, the extrasystoles ortginating at the site of injection and having a coupling
of 0:25 second and the post-extrasystolic intervals measuring 0-34 second While the P
waves of both beats of the bigemin: have 1dentical shapes, they differ from those present
before the injection  The T waves of those ventricular bea!s which are prcccdcd by a short
diastolic 1nterval are deeply inverted while the QRS In
the expeniment from which the bottom tracing was obtained, ouabarne was injected into
the regron of the tail of the sinus node Coupled beats resulted, the P waves of the sinus
beats betng upnight, tall and peaked, whereas those of the extrasystoles were mphas:c and
so shallow as to be almost 1soelectric. The ling of the extrasy d 0-36,
the post-extrasystolic wntervals 0 52 second, the normal cycle length was 0 48 second, as
shown by two successive stnus beats at the end of the tracing  In both instances reproduced
in Fig 60, the post-extrasystolic intervals were therefore shghtly longer than the normal
cycle length

These 1ons d that beats or in the sinus node may give nse
to P waves of a shape different from those of the dominant sinus rhythm, either owing to
disturbances of intra-auricular conduction or to a different site of origin within the sino-
auricular node  Moreover, the post-extrasystolic interval may be slightly longer than the
normal cycle length  Applying this to arrhythmias recorded mn man, it must be conceded
that some degree of differences in shape of the P waves of the premature beats do not peces-
sanly exclude their smo-auricular orgin, for instance the case of Lewss, 1912, section 2 and
Fig 10. .
In cases of bigemnal action due to “béats of sinus ongin the difficulties regarding the
diagnosis of sinus extrasystoles are further increased by the fact that vartous disturbances
1n 1impulse formation 1n the sino-auricular node other than sinus extrasystoles, and sino-
aurrcular disturbances of conduction, can produce identical arrhythmias Regarding the
latter, 3 : 2 sino-auricular block with or without Wenckebach's periods, may be mentioned.
The various mechamisms are clearly iltustrated diagrammatically 1n 2 paper by Clerc, Lévy
and Calo.

These d afford an under ding why the d of sinus extrasystoles
1n man can unreservedly be accepted 1in only very few of the reported nstances, now to
discussed

Clinical Observations
As already mentioned, only two cases reported 1n the Iiterature satisfy the strictest
conditions as described above Geiger and Goerner’s patient, a man of stxty-four with
carcinoma of the oesophagus, exhibited coupled beats, occasionally interrupted by a series
of three regular beats of constant rate  The complexes of the premature beats were identical
in all leads, including amplified semi-direct chest leads, with those of the dominant rhythm.
The cycle length of the normal beats was 0-96 second, the coupling of the premature beats
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068 and the post-extrasystohe mervals 096, that is
equalled the normal cycle length It was possible i this
caseto exclude other kands of ssnus arrhythrmua, for istance
sunple stnus Anhy!hmm {phasic respiratory as well as
non-ph: of r , swmo-auncular
block and auncalar cxtmsysmlcs The other nstance 15
Case | of Langendorf and Mintz  In records obtained
from a sixty-year-old man alf leads except Jead 1 showed
coupled beats, P-P sntervals of 098 second alternating
with those of G-8¢ Durnng the undisturbed rhythm re-
corded in fead 1, the P-P mtervals measured 0 98 second,
that 1s were af the same length as the long intesvals dunng
bigemtnaf action  These time relations make 1t possible to
exclude ather arrhythmas of sinus onges with a fair degree
of prabability and to consider the arrhythnua to be due
ACTR S with post ysiobse intervals
equalling the normat cycle length.
Another possible mstance was reported by Schlachman,
In a man of fifty-six wath pernicious sasemia he recorded
a bigemmal rhythm i which the two beats had dentical
shape The P-Pntervals a!tcmatcd hetween 0 68 and 0 96
second  The bi P d
and dunng camnd siitus prcssurc. but was absenl it
and hed by amyl mitrite
When the number of RB.C had nsen from 1,580,000 to
3,820,000, only simple sinus asrhythmia was tecorded
Schiachman's terpretation of the arrhythma as sino-
aurieular cannot he dered proved, as
two successive normal beats were never recorded duning
the arthythmra, and no evidence s given that the first and
second beat of the bigemn: had sdentical shape m all
leads Moreover, the mtervals do not allow to exclude
swo-apncular 5 3 block and the arguments put {orward
m favour of ssho-auncular extrasystoles as aganst §-A
block are not whally convincing  However, this observas
tion can be considered as a possible, though not proved
utstance of this rare archythma
As far as 1t 1s possible to make a diagnosss from one
lead Fig 61 tary provide an example of a stous extrasystele
The tracing, obtaned from a pauent with hypertension,
shows a regalar sinus shythm wiuh a cycle length of
136 second Occastonally premature beats occurred,
sresembhing tn every espect those of the domunant shythm
Thesr couphing always measured } 0 second and the post-
<rtrasystohie wterval 132 seconds, that 15 was shightly
shorter than a normaf period  Such extrasystoles were
secorded three toes i lead 1, whalst they wese absent
in the other leads
Regarding the case of Levwss (1912), see above
In Laslet’s case the records are qinte inadequate for an
accurate diagnosis of the arrhythmia to be possible A

Fig 61 —Lead 1 The fourth best s most probably a sius extrasystole The t-extrasystal
e interval 1 sh
cyele fength O the normal mymmm 4 shortes than the
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~ case reported by Wenckebach and Winterberg s better explained by

p the

of auricular extrasystoles, some of them conducted and some blocked. What is regarded
by those authors as the “ normal period ” seems to include a blocked auricular extra-
systole, shown 1n the phlebogram by a notch in the descending hmb of the v waves
Schill reported a case of numerous smus extrasystoles with disturbances of conduction
of several kinds, bus, as far as the short reproduced records allow of any analysis, the
arthythmia was due to auricular extrasystoles, some of them blocked. His interpretation of
a case of sinus arrhythmia, reported by Fogelson, as being an instance of numerous smus
extrasystoles 1s unacceptable; as far as the published data make a more detailed diagnosts
possible, auricular extrasystoles and periods of paroxysmal auricular tachycardia seem a
far more likely explanation

SUMMARY

The fundamental difference between extrasystoles ongnating in the sino-aunicular node
and those ansing 1n any other part of the heart conssts 1 the fact that the post-extrasystolic
nterval of the former equals, or is only a httle longer or shorter than that between two
normal periods, but 1s never compensatory. The reason for this 1s discussed, and the rele-
vant expermmental work is reviewed In the electrocardiogram ongin of an extrasystole 1n
or very close to the normal pacemaker 1s characterized by a premature complex resembling
the pormal complexes n every respect and in all leads, the length of the post-extrasystolic
nterval bemg as stated above. It 1s pointed out that the above criteria require some exten-
sion 1n certain circumstances  In view of the results of experimental work, neither a different
shape of the P waves of the premature beats, provided their P-R intervals do not exceed
those of the normal ones, nor a post-extrasystolic interval slightly exceeding the normal
cycle length exclude sinus extrasystoles, but 1 such instances an auricular origin of the
premature beats cannot be ruled out The reported cases of sinus extrasystoles in man are
critically reviewed and only very few of them can be accepted as such without reserve. While
the presence of sinus extr les tn man 1s bhished therr occurrence 1s extremely rare.
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INTERPOLATED EXTRASYSTOLES

Interpolated extrasystoles are those which are mterposed between two beats of the
dommant rhythm occurring in their usual sequence.

In the dhscussion on ventncular extrasystoles st was pointed out that the normal impulse
following the extrasystole usually fails to yield a ventricular contraction because 1t occurs
at a time when the ventricles still are 1n the refractory period of the extrasystole If, however,
the heart rate 15 slow and the extrasystole occurs early m diastole, the refractory period of
the conducting system and of the ventricles may already have termunated by the time the
first post-extrasystohc sino-aunicular impulse arrives, and a ventricular contraction will
follow In these circumstances a ventricular extrasystole will occur between two successive
sino-auricular beats

Disturbance of Rhythm
Fig 62 illustrates dizgrammatically the disturbance of rhythm caused by an inter-
polated extrasystole The cycle length of the aunicular rhythm 1s assumed to be constantly
eighty-hundredths of a second Following the second normal beat a ventricular extra-
systole 1s assumed to occur with a coupling of 0-28 second  The first post-extrasystolic beat
(Beat No 3) 1s shown to be conducted to the ventricles with a slhightly lengthened atrio-
T te ey

yontrinclan gaaduptinn timpe g n o jemachange of sha et -]

\mn) 15 shonened by lhat amount

Interpolated extrasystoles are the only variety of ** extra ” systoles in the sense of being
additional, supernumerary beats

It will be shown below that, apart from the prevailing sinus rate and the degree of
prematurity of the extrasystole, other factors are of importance in determining whether
a ventricular extrasystole will be nterpolated or followed by a compensatory pause

‘These remarks refer to nterpolated ventricular extrasystoles 1n cases of sinus rhythm
It 15 obvious that interpolated extrasystoles can occur only if the formation of mmpulses 1
the centre of the rhythmis by the ext Therefore, 1nterpolated
extrasystoles usually originate in a chamber of the heart other than that contanmng the
centre of impulse formatton of the domnant rhythm, that 1s, in the mammahan heart, 1n
the ventricle, 1n the heart of certain fishes and reptiles (where the centre of normal lmpulsc
formation 1s situated m the separate sinus), in the auricle or ventricle In the mammalkan
heart, 1n exceptional arcumstances (see below) mterpolated extrasystoles may ongmnate 1n
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the same chamber 1n which the centre of impulse formation of the prevailing rhythm is
located, namely, interpolated auricular extrasystoles, or interpolated ventricular extra-
systoles 1n complete A~V block.

Regarding observations in a case of interpolated A-V extrasystoles (Bix), see section on
“ Atrio-ventricular Extrasystoles ™, p 73.

1 2 3 y §
20 80 80 80
80 28 i 56 7% 80 %

Fic 62 —Diagram illustrating the disturbance of rhythm caused by an interpolated
extrasystole The figures indicate intervals in hundredths of a second (except
the top row which indicates consecuttve numbers of S-A beats)  For explana-

tion, sec text

Interpolated ventricular extrasystoles during sinus rhythm

Ths 1s the only vartety which, though by no means common, occurs with any frequency
1n man and 1s of any clinical significance.

Interpolated ventnicular extrasystoles may have first been observed by Galen and by
Senac (see historical remarks) and possibly by Marey (Busquet; Dresbach and Munford),
though this 15 derued by others (Myers and White) They were certainly often seen experi-
mentally and correctly interpreted [Lovén, Engelmann, Kaiser, Woodworth, Rihl 1904,
Trendelenburg (frog), Bethe (caput medusae)] In man they were first described by Wencke-
bach n 1899 on the grounds of an analysis of the radial pulse only (see also Wenckebach
1903, 1906) His interpretation was subsequently confirmed by means of venous pulse
tracings by Pan (1903 and 1904), and further descriptions soon followed {(Volhard; Ger-
hardt, Laslett; Staehelin and Nicolai, Dresbach and Munford, Myers and White)

Amongst 5,000 electrocard: b d 1 the Massach General Hospital
from 2,392 patients m the course of six years, ventricular extrasystoles occurred in 284
tracings from 200 patients  Of these, twenty-four tracings obtained from fourteen patients
showed 1nterpolated extrasystoles, that 1s 7 per cent. of the patients exhibiting ventricular
extrasystoles (Myers and White)

Fig 63, reproducing a record from a fifty-mine-year-old man with syphihitic aortic
incompetence, shows signs of left ventricular hypertrophy and myocardral damage (slurred
QRS complexes, deep notched Q waves in lead 3 and abnormal final deflections) Inter-
polated ventricular extrasystoles occurred n every second drastole although the rate of the
sinus rthythm was as high as eighty  Only 1n lead CR-4 was one extrasystole followed bya
compensatory pause

The atrio-ventricular d of the post beat after mterpolated extra-
systoles often 1s delayed, particularly with higher rates (Pan, Mackenzte, see also Figs 63
and 64). Lengthening of the P-R intervals of these beats was found in about 50 per cent.
of the cases and intervals as long as 0-78 second have been reported. The subsequent
diastole 1s correspondingly shortened. In some cases the P-R interval of the second post-
extrasystolic beat also may be prolonged (Katz et al) Moreover, aberrant intraven-
tncular conduction of the post-ext lic beat is not . 1n some
only changes in the T wave occur (see Fig. 65a), more frequently the QRS complex shows
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FiG 63 —The three standard lcads and lead CR-4 Interpolated ventricular
extrasystoles 1n every second diastole, except for the second extrasystole 1
d CR-4 which 1s not interpolated

i /M’“"’" —

) o
beat after an
Lenglhenmg o the DR saterval 10 0 28 st as compared

~ Changes tn the first p
Lead 2
h 016 sec of the sinus beats

Fic 64
systole



88 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

marked anomalies (see Fig 65b). Occastonally several post-extrasystolic beats may be
affected (see Fig. 66). These changes 1n the features of the post-extrasystolic beat(s) are
due to disturbances of conduction resulting from an incomplete recovery of the con-
ducting system, after the greater demands made upon 1t by the two preceding beats following
one another at a short interval ‘This is eastly understood in the case of extrasystoles origin-
ating above the bifurcation and berng conducted to the ventricles via the normal paths, But
even 1n the far commoner case of an mterpolated extrasystole originating below the bifur-
catron it has to be assumed that 1t is conducted over a certain distance through specialized

FiG 65 —Changes 1n the first post-extrasystolic beat after an interpolated extra-
systole a affecting the T wave; b affecting the QRS-T complex.

fibres (see p 373) The distance can only be a short one, as only a short time interval separ-
ates the mterpolated extrasystole from the post-extrasystolic beat. It is unlikely that such
retrograde conduction should go further than the A~V node.

Ashman, by way of explaining the lengthemng of the P-R interval of the post-extrasys-
tolic beat without any alteration of its ventricular complex, pointed out that if the extra-
systole 1s conducted 1 a retrograde direction to the A-V node, the delay in the conduction
of the post-extrasystolc beat takes place in the A-V node with the result that, by the time
the impulse reaches the bundle branches and their ramufications, their recovery 1s already
complete. A different explanation put forward by Straub 1n 1948 that the Jengthentng of
the P-R 1nterval of the post-extrasystolic beat 1s due to a greater latency of the ventricles 1s
now generally discarded

The above constderations tend to show that very small changes 1n the time sequence of

Y and post-extrasy impulse will determine whether an extrasystole 1s inter-
polated or followed by a y pause In add to the rate of the prevailing
sinus rhythm and the degree of prematumy of the extrasystole, the rate of recovery of con-
ductivity and excitability also will be of importance, that 1s the length of the refractory
pertod, for the duration of which vagal tone 1s (amongst others) a dectsive factor, This
affords an understanding for the observation that, of ventricular extrasystoles occurring
1n the same phase of diastole, some may be interpolated whereas others are not; sometimes
1n the same tracing, without any change 1n the sinus rate, extrasystoles may paradoxically
be followed by a compensatory pause though they occurred earher i drastole than inter-
polated ones (Wenckebach and Winterberg, p 179)
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Two nterpolated extrasystoles within one diastole have been
described (Pan, 1904), but so far as we are aware this phenomenon
has not been recorded hically, Itis not
however, that two (see Fig 67) and rarely even three extrasystoles
may replace one normal beat so that one or two respectively of these
extrasystoles could be considered interpolated

Clinical Significance

Isolated, single interpolated ventricular extrasystoles have the
same clinical significance and produce the same symptoms as any
other type of extrasystole If, however, an interpolated extrasystole
occurs after every normal beat over a certain period, the ensuing
sudden doubhing of the ventricular rate may easily be misinterpreted
asp yeardia (Gerhardt) or lar flutter

Fxg 68 shows two nstances of this kind of arrhythmia In the
top tracing (Fig, 68a} the ventricular rate rose duning the occurrence
of the interpolated extrasystoles from about 72 to about 144 and
the post-extrasystolic beats showed marked aberration of the QRS
complexes; tn the bottom tracing (Fig 68b) the interpolated extra-
systoles caused a Tise in the ventricular rate from 59 to 118 and the
A-V conduction time of the post-ex lic beats was lengthened
Interpolated extrasystoles have therefore to be included amongst the
conditions which may give rise to a sudden doubling of the ventricular
rate, the commonest cause of this seems to be auricular flutter with
sudden change in the degree of block, or paroxysmal tachycardia
may be responsible.

Blanc reported an unusual observation in a man of fifty-seven
suffering from syphulis and attacks of angina pectons, in whom inter-
polated extrasystoles were recorded after every second beat only
duning the angnal attacks

Pulse Changes
In the case of interpolated extrasystoles charactemistic pulse
changes may occur which can be of diagnostic help
Owing to the marked prematurnity of the extrasystole its stroke
volume often 1s so small that 1t does not produce a palpable pulse
at the wnst The pulse produced by the post-ext beat
usually 1s smaller than the normal one (owing to a partial emptying
of the ventnicles by the extrasystole and interference by the extra-
systole with diastolic filling) and, as a result of delay in conduction
of the post-extrasystolic beat and the prolonged pre-sphiygmic time
associated with the smaller stroke volume, the pulse wave of this
beat reaches the wrist with a certain delay  The subsequent pulse, on
the other hand, has a larger volume, since a longer time interval was
available for the diastolic filing between the post-extrasystolic and
the subsequent beat as compared with the interval between the
extrasystole and the post- cxtrasystohc beat, moreover, as the interval
g the pi beat 1s hat shortened, the
second pulse foIIowmg an interpolated extrasystole will be felt after
ashghtly shorter mterval The changes produced by an interpolated
extrasystole will therefore consist of thesudden occurrence of a
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smaller pulse occurring with a shght delay, followed by a larger pulse occurring after a
shightly shortened diastole This sequence can be of some diagnostic significance (Lian
and Jonas). Owing to the features described, the pulse produced by a sertes of interpolated
extrasystoles may give the impression of being a pulsus alternans; 1t has been termed pulsus
pseudoaliernans by Myers and White,

Interpolated Auricular Extrasystoles

It has been ponted out above that interpolated extrasystoles are far more likely to
originate in a chamber of the heart other than that contaiming the pacemaker of the domin-
ant thythm Thus in fishes and reptiles, 1n which the normal pacemaker 1s situated in the
separate sinus, interpolated aurncular extrasystoles are not (Lovén, Skrambk,
Trendelenburg, 1909), and they are occasionally seen also in frogs in spite of the slow rate
of retrograde conduction in amphibia  In the mammalian heart, on the other hand, in
which auricular extrasystoles are either followed by a compensatory pause or, more com-
monly, are conducted to the sino-auricular node where they discharge the immature normal
impulse, interpolated auricular extrasystoles can occur only in exceptional circumstances.

Fi6 67 —Two ventricular extrasystoles replacing ore sinus beat

Thus Kisch described interpolated auricular extrasystoles in the dying rabbit heart and
ther occurrence was explained by the assumption that the damaged trssue farled to conduct
1 the usual way the extrasystole which thus failed to reach the sinus node Durect leads
from the auricular muscle proved the presence of partial contractions

Interpolated auricular extrasystoles i the dog were found by Drury and Brow 1n six
out of ten amimals Aurcular extrasystoles were produced by means of induction shocks,
the electrodes being at a distance of 0:5 to 1 cm from the sinus node In some experiments
the rate of stumulation was but shghtly higher than the spontaneous rate, with the result
that some extrasystoles occurred very early in diastole and reached the sinus node very
shortly after the discharge of its preceding impulse. As the refractory period of the smus
node 1s considerably (about 30 per cent ) longer than that of the auricular muscle some
extrasystoles reached the sinus node while still 1n the refractory stage This was found to
be the case 1f the extrasystolic impulse arrived at the smus node 0 22 second after the dis-
charge of the last preceding impulse It 1s obvious that the long duration of the refractory
peniod of the sinus node 15 a pr q for auricular extrasy to be mterpolated
According to Drury and Brow, only if this exceeds the normal sino-auricular conduction time,
plus the refractory pertod of the auricle plus the time required for the retrograde conduction
of the extrasystole to the sinus node, will an auricular extrasystole be 1nterpolated

Interpolated auricular extrasystoles were also seen experimentally by Eccles and Hoff

No case of mnterpolated aurcular extrasystoles in man has yet been published in
which the diagnosis could be accepted unreservedly by us In a case publshed by Ribt
(1926), in which this diagnosis was put forward for the first time, another nterpretation
was conceded by the author himself, since the auricular pertods, during which the posstbly
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terpolated aurnicular extrasystoles occurred, were consistently shorter than the normal
pertods, moreover, the P waves of the beats following the extrasystoles had abnormal
shapes. Cases published by others actually represent multiple auricular 1

(Calabresi, Reid). In the tracings of Burghard and Wunnerlich artefacts simulated the
arrhythmia. Weinberg and Katz's case 1s not convincing because it can be explained by
the presence of auricular extrasystoles 1n a case with bizarre but not unusual T waves in the
chest leads. A case described in detail by Wenckebach and Winterberg (p 193) shows how

easily auricular extrasystoles may be mistaken for interpolated auricular extra-
systoles Normal P waves of the beats preceding and following the auricular extrasystole
have to be p d, in addition 1o the approp time rel. for a di of inter-

polation to be made In this respect the most convincing case so far is that published by
Gonczy and Gyorgyr The tracing, obtained from a patient with rheumatic mitral valvular
disease, showed the occurrence of a premature auricular systole followed by a beat with a
P wave of the same shape as that of the other sino-auricular beats and occurring at the
normal ttme  Longer tracings, however, showing the post-extrasystolc rhythm, would be
necessary to establish the diagnosis with certainty. It may be mentioned in passing that
polygraph tracings are inadequate for the diagnosis of this arrhythmia, as they give no

FiG 69 —Lead 1 The third senus beat is followed by two auricular extza-
systoles though the aurtcular can-

ol an
not be defintely excluded

indication about the site of origin within the auricle of the impulse of the post-extrasystole
beat, such information, however, 1s mdispensable 1n order to exclude an ectopic ongin of
the post-extrasystolic beat and thus to exclude multiple auricular extrasystoles.

Fig 69 illustrates the difficulties in interpretation even from the electrocardiogram.
The first three beats are sinus beats showing the features of left bundle branch block, with
cycle lengths of 0 85 and 0-87 second respectively. The third sinus beat 15 followed by an
aurcular extrasystole with shight aberration of intra-ver . . T et
difficulty arises in respect of the next beat (the fifth of '
beat may be nterpreted as being that of a normal si "
auncular extrasystole If the former interpretation 1s accepted, the preceding auricular
extrasystole would be an interpolated one The identity 1n shape of the P wave of this beat
with that of the P waves of the sinus beats would be 1n favour of this view. On the Aother
hand, the interval between the P waves of the beats preceding and succeeding the auricular
extrasystole (that 1s, the interval between the P waves of the third and fifth beats) measures
0-91 second and 1s thus distinctly longer than the cycle length of the sinus rhythm. The most
probable conclusion therefore is that the fifth beat 1s also an auricular extrasystole, anq that
the third sinus beat 1s followed by two auricular extrasystoles 1n succession; but an inter-
polated auricular extrasystole cannot be excluded with certainty in this mstance

Therefore, while interpolated auricular extrasystoles have experimentally been demon-
strated 1n the mammalian heart, therr occurrence m man cannot yet be considered as
established
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Interpolated Ventricular E les in 1dio-Ventricular Rhythm
{vomplete Atrio-Ventricular Bloch)
In man, ventricular ystol in heart block are nearly always
followed by an wterval equal to that between two iho-ventncular beats {see p. 96). The
obvious 15 that th les, of 1 the same chamber as the smpulses
of the dominant vestnicutar rhythm, ate conducted 1o the centre of smpulse formation of the
idio-ventneular beats where they discharge the immature xmpulse  For the same reason
terpolation will octur oaly w exceptonat circumstances im such cases
Interpolated ventricular ystoles wn the y beating ventricle were seen
by Woodworth, Hofmann and Holzinger, and Koch  Whale 1t 1s possible that this was due
to partsal contractions of the ventricle or 1ts hypodynamic state, it is more hikely that the
underfying mechanssm was a protective “block” (discussed onp 168) of the dio-ventricular
<centre
In man a case of mterpolated ventneufar extrasystoles in complete heart block and
ibrat) was & bed by Weser i a thpnatized patent.  The ventnieular
periods measured ! § second, the peniod which contamed the extrasystole, 1 55 second.
The shight lengthenmg of ths pened was attnbuted to an snlubstory effect of the extra-
systole on the formation of the next sumulus, this explanation, howeser, seems unhkely

Fi6 70 —Lead I Complete heart block with ventricular extrasystole which did

nat disturh awomane ventncular thytha, tus s “ protectively blocked ™

The eurasystole s mterpolated  From Scuerr and Boyd  Clmcol
Electrocardiography W Hewmemann, London

as the extrasystole, being interpolated, could not have reached the centre  In some of the
<ases of interpolated ventnoular extrasysioles with sunicular fibrlabon and A-V block
{Frey, Fahreakamp, Wolferth), a similar lengthening (by 0 06-0 07 second) of the period
<contamng the extrasystale was found (Wolferth)

A good example of mnterpolated ventricular extrasystoles dunng sinus rhythm and com-
plete heart block was described by Scherf and Boyd (see Fig 70).

SUMNMNARY

Interpolated extrasystoles are defined as those which are tterposed between two beats
of the dorunant rhythm occurning m their usuat sequence  The disturbance of rhythm
<aused by this vanety 1s described and dagrammatically sttustrated. The only varsety which
oceurs with any frequency and 1s of any chmcal sigmficance 1s the occutrence of mserpolated
ventricular extrasystoles dunng sius rthythm  This vanety 1s deseribed tn some detaif and

i d The first post beat 15 often with some delay
which has o be lovated m the A~V sode  The chinical migmficance of wnterpofated extrn-
systoles 18 on the whole the same as that of non-iaterpolated ones; only if one interpolated
extrasystole follows each beat of the dommant rhythm over longer pertods may a sudden
doubling of the ventrsicular rate ensve. The pulse changes produced by an interpolated

¥ are described and thewr mech anatysed [t 1s pownted out that, as a rule,
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interpolated extrasystoles originate 1n a chamber of the heart other than that containing the
pacemaker of the dominant rhythm. In the mammalian heart, therefore, interpolated
aurtcular extrasystoles can occur only in exceptional circumstances, some of which reported
in the literature are briefly discussed. Instances of this arrhythmia reported to have been
observed 1n man are cntically reviewed, and it is pointed out that no such case can be
accepted unreservedly and that the occurrence of this arrhythma 1n man cannot be con-
sidered as established

A personal observation 1s described 1n which this possibthity has to be conceded though
the mterprctanon favoured by us 1s that the record in question demonstrates two auricular
extrasy mn Interpolated ventnicular extrasystoles in complete
A-V block occur only 1n exceptional circumstances; the few reported instances, experi-
mental and chimeal, are briefly reviewed.
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EXTRASYSTOLES ORIGINATING IN THE STEM OF THE BUNDLE OF HIS

Extrasystoles origmating in the stem of the bundle of His—stem extrasystoles for short—
are, mn one sense, ventricular ones  Owing to therr arising above the bifurcation of the
bundle, however, they differ from the common varieties of ventnicular premature beats in
this one 1mportant respect that they spread through the ventricles along the same paths as
supraventricular beats. While they have this 1n common with A-V nodal extrasystoles,
they differ from these, and resemble the great majority of the common ventricular ones, in
that the aurcles continue to be activated by the S-A node  Thus 1s due to the blocking of the
retrograde spread of the extrasystoles to the aurncles which takes place in the A-V node It
follows that stem extrasystoles cannot be differentiated from A-V nodal ones with blocked
retrograde conduction to the auricles

The diagnosis of stem extrasystoles 1s based on the following electrocardrographic fea-
tures a premature beat occurred, the ventricular complex of which has 1n all leads the same
shape as those of the supraventricular beats, there is undisturbed sequence of the P waves,
the P wave related to the premature beat has m all Jeads the same shape as those of the

1cular beats, the post: ystolic 1ntervals are compensatory

The P wave related 1n time to the premature beat—that is the P wave of the normal sinus
mmpulse with blocked conduction to the ventricles—may precede 1ts ventricular complex
with a shortened P-R interval (Lewss, Fig 1} or (more frequently) follow 1t In the latter
<case 1t 1s visible between the QRS and T wave of the premature beat (Lewis, Fig 2, Lewss
and Allen, Holzmann)

Extrasystoles with this site of ongin are very rare  In many textbooks they are not even
mentioned, and the number of published cases 1s very small One case each was reported
by Lews, and by Lewss and Allen, m both such ongin was considered probable and we
would associate ourselves with this interpretation In the first of these instances the diag-
nosis seems correct particularly 1n view of the record reproduced 1n the author’s Fig. 12.
In the latter the necessity of aberration of 1t 1cular spread a
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difficulty without however disproving the interpretation offered. Wenckebach and Winter-
berg reproduce a record nterpreted as A-V extrasystoles with blocked conduction to the
auricles, which, as stated above n this section, could equally well be considered as show-
ing stem extrasystoles. Two instances fulfiling the above dragaostic criteria and interpreted
as stem extr: les have been P blished by Hol

Fig 71 provides an )! bab of a stem extrasystole. The record
showed the features of left bundle branch block with lengthenmg of the P-R intervals.
Periodically premature beats were recorded which had in all leads the same shape as the
sinus beats, The post-extrasystolic intervals were compensatory. P waves of the sinus
mpulse with blocked conduction to the ventricles were not visible in the reproduced or m
any of the other leads, but they invanably occurred at a time when they were buried in the
QRS complex of the extrasystole.

To our knowledge oesophageal leads have not yet been recorded in this type of extra-
systoles This would be essential to clanfy the question of retrograde conduction of such
beats to the auricles
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EXTRASYSTOLES IN COMPLETE A-V BLOCK
Introductory Remarks

In addition to therr chimical importance extrasystoles occurning in complete A-V block
present features of special physiological interest, since they illustrate some aspects of the
mechanism underlying normal impulse formation and conduction

In the great majority of cases of cxtrasysmles observed in man they originate 1n a part
of the heart which 1s r i from that the pace-
maker of the dominant rhythm But lfex!rasys(oles occur i complete A-V block, in which
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the ventricles are stimulated by impulses oniginating 1n a ventncular centre, the extra-
systoles and the automatic beats anse in the same part of the heart, and a disturbance of
rthythm results which differs from that observed 1n the more common kinds of ventricular
extrasystolic arrhythmias

Experimental Observations

This ph has been ly studied exper ly Whilea brief reference
can be found 1n a paper by Cushny and Matthews m 1897, the first detailed investigation of
the effect of extrasystoles upon the rhythm of the it beating han ventrr-
cle was carried out by Woodworth 1n 1902 on the perfUSed apex of the dog’s ventricle. He
estabhished the fact that the interval g an was not
but approximated the interval between two spontaneous beats, being as a rule slxghtly
shorter than the normal cycle (94 1 per cent.) and tending to be shorter the earlier 1 diastole
the extra-contraction occurred. In some of his experiments (for instance his Fig 5) the
degree of shonemng 1s so great that doubts seem Jusuﬁed whether his interpretation of
some of hus tracings is ble; as only mec} 1 records were ob d the posstbihty
of two or more extrasystoles following the stimulus cannot be excluded

Herng (1905a) pointed out that the length of the post-extrasystolic interval 1n the iso-
lated mammaban ventricle usually equalled the normal cycle length, and that the same
conditions prevailed as in extrasystoles elicited from, or very near, the pacemaker of the
dorunant rhythm, that 1s the sinus venosus or great veins of the frog’s heart or the orntfices
of the great veins of the mammahan heart In all such cases the extrasystole, arising 1n, or
very close to, the centre of ongin of the dominant rhythm, there destroys the immature
impulse of the next automatic beat, approximately the same time 15 required for the next
1mpulse to become effective as elapses between two automatic beats so that the post-extra-
systolic 1nterval equals the normal cycle length Henng therefore recommended using
these time relations mn order to test by means of extra-stimuli whether, 1 a given experi-
ment, the centre of automatic impulse formation 1s situated in the ventricles. Hering's
reasonming was that only if the post-extrasystolic interval equals, or 1s slightly shorter than,
the normal cycle length 1s 1t certain that automatic ventricular rhythm 1s present Post-
extrasystolic ntervals shghtly longer than the spontaneous periods also occur 1n 1dro-

veatricular rhythm, but do not prove its presence, since they may be caused by ventricular
extrasystoles with retrograde conduction to the auricles For a discussion of the older
hterature, see Rihl

With the advent of electrocardiography such measurements as advocated by Hering
have become unnecessary for the purpose of ascertaimng the presence or otherwise of idio-
ventricular thythm, but the underlymng principle would still be of considerable general
physiological nterest 1f such time relations were confined to ventricular extrasystoles
complete A-V block, as Hermg thought  This, however, 1s not the case, since similar tsime
relations may be present m partial A-V block

The effect upon the ventricular rhythm of ventricular extrasystoles in partial A-V block
15 niot umiform, and Erlanger’s statement (1906) that 1t 1s the same as 1n complete A-V block

cannot be accepted as vahd for most cases The post-extxasystohc mtervals n pamal AV
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erroneous that an thythm 15 present, unless the auricular

contractions are also recorded Actually, 1n Wertheimer's experiments the ventncular
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contractions were initiated by the normal pacemaker throughout, but as a result of the ventn~
cular extrasystole a permanent shift of the ventricular rhythm occurred If, however, owing
to a more persistent impairment of d the lar impulse also fails
to be conducted and the length of the coupling + the post-cxtrasystohc interval therefore
equal the length of four auricular cycles, the post-extrasystolic interval becomes compen-
satory and no permanent shift of the ventnicular rhythm takes place, since the original
ventricular rhythm s resumed with the first post-extrasystolic beat. In some, but not all
cases of this kind, the post-extrasystolic interval is slightly shorter than compensatory,
owing to increased speed of conduction of the post-extrasystolic beat, this being due to
the Jonger period of recovery provided by the long post-extrasystolic interval.

To return to conditions 1n complete A-V block. the saltent fact 1s that the post-extra-
systolic interval mn the automatrcally beating ventricle equals or closely approximates the
normal cycle length  The one dissenting report about the occurrence of true compensatory
pauses tn such circumstances (Rothberger and Winterberg) 1s explained by the high ventri-
cular rate, and the long distance between the focus of ongin of the extrasystoles and that
of the automatic ventnicular rhythm in their expertments, and does not mvalidate the above
statement Regarding the exact length of the post-extrasystolic intervals some differences
were found in different spectes and under different expertmental conditions, as briefly
menttoned above. In the tsolated frog’s ventricle 1t was found to be somewhat longer than
the normal cycle length, and the lengthening increased with the degree of prematunty 1n
diastole of the extrasystole (Hofmann and Holzinger) In the automatically beating mam-
malian ventricle, on the other hand, the post-extrasystolic interval often equals the normal
cycle length or may be a hittle longer or shorter, but 1s never compensatory (Hering, 19052;
Erlanger, Hofmann and Holzinger)

By reducing the concentration of NaCl to 0-5-0-2 per cent., or by increasing the con-
centration of KCI, in the Locke solution, an mhxbnory action of extrasystoles upon the
following beat could be produced in the beating lian ventricle when
this had not been present before; this effect was shown to be directly due to the electrolytes
and not to differences 1n the rate of flow (Hofmann)

It can therefore be sard that ext n the ically beating ventricle produce
a permanent disturbance of the ventricular rhythm, the post-extrasystolic interval being
equal to, or somewhat Jonger or shorter than, the automatic cycle length, but never compen-
satory n nature or (with rare exceptions) 1n length. Shortening of thls nterval rnay be

p d esther by a ! effect of the ext to
prevailing 1n some cases of auricular extrasystoles (g.v.), or to the same mechanism which is
responsible for the shortening of the post-extrasystolic interval after sinus extrasystoles
(see pp. 79 seq ).

In the mammalian heart and 1n chnical observations lengthening of the post-extrasystolic
nterval in such cases 1s far more common than shortening and has to be ascribed to an

bitory action of the upon the impulse formation of the following automatic
beat (see section on “ Auricular Extrasystoles”, pp 47, 55). Indogs, in which complete heart
‘block was produced by clamping the A-V bundle, the degree of the inhtbitory effect upon the
ventricular action of ventricular extrasystoles was shown to depend on the rate and duration
of the and on the d of the heart (Erlanger and Hirschfelder); similar

d were d d 1n cats with asphyxial heart block (Lewis and Oppenheimer)-
The chinical importance of these findings will be discussed later in ths section.

Clinical Observations
Whereas 1 man auncular extrasystoles in complete A-V block are very rare (Brown;

Deglaude and Zadé; Holzmano; Katz), ventricular are
(Hoesshm) This 1s undns!andable in view of the fact that conditions wluch are known to
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be common causes of A-V block are also prone
to give rise to ventricular extrasystoles, for
example, coronary sclerosis or diphtheria and,
amongst drugs, digitahis, [t is also evident that
a lesion which, by being situated n a portion of
the conducting system, causes block 15 also likely
to cause extrasystoles since they onginate in the
same kind of tissue. They may occur so fre-
quently as to produce bigeminal rhythm.

Fig. 72 was obtained from a sixty-nine-year~
old woman with complete A-V block and Stokes-
Adams attacks The Wassermann reaction was
positive The patient was given ephedrine grain ¢
thrice daity. The record shows complete A-V
dissociation, the P waves being bifid. The cycle
length of the automatic ventricular rhythm was
constantly 1-50 seconds, the post-cxtrasystolic
interval measured [-53 seconds.

Fig 73 was obtained from a fifty-two-year-
old patient with coronary sclerosis, admtted with
pulmonary oedema He was given digitalis and
complete A-V block occurred n the course of
treatment. The interval between the first two
automatic beats was 116 seconds. After the

econd beat two ystoles occurred
which were followed by an interval of 1-33
seconds. The interval folfowing the next extra-
systole measured 1-28 seconds  This record iffus~
trates extrasystoles in complete A-V block
followed by post-extrasystolic intervals moder-
ately longer than the normal cycle length. This
Iengthening was more pronounced in the interval
ing two les than in
that following a single one, which is 1n accord-
ance with the experimental observations quoted
above,

In man a pronounced shortening of the post-
extrasystolic interval 1n complete block 15 rare,
but has occasionally been found (Naish, Frey)

In patients with A-V block the automatic
beats (see Gilchnst and Cohn) and also the
extrasystoles may show varying forms in the
electrocardiogram (Scherf, Scherf and Schott)
In a certain proportion of such cases an auto-
matic beat following an extrasystole shows the
same shape as the preceding automatic beat and
1t is this observation whuch made it possible to
decide that the varying form is due to a change
n the site of impulse formation and not to dis-

b; of cond of the m-
pulse. This conception, which also has a bearing

Ventricular extrasystole in complete A-V block

Fig 72.—~Lead CR-2,
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on the differentiation between automatic and extrasystolic impulse formation (see p. 492),
15 in accordance with experimental findings on the activity of several centres of impulse
formation 1n the ventricles after severing both branches of the bundle of His (Wilson
and Herrmann). Clmlcally, the combmauon of complete or parttal A-V block with
bundle branch block is by no means uncommon. In such cases both bundle branches are
affected, the A-V node and main bundle being found normal histologically, This localiz-
ation of degenerative lesions 1s due to the fact that the A-V node and bundle derive their

¢ Fig 73.—Lead 2 Venmcular e“rasysmles n Ccmp]cte A-V block with
lengthenmg of the post-extrasystolic periods

blood supply from a source different from that of the blood supply of the bundle branches
(Yater, Cornell and Claytor) The presence of active foci 1n both main branches renders
the prognosts more grave

Fig. 74, recorded 1n a seventy-five-year-old patient, provides an example. The tracing
shows complete A-V block The first two ventricular complexes were directed upwards,
the 1nitial portions being widened to 0-11 second and the R-R interval being 1-16 seconds.
The second beat was followed after an mterval of 0-68 second by an extrasystole the mam
deflection of which was directed d ds, and the two sub ic beats had
the same shape as the extrasystoles; the cycle length had increased to 1-28 seconds and the
duration of the mitial ventricular deflections to 0-16 second

Fm 74 —Lead 2 Ventricular ex!rasyslolc tn complete A-V block, followed
by automatic ventricular beats of the same shape as the eurasystole
mdicating change n the site of origm of the idioventricular beats

As a rule extrasystoles in complete A-Y block tend to increase the low ventricular rate
and were therefore dered to be a b (Frey) In some cases,
however, the depressing effect, upon the 1dlovenmcular thythm, of the extrasystoles pre-
dominates to such an extent that long pertods of ventricular standstil] with loss of conscious-
ness ensue (Cohn and Lewis, Hecht), particularly if groups of successtve extrasystoles
occur, 5o that this mechanism has to be included amongst the rarer causes of Adams-Stokes

attacks.
“The increase in the degree of block in cases of partial heart block resulting from auncular
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extrasystoles is mentioned 1n the appropnate section {p 55) The rare instances of inter-
polated ventricular extrasystoles in complete A-V block are discussed in the section on
interpolated extrasystoles.

SUMMARY

If ventrrcular extrasystoles occur in complete A-V block, the conditions differ from those
present in the more common kinds of ventricular extrasystolic arrhythmuas as both the extra-
systoles and the automatic beats of the domunant rhythm enginate 1 the same part of the
heart, Insuch cases the post-extrasystolic mtervals equal or closely approximate the normal
cycle length, but, with very rare P are not 'y The exact length of the
post-extrasystolic mterval differs in different species and also depends on the experrmental
conditions Chnically, the occurrence of ventricular extrasystoles 1n complete A-V block
is not uncommon; this 1s attributable to the fact that the same conditions which are com-
mon causes of complete A-V block are also prone to give rise to ventricular extrasystoles,
As a rule, such extrasystoles tend to increase the Jow ventricular rate, but 1 some cases
therr depressing effect upon the 1dioventricular rhythm 1s so pronounced that long peniods
of ventricular standstll ensue and this mechamsm has to be ncluded amongst the rarer
canses of Adams-Stokes attacks
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on the differentiation between automatic and extrasystohe impulse formation (see p. 492),
is 1n accordance with expenimental findings on the actnaty of several centres of mmpulse
formation ta the ventricles after severing both branches of the bundle of His (Wilson
aed Herrmann) Chmically, the combination of complete or partial A-V block with
bundle branch block is by no means uncommon  In such cases both bundle branches are
affected, the A-V node and mam bundle beng tound normal histologically. This localiz-
ation of degencrative lesions 15 due to the fact that the A-V node and bundle derive their

dard] £ T
. . P I
ke . .
- Fig, 3Lead 2 Ventricular cvtrwvucles i complete AV block with

lergthening of the pest-extrisstolic periods.

[N su‘pnlg from a source different from Y., of the blood supply of the bundle branches
Ve r, Comelland Claytor)  The presenwe o0 w.tnve foct in both main branches renders
EROSEs more FTave,

F'? 74, mcorded'm aseventy-fivs ¢.r . sauent, provides an example. The tracing
~ows complete A-V bleck. The 1w o vemiricular compleves were directed upwards,
{he imtial portions baing widened £+ 1) 'L reo0 d and the R-R interval being 1.16 seconds.
.(he s‘c:ond rb:;xt.\vns followed after an .nterval of 0 68 second by an extrasystole the mam
g;:ﬂ cton of which was directed donnaurds, and the two subsequent automatic beats had
(‘xc same shape as the extrasystoles .+ ovele length had increased to 1.28 seconds and the
darztier of the inttial ventnicular deflecun s 10 0416 second. -

<

Fie b7j ;}%Oer:rg 2. Ventricular extrasystole an complete A-V block, followed
o Jutor ti; Yenmicular beats of the same shape as the ewtrasystole,
'8 change 1n the site of orimn of the 1dioventricular beats.

At enla amacs o v
' ¢ the low ventricular raté
! ' (Frey). In some cases,
e . ; .. of the extrasystoles pre-
pess ‘"SUC‘YE;;]‘::J" id“;_m that fong periods of ventricular standstil! with loss of conscious-

and Lewis, Hecht), particularly if groups of successive extrasystoles

oceur, so that this m i ke
attacks, echanism has to be included amongst the rarer causes of Adams-Stokes

The ji i .
cincrease in the degree of block in cases of partial heart block resulting from auriculaf
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extrasystoles 1s mentioned 1n the appropriate section (p 55). The rare 1nstances of inter-
polated ventricular extrasystoles tn complete A-V block are discussed 1n the section on
interpolated extrasystoles.

SUMMARY

If ventricular extrasystoles occur in complete A-V block, the conditions differ from those
present 1n the more common kinds of ventricular extrasystolic arrhythmias as both the extra-
B e - SN P . o

post-extrasystolic interval differs in different species and also depends on the experimental
conditions. Clinically, the occurrence of ventnicular extrasystoles in complete A-V block
is not uncommon; this 1s attributable to the fact that the same conditions which are com-
mon causes of complete A-V block are also prone to give nise to ventricular extrasystoles.
As a rule, such extrasystoles tend to increase the low ventricular rate, but 1n some cases
therr depressing effect upon the 1dioventricular rhythm is so pronounced that long periods
of ventricular standsuil ensue and this mechamsm has to be included amongst the rarer
causes of Adams-Stokes attacks
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EXTRASYSTOLES IM A-V RHYTHM, RETURN EXTRASYSTOLES

Return extrasystoles are produced by an excitation wave which spreads from one cham-
ter of the heart to another, returns 1o that portion of the heart in which the impulse had
st onigidted and proceeds to give Nise to a further systole  This phenomenon has been
obser ed manly 1n A-V rhythm with preceding activation of the ventricles, in which the
stimulus Sriginated n the ventneular portion of the A-V node thence activating ventricles
15 well as 1anicles, and that portion of the impulse which activates the auricles returning,
or sepding « subsidiary rmpulse back, to the ventricles  Simufarly, a ventricular extrasystole,
which 1s reversedly conducted to the auricles, may give uise to a return extrasystole, by the
return of the .mpulse to the ventricles, probably in or near the A-V node.

Experimental studies relating to return extrasystoles are mntimately connected with those
concerned with the effect of extrasystoles upon A-V rhythm, and 1t seems appropnate first
to discuss this latter subject and subsequently to proceed to that of return extrasystoles

Ventricular or Auricular Extrasystoles in A-V Rhythm -

Hering {1910} was the first to investigate the effect upon A-V rhythm of ventricular and
aurcular extrasystoles in the mammalian heart  Changes in the sequence of, and time inter-
vals between, aunicular and ventricular contractions were nterpreted as indicating a shift
in the pacemaker, but since only mechanical records were obtained his investigations are
mainly of lustorical interest  The same can be said about that part of Ganter and Zahn's
extensive investigations on A-V rhythm which deals with the effect of extrasystoles.

Rothberger and Winterberg’s investigations carried out 1n 1912 marked a considerable
advance In their expentments on dogs these authors recorded electrocardiograms, 10
addition to mechanical records of auricle and ventricle; moreover, the conditions of thetr
expeniments were far more physiological than those of Hering  Whereas the latter author
produced A-V rhythm by scorching the sino-auncular node, Rothberger and Wanterberg
obtained it by stumulating the left accelerans nerve. The main results of their experiments
were to determine that after one or several ventricular les the post-extrasystol!
intervals tended to be compensatory. Occastonally intervals shorter than compensatory
were observed  Even m cases 1n which ventricular extrasystoles were reversedly conducted
to the aurncles compensatory post-extrasystolic intervals occurred Ths Jatter observation
was difficult to understand since it has to be assumed that during its retrograde conduction
the extrasystolic impulse passed the A-V node, there destroying the next immature impulse
and producing a permanent shift of thythm. The preservation of the oniginal A~V shyth-
micity in spite of a retrograde ventricular extrasystole was then consideged to be due, either
to the fact that the extrasystole failed to reach the centre of stimulus formation in the A-V
node (this being ** protectively blocked ™), or that it produced inhibition of the formation
of the next A-V impulse. Rothberger and Winterberg considered the second alternative as
far more Itkely. In the experiments with aurtcular extrasystoles those which were not con-
ducted to the ventricles did not affect the A-V rhythm, and the post-extrasystoltc intervals in
the auricular rhythm were therefore y. If auricular ext were produced
which nere conducted to the ventricles, the post-extrasystolic tervals of the ventricular
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rhythm erther equalled the normal cycle length or, owing to inhibition of the for-
mation of the next A-V impulse, were longer than the normal cycle length, but not compen-
satory: in both cases the conducted auricular extrasystole passed through the A-V node and
thereby produced a permanent shift of rhythm

The use of the word * compensatory ™, to describe the length of the post-extrasystolic
interval in arrhythmas of this kind, might well be considered ** unfortunate », as Lewss,
White and Meakins pomnted out in 2 similar context. For restoration of the origtnal rhythm,
1f 1t occurs, ** comes about 1n a totally different manner to that described by Engelmann,
1n observing the effect of ventricular extrasystoles upon S-A rhythm ™. It would not be due
to the control of the post-extrasystolic 1nterval by a domunant rhythm, but to a balance
between the lengths of coupling and post-extrasystolic interval respecnvely, such balance
being largely comcidental,

Lewis, White and Meakuns reinvestigated this problem on a large scale in experiments on
dogs m which A-V rhythm was produced by cooling the sulcus terminalis; both vagi were cut.
In their experiments-the type of A-V rhythm was the one with preceding activation of the
auricles, P waves p ding the QRS In with the subject of the present
section their most important findings were: With ventricular extrasystoles, which 1n most
nstances were conducted to the auricles, the post-extrasystolic 1nterval n the ventncular
rhythm exceeded that in the auricular rhythm by the sum of the R-P interval of the extra-
systole and the P-R terval of the post-extrasystolic A-V beat. The post-extrasystolic
1nterval in the auricular thythm would accurately represent the interval between the distur-
bance of the A-V impulse formation by the extrasystole and the completton of the next A-V
impulse *“ 1f conduction 15 at the same rate from node to auricle for the two beats which
bound 1t . Any divergence should be expected to be 1n the direction of shortemng since,
owing to its prematurity, the R-P 1nterval of the extrasystole should be relatively longer.
Actually, with one exception, the post-extrasystolic interval in the auncular thythm was
longer than the normal P-P cycle length. Wath auricular ystoles the post-extr
intervals m the ventricular thythm had approximately the same lerigth as the R-R cycles of
the A-V rhythm, but usvally were slightly longer and only exceptionally shorter. From
these observations, particularly those regarding the length of the post-extrasystolic intervals
1n the ventricular thythm after auricular extrasystoles, Lews, White'and Meakms drew far-
teaching conclustons: they doubted the validity, in such cases, of Wenckebach’s v1ews about
the paramount nmpor(ance of the speed of d of the mn fo:

om eamn e mad am mmabadam P immbiol alsta aban 4 R4,

smo-auricular rhythm  Lewts and his collaborators, who did not consider disturbances of
conduction 1n the bundle of His as a possibility, argued that, if Wenckebach’s views were
apphed in regard to the post-extrasystohc intervals sn A-V rhythm, those of the ventricular
thythm after auricular extrasystoles should either equal, or be shorter than, the R-R
interval of the A-V beats, but not be longer as was mostly the case

This objection was proved to be invalid, and conditions prevailing in extrasystohc
arrhythmas in A-V rhythm were further clanified, by the work of Scherf and Shookhoff
(1925) In thewr experiments on dogs A-V thythm was produced by sevening both vag and

50 as to facilitate the appraisal of the kind and degree of changes in rhythm Exlmsyslo[cs -
were produced by mduction shocks

Fig 75 provides an example of such an experiment. The first three 'beats show A V
rhythm with ssimultaneous activation of auricles and ventricles, the P waves being buried
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m the ventricular complexes  After three ventricular extrasystoles, the first two of which
the suspension curves show to have been conducted to the auricles whereas the last one
remained confined to the ventricles, the first post-extrasystolic beat shows an inverted P
wave preceding the QRS complex at almost a normal P-R interval In the following beats
the imverted P waves gmdua]ly approach the ventricular complexes until the former state
of simul is blished. Fig. 76, taken from another experiment, shows
1n the first two beats A-V rhylhm which differs from that slfustrated in the preceding Fig 1n
that the auricles are activated first, P waves preceding the QRS complexes. Two ventricular
extrasystoles are shown which were both conducted to the auricles In the first post-extra-
systolic beat no P wave is visible, which indicates simultaneous activation of auricles and
ventricles, the subsequent beats showing the return of P waves at increasing P-R intervals
until the cond 1 1

p before the extrasy were restored,
Analysis of the records obtamed 1n numerous expenments showed that, in A-V rhythm,
a temporary change 1n position of the P waves relative to the QRS complexes as a result of
ventricular Y is entirely d dent on, and therefore indicates the importance
of, speed of conduction in the ventricles of the first few post-extrasystolic impulses, which 1s
itself d d upon the d ds made ps ly upon the d system by the
Y These d are 11y 1l d in Fig. 77 In Fig 77a
and b A-V rhythm originating in the lower portions of the A-V node 1s assumed, the ventn-
cles being activated before the auncles, since, d: the effects of ystoles, the
same conditions prevail 1n cases of simultaneous activation of auricles and ventricles, the
ongin of the impulse assumed to be 1 the middle portion of the A-V node, these two dra-
grams tllustrate the findings 1n tracing Fag 75. With these two kinds of A-V rhythm the
temporary occurrence of a positive P-R iterval after extrasystoles was found only if the Jast
extrasystole was not conducted backwards to the auricles (Fig 77a) It could be concluded
that thts phenomenonis due to delayed cond of the post beats(particularly
the first one) from the A-V node to the ventricles  Thus 1s a result of the fact that the last
extrasystole, though not conducted to the auricles, had travelled through a portion of the
conducting system 1n the ventricles, thereby shortening the time of recovery of that portion
On the other hand, if the last ventricular extrasystole was conducted to the auricles (Fig 77b),
the time available for recovery of the ventricular portion of the conducting system was not
shortened, 1f anythung 1t was shghtly lengthened (owing to some inlubition of impulsz form-
ation 1n the A-V node caused by the traversing Y , and the ph of atem-
porary shift of the P waves 1s therefore never observed in such circumstances  In cases of A-V
rhythm with preceding activation of the auricles, 1n which a positive P-R interval 1s present
and the impulse is assumed to originate in the upper portions of the A-V node, the conditions
governing a temporary shift of the P waves after ventricular extrasystoles are the reverse of
those discussed n connexion with lower and muddle A-V nodal thythm In the diagram
Fig 77c and d upper nodal rhythm 1s assumed, and 1t 1s shown that only if the last extra-
systole was conducted backwards to the auricles will the P wave of the first post-extrasystolic
beat temporanly merge with the QRS complex and, 1n the next few beats, gradually resume
1ts original positton (see Fig 76) It could be concluded that this 1s due to the longer time
of recovery available for the portion of the conducting system between A-V node and ventn-
cles (see F1ig 77c) If the last ventricular extrasystole was noz conducted to the auricles
(Fxg 77d), the time of recovery of the bundle not only 1s not longer but shorter, and the first
lic impulse will fore be conducted to the ventricles at the same speed or
more slowly, but certamly not faster than before Consequently the moment of activation
of the ventricles will not approach that of the auricles, that 1s, the P-R mterval will not
become shorter, but will remain unaltered or be lengthened and the phenomenon of a
temporary merging of the P waves with the QRS complexes will not be observed All these
effects of ventricular extrasystoles 1n the various forms of A~V rhythm, as well as those of
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Fi6 77 —Diagram ilustrating the effect 1n A-V rhythm of ventricular extra-
systoles upon the sequence of activation of auncles and ventricles For
explanation, sce text,
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auncular extrasystoles, demonstrated clearly that, contrary to the opinion of Lewis, White
and Meakins, * the formulae of rest and recovery or want of rest and recovery” not only
fully account for these phenomena, but find a valuable support in the results of such investi-
gations. In A-V rhythm relatively small alterations mn the speed of conduction of the im-
pulse to auncles and les result in {arge all i in the time
of auricular and ventricular systole, since in A-V rhythm the spread of the excitation wave
to those portions of the heart takes place in opposite directions (see Scherf and ShookhofT,
1926a). Actually, a temporary change of posttion of the P waves relative to the QRS com-
plexes, after extrasystoles, ts clearly seen 1n several of the records reproduced by Lewis, White
and Meakins, and of Rothberger and Winterberg, but was not commented upon by the
writers

Climically, as far as we are aware, this phenomenon has only once been clearly observed
by Edens (his Fig. 12), although differently explained by him. The tracmg shows A-V
thythm with inverted P waves preceding the QRS 1 An occurred,
but 1t 15 impossible to decide, from the rather mdxstmct reproduction, whether it was an
A-V extrasystole with preceding activation of the ventricles or a ventnicular extrasystole
with retrograde conduction to the auncl:s In the first post-extrasystohc beat no P wav: is

visible, but reapp~mn b anmnd nme o lostavad DD oo e

being Testored W ' L . . . "
of the paper of ™ * e '

1n this case

It might be argued that the conditions described mn this section are not sufficiently impor-
tant to warrant a detailed desciption ' We make no apology for having done so, for what
matters 1s not the change 1n the detaitled ttme relations and not whether or where a P wave
or any other wave 1s found 1n the records, but the knowledge that can be derived from such
changes regarding general les of cardrac ph logy and pathols To quote a few
of those ponts

It could be demonstrated that disturbances of conduction exist in that part of the con-
ducting system which 1s situated between the A-V node and the myocardium without either
of these structures being involved This made it possible to disprove alternative explan-
ations, which had been put forward in order to explain the above descnibed and allied pheno-
mena; for mnstance, a change i the latency of the A-V node (Mobitz) or of the myocardium
(Straub), or of the rate of conduction 1n the A-V node (Lewis ef a/) The unsatisfac-
tory conception of ** shifing of the pacemaker > was proved to be unnecessary for the
explanation of such arrhythmias tn which this phenomenon was postulated. In addition,
Scherf and Shookhoff’s work showed the wide range of applicability of Engelmann’s and
‘Wenckebach’s conceptions of the importance of changes 1n the rate of conducnon of m-

rrleae Adanandant aa tha mamad <F cact fac ned o

of, a part of the conductig system Such investigations proved also to be one of the most
mstructive examples illustrating the great importance of what Engelmann with such vision,
had termed tn 1896 the “ method of the ” (M der E

namely, the use of extrasystoles for the elucrdation of many diverse problems m cardiac
L e A A et Tt oo feie 1edes _£ala . 1 . PRt
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The sixth beat 1s a return

Fi16. 78,—From an experiment on a dog  Significance of the several tracings as in Fig. 75.

see text,

For further

extrasystole precipitated by the preceding ventricular

Return Extrasystoles

Experimental Investigations

The subject, which was extensively investi-
gated experimentally by Scherfand Shookhoff
(1926b), may be introduced by Fig. 78. A-V
rhythm had been produced in the way des-
cribed above (p. 103). The first three beats
are A-V beats with preceding activation of the
auricles, diphasic and widened P waves pre-
cedingthe muial complexes with a P-R mterval
of 011 second The R-R intervals measure
about 0 5 second The shape and width of
the P waves as well as the notching and widen-
g of the R waves are due to quimne (p 290)
These three beats are followed by two ventric-
ular extrasystoles, the second of which s
reversedly conducted to the auricles with a
V-A interval of 0 22 second. The following
beat has i ats RS and T portions all the
appearances of the imual A-V beats and,
calculated from the suspension curves, follows
the last extrasystole at about 0-3 second This
beat occurs far too early to be of A-V onigin,
for the interval between the last extrasystole
(which by being reversedly conducted to the
aunicle was bound to destroy, on its passage
through the A-V node, the immature A-V
smpulse} and the followmng beat should at
least equal the R-R intervals of the A-V
beats or, owing to mhibition of impulse for-
mation 1n the A-V node, be longer, but cer-
tamly not be shorter. The explanation seems
1o be that this beat is due to the impulse which
precipitated the last extrasystole and which,
on 1ts way to activate the auricle, returned
to activate the ventricle a second time The
presumed h 15 d lly
ilustrated 1n Fig 79 This interpretatton
15 strongly supported by the observation
1hat the premature beats appeared onfy ¥
the ventricular extrasystole, caused by an
nduction shock, was conducted back to the
aurrcle; 1f several ventricular extrasystoles
occurred this phenomenon was only observed
1f the last extrasystole was conducted to the
auricle, This kind of extrasystole is one

variety of what has been termed by the authors return extrasystoles

Another set of circumstances, 1n which return extrasystoles could be produced in the

dog’s heart, were certain instances of A-V rhythm with preceding activation of the ventricles,
namely, that form in which an inverted P wave follows the QRS complexes In all such
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experiments 1t could be d d that return occurred wh , and only
1f, the conduction of the A-V impulse to the auricle was sufficrently delayed for the returning
impulse to reach the ventricles after the end of the refractory phase.

Several methods were found effective to produce these phenomena (Scherf, 1941) Fig
80 provides an example of one of them A-V rhythm was produced by clamping the sinus
node, the suspension curves showed that the auricles contracted at a short interval after
the ventricles and 1n the electrocardiogram inverted P waves followed the QRS complexes
By electrically stmulating the conus of the right ventricle a series of extrasystoles were
elieited the Tast five of which are shown at the b of the figure Sub. ly, the
retrograde conduction (R-P) intervals alternated between 0 05 and 0 09 second and it can
be seen that a premature beat of supraventricular origin occurred only and always with the
longer R-P intervals Within a few seconds longer R-P intervals ceased to occur and pre-
mature beats were no longer observed These findings can be explatned by assuming that,
as a result of the series of extrasystoles, fatigue of the conducting system ensued, with
consequent alternation of the R-P conduction times, and that after the longer R-P intervals
the impulse returmng from the auricles to the ventricles reached the latter when they had
become again excitable Fatigue of the conducting system by means of aurrcular extra-
systoles had the same result

w w ] w | u] “
%]
@ a lalels] » “

Fig 79 —Diagram illustrating the mechamsm of ongin of the beats as
recorded 1n the previous figure

Fig 81 a simlar A-V rhythm was produced 1n a simular
manner, that variety being present m which auncles and ventricles are activated simul-
taneousty Five extrasystoles were eheited 1n the right ventricle by means of induction
shocks Here again this resulted 10 an alternation of the ventriculo-auricular conduction
times, as shown by the suspension curves, only the beats with the longer V-A ntervals were
followed not only by one, but by two premature beats Analysis of the electrocardiogram
and suspension curves warrants the conclusion that the first return extrasystole 1s conducted
backwards to the auricles and, as a second return extrasystole, 1s again conducted to the
ventricles  Accurate measurements of the various P-R and R-P intervals are not possible
1n this record, but approximate figures taken from the suspenston curves show that the P-R
nterval of the first return extrasystole 1s about ¢ 24 second, while the conduction time of its
reversed conduction to the auricles measures only 0 14 second, the P-R mnterval of the
second return extrasystole 1s only about 0:13 second When, after a few seconds, alter-
nation of the ventniculo-auricular conduction times ceased, return extrasystoles fatled to
oceur, but could be made to re-appear several times by again producing series of ventricular
extrasystoles by means of induction shocks

Another method to produce return extrasystoles durng A-V rhythm consists n stimu-
lation of the vagus, thereby lengthening the R-P imtervals In Fig 82, which 1s taken from
such an experiment, the R-P intervals vanied between 0 09 and 0 13 second and 1t can be
seen that a return extrasystole occurred whenever the R-P interval exceeded 0 12 second
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VARIOUS TYPES OF EXTRASYSTOLES 111

those beats which were followed by a return extrasystole being indicated by bold figures.
Owing to therr prematurity the return extrasystoles were aberrantly conducted 1n the
ventricles, as evidenced by their different shape in the electrocardiogram  The R-R intervals
of the A-V beats foll g in ion without les were 0-60-0-62 second, those
an il d 071, 0-70 and 0-6% second respectively, so that the
return extrasystoles were mterpolated Ths 1s only possible if the centre of impulse for-
mation 1n the A-V node was not affected by the extrasystoles. That this was the case 1s also
proved by the fact that the P-P intervals remained practically the same throughout, varying
only between 0 61 and 0 68 second. It has to be assumed that a * protective block ™ of the
A-V centre of impulse formation existed, owng to which the return extrasystoles did not
1nterfere with A-V impulse formation Moreover, ths 1s another instance of an arrhythmia
in which the disturbance of conduction 1s situated mn the part of the conducting system
between A-V node and ventricle; n the instances of return extrasystoles, conduction
through this portion of the system took place three times within a short time and, owing to
the inadequate pertod of recovery, conduction to the ventricles of the post-extrasystolic beat
was delayed. This resulted in a shortening of the R-P interval particularly of the first post-
extrasystohc beat. The of a cond of the through a dfferent
path 15 not warranted. Faiture of auncular stimule, which are conducted to the ventricles,
10 disturb the activity of the A-V nodal centre has also been noted by Lewis, Winte and
Meakins, and by Rothberger and Winterberg
Lastly, warming of the A-V node by means of a thermode, or depression of the sinus
node by various means elicited return extrasystoles. Here again, these occurred only if the
activation of the auricles took place with a sufficient delay after that of the ventricles  Thus,
with the former method, return extrasystoles were only observed if the R-P intervals
measured at least 0 12 second; with the latter, 0 18 second was the shortcs! R P m!erval
ot e St
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Ty and also when the R-P interval attained a certain length,
This finding strongly supports the interpretation given The question arises whether a
certamn degree of delay 1n the retrograde conduction to the auricles of A-V beats or ventri-
cular extrasystoles alone gives rise to return extrasystoles, or whether,  addition, fatigue,
vagal stimulation and similar factors are necessary; the authors favour the first alternative,

Clinical Observations

In order for a dragnosts of return extrasystoles (reciprocal beats) to be made mn clinical
cases 1t has to be ascertained that the auricular contraction, which 1 1ts turn gives nise to
the second ventricular one, 1s due to the retrograde activation of the auricles by an impulse
which onginated 1n the A-V node (unless the return extrasystole was elictted by a ventri-
cular extrasystole with retrograde conduction to the auricles}) This means that the under-
lying thythm 15 A-V nodal rhythm with preceding activation of the ventricles, and that the
JESN RS ' v . o S -

sional interference of the A-V rhylhm by conducted smo-aurlcular beats (see p. 178, also
Herrmann and Ashman). In the el diogram a recip 1 beat 1tself by the
presence of A-V rhythm, a P wave which 1s mverted in leads 2 and 3 following the QRS
complex at a certarn distance, such P wave being followed 1n its turn by a supraventnicular
QRS complex after an interval consistent with the assumption that the second ventricular
beat1s due to the return of this auncular impulse to the ventricles  Such inverted P waves are
therefore * sandwiched  1n between two supraventricular QRS complexes (White, 1921)
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VARIOUS TYPES OF EXTRASYSTOLES 113

Fig 83 provides an example, ob d from 2 fifty Id man with coronary
sclerosis. The underlying rhythm is A-V rhythm with gradually lengthening R-P intervals
During undisturbed A-V rhythm the R-R mtervals measured 0-66 second (rate 91}, and the
record shows that whenever the R-P interval reached 0-22 second the P waves were followed
by a QRS complex which, in relation to the underlying A-V rhythm, occurred prematurely
‘There 1s no evidence in this record of an independent sino-aunicular or auncutac paccmakcr
The interp that these ventricular beats are return extrasystoles is sup-
ported by the observation that the speed of orthograde conduction of such beats varied
nversely with that of the preceding retrograde one. Thus the R-P interval of the second
beat measured 0-22 second, and the P-R interval of the following (conducted) beat 0-28,
whereas the corresponding figures of the next beat were R-P* 03, P-R* 0 20. The tracing

return extr of which two occuned m succession in two
places (the third and fourth, and tenth and eleventh beats) Ths archythmia, due to two
successive return extrasystoles, 1s even rarer than single return extrasystoles, the only
reported climeal observation of this kind 1s Case § of Decherd and Ruskin (1943), who termed
this sequence “ trplets ™. Another possible instance 1s the case of von Dobozy, though
differently interpreted by hum  In his Fig 4 two groups each of three beats were recorded
Dobozy's explanation is that the first two beats of each group were an A-V beat with a return
extrasystole, the R-P intervals being O 45 and 0 46 respectively, and that the last beat of each
group was a supraventricular extrasystole An alternative and more likely explanation seems
to be that each group consists of an A-V beat followed by two return extrasystoles. Such
an interpretation would be supported by the presence, between the second and third beats
of the first triplets, of a differently shaped inverted P wave, the absence of such a wave at
the corresponding place in the second group would not exclude the same rhythm (cf. Cutts®
and Levin's findings discussed below) The fact that the P-R intervals {0 16 second) of the
last beats of each group were shorter than those of the first return extrasystoles would be
analogous to Scherf’s expenimental findings (see Fig 81)

The number of published clinical observations 1 which the diagnosis of return extra-
systoles can be constdered established 15 very small In an extensive review of this problem
Decherd and Ruskin collected twenty-two cases up to 1943 to which they added three
personal observations The first case was published by White (1915). A-V rhythm was
present and whenever, as a result of carotid sinus pressure or the exlubition of digitalis, the
R-] P ntervals were prolang:d to about 0 3 second, bigenuny resulted. Amongst various

Whte d d the of a return of the impulse The same author
reported a second case mn 1921, showing a bigeminal action with R-P 1atervals of 0 4 and
P-R intervals of 0:18 The diagnosis, however, seems less certamn since the P waves were
upnight when bigeminy was first observed and, when subsequently they became inverted,
bigeminy did not always occur when the R-P interval reached the same length Drury first
used the term reciprocal rthythm 1n a chnical observation, in which he described this thythm
during attacks of A-V tachycardia with incomplete retrograde block and a rate of about
150 Other cases 1n which this arrhythmua can be considered established are: Bishop, 1n
whose case return extrasystoles occurred after atropine, Gallavardin and Gravier, and Katz
and Kaplan who d d transtent p thythm duning carotid sinus pres-
sure; Case 1 of Blumgart and Gargill (although the tracing 1s too short to be conclusive,
el i b e Ca DT e e

years after diphtherta, though not mterpreted as such by the author, Cutts, one case, see

below; Gravier, Froment and Guiran (R-P 0 45, P-R 0 2), though the varymg direction

of the P waves made some of the tracings difficult to interpret with certainty (see below),
1
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Levin (1941), one case, see below; Decherd and Ruskin, three cases; Tourmaire, Deyrieux
and Augter {observed after every second A-V beat with a R-P interval of 0-3; atropine
R O VR T EIE -t
arteriosclerosis; on one two return ex les were recorded, also fusion beats);
Bix (Case 3), Holzmann (1952).

Some special features warrant a brief discussion. Generally the R-P (Q-P) intervals were
longer than the P-R intervals of the return extrasystole (for instance, White, 1915, Gravier
et al., Decherd and Ruskin) which conforms with the observatson that, generally, retrograde
conduction takes place less readily in the mammalian heart than the orthograde one (see
“Retrograde Conduction of Extrasystoles”, p 126); there are, however, exceptions (for ex-
ample, Blumgart and Gargill, Case 1). Aninverse relationship between the R-P and follow-
g P-R mtervals seems to be the rule  In Decherd and Ruskin’s extensive study of one of
thesr cases these tume relations were used to determme the curve of recovery of conductivity.
This showed the presence of a period of relative refractoriness which resembled recovery
curves obtained m experimental work, and in a human case of heart block by Ashman and
Herrmann It was also found that, in general, reciprocal beats occurred with longer R-P mter-
vals, which is 1n accordance with the experimental findings described above, but Cutts pornted

“D D . . A e (90 I
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other factors determine whether return conduction occurs or fails; this recalls simlar
considerations concermng interpolated extrasystoles (¢.v.). Cutts also noted that the QRS
complex of the second beat of the couple often differed somewhat in shape from the first,
which 1s attributable to aberrant conduction of the second impulse in the ventricles

The spread to the ventricles of a return extrasystole may be completely blocked and its
presence 15 then deduced from the time relations between two successive A-V beats. If
such interval without a recorded ventricular contraction of a return extrasystole equals
that m which a return extrasystole was recorded m the ventricular rhythm, the assumption
1s justified that such lengthening 1n the interval between two successive A-V beats was
caused by a return extrasystole which, owing to blocked conduction to the ventricles,
falled to yield a ventricular contraction led conduction, L dorf; Pick and
Langendorf; Fleischmann).

Regarding the effect of drugs, digutals was often noted to cause, or increase the number
of, reciprocating beats (White; Dock,, Blumgart and Gargill, Case I; Decherd and Ruskin;
Cutts) Vagal stimulation by carotid sinus pressure produced transient reciprocating
thythm (Gallavardin and Gravier, Katz and Kaplan) or increased their number (Blumgart
and Gargill, Case 1), but in the last case physostigmine had no effect. Statements about the
effect of atropine are conflicing 1n Bishop’s case it provoked return extrasystoles and in
that of Dock greatly increased therr number, the A-V rhythm being accelerated with leng-
thenmng of the R-P and slight shortening of the P-R intervals, whereas n Case I of Blumgart
and Gargill 2mg completely abolished the return extrasystoles. Cutts found that atropine
alone had no constant effect regarding reciprocating rhythm, but 1n one instance aboltshed
1t when given after digitalis According to Decherd and Ruskin gram 1/50 given intravenously
1 d d d while producing Iittle effect on the refractory period or
forward conduction Quinidine prolonged refractoriness and delayed both retrograde and
orthograde conduction

Clinical observations of return extrasystoles elicited by ventricular extrasystoles with
retrograde conduction are very rare  Fig. 84 provides an example The record was ob-
tained from a seventy-three-year-old patient with hypertension and coronary sclerosis It




VARIOUS TYPES OF EXTRASYSTOLES

shows sinus bradycardia, the R-R intervals measuring 1.02~
1-27 seconds (rate: 47~-58). Groups of two ventricular extra-
systoles are seen, the first, fourth and fifth of which were
followed by a compensatory pause The second and third
of these groups, on the other hand, were followed by a post-
extrasystolic interval which was very much shorter, and
which an inverted P wave 15 seen  The R-Pntervals, that 1
1 this case the iaterval between the beginning of the second
extrasystole of the groups and the mverted P wave, measured
about 0 4 second, the P-R ntervals of the post-extrasystohe
beats 0 2 second {equalling that of the sino-ounicular ones),
The conclusion 15 warranted that the second extrasystole of
the second and third groups were followed by a return
extrasystole.

Fig. 85 provides another example, obtained from a man
of forty-three who had a myocardial infarction in the anterior
wall. 1t shows sinus rhythm, the R-Rontervals varymg between
0 B8 and 0-94 second (rate: 63-68) There 1s evidence of
myocardal damage (shight distortion of the R-T segments,
sharp inversion of the T waves in feads 1 and 2) Inlead 1
the second sinus beat 1s followed by a ventricular extrasysiole
with 2 coupling of 0:46 second; the post-extrasystohc interval
15 compensatory. After the next sinus beat a ventrnicular extra-
systole with a couphng of 0-44 sccond occurred which i its
turn was ded by an ab jar complex of
which it could not be stated whether this was another ventrie-
ular extrasystole anstrg from a different facus or a return
extrasystole with aberrant intra-ventricular conduction The
nterval between the sinus beats preceding and succeeding these
two abrormat ventrcular complexes measured 1-76 seconds,
that 15, there was no disturbance 1 the dominant rhythm,
The absence of a P wave before the second abnormal complex
5 fusive since, m lar or return les, they
are often very small or absent in lead 1 The nature of this
unusval arrhythmia becomes clear from lead 2. The muddle of
this lead shows a sinus beat foliowed by a vcnmcular exira-
systole with Y post- pau:

+ post-extrasystohe interval = 1 62 seconds; cych: lcngth of
stnus thythm 0.81 second). The next smus beat 1s followed
by 2 ventricular extrasystole with the same coupling (045
second) and having the same shape except for an inverted
P’ wave bewng wisible 1n 1ts final defiection  After a P-R
mterval of 0 28 second this extrasystole was followed by a
ventricular complex which differed 1o shape from that of the
snus beat though having the appearances of a supraventnenlar
beat, The interval between the two smus beats p!ecedmg and
di these two 18
second and there was thus a shift of the dominant thythm The
nterval between the inverted P’ wave of the returning impulse
and the P wave of the next sins beat measured 0 96 second, as
compared with the calenlated cycle length of 0 81 of the sinus
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VARIQOUS TYPES OF EXTRASYSTOLES 117

thythm. The most likely interpretation of this portion of the record is that the second
abnormal ventncular complex was a return extrasystole with aberrant intra-ventricular
conduction, which reached the sinus node and which was precipitated by the ventricular
extrasystole The first sinus beat 1n lead 2 15 also followed by a ventricular extrasystole
with a coupling of 0 44 second It shows the same kind of inverted P’ wave m its final
defl as the third ¢ le, but this 15 not followed by a ventncular complex and
there 1s 1o shift of the sinus thythm The mference is that this extrasystole too returned to
activate the aurcles, but the impulse failed to reach either the sinus node or the ventricles:
return extrasystole with blocked ventricular conduction

The only other chinical observations of this phenomenon, of which we are aware, are
those of Levin (1941), Schott (1951) and Ksstin and Landowne

Levin’s case 1s unique 1n that return extrasystoles were precipitated by both A-V beats
and ventricular extrasystoles with retrograde conductton to the aurnicles Apart from this,
s report 15 of interest in several other respects  The patient gave a history of rheumatic
fever at the age of twenty-one and of an *“mfection of thelegs™ 1n the following year Several
years later numerous electrocardiograms Were taken during broncho-pneumomnia with
pleunsy {Levin and Ochoa), which showed an unusual variety of arrhythmias, namely,
sinus tachycardia, auncular flutter, A-V rhythm with bundle branch block, dissociation
with interference and 1sorhythmic dissociation This was attnbuted to a toxic effect of the
acute infe upon the d system p ly d d by rh ic fever. Subse-
quently {Levin, 1940) reciprocal rhythm was found amongst vanous other arrhythmias,
including dissociation with interference  Further studies of thc rccnprocal rhythm ongin-
ating from the A-V node showed the y Jong times of 0 6-
0 75 second, the forward conduction nmes bemg 0.30-0 35 second The R-P interval of
the ventricular extrasystoles with was shorter (0 5 second) than that
of the A-V beats, which at ﬁrst slght I surpnsmg, since the path of retrograde conduction
of ventricular Y y 15 d ly longer than that of beats originating
n the A-V node Levin puts forward good reasons for attributing this phenomenon to
facilitation (Bahnung)* of retrograde conduction of the ventricular extrasystoles by the
preceding beat (whether of A-V or S-A ongin), since the ventricular extrasystoles which
gave rise to return beats followed the preceding beats at relatively shorter intervals than did
those of A-V onigin (Skramlik, 1920a, seealso p 126, ““Retrograde Conduction of Ventricular
Extrasystoles”) Another nteresting observation tn hss case, previously made by Cutts, was
that occasionally coupled beats, of the same tme sequence and shape 1n the electrocardio-
gram, occurred as ble return extrasystoles, but without a P wave being vistble
between the two ventricular complexes forming the couple. This 1s interpreted as indicating
that return extrasystoles may be produced by an impulse origmatingn the A-V node, which
activates the auricles and returns to the venmclcs, without giving nse to an auncular systole
which therefore does not seem to be P 1n the prod of rhythm
It seems even possible that in such cases the impulse returns 1n, or 1n the vicimity of, the A-V
node without activating the auricles

The observation reported by Schott (1951) was made 1 a man of fifty-two who, duning
convalescence from acute glomerulonephntis, developed an acute pyelonephatss which 1s a
very unusual combination During that period an extrasystolic arrhythmia was recorded
mostly presenting as trigemunal rhythm, two ventricular extrasystoles following 1n succes-
ston. On several occasions the second extrasystole of such groups was followed by a supra-
ventricular complex which could be shown to be a return extrasystole precipitated by the
second le. The ime rel. d that the mmpulse was conducted 1n a
retrograde direction as far as the S-A node, with consequent shift of the dorunant rhythm.

For defimtion of this term, see p 136
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Most probably sino-auricular block with escaped beats, simulating return extrasystoles, but

FiG 86 —Lead 2.

Time base 0 2 second

of auricles

of pathway of

with

possibly return

In one instance a return extrasystole with blocked ventricular
conduction had to be assumed. In some respects this observa-
tion resembled that illustrated 1n Fig 85.

The important recent paper by Kistin and Landowne, which
contains at least one instance of return extrasystoles precip-
1tated by ventricular extrasystoles with retrograde conduction
to the auricles, is discussed in some detail mn the section on
“Retrograde Conduction of Ventricular Extrasystoles” (p. 126).

While 1n cases of A-V rhythm with supraventricular prem-
ature beats, in which recip mg rhythm is dered, sharply
inverted P waves 1n leads 2 and 3 form the rule, the varying in
shape of such P waves and even alternation in direction do rot
exclude such a possibility. Decherd and Ruskmn have published
several instances of such an arrhythma 1n which two retrograde
P waves, sometimes of varying shape, were found with one
A-V beat, the first indicating very rapid retrograde conduction
and the second, with a considerably longer R-P interval, giving
1ise to reciprocation. This 15 considered by these authors as
indicating a double auricular pathway, resulting in two activa-
uons of the auricles by the same A-V mmpulse, the second of
which gives rise to a return extrasystole,

A personal observation seems to 1llustrate the possibility of
such a vanation 1n the directton of auricular activation in a case
of return extrasystoles A series of five coupled beats is shown
(Fig. 86), the first of each couple being of A-V ongin  Between
the first and second beat of each couple a P wave 1s recorded
which s alternately inverted and upnight  The inverted P waves
follow the preceding QRS complexes with a R-P interval of
0 48 second and, n thetr turn, are followed by a supraventric-
ular complex with a P-R interval of about 0 2 second (the first,
third and fifth couple) In the second and fourth couples, on the
other hand, the P waves are upright, the R-P intervals betng 0 4
and the P-R 1atervals being 0 3 second respectively. The most
likely explanation of this tracing, taken by itself, would be
return extrasystoles with alternation of the pathway of activation
of the auricles  This interpretation would be supported by the
observation that the inverted P waves are constantly associated
with longer R-P and shorter P-R intervals than the upnght
ones, and that there 1s an 1nverse relation between the R-P and
P-Rntervals On some occasions, only inverted P waves were
recorded, which also accords with this interpretation. Many
other tracings of this patient, however, which were published
(Scherfand Shookhoff, 1926b, Fig 13, Wenckebach and Winter-
berg, 1927, Figs 339, 340, 342, 343) showed sino-aurcular block
over long pertods. 1f, in ths arrhythmia, automatic ventricular
escape beats occur, followed by sinus beats at varying intervals,
the P-Rintervals of the sinus beats are known to vary and to show
also the mnverse relationship between the R-P and P-R inter-
vals The alternative explanation of the reproduced record offers
itself, therefore, that st indicates stno-auricular block with escape
automatic ventricular beats. The varying shapes of the P waves
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would not, 1n this case, be against this diagnosis since this 1s a common occurrence in sino-
auncular block, and even during regular sinus rhythm records of this patient showed
continual changes 1n the shape, and often nverston, of the P waves due to aberrant
intra-auricular di This record that, if taken by 1tself, no objection could
be raised against a diagnosis of return extrasystoles with alternation of the pathway of
activation of the auncles, whereas the alternative diagnosis of smo-auricular block with
ventricular escape is equally well founded when the other records of the same patient are
given due consideration A decision between these two possibilities cannot be made with
certainty and this instance provides an instructive example how fallacious the interpretation
of short records of more complicated arrhythmias 15 likely to be

In addition to the cases discussed so far others have been reported 1n which we consider
the d of return y ble Those published before the advent of
1 d hy cannot be pted a: hed (Wenck h, Mus} Other
cases which we consider doubtful are  Jones and White, Wolferth and McMillan* there
statement that m therr Case 2 a 2 1 block was present 1s not acceptable, as stated
on p 134 (retrograde conduction 1n A-V block), and therefore their conclusion of a reci~
procal beating auricle-ventricle-auricle 1s invahd; Blumgart and Gargill (1930), Cases 2, 3
and 4; Fogelson (the short indistinct records are 1nadequate for interpretation), Korth
and Schrumpf (in Case 1, the diagnosis 1s certamly erroneous, 1n Case 2 possibly correct,
but not proven), Bain (as far as ascertamable in the short reproduced record there was an
independent aunicular rhythm), Langendorf, Katz and Simon (1944) whose case was, 1n
our opinion, one of interpolated ventricular extrasystoles, the varying shape of the P waves
of some of the post-extrasystolic beats being due to shight varrations in the position of such
waves 1n relation to the preceding T waves on which they were superimposed, Mesquita
(Case 3, more Jikely conducted beats during supernormal phase of A-V beats; Case 4 more
likely interpolated ventricular extrasystoles, Case 5 coronary sinus rhythm withWenckebach
periods), Bix (Case 2, blocked and conducted aurncular extrasystoles whereby the post-
extrasystolic beats have P waves of the same abnormal shape as the extrasystoles)

Longer periods of reciprocal thythm 1n chinycal cases have been reported by Fischer, and
by Samojloff and Tschernoff In Fischer’s case attacks of tachycardia occurred which were
initiated by an A-V extrasystole His mterpretation of the records 15 that the extrasystole
Tesulted 1n a delay of the activation of the ventricles by the subsequent supraventricular
1mpulse and that, for this reason, the ventricular impulse was reversely conducted to the
auricles, which 1t reached outside therr refractary namnd and sn thic v con wonons wn
thythm 1s supposed to have ensued =~ .
the ventricular contraction to spread
far more likely explanation. Samojloff and Tschernoff interpret some of therr tracings as
ndicating the simultaneous presence of two reciprocating thythms, one ongmating from an
A-V beat and the other from an extrasystole with retrograde conduction  The possibihity
of such an occurrence 1s admitted, but cannot be considered proved In the case published
by Naim as an mstance of p dia due to 1 rhythm there 1s the
alternative possibility that the archythmia was paroxysmal auncular tachycardia with
blocking of some of the auri~" fne A crmilar me e AR
the case of Codma-Altés an
which have been reported ¢ .
auricular extrasystoles and paroxysmal auricular tachycardia 1s an alternative and more
hikely explanatson

1In the differential d of cases of suspected return extrasy the main difficulty
consists 1n disungwishing this arrhythmia from dissociation with mterference or auricular
parasystole As mentioned above, the deciding factor 1s whether or not there 1s evidence
of an independent thythm activating the auricles. As 1n so many arrhythmras, only longer
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records allow a diagnosts to be made with any dcgr:c ol‘ccn:umy Luten and Jensen stressed

the importance of auricular parasystole in the d Zesler pointed out
that many cases considered to be examples of recxprocal rhythm actually were cases of
dissociation with interference, but seems to have gone 100 far in his rejection of the furmer
diagnesis  the reverse mistahe 1s also not unlikely, for an independent auricular p

may be simulated tn cases m which A-V rhythm with a fairly constant R-P interval and
reciprocal beats 1s present (Decherd and Ruskin). A case interpreted as drssociatton with
interference and intra-auricular disturbances of conduction, simulating in parts reciprocal
beats, has been reported by Schott (1937). Both conditions were present in the same patient
at different times tn Levin’s case (1941) discussed above.

Physiological Considerations

Expenimentally the re-activation of auricles and ventricles by the same impulse was first
described by Mines (1913) in the electric ray and frog. * after the application of rhythmic .
stimult at some particular rate, the cessation of the stimul was followed by a quick recipro-
cating movement of the auricle and ventricle or of ventricle and bulbus. The appearance of
the heart gave the impression that the beats of the ventricle were caused by those of the
auricle and bulbus, while these 1n turn were caused by the ventricle . This reciprocating
rhythm could be stopped by a properly timed induction shock  Subsequently, Mines (1914)
amplified these experiments on portions of auricle and ventnicle of the tortoise, rings cut
out from auncles of elasmobranch fishes and of ventncles of large dogs and cats. It will be
noted that the chinical observations on return extrasystoles, as well as the electrocardro-
graphic findings discussed earher in this section, differ from Mines’ result in that only one,
or at most 1wo, return extrasystoles were seen, whereas 1n Mines® experiments and those of
Garrey, both of which form the basis of the theory of circus movement, such rhythms lasted
for considerable periods. In order for a reciprocating rhythm to be possible it has to be
assumed that part of the tissue 1s 1n a refractory state at a time at which normally it would
be exatable  This results 1n a delay of conduction as well as in changes in the path of the
exaitation which, owing to the presence of islets of refractory ussue, pursues longer and
more devious routes ** The excitation wave in traveling through muscle in ths state will
be delayed 1n journeying between given points, since it will swerve from side to side as 1t
passes through the only channels open to it  The degree 1n which it swerves may be so great
that 1t reaches muscle at a greater distance before 1t reaches, by returning, muscle Iymngat a
shorter distance from 1ts starting pownt * (Lewis)

A teturn of the excitation wave as a result of the presence of refractory tissue, which is
implied 1n these words of Lews, was experimentally established by Schmitt and Erlanger
on strips of\:nlncular musclc of the turtle; their work also demonstrated that the return
of the wave d ded on the p of unidirectional block, that is, of the
presence of tissue in sucha hlgh state ofrefmctonness that conduction in one direction failed.
In thetr experiments strps of ventricular muscle were mounted through five chambers which
were divided by rubber curtarns, and conduction was depressed by “electnical polarszation,
cold and alteration in the 1onic balance (KC1, withdrawal of Ca), also locally by the pres-
sure of the dividing rubber curtams The degree oflrnpmrmcnt of conduction proved to be
unequal according to the direction in which the excitation was made to spread through the
strip (called heterodromta), reaching the degree of umdirectional block 1n which a sumulus
was blocked 1n one direction while being conducted in the opposite one (called mono-
dromia) In eleven expeniments 1t was found that, when heterodromia of such a degree that
1t bordered on monodromia was present, the impulse, after having traversed the strip m
one dxrccnon. returned to excite a second tme \hat part of the slnp from \\hxch 1t had

15 is explained by the d in Fig 87,
that, in the zone of depressed conduction, onIy a fraction of the fibres conduct the xmpulsc.
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and this st » teduced speed, whereas the remaning fibres, in which conduction is even more
imparred, fail to conduct altogether 1n the ongmal direction, impairment of conduction
having reached the stage of umd 1 block dromia). After reaching normally
excitable tisstie beyond the zone of impawment, the impulse turns back and passes through
those fibres which, not having conducted in the onginal direction, are excitable and conduct
the impulse in the oppostte d 50 that s quently reaches the excitable tissue
again from which «f ongmally started  Schrmtt and Erlanger apphed these findings to
explain ceriain Vancties of extrasystoles, They argued that, 1f an area of depressed conduc-

ity 1s assumed £o be present 1n an vitimate twig of the conducting system, these producing
locally uniditectional block i the direction from d system to my d the
excitation wave would enter the nearby my dium from the p i twig only by
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‘There 1s no doubt that this particelar vanety of extrasystoles 1s due (0 2 re-entry mechan-
sm Applymg Schimtt and Erlanger’s findings, Scherf (1941} postulated a functionat
fongitudinal dissocration of some of the auriculo-ventnicular conducting system, whereas
the part just above the rfurcation may be employed by both the A<V beat and by the return
extrasystole to which 1t gave rise {see Fig 88a). The numerous fibnnous septa between
the strands of the speoific system may facthtate such dissoesatton Decherd and Rushan,
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order to explain certain of their observations discussed above, have modified this concep-
tion by assurming ** an area of refractory tissue of varying size and shape, and/or varying
stages of recovery ™, situated at the junction of the atnal and ventricular portions of the
A-V node or perhaps near the junction of the nodal tissue and auricle (see Fig. 88b and c).
If an impulse spreading along pathway A encounters an area of relative refractoriness, its
conduction will be delayed Assumung further an area of greater refractoriness 1n area B,
blocking the spread of the impulse n this direction, this and the adjacent area C will have
been rendered completely refractory for a time by the blocked impulse and therefore will
block the passage of an impulse in the direction to the ventricles. If, however, the delay of
conduction through area A 1s sufficiently great for some part of the adjacent area to have
regained excitability at the time when the impulse has penetrated the area A, the impulse
will be capable of spreading through excitable tissue to the region below the A-V node

Owing to the delay of its spread in the retrograde direction through A, and perhaps also of
that m the orthograde direction through the partially recovered portion of arez BCD (Fig.
88b), this impulse will reach the ventricles outside their refractory period and thus produce

P ~\
i \/?7 W

the extrasystole This conception would also afford an understanding for the double auri-
cular pathways. varations in the size and shape of the area of refractoriness could allow
rapid retrograde conduction of the impulse through one pathway, say A (Fig 88b and c),
with sufficient time for the aunicle to respond to a second A~V rmpulse being conducted with
a considerable delay through another pathway, say B or E, this second impulse producing 2
second auricular contraction and subsequently re-entering the mfranodal tissue by forward

d as m the previ il

These two views have the essential conception 1n common that they postulate an area
of refractoriness in the vicinity of the A-V node, in the neighbourhood of which the impulse
returns, or sends back a subsidiary impulse, to the ventnicles  Scherf’s conception places 1t
1n a longitudinal direction through the node itself, whereas Decherd and Ruskin think of 1t
as @ more extensive area, varying in shape and size, situated more towards the auricle. The
exact localization of the area of dissociation, or refractormess, probably varies in different
cases Decherd and Ruskin emphasize that 1n the majority of cases the returning impulse
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discharges the nodal pacemaker and from this, as well as from several other features of
their records, conclude that the same trssue is affected by the impulses gomng in the two direc-
tions The inverse relationship between the P-R and R-Pintervals of the return extrasystoles
strongly suggests that, at least for part of their path, the two impulses employ the same
channels That this 1s not the explanation of all the cases 1s proved by the observation that
Ieturn extrasystoles may be interpolated {see Fig 82), and Decherd and Ruskin concede
that, for at least these cases, some kind of dissociation or protective block of the A-V pace-
maker has to be postulated In the absence, so far, of histologtcal reports of cases known
to have shown return extrasystoles these views are necessarily speculative, but 1t should be
recalled that Ashman and Hafkesbning’s expertments on asymmetrical compression have
demonstrated the mportance of the shape of damaged tissue in the production of um-
directional block (see p 134),and the very few histological reports on cases having shown
retrograde conduction 1n complete A-V block seem to emphasize the importance of the site
of the leston  Only when histological findings 1n cases of return extrasystoles become avail-
able will 1t be possible to pronounce a more definite yjudgment about the nature, site and
‘boundaries of the lesion, gtving nise to this rare arthythmia  The salient fact at this s\age of
our knowledge 1s that 1t constitutes a variety of ext les which are due
to a re-entry mechanism
In view of the small number of observations nothing can be said about any special

chmeal of return ystoles However, perusal of the Iiterature shows that a
great proportion of such patients were suffering from pronounced structural heart disease
(and were under the influence of drugs) Considering that, 1n the vast majonty, the under-

lying thythm was A-V nodal thythm, this observation accords well with that of Ruskin,

McKinley and Decherd (1945) that amongst forty-five patients showmg A~V nodal rhythm

no fewer than 80 per cent had demonstrable heart disease The further findings of these

authors that A-V rhythm occurred 1n only 0 45 per cent of ten thousand patients of their

Heart Station and that amongst their forty-five patients with A-V rhythm only three showed

the variety with preceding activation of the ventricles, which alone gives rise to return extra-

systoles, bring out an important reason for the great ranty of this arrhythma

SUMMARY

If, 1t expenimental work, A-V rhythm 1s produced and auncular or ventricular extra-
systoles are elicited, certain alterations 1n the time sequence between auricular and ventri-
cular systole occur temporanly 1n the first few post-extrasystolic beats Such changes were
observed only 1n certain analysable conditions and 1t could be shown that they were due to
disturbances of conduction 1n the main bundle of His, which did not affect exther the A-V
node or the myocardtum  As, 1n A-V rhythm, the impulses activating aurncles and ventricles
respectively travel in opposite directions, relatively small changes in the speed of conduction
1 either direction result 1 1y large al n the time between
auncular and ventncular activation, for this reason A-V rhythm lends itself partrcularly
well to mvestigations of this kand. The importance of these findings in connexion with
fundamental properties of cardiac p! and 15d d Chmecally, this
phenomenon was observed with ccnamty n only one case

If, during A-V rhythm with preceding activation of the ventricles, the activation of the
auricles 1s delayed beyond a certain measure, a return extrasystole may result by the return
of the excitation wave, 1n or close to the A-V node, towards the ventricles, the same
mmpulse thus activating the ventricles a second time  The degree of delay 1n the activation
of the auncles necessary for this phenomenon to occur vanes m different experimental and
chnical conditions. In a similar manner return extrasystoles may also be precipitated by a
ventricular extrasystole with retrograde conduction to the auncles Varous methods of
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producing return extrasystoles experimentally are descibed The lterature on clinical
observations showing this phenomenon 1s critically reviewed, and the differential diagnosis
1s discussed with special reference to distinguishing this arrhythmia from dissociation with
mterference and from aunicular parasystole  Hitherto unpublished examples of two suc-
cessive return extrasystoles, of return extrasystoles precipitated by ventricular cxtrasystolcs
with retrograde conduction to the auricles, and of return extrasystoles possibly 1ll

varying paths of auricular activation are reported. The occurrence in man of a persistent
reciprocating rhythm, entailing more than two successive return extrasystoles, cannot be
considered as established,

In order for a reciprocating rhythm to be posstble a umdirectional block has to be postu-
lated, resulting from the presence, i or near the A-V node, of refractory tissue which is
responsible for the delay 1n, and the abnormal direction of, the spread of impulse. As the
salient point 1t ts emphasized that reciprocating rhythm (return extrasystoles) can be con-
sidered as unquestionably being due to a re-entry mechamsm, but that this mechanism is not
acceptable as an explanation for all, or even the majority of extrasystoles.
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RETROGRADE CONDUCTION OF VENTRICULAR EXTRASYSTOLES TO THE AURICLES

It would be surprising if, as behieved until recently, in man ventricular extrasystoles were
only rarely conducted to the aunicles, since, both 1n muscle and nerve, impulses are known
to travel tn both directions and in many animals the conduction of impulses from one part
of the heart to another is by no means confined to one direction.

Experimental Obsenvations

In the heart of Ascidiae the sequence of contractions of the various portions normally
reverses its direction pertodically (Gaskell, 1883), the heart of certain fish shows a ** disposi-
tion ™’ to reverse the order of contraction (ref see Skramlik, 1927a), and by a single mech-
anical simulus apphed to the conus arteriosus of the heart of the skate the normal sequence
of contraction can be reversed for several minutes, while the normal order can just as eastly
be restored by a gentle stimulation of the sinus end (Gaskell, 1883). In the heart of certain
species of fish retrograde conduction takes place faster and with greater ease (also persists
longer tn the dying heart) than orthograde one (Catlson, v. Skramhk 1924, 1927a, 1930),
though recently Kisch (1948) has cast doubt upon whether this holds good as a general rule:
n electrographic investigations he found that the A-V conduction was slower than the V-A
one 1 only two out of mineteen experiments and that the relations between the speeds of
retrograde and orthograde conduction depended on the site at wiich the extrasystole was
produced.

Concerning the amphibian heart, reversal of the normal order of contraction in the frog's
heart was first reported 1n 1850 by Hofla and Ludwig  after apphcation of tinet opu to the
septum, stmulation of the ventricle produced ventricular followed by that of
the auricles and bulbus.

Engelmann (1895, 1896) pointed out that conduction 1n only one direction depended,
wnter alia, on the speed of change of those physiological conditions which acted as the stimu-
lus and that in the frog’s heart three different kinds of fibres were involved (atrial, connecting
fibres and ventncular) which differed 1n the speed of their contractions and conduction.

1f, during the passing of the impulse from one category of fibres to another, the impulse
meets fibres \\Iuch by virtue of their nadequate speed of conduction, do not respond to the

its di is blocked, and since the connecting fibres have the
lowest rate of conduction, 1t 1s here that the propagation of the impulse ceases, for this
reason Engel. termed the ing fibres *“ Blockfasern > (blocking fibres) By
differences 1n temperature or the application of porsons (vcmmne) he was able so to
alter conduction in the fmgs sartorius (\»h:re normally it is equal in both directtons)

that d mn one was hed, whereas that in the reverse remarmed
ntact, thus imitating, to a certain extem, the conditions found 1n the heart. From
these experiments T drew fz lusions about the 2 nature

of the propagation of the cardiac impulse, the validity of which was later queried by
Skramlik (1920b)
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Skramlik, who carnied out extensive investigations on the retro- and orthograde con-
duction in the frog’s heart, found that, unless special are present, cond
between two parts of the heart 1s unequal and faster i the normal (sinus-auricles, auncles-
ventricle, ventricle-bulbus) than 1n the reverse direction To a certain extent this is probable
even 1n the ventricle, where apex-base would be the normal direction. By various means it
15 possible, not only to abolish retrograde conduction, but also to block exclusively the
orthograde one conduction only 1n the normal direction was preserved if all connexions
between auricles and ventricle were severed except a narrow dorsal bundle, or if the ventral
commumications were damaged by heat while the dorsal portions were protected by cooling
On the other hand, if the septum alone was Jeft intact, only the retrograde conduction re-
mained Skramlk concluded that the septum medsates the retrograde conduction, whereas
certain dorsal bundles effect exclusively or predommantly orthograde conduction; the
ventral and lateral bundles are concerned with both (Skramlik, 1920b).

If, as 15 the rule during cardiac standstil] after apphcation of Stanmus’ first hgature,
retrograde conduction 1s absent, 1t can be imtiated by stimulating the auncles, thereby
producing contractions 1n the normal sequence Once retrograde conduction 1s established
i this way 1t persists so that successive ventricular stimuh are conducted to the auricles,
but if sumulation 1s nterrupted, retrograde conduction no longer takes place when stimu-
Iation of the ventricle 1s subsequently resumed The longer the standstill of the heart the
more numerous the orthograde simuli have to be 1n order to facihtate retrograde conduc-
tion. Simular conditions were observed on the junction between ventricle and bulbus
(Skramlik, 1920a and b) These observattons, which demonstrate facilitation* of retrograde
conduction by stumuli passing 1n the normal direction, were discussed at some length since
they also afford an understanding for the rc d of 1d 1cular
1n cases of completc AV block {see p 133) The reverse phenomenon, namely facilitation
of or de stimnlation of aurcle from ventricle, when ortho-
grade conduction had ccased was found 1n the fish heart (Skramlik, 1927b).

The separation between conduction 1n the two directions 1s much less marked 1n the
heart of the tortoise (Ishlhama)

In tl to the auricles was reported by Mc-
Wlllnam 1n 1888 and by Bayhss and Starlmg 1n 1892 In the dog Stassen demonstrated
reversed conduction from the ventricle to the auricle during vagus stimulation  In most
animals 1t was found to take place less readily than the orthograde one, the V-A 1ntervals
exceeding the A-V ones of normal conduction, but that reverse conduction over a certain
distance, at least as far as the A-V node, 15 the rule 1s now generally accepted (Scherf and
Shaokhoff). If retrograde conduction 1s produced 1n the dog, alternation of the ventriculo-
auricular conduction times 1s not uncommeon (see Fig 80)

The 1mportance of facilitation 1s 1llustrated by the observation that, if a ventricular
thythm 1s produced in dogs by means of induction shocks, the auricles respond fo the
ventrcular beats only after a vanable number of cycles (from three to twenty-seven, usually
from five to twelve) (Lewss and Oppenheimer) Hukuhara and Komita, on the other hand,
failed to find retrograde (V-A) conduction of ventricular extrasystoles 1n the dog.

4

S-A node, at 2 moment when they are already bemng activated by the next smo-auricular
impulse and therefore are 1n their refractory stage. This 1s due to several factors, the most
important ones being the heart rate, the delay of conduction n the A-V node (Hering;
Lews, 1921) and the length of the refractory period of the auncles.

For defimtion of this term see p, 136



128 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Clinical Observations

Since mechanical records alone do not allow a differentiation between ventricular extra-
systoles with retrograde conduction to the auricles and A-V extrasystoles, the earlier reports
of cases of the former arrhythmia, published before the advent of electrocardiography
(Pan, Volhard, Gallavardin), cannot unreservedly be accepted The same holds good for the
case published by Tancré, though it is often quoted, as the reproduced tracings are 1n-
adequate

The first convincing clinical example of ventricular extrasystoles with retrograde conduc-
tion to the auricles 15 the case published by Hartin 1912, 1n which an abnormally shaped
P wave on the downstroke of the nitial deflections of ventnicular extrasystoles indicated
retrograde conduction Thes interpretation was supported by the observation that, 1f such
extrasystoles occurred 1n groups, only alternate extrasystoles showed the above sign of
retrograde conduction A similar instance seems to be Case 4 in the series of Robinson and
Herrmann (1921), though the authors do not mention retrograde conduction. Other cases,
1n which the presence of this arthythmia 1n man seems established, are those of: Scott
(1922) (electrocardiogram and venous pulse tracings), Gussenbauer (1923), whose case 1s
particularly convincing since 1n the same record interpolated extrasystoles of the same shape
without retrograd d were lable for comparnison, the post-extrasystolic mter-
vals were compensatory, so that 1t has to be assumed that the retrograde impulses did not
reach the sino-aunicular node; Potts and Ashman (1926), 1n a case of dextrocardia; Allan
(1926), 1n a case of ventricular paroxysmal tachycardia with retrograde conduction of every
second be:n, also showing the importance of facnhmuan Sam:t, n whose case lhc post-
ext
of
sec . . . .
was conducted as far as the sino-aunicular node. Similar conditions are shown in a tracing
of Lewis (1925), though Lew:s concedes an alternative explanation of this record, Dressler,
on the ground of his observations 1n two cases, emphasized the importance of faciiitation
of cond for the of retrograde conduction In hs first case the presence
of retrograde conduction of ventricular ex les could be d d particularly
clearly, since the underlying rhythm at times was dissociation with interference (see p 178),
at other times A-V rhythm with preceding activation of the ventricles, and the inverted P’
waves following the 1nitial deflections of the ventricular extrasystoles had the same shape 1in
the electrocardiogram as the P waves during A-V thythm. During the periods of fully
developed A-V rhythm, retrograde conduction of ventricular extrasystoles occurred almost
without exception, this observation illustrating the importance of facilitation. Qccasionally,

however, ventnicular extrasystoles were conducted to the auncles when the underlying
rhythm was dissociation with nterference. Since, 1n this arrhythmua, a block of the con-
duction of A-V smpulses to the auricles has to be postulated {see p 179), the retrograde
conduction of ventricular extrasystoles to the auricles 1s difficult to understand, As, in this
case, the transition from A-V rhythm to dissociation with interference was associated witha
consprcuous slowing of both the mmdependent auricular and ventricular rhythms, considered
ta be due to a vagal effect, Dresslet explains the grad: d of lar extra-
systoles during dissocration with nterference by the assumption that the increase tn vagal
tone resulted 1n a diminution of strength of the A-V impulses which, for this reason, were
no longer conducted to the auricles, whereas the strength of the impulses of the ventricular
extrasystoles was less, if at all, diminished.

Ventricular extrasystoles with retrograde conduction, 1n which the impulse reached the

sinus node, were also described by Mcyer
In order for a d of retrog; d of ventricular extrasystoles to the
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auricles to be made from the standard leads, it 1s necessary that in the electrocardiogram 2
P wave, which 1s low posttive or 1soelectric in lead 1 and sharply inverted 1n leads 2 and 3,
follows an abnormal QRS complex, utself not preceded by a P wave, with a R-P segment
equal to or exceeding the P-R interval of the individual case, the whole of such P waves,
usually designated P’, has to be below the line otherwise occupied by the S-T segment
Caution 1s necessary not to confuse with such P’ waves normal P waves occasionally visible
n the final deflection of the extrasystole. The post-extrasystolicintervals may be shorter than
'y or p Y, ding to whether or not the retrograde impulse reached
the sino-auncular node The diagnosts of this arrhythmia is rendered more certain if only
some of the extrasystoles are conducted in the reverse drection, so that the shape in the
electrocardiogram of undistorted extrasystoles is available for comparison, and if the post-
extrasystolic interval 1s not y Even so, the differ from A-V extra-
systoles with preceding activation of, and aberrant conduction in, the ventricles may be
difficult, 1f not impossible In the latter arrhythmia there would be the same shape, and
position in relation to the QRS complexes, of the P waves as well as abrormally shaped
ventricular deflections, but since ventricular extrasystoles tend to have the same shape in
the electrocardiogram, whereas with aberrant conduction 1n the ventricles of supraventri~
cular impulses the degree of aberration tends to vary from beat to beat, 1dentrcal forms of
the abnormally shaped ventricular complexes would favour the diagnosis of ventricular
extrasystales with retrograde conduction
The value of oesophageal leads for the detection of retrograde P’ waves in this arrhythmia
was emphasized by Brown
Quite recently Kistin and Landowne published an important paper 1n which, employing
oesophageal leads, they reported evidence of retrograde conduction of ventricular
beats 1n fifteen out of thirty-three unselected subjects These authors found (umipolar)
oesophageal leads from atnal levels (37-5 cm ) particularly informative ‘The characteristics
of the P’ waves, interpreted as indicating retrograde conduction, are listed as follows- (1)
they may differ m shape from the sinus P waves, (2) they may be premature 1n relation to
the sequence of the sinus P waves and, 1n such event, the P-P interval—that 1s, the interval
between the de P’ and tke foll g sinus P longer than the P-P one, and
the 1nterval between the last P wave before, and the first P wave after the extrasystole may
be compensatory or shorter than compensatory; (3) such P’ waves occur only within a
hmited range of time after the preceding extrasystolic QRS complex A further rehable
cnterion of retrograde conduction were fusion P waves, intermediate 1n shape between P’
and P waves These authors demonstrated, 1n our opimon conclusively, that such oeso-
phageal leads did ndicate retrograde conduction tn a considerable proportion of cases 1n
which the simultaneously recorded lead 2 failed to do so. They put forward good reasons
to explain this, based on the effect, upon the P waves in the oesophageal lead and lead 2
respectively, of two such excitation waves travelling between the S-A and A-V nodes 1n
opposite directions  These authors also point out that, 1n quite a number of wmstances, a
- p Y’ POSt 1nterval may be a fortuitous occurrence, caused by the
d | 1n the of this interval, of varrations 1n the sinus rate
and margins of error of measurements On the other hand, post-extrasystolic intervals after
ventricular extrasystoles with retrograde conduction tend to be truly * compensatory ”',
since the retrograde impulse 15 Likely to reach the smus node only after the imtiation of the
next S-A impulse Ths follows from the fact that such retrograde conduction takes place
with less prematunity than does the occurrence of some auricular extrasystoles the post-
extrasystolic intervals of which tend to be shorter than compensatory Other noteworthy
findings of these authors were that the ventriculo-auricular conduction time 1n the human
heart 1s not consistently greater than the orthograde atrio-ventricular one, and that in two
of their cases the intervals of retrograde activation felt into two discontinuous groups, which
x
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15 interpreted as denoting two pathways of retrograde conduction. (An analogous assump-
tion regarding a double pathway of auricular activation in certain instances of return extra-
systoles was made by Decherd and Ruskin, see p 118.) In one of these authors’ cases, an
otherwise healthy subject with short runs of ventricular tachycardia, the first ectopic beat
of such series did not show evidence of retrograde conduction whereas this occurred m the
remaining beats of such series. This 15 the clmical counterpart of Lewis® and Oppen-
heimer’s experimental observations, discussed earlier in this section, and illustrates the
importance of facthtation

In our opinton the tracings published by Kistin and Landowne are convincing and these
findings may necessitate a reconsideration of our views about the incidence of retrograde
conduction of ventricular extrasystoles in the human heart. In view of the great physio-
logical importance of the points raised by this publication we should Iike to reserve
our final judgment untl these findings are confirmed and corroborated by other
leads, further informatton could be expected, for instance, from unipolar limb or certamn
ntracavity leads

A few personal observations may now be described.

Fig 89 provides an example which also demonstrates the value of the chest leads It
was obtained from a seventy-year-old patient with syphilitic aorutis, atheromatosis and
angina of effort One ventricular extrasystole 1s reproduced in leads 1 and 3 respectively
which at first glance give the impression of being of the usual vartety. Closer inspection and
measurement show, however, that the post-extrasystolic intervals are far shorter than com-
rensatory, that no P wave 1s visible at the expected time after the extrasystole and that a
small wave was inscrtbed 1n the descending limb of the T wave of the extrasystole in lead 1
and the ascending hmb of the § wave 1n lead 3, the interval between such waves and the
following P waves equalling the normal P-P intervals. This suggests ventricular extra-
systoles with retrograde conduction and this assumption 1s made more probable by the fea-
tures of lead CR-3, 1t which three ventricular extrasystoles were recorded, the first two of
which show well-defined mverted P’ waves on the ascending imb of the S waves, the R-P’
intervals being 0 15 and 0 16 second as compared with the 0 15 second of the P-R intervals
of the stnus beats The R-R intervals being 1 09-1-13 seconds and the coupling of the first
two extrasystoles being 0 45 second, the post-extrasystolic intervals of 1.44 and 1-40seconds
respectively fall far short of being compensatory, and the P*-P intervals equal the P-P ones
The thurd extrasystole occurred with a longer coupling, 0-52 second No P’ wave 1s visible
on the ascending imb of its S wave, and while 1t 15 therefore not possible to determene the
R-P’ mtenal, the steeper ascent of the S wave and the greater height of the T wave as well
as measurement backwards from the following P wave make 1t possible to state that its
R-P’ interval was shorter than the one of the two preceding extrasystoles. This would have

10 be expected 1n view of the longer coupl The post-¢ lic eycle was terminated
by an escape beat. These observations point to an interpretatton of ventricular extra-
systoles with retrograde ducti and the of the shape in the electro-

cardiogram of the extrasystoles supports this view and allows to exclude the only other
alternative, namely, A-V extrasystoles with aberrant ventricular conductron. The tracing
also shows an interesting alteration 1n the shape of the P wave of the post-extrasystolic
beats following the second and third extrasystole, such waves bemng more peaked than
the other P waves This 1s reminiscent of simular conditions after auricular extrasystoles,
indicating that impulse formation continues 1n another auricular centre. That such
ectopic aurrcular impulse formation may continue for several beats after an auricular
extrasystole was shown 1n Fig 46 Strong support of the presence of retrograde con-
duction 1s afforded by lead CR-4, in which the P’ wave 1s particularly distinct, the
P’-P mterval equalhing the P-P one: this portion of the record could hardly be interpreted

n any other way,
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Fig 90a was obtamed from a sixty-five-year-old patient with coronary sclerosts
The tracing shows two sinus beats followed by a ventricular extrasystole, 1n the final
deflection of which an inverted wave 1s visible which has zll the appearances of an inverted
P(P’)wave The R-P’nterval measures 0 20 second as compared with the 0-13 second of
the P-R intervals of the sinus beats The post-extrasystolic interval was fully compensatory,
but since the P’ wave indicating retrograde conduction occurred at a time when the next
normal P wave was due, this record 1s best interpreted as showing a ventricular extra-
systole with retrograde conduction reaching the auricles at the moment when the next
normal impulse 1s being formed.

Fig 90b, obtained from a healthy man of forty-six, shows stmular conditions After
2 sinus beat a ventricular extrasystole was recorded, in the final deflection of which a P’
wave 15 visible, occurring after a R-P” interval of 0-20 second at a time when the next

Fic 90 —Both tracings lead 2, obtained !rom driferent patients Retrograde

f ventrict

normal P wave was due. The P-R ntervals of the sinus beats measured 0 18 second The

post-extrasystolic 1nterval was more than compensatory and the P'-P interval (112 seconds)

was longer than the normal P-P ones (0 96-1.00 second) These time relations seem best

explained by the assumption that the retrograde |mpulse reached the sinoauricular node,
"

there causing an tnhibition of the formation of the Ise; this p
would be analogous to the one discussed n refation with the post extrasystolic intervals
extrasystoles (see p. 47) A case similar 1n many respects was pub-

lished by Holzmann
Regarding retrograde conduction of ectopic beats in parasystole, see chapter on

“Pararrhythmias™, p. 156

SUMMARY

Retrograde duction of icu), is 1n certamn animals, but
1ts occurrence 1 man has until quite recently been considered very rare. In order for a
diagnosis of this arrhythmia to be made from the standard leads 1t 15 necessary that in the
electrocardiogram a P wave, which 1s low positive or isoelectric in lead 1 and inverted 1n
feads 2 and 3, follows an abnormal QRS complex, itself not preceded by a P wave, with an
R-P interval equnl 10 or exceeding the P-R nterval of the individual case; 1n leads 2 and 3
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the whole of such P waves has to be below the line otherwise occupied by the S-T segment.,
The post-extrasystolic interval may be shorter than compensatory or compensatory,
according to whether or not the retrograde impulse reached the sino-auricular node The
differ from A-V exts les with p ding activation of, and aberrant conduc-
tion 1n, the ventnicles may be difficult, if not impossible, dentical forms of the abnormally
shaped ventricular 1 favour the d of ve ] ystoles with retro-
grade conduction. Mechanical records do not make a differential diagnosis between these
two arrhythmas pessible and cases published before the advent of electrocardiography as
ndicating retrograde conduction of ventricular extrasystoles cannot unreservedly be
accepted, particularly since the alternative arrhythmia, namely, A-V extrasystoles cannot
be differentiated from such records A brief review of the pubhshed cases 1s given, to which
a description of three personal cases 1s added The importance of facilitation of conduction
for blist retrograde d I h d

If a recent abservation, based on oesophageal leads, of the common occurrence of retro-
grade conduction of ventnicular extrasystoles 1n the human heart 1s confirmed on larger
series of cases, our views about the incidence of this phenomenon will have to be recon-
sidered  (For references see next section }

RETROGRADE V-A CONDUCTION OF VENTRICULAR AUTOMATIC BEATS AND OF VENTRI~
CULAR EXTRASYSTOLES IN COMPLETE A-V BLOCK

1f, as discussed 1n the preceding section, the retrograde conduction of ventricular extra-
systoles was until recently believed to be a rare event 1n cases of sino-aurscular rhythm, that
of automatic ventricular beats and of ventrnicular extrasystoles 1n complete A-V block was
for a long tme considered to be an impossibiity That in the absence of conduction in the
normal direction retrograde conduction should occur at all seemed so unlikely that all kinds
of other explanations were put forward when clinical cases first came under observation
1 which this occutrence was seemungly present  Yet, i our opinion this phenomenon 1s
not at all uncommon

Cohn and Fraser who were the first to report in 1914 a case of complete A-V block, in
which some of the ventricular beats seemed to actrvate the aurcles, attributed the premature
aurtcular 10 a mect 1 stymul of the auricles by the contracting ventri-
cles, the long refractory period of the auricles playing an important part, Barker thought
that the abnormal impulse responsible for auncular contraction, being due to mechanical
stimutation by the ventricles, onginated above the lesion 1n or near the A-V node, whence
1t was conducted to the auricles, he y rejected the p of retrograde con-
duction  Simlar views were expressed by Wilson and Robinson

The first to suggest retrograde conduction of automatic beats 1n a case of complete A-V
block were Damélopolu and Danulescu (1922) Sumilar cases were reported (Veil and
Codina-Altés, Wolferth and McMullan, Froment ef @/, Bain, Kisch and Zucker a 0 ) and
by 1944, twenty-five cases showing this phenomenon were collected 1n a cntical review by
‘Winternitz and Langendorf, including six new cases More recent observattons are con-
tamed 1n the papers by Duclos (one case), by Segers (three cases; 1n Case 3, retrograde 1m-
pulse precipitated a more rapid ectopic aunicular rhythm with the same inverted P’ waves,
tarmmated by anidioventricular beat which was also reversedly conducted), and by Galla-
vardin, Froment and Balestier Their observation, made m a forty-eight-year-old woman
with rheumatic mitral valvular disease and complete A-V block, showed that retrograde
conduction took place only with idioventnicular beats which had a P-R interval varying
between 0 43 and 0 52 second, whereas with some beats occurning with a P-R interval
exceeding 0-52 second no retrograde conductton occurred. This observation 1s interpreted
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as probably indicating a supernormal phase of retrograde conduction. Carotid sinus pres-
sure slowed the auricular rhythm, the P-P intervals lengthening from 0-62 to 0 80 second,
and resulted 1n a conspicuous increase 1 the number of beats with retrograde conduction
Atropine, on the other hand (1 mgm., gtven travenously), accelerated the auricular
thythm and abolished retrograde conduction,

While the reader 15 referred to the exhaustive paper of Wintermtz and Langendorf,
which includes a complete hist of such cases up to 1944, and a well-reasoned rejection of all
explanations other than retrograde conduction of automatic ventricular beats, we propose
to add a short description of two observationis of our own and to discuss briefly some points
which we consider to be of especial 1nterest

Fig 91 was obtaned from a seventy-four-year-old man with hypertension and coronary
sclerosis The record shows complete A-V block (aurtcular rate about 65, ventricular 36)
Inverted P waves (P') are seen after the third ventricular complex 1n lead 2 and after the
first and fifth ones 1 lead 3, the R-P’ interval being 0 18 second

This case shows some features which were observed 1n most of the records published so
far the P’ waves indicative of retrograde conduction were mverted 1n leads 2 and 3;
evidence of retrograde conduction occurred only when an automatic beat fell comparatively
late 1n aurtcular drastole (the P-R intervals preceding the beat with retrograde conduction
being 0:6, 0 66 and 0-74 second respectively), the R-P* intervals were well within the hmits
of normal forward conduction time, the auricular rate was not fast, the record was ob-
tamed from an ofd patient with evidence of structural heart disease

The P’ waves i any individual lead may vary somewhat 1n shape (see Fig. 91, lead 3);
this 1s due to the time of thewr occurrence within the R-T (S-T) mnterval and to interference
between the retrograde P* with the orthograde P if this 1s due at about the same time. The
latter mechanmism constitutes one of the varieties of summation beats. (For a recent general
review of such beats (also called fusion beats), see Malinow and Langendorf )

Fig 92 reproduces an unusual record, obtamned from a sixty-five-year-old woman
suffermng from angmnal pain, dizziness and attacks of fainting  The tracing shows complete
A-V block  The first, third and fourth automatic idioventricular beats and the ventricular
extrasystole are reversedly conducted to the auncles the imitial ventricular deflections of
these beats are followed by the charactenstic sharply inverted P’ waves.

The fact that retrograde transmession 1 the absence of conduction in the normal direc-
tion has to be accepted should be stressed since as late as 1931 1its occurrence was doubted
{(Zesler) Conclusive proof 1s contained n the paper by Wolferth and McMillan who

showed that, if a ventricular extrasystole with retrograde conduction follows an automatic
beat with a fixed coupling, the R-P’ interval of the extrasystole 1s longer when the pre-

ceding beat also was dly A ,1n all p hed records
retrograde conduction was only reported of beats occurnng late n aurrcular diastole.
Nerther of these observations could be expl d by the ofa h 1 stimu-

lation of the auricles by the ventricles, nor would the time relations be compatible with
Barker’s view of the precipitation of an auricular extrasystole by the antomatic beat. In a
large proportion of the reported cases the block was unstable, but retrograde conductton
was seen only when A-V block was complete; in the only case 1n which this occurrence was
reported during 2 : 1 block (Wolferth and McMillan, Case 2), 1n our opinton complete A-V
block actually was present, since there was considerable variation 1n the length of the P-R
ntervals

Retrograde conduction 1n the absence of orthograde one is a manifestation of unidirec-
tional block, the presence of which has to be postulated also in cases of dissociatton with
interference (see p. 178), and return extrasystoles (see p 120) Such undirectional block
was produced 1n strips of ventnicular muscle of the tortoise by asymmetric mecpanical com-
pression (Ashman and Hafkesbring, 1929). These authors showed that, if in this way a zone
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of complete A-V block
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of strongly compressed muscle 1s produced adjacent to one which is lightly compressed, a
stimulus produced at one end of the strip, which first traverses the zone of strong compres-
sion, was d d to the other d end of the strip, whereas a stimulus of equal
strength precipitated at the opposite end and having to pass first through the lightly com-
pressed area was blocked Moreover, before 1rreciprocal conduction is thus produced, the
1mpulse will usually traverse the strip more rapidly 1n the direction from stronger to weaker
compression than 1n the opposite one. The explanation put forward is that in the more
strongly compressed area the impulse 1s conducted with a larger decrement {see also Drury);
the strength 1s adeq for the stimulus to pass through the zone of less resis-
tance. With an impulse set up at the opposite end, the decrement 1t suffers while traversing
the hightly compressed area weakens 1t to such an extent that it fails subsequently to pass
the strongly compressed part. The same view had been put forward by Wolferth and Mc-
Millan, with this apposite siile. * The point may perhaps be made clearer by the analogy
to 2 runner who might be able to jump a broad stream at the beginning of his race and then
overcome relatively minor obstacles, whereas 1f the mmor obstacles had come first he nught
have been so fatigued as to be unable to yump the broad stream.”

Dissoctation with interference has already been mentioned as another condition n
which unidirectional block 15 a prerequisite  As a sectron 1s devoted to this arrhythmia, this
only need be said about 1t here, that in 1t a faster A-V rhythm and a slower S-A rhythm co-
exist and that the slower S-A rhythm at times interferes by conducted beats with the faster
A-V thythm Such a condition 15 only possible if the centre of the slower rhythm is pro-
tected from the faster impulses onigmating m the A-V node and this block can be effective
only 1 the retrograde direction from the A-V node towards the S-A node, whereas the

spread of the excitation wave in the normal direction 1s §s 1. Retrograde cond
or automatic ventricular beats and of ventricular extrasystoles n complete A-V block 1s
fore the reverse of d with fe and, with Winternitz and

Langendorf, could be termed dissociation with interference between ventricle and auricle.

An attempt was made by Khne, Conn and Rosenbaum to explam retrograde conduction
1 complete A-V block by the * supernormal phase ™ of recovery According to Adnan
and Keith Lucas, who first descnibed this phenomenon, 1t can be defined as a temporary
overswing of the recovery curve of excitable tissue after the transmussion of an impulse,
durmg this period stimuh of an ntensity, which at any other time would be subliminal, will
become effective. Its presence in cardrac muscle under definite experimental conditions was
established by Adnan and several chimical cases have been reported (Scherf and Schott, for a
recent cnitical review see Mack, Langendorf and Katz, also chapter on * Mechamsm ”,
p 497) Its presence was made probable in Case 2 of Kline et al., though the fact that n the
short reproduced strip the P waves, considered to have been due to retrograde conduction,
have the same shape in the oesophageal lead as the P waves of beats of sino-aurnicular ongin
raises doubts about the criterta applied by these authors to determine retrograde conduc-
tron. Even if the presence of a supernormal phase of recovery of conductivity 1s conceded
as a possible explanation 1n this case, 1t 1s inapplicable to others (Wintermtz and Langen-
dorf, Case 2).

In thc present state of our knowledge 1t seems to us p to consider f ion of

an or! de mpulse as the mechanism usually operative (see

also Skramhk, p 127) This would account for the observation that, in the majority of such
cases, retrograde conduction 1s observed only if the 1dioventricular beat showng this
phenomenon occurs late in auricular diastole, at a time when the next sing-auricular impulse
either has started or 1s about due. The term facilitation s used here as commonly employed,
in neurophysiology, m the wider sense of the German ** Bahnung ** Tt means, ina gencral
way, that because of some antecedent or concomrtant event *“the job 1s more easily done”
or*“a brgger job can be done™ (Lloyd) While the supernormal phase is of great importance

forahl
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in facilitation, thus defined, other factors are likely to be also responsible for 3t, Thisis more
fully discussed in the chapter on “ Mechanism ”, p. 497. The refevant physiological observa-
tions prowviding a basis for considtring facifitation as the underlymg mechanism for retro-
grade conduction were di d in the preceding section.

A fing to Danielopoluand D the ds duction of only those auto-
matic beats which occur fate in auricular diastole was due to the length of the refractory
period of the aunicles, the duration of which could thus become measurable. It was shown,
however, by Winternitz and Langendorf that * 1t 1 the state of the junctional region of
depression or block, and not of the auricle, which determunes whether retrograde trans-
mission will occur or fad . In one of thesr cases of complete block with oceasional retro-
grade conduction, at times an ectopic auncular rhythm was present, charactenized by in-
verted P waves (~P), at other times normal upright P waves wete recorded (+-P}; (see
Fig 93). Ventricular extrasystoles (P B, Fig. 93c) with retrograde conduction were also
occastonally present.  The authors found that the earliest retrograde conduction after an

8 (B) {c}
Rid » -P P P B
Auricles b 477 Y ) Lo
Depressed region \?7 ]/ /\ 31 //
Ventricles ]
| [T
R R R R¢RB.Y

Fic 93 —From WterMtZ and LANGFNDORE, Am Heart J
ot explanation, see text

upnight P wave occarred with 2 much fonger +P~~P” inteyval than the earhest retrograde
conduction after an inverted P (—~P—~F’) Beats giving ise to a -+ Pansein or near the sino-
aunicular node, whereas those producing ~P are due either to a retrograde transmission or to
a supra-ventricular escape of a beat onminating above the area of block. The authors point
out that i the longer +P~—P* intervals the additional time required by the impuise from
above to reach the depressed regron and by the ventricular impulse to travel from the
depressed regon to the auncle 1 included  These time relations can be explaned by the
assumption that they are determined by the state of the area of depression, but not by the
fength of the refractory period of the auticles

These observations have also a bearing on the question whether the retrograde trans-
misston uses & path cdifferent from that of the orthograde one_ While the immportance of
accessory P 15 AOW d in some (for :xample the
Wolff-Pask -Whate synd it seems p! ble that in the of
automanc ventncular beats and venmcu!ar cx!rasyslo\cs m campletc A ¥ block the same

shows teirograde transiussion than when it does niot. A sumilar problem anses m con-
nexion with return extrasystoles (see p 123).
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of strongly compressed muscle is produced adjacent to one which is hghtly compressed, a
stimulus produced at one end of the strip, which first traverses the zone of strong compres-
sion, was conducted to the other uncompressed end of the strip, whereas  stimulus of equal
strength precipitated at the opposite end and having to pass first through the lightly com-
pressed area was blocked Moreover, before irreciprocal conduction is thus produced, the
impulse will usually traverse the stuip more rapxdly 1 the direction from stronger to weaker

p than in the opposite one  The put forward is that in the more
strongly compressed area the impulse is conducted with a larger decrement (see also Drury);
the strength 15 ad for the lus to pass through the zone of less rests-

tance. With an impulse set up at the opposite end, the decrement it suffers while traversing
the hghtly compressed area weakens 1t to such an extent that st fails subsequently to pass
the strongly compressed part  The same view had been put forward by Wolferth and Mc-
Mullan, with this apposite stmile  ** The point may perhaps be made clearer by the analogy
to a runner who mught be able to jump a broad stream at the beginning of his race and then
overcome relatively minor obstacles, whereas 1f the minor obstacles had come first he mght
have been so fatigued as to be unable to jump the broad stream.”

Dissociation with mnterference has already been mentioned as another condition
which unidirectional block 1s a prerequisite  As a section 1s devoted to this arrhythmia, this
only need be said about it here, that 1n 1t a faster A~V rhythm and a slower S-A rhythm co-
exist and that the slower S-A rhythm at times interferes by conducted beats with the faster
A-V rhythm. Such a condition 15 only possible if the centre of the slower rhythm is pro-
tected from the faster impulses originating i the A-V node and this block can be effective
only 1n the retrograde direction from the A-V node towards the S-A node, whereas xhc
spread of the excitation wave 1n the normal di is d. Retrograde cond
of automatc ventricular beats and of ventricular extrasystoles 1n complete A-V block 1s
therefore the reverse of dissoctation with interference and, 1n accordance with Winternitz and
Langendorf, could be termed dissociation with nterference between ventricle and auricle.

An attempt was made by Kline, Conn and Rosenbaum to explain retrograde conduction
n complete A-V block by the “ supernormal phase  of recovery According to Adnan
and Keith Lucas, who first deseribed this phenomenon, 1t can be defined as a temporary
overswing of the recovery curve of excitable tissue after the transmission of an impulse;
during this pertod stimuh of an mtensity, which at any other time would be subliminal, will
become effectie. Its presence mn cardiac muscle under definite experimental conditions was
established by Adnian and several clinical cases have been reported (Scherf and Schott, for a
recent critical review see Mack, Langendorf and Katz, also chapter on * Mechanism ™,
p 497). Its presence was made probable in Case 2 of Kline et al., though the fact that in the
short reproduced strip the P waves, considered to have been due to retrograde conduction,
have the same shape in the oesophageal lead as the P waves of beats of smo-auricular origin
raises doubts about the criteria applied by these authors to determine retrograde conduc-
tion. Even f the presence of a supernormal phase of recovery of conductivity is conceded
as a possible explanation 1n this case, 1t 1s inapplicable to others (Wintermitz and Langen-
dorf, Case 2)

In the present state of our knowledge 1t seems to us p to consider htation of
retrograde conduction by an orthograde mmpulse as the mechanism usually operative (see
also Skramlik, p. 127). This would account for the observation that, in the majornity of such
cases, retrograde conduction 1s observed only If the idioventricular beat showing this
phenomenon occurs late in auricular diastole, at a time when the next sino-auricular impulse

cither has started or isabout due The term facilitation 1s used here as commonly employed,
in neurophystology, in the wider sense of the German * Bahnung *. It means, ina gencml
way, that because of some antecedent or concormitant event “lhe;ob is more easily done”
or “*a bigger job can be done ™ (Lloyd). While the supernormal phase is of great importance
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depression or block, and not of the auricle, which determ.nes whether retrograde trans-
misston wilt occur or faill . In one of their cases of complete block with occasional retro-
° : * Thwthm was present, charactenized by n-
ght P waves were recorded (4-P); (see
L. + with retrograde conduction were also
occasionally present. Thc authors found that the earhest retrograde conduction after an
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upright P wave occurred with a much longer +P—P’ interval than the earliest retrograde
conduction after an inverted P (—P —P’). Beats giving rise to a +-Parise 1n or near the smo-
auricular node, whereas those producing —P are due esther to a retrograde transmission or to
a supra-ventricular escape of a beat onginating above the area of block. The authors point
out that in the longer +P—P’ ntervals the addittonal time required by the impulse from
above to reach the depressed region and by the ventricular 1mpulse to travel from the
depressed region to the aurcle 15 mcluded These time relations can be explained by the
assumption that they are determined by the state of the area of depression, but not by the
length of the refractory period of the auricles

These observations have also a beanng on the question whether the retrograde trans-
mussion uses a path different from that of the orthograde one  While the importance of
accessory p: 15 now m some (for example the
Wolff-Parkinson-White syndrome), 1t seems probable that in the retrograde conduction of
automatic ventricular beats and veatricular extrasystoles in complete A-V block the same
pathways are used, at least for a distance  This view 1s based on the findings of Wintermitz
and Langendorf, also on the findings of Wolferth and McMllan, mentioned earleer, that
the R-P’ interval of 2 ventricular extrasystole 1s greater 1f the preceding automatic beat also
shows retrograde transmussion than when 1t does not. A sumlar problem arises m con-
nexion with return extrasystoles (see p. 123)
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As far as the scanty anatormical observations make 1t possible to express an opinion it
seems that the site of the area of depressed conduction or block, rather than the presence of
accessory pathways, 1s responsible for the retrograde transmission. In the three cases in
which hustological findings were reported (Wolferth and McMillan, Lequime and Sanabria,
‘Winternitz and Langendorf) the degenerative changes were situated 1n the common bundle
near its bifurcation and the upper portions of one or both main branches, whereas the A-V
node and the upper part of the bundle of His were relatively unaffected. That this may be
more than a comncidence 1s indicated by the observation that retrograde conduction of
automatic ventricular beats has been reported 1n cases of complete A-V block with variable
ventricular complexes (Bain)* It was pointed out on p. 100 that this seems to denote active
foci tn both main branches. The co-existence of these two rather rare phenomena would be
consistent with, and perhaps point to the presence of, lesions 1n the region of and below the
bifurcation Further observations are required to establish whether retrograde conduction
n complete A-V block mdicates this particular locahization of the lesion

SUMMARY
The retrograde conduction to the auricles of automatic ventricular beats and ventricular
extrasystoles in cases of A-V block must be considered as established This
observation, tmpl the p of retrograde d 1n the absence of conduction

n the normal duecnon, was until comparatively recently constdered so tmprobable that
various other explanations had been put forward, all of which a entical review has shown
to be untenable On the other hand, this seemingly unltkely occurrence becomes under-
standable, if 1t 15 related to the relevant physiological observations on umdirectional block
and on facil of d by i passingin the opp direction Itis possible
that retrograde conduction 1n complete A-V block indicates that the site of the lesion 15 1n
the common bundle near 1ts bifurcation and 1n the upper portions of both bundle branches,
but further observations are required to substantiate or refute this conclusion
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EXTRASYSTOLES IN GROUPS

Extrasystoles 1n groups 1s defined as an arrhythmia in which two or, rarely, more ectopic
beats onginating 1n the same centre follow one another at a shorter interval than that separ-
ating such groups from each other There 1s therefore an alternation in cycle length 1n this
arrhythmia while the ectopic thythm prevails, but the ventricular complexes have rdentical
shapes

There are several reasons for the suggestion that this arrthythmia should be considered
as a separate entity

Firstly, the historical aspect  As two beats succeed one another at a comparatively short
interval, this group being separated from the following one by a longer interval, thus arrhyth-
rma forms one variety of bigemunal, or coupled, rhythm In the chapter on couplng it is
pointed out that, for a considerable time, great confuston prevailed about the kind of
arrhythmia to which the term ** bigemny ** should be applted  Whule the reader 1s referred
to that chapter it should here be recalled that, onginally, Wenckebach wished to restrict
the use of this term to that variety of bigerminal rhythm in which the two ectopic beats
onginated in the same ectopic focus, a which was abandoned when 1t became
established that, in the great majonity of instances, such rhythm 1s due to a sinus beat
followed by an extrasystole. The arrhythmua, discussed in the present section, therefore
constitutes what Wenckebach called * true bigeminy . In view of the former confusion
about the connotation of this term, however, it was considered madvisable to revive this
name and ** extrasystoles 1n groups ** was suggested instead {Scherf and Romano)

Secondly, this arrhythmra 1s one instance of repetitive impulse formation 1n one centre
Repetitive response to various kinds of stimuli, 1n particular to continuous ones, has
- <N - AR N i [ S

more frequently if records are examined more consnstenlly for this disturbance.
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Experimentally, extrasystoles in groups were seen in i of digitalis i
(Kobacker and Scherf; Scherf, 1927), during the topecal apphcation of bartum chloride or
strophanthin (Scherf and Romano), or after the intravenous tnjection of acetylcholine
followed by atropine (Scherf, Chick ef a/) In man, this type of irregularity was found in
tespect of aunicular as well as of ventricular ectopic beats (MacKinnon; Rachmilewitz and
Scherf, Scherf and Romano)

Fig 94 provides anexample It was recorded in a patient suffering from ** Extrasystolie
a paroxysmes tachycardiques ” (see p 237) During the tachycardia alternation of the
QRS complexes was observed  After the mtrnvenous njection of 0 4 gramme of quinine
blhydrochlonde lyplcal - cxtrasystolcs m groups * occurred until finally sinus rhythm was

PSPV enmbes mmadon cammmanaad | Tim A < e

-l

ventnicular extrasystoles Warming of the area to which strophosid had been apphed
resulted 1n an tncrease 1 the number of ectopic beats which occurred as extrasystoles n
groups with alternation m the cycle lengths between successive beats The lengths of
successive cycles measured 0-32, 0 34, 0 37, 0 31, 0 39, 0 31, 0 38, 0 32, 0 39 second, etc.
In our opinion the last-mentioned observation strongly supports the view that these extra-
systoles are due to repetitive impulse formation 1n a centre (see Chapter on ** Mechanism 7,
p 503)
Alternauon of cycle lcng(h also occms often dunng auricular flutter elicited by faradiza-
4o e abs e oo o Tam ~fmsmefea a4y ot see any difference 1 principle
icular disorders of rhythm and the
h 1

Gruuped discharges are a]so a well known For
example, chemical stimulation of nerves of frogs (Brmnk, Bronk and Larrabee) and myury
of mammalan nerves {Adnan) are known to produce this type of response, This 1s more
fully discussed 1n the chapter on ** Mechanism ™ (p 503)

SUMMARY
Extrasys\oles mn groups 1s defined as an arrhythnua in which two ectopic beats origin-

Allasr ana annthae at a chastar mtacm] than thot canncnt ne cinl

rhythm, expenmenta'l as well as chinical, are reviewed and 1llustrated by personal obser-
vations.
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MULTIFORM EXTRASYSTOLES

A large proportion of extrasystoles, auricular as well as ventricular, show a remarkable
constancy of form over long periods, sometimes amounting to many years As already
referred to, they are found in otherwise healthy subjects, and their presence certainly does
not signify myocardial disease though st does not exclude it. The inference 1s that they ori-
ginate 1n the same focus, which is likely to be small and which at an early stage of electro-
cardiography was thought to be situated in the specific tissue (Lewis and Silberberg) Itis
easily understood that such a small focus of presumably only one or a few abnormally
irritable cells 15 well compatible with an otherwise healthy myocardium (see also chapter
on * Mechamsm *)

If, on the other hand, extrasystoles of varying shapes are encountered, the presence of
several abnormal foct, or of associated intra-ventricular disturbances of conduction, or
both has to be postulated. From this it may be inferred that such multiform extrasystoles
are more likely to occur in patients with more extensive myocardial changes. Clinical
experience 1n fact shows that they indicate myocardial disease. Thus, this vaniety of extra-
systoles is frequently found 1n coronary sclerosis, diphtheria with myocardial necrosts, or
myocarditis—to quote a few instances.

Digitalis may lead to the occurrence of multiform extrasystoles, but only in patients with
myocardial disease (see section on ** Drgitalis ')

As such extrasystoles of varying shape have to be assumed to anise in several foci they
are also called multifocal by some authors We prefer the term multiform (or varyform, or
polymorphous), since the presence or degree of associated disturbances of intra-ventricular
conduction cannot be separated from the varying site of origin, as far as the electrocardio-
graphic appearances are concerned. Mahaim (1931, p 425) pointed out that this term
““polymorphe’* (multiform) should refer only to ventricular extrasystoles of varying form, and
should not be employed for in which a combination of ystoles originating in
different portions of the heart are found 1n the same patient (for instance auricles and A-V

node); for the latter variety he suggested the term polytopic While we concur with this
view of Mahaim, we will also use ** multiform ” for auricular extrasystoles with varying
shapes of the P waves. Clmically, multiform (or varyform) extrasystoles of ventricular
ongin are much the more important

The diagnostic importance of multiform ventricular extrasystoles has been stressed by
various authors. D’Irsay, mn a series of a hundred patients with ventricular extrasystoles
(66 uniform, 34 multiform), found that the percentage of pathological changes in the myo-
cerdium was considerably greater 1n patients with multiform than in those with uniform
premature beats Whereas diseases not lving the my dium were not d
by varyform, though sometimes by uniform extrasystoles, multform ones were always
associated with myocardial disease. Similar views regarding the dragnostic and prognostic
significance of multform extrasystoles were held by others (Peel; Avezzit and Chini)
Such extrasystoles of various shapes sometimes occur in sertes and were thus called
* anarchie ventriculaire ” (Clerc and Lévy; Mahaim, 1928, 1931), Their unfavourable

ignifi 1s d by the epithet ** terminal” (Gallavardin, Dicuaide

prognostic
and Davidson) i

Figs 96 and 97 provide examples. Fig 96, obtaned from a patient of sixty-four with
coronary sclerosts and angina pectoris who had not received digitalis, shows four ventriculat
extrasystoles, each of a different shape. Fig 96b, recorded from a patient wath coronary
sclerosis sixteen days before death (no digitalis treatment) shows ventricular extrasystoles
oceurnng in senes and ongmating in two foci; at times there was alternation in the shape
of such ectopic beats There was marked arrhythmia of the ectopic rhythm, even if succes-
sive beats arose from the same site.
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Fig. 97, obtained from a man of sixty-seven with congestive heart failure due to cor-
onary sclerosis a few days before death, shows muluform ventricular and also auricular
extrasystoles. There was no digitahs treatment

Sudden death is not uncommon in patients with multform ventricular extrasystoles,
due, presumably, to ventricular fibrillation

Fic 97 —The three standard leads and lead CR-4  Auncular and mulyform
ventricular extrasystoles

Varyform ventricular extrasystoles are particularly common tn association with pro-
nounced disturbances of mt 1cular d that 1s, 1n A-V and n
bundle branch block. Experimentally, they were recorded expenments 1n which both
bundle branches were severed or damaged (Wilsonand Herrmann, 1921) Chinically, lesions
of bundle branches were found histol Ily n cases i which multtform ventricular

L
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extrasystoles had been assocrated with bundle branch block records (Mahaim, 1931). They
were also observed 1n patients with complete A-V block, as 1llustrated by Figs 98 and 99
(see also Scherf)

Fig 98 was obtained from a patient with complete A-V block due to coronary sclerosis
Every automatic beat was followed by a series of two to ten ventricular extrasystoles show-
ing continually changing forms.

Fig 99 was recorded 1n a woman of sixty-two with complete A-V block, Adams-Stokes
attacks and pronounced albuminuna, In the top tracing, the first automatic beat s followed
by five ventricular extrasystoles with shapes, 1n the bottom tracing,
the pronounced differences 1n the bizarre shape of the several ectopic beats are iltustrated.
Digitalis had not been given  The patient died two days after the record was taken

The prognosis 1n patients with complete A-V block and multsform extrasystoles 1s
grave; death due to ventnicular fibnllauon may supervene at any moment It seems
reasonable to assume that the same lesion which produced the A-V block 1s also the cause
of the multiform ectopic beats  The grving of quimidine 1s dangerous 1n patients with com-
plete A-V block since 1t may precipitate extrasystoles and ventricular fibrillation (see
section on * Quinine ”, p 290}

Every transitional stage between multiform extrasystoles, multiform ventncular tachy-
cardia and ventricular fibnillation can be observed so that Gallavardin’s term ** préfibrgl-
latoire ” for such ectopic ventricular arrhythmuas seems most apt (see Mahaim, 1931,
p 424)

Denolin reported an interesting observation, made in a man of sixty with complete A-V
block, m whom attacks of paroxysmal ventricular tachycardia with varying shape of the
ectopte ventricular beats could be precipitated by exercise. Hls paper, to which the reader
1s teferred, contains references to several further publ of p ven-
tricular tachycardla in patients with complete A-V block

Ventricular tachycardia 1s one mechanism which may produce Stokes-Adams attacks i
patients with complete A-V block, this occurrence 1s commoner than formerly assumed
The same pathological lesion may thus produce A-V block, ventricular tachycardia and
Stokes-Adams attacks

Multiform auricular extrasystoles are sllustrated 1n Fig 100, which shows four records
obtained from three different patients  They reproduce auricular extrasystoles and shifting
pacemaker, with continual change in the shape of the P waves. This type of auncular
extrasystoltc arrhythmia 1s often the precursor of auricular fibnllation (Langeron), an expert-
ence which we could oftery confirm.

SUMMARY

‘Whereas the common vanety of auncular and ventncular extrasystoles with constant
shape of the ectopic beats does not denote myocardial disease, extrasystoles with varying
shape 1 the electmcardmgram are practically always associated with myocardial disease
Thesr occurrence is d by digitalis This variety of extra-
systoles 1s termed multiform, or varyform, or polymorphous extrasystoles. The ventr-
cular vanety carries a serious prognosis which 1s even more grave if this arrhythmia 1s

d with more pr d disturbances of intra-ventricular conduction (bundle
branch block, complete A-V block) The aurscular variety 1s often the precursor of auricular
fibnillation
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Fig. 105, top tracing, shows an instance of parasystole with simple interference i which
two successive ectopic beats occur at two places, the ectopic cycle length, thus directly
measurable, was 1.12 and 109 seconds, (rate 53 and 55 per minute), that of the sinus beats
Q.84-0-86 second (rate  70-71 per minute)

Parasystole with simple interference, while uncommon, is perhaps not quite as rare as
the small number of published cases would indicate, and might be found more often if
longer records were taken and analysed from this point of view. It has been estimated that
1ts incidence 1s about 1 in 1,200 electrocardiograms in a general hospital In 1932 only
eleven cases could be collected by Faltitschek and Scherf, including five of their own. In
the attached table particulars are given of the forty-nine cases of which we are aware, 1o+
cluding eigh hitherto t 1n which we believe the diagnosis to have
been established  Only those cases were included 1n which the diagnosis of parasystole
could be made with certainty It will be seen that this arrhythmia was somewhat more
frequent 1n men than 1n women, amongst the forty-seven cases, in which the sex incidence
15 reported, were thirty-one men

TABLE 2 VENTRICULAR PARASYSTOLE WITH SIMPLE

No | Author 1 Age ‘ Cardiac Condition sa ¥ %eop
[ S(ngtzkomm WINTERBERG 120 | m | Enlargement left ventricle n 60
i
2 | WinTERBERG (1923) 52 | m | Aortitis 92-120 | 4246
3 | WINTERBERG (1923) 56 f Artertosclerosis and Hyperten- | 92-95 55
sion
4 | ScHELLONG (1924) 37 m Nephnitis one year previously,
], circulatory system normal 53-64 [ 3435
5 | ZANDER (19273) | 40 | f | Mutral incompetence 92 | 4142
6 | SCHERF AND SCHOTT (1930) | 63 m Coronary sclerosis 63-96 | 53-55
7 F;«(Ji'rg'l;'zscmx AND SCHERF | 30 f | Mitral and aortic valv. dis 109-117[ 8%
8 - . ] $6 | m | Coronary sclerosts 130 83
9 - - 6 ''m - i N 81-92 | 61 53
10 - - 147 ' m . " 88 ®
1 |33 | f | Muteal valvular disease 92| 4849
12 61 | m | Advanced congestive heart | 64-67 | 6!
} failure
3 - - 61 f 90 46
Hypcrlensmn bxgemx
14 - “ 7 ' T | Advanced congestive eart | — | 58-60
falure, aur hbrillation
15 | Ecxex (1936) | 70 | m | Advanced congestive heart 0
| failure 66
16 | HiLL aND CaAMERON (£936) 59 m | One month after coronary "
thrombosts 56-60 | 4146
17 | Eckey (1937) | 38 | f | Normal 5569 | 404
18 R % | m v {7 famthal) B
19 w i 53 | m | Afierinfluenza, mild diabetes | 62-68 [ 332,
20 | VEDOYA AND BATTINI (1939) 2 f ormal 109-133 133-3
21 | Eckey (1939) 1 24 | m | Aftersepticaerna 63-80 | 3
Otherwise heart normal 46
2 v 118 | m | Not stated 6778 | (4%
23 | vepova (1944 , 50 | m | Artenosclerosis 69-87 | 230
2 w 28 | m  Normal kA free]
" ) m ypertension -
%6 | Holzmank (1945) 2T Cm?:nary aderons,  cong| 71-16 1246
heart fa
27 | Vepova (1946) 45 | m | Right bundle branch block | 91-109 | 32-3¢
Syphihis
28 | VEDOYA, DUMas anD 23 f Afler acute gastro-enterstts 51-57 | 38-39
URDAPILLETA (1948) P
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VENTRICULAR PARASYSTOLE WilH SIMFLE INTERFERENCE~Con!

! ! Rate
No Author . Age  Sex Cardwuc Condition SA Fctop
2% | Vioova, Dumas and 37 T | Normal, but seven months  caS 50
URDAPILETA (1938) after confinement, toxaemia
of pregnancy
30 | Genwue (1950) 43 m | Normal, but one month after |
paeumona i catd 35-38
3t | GatLavarom anp Frovewt |45 f | Rheumatic mutral vabvalar |
{195 disease i 60-80 6163
32 | ScrErr anp Scuort 68 { | Care rectt ’ 7 30
3 " " 36 m | Caroaary scletdses 78 43
34 » ” 53 m | Hypertension 82 30
3., - 34 1 Mutral stenows, aunc fibrd-
lation £5% 50
36 , " . * ? | Coronary scleroas, B a1
i auric fibnilatnon i
37 " " 52 m | Hypertension 'oag &1
32 - " i m ; Coronary sclerosis [} 44
3 - “ 48 | m ! fypertension , 71 1
) . .- > ? | Hypertension 83 41
4 . 69§ m | Coronary sclerosis y 62 2
21 0 . lgim . . O
43 1 " 70 | m | Atheromatosts b n
43 g . v Lo ) Myocardial infarctian . 84 3
23 - - | 82 ' m | Hypertenson 6 38
6 " “ 53 m | Coronary thrombosts 8S 34
47 " " | 66 | m | Coronary sclezosss 168 3
48 " “ 1 66 3 m | Alcohohe earhows, coropary |
i N sclerosis 70 2t
L - . 56 i L Coronary sclerosss {9 s

* Average ventricutar rate,

The ectopic rate tends 1o be slow, but may vary between twenty-one and esghty-nine,
{dssregarding Vedoya and Battim's case which shows exceptronally hugh $-A and ectopsc
tates). Some relationship seems to exsst between the vates of the two centres  the slow
ectopic thythm of 34 was found 1n a patient with a swus rate of 53-64, whereas the fast
ectopic thythm with a rate of 8% occurred wn 2 case m which the sinus rate was 109-117. A
simylar relationship beiween the sates of the underlytog A-V thythm and that of an arte
ficrally produced ectopic thythm was alse seen experimentally (Scherf, 1926, Scherf and
Chnck), but chmieally, as the table shows, dees not hold good for alt cases

Changes 1n rate of the sinus rhythm may be associated with changes in the same direc-
tton of the ectopie rate (Scherf and Boyd, 1950)

Diagnasis

The mam diagnostic crtena have already been outhned above 1 thys section {p 153),
and the varying couphng of the ectopic beats and the simple mathematieal relations be-
tween the inter-ectopic intervals were stressed as the most important features of this arrhyth-
ma I the ectopie cycle length is directly ble and 2 . 1510
be diagnesed, the inter~ectopic wtervals must be muttiples of the ectopic eycle length It
was also empbastzed that only those cases can be considered 20 be parasystole with sumple
interference i which—in additson to the abole entera—1t can be shown that all impulses.
of both the staus and the ectopic centre, which fall outside the refractory penod of the
preceding beat, yield responses. All these pownts requure some qualifications angd amph-
fications which are also of physiofogical interest.

Coupling. If the ectopic rate 15 slower than the sinus rate—and this 5s a prerequisite for
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CHAPTER 11
. PARARRHYTHMEAS

INTRODUCTORY REMARKS
Pararrhythmas represent 2 group of arrhythmias 1n which two {or rarely more) centres

concurrently and 1y produce mp which yield i of the whole
heart or parts of the heart, without disturbances of conductson of the normatmmt=* 3g
responsible for the arrhythmia It folfows from thus defimpon thas *+ w
of the presence of two mdependent chythms, ro—-" . . u

within the category of pararrhvt»~

At first sipby - -
as defin. . e LR
centre o, : . , w01 the whole beart.
Inthene ey h all parts of the speg: d
conductis - 2 wu unpulse formation, though at fower rates, the sino-
auncular wsutuy all tmmature mpulses i the other parts of the conducting system,

In certain circumstances, however, these normat refations may be altered in such a way that
two or more centres independently produce effective stimuls,

Two mam groups of p h tnay be hed: An centre situ-
ated, with rare exceptions, m a ventncle may produce impulses interfering with those of the
normal pacemaker, producing an arrbythma termed parasystole, or a faster atrio-ventri-
cular rhythm may co-exist with a slower sino-auncular thythm, the resuiting arthythmia
being termed dissociation with interference.

PARASYSTOLE

‘The 1dea that certamn arrhythmias may be dug to the rhythme activity of two wndepen-
dent centres of impulse formation was put forward at ar early stage of resesrch on
disturbances of cardiae thythm. Thus Wenckebach (1903) used the term pararrhythma for
certam rrhy with of the basic cardiac thythm and ascribed
certain * dissocrations and interferences of thythm ” to the actwity of two mdependent
auncular ceatres (Wenckebach, 1906, Case V, same case, 1914, IV, 3, p. 100} or postu-
lated two functionally dissociated parts of the venous musculature (1907, Case VIIY,
p 6) ‘These conceptions are no Jonger tenable. The first case could be showa to be an
rnstance of dissotiation with snterference (see below), the second was found by Wenckebach
himself not to be amenable to & satisfactory analysis by the methods then avadable He con-
sidered, however, the possibulsty that extrasystoles are caused by interference of two “ auto-
chthonous rhythms ** {Wenckebach, 1907)

That the common bigemunal pulse may be due to the nterference of two rhythms was
mentioned by several wters (for example, Lauder Brunton, Siciltanc), but without aay
peoof for this conception  Cusbny, as a result of experimental abservations, wrote that st
was templing to assume such 2 mechamsm m the common chmecal varrety of bigeminat
action, but declared 1t was ** surrounded with defficulties  and adhered to the view that the
extrasystale in the bigermnal heart action is 1n some way the result of the previous contrac-
tion
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152 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Fleming (1912) seems to have been the first to explaim in more detail extrasystoles with
accurate coupling as resulting from the activity of an independent ventricular centre of
mmpulse formation By measuring venous and radial tracings he found that the extrasystoles
occurred 1n one record every 1-8 second and in another every 1-6 second, the ventricular
rate of the independently beating ventricles being 3040, and concluded: * This at once
suggests that the ventricles are following a rhythm set by two pacemakers, one at the sino-
auncular node, producing physiological beats, and another at an iritable focus n the
ventricle, which 1s rthythmucally discharging stimuli at the customary rate of ventricular
stimulus production, thus giving rise to extrasystoles ”. Fleming already recognized that
such a conception would make 1t difficult to explain the presence of a compensatory post-
extrasystolic interval, smce the faster stno-auricular impulses would be expected to destroy
the immature impulse 1 the automatic ventricular centre. This * apparent difficulty might
be explamned by supposing that the sritable focus in the ventricle, which gives rise to rhyth~
mical extrasystoles, lies in what may be called a backwater of the primittve cardiac tissue,
and while stimult can stream down this backwater, physiological stimult passing down the
main channel are unable to disturb the point where ventricular stimuli anse.”  Fleming’s
paper does not seem to have attracted much attention at the time and his remarks are quoted,
not only because they are of a certain historical interest, but also because they foreshadow
one of the main problems which lz\ler gave rise to a good deal of controversy, namely, the

apphcauon of this theory to the ton of ystoles with

The of this P that extrasystoles are due to the rhylhmxc activity
of an ectoptc centre 1s due to Kaufmann and Rothberger’s sertes of important papers pub-
Iished between 1917 and 1923. The starting point was an accidental observation (1917):
In expeniments on dogs and cats, which had been undertaken in order to study auricular
extrasystoles artificially produced in different phases of drastole, rhythmical stimulation ol'
the auricles with a rate different from the sp heart rate duced extrasy
which, contrary 10 expectation, were accurately coupled to the preceding physiological
beat This was due to the fact that the extrasystoles were conducted to the sino-auricular
node, thereby producing a shift of the S-A rhythm The two thythms are therefore linked
by this shift of the S-A rhythm. The number of extrasystoles depended on the relation
between the rate of the S-A rhythm and that of artificial stimulation.

Rhythmical stimulation of the ventricles, on the other hand, produced a different kind of
arrhythmia Since ventricular ectopic impulses are not usually conducted backwards to the
S-A node, the S-A rhythm proceeds undisturbed by the extrasystoles which, therefore,
occurred at different phases of diastole, 1n other words with varying coupltng  With ventri-
cular extrasystoles, too, an allorhythmia occurred, that is, an arrhythmia consisting of
recurning 1dentical groups of normal and ectopic beats The number of stno-auncular and
that of ectopic beats in each group depended on the relation between the rates of the sio-
auncular and that of the ectopic thythm, such groups were far more comphcated than 1n
the case of aunicular extrasystoles, and often two or more ectopic beats followed 1n succes-
sion. When the lowest common multiple of the interval between two successive S-A beats
and that between two successive ectopic beats was reached, the same grouptng started afrcsh

The same considerations hold good for those aunicular ! whnch arenot

backward to the S-A node, but are followed by a p Y P lic interval.
The further devel of this and 1ts appl to chmcal cases (Kaul’-

mann and Rothberger, 19192, 1920a) led these authors top the foll 2z

by way of underlying mechanism:

1. Tf an ectopic centre produces rhythmic impulses with a rate lower than that of the S-A
node 1t has to be postulated that the ectopic centre is guarded agamst the destruction, by the
faster S-A stimuli, of 1its impulses; Kaufmann and Rothberger termed this mechamsm
« protective block ** or entrance block
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2. If an ectopic centre produces impulses with a rate lugher than the 8-A rate, an ectopic
thythm or ectopic tachycardia would result unless some of the ectopic mmpulses were
prevented from becomuing effective A blocking of such impulses between the centre of
their formation and the myocardium, termed * exit block », was therefore postulated Such
exit block would be additional to the protective block, the presence of which has to be
postulated also in this variety of parasystole, since the normal rhythm does not influence
that of the ectopic centre.

While it will be shown below that this conception of a rhythmic activity of an ectopic
centre proved most fruntful for the analysis of certain rare cases of ectopic arrhythmuas, 1t
must be cmphaslzed that Kaufmann and Rothberger’s attempt to explain by this hypothesis
the form of lic arrhythmias with accurate couphing of the
extrasystoles soon met with severe criticism and has now universally been discarded. To
postulate as an auxibary hypothesis, as did Kaufmann and Rmhberger {1922) in order to
explain the y of the hing of the * extr 1! y of the rates of the
normal and the ectopic rhythm to occur in simple mathcmanca] r:lancns to one another,
obviously 15 a peftfio principn and remains unacceptable, even if i some proved instances of
parasystole a certain paralieism between these two rhythms was observed both climeally
and expermmentally. The current explanation of extrasystoles with accurate coupling was
at the tune, and still1s, that they are in some way precipitated by the preceding beat, and the
objection was raised almost immediately aganst Kaufmann and Rothberger’s auxibary
hypothesis that the simple mathematical relationship between the rates of S-A and ectopic
rhythm 1s the resuls, and not the cause, of the accurate coupling (Mobitz, Scherf, 1924)

‘We propose to make a fundamental distinction between ectopic beats with accurate
coupling and those not standing 1n a fixed time relation to the preceding beat  Only the
former group of ectopic beats, assumed to be in some way precipitated by the preceding
beat should 1n our opimion be considered extrasystoles in the strict sense of the term  The

between ex| lic and beats 1s d n more detail 1n the
chapter on the mechanism underlyng extrasystolic beats.

It was also emphasized that only longer records can be used for analysing the mechamism
of ectopic arrhythmmias, since interpretations based on short tracings are open to sertous
failacies (Ihescu and Sebasttani, Schott, 1927}  The citicism of Iliescu and Sebastiam, how-
ever, went too far in certain respects, as stated later by Lewis in whose laboratory they
worked

Kaufmann and Rothberger’s great ment 1s that, by therr pamnstaking analysis of
numerous expenimental and clhinical records, they eslabllshed that certam cases of ectopic
arrhythmas are due to the of tw centres thy ly discharging
effective impulses, This results 1n an mterfcrence of two 1ndependent rhythms the S-A
rhythm and the ectopic rhythm, jointly producing an ectopic arrhythrma  Such centres are
active ** side by side “—hence the prefix ** para > in parasystole and pararrhythma

1 h: should be d 1n those cases of ectopic ventricular

A parasy
arrhythmias 1n which

1. the coupling of the ectopic beats vares,

2 the length of the mtervals between two consecutive ectopic beats stand 1n simple
mathematical relations to one another
The presence of combination (summation, fusion) beats, showing tn the electro-
cardiogram forms intermediate between those of beats produced by either centre
alone, tends to support the diagnosis Such beats are due to the simultaneous or
nearly symultancous activation of the heart by the two centres and therefore are
expected to occur at such moments at which an impulse is due from each of the two
centres.

w
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Two main forms of parasystole are recognized. In the first vanety, every 1mpulse of
either centre becomes effective if 1t falls outside the refractory period of the preceding con-
traction. The resulting arrhythmia is termed: parasystole with simple interference The
second variety differs from the previous one in that some of the ectopic impulses which fall
outside the refractory period of the preceding beat fail to yield a response; such impulses
are believed to be blocked in some way between the ectopic centre and the myocardium (ot
fail to be initiated), and the resulting arrhythmua 1s therefore termed: parasystole with exit
block. In both varieties a protective entrance mechanism guardng the ectopic centre from
the impulses of the other centre has to be postulated

Parasystole with Simple Interference of Two Rhythms withont Exit Block

This arrhythmia, which was first described by Singer and Winterberg in 1920, may be
1llustrated by Fig. 101. The record shows sinus rhythm with ectopic beats of ventricular
origin  The sinus beats are ch ized by well-developed P waves p ding at a normal
mterval the QRS complexes These consist of distinct Q waves and shghily slurred R waves
which are followed by distorted S-T segments with inverted T waves. Beats No. 2, 5, 11
and 19 are ventricular ectopic beats, occurring in different phases of diastole; their Q waves
are smaller, therr R waves higher, wider and more slurred, and their final deflections more
deeply verted. The first ectopic beat (the second beat of the record) occurs so late in
diastole that nearly the whole of the P wave of the sinus beat, due at the time, had already
been inscribed. The second ectopic beat (Beat No. 5) is interpolated. Beat No. 16 15 inter-
mediate 1n shape between the sinus and ectopic beats, that 1s, a combination beat, 1t resem-
bles the sinus beats more than the ectopic ones and 1t has to be assumed that the ventricles
were activated mostly by the sinus impulse [With combination beats the exact time of the
occurrence of the ectopic beat cannot be determined. If, as in the case of beat No 16, the
combination beat resembles the smus beats more than the ectopic ones it has to be assumed
that the ectopic impulse activated the ventricles a few hundredths of a second later than the
smo-auncular one, the reverse holds good for t ion beats appr ing, in the

1l pp of the ectopic ones, in which case the ectopic impulse
must have become effective 1n the ventricle shightly in advance of the sino-auricular one. A
more accurate determunation of the time relations in combination beats between the conduc-
ted and the ectopic impulses was possible in a case with night bundle branch block, 1n which
the ectopic centre was situated in the right ventncle (Vedoya, 1946).]
The occurrence of the ectopic beats in vanous phases of drastole, that is, the varying
pl and the p of beats suggest the possibility of a parasystolic
ongn of the ectopic beats and measurement confirms 1t, since it proves the rhythmuc activity
of the ectopic centre  The sinus rhythm has a cycle length of 0 74-0 78 second (rate 77-81
per minute) The interval between the first and second ectopic beats {Beats No. 2 and 5),
which are separated by two sinus beats, measures 197 seconds, the longer intervals between
the second and third (Beats No 5 and 11) and that between the third and fourth (Beats No
11 and 16) ectopic beats are 3-94 and 3 92 seconds, that is, double the interval between the
first and second one. The interval between the ast two ectopic beats (Beats No. 16 and 19)
equals that between the first two (1.98) It follows that the inter-ectopic intervals* measured
1.97-1-98 seconds or 2 multiple of that length (double); measurement also shows that all
ectopic beats which fall outside the refractory phase of stnus beats yield a response, just as
all sinus impulses occurring outside the refractory phase of the ectopic beats become
manifest. In long records of this patient these conditions were found to be mvanably

® Inter-ectopic intervals are the mtervals between two consecutive ectopic beats separated by one or
more mtervening sino-auricular beats  Ectopic cycle length, as used below in this chapter, 1$ defined as the
nterval between two ectopic beats followng in succession
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present, and the assumption 1s thus justified that the arrhythmia 1s due to the interference
between the smo-auricular and a slower independent ectopic ventricular rhythm (shortest
1nter-ectopic interval 1-96 seconds, corresponding to a rate of about 30 per minute).

Fig. 102, obtained 1n a case of hypertension, illustrates a similar condition At first
s1ght the record might give the impression of the common variety of extrasystoles, but closer
inspection reveals that the coupling of the ** extrasystoles ” varies Disregarding the nuddle
portion of the reproduced record, its measurement as well as that of other tracings of the
same patient shows that the inter-ectopic intervals varied between 1-68 and 1-74 seconds,
the cycle length of the stnus rhythm between 0 80 and 0-84 second. The long interval be-
tween the third and the fourth ectopic beats 1n Fig. 102 measures 6-98 seconds, that is four
times 1.74 Three intervening ectopic impulses failed to yield a contraction because, as
measurement shows, they occurred during pertods in which the ventricles were in the refrac-
tory phase of the preceding sinus beat

Fig 103, ot d from a sixty-six-y 1d man with coronary sclerosis, illustrates
another instance of parasystole. The di: 1s d by the varying coupling of the
ectopic beats, which 1s immediately apparent, and 1s confirmed by measurement- The cycle
length of the sinus beats 1s 0-88 second (rate: 68), the inter-ectopic interval 1-98 seconds
(rate 31} Dunng the long inter-ectopic mterval recorded n the centre of the tracing one
ectopic impulse failed to yield a response as it occurred duning the refractory period of a
sinus beat  This long inter-ectopic interval measures 410 seconds, and thus is considerably
longer than twice the—otherwise constant—inter-ectopic interval of 1.98 seconds. This
lengthening of the longer inter-ectopic intervals was invanably encountered in this parti-
cular case. A similar observation was reported by Vedoya (1944, Case 3) His tentative
explanation of these time relations 1s mentioned below in this chapter

Another feature of this case js that some of the ectopic beats were conducted in a retro-
grade direction to the aunicles This 1s evident because of the occurrence of sharply inverted
P waves 1n the ascending himb of the first, second and fourth ectopic beat  The observation
that such retrograde conductton was confined to those ectopic beats which occurred com-
paratively early in the diastole of the preceding sinus beat suggests that it 1s due to the pres-
ence of a supernormal phase of conductivity,

This possibility has also to be considered n another observation, illustrated in Fig
104. The record was obtained in a sixty-six-year-old man with aleoholic ¢irrhosis and
advanced coronary sclerosts Parasystole 1s present, sinus rhythm (cycle length: 0-82-
0 88 second, rate 68-73) co-existing with an automatic ectopic ventricular thythm. The
nter-ectopic intervals measure 2:84 seconds on an average (2 80-2 87 seconds; average
ectopic rate 21), While generally the post-ectoptc intervals are y, on several

they are lengthened, with a shift of the sinus rhythm In Fig 104,
three automatic beats are shown The first of these has a coupling of § 72 second, the post-
ectopic interval 1s The t-ectopic intervals after the second and third
automatic beats are lengthened by 006 and 0 08 second, respectively, and the sinus rhythm
1s shifted accordingly after these beats The T waves of these two automatic beats contain
a P’ wave which falls outside the expected sequence of the sinus P waves The most Iikely
explanation seems to be that, on such occasions, the automatic beat was conducted 1 a

O . e . Coe e A

phase of conductivity.

Since, in the three foregoing examples, no two ectopic beats occurred 1n succession, at
least one sinus beat being interspersed between them, the rate of ectopic impulse formation
could not be directly determined. It 1s possible, though unlikely 1n the instances described,
that the observed shortest inter-ectopic intervals might be multiples of the ectopic cycle length.
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Fig. 105, top tracing, shows an mstance of parasystole with simple interference in whic}
two successive ectopic beats occur at two places; the ectopic cycle length, thus direct]
measurable, was 1-12 and 1.09 seconds, (rate 53 and 55 per runute), that of the sinus beat
0 84-0-86 second (rate* 70-71 per miute).

Parasystole with stmple interference, while uncommon, 1s perhaps not quite as rare a
the small number of published cases would indicate, and might be found more often 1
longer tecords were taken and analysed {rom this point of view It has been estimated tha
its ncidence is about 1 in 1,200 electrocardiograms 1n a general hospital. In 1932 onl)
eleven cases could be collected by Faltitschek and Scherf, including five of therr own, It
the attached table particulars are gven of the forty-nine cases of which we are aware, tn
cluding eigh hitherto unpubli 1 which we believe the diagnosts to have
been established Only those cases were mncluded 1n which the diagnosis of parasystol
could be made with certainty It will be seen that this arrhythmia was somewhat mor
frequent 1n men than 1n women; amongst the forty-seven cases, 1n which the sex icrdence
1s reported, were thirty-one men,

TABLE 2V AR P, E WITH SIMPLE
I
No 1 Author Age ‘ Sex Cardrac Condition s-a M Eetop
1 | Sinaer aND WintERBERG 20 | m | Enlargement left ventricte 7 60
(1924
2 ‘ WINTERBERG (1923) 52 m Aortutis 92120 { 4246
3 | WinTerpERG (1923) 56 f | Arteriosclerosis and Hyperten- | 92-95 55
sion
4 | ScHELLONG (1924) 37 m Nephritts one year previously,
circylatory system normal 53-64 1 34-35
5 | ZanDER (19272) 40 f Mutral incompetence 92 41-42
6 | ScuerF AND ScHoTT (1930) 63 m [ Coronary sclerosis 63-96 | 53-55
7 | FALTITSCHEK AND SCHERF 30 f Mutral and aortic valv dis 109-117| 89
(1932]
8 " " 56 m | Coronary sclerosts 130 83
9 " - 63 m » ” 81-92 | 61; 53
10§ " " 47 m ! - o 88
" - " 33 f | Mutral valvular disease 92 4849
12 | HoLzuann (1934) \ 61 mo Ac}v:xlnced congestive heart | 64-67 60
ailure
13 | " - 61 f J . " 90 46
J / Hypencnsxon, bigeminy
“ o - I 76 | f | Advanced congestve heart | — | 58-60
| | fatlure, aur fbnllation
5 7 Eckey (1936) 70 m | Advanced congestve  heart
i failure 66 70
16 ' HiLL AND CAMERON (1936) i 59 m | One month after coronary
thrombos:s 56-60 | 42-46
17 | Ecxey (1937) 38 f Normal 55-69 { 4015
18 " “ 25 m o (7 famlial) 35
19 - " 54 m After influenza, mild diabetes | 62-68 [ 51-52
20 | VEDOYA AND Batmrni (1939) 12 f orma 109-133 1 133-13%
21 Eckey (1939) 24 m Alter septicaemia 68-80 | 34-35
Otherwise heart normal
2 . 18 | m | Not stated 67-78 | 46
23 | Veoova (1944) 50 m | Arterioselerosis 69-87 | 54-55
2 R 28 | m | Normal 74-87 { 38
25 o SI !t m. | Hypertenston 73-100 | 33-39
26 | HoLzMmaNN (1945) 2 f Coronary sclerosis, cong{ 71-76 | 42~46
heart falure
27 | Vepbova (1946} 45 | m. R:gmhblundle branch block | 91-109 | 32-33
yphilis
28 | VeDOYA, DUMAS AND b2 f After acute gastro-enteritis 51-57 | 38-3%
URDAPILLETA (1948) :
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Vi Ar P, E WITH SiveLe Cont
No ‘ Author Age Sex Cardrac Canditson Rate
! , S-A Estop
29 | Vevova, Dumas aap » I3 Wormal, but sevea months | ca8S 50
UrkparLrera £1948) after confinement, towema
of pregnancy
30 | Genmee {1950) 43 m lormal, but one month after
prieumon;a | eot0 | 3538
31 | GALLAVARDIN AND FROMENT | 45 f | Rheumatic mutzal  valvular
(195 disease 60-80 | 61-63
32 1 Scuerr ano ScHOTT 8 f e rect: 71 30
33 - " 56 m | Coronary sclerosis 78 45
34 . " 53 § m | Fiypericawon 52 P
35 " " 33 £ ] Mistral stenosss, aunic fibras
tation 65¢ 50
36 t . “ » % | Coranary sclerosis, 824 41
auric fibrsllation
37 [ - . i 52 m | Hypertension 98 &1
8 “ “ [ m |, Coronary seleross b3 44
¥ L “ 48 | m | Hyperension 74 37
a0 0 - e > { Hyperteasion &4 at
a1 M 69 | m | Coronary sclerosis 62 3
a2, N 6 | m .\ .. ;’ 7 36
43 - “ 0 mo | Atheromatosis 75 28
24 " - 74 4 | Myocardml snfarction 84 31
45 " - 69 | m  Hypertension | &6 28
46 " - 53 i m 2 Coronary thrombosts .8 34
47 " s } €6 m | Coronary sclerosis v 68 3
48 - M 66 | m | Alcoholic cuthosis, caronary |
i } sclerosts 70 2
@ . N ps6 | m i Coronary sclerosss | s %
i

* Average ventricular rate

The ectopic rate tends to be slow, but may vary between twenty-one and eighty-nine,
(distegarding Vedoya aud Battim’s case which shows exceptronally lugh S-A and ectopic
rates) Some relationship seems to exist between the rates of the two centres: the slow
ectopic rhythm of 34 was found it 2 patient with 2 simnus tate of 53-64, whereas the fast
ectopie thythm wath a sate of 89 occurred 10 a case sn which the sinus rate was 109~137. A
similar relationship between the rates of the underlymg A-V thythm and that of an ar-
ficially produced ectopic rhythm was also seen expenmentally (Scherf, 1926, Scherf and
Chack), but chincally, as the table shows, does not hold gaod for all cases

Changes 1 rate of the inus thythm may be associated with changes i the same direc-
uon of the ectopsc rate {Scherf and Boyd, 1950)

Diagnosis

The mawn diaghostic enitena have aiready been outhned above 1n this section (p 153),
and the varying couphng of the ectopic beats and the simple mathematical refations be-
1ween the inter-ectopic mtervals were stressed 2s the most mpartant features of this arshyth-
ma. If the ectopic cycle length 1s directly and a parasystoh h 15 to
be diagnosed, the inter-ectopic tatervals must be muluples of the ectopic eycle lepgth, It
was also emphasized that only those cases can be considered to be parasystole with sumple
interference 1n which—n addition to the above crteria—=t can be shown that all impulses
of both the sinus and the ectopic centre, which fall outside the refractory penod of the
preceding beat, yield sesponses  All these pomnts require some qualifications and amph-
ficattons which ate also aof physiolopical mterest

Coupling,  If the ectopic rate 1s slower than the sinus rate—and this is a prerequsite for
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this form of parasystole without exit block, since otherwise the faster ectopic thythm would
dominate the whole heart (regarding two exceptions see below)—the longest coupling ob-
viously equals the cycle length of the sinus rhythm. The shortest coupling can, in suffi-
ciently long records, be considered to equal the relattve refractory period, that is, the
refractory period of the sinus beats for the ectopic impulses in the individual case (Singer
and Winterberg). This provides an additional criterion 1n the analysis of such cases: since
the shortest coupling of a mamfest ectopic beat equals the relative refractory period, in
order for a diagnosis of parasystole with simple interference to be made 1t has to be demon-
strated that the Jatent couplings of all those ectopic impulses, which calculation shows to
have been produced, but which failed to yield a response, were shorter than the shortest
mantifest couphng of an ectopic beat Occasionally an ectopic impulse calculated to occur
with a couphing slightly longer than the shortest manifest coupling fails to yield a contrac-
tton, differences up to 0 03 second can be disregarded 1n this connexion, 1n view of the
vaniations in the rates of sinus and ectoptc rhythms and 1n the length of the refractory phase,
also because of the margmns of error of measurement, an exit block need not be assumed
1n order to explai the failure of such impulses to produce a contraction {see Fig. 102)

A glance at Table 2 will show that the ectopic rhythm usually 1s considerably slower than
the sinus rate, 1n all such cases the arrhythmia mamifests itself by occasional ectopic beats,
occurring singly or in short groups, the couplings varymng considerably mn length  If, how-
ever, the rates of the S-A and of the ectopic rhythm differ but shghtly, there 13 a slow shift
between the two rhythms, longer periods of one rhythm alternate with longer periods of the
other and 1n such cases the vaniation 1n the length of coupling 1s small  Oaly three 1nstances
of this vanety are on record In one of Holzmann's cases (Holzmann, 1934, Case 1), the
rate of the sinus rhythm was 64-67 per minute, that of the ectopic ventricular thythm 60. As
a result, there was a slow shift of the two rhythms and the couplings of the ectopic beats
varied only between the narrow limits of 0-60 and 0-64 second, that 15, withm the ltmuts
usually accepted for the accurate coupling of the variety of les. Holz-
mann pornts out that, in such a case, greater vanations in the length of coupling cannot be
postulated as a condition for a diagnosis of parasystole, but 1t should be understood that,
while this 1s justified for the case in question, 1t 1s a rare exception  Thus case 18 remarkable
also since, 1n addition to the two centres described, a third automatc centre produced
effective impulses; this was probably situated in the A-V node. The other two cases show-
ing a small difference in the rates of the two rhythms (Eckey, 1936, Vedoya and Battin}
present similar features, but are, as far as we are aware, unique 1n that the rate of the ectopic
rhythm was slightly faster than that of the sinus rhythm (see table). Parasystole with simple
nterference—without exit block—with a faster ectopic rhythm is possible only f the differ-
ence 1n rates 1s very small, since otherwise ectopic thythm or ectopic tachycardra would
obviously result.

An independent ectopic ventricular rhythm interfering with supraventricular beats in
auricular fibnllation has been observed in three cases (see table).

Ectopic cycle-length and inter-ectopic intervals. (For the defimtion of these terms, see
above, p 154 ) The rate of impulse formation in the ectopic centre can be ascertained with the
greatest degree of certainty in those cases in which two ectopic beats follow one another 1n
succession, without a sinus beat intervening, as in Fig 105 In such cases the ectopic rate
is directly ble, and a d of p le 15 greatly fach d and can be con-
sidered established 1if the longer intervals between consecutive ectopic beats, which are
separated by one or more sinus beats, are multiples of the ectopic cycle length For a
vanety of reasons, however, the inter-ectopic intervals are not always exact muluples of the
ectopic cycle length  The first reason 1s that the rate of the ectopic rhythm is not absolutely
constant, though usually its variations are smaller than those of the S-A rhythm  More-

over, it was found already by Kaufmann and Rothberger and subsequently by others (Singer
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and Winterbesg, Schott 1927, Holzmann) that the fonger inter-ectopic intervals are a httle
shorter than a muluple of the ectopic cycle ength  This is due to the fact that, mith tvo
ectopic beats following in suceession, there 1s shght delay 1 the conduction of the second
smpulse, owing to the greater d ds made on the d path between the ectopic
centre and d; by the two impu} 1 1 close 1t follows that
the manifest ectopre cyele length, as 1t 15 measured as the mierval between two successnve
beats, 1s lengthened, beyond the interval between the formation of the two smpulses, by the
snerease 1n the conduction time of the second impulse, this does not occur of, with several
sinus beats ntetspersed 1n the longer inter-ectopic mntervals, a longer recovery pettod is
avagdable for the conduction of the second impulse. There 1s some evidence that such dis-
turbances of conduction of the ectome impulse occur: If more than two ectopic beats occur
in successron, the mtervals between successive beats tend to lengthen (see this section, p
164} Zander {1927a) reported a case of ventnicular bigemuny sn which at tmes the coupling
gradually increased {from 0 44 10 0 56 or 0 38 second), until one extrasystole fatled to accur
and the subsequent sinus beat was folloved by an with shert ling and the
same phenomenon started anew, that 15, Wenchebach's periods in the conduction of the
extrasystoles  We have observed a similar case {see chapter on ** Couphing ”', p 199) Schott
reported a case of parasystole {1927, Case 2) in which the ectopic cycle length was measur-
able an five occastons, being © 28-0 29, the longer interval of © 37 second, which was found
at one place, could be shown by calculation to be exactly due to delay in conduction of the
second impulse of the ectopse couple

As rare exceptions two observations are on record (Vedoya, 1944, Case 3, case ilus-
trated by Fig 103}, in which longer inter-ctopic intervals—containing a greater number of
stnus beats—were fonger than a sumple mufuple of shorter ones In a way this is the
reverse of the time relations just discussed By way of a tentatnve explanatton Vedoya
pomnts out that, in s case, this phenomenon was abserved 1f the ectopic beat terminating
the fonger mter-ectopic interval had a short coupling 1o the preceding sinus beat  He
believes that, 10 such instances, the conduction time of this ectopic beat was lengthened,
owing to the increased demands, upon conduction through partially refractory tissee sur-
rounding the ectopic centse, by two smpulses {one S-A, one ectoprc) following m guick
successton  Shght differences 1 shape of ectopie beats occurning with a short coupling are
attnibuted by him to aberrant conduction of the ectopic smpulse through this partalty
recovered tsssue around the centre  While Yedoya’s view 1s a plausible explanation for his
observation, we do not beheve that a structurally altered block zone surcounding the ec-
topic centre should generatly be postulated to explain the protective and exit block  fn our
opimon these phenomena follow more directly from the mechanism of ectopic astomatsc
impulse formation, mtensity of 5-A and ectopic mpulses, and excitabibty of the ectope
centre at different imes  These aspects are discussed n more detai} below in this chapter
and sn the chapter on * Mechamsm ™ (p 518)

With these reservations all imter-eciopic mtervals must be shown to be multiples of the
ectopic cycle lenpth, if e s 1o be d d  This s i m
regard to shorter mter-ectopic ttervals 1 which only one or a few sinus beats are nter-
spersed  Strict accuracy cannot be expected owing to some variations in the rate of ectopic
mpulse formation and conduction, which were discussed above, and to the matgin of error
1n measurement

1t 15 obvious that, f a very long inter-ectopic sterval s divided anto a multiple of the
ectopic cycle lenpth, such catculations become useless with intervals beyond a certain length.
Thus bimst 15 reached of the average varsations sn the length of the ectoprc cyele length, multy-
plied by the number of ectopic cycle lengths supposed to be contamed 10 the long mter-
ectopic interval,atiam the length of the ectopic cycle length, because any interval exceeding this
unit can be shown as a multiple of a whele number and the average ectopic eycle length +

«
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1ts maximum variations. Singer and Winterberg, who first pointed out these relations, gave
a simple formula for this: E =x (&d), if E is the average ectopic cycle length, +d the
maximum variations from this average, and x the number of ectopic cycle lengths 1n the
inter-ectopic interval This means that the greatest number (x) of the cycle lengths in a long
nter-ectopic interval, which can be used as supporting a parasystolic origin, 15 that which,
multiplied by the greatest varations (d) from the average of the ectoprc cycle length does
not exceed the cycle length (E) itself. Mobitz postulated for this even stricter criteria
{which are admurably presented by Feher). In practice, it 1s often possible to dispense with
such calculations if the other critena for diagnosing parasystole are present and particu-
larly 1f the ectopic cycle length 1s directly measurable. Greater caution 1s necessary 1n cases
1n which this is not possible and the ectopic cycle length has to be calculated from (shorter
and longer) interectopic intervals,

In a remarkable case published by Vedoya, Dumas and Urdapilleta carotid sinus pres-
sure inhibited the sinus rhythm so that the parasystohc ectopic thythm alone controlled
the heart Experimentally, vagal stimulation during parasystole produced by veratrine had
the same effect (Scherf and Chick).

Clinical significance

A glance at Table 2 shows that, out of forty-nine recorded cases of this arrhythmia, no
fewer than thirty-eight had evidence of pronounced structural heart or cardiovascular
disease As far as any conclusions can be drawn from a small series, the assumption seems
Justified that this association 1s not corncidental and constitutes but one sign of such struc-
tural alterations of the heart.

Auricular parasystole

Parasystole with simple interference between S-A and auricular ectopic rhythm is very
tare and, as far as we are aware, only four cases are on record 1n whch this diagnosis can be
considered established.

The most convincing 1nstance 1s the case published by Jervell (1932). His patient was 2
man of twenty-five without any evidence of heart disease 1n whom the arrhythma might
have been a congemtal anomaly The analysts of long records showed parasystole with
simple nterference between S-A rhythm (cycle length 0-51-0-66 second; average rate 90)
a " v o A R 2 PP A
£ ' o
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1ntervals were divisible by the smallest inter-ectopic interval which was considered to be the
cycle length of ectopic impulse formation, only one sinus beat intervening  Nowhere did
two ectopic beats follow 1n succession. The analysis of such 2 case is more complicated than
if the ectopic thythm 1s ventricular in origin, since the auricular ectopic beats were usually
conducted to the S-A node (as 1s the rule with auricular extrasystoles), thereby causing 2
shiftin the S-A rhythm. Most of the post-ectopic intervals were therefore not compensatory
1t could be shown that the auricular ectopic centre was protected against the S-A impulses
and that certain variations in the time rc]at:‘ons were due to disturbances of conduction

- . [RPERIER I S ara o

e
with hypertension and coronary sclerosis. There was, at first, 2 : 1 block and an ectopic
auricular rhythm interfered with the S-A rhythm, the ectopic rate being a httle slower than
half the rate of the sinus  The ectopic centre was probably situated near the taif of the sinus
node. Sut ly the 2 - 1 block disappeared, but the ectopic auricular thythm continued,
giving tise to what appeared to be auricular * les *; they had, however, the same
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shape in the electrocardiogram and occurred at the same (—P) - (—P) ntervals as before so
that persistence of the parasystolic ongin could be assumed The ectopic centre was pro-
tectively blocked, but, as 1n Jervell's case, the ectopic auricular impulses were conducted
to the S-A node so that the post-ectopic intervals were not compensatory
Vedoya (1944, Case 5) published another instance of this rare arrthythmia It was ob-

served 1n a man of thurty-five without any evidence of cardiovascular disease. The rate of
the sinus thythm varted between 65 and 81 per minute Frequent auncular ectopic beats
were recorded, the coupling of which varied between 0 49 and 0 85 second. Measurement
showed the inter-ectopic intervals to be divisible by 1 15-1 24 (average 1-20) and 2 co-
existing auricular ectopic thythm could thus be demonstrated The presence of auncular
combination beats suppotted the diagnosis of auricular parasystole In this case, too, the
ectopic auniculfar impulses were conducted to the S-A node, producing a shuft of the sinus
rhythm,

Another posstble instance of auricular parasystole 1s one of Kaufmann and Rothberger’s
cases (19202) (Case TM No 881, also same authors, 1923 )

‘We have observed only one case of auricular parasystole It concerned a fifty-mne-year-
old man with a fresh antero-septal infarction due to coronary thrombosis  The patient had

Fic 106 —Leads 1 and 3 Auricular parasystole

recerved O 2 gramme of folia igitalis for 8 days Fig 106showslead 1and3 Thesecond and
stxth beats 1n lead 1, the second, sixth and tenth beats in lead 3 represent aurtcular ectopic
beats The coupling varies In the two tracings reproduced n Fig 106, the imter-ectopic
tervals measure 2 69, 2.68 and 2.84 seconds respectively In another record they were
2:68, 2-68 and 2.73 seconds

Ventricular parasystole with ectopic centre above the bifurcation of the bundle of His

A umque observatron of this form of parasystole has been described by Scherf and Boyd
{1950) One of the tracings obtaned 1n that patient, a man of seventy with pernicious
anaenua, 1s reproduced 1n Fig 107 It shows sinus rhythm, rate about 70, with lengthened
> bl L .

D ntaminle falias ¢ D A0 cnmeaadd  Desmnbica haste L

ute The analysis of other tracings of this patient shows, however, that this interval of
2-58 seconds actually included two cycle lengths of the ectopic thythm, the rate of which 1s
therefore 46 per minute  In the reproduced record only every second ectoprc impulse yields
al contraction since the remaining ones occurred during the refractory period of the ventri-
cles
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A parasystolic arrhythmia has therefore to be assumed in which a sinus rhythm of a rate
of about 70 co-exists with an ectopic rhythm of a rate of 46. Because of the fact that the
ectopic beats have the same shape as the sinus beats the ectopic centre has to be located
above the bifurcation of the bundle of His, that 1s, 1n the A-V node or the main bundle
This also accounts for the absence of combination beats: the sinus, as well as the ectopic
tmpulses traversed the same paths in the ventricles. The ectoprc centre was generally pro-
tected against the sinus rmpulses, though My sinus i occurring at certamn
tervals after a preceding ectopic beat, had to be assumed temporanly to abolish such
protective mechamsm (see origial paper)

Parasystole with exit block -

Thus vaniety differs from the preceding one of parasystole with simple interference 1n the
one respect that some of the ectopic impulses, which fall outside the refractory period of the
preceding beat, fail to yield a response. In order to explain this phenomenon 1t 1s assumed
that such 1mpulses are 1n some way blocked between the centre of ectoprc impulse formation
and the myocardium; this mechanism was termed exit block (Austrttsblockierung) by
Kaufmann and Rothberger (1919a, 1920a) Such a mechanism has to be postulated in those
cases of parasystole mn which the rate of ectopic impulse formation 1s materially faster than
the S-A rate, since otherwise an ectopic rhythm or ectopic tachycardia would result

The dea that, chinically, 1n some cases an ectoptc arrhythmia may be due to a para-
systolic mechanism with exit block of some of the ectopic impulses tended to be supported
by the early observatrons of Kaufmann and Rothberger (1919a, 1920a, Case 4) that 1n
patients with attacks of paroxysmal tachycardia the mterval between single isolated extra-
systoles outside the attacks were multiples of the interval between successive ectopic beats
durning the attacks It 1s noteworthy that, while for the authors’ original cases this inter-
pretation has long ceased to be acceptable since they were cases with accurate coupling of
the ectopic beats (true extrasystoles), the idea of a parasystolic mechanism with exit block
has proved most fruitful 1n the analysis of other cases and thrown hight on certain aspects
of impulse conduction

A clear mstance of exit block 1s shown tn Fig 108 It shows two sinus beats separated,
and followed, by groups of two ectopic beats following in successton at intervals varying
between 0 44 and 0 48 second Two such couples are seen between the two sinus beats and
the 1nterval of 0-96 second between the couples 1s double the interval between the two ec-
topic beats of the first couple A second longer interval between couples of ectopic beats,
measuring 0-92 second, 15 seen between the first and second couple following the second
smus beat and here again its length 1s twice that of the interval between successive ectopic
beats. These longer intervals are obviously due to the failure of one ectopic impulse to
yield a response The case 15 noteworthy 1n that the ectopic rate 1s directly measurable.
Moreover, the last group of three successive ectopic beats reveals evidence of disturbances
of conduction of the ectopic impulse, the interval between the last two beats of the group
having increased to 0-52 second from that between the first two beats whtch 1s 0-46 second.

An example of parasystale with exit block 1s given in Fig, 109, obtained from a patient
with hypertension. It shows interference between S-A rhythm with a cycle length of 0 67
(rate: about 88) and a slower ventricular automatic thythm (cycle length 1.25-1.28, rate
47-48) The couplings of the ectopic beats vary. The ectoprc centre is protected against
the S-A impulses The longer intervals bﬁclwccn the second and third, and the third and

e e anc
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yield a response, and the conclusion 1s warranted that this 1s due to an exit block operating
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on these two occasions The phenomenon of supernormal phase may be responsible for
the appearance of ectopic beats only 1u the early diastole after sinus beats

An exit block has to be assumed tn those cases of parasystole in which the ectopic cycle
length 1s shorter than the compensatory pause after an automatic beat, since otherwise two
ectoprc beats would follow 1n successton. An observation shortly reported by Schott (1949)
may illustrate this (Fig 110 and Table 3) It was obtained from a seventy-six-year-old

TABLE 3
| Coupling plus | | Coupling plus |
No RR  postectopic | IIErectope | o R-R | postectopic | TMgrectopie
| oterval Interval Interval Interval
1o T 24 65 205 =
20w 25 140 2% 1025
30 6l 5 2% 102 (T 301=
4 139 2~ 100 27 59 703 = 5% 60
5 104 [ 28 134 2'x 101'5
6 103 29 100
7 102 30 97
8 108 31 98
9 104 32 8 | .
0 10| 3 54 195 =
Hopooer 3 145 2995
12 142 251045 35 95 207 =
B , 36 112 2%1035
1@, w0 37 101
150 04 I s3= 38 % 704 =
160104 I 14 x 60 39 103 2 % 102
17 103 I 40 ot T
18 103 , a1
19 20 8= | & 104 _
20 | 128 | 2x104 ‘ 43 80 206 =
21 ‘ 102 1 41 126 2-103 (T
z 103 | ‘ o7 2 4 106
2 i 6 | | 10 x 60
i

The coupling of the ectopic beats 1s shown 1n bold figures
Time relations of a case of parasystole with exit block Lead CR-3 (From ScrotT, 1949)

woman with hypertension, a fortught after a second and five-and-a-half months after the
first attack of coronary thrombosis It shows interference between S-A rhythm (cycle
length 0-97-1.06, rate 56-62) and a ventricular ectopic rhythm. All inter-ectopic intervals
were divisible by 59-62, indicating a rate of ectopic impulse formation of 97-101 per iminute
An exit block has to be postulated, since otherwrse an ectopic tachycardia would have
resulted It is also seen that the majonty of the compensatory post-cctoplc intervals
(measuring 1.08-1-45 second) greatly exceed the ectopic cycle length

Other cases of parasystole with exit block are Case 6 of Faltitschek and Scherf, and a case
of Feher in which auricular flutter was present
Intermittent parasystole *

Intermittent parasyslolc 1s defined as 2 parasystollc arrhythmia in which the ectopic
centre produces only inter so that the archythmra occurs only
periodically. On the grounds of experimental observations such periodical activity of 2
parasystolic centre was postulated by Scherf 1 1926 (see bclow, p 171), and two chinical

ates
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which 1n turn are succeeded by a series of abnormal ventricular complexes. The bottom
record illustrates essentially the same condition, except for the arrhythmia’s appearing
somewhat more comphicated The analysis of this case, for the details of which the reader
1s referred to the ongmal paper, showed the arrhythma to be parasystole between sinus
rhythm and an ectopic ventricular thythm (rates per minute- top record: sinus 90, ectopic
80, bottom record sinus 80, ectopic 75). Certan beats, also of abnormal shape, which
interfere with the otherwise regular sequence of the ectopic thythm could be shown to have
been sinus beats with aberrant intra-ventnicular conduction  Since the ectopic rhythm pro-
ceeds undisturbed by the sinus beats the ectopic centre has to be assumed to have been
protectively * blocked ™

The further observation, made in both cases, that invanably the first ectopic beat of each
sertes was accurately coupled to the preceding sinus beat suggests that the latter initated

Fic 111.~—Intermittent parasystole The two upper and the two lower strips
are contmuous  Time base 0 0:

the ectoprc arrhythmia 1n a manner as yet unkrown  This relationship thus demonstrates
another mode of between par i, that 1s and ystolic, that
is dependent, impulse formation Further of such are d below
in this chapter and 1ts significance 1n the chapter on * Mechanism ™ (pp 495, 519)

The Protective “ Block ”’, Exit Block

. . . F L P SOV

- . . Lo . . I,

. . y

in lhose cases of pams}stolc 1n which thc rate of ectopic xmpuls: formauon is h:gher than
the sinus rate and/or 1n which not every ectopic impulse calculated to reach the my

outside the ory penod of the preceding beat yields a response  Both, however, con-

" ' ~fim e lm thea viermty of the ectopic centre, though n

. . . . " hese two phenomena have in commen,
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When certain kinds of arrhythmia were first explamed as a result of dissocration between
auncles or within the §-A nade (Wenckebach, 1906, 1907, 1914, pp 99 seq ), no explanation
of the underlying mechanism was attempted  As early as 1912 Flemung, in hus paper already
quoted, foreshadowed later deve!opmcms by considering the ventricutar cc(opxc focus to be

situated in a ** backwater ™', supposed to be ible to the physsol 1 stimuls passing
along the main stream {see above 1 this chapter, p 152), Kuuﬁnnnn and Rothberger intro-
duced the term ** Block  { rung), placing 1t somcwhcre near lhe

ectopie centre (19193 p 233) and considering it to be tathe

1n cases of complete AV block (1920a, p 40} Sumilar views were held by ererbcrg .'md
by Schellong, but contested by others {de Boer, Gnffith) There 15, however, no doubt that
a protection of the parasystohc centre exists and it has been conclusively proved expen-
mentally.

When Kaufmann and Rothberger first put forward the conception of a protective block
(1919a, p 233} they based 1t oni the observanion of Rothberger and Winterberg, made i experi-
ments on dogs, that during ectopic venteicutar thythm auncular extrasystoles may be fol
lowed by compensatory intervals  This ss only posstble if the ectope ventneular centre
proceeded 1 s rhythmcity undisturbed by the extrasystole, that 1s, was protected agatnst
the tatrusion of the auricular extrasystole on its way 1o the ventricles  De Boer objected that
this observation does not require the assumption of a protective block, but could be ex-
plamned by the fact that, at the time the ectopic ventricular centre was reached by the
extrasystole, it was forming the next 1mpulse and therehy refractary to the excitation wave
of the extrasystole, however, this objection, though actually admuttsng some kind of * block™,
15 certamnly nat vahd for such cases tn which a slow mdependent ventricnlar pacemaker 1s
active (Wenchebach and Winterberg)  Subsequent experrmental work demonstrated the
presence of a protective mechanism beyond any reasanable doubt

Such ipvestigations became only possible when a method was found expertmentally to
praduce tonger chains of ventricular ectopic beats at 2 comparanvely slow rate and ongin-
ating from one focus  This was achieved by electrical or mechanical stimulation of the sur~
face of the exposed heart of dogs in whom the sinus node was clamped and both vage were
cut and who had been given quiine (Scherf, 1926) Long chams of ectopic beats were
found to persist after such stimulation, pastscularly if the normal pacemaker was inhibited
by sumaltancous vagal sumulation (Scherf, 1927) 1t could be established that such ectopie
beats onginated n a circumscnbed focus, since the shape 1n the electrocardiogram of such
beats depended on the sue of stimulation (1926} and their rate increased by warming their
site of angin (1927)  Proof that such an ectopic centre of impulse formation was protec-
nvely blocked agasnst other impulses could be adduced in several ways

Fig 112 ilinstrates one such expeniment  0-4 granine of quimine had been given mtra-

venously, both vag: were cut and 2 few minutes before the reproduced record was taken
the clamps had been removed from the sinus node, smus thythm returmng very shortly
afterwards The night ventricle was stmulated by a senes of induction shocks and thirteen
nght-ventricular ectapse beats resulted, the last three of which are reproduced as the first
beatsn Fig 112 Two spontaneous ectopsc beats onginating 1 the same focus followed, at
mtervals of 0:6 and 0 54 second respectsvely The next three beats are sinus beats, the fiest
of which shows a P-R interval lengthened to 0-2 from the normal, m this experiment, of
0-1 second  Thas group is foliowed by one of six night-ventnculer beats of the same shape
as the previous ones, the ectopic thythm re-appearing spontaneously. Thas group is agam
succeeded by one of three situs beats, followed it its tuen by anather of five ught-ventrt-
cular ones  The ectopic cyele length was, on an average, 0-5 second and the intervals taken
up by the periods of transsent sinus rhythm measured 2 05, 1498 and 2 §2 seconds, that s,
four times the mterval between successive ectopie beats  Owing to the occurrence of three
sinus beats, three ectopic beats failed to yseld a response, but the rhythmye activity of the



EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

170

Py dxa
523 "7 '97g] ‘AIHDS WOLJ 35S 7O 9SEQ SWI ‘WEISOIPIESONIG !BDLBUM WS ‘opumy ey ‘Spoune w3 jo s
*(uonE[MWES) [TUSIS *IITIIPUL PIEMUMOP 2A0QE WOL] sFuISeS)  Top B .~= vu:mnEc p s o_%E_m .p:;vSuE.\ :a::o&mﬂ ol

N i NGl A i 1 e " P
IS S s u,r(ﬁ:.. ==y

e e R et |

o J
. A....v..‘uw~ 4 FAN SR .
e T N AN lr(\tlvfnlln.!& IR/
ﬂu.n.ﬂvmvﬁwam.a! : ﬂlsuu?. s.ﬁ.u/n ORI e
Codpte v — - = po
e S T 53 P SPRAIN 38




PARARRHYTHMIAS 171

ectopic centre proceeded undisturbed by the sinus beats and the first mamfest ectopic beat
after the sinus beats occurred at precisely the moment at which 1t would be expected, had
no interruption of the chain of ectopic beats taken place This record also illustrates the
experimental production of parasystole with simple interference between two rhythms The
arrhythmia may periodically be elicited again, the rhythm being regular in the mterval; the
term ** intermittent parasystole ” was suggested for this condition {Scherf, 1926)

In this example the ectopic thythm came and went spontaneously due to interference by
the sinus thythm In other expeniments the ectopic thythm was artifictally interrupted by
producing, by means of induction shocks, a second ectopic rhythm oniginating in the contra-
laterat ventricle. This resulted 1n some ectopic beats of the contralateral ventricle during
stimulation, followed by a certain number of spontaneous ectopic beats origmating n the
same focus tn this same contralateral ventricle, the ongmal ectopic thythm subsequently

Fic 113 —Parasystole with simple interference produced tn a dog by the topical
application to the heart of sodium chlorsde  The four strips are continuous

being re-established In such experiments it was invanably found that the mterval in the
ongnal rhythm between the last beat before the interruption and the first beat of the re-
established rhythm after the interruption equalled exactly a multiple of the cycle length of
the original ectopic rhythm, or differed from 1t by half a cycle length, but intermediate
figures were never found The significance of the difference by half a cyclc length will be
discussed below, in the present context it may be d. ded The
warranted that, during the artificrally produced ectopic thythm of the comralam—al ventricle,
the ectoptc focus producing the onginal thythm contmued undisturbed by the impulses
ongmating m the other ventricle, that s, was protectively blocked against them (Scherf,
1926)

Similar results were obtamed if the heart was sensitized with small doses of barjum and
a ventricle electrically sumulated, slowing of the sinus rhythm by vagal stimulation fav-
oured the occurrence of ectopic rhythms and simular time relations were observed (Scherf,
1927)
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The same conclustons were arrived at in experiments undertaken with an entirely differ-
ent method It had been shown by Piccione and Scherf that ectopic beats and ectopic
rhythms can be produced by the sub-epicardial injection of 0-1 cc of a 10 percent solution
of NaCi Fig 113 is taken from such an experiment and shows an ectopic ventricular tachy-
cardia elicited 1n this way from the conus of the right ventricle. The ectopic rhythm was
interrupted at times by a variable number of sinus beats. The four reproduced strips,
marked a-d, are continuous. In the two upper tracings the ectopic cycle length is 0 36 sec-
ond with remarkable constancy In the top tracing the ectopic rhythm s interrupted by
one sinus beat and the interval between the last ectopic beat before, and the first ectopic beat
after, the sinus beat measures 0-72 second, that 15, exactly double the ectopic cycle length.
The long interval interrupting the ectopic rhythm in strip & measures 4.08 seconds (that 1s
11 umes 0-37) In stnp ¢ the ectoprc cycle length had decreased to 0-34 second and the two
intervals during which sinus (or combination) beats intervened measure 1-37 seconds (= 4 X
0-342) and 1 00 (= 3 x 0 333) In the bottom strip d the ectopic cycle length had increased
again to 0-36 second and the interval taken up by the sinus rhythm measures 1.44 seconds
(=4 x 0:36) These show that, wh the ectoprc rhythm was mter-
rupted by sinus thythm, the first ectopic beat recurred at a time when 1t would have been
due without interruption of the ectopic rhythm, that 1s, throughout the intervening stnus
thythm the ectopic centre retaned its thythmical activity, being guarded against extraneous
{sinus) impulses by protective block The presence of combination beats 1s a further proof
of the parasystohe character of this arrhythmia

In certain experimental conditions and h 1 ion),
n which two ectopic ventricular rhythms interfered with one another, a double protective
block, that 1s, a block protecting each of the two centres against the impulses of the other,
could be demonstrated (Scherf, 1930)

‘While n such experiments parasystole was observed only occastonally, in a recent series
of experiments Scherf and Chick found that topical application of veratrine to the ventri-
cular surface mnvaniably gave rise to parasystolic arrhythrmas in which the ectopic centre
was protectively blocked

Fig. 114 was obtained from such an experiment Immediately after application of a
0-5 per cent solution of veratrine alkalord to the conus of the right ventricle an ectopic
tachycardia was recorded which interfered with the sinus rhythm. The intervals between
the last ectopic beat of one, and the first of the subsequent, group were always multiples of
the ectopic cycle length  Combination beats occurred frequently.

The nature of this protective block has been extensively discussed No single mechan-
1sm was found that could be considered responsible for 1t 1n all cases

Some kind of a block zone surrounding 1n some way the centre of ectopic impulse for-
matton was early postulated (see above) and 1s still assumed 1n more recent work (Dourner,
Vedoya 1944, Katz). With this conception the same area of block was invoked to account
for the exit block, a more detailed d view of 1ts supposed structure 13 d
1n Doumer’s and Vedoya’s papers The latter developed an P of two
zones of refractory tissue surrounding the ectopic centre whereby the degree of refractori-
ness of the zone closest to the centre (Zone B) 1s greater than that situated more peripherally
(Zone A) The duration of refractoniness of Zone A 15 assumed to be less than the cycle
length of the sinus rhythm, that of Zone B to be longer and only shghtly less than the
ectopic cycle length  Vedoya s}lmzs lagram i that such would explain

8 e LT SEAL Lot Liabin ok ahgaentas

;;, 174). 1t has to be conceded that 2 zone of such or a similar kind may exist tn some cases.
not only was the presence of an area of depressed conduction made most probable by
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tustological findings 1n some cases of retrograde con-
duction of automatic ventricular impulses in cases of
complete A-V block (see p 138) and considered likely
in cases of return extrasystoles (see p 120), but also the
location of that area could be shown to be of paramount
1mportance; the relation between such arrhythmias and
umdirectional block 1s discussed in the appropnate
sections. Simlar areas may well exist, m certain
cases of parasystole, 1n the wvicimty of the ectopic
centre
It 15, however, difficult to imagme a block zone,
spherically surrounding the ectopic centre, and being of
a kind that 1t prevents impulses from reaching the centre
from every direction whereas the ectopic impulses could
pass this zone in the opposite direction Wachstein’s
observations of interference of two or more rhythms and
of nterpolated extrasystoles 1n 1solated Purkinge fibres
show that, whatever the nature of the * block ” 1s, 1t 15,
oratleast can be, situated ina very smallarea Faltitschek
and Scherf located 1t n the cell, or group of cells, form-
ng the ectopic centre and pointed out that 1t will depend
on the mtensity of the S-A mpulses on the one hand
and the rrritability of the centre stself whether the S-A
impulses will break 1nto the centre, 1n a similar way they
attributed the presence or otherwise of exit block to the
intensity of the automatic ectopic impulse and the
irritability of the tissue surrounding the centre  Golden-
berg, Gottdenker and Rothberger found i Purkinje
fibres of dogs that condenser discharges sttmulating the
whole fibre did not disturb the rhythmical spontaneous
activity of one of several centres and concluded that the
condenser discharges were sub-threshold for this centre
Again, the emphasis 1s on the relation between strength
of stimulus and excitabibty of the ectopic centre Thrs
conception received further support by the more recent
observations of Scherf and Boyd {1950), discussed above.
They indrcated that the ectopic centre can be protected,
erther because the stimuli of the other centre are below
the threshold necessary to excite the cells of the ectopic
centre, or because the ectopic centre 1s less excitable In
one particular case (Scherf and Boyd, 1950, Case 1) the
assumption was justified that only during a temporary
1ncrease m excitability of the ectopic centre, namely its
supernormal phase after emission of an impulse, could
1t be reached by the sinus impulses Because of all
these considerations we prefer the term * protection ™
to * protective block >
One difficulty which 1s encountered 1f the processes
m the centre are visualized more closely in con-
Junction with the membrane theory of mmtiation and
conduction of impulses, and some about
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FiG 114 —Parasystole with simple nterference produced m a dog by the topical application to the heart of veratrine,
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a possible solution of this problem are discussed in the chapter on * Mechanism ™
(p 518)

While the assumption of some particular kind of blocking mechamsm, whether struc-
tural or functional, seems necessary to explain the protection of the ectopic centre in cases
1n which the automati¢ rhythm s slow, thus 1s not necessary 1n instances mn which the auto-
matic rhythm s fast  If the ectopic centre produces impulses at a high rate, this itself would
account both for the protective and the exit block, since the centre would be surrounded
by refractory tissue as a result of 1ts fast impulse formation. There are good reasons for
assumng that in some cases this 1s the underlying mechanism, and that the rate of impulse
formation n the ectopic centre 1s actually higher than the record as such would seem to
indicate

Thus 1t was pornted out above (p. 171) that, 1f a chain of ectopic beats was interrupted
by an aruficially produced number of ectopic beats of the contralateral ventricle, the interval
between the last beat of the original rhythm before, and its first beat after, 1ts interruption
always equalled a multiple of its cycle length, or differed from it by half a cycle length From
this it can be concluded that the actual rate of ectopic impulse formation was twice that
indicated 1n the record, every second impulse being blocked In other experiments irregular
ectopic arrhythmias were seen which could best be interpreted by the assumption of a faster
underlying ectoptc rthythm with 3 . 2 or 2 1 block between the centre and myocardium, or
a degree of impairment of conduction analogous to dropped beats (Scherf, 1926). Chnical
examples indicating disturbances of conduction of the ectopic 1mpulse were mentroned
above (pp. 161 and 164), but the most convincing mnstance 1n this connexion 1s a case pub-
lished by Rosenbluth and Winterberg. Their patient, a thirty-nine-year-old man, showed
A-V extrasystoles and attacks of A-V paroxysmal tachycardia In one of such attacks 2
sudden doubling of the rate was recorded (from 83 to 166 per mmute), and the obvious
interpretaton 1s that, with the slower rate, a 2 1 exit block had been present. Qutside the
attack a slower ectoptc A-V rhythm, producing beats with the same shape in the electro-
cardiogram as those dunng the attacks, interfered with S-A rhythm, the couphngs of the
ectopic beats varying between 0-38 and 0-76 second, and jt could be shown on one occasion
that, after an attack, 1solated A-V ectopic beats occurred at intervals which were multiples
of the ectopic cycle length duning the rapid phase of tachycardia

Fig 115 provides another example, obtained 1n an experiment on a dog (Scherf). At
the begintung of the record a series of eight ectopic beats 1s shown, elicited 1n the way des-
cribed above (p 169) and following one another at mtervals of 0-22 second (rate: 272 per
mmute) The rate suddenly dropped to 108 (cycle length 0-55 second). This abrupt change
in rate 1s best explained by a sudden blocking of the ectopic impulses The difference in the
height of the three ectopic impulses during slower rhythm, as compared with the beginning
of the record, can be attributed to the pronounced change in rate and does not indicate a
change of focus of onigmn.

Failure of impulses to be nitiated may also have to be considered as possibly accounting
for the change 1n rate by simple multiples of ectopic thythms This mechanism has been
found in the local oscillatory responses of grant squid nerves in certain‘experimental con-
ditions (see chapter on ** Mechanism ”, p 510).

Parasystole and Extrasystoles with Fixed Coupling

1t was pomted out that, if an independent ventricular ectopic centre produces impulses
which interfere with the S-A rhythm, the coupling of such ectopic beats to the preceding
beat necessanly vanes and that (with very rare exceptions) the varying coupling is one of the
cardinal features of this arrhythmia, which distingwishes 1t from the common vanety of
extrasystoles with fixed (or accurate) coupling. In very few cases it could be observed thata
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parasystole with simple interference changed into an extrasystolic arrhythmia with fixed
coupling of the extrasystoles (Scherf and Schott, 1930, Rothberger, 1931, p. 675, Vedoya
and Battin)) Thus Fig 105 shows n its top tracing parasystole with simple interference,
the ectopic cycle length being directly measurable (1.09-1-12 seconds) and the couplings of
the ectopic beats varying between 0-42 and 0 67 second. Other records of the same patient
established the parasystolic mechamism of the arrhythmia beyond doubt, the ectopic cycle
length being measurable i five places at 112 seconds, the rate of the sinus rhythm
varying between 64 and 98 and the couplings between 0 42 and 0-69 second  Shortly after-
wards continuous bigerminy was recorded, the extrasystoles had the same shape i the
electrocardiogram and were accurately coupled to the preceding beat, the coupling being
0 51 second (see Fig 105, bottom strip) and, 1nt a longer record compnistng 31 beats, varying
only between 0 50 and 0 52 second  This change in the arrhythmia was probably due to the
continuing digitabs treatment resulting 1n disappearance of the protection of the ectopic
centre

Vedoya and Battinr’s case 1s of specral interest since 1t shows various changes in the kind
of arrhythmua, the combimation of which 1s extremely rare  In their patient, a girl of twelve,
there was first parasystole with simple interference between an S-A rhythm with a cycle
length of 0 45-0 55 second (rate 109-133 per runute) and an1idioventricular rhythm which
was a hittle faster (cycle length 0 43-0 45 second, rate 133-139 per minute) Thesmall differ-
ence 1n the rate of the two rhythms resulted in their slow shift At several places unusually
long ntervals were noticed when a ventricular automatic beat failed to occur at a time 1t
was due, this was attributed to an exit block * 1t was then observed that at times a ventn-
cular automatic beat was followed by an extragystole of the same shape in the electro-
cardrogram, with a coupling of 0 39 second (their Fig 5) or by what appeared to be a com-
bination beat (their Fig 6) Subsequently the ventnicular automatic beats disappeared and
a bigemuny was recorded with extrasystoles which had 1dentical shape and were accurately
coupled to the preceding sinus beat with the same coupling which they previously had in
connexion with automatic beats

Such observations show that the same ectopic centre, which produces automatic 1m-
pulses, can also produce true extrasystoles with accurate phng to the preceding beat.
Similar observations were made by Rachmilewitz and Scherf in cases other than parasystole,
namely, 1n cases of aunicular fibnllation with coupled beats and 1n a case of sino-auricular
block, and by Scherf and Schott (1932) in a case of complete A-V block with ventricular
extrasystoles (For the relationship between automatic and extrasystolic impulse formation
including the sigmificance of the above observations, see chapter on ** Mechamsm ™.

Fig. 116 illustrates another combination between a parasystolic arrhythmia and extra-
systoles It was obtained 1n a case of mitral stenosis with auricular flutter and fibrillation
In this case a parasystole was found duning five days® observation, during which the patient
was given large doses of digitalis tn order to convert auricular flutter into fibrillatton
Extrasystoles were recorded, having various shapes 1n the electrocardiogram and followirg
only ventricular automatic beats, but never supraventricular ones (Scherf and Schott, 1951).
The coupling of the & les was fairly and 1t could therefore be ded that
such beats were supraventricular ones with aberrant ventricular conduction Fig 116, top
tracing, shows this arrhythma during auricular flutter, the bottom tractng during auricular
fibrillauon  No satisfactory explanation could be found for the observation, made 1n
several cases, that extrasystoles occurred only after automatic ventricular beats, For some

* Closer inspection of their tracings shows that this phenomenon was only observed after \;enmcu}‘:r
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tentative views on the underlying mechamsm the reader 1s referred to the onginal paper
(Scherf and Schott, 1951)

In conclusion 1t can be said that the occurrence of a parasystohc origin in some rather
rare cases of ectopic arrhythmia has to be considered as established  Not only does this
conception offer the best explanation of such cases, but 1t also does not conflict in any way

i th apraptad azpea alac o gred ap mhvcalame (s tha gantenry, o peara detadard pmaties

. HEEE LR . H NN
. LN LN BN oy .

\verc encountered when the ongmators of !hls 1dea made an attempt to explam by 1t lhe

variety of with accurate coupling. This having been generally

abandoned, the distinction between a parasystolic mechamsm, concerning an ectopic auto-
matic thythm, and extrasystoles 1n the strict sense of the term, being precipitated by the
preceding beat, has furthered our understanding of the mechamism underlying both these
groups of ectopic arrhythmias
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DISSOCIATION WITH INTERFERENCE
Definition and Relation to Parasystole

Dissocration with interference 1s a condition in which a faster atrio-ventricular {or, rarely,
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ventrscular) and a slower sino-aunicular thythm coexist and m which the slower sino-
auricular thythm at times wmtecferes by conducted beats with the faster atno-ventricular

ne

It fo!lows that lms arrhythmia fatls wuhm the range of pararrhythmas, the heart being
d by or 1 1Wo md dent centres Asinp fe, such an
acrhythmua 1s only possible if the centre of the stowet thythm s prcrected from the faster
wmpulses arseng 15 the other one, otherwise the faster atro-ventricular hythm would
dominate the whole heart, A-V rhythm resulting. The essential dafference between para-
systole and dussociation with interference 15 that, m the former, a slower ectopic rhythm
nterferes with a faster sino-auricular one, whereas m dissociation with interference 1t Js the
ectopic—A-V-—rhythm which 15 the faster, and it 1s the normat pacemaker which produces
the stower thythm that mterferes with the faster ectopic one  In these two varenies of par-
arthythmia, compared with one another, the séles of refative rates between sino-aunscular
and ectopic thythm are reversed and so are, for this reason, the réles between the centre
whose impulses interfere and that whose impulses are sntesfered with A further funda-
mental difference between parasystole and dissosation with interference s the penodic

hinking of both rhythms i the latter

Underlying Mechansm

As already stated, a slower smo-aunicular rhythm can exsst side-by-side with a faster
A-V rhythm onfy if the slower centre 15 protectively blocked zgainst the faster impulses of
the other focus  If thns block 15 unsdirectional and operates only 10 the retrograde dwection
from the A-V node tawards the S-A node, whereas the spread of the excitation wave 1 the
normal direction remans unsmparred, such sino-auncolar impulses, which fall outside the
refractory pertods of the conducting system and of the ventricles, will yield a response from
the ventncles How many of the sino-auncular mpulses will thus become effective 1o the
ventricles depends chiefly on the velaton between the rates of the 5-A and of the AV
rhythm, the A-V conduction time of the S-A rmpulses, and the length of the refractory perrad
of the junctional tissues and of the ventncles  Those sino-aurcular mmpulses wiich reach
the ventricles will temporarily mtesfere 1n & twofald manner with the A<V rhythm  first of
all, they will cause a * premature beat ™ of the ventneles within the otherwise regular se-
quence of the A-V anes, and secondly, the conducted impulises, while travelling through the
Junctional tissues, will wnterfere with the formation of impulses m the A~V nade, so that the
mmature impulse there will be destroyed and smpulse formation starts anew at the moment
when the conducted impulse has left the A-V node With these conducted beats, and with
these only, does the stower smo-auncular thythm mierfere with the faster A-V one, and 1t
is with these beats that the two rhythms are hinked

Expenimental Obscrvations

The occurrence of such as arrhythmia in certam experamental conditions was observed
by Cushny as early as 1897 On the grounds of analysis -of myocardiographuc tracings of:
suncle apd ventncle i dogs yecorded duning a certain stage of digtalis {strophantiun)
ntoxication he described 1t with remarkable clarity as follows

*Two mdependent rhythms may occur i the heart, and the contractions of each of the
divistons concerned may be perfectly regular in fosce, rate and size  This continues, how-
ever, only as long as the passape of impuises from the one 10 the other 15 blocked  As soon
as twa rhythms occur without any hindrance to thewr passage from one dswision to the other,
the contractions of each become wregular owing to the interference of the transmitsed 1m-
pulses with the P 1y i each division  An ympulse may
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pass either to the ventricle from the aurnicle or in the reversed direction (McWilliam, Bayhiss
and Starling).

** Returning now to the tracings obtained after digitalis, we find that in the first stage we
often have the same rhythm 1n auricle and ventricle throughout. In this case the rhythm is
auncular, the imhibitory action stowing it, but not being strong enough to block the impulse
passing to the ventricle  As the action proceeds, the inhibition becomes weaker, or more
probably the muscular action on the auricle overcomes the inhibitory and the thythm be-
comes less slowed than immedrately after the injection. The auncular thythm is still, how-
evér, somewhat slower than normal, owing to the inhibition  The muscular action 1s more
marked on the ventricle and the inhibitory 1s less powerful. Accordingly, we find the irnta-
bility of the ventricle at last so great that the slow auricular thythm 1s no longer sufficient to
satisfy 1t and the ventricle takes up 1ts own rhythm, and 1s therefore now set in motion by
two sets of impulses, one generated 1n its own, the other derived from the auricular muscle.
As long as the extraneous impulse reaches the ventnicle during ats refractory period 1t will
have no effect, and 1f the two rhythms are nearly equal a number of impulses are therefore
ineflective  In this way the irregulanty becomes periodic, the periods being longer at first
when the rhythms are nearly equal, but becorming shorter as they diverge more from each
other

* In the auricle the condition 1s simular, the same interference of the two rhythms occur-
ring and the same periodic irregulanty  Occasionally, however, the aurncle 1s fairly regular,
while the ventricle 1s periodic  This 1s because the passage of impulses from the auricle to
the ventricle 15 much easier than in the opposite direction Thus we may have an mter-
ference occurring in the ventricle from the clashing of the auricular and ventricular rhythms
while the ventricular impulses are unable to pass to the auricle, and the latter therefore beats
perfectly regularly * (P 279)

These relationships were further clarified in the early days of electrocardiography. In
1910 Rothberger and Winterberg showed 1n expeniments on dogs that, while atrio-ventn-
cular rhythm was developing or subsiding, a transient stage exists during which the auricles
are stimulated by the smus node and the ventricles respond to A-V impulses. In a subse-
quent series of experiments the same authors ot d in 1912 electr di phic records
demonstrating a dissociated cardiac action with occasional interference of conducted sino-
auricular beats with an idioventricular rhythm (see also the reproduction of such a record n
Rothberger, 1931, Fig 42)

In 1929, Scherf established that this arrhythmia occurred during a certain stage of
acomtine 1ntoxication  Fig 117 provides an example It shows A-V rhythm penodically
nterfered with by conducted S-A impulses As a result of the tnjection of acomune, the
sino-auricular rate was slowed below the A-V one, the 5-A rate being 50 and that of the A-V
rhythm 67 per minute  With great constancy one S-A impulse 1s conducted to the ventricles
after every two A-V beats The R-R intervals between a conducted and the subsequent
A-V beat (0 88) equalied those between two successive A-V beats, as would be expected (see
below) (Acomtine also diminsshed the contractility of the auricles, as demonstrated by the
absense of excursions of the mechanical record of the aunicle  Atropine restored immedi-

* ately both normal thythm and normal contractility } This arrhythmia was also found experi-
mentally to occur as a result of emetine (Boyd and Scherf, unpublished experiments) and
quimdine {Korns)

Clinical Obseryations

The first climcal case of this kind was deseribed in 1906 by Wenckebach, who, on the
grounds of h 1 records alone le at the time, gave it a different interpretation,
but later agreed with the revised diagnosis. Wilson described in 1915 an instalm:c .of this
arrthythmia, giving the tracings the interpretation, though not the name, which is now
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182 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

generally accepted  Shortly afterwards cases with the correct interpretation were reported
by White, and by Heard and Colwell. Whether the true mechanism was recognized by Lea
1n a paper published at that time (1915) seems doubtful.

That this condition was recognized as an arrhythmia sui genenss is largely due to the
extenstve work of Mobitz (1923a), who called 1t ** Interferenzdissoziation ** and also showed
that several other cases described earlier, but interpreted 1n various other ways, actually
were cases of this kind (cases of Wenckebach, Weil, Taschenberg, Edens) In accordance
with Wenckebach, Scherf proposed the term * Dissoziation mut Interferenz ', in preference
to that of Mobutz (Scherf, 1926), best rendered 1n English as * dissociation with inter-
ference " A representative list of published cases of this arrhythmra 1s contained in the
bibliography of this section  Of the four cases reported by Stein and Bartlett, only Cases 2
and 4 are acceptable without reserve, therr Case 3 1s most probably an instance of this
arrhythmia though the reproduced tracing 1s very indistinct.

Three cases of suprarenal tumour are on record 1n which dissociation with interference
was recorded amongst arrhythmias observed during hypertensive crises. In this condition
the arrhythmias are dered due to the adrenaline circulating in the blood (Burgess eral,
Hegglin and Holzmann, Espersen and Jorgensen).

Fig 118 provides an example of this arrhythmia  The record was obtained from a
patient with hypertension and coronary sclerosis who had beéen treated with unknown doses
of digitalis At the beginning of the tracing an automatic A-V beat 1s seen, followed by two
conducted sino-auricular ones. The subsequent seven beats are A-V beats; the P waves,
which occur 1n relation to these beats, gradually approach the ventricular complexes, then
are fused with them and finally emerge after the initial complexes between the R-S-R’ and
T waves The ninth P wave of the record occurs sufficiently late after the initial ventricular
complex of the preceding automatic A-V beat (the tenth of the record) to be conducted to
the ventricles  The tracing shows clearly that the first of the conducted beats gives nise to 2
p Sut ly the same cycle of slowly shifting rhythms with occa-
stonal conducted S-A beats repeated itself. In this instance the auricular rate was about
36 and the A-V rate 40 per minute  This close proximity of the two rates resulted n a slow
shift of the two rhythms, whereby most of the S-A impulses feil within the refractory pertod
of the automatic A-V beats. It should be noted that the interval between the Jast conducted
beat and the next automatic A-V beat equals that between two successive A-V beats This
1s to be expected 1n an uncomplicated case of this kind, since the conducted impulse destroys
on 1ts passage through the A-V node the immature impulse being formed there, at which
moment the impulse formation 1n the A-V node starts afresh with the same rate as during
the pertods without interference It will be shown below that and why the time relations
may be more complicated 1n some cases

That the A-V rhythm should be faster than the S-A one may be due to an abnormally
slow S-A rhythm, for instance, due to a 2 . 1 sino-auricular block (presumably present in
Fig 118), or to an abnormally fast A-V rhythm While a sharp distinction between these
two varieties, as attempted by Dressler (1930), 15 unacceptable, Fig 119 may serve to ilus-
trate this arrhythmia with faster rates It shows dissociation between a faster A-V rhythm
of 85-88 with a slower S-A rhythm of 74-76 per minute The third and seventh S-A 1m-
pulses are certamnly, and the second most probably, conducted beats. Sometimes both the
A-V and S-A rates vary; such vanations tend to occur in the same direction and are attri-
buted to vanations in vagal tone (Schar{ and Weiser, Scherf, 1926).

Since both the A-V and the conducted beats reach the ventnicles through the normal
paths 1t 15 to be expected that their ventnicular complexes are the same, as is shown 1n Figs.
118 and 119. For two main reasons, however, the ventricular portions of the conducted
beats may differ in shape from those of the automatic A-V beats  Furst, this may be due to
aberrant conduction 1n the ventricles of the conducted beats, owing to inadequate recovery
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184 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

of the paths of conduction in the ventricles As in the case of auricular extrasystoles
(see p 55) this tends to be the more pronounced the sooner after the preceding beat the
premature tmpulse 1s to be conducted  Fig. 120 provides an example It shows dissocration
with interference between an A-V rhythm of 51 per minute (cycle length 1-16 seconds) and
a very slightly slower S-A rhythm of 50-51 per minute (cycle length 1.17-1.20 seconds) The
fifth sino-auricular impulse, which occurs at the very start of the fifth automatic A-V beat,
1s conducted to the ventricles with the lengthened A-V conduction trme of 0 63 second and
gives mise to a ventricular complex, the shape of which differs grossly from that of the A-V
beats. The next S-A impulse 1s also conducted, but with the shorter P-R interval of 0 33
second, and 1ts ventricular portion does not materrally differ in form from that of the A-V
beats It 1s obvious that, on superficial inspection, the first of these conducted beats may
eastly be misinterpreted as ventricular extrasystole (see also Burchell)

The second reason for a difference 1n shape in the ventricular portions of conducted
and A-Vbeatsis d with interference between an idioventricular centre
and the normal S-A pacemaker Fig 121 shows such a case, demonstrating dissociation
with interference between an 1dioventricular centre situated below the bifurcation of the
bundle of His, and S-A rhythm With such a location of the centre of faster impulse for-
matron the ventricular portions of its beats cannot resemble those of conducted beats The
rate of the idioventricular rhythm was 94 per minute (cycle length 0 64 second), that of the
S-A rhythm 85-88 per minute (cycle length 0.68-0-7 second) The long interval in the
centre of the tracing, between the automatic beats before and after the sinus beats, measures
1 76 seconds, this 1s not a multiple of the automatic periods which indicates that there 1s no
protection of the ectopic centre from the sinus beats  In addition, this figure also shows the
hrst vartety of abnormally shaped ventricular complexes, namely, that of conducted beats
due to aberrant conduction the seventh and eighth S-A impulses are conducted, the seventh
with aberrant conduction

Special features regarding time relations

Reasons were given above for the that, in the d case, the interval
between the ventricular complexes of a conducted and that of the subsequent A-V auto-
matrc beat equals that between two successive automatic A-V ones. But this 1s not invar-
ably the case, such intervals sometimes being found shorter, sometimes longer than the
inter-automatic ones. The analysis of such differences has thrown some Iight on the under-
lying mechanism and 1s of physiological interest

Shortening of the mter-ventricular interval foll g a d beat may be found 1f
more than one conducted beat follow n succession This tends to be particularly pro-
nounced 1f the A-V conduction time of the first conducted beat 1s considerably longer than
that of the second  Such annstance s contained in Fig 120, in which the interval following
the conducted beat P;~Rg 15 shortened to 0 88 from the usual 1.12-1.16 seconds inter-
automatic interval of this case. During that time the rate of the S-A rhythm remamned
unchanged, and the shorterung of the interval R¢-R, can be shown to be due to the differ-
ence 1n A-V conduction time between 0 63 second of the first and 0-33 of the second beat.
But shortening of this interval 1s also observed 1f no second conducted impulse follows the
first and this 1s of considerable physiological interest  Fig 122 gtves an example. It shows
dissociation with interference between a faster A-V rhythm (R-R cycle length 0 86-1.00
second; rate 60-70 per minute) (disregarding the abnormally long cycle [7 for reasons
given below), and a slower S-A rhythm (P-P cycle length 0 94-1-16 second, rate 52-63 per
minute). Some S-A impulses are conducted and yield ventricular responses (cycles I, 4,
10, 13) Cycles 2, 11 and 14, all of which follow conducted beats and are themselves cer-
tainly not terminated by a second conducted beat, are shortened to 0 66 and 0 68 second
respectively. This phenomenon was first described by Scherf (1926) who established
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186 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

that 1t 1s due to delayed conduction of the conducted S-A beat in the bundle of His. As
the delay takes place below the A-V node, impulse formation starts in the node, as 1n most
cases of this arrhythma, at the moment the conducted impulse has left the node; since,
owmng to the infra-nodal delay in conduction of the conducted impulse, the ventricular
excitationt of this beat occurs later in relation to the impulse’s leaving the node, the subse-
quent interval s bound to be shortened The physiological importance of this observation
lies 1n the fact that 1t forms one more proof of the occurrence of disturbances of conduction
n the bundle of His {cp sectton on “ Extrasystoles 1n A-V Rhythm and Return Extra-
systoles ", p 102) This nterpretation 1s also supported by the observation that in one
case, showing this phenomenon, other signs of impaired conduction were present,
namely, intra-auricular disturbances of conduction, lengthening of the A-V conduction
time, and aberrant conduction 1n the ventricles (Schott, 1937a) Simular observations
are contamned tn a paper by Luten and Jensen, though differently interpreted by the
authors
Contrariwise, the interva d beat may be / 7 A small degree
of such prolongation can be attnibuted to mhibition of A-V impulse formation as a result of
the passage through the node of the conducted 1mpulse In some cases, however, such
intervals are far too long for this explanation to be acceptable Fig 123, taken from the
same case as Fig. 120, d rates this pt It shows d with inter-
ference (rate of A-V rhythm 52-55 per minute; cycle length R-R 1 08-1-16 seconds, rate of
S-A rhythm 46-54 per minute; cycle length P-P 1.12-1-30 seconds) The first two cycles
show the P waves gradually approaching the automatic A-V complexes, the fourth P wave s
fused with the last part of the ventricular complex of A-V beat No 4, and this beat 1s fol-
lowed by an interval of 1-62 second, after which the heart beats in sinus rhythm for the next
three beats The question poses itself why did no atrio-ventricular beat occur after the
usual interval of 1-08-1 16 seconds? The same phenomenon occurred on two other occa-
sions (cycles 9 and 14) Closer analysts of these and other records revealed that such abnor-
mally long mtervals were observed only if an auricular contraction fell just at the end, ot
cotncided with the beginnng of the automatic ventnicular deflections. It could be shown that
S-A impulses falling just in these phases were conducted to the ventricles, but failed to yield
a response from the ventricles, as they were blocked 1n the Jower parts of the conducting
system The conducted impulse, while passing through the A-V node, there discharged the
immature 1impulse, formation of the next A-V impulse starting again when the conducted
impulse had left the node. However, before the next A-V impulse could become effective
the next S-A impulse stimulated the ventricles as well as the auricles It wjll be observed
that all three abnormally long intervals are, 1n fact, termenated by conducted beats. Thus,
in these instances 1n which the impulse formation n the A-V node apparently suddenly fails
to occur, the condition actually reveals itself as a further degree of impairment of conduction
mn the bundle of His, a sino-aunicular impulse, though passing through the node, being
blocked in the bundle, These relationships could be proved by calculation and were found
to be accurate within 0 01-0 02 second (Schott, 1937b). The same mechanism 15 responsible
for the abnormal length of cycle 17 in Fig 122, and for a similar phcnomenon 1 Vedoya
and Battini’s case though mlerprelcd by these authors as due to a sudden exit block (see
preceding section on * Parasystole ™', p 176). A similar explanation was put forward by
Winternitz, who observed only one lnsl:mce of this phenomenon which he attributed to a
certain cnitical length of the R-P interval, intermediate between shorter ones not resulting
1n a conduction of the S-A impulse, and longer ones with the customary inverse relationshtp
between R-P and the subsequent P-R intervals A similar view was expressed by Korth and
Schrumpf (1936), but no time relations were given A further mstance of lhls arrhythmia
has recently been reported by Gentile (Case 1}
While, 1n such instances, the site of block has to be located in the main bund]e, acase of

1foll 4 7




187

PARARRHYTHMIAS

doy dsoff SD  § LE6] 'LIOHDS WOLJ  SNONUNUOD ai SALIS OM) YL  SIH JO S[PUNg SU3 LI UONINPUOI
JO S32UPQINISIP 0} BUTWO J23q PAIONPUOD € RUIMO|0] [UAINUS a3 JO BUILIRITUI| Ut *3OUIIINUI YU UoHEDOSSIG~— £T1 01

zu s 091 _/Nﬂ ﬁ ¥ ﬁ »1 80T ﬁ
% & 2 @ %
‘ oTt 31T 911 cel 92T [sr-A1 8IT 027
‘n-sfhn%&v!. a&ﬂﬁfﬁﬁ vgf

q.kaf.\ﬁz R R
U LERONN mf.} A ey

Lrorpes ‘
b v (frez =2 e i n..’.i;ﬁ

e L L n

FAR £l sl bl €l 4l i3 ol

291 en _ 21t 21t 2Tt 291 N.: «d a1t EIEITLTEN
- ﬁ stpung
T 3poN.

3 LA @ J "
810
g2l 139 921 91t g1t ToTInY

“op 8240



188 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

dissociation with interference has been reported by Burchell in which disturbances of
conduction of S-A impulses occurred 1n the night or the left bundle branch. Which of the two
bundle branches failed to conduct depended on the interval between the P wave of the con-
ducted beat and the R wave of the preceding A-V beat- with R-P intervals of 0-18-0 28
second left, with those of 0-30-0-39 second nght bundle branch block configuration of the
conducted beat was recorded The atrio-ventricular conduction time of beats with left
bundle branch block was considerably longer than of those with nght bundle branch block
Dufferent recovery rates of the two bundle branches was d by way of a hypot}
explanation of this observation, and the possibility of a supernormal phase of recovery in
conductivity of the left bundle branch block was considered

Whatever the reason in an individual case of dissociation with interference may be that
causes the A-V rate to exceed that of the S-A pacemaker, the prerequisite for this kind of
arrhythmia 15 that the rate of effective tmpulses produced by the A-V node exceeds that of
the rate of S-A impulses being capable of being conducted at least as far as the A-V node
Thus, halving of the effective S-A rate by 2 : 1 sio-auncular block 1s one of the various
conditions that may gwe nise to this arrhythmia (see above Fig 118). The same holds
good 1n cases of 2 1 A-V block, in which the rate of the automatic rhythm is faster than
half the S-A rate (Dressler, 1929) 1In this connexion the observation 1s of interest that
dissociation with interference occurred 1n a case of paroxysmal tachycardta with 2, 1 A-V
block At one stage, probably as a result of digitahs, dissociation with interference ensued
when the A-V rate became a httle faster than half the aunicular rate (P-P intervals 0 28—
0 3 second, aurscular rate 200-214 per minute, R-R intervals 0 52-0-57 second, A-V rate
105-115 per minute) Owing to increasing disturbances of conduction below the A-V node
of the conducted impulses, some of them failed to yreld a ventricular contraction and
abnormally long ntervals tn the ventricular rhythm resulted (Schott, 1946)

Dissociation with interference between a faster ectopic auricular rhythm and S-A rhythm
cannot be considered as established Mobuz's attempt (1923b) to explain in this way a case
reported and differently interpreted by Kaufmann and Rothberger {Case 1) ts uhconvincing
and was nghtly cnticized by Schellong (1924)

Diagnosis

The recogmtion of this arrhythmia 1s only possible by graphic methods. On routine
chinical examination 1t 1s bound to be mistaken for sinus rhythm with extrasystoles. a
regular underlying rhythm is found which 1s occasionally disturbed by premature beats, and
the conduswn W ould sccm obvmus tha! the regular rhythm 15 smus rhylhm and lhe prema-

- - et

electrocardiogram 1s available the main difficulty 1s to d. it from return

(for a short summary of the main points see Herrmann and Ashman); this can only be

achieved with certanty if longer records are taken An independent auricular rhythm 1s

one of the 1 features of d with mterference, and the diagnosis of ths

arthythmua 1s supported if the P waves are upnight inleads 1 and 2, or leads 1,2and 3 The

shape of lhe P \\a\es, in lhe prcsencc of an lndcpendent auncu]ar thythm, also serves to

- Other pormnts rcgard-

“ Relum Extrasystoles” (g v,

‘etrocardiographrcally, particu-

Iarly if only shorter records are used, and a typical record was msinterpreted as showing
ventricular escape as recently as 1948 (Kirby)
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Clinical Aspects

Conditions which are known to give nise to this arrhythmia are large doses of digitalis,
infectious diseases {endocarditis, pneumonia), and impairment of the normal impulse for-
matton 1n the sino-auricular node presumably due to impairment of its blood supply, n
other cases no aetrological factor can be traced  The chief and often sole complaint of the
patient s palpitation which may be very tronblesome; 1t 35 caused by the conducted beats
Fainting and grddiness may occur 1n cases with marked stnus bradycardia  The condition
1s often transient  One unusual instance, in which this arrhythmia was recorded 1n a young
child after scarlet fever and observed over several years, was reported by Schott (1951)

In many cases thts arrhythmia does not require treatment  If it can be assumed to result
from digitalis treatment the drug should, of course, be temporanly discontinued In one
case, in which no digitalis had been given, 1t was found that small doses of this drug (0 125
mg Digoxin, twice dasly) abolished the arrhythma and restored sinus bradycardra (Schott,
1937a)

REFERENCES
Bav,C W L (1939) "~ -~ -~ - o
BurcreLL, H B (1949) 1ation and different recosery rates of
excitation m the bunc H
BURGESS, A. M, WATERN Irenal sympathetic syndrome with un-

usual variations in ca

Custivy, A R (1897)_ “ On the action of substances of the digitalis senies on the circulation in mammals **
J exp Med, 2,233 R

Dresster, W (1929) ** Dissoziationen und Interferenzen ber partiellem Herzblock ™ Z kfin Med, 1,
5

Dresster, W (1930) ™ Zur Fray der Inter und der Fort-
5 90} " Zur Fr A PN
e
.
~ C e e e + radyeardic pemasente 2 40 Rythme noda aves
Mal Coeur, 21, 210
_Rev_argeni Cardiol 18,212
st of

wntern wed, 1, 10

KortH, C, andSchUMPr w (1936) ** Ueber Inter 1m Elek " Disch
Arck Min Med , 179,

LEa, E (!915) . Complete hcarz block with higher ventricular than auricular rate ** Lancer, 1, 1289

Levin, E (1940) “ Los efectos mmediatos de 1z atropina endovenosa sobre €] ritmo cardiaco Rev
argent Cardiol . 6,353 Rb
Lukowsai, P von (1932) bes akutem " Disch

Arch 'kl Med, 174

Luten, D, and JENSEN T (1932) * Ventricular bigeminy (parasystole or reciprocal thythm) i atrio-
ventniCular rhythm » Amer HeartJ, 7. -

Mosurz, W (1923a)  “ Zur Frage der atrioventrikularen Automatie Disch Arch kim Med, 141,
257



150 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

P B .

C N . "
wisen Avon aun Med, 13, 21c,

Papitia, T, and Cossio, P (1931) * D
sinusal ” Bull Soc Hip Paris, 47, 49,

RomserGer, C J (1931) “Normale und pathologische Physiologie der Rhythmik und Koordination des
Herzens "‘:E;grbnd}’hvxml , 32,472

a

aurcul e par de I

K . (1910) ** Ueber die Bezichungen der Herznenen zur atrio-
ventrikuldren Automatie ” Pflug Arch ges Phnsiol., 135, 559
. and 12) * l{eb:r E“msyslo]en mit kompensatorischer Pause bet
e o

K und uber die Pflug Arch ges Physiol,
146, 385

Scharf, R, and Wrser, E (1923) ™ Ueber am Herzen ™" Ihien
Arch i Med , 7, 177

Scheriong, F (1923) Beaob: am by M hen ™ Z ges exp

ed , 36, 297.

Schetiong, F (192¢ ™ am- v« - LR Vom e -
ubertragung™. . '

Scuery, D. (1926)

Scuerr, D (1929) .

Allorhythmien 2 ges exp Mea 03, 190
Screrr, D, and Bovb, L J (1948) Climcal Elecirocardiographs, 3rded Wm Heinemann, London  Figs

224,225
Scuort, A (19372) * Atrroventricular rhythm with and without retrograde block ™ Amer Heart J,

ScrotT, A (1937b)  * Dissociation with wnterference of the heart ™ Gin’s Hosp_ Rep , 87,215
HOoTT, A (1°°7 ™ Stromotoemst mmedoo e e e R e

Sc -
dissocatt - b

Schorr, A (1 - r-
ference, . . 8,

348

StrN, I and BARTLETT, A G (1946) * Interference dissociation—an carly finding 1n acute rheumatic
fever  Amer J med Seci, 211, 686

TascHENEERG, E W (1921) * Bentrage zur kliuschen Elektrokard ographie ** Disch Arch Ahin Med , 137,
ol

.- R e Myomas 4 A N T e S e e o e

Whre, P D (1916} * Ventricular escape with observations on cases showing a ventricular rate greater

N . “ompany, New York Fig 161d on p 927
. ' " thythm m man after the adminsstration of
. ' srungen 1 Menschenherzen ™ Hien Arch

inn Mea, ol e

SUMMARY

Pararrhythmuas are defined as a group of arrhythmias in which two (or rarely more}
centres pendently produce Ises which yield of the whole heart or
parts of the heart, without disturbances of conduction of the normal impulse being respon-
sible for the arrhythmia ]

The prerequisite, which makes it possible for two independent rhythms to co-exist, is the
protection of the centre with the lower rate of effective 1mpulse formation agamst the
Intrusion of the stmuli produced by the faster centre  Failing such a mechamism, which was
termed protective (or entrance) block, the faster centre would domunate the rhythm of the
Wh?l!;:c;[;;n groups of pararrhythmuas are distinguished (1) An automatic centre situ-
ated, with rare exceptions, ina ventricle, may produce impulses imnterfering wnlh those of the
normal pacemaker; this variety is called parasystole; (2) a faster atrio-ventricular rhythm
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may co-cust with a stower sino-aunicular one, the resulung archythmia being termed
dissociation with interfesence.

Parasystale

Two vaneties of tius arrhythmia may be distinguished  (a) parasystole with simple
interference, and (b) parasystofe with exit block

1n parasystole with simple interference the impulses of a slower ectopic centre nterfere
with those of the faster sino-auncular node 1 such a way that the stumul of esther yield
vemtecular conteactians of they falt owtside the refractary period of the preceding beat  The
matn criteria of this arrhythmua ave  the varying i length of the coupling of the ectopic
beats to the preceding S-A beat; the sumple mathematical relationship between the inter-
ectopic intervals (which are defined as the intervals between consecutive ectopic beats
separated by one or more S-A beats), the divisibility of the inter-ectopic intervals by the
ectopic eycle length where the fatter 15 directly measurable as the mterval between two
ectopic beats occurring in succession, the occurrence in the electrocardiogram of combine
ation (fusion, summation) beats, intermediate 1n shape between those of beats produced
by either centre alone, and bewng irdicanve of the or nearly 1
activation of the heart by impulses originating from boxh centres  Some quakfications and

T of these diagnostic critersa are di

A Dist of forty-mine cases 1s given m which this diagnosis can be considered to have been
established, including eighteen personal hitherto unpublished snstances It is pointed out
that, as far as this small number makes 1t possible to draw any conclusions, this arrhythmia
tends 10 occur 1n patients with structural heart disease

Four reported cases of parasystole with sumple interference, in which the ectopic centre
was situated i an avricle, are discussed and one personal observation 1s added.

One 1nstance of ventricular parasystole with the ectopic centre Jocated above the bifur-
cation of the bundle of His 15 discussed, as well as the expenimental production of para-
systole by means of veratrine

Parasystole with exit blocth differs from the forepoing varsety in that the rate of mpulse
formation 1n the ectopic centre 1s faster than that of the S-A pacemaker and that some of the
ectopic impulses are pi d from t effective by a h termed exit block
Faling such exit bluck an ectopic rhythm or ectopic tachycardia would result  Several
instances of this comparatively rare arrhythmia are given

Observations on intersusient paras stole are discussed, that is, a conditon 10 which
parasystale accuurs pertodcally

The develnpmcm of the conception of a parasysiolic mechamsm of some ectopic

15 d, with special 10 the pioneer work of Kaufmann and
Rothberger It 1s pomted out that, contrary to the onigmal contention of these authors,
such a mechanism is unacceptable to explam the chmeally common variety of extrasystoles
with accurate coupling, but that their 1deas have stimulated much thought 1n the analysis
of cluncal and experimentai records of wregular heart action

The nature of the condition underlying protective and exit block 1s discussed, and expers»
ments proving the existence of a protective mechamsm are reviewed Regarding the pos-

sible mechamsm of protective and exit block 1n chimeat cases, the various views about its
nature are discussed Whife most authors assume an anatomical substratum, focated
around, and in close praxmmuty to. the ectopic centre, we believe that 2 dimimshed excita-
bility of the ectopsc, parasystolic centre in regard to the conducted impulses 15 the essential
facxor undcrlymg such protecnion  We therefore prefer the term ** protective mechamsm *,
** protection ”, 1o ** protective block ™
Thc rare msxanc:s of transition, in the same case, of a parasystolic ectopic arshythmia
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nto an extrasystolic arrhythmia with accurate coupling of the extrasystoles are reviewed
The sigmificance of such observations regarding automatic and extrasystolic impulse for-
mation 1n ectop¢ centres 15 emphasized and reference made to the chapter on * Mechan-
1sm underlymg the Ongin of Extrasystoles™ which 1s devoted to the discussion of this
subject.

Dissociation with Interference

This 15 a condition 1n which a faster atrio-ventricular rthythm and a slower sino-auricular
rhythm co-exist and 1n which the slower sino-aurscular rhythm at times wnterferes by con-
ducted beats with the faster atrio-ventricular one

As 1n parasystole, protection of the centre of slower impulse formation from the stimuli
of the faster centre 1s a prerequisite, but, as distinet from parasystole, 1n dissociatton with
nterference the ectopic-——A-V—centre 1s the faster, and the normal pacemaker the slower
centre

If an umdirectional block ewsts between the A-V and S-A node, operating only 1n the
direction from the A-V to the S-A node, such sino-auricular impulses which fall outside the
refractory period of the conducting system and of the ventricles will yield ventricular
responses, and these conducted beats interfere with the otherwise regular A-V rhythm With
these conducted beats, and with these only, are the two rhythms linked.

The conducted impulses give rise to ** premature > beats and, since they destroy the
mmmature 1mpulse in the A-V node when passing through the node, the mterval m the
ventnicular rhythm following a conducted beat 1s, 1n the uncomplicated case, equal to that
between two successive A-V beats Since both the conducted and A-V beats reach the
ventricles throvgh the normal paths, the shape in the electrocardiogram of these two kinds
of beats 1s, 1n the uncomplicated case, identical

Exceptions to this rule, both regardmng lengths of mtenvals and shape of beats, are dis-
cussed, and 1t 1s posnted out that the closer analysis of these phenomena is fully in accordance
with, and has thrown further light on, some principles of cardiac physiology Most of these
exceptions could be shown to be due to disturbances of conduction of impulses 1n the bun-
dle of His and/or in the ramtfications of the conducting system n the ventricles

The reported clinical instances of this arrhythmia are reviewed and a representative list
of published cases s d 1n the bib] hy of this section

The expenimental conditions, m which this arrhythmia was observed, are reviewed

Chincally, the diagnosis can only be made by graphic methods since otherwise 1t 15
invariably mistaken for sinus rhythm with extrasystoles Electrocardiographically, it has
tobed hed from return extrasystoles and from auncular parasystole.

Large doses of digitalis and infectious diseases are the chief known precipitating factors

The conditron !cnds to be transient and, in this event, no treatment 1s necessary In
other cases temporary d tion of digitalis 15 1nd




CHAPTER IV

THE COUPLING OF EXTRASYSTOLES. BIGEMINAL RHYTHMS

Coupling 1s defined as the time interval between an ectopxc beat and the beat preceding
it All such ectopic beats are often (ermed cx(rasystoles but m our oplmon this 15
undesirable for reasons fully d in this book Reg the 1
of ventricular extrasystoles, see also p 27, of auricular extrasystoles, p 48, for Lewss's
terminology (Lews, 1925) p. 27

ACCURATE AND VARYING COUPLING
A ding to therr 3| “ extr " can be divided into two main groups

plhng,

(1} those with accurate (constant, fixed) coupling in which the time nterval between the
“ extrasystole ” and the preceding beat 1s constant or varres within very narrow or
systematic regular limats, and

(2) those with varying coupling in which vanety ** extrasystoles ” occur 1n all phases of
diastole

A sharp distinction between these two groups 1s justified on historical, expenimental,
chinical and theoretical grounds

The varying coupling which charactenizes the above group (2) 1s the hallmark of an
automatc ectopic centre of (mpulse farmauon €O~ exxslmg with the normal pacemaker, th:
resulting arrhyth; P d 1n the chapter on pararrhythmuas (g v )
The present chapter 1s conﬁned to the discussion of the above group (1) to which alone m
our opinion the term extrasystoles in the strict sense of the word should be apphed

BIGEMINAL AND TRIGEMINAL RHYTHMS

Ext les with accurate coupling may occur singly, or after a longer or shorter series
of beats of the dominant rhythm, or after each beat of the dominant rhythm 1In the last
mentioned case the ensuing rhythm often 1s termed bigemnal rhythm or coupled beats
Not infrequently this term ts apphed rather loosely and grves nise to confuston  Used merely
1n a descriptive way, 1t denotes a thythm in which two beats occur within a comparatively
short interval which 15 preceded and succeeded by a longer pause  While m the majonity of
such cases such rhythm is the result of an extrasystole followng each beat of the dominant
rthythm, this 1s by no means the only underlying mechanism as will be shown below For the
sake of clanity we therefore d that, of ths 15 used at all, 1t be qualified
by adding the mechamsm responsible for 1t, for example, bigemmal rhythm due to ventri-
cular extrasystoles, bigeminal thythm due to every third sinus 1mpulse being blocked on
therr path to the ventricles, etc  Some examples of bigeminat rhythm due to mechantsms.
other than extrasystoles are given later i this chapter

HISTORICAL
Supplementing what has been said 1n the chapter on * Historical Remarks ', a few
words about the of our of heart action and pulse may
o 193
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ot be amiss Traube was the first to observe, 1n 1862, what he called ** zwerspitzige Wel-
0" (bifid waves) in blood-pressure records, obtatned after the injection of curare and
lateral vagotomy. Subsequently, in hts paper on the effect of CO poisoning, he suggested
1e term pulsus bigenunus as supertor to *‘ zweispstzige Wellen ” (Traube, 1865-66) 1In
372 he encountered 1n pulse tracings of patients what he called a vanation of the pulsus
] which he 1 pulsus al; , namely “a ion of high and low pulses,
+ such a manner that a low pulse regularly follows a high pulse and this Jow pulse is separ-
ted from the ensuing hugh pulse by a shorter pause than that between it and the preceding
igh pulse ”” (Traube, 1872, quoted from Cardiac Classics,p 591) While Traube succeeded
1 differentiating the dicrotic pulse from pulsus b and als s, a be-
veen the two latter had been started which for a considerable time was to obscure the analy-
s and particularly the prognosts of this group of arrhythmias An added source of con-
1ston about the significance of “ bigeminal heart action ™ was due to Wenckebach’s con-
:ntion, which he mamntamed for several years (1903, 1906), that true bigeminy should only
e assumed 1n cases 1n which the two beats of the twin contraction were accurately coupled
nd of an identicat nature, and that this form of arrhythmta had no connexion with extra-
ystoles This view was soon contested by Hering (1904, a, b) (who attacked Wenckebach
1 language leaving little doubt about the strength of his convicttons and the intensity of his
motions, 1904b) and had to be abandoned when 1t was established by Lews (1910) that
he two beats of the parr ongmated in different focr

A different kind of terminological confusion has arisen more recently in regard to the
.ord trigemunus  Wenckebach (1914) defined tri-, quadri- and polygeminy as arrhythmias
1 which two, three, or more extrasystoles, respectively, follow one another, and many
uthors before and after him bhave used these terms 1n this way Of late, however, the
esignation trigemnus has been applied to arrhythmias in which one extrasystole followed
wo normal beats Occasionally the same term has even been applied by the same author

' o T . bRt PR
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5 1n accordance with the historical development—which oniginated from Traube's use of
heterm pulisus bigeminus (see above, and alsosection on *“Ventricular Extrasystoles”, p. 33—t
» clearly undestrable to use the same word to describe two totally different kinds of arrhyth-
ma  Kisch who, 1n 1945, devoted a special study to this questron of terminology, and to
‘hose paper the reader 1s referred for particulars about the various ways mn which various

rere ongnally suggested
EXPERIMENTAL
1n contradistinction to the great frequency with which extrasystoles with constant coup-
S s BT o alar s eies A Ot an N A

v

wanik e s

bbit by clampeng of the carotids after sensitization of the animal with barium (Schott,
11}‘\;3;5; (Iseeyalso chapter on “* Nervous System ™, p. 225) Of these, the first 1s the one
ively studied Fig 124 provides an illustration. Fig 124a

as been most extenst
that k 3 e a doe after the imection of such small doses of acomitine that no effects




THE COUPLING OF EXTRASYSTOLES 195

could be traced tither in the mechanical (suspension) records of the right auricle and
ventricle, or in the ekctrocardiogram which shows sinus rhythm  Stimulauon of the
right vagus in the neck immediately produced ventricular bigeminy with extrasystoles of
constant shape and constant coupling following each sinus beat (Fig 124b).

1t will be shown elsewhere 1n this book (chapter on * Mechamsm ) that extrasystoles
1n the strict sense of this term onginate in a circumscribed focus where they are precipitated
by the precedmg beat The behaviour of the coupling proved to depend on the path which
the impulse of the inttiating beat had to traverse in order to reach the centre of extrasystohe
impulse formation Fig. 125 1s taken from one of these expeniments (Scherf, 1930} Fig.
125a shows a continuous bigeminal rhythm 1n a dog, followng mjection of acomtine. Each
sinus beat was followed by an extrasystole which oniginated in the left ventricle; the extra~
systoles had the same shape and constant coupling of 0-225 second When the night bundle
branch was temporarily damaged by means of pressure with the back of a small knife, the
ventricular complexes of the stnus beats assumed the shape seen 1n bundle branch block

L ctrsaie

Fic 124 —From an expeniment ona dog  Tracings from above downward are
suspension curves of nght auncle and right ventricle, electrocardiogram
(ano-oesophageal lead). tme base DOZ second @  After wyection of
N yme base

/

(widened QRS complexes, see Fig 125b) The coupling of the extrasystoles remained un-
' T A e O e AL LS .

shape of the extrasystoles remaining the same (Fig 125¢) This lengthening must be a’unt
buted to the fact that, alter the left bundle branch had been cut, the sinus mmpuises could
reach the extrasystolic centre only via the longer path of night bundle branch and nght
ventricle. Subsequently the nght bundie branch was also severed and complete A-V block
resulted  The idioventricular automatic beats onginated in either the night or the left
ventricle, each being followed by a left-ventricular extrasystole, as before Again, the length
o phing of the les depended on the length of the path which the mtiating
lm‘pulse had to traverse in order to reach the extrasystolic centre, that 15, depended on the

view that extrasy ongmaten a 1bed focus
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The length of coupling of cxnasys(oles 15 a(so affected by certain drugs. Rrgardmg
fes produced by therr may mncrease at the end of a series of
extrasystoles just before they disappear (Scherf 1929a). Other drugs having a similar effect
on extrasystoles produced 1n this way are atropine (Scherf, 1929b) and quinine (Scherf and
Siedek, 1935). F:g 126 provides an example of the latter. In a dog, ventncular bigeminy
had been produced b the extrasy s having the constant coupling of 0-23
second. Following the i of the large dose of 0 5 gramme of guinine bi-
sulphate in a 20 per cent. solution, marked changes occurred in the shape of the extrasystoles
and thesr coupling increased to 0-29 second (not shown), A second injection of the same
dose of quinine caused a further lengthemng of the coupling to 0+33 second {Fig. 1262) and
subsequently to 0 36 second (Fig 126b)  After a further sjection of 0 2 gramme quitiine
the coupling attaned @ 635 second (Fig 126c)

CLINICAL OBSERVATIONS

fn climeal experience extrasystofes with constant couphing are far commoner than those
with varying one. Amongst sixty cases with extrasystoles (fifty-one ventncular, nine auni-
cular in onigin) followed by a compensatory pause, constant coupling was found in 91.6 per
cent. (Schellong, 1924) According to our expemence this percentage is probably even
higher In this vanety of extrasystoles the couphing remams remarkably constant even
with pronounced changes in the rate of the S-A rhythm (Wenckebach and Winterberg,
1927y, If the cardiac rate increases considerably as the result of atropine the couphng
remans constant (Heting, 1904, pulse tracings only), and Samet observed a patient m
whom the couphng remained unchanged ¢ 44-0 46 second during S-A rhythm and dunng
an attack of aunicular fibnflaon  Frey (1918) found such variations not to exceed 0-06
second in seventeen out of twenty cases  Also 1n extrasystoles caused by diprtalss, which
are ¢h 1zed by almost it 1 changes 1n shape, the coupling was found to vary
only by 0 02 second in eleven out of fifteen cases and (with one exception) by not more than
0 03-0 04 second 1n the remaming ones {Scherf, 1931, 1932)
ll'd‘fferent cases are comp:)ted it 1s found that, on the whole, the range of coupling of
small, ding from about 0 35 10 0.6 second. Thss s also
frue )‘or dxgltahs extrasystoles 1 fifteen cases in which the coupling was accurately meas-
ured 1t ranged from 0 35 to 0 56 second and seven amongst these showed figures of 0.35-
0 45 second (Scherf, 1931)

In rare cases this range 1s considerably exceeded on erther end. Thus Fig 127 shows
auricular fibrllation with exteasystoles occurring with the exceptionally fong coupling of
1 12seconds Insucha case ave-entry mechanism to account for the extrasystoles 15 clearly
impossible {see chapter on ™ Mechanism ™) The other extreme 1s ustrated by Fig 128,
obtained from a patient with coronary sclerosis, wm which extrasystoles are seen with a
coupling of only 0 26 second, occurnng before the T wave of the preceding beat had been
fully inscribed  From observations like these 1t was deduced by some that the extrasystolc
stimulus must be a strong one, for a entieal discussion of this view see section on ** Intensity
of Stimulus ™, p 367

If the coupling of ventricular extrasystoles 1s comparatively long in refation to the rate of
the underfying rhythm, that 1s, if the extrasystoles occur very late in diastole, after the P
wave of the subsequent normal beat 15 frully msenbed, they are scarcely premature or not
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THE COUPLING OF EXTRASYSTOLES 199

extrasystoles  Owing to slight vanations 1n the rate of the sinus thythm the extrasystoles
oceur 50 late that, in some parts of the tracings, the coupling measures as much as the R-R
intervals between two sinus beats—0 52 second~—so that 1n this case the extrasystoles can
hardly be said to be premature. Extrasystoles of this timing are formed at a time when the
next normal impulse spreads over the ventricles (Calandre, 1920) They may easily be con-
fused with stnus beats with aberrant conduction in the ventricles

Periodical Spontancous Changes 1n the Length of Coupling

In addition to the common varsety of extrasystoles with constant, and the infrequent
one of ectopic beats occurning with varying coupling, periodical spontaneous changes of
coupling of extrasystoles are seen in rare mstances

One vanety 1s a gradual lengthening of the ling in les until one
15 *“ dropped ** and the cycle starts anew Three mstances of this have been reported In

Fic 129 —The three standard leads Ventricular extrasystoles occurring so
late 1n diastole that they are not premature

by the assumption of disturbances of conduction of the normal impulse on its way to the
centre of ectopic impulse formation  This interpretation was cniticized by Goldenberg and
Scherf who published 1n the following year an instance of a simular, though more compli-
cated, arrhythmia  Whereas tn Zander's case the arrhythmia was found on only one occa-
sion—subsequent tracings showing either sinus rhythm or ventnicular extrasystoles with
fixed coupling of 0 48-0 50 second—Goldenberg and Scherf recorded ventricular extra-
systoles with periodically couphing on Fig 130, top record,
reproduces one of their tracings  The first two bzats are sinus beats, the second to fifth
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sinus beats are each followed by a ventricular the hing of which

from 0 48 {0 0 6 second  After the next sinus beat no extrasystofe occurs, Subsequently
the same phenomenon s seen to start agan, the couphing of the last two extrasystoles m
creasing from 0 48 to 0 52 second  in this case a ceuphng of 0 80 was observed on one
occasion At other times, however, the opp was ded, namely decreas
m length of 5 two ¥ occurnng in succession and having the
same shape were also seen, whcr:hy the imnterval between the two ectopic beats was usually
shorter than the coupling of the first extrasystole of the group. While Goldenberg and Scherf
found 1t tmposstble to determine the undertymg mechanism with any degree of certainty on
the ground of their observations in only one such unusual instance, they were able to show
that their case cannot be explamned by assuming disturbances of conduction and that distur-
bances of ympulse formation was a more likely tentative explanation  The fact that the
shortening of successive couplings tended to be observed at a time when extrasystoles had
been absent for some considerable period pomted to some possible anatogy with the

Fic 131 —Avrncular higesminy with alternation m the length of the couphng

** rhythm of development ™, namely the gradual quickening of the idioventricular rate after

sevening the A-V bundle mn the frog (Gaskell, 1883) A somewhat similar case has been

observed by Mack and Langendotf
A i [

[ e R R

l'rom 046100 52 second after whlch two smus beats ocour m succession, one :xtrasyslolc
being “dropped™  The same ¢ oceurred sub ly, the coupling g
wmcreasing from 0 42 to 050 after wiuch five sinus beats occurred without any c“msys\olc
The bottom stup shows the same phcnomenon. namely a gradual snerease of the couphing
from D 41 to 0 55 second, wnh q " of the beats.

Anotfer . . s of )
nation 1.-
shows ¢c.nn . i .
1ntervals between the begmnmg of th: P waves of the and xhat of the d
QRS complex alternating between §-28 and about O 20second (Owing to the superposmon
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of the P waves of alternate extrasystoles upon the T waves of the preceding beats accurate
measurement 15 1mpossible.) The more premature series of extrasystoles shows abnormal
ventricular deflections owing to aberrant intraventricular conduction.

An example of alternating coupling of ventricular extrasystoles 1s provided by Fig. 132,
recorded 1n a woman of seventy-three a few weeks after an attack of coronary occlusion
One ventricular extrasystole occurred after every two sinus beats and their coupling alter-
nated between 0-38-0-40 and 0 56-0 58 second.

Occastonally extrasystolic arrhythmias with varying coupling of the ectopic beats and
even with fusion beats are recorded in which a parasystolic mechanism cannot be estab-
hshed (Fig 133).

Bigeminal Heart Action due to Arrhythmias other than Extrasystoles.

When a sequence of two heart beats followed by a longer interval is found on auscul-
tatron, the condition 1s almost invanably diagnosed as ““ extrasystoles ”, that is, one beat of

Fic 135 —All strips tead 2 Pam:l A-V blozk with idioventncular escaped
eats

the d rhythm followed by an extrasystole, this couple being followed by a post-
extrasystolic pause In the majonty of cases this clinical diagnoss will be correct, and con-
firmed 1f an electrocardiogram 1s taken But in quite a proportion of such instances the
underlying mechanism 1s different and, from a clinical point of view, a clear recogmition of
the arrhythmia 1s of great importance

Some arrhythmuas invaniably gwving the clinical 1impresston of extrasystoles are fully
discussed elsewhere 1n this book, for example, dissociation with interference. Others too
can be d hed by an elect d at a glance, for mstance, second grade heart
block 1n which every third beat 1s dropped, or 2 : 1 block with occasional or alternating
1 1 conduction {se¢ Fig. 134) In others again, however, detailed analysis of an electro-
cardiogram 1s necessary for an accurate diagnosss 1o be made; Figs 135, 136 and 137
provide examples X -

The tracing reproduced in Fig. 135 was obtained 1 a seventy-one-year-old man wil
attacks of momentary unsteadiness due to advanced arteriosclerosis  The record shows
partial heart block; after two blocked P waves an automatic ventricular beat (vex}mcul:\r
escape) occurred which was followed by a conducted S-A beat with normal conduction time
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(P-R- 0 16 second). Analysis of longer continuous records supported the interpretation
that the conduction of the beats following the idioventricular ones was due to the presence
of a supernormal phase of recovery The bigeminal heart action was due to the persistence,
over long periods, of two beats occurning in paratively quick such couples
being preceded and succeeded by longer intervals  These longer intervals were due to partial
heart block, and what gave the clinical impresston of an extrasystole actually was a conducted
beat succeeding an 1dioventricular one at a short interval (Schott, 1949).

Fig. 136, at a casual mnspection, conveys the impression of an extrasystole occurring
very late after each normal beat. the ventricular complexes of the abnormal beats are
shghtly premature and, as the P waves of these beats are of the same shape as those of the
sinus beats and do not occur prematurely, such a diagnosis would appear justified, that is,
of the same condition as shown in Fig 129. Closer inspection reveals, however, that the
P-R imntervals of the abnormal beats are very short (0 08 second as compared with the 0 12
second of the normal ones) and that the upstroke of the R waves of the abnormal beats are
grossly slurred whereas the remaimng portions of the QRS complexes are of normal shape
These features suggest that every second beat represents the Wolff-Parkinson-White (pre-
excitation) syndrome which 1s now commonly attributed to activation of the ventricles
through an abnormal pathway, often called the bundle of Kent (Holzmann and Scherf,
1932, Wolferth and Wood, 1933, a short summary of this condition is contawned m a
paper by Schott, 1947) In this present case a diagnosis could not be made with certainty
etther from the reproduced lead or from the other leads recorded at the time, but this was
possible by tracings taken after exercise or after inhalation of amyl nitrite. whereas extra-
systoles tend to disappear after the former and to become more numerous after the latter,
mn the present case the rate increased without any other changes 1n the form of the electro-
cardiogram

An entirely different producing bi; | heart action, which again could
easily be misinterpreted as due to extrasystoles, 1s shown in Fig 137 In this case bigeminal
groups were recorded as well as what appeared to be short sertes of tachycardsa with alter-
nating form of the QRS complexes (Fig 137a) Measurement reveals, however, that the
underlying rhythm 1s a rather fast simus rhythm and that at times every second auncular
impulse ts blocked During periods of 1 1 conduction grossly abnormal ventricular deflec-
tions with alternating shape oceurred, and what gave the impression of extrasystoles actually
were supraventricular beats with aberrant intraventricular conduction

Fig 137b, recorded from the same patient on a different day, can easily be confused
with a ventricular bigeminy  The first impresston 1s that of sinus rhythm, with a ventricular
extrasystole following each sinus beat in the second half of the tracing Measurement of the
mtervals between successive beats reveals at once, however, that this cannot be the correct
explanation since the intervals after the ** extrasystoles ** are far shorter than compensatory.
On the other hand, the interval between a normal beat and one having an abnormal ventri-
cular complex 1s found 1o be exactly half of the cycle length between two normal beats,
while that between the abnormal and the following normal one equals that between 180
normal complexes The correct tnterpretation s sinus tachycardia of about 120 with2.1
block at the beginning of the tracing whereby every second P wave 1s buried in the T wave
of the preceding beat  Subsequently the thythm changed nto 3 2 block; the first beat qf
each group shows normal QRS complexes, the second ts aberrantly conducted in the ventri-

cles, and the third one 1s blocked (Scherf and Kisch, 1939)

In accordance with experimental findings, discussed earlier 1n this chapter, lengthening
of the coupling of extrasystoles by quinine has also been reported in clinrcal observations.
Fig 138 provides an example. It was recorded from a patient who was under observation
for several years and on numerous occasions had extrasystoles and short attacks of ventri-
cular tachycardia with alternation of the ventricular complexes On one occasion such an
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attack stopped 27 seconds after the intravenous ingection of 0 25 gramme of quinine and was
replaced by bigeminal heart action in which one extrasystole with constant shape and in-
creasing couphing followed each sinus beat (Fig. 138a) In the first bigeminal group the coup-
Iing measures 0 40 second, then gradually increases and with the last extrasystole attams
0-56 second — 52 seconds after the beginning of the quimne injection (Fig 138b). About
20 munutes later the effect of quinine had subsided and the former tachycardia with alter-
nating ventucular complexes re-appeared (Scherf and Winterberg). Lengthemung of the
coupling of extrasystoles by quimine was also reported by Scott (1922), Scherf (1924) and
McGuire and Rosenberger (1931). It 1s also occasionally observed after carotid sinus
pressure

SUMMARY

Coupling 1s defined as the time interval between an * extrasystole ™ and the beat pre-
ceding 1t

According to thexr coupling, * extrasystoles ™ can be divided nto two main groups

(1) with accurat fixed) pli

(2} with varying couphng

The present chapter is confined to the discussion of the above group (1), to winch alone,
1m our oprnion, the term extrasystole n the strict sense of the word should be applied

If one extrasystole with constant coupling follows each beat of the domtnant thythm the
resulting arrhythmia 1s often termed bigeminal heart actron or coupled beats. While in the
mayority of observations bigerinal heart action 1s caused by this mechamsm, this 1s by no
means invariably the case It 15 recommended that the term ** bigemmnal heart action ™ be
qualified by adding the description of the mechanism responsible for it. The historical
development of our conceptions of bigemmnal heart action 1s briefly reviewed. Reasons are
given for the recommendation that the term ** trgenunus * should only be used to describe
an arrhythmia in which two extrasystoles follow one beat of the dominant thythm  While
extrasystoles with constant coupling are very common m chinical experience, they are very
difficult to elicit 1n expenimental work  The methods known to produce this arrhythmia
experimentally and some relevant experimental observations are discussed The length of
the coupling of extrasystoles proved to depend mfer ala on the length of the path which the
impulse of the imtiating beat had to traverse in order to reach the centre of extrasystolc
mpulse formation Regarding clinical observations it is pointed out that constant coupling
1s found 1n well over 90 per cent of cases with extrasystoles The great constancy of the
phing 1n the ndividual case 1s emph Itis d even 1f the rhythm
shows large varations i rate On the whole, the range of coupling 1s comparatively small,
extendmng from about 0 35 to about 0 6 second. Observations regarding cases with un-
usually long or short, or peniodically varying couphng are described  Some examples of
bigemenal heart action due to arthythmias other than extrasystoles are given The effect
upon the length of coupling of certain drugs, as found expenimentally and chntcally, 18
briefly reviewed
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CHAPTER V
ALTERNANS

INTRODUCTORY REMARKS AND DEFINITION

In constdening the phenomenon of alternation, its mamfestation in the heart as well as
in the pulse has to be taken 1nto account Regarding the pulse, pulsus alternans consists in
a regular alternation between a larger and a smaller pulse whereby the smaller pulse occurs
either mudway between two larger ones, or shightly later than midway. In such cases, the
cardiac action 1s regular normal S-A rhythm, and the alternation in the strength of the pulse
1s dve, not to any arrhythmea or allorhythma, but 1o an alternating change n the force of
the cardiac contraction. According to Kisch (1932). * Cardiac alternans may be defined
as a regular alternation 1n the bro-energetic processes in the heart, occurring 1n two con-
secunve bcats, and not bemg due to the regular alternation in the time sequence of the

" | With certain reservations, which Kisch pointed
out, Gravier's (1914) dcﬁmuon can be said to state the essence of the phenomenon as
* alternance de force des contractions, sans altération de leur rythme .

Tt could thus be argued that a discussion of the alternating pulse is out of place 1n a book
devoted to certain arthythmias We have included 1t for two reasons

The first 1s lustorical. As s pointed out 1n the historical remarks and in the chapter on
** Coupling >, the alternating pulse was first described by Traube, who clearly recogmized
1ts charactenistics, including the correct time relations between large and small pulses. In
spite of the accuracy of his observations he considered it as one vanety of the bigeminal
pulse and thereby created a confusion, aﬂ'cchng diagnosis as well as prognosis, which was
to obscure the true of iny and alternation for a long time to
come This may well be one reason why a discussion of the pulsus alternans was included 1n
the classical monographs of Lewss (1925) and of Wenckebach and Winterberg (1927) A
second and more important reason for our including this phenomenon 1s the fact that extra-
systoles greatly enhance alternation of the pulse

1t has been pointed out above that, 1n instances of pulsus alternans, the rhythm of the
heart 1s normal regular S-A rhythm, While this 1s correct for the vast majonty of cases, it
should be qualified by adding that some rare excepttons exst 1n which bigeminal thythm
due to extrasystoles occurring very late 1n diastole (see below), and certain vanettes of heart
block occasionally give nise to pulsus alternans (Lews, 1925).

DIAGNOSIS

Thec e afenm —ada he tha anlmos cn fanae

quently, over a range of pressures varying n different patients, the alternation n the in-
tensity of the artenal sounds 1s very obvious. In rare cases, in which the weaker pulses are
very small, only every other pulse 1s felt at the wnst

The differentiation between pulsus ali and pulsus b 15d below in
thus chapter.

a1
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INCIDENCE
The phenomenon is common, 1f searched for (Gravier, Poumatlloux). It was found in
seventy-one out of three hundred pulse tracings recorded from patients with cardio-
vascular disease, and in 33 per cent of patients with congestive heart failure (White).

EXPERIMENTAL INVESTIGATIONS

Expentmentally, alternating pulse is readily observed with increased arterial resistance
(Straub), fatigue (Hofmann), or after coronary ligation (Kisch, 1921). Varnous substances
are known to precipitate 1t, for example dgitalis, acomtine (Cushny) and veratrine

EXTRASYSTOLES AND ALTERNATING PULSE

The precipitation by extrasystoles of an alternating pulse has been extensively studied
(Gaskell, Langendori, Woodworth, Velhard Rihl (19062, b), Mackenzie, Tabora) In the
series of seventy-one cases of White, mentioned above, alternating pulse was seen only after

[ e e e o S

Fira 139 —Radial pulse tracing electrocardiogram and time base (0 04 second)
Pulsus alternans preciprtated by an aunculir extrasystole From SCHERF
Boyp, Cordiovascular Diseases  Hemnemann, London

extrasystoles i fifty-five instances Sometimes alternation precipitated by an extrasystole
may last for as many as forty pulses According to some authors, an alternating pulse may
not appear immediately, but only after a few pulses foll gan Thet i

of alternation just before an extrasystole, as reported by Windle (1911) and by Rosenthal

seems 1o us a coincidence A diminished degree of alternation following an extrasystole
F I N S e Py

the heart, but also on 1ts rate and on the number of extrasystoles In some patients wglh
frequent extrasystoles a continual alternans seems 1o exist because the extrasystales main-
tain 1t for long pertods. In cases showmg alternation during regular normal sinus rhythm
extrasystoles accentuate the alternation

Arrhythmias other than extrasystoles may have a similar effect, for instance dropped
beats (Hering, 1908) It scems that 1t 1s not the extracontraction, but the irregulanty of
rhythm which elrcits the alternation. .

Fig. 139 was obtained from a patient with coronary sclefosis and X
‘The abnormal T waves indicate myocardial damage. . In the radial pulse tracing the ﬁ(sl
post-extrasystolic pulse 1s very high The next 'pulsc is smaller and regular alternation in
the height of the pulse waves can be recognized in the subscquent beats,

N 1
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J us! as m Fxg 139 thc first post-cxtrasysmlxc pulse wave 1s always higher, whatever the

- Sod = tbe svisnns sbala au hows hasn (oo alea p 363) For this

. ' . {The only dissi-

' n be disregarded,

sunce in the absence of an electrocardiogram the nature of the post-extrasystolic beat, parti-
cularly its mode of spread, cannot be determned )

AURICULAR ALTERNANS

Auricular alternation manifests 1tself by alternation n the height of the (aurrcular) a
waves 1n the phlebogram  Such instances were described by Lews (1911) and by Pezzi and
Donzelot (1913) Doubts d the d were d by Gravier, but Pezzt
and Donzelot reported 1n 1921 an observation 1n a patient with nephritis and azoterma 1n
whom auricular alternans followed auricular, but not ventricular extrasystoles

CARDIAC PHENOMENA
Pulsus alternans 15 often assocrated with cardiac alternans  In such cases alternation of

the force of cardiac contraction can be felt on pal] or ma (
cardiogram  Also, the second aortic sound may alternate 1n intensity and the allematmg
strength of can be mak

As distinct from such alternation in the dynamic force of the cardsac contraction,
electrical alternans 1s defined as alternation 1n height or form of some or of all waves of the
ventricular complex of the electrocardiogram  Such electrical alternans 1s often found 1n
otherwise normal people during an attack of paroxysmal tachycardia, m rare instances the
P waves show electrical alternans (see Fig. 140) Disturbances of conduction are another
frequent cause Recently, the various mechamsms underlying electrical alternation were
exper 1ly studied and classified grounds by L What
15 relevant 1n the context of this book 15 that the electrical alternans may or may not be
associated with mechamcal alternation

DIFFERENTIATION BETWEEN PULSUS BIGEMINUS AND PULSUS ALTERNANS
I

W 8 pfreserth g ApFrsant ok e paeang b b e da he -

due to prcmature beats or associated wnh normal rhythm
The diagnosts from radial pulse tracings alone s possible i a considerable proportion
of cases, but often fraught with difficulties The mam diagnostic criterion 1s that, 1n the
. “ oy . vl saian A P

the weaker which has to the tugher diastolic pressure 1n the aorta
(and the whole arterial system) resulting from the preceding stronger contraction (Volhard)
It mxght thus appear that the difference m these two pulse forms should make 1t possible easily
to diags the underlywng mech are, howevcr‘ greatly complicated by
the fact that 1n extrasy: , too, the ); period 15 1 as the
time mterval between the begmmng of systole, as recorded 1n the mechanical cardiogram,
and the beginning of the upstroke 1n the radial pulse tracing, 1t may amount to as much as
004 second (Hering, 1902). This 1s largely due to the altered haemodynamics 1n ectopic
beats, 1 particufar the lengthening of systole (see p 355) Therefore, if extrasystoles occur
late 1n diastole, their pulse may well be not premature 1n the radmal tracing,
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Fig 141 provides an example of this kand of extrasystoles. It shows regular alternation
between normal and shghtly abnormal ventticular p whereby the
difference 1s the alternation in the height of the various waves of the ventncular complexes
Since both types are always preceded by P waves at normal mtervals, casual inspection
would indicate the presence of sivus rhythm, with efectrical aftermans. Measurement reveals,
however, that the smaller and abrormally looking complexes occur after an mtecval of
0-80, while the following eycle length measures 0 86 second, The abnormal beats are there-
fore ventricular extrasystoles occurring very fate in diagtole, at 3 time when the next normal
sinus beat was about to be due  That this diagnos:s is the correct one could be proved by
other tracings of this pattent in which the extrasystoles occurred earher 1n diastole and the
diagoosis conld thus eanly be made. It s obwvious that, 11 such wstances, a radal pulse
tracing would show the smatler pulse of the extrasystole to occur so late that the time rela-
tons would be nd: hable from those prod by with regular sinus
rhythim, (See also Fig. 129 onp. 199)

Moreover, a slight delay i the small pulse due to alternans may easily be missed 1n the
tadial tracing

If follows that the differential diagnosts, from radial tracings alone, between pulsus
bigenmus due to extrasystoles and pulnus alternans may be extremely difficult, not in-
frcqu:mly st is ympossible  In wiew of the enfurely different clinweal significance of these
two p the of a correct & needs no t g In some
wmstances the result of exercise s helpful- whereas after excrcise cx\rasys:olcs tend to disap~
pear temporantly, alternation usuatly becomes more pronounced

DIAGNOSTIC AND PROGNOSTIC SIGNIFICANCE OF PULSUS ALTERNANS

The esseattal chmeal sigmficance of pulsus alternans 1 that, as a rule, 1t indicates myo-
carchal damage. When found with a slow heart rate this 1s invariably the case, whereas wnh
higher rates, m gamcuhr 120 and more, 1t has been m
without any other sign of vardiac disease, and 1t has also been observed during paroxys-
mal tachycarda in otherwise healthy subjects. According to Wenckebach and Wanterberg
alternation for a few beats after an extrasystole likewise occurs in healthy people. It may
change {rom mmuinyte to nunute and may appear and dssappear without any known cause
(Lewts, 1925)

In patients wath hypertension aliernans often s an early sign of heart failure

The prognosnc signficance depcnds on the underlymg concition wiich gave ise to the
pulsus all Thus, rditis or toxic dsal damage si diphihensa alternation
may dsappear concurrently wnh the recovery of the myocardtum  The same 15 also found
after myocardial infarctsion  In such cases the temporary occurrence of pu!su.s alternans
cannot be said to have any lasting p Butevenp
pulse, though 1n most cases a4 sign of sersous Prognosss, need not indicate xhe mmunent
breakdown of the ciroulation 1 every case Thus, one patient with pulsus alternans was
observed for six years (Tabora) and another for five years (Swildens); the fatter was under
observation by one of us for two additonal yeazs when alternation was 1nvarmably present

UNDERLYING MECHANISM

Starting with Gaskell's work, a. mthe t of the 1nd: thal
fibres was widely regarded as the cause of alternation  Ongmally, 1f was assumed that the
targe pulse 1s Gue to the contracton of all the ventricular fibres whereas the smatler one was
thought to be produced by the contraction of only a fraction of such fibres  This view was
found not to explain ali observations and Mmes” explanation became more widely accepted.
According ta hum, alternation 15 due to the alternating contraction of a greater and of 2
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smaller number of myocardial fibres, according to the formula V-V,: VeV, V-V, .. .etc,,
whereby V stands for all the ventricular myocardial fibres, V, and V, for a smaller and a
Targer fraction, respectively, of fibres belonging to both ventricles. One of many variations
of this view is that of Wenckebach (1901) and of Wenckebach and Winterberg, who laid
the emphasis on small alternating differences 1n filling. Any theory to explain this pheno-
menon has to include the observation that alternation of contraction has been observed
1solated muscle strips (Weekers, Fredericq, 1913). For a discussion of the various theories
the reader is referred to Kisch’s monograph (1932).

SUMMARY

In accordance with Kisch, cardrac alternans is * defined as a regular alternation in the
bio-energetic processes tn the heart, occurning n two consecutive beats, and not being due
to the regular alternation in the time sequence of the individual contractions ™ (our trans-
lation) It was included in this book for two reasons: first, from a histonical pomt ofvmw,
because of the confusion between pulsus all and pul:u.r inus due to ex
with 1ts consequent effect on the 1deas of the prog; 1c of these
second, because extrasystoles greatly enhancc alternation of the pulse The diagnosts and

di of pulsus al are di d and some relevant experimental nvestigations
briefly reviewed. The relationshup between extrasystoles and pulsus alternans is discussed
n some detail and bref reference made to aunicular alternans  The cardiac phenomena of
mechamical and electncal alternation are described The differentiation between pulsus

and pulsus bi 15 di d 1n some detail with special reference to difficulties
ed 1n cases of les occurring late in diastole. The essential diagnostic
and p of pulsus alf consists n 1ts bemng an mdication of myo-
cardml d:xngc, and m patients with hypertenston it often 1s an early sign of heart faiture,
ared d m which p y and even persisting alternating pulse may not be

a sign of grave omen  As far as the underlying mechamsm is concerned Mines® explanation
has become more widely accepted, according to which the phenomenon 1s due to thealter-
nating contraction of a greater and of a smaller number of myocardial fibres belonging to
both ventricles.

REFERENCES
Borr, S. DE (IQZI) Das Alternansproblem ** Pflig. Arch ges, Physiol , 192, 183
CusHy, A. R (1909) * The trregulanties of thé mammalian heart observed under acomtine and on efec-

trical snmulauo eart,
Frepericq, H (1912) Pouls alternant prodmt chez Je chien chloralisé par excitation des nerfs accélér-
ateurs du coeur ™ Arch int I’hv.nal 12 4

et FllEl an Mk ¥ adesloff 19,294
" " Arch. Anat Physiol , Lpz, Physiol

E‘;af“;,‘:, E. (1950) « Electrocardiographsc observations on the mechanism of the electneal alternant
of the heart.” Cardiologia, Basel, 16, -
“ Not ‘alternation of the heart* Quart. J. Med , 4, 131,
muw-s. T ((:;2‘5‘)) nl:iltstm?m and Graphic Registration of the Heart Beat Shzw. London. P.434



ALTERNANS 217

Neimprnmn © AU, S Tha muten eyetata 7 amntnde 3 m b5tk €onos nend mnsbpfogs o the HTHIYE
e ' ' 04
: ' . + Bull Soc.med Hep
e 2 v

Rarenne % P pvn Dail Phae 1

. . . .
e . . . ,
U PR W 5 Lo e . .
- . . . . L
P el gy e
L . o, Leipag

. ,150,82

' ) ' Quart J,

Med, 4, 435
Woopworts, R S (1902} * Maximat contraction, * staircase ' contraction, refractory penod, and com-
pensatory pause of the heaet™  Amer J, Physiol , 8,203






CHAPTER VI
FLUTTER, FIBRILLATION AND PAROXYSMAL TACHYCARDIA

FLUTTER AND FIBRILLATION
General Remarks, applicable to Auricnlar and Ventricular Varieties

In this section we propose to demonstrate that the mechamsm underlyng flutter and
fibrillation, both aurscular and ventricular, 1s far more akin to that of ectopic beats and
extrasystoles than commonly assumed until quite recently, in particular regarding the aun-
cular vaniety A discussion of the nature of these arrhythmuas 1s therefore pertinent 1n a
book devoted to y and allied arrhy . We do not propose, however, to
include a description of the electrocardiographic appearances or clintcal aspects of these
conditions as they constitute separate and well-known entities which are fully discussed 1
the cardiological textbooks Only one famihar clinscal observation may parenthetically be
mentioned 1n order to 1llustrate the close chimcal relationship between and
flutter and fibrillation, namely that auncular extrasystoles, particularly the multiform
variety, often are precursors of auricular fibnilation, and the same holds good for multiple
ot multiform ventricular extrasystoles regarding ventnicular fibrillation

Fibrillation was discovered much earlier than flutter, namely ventricular fibrillation by
Hoffa and Ludwigin 1850(pp 129 seq )and that of the auricles by Vulpianin 1874 Auricular
fibrillation 1n man was established 1n 1909 by Lewts and by Rothberger and Winterberg
Auricular flutter was first described experimentally by McWilham 1n 1887 and 1n man by
Jolly and Rutchie 1n 1911 It 1s thus understandable that the earher theones dealt only with
fibrillation The close relationship between fibrillation and flutter was emphasized by Roth-
berger and Winterbergn 1914

Of the various theories put forward to explain these disturbances of rhythm three may
be mentioned as having attracted most attention

1 Theores based on the assumption of dissociated action of various groups of muscle
fibres (Kronecker) The first indication of this view can already be found 1n the description
of the discoverers of fibrillation (Hoffa and Ludwig, 1850), in which they say (regarding the
entirely irregular rapid and weak movements of the heart on strong electrical sttmulation)*
* The irregularity of these movements 1s due to the fact that the individual anatomical ele-
ments lose their relationshup to one another and cease to contract simultaneously  ” (our
translation)

Subsequently, the emphasis shifted to the nature of the impulses and their formation
which produced such contractions

2 Theory of tachysystoly According to thus, fibrillation 1s due to the rapid formation of
stimuli 1n ectopic centres  This hypothesis was based on Engelmann’s view (1896) that m
certain expenimental conditions automatic stimuli anise 1n various groups of myocardtal
fibres which interfere with one another, affecing contractility and conduction, with the
result that various kinds of arrhythmias are observed of which he mentioned fibnillation,
““Wuhlen " and delirium cordis  Herng (1900) considered ventrcular fibrillation to repre-
sent the highest degree of enhanced ectopic impulse formation  Winterberg (1907) attri-
‘buted this condition to 1mpulses originating in many centres, and the condition as a whole
was aptly termed “ functional fragmentation * by Lewts who also stressed the pathological

219
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nature of the impulses which, at that time, he considered similar to, or tdentical with, those
of extrasystoles (Lews, 1913),

Thus * theory of polytopic stimulus formation™ seemed supported by the observation
that if a fibrillating ventricle was divided 1nto several parts, fibnillation did not stop, but the
fragments continued to fibrillate (Kronecker, Hering 1917, p. 22). .

In further studies on the mechanism of fibrillation and flutter Rothberger and Winter-
berg (1914, 1916) pointed out that fibrilation may be found in the presence of a co-ordin-
ated cardiac action and put forward the view that rapid simulus formation in only one
centre may suffice to produce fibrillation and flutter, they also stressed the close relation-
ship between these two arrhythouas  This view of a umfocal origin of ventricular fibnillation
and flutter emphasized the fundamental similarity between the mode of origin of these two
arthythmas on the one hand and that of extrasystoles on the other.

‘Whereas none of the authors mentioned, nor others who held similar views (for example
Kisch) specified the site of the presumed ectopic impulse formation, Haberlandt located it
m the A-V region,

25000
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Fig, 147

Another objection agamst the theory of polytopic sumulus formation was based on the
observation that fibrillation often stops suddenly, without any mntermediate changes in the
clectrocardiogram  If many centres were active, 1t was argued, their sudden sxmullan‘eous
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hat fibrillation and flutter were due to a circus movement

! 3. Theory of circus movement. This 15 based on the fundamental experimental work of

Mayer, Mines and Garrey who demonstrated that, in certain experimental conditions, one
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fbrillation is due to the brlliant work ot Lew:s and his collaborators,
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The principle of the theory of circus movement 1s too well known to yustify any further
discussion. Fig 142 may serve to summarize the mechanism assumed to underlie this
phenomenon (see also p 120).

Lews and his collaborators attempted to prove in two ways that fibnllation and flutter
are due to a crrcus movement. 1 Experimentally, by determining the order of activation of
1he avncles dunng flutter and fibnllation by means of direct leads. By this method they
found that the main (** mother ”) excitation wave circulated 1n the auricles thmugh a pa!h

of the taema and around the large veins. Centnifugal * daughter ™
waves activated the auricular portions outside the range of the main wave It was, however,
not possible to 1nvestigate the whole of this presumed path since the posterior part of the
left auricle could not be fully explored 2. Clinically, by calculating the movements of the
electrical axis of aurscular activation 1 a case of aunicular flutter by means of simuitaneous
records obtained with three special leads It was found that this axis rotated through a full
<ircle of 360° around the great veins (Lewis, Drury and Ihescu)

From these mvestigations Lewis and his co-workers concluded that auricular flutter and
fibnllation are due to a circus movement. In flutter a single circus movement was thought
to ewust which travelled * on a path repeated with much accuracy from cycle to cycle ™
{Lewss, 1925, p 340) In fibnllation a single circus movement again was assumed,  but
the path followed 1s uneven, 1n its detail 1t constantly alters and sometimes, though for
brief pertods, the path changes more grossly, butin general the same broad paths used over
and over again” (Ibid, p 341)

Regarding ventricular fibnilation, Lewss postulated a similar mechanism, but pormted out
that there was no direct evidence of a wave airculating in the ventricles Garrey (1924), on
the other hand, thought that m ventnicular fibrillation cicculating waves may occur at any
place 1n the cardiac chambers, owing to areas of dimumished conductivity which prevent the
excitation wave from pursuing its normal path (see also below, p 230).

The further discussion can with advantage be divided into that of auricular, and of
ventnicular fibrillation and flutter

Auricular Flutter and Fibrillation

One of the reasons for the ready and widespread acceptance of Lewis’s conception of
auncular fibritlation and flutter was that the theory of circus movement afforded a plausible
explanation of the conversion of flutter into fibrillation by vagal stimulation (Rothberger
and Winterberg, 1914) ¥t was known that vagal shmulation shortens the refractory period
of the auricles, but Rothberger and Winterberg hesitated to assume that 1t also increases the
rate of impulse formation The circuns movement theory seemed to explain this effect, upon
flutter, of vagal siimulation 1 a most sausfac!ory manner: The shortenung of the refrac-
tory period abohshed more quickly the “1slands of refractonness ™ of ussue—caused by
the 11 g 1n quick and thereby made 1t possible for the eircu-
lating wave to use shortex, because less circuitous paths, that 1s, siumulate the auricles at the
faster rate of fibnillation as compared with the slower one of flutter This increase 1n rate of
auncular sumulation as & result of shorterung of the refractory phase can, however, be
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The stimulating effect, upon ectopic 1mpulse formauon of acetylcholne (g v, p 328) 15
relevant 1n this context If a rhythnue stimulus 15 envisaged, shortemng of :he refractory
phase may also cause a more rapid stimulus formation and stimuli would become supra-
threshold at an earler stage.

Objections agamst the circus movement theory were, however, raised at a very early
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stage, particularly by Rothberger (1922), which, in view of recent developments, necessitate
a more detarled discussion. The most important ones are:

1. As already ndicated above, in determming experimentally the movements of the
electrical axss 1n flutter Lewss could not exameme the whole path since the posterior portions
of the left auncle were ble to such investigati Rothberger pointed out that
Lewrs’s assumption of the circulating wave’s traversing that part of the circle was based
solely on calculation,

2. The above argument of Rothberger gains in importance 1f it is realized that speciat
investigatrons have failed to show the presence of muscle bundles in some portions of the
left auricle (particularly near the orifices of the pulmonary vemns} which would be necessary
to complete the crrcular path assumed by Lewis to be traversed by the circulating wave
(Rothberger, 1931)

3. The theory of circus nent d that st as long as there 1s a gap of
excitable tissue between the head and tail of the airculating wave. It was therefore empha-
sized as an 1mportant point in favour of this theory that one strong electrical shock abolished
auricular fibrillation, this being explamed by the abolition of the gap by the shock. If this
reasoning were correct every electrical stimulus strong enough to excite the whole auricle
should always termmate tmmedrately auricular fibrillation n this way, as a gap would have
to be assumed to be continually present; this, however, 1s not the case. Mines wrote already
m 1913 This "—that 15 a single shock—""1f timed properly nstantly arrested both
chambers . (our itales)

4, According to Lewss, 1n the dog’s heart during aurrcular fibrillation and fiutter the
main wave invariably travels up or down the sinus node. It would therefore have to be
expected that interruption of this path by broad higatures applied round the faenia terminalis
should terminate aurrcular flutter In sixteen out of seventeen such experiments flutter per-
sisted without any change in the shape of the F waves in the electrocardiogram. This obser-
vation 1s patible with a circus through paths postulated by Lewss (Scherf,
1928).

§ If flutter 15 experimentally produced by faradic stimulation the flutter waves usually
have the same shape as the P waves of the sinus beats Moreover, if by certain experimentat
interferences changes in the shape of the P waves of the sinus beats were produced, subse-
quent flutter showed F waves of the same altered shape These observations suggest that
flutter onginated 1n the same area 1n which the preceding (or succeeding) slower rhythm
arose (which was either sinus or A-V rhythm) and are incompatible with Lewss’s assuroption
of a circus movement (Scherf, 1928)

6 The last observatton (5) also tends to strengthen an objection which Rothberger had
put forward agamst the validity of Lewss's conclusions from his clinical observations  As
stated above, by calculating the movements of the axis of auricular activation in a patient
with aunicular flutter Lewis, Drury and lliescu found a rotation through a full circle  Roth-
berget's obgection to this was that the recorded waves, on which this calculation was based,
were most unkkely to have been due to the excitation of the tissue in the path of the circu-
lating wave, involving thin muscle bundies, but were due to the activation of the mass of
aurcular muscle. Rothberger contended, therefore, that it was not permusstble to draw any
conclusions about the course of a ** mother ” wave from deflections which are due to
the whole of the aunicular musculature The findings, listed above (5), emphasize the
vahidity of Rothberger’s argument, since in Scherf’s experiments the changes in the P waves
were effected by interferences apphed at a considerable distance from the path of the
“ * wave as postulated by Lewis

m;";:rwa: found Fn the dcg‘s{lunclc by Andrus, Carter and Wheeler that an clcc(ncﬂé
stimulus wtroduced duning vagal snmulapon shortly after the end of x!ge refractory pn;md
could produce auricular fibnllation. This was observed also 1f the stimulus was apphe
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well out on the aurrcular appendix  As there was no measurable gap between the stimulus
and the beginming of the re-entrant rhythm these authors concluded that the excitation arose
at the site of stimulation and ““ not 1t a ning of muscle at the base of the auncle ”  This
observation 1s thus also not 1n accordance with Lewis’s theory and 1s far better explained
by repetitive impulse formation at the site of stimulatron.

. In some cases of disorders of aunicular rhythm a sudden marked increase in the rate
has been reported (flutter* Cookson and Clark-Kennedy, Parsonnet and Parent, A-V
tachycardia Rosenbluth and Winterberg; aurcular paroxysmal tachycardia® Camp and
Scherf) Of these, we do not concur with the interpretation of the records given by Cookson
and Clark-Kennedy, and Parsonnet and Parent Even if these were instances of a sudden
doubling of the flutter rate, which we do not consider the published tracings demonstrate in
any way convincingly, we could not accept the explanation that thts 1s due to the excitation
wave's suddenly pursuing a path of half its former length; this seems an entirely arbitrary
assumption put forward to explain the records as mterpreted by these authors In such
cases the assumpnon of rapd sumu!us formauon wuh a former 2 * 1 response changing
mtoal - p seems far d m the case published by Camp and
Scherf.

9 It has been observed that vagal shmulation duning auncular fibnitlation may suddenly
increase the rate of stimulation to 2,000-3,000 per minute Lew:s called this phenomenon
rapid 10n and it d 1t by that the ing wave pursues a path
with a very smail diameter The path around the large veins is much too long to account for
such high rates of re-excitation  No explanation has been offered why and how a much
shorter path 1s suddenly traversed by the excitation, Since 1t is known that faradic stimu-
lation of the vagus may shorten the refractory phase of auncular tissue to one-fifth of its
former value these very high rates of excitation can be explained by a fivefold increase n the
tate of response of the auricle to a continuous stimulus, or a fivefold increase 1n the rate of
rhythmical stimulus formation

These observalwns have bccn dxscussed 1n some delaxl n order m dcmonstrate that

Rt

doubts may be found mn the reviews by Winterberg (1926) and by Rothberger (1931, p 707)
De Boer’s views are also shortly discussed by Rothberger (1923) and 1n the chapter on
“ Mechamsm ” (p 483)

In recent years series of experiments carried out by Scherf and his collaborators since
1946 with new techruques have yrelded results which tend to prove that auricular fibrillation
and flutter are due to the rapid stmulus formation 1n one centre, the former in certain con-
ditions 1n several centres. Therr observations are all incompatible with the crrcus movement
theory which they can be considered to have disproved in the conditions of therr expen-
ments

In these investigations 2 method was employed to produce auricular arrhythmias which
was described by Langendorff almost seventy years ago, namely the topical apphication of
chemical compounds to the cardiac surface. Of these, acomtine was used n the great
majonty of these studies, namely application of a few crystals of pure acomitine to a small
area at various pomts of the auricular surface, or by sub-epicardial 1mjection of 0-05 cc. of
a 005 per cent solution of aconstme *

By this method 1t was posstble with great constancy to precipitate within one minute a
regular auricular tachycardia with a rate of about 300 per minute. Cooling the site of

* This method of ropical apphcahon of aconstine 1s distinct from the sy stenmc use by mmvenuus injection

of this substance, which ws ly used 1n previous of Scherf and
time ago, see chapter on N.rmus System,” p 255 *
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application of the drug or separating 1t from the rest of the auricle by means of a clarp
mmmedsately abolished the tachycardia which re-appeared wittun 1-3 seconds after cooling
was discontinued or the clamp removed. From these observations it was concluded that the
ectopic auricular tachycardia originated 1n one focus, namely the site of application of
acomtine Vagal stmulation duning auricular tachycardia usually increased 1ts rate, but
auricular fibrillation was never observed in that series of experiments. Such arrhythmas
presented some features suggestive of flutter, but « ial paroxysmal ycardra ™
could not entirely be ruled out at that time (Scherf, 1947) It was, however, pointed out by
the author already at the time that the results are not compatible with Lewrs’s circus move-
ment theory if this tachycardia proved to be flutter. Strlar arguments were put forward by
Scherf in 1948 These studies were extended by Scherf, Romano and Terranova (1948}
with the one 1mportant modification that aconitine was njected into the head of the sinus
node In this series, as distinct from the former one, 1t was found that aurrcular fibrillation
occurred spontaneously or was easily induced by vagal stimulation. Here again, cooling
immediately abolished the arrhythmia which re-appeared when cooling was stopped The
ready transition, 1n these expertments, of the auricular ectopic arrhythmia into aunicular
fibrillation, either spontaneously or as a result of vagal stimulation, as well as the
observation that vagal stimulation never abolished 1t made it possible to determine the
auricular arrhythmia as auricular flutter, as distinet from auricular paroxysmal tachy-
cardia  The result of these expeniments could “ only be explained by assuming that
auricular flutter and fibnllation are initiated by rapid impulse formation 1n a single center™
(p. 250).

This view was supported by further experiments on the effect, upon such arrhythmias
ca e PRI - e . . .
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and pressure cause a more rapid depolarization, and increase the rate of impulse formation;
but there 1s no reason to assume that they have any effect on conduction. This observation
could hardly be understood if a circus movement 15 assumed, for 1t would be difficult to
explamn how pressure exerted with a thin probe on an area with a diameter of 2-3 mm.
could produce an increase in rate of d ofa g wave, An i d rate of
impulse formation, on the other hand, 1s known to occur 1n nerves as a result of pressure
and stretch, in the whole heart of frogs stretch was found to be associated with 2 negative
potential (Rothschuh) which enhances spontaneous impulse formation (see also p 501)

The 1nference from these experiments again was that such ectopic arrhythmias originate
in a focus and are not due to a circus movement  (Incidentally, these experiments may
also have a bearing on the clinical observation that in certain clinical conditions exer-
tion may precipitate aurcular arrhythmias, see section on ** Exercise ', p 413)

Faradic sumulation of the cardiac sympathetic nerves was found to mcrease the rate of
ectopic auricular tachycardias elicited by the topical application of aconttme to the sinus
node or to various portions of the auricles. This effect was abolished by atropinization and
atteibuted to 1ncrease 1n vagal tone by way of reflex (Scherf, 1949)

The view that such arrhythmias produced by acomtine onginated 1n a crrcumscribed
focus and were not due to a circus movement was strongly supported by further obser-
vations on the effect, upon the onset or recurrence of the acomtine tachycardia, of simul-
taneous cooling of the site of application of the drug, and faradic stimulation of the left
vagus This abolished the flutter which, after cooling and vagal slimyl:\liou had .bccn discon-
tinued, gradually re-appeared. The constant shape of the P wavesin re-appearing flutter: of

dually i rate and the freq ly observed longer intervals between successive
P waves made it possible to exclude a circus movement with even greater certainty (Scherf
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and Terranova, 1949). These experiments also showed that by cautious cooling auricular
fibrillation could be converted into flutter and auricular extrasystoles.

Some of these observations are illustrated in Figs. 143-146.

The begmning of Fig 143 shows aurcular fibnllation which had been precipitated in a
dog by the sub-epicardral injection of aconstine into the area of the head of the sinus node.
The remaimng part of the figure shows the immediate cessation of fibrillation and restor-
ation of sinus rhythm on cooling the site of i lication, and the re-
appearance of fibrillation when cooling was discontinued.

Fig 1442 shows in 1ts beginning auncular flutter precipitated by itine. Stretch
of the wall of the auncle immediately increased its rate to over 600 per munute and converted
itinto fibnllation Thus was promptly abolished by cooling the site of aconitine apphcation
After cooling was discontinued flutter re-appeared (Fig. 144b)

Fig. 145 was obtained from a dog 1n whom the topical application of aconitine had
precipitated aunicular flutter which subsequently disappeared (beginning of the tracing)
Stretching of the auricle caused flutter to re-appear for the duration of the stretching

Fig. 146 shows awncular flutter with al i the duration of lar diastole
duning vagal stimulation. Auricular flutter was produced by aconitine and before vagal
stimulation the flutter rate was 270, every stumulus being conducted to the ventricles. During
stimulation of the left vagus complete A-V block ensued and the reproduced alternation in
cycle length was observed. The long intervals between every second auricular wave exclude
the existence of a circus movement  1ts long absence, amounting up to 0-45 second, and

qi T would be i
It could be argued that coohng of the site of aconitine application could abolish flutter
also 1f this arrhythmia were due to a circus . But the i d

of Rutter, showing the same shape of the F waves as before 1ts temporary suppressisn, constt-
tutes strong evidence in favour of its origin in a circumscribed focus by way of rapid stimu-
lus formation It would seem extremely improbable that a circus movement should immedi-
ately be resumed through identical paths after such temporary suppression; there are no
grounds for the assumption that a circus movement could start again of its own accord in
thuis way after it was interrupted And 1f, as 1n some experiments described above, such
flutter waves were separated by longer intervals a circus movement becomes an impossibility.
With focal application of acomtine the presence of only one focus of stimulus formation
1s easily und d. It had to be expected that, wt auricular fib i d
after aconitine has been spilled over the aurncle, or after its intravenous administration,
more than one centre of simulus formation would be active and that, 1n such cxrcumstanocf.
- LR 2 S R P

electrical ion of, or topical ication of
LS b ARSI Syt

to, the auncles is not stopped
T e

WPV TOURUV I . .
T;SO::, Scherf, 1951), The results obtained in arrhythmuas produced by electrical stimu-
lation or toprcal application of drugs other than aconmitine fndicated that, in such conquns,
more than one centre of rapid impulse formation is active, and that auricular ﬁbnlf.:mon
cannot be considered to be due to one uniform mechanism in all cases. Evidence \‘.Jxll bc
discussed below 1n the section on ventricular fibnllation that rapid impulse formation in
one ectopic centre may awaken that m others. But all these mnvestigations pomt to rapid
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impulse formation in one centre as the mechanism underlying auricular flutter, and to rapid
mmpulse formation m one centre or in several centres as that underlytng auricular fibril-
lation, while none are it with the ption of a circus .

me 1 o g

Fic 146.—From an expeniment on a dog  Auricular flutter with complete A-V
block dunng vagat stimulation, with alternat:on in cycle length  The two
strips are For further see text From SCHERF

and TERRANOVA  Amer J Physiol

Our view, a departure from the widely accepted theory of circus movement, has recently

stoefmc o wroo reenr™ They elicited auricular flutter

1at is by the method of Scherf

) ' . *d to take any note of the work

of Scherf and his collaborators, summarized above On the contrary: Their sohtary

reference to the paper by Scherf, Romano and Terranova is confined to the technical

aspects only. Their (Prinzmetal ef al) fatlure to mention the results and conclusions of

Scherf et al. creates in those unfamiliar with that work the erroneous impression that they
(Prinzmetal et al.) deserve the credit of prionty *

‘While we consider disputes about priority undesirable we consider 1t equally undesirable
that confirmatory work should, by omussion of appropriate references, pose as origtnal
work. In this view we are confirmed by an Editorial in the Ann. it Med to which such
readers are referred who wish to obtain an impartial representation of the 1ssue

The claim of Prinzmeta) ef ol. that auricular fibrillation caused by electrical symulation
can be suppressed by cooling the site of stimulation 1s at variance with the findings of
Scherf et al , summarized above .

Qur own position can aptly be described by quoting Lewis ** Relative to the writer,
and in justice to the workers 1n my laboratory, I will here state emphatically that, except
where by reference it 1s specifically noted there 1s no sentence in our long series of papers,
nor for that matter in the present chapters, which would have been written differently had

Lara -
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his papers as a whole remained unpubhshed.” (Lewis’s italics, 1925, p. 295, footnote.) The
only alterations necessary to make Lewis’s statement fully applicable to the matter here
under discussion consist in the substitution of the plural for the singular,

Ventricular Flutter and Fibrillation

Of the several varieties of flutter and fibnllation ventricular fibrillation was the one to be
discovered first (see above). Ventricular flutter was discussed only relatively late and ts
separation from ventricular tachycardia 1s still far from clear.

1t was realized at an early stage that fundamental differences exist between auricular
and ventricular fibrillatton, Some of the reasons are not far to seek. In the aurcles the

lized system 1s d 1n two nodes, whereas i the ventricles the speciahized
conducting fibres cover the whole endocardium and permeate the myocardum (see also
section on “ Spread ', p 370), the spread of the excitatron through the auricles takes place
radially through the common myocardum whereas, i the ventricles, 1t 1s effected by a
separate system of paths, lastly, whereas auricular fibnillatton 1s well compatible with Lfe,
the ventricular variety results mn arrest of the circulation within the heart itself and changes
the condition of the heart immediately

Ventricular fibrillatton 1s probably the commonest cause of sudden death and the dram-
atic rle thus played by this arrhythmia was found to stimulate numerous studies about its
nature and prevention This important problem s, however, still far from solved.

Note added during proof stage
e e,
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The theonies of untfocal and multifocal (polytopic) ectopic impulse formation as the
mechanism underlying aunicular fibrillation were applied also to ventricular fibrillation,
notwithstanding the recognized differences between auricular and ventricular musculature.

N s oy - e e

these two arrhythmias, pointed out that there was no direct evidence of a wavecirculating in

Fig. 147 —From Asnvan and HuLL (1945). Essentials of Electrocardiography
‘The Macrmillan Company, New York  Forexplanation, sec text.

the ventricles. The suggestion . . put forward in unequivocal terms by both Mines and

Garrey . . .” (Lewis) that ventricular fibrillation is due to a circus movement was acc;ptcd

by Lewis 1n view of the analogy of the phenomena observed n ventricular and auricular

fibrillation, But far from considering this as the firmly established mechanusm of ventri-

cular fibrillation, Lewis wrote * Much more work must be undertaken before we can hcpﬁ

to obtain really clear and detailed conceptions of the gravest disorders of the vcn.mclc .
. o . R
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waves 1n ventricles of large dogs, and of nducing fibrullation 1n the cooled ventricle of the
rabbit’s heart by applying a stimulus just at the end of the refractory period. Independently
Garrey developed a simular theory 1n the same year. Starting from the abservations that i
small animals (rat, rabbit) hearts usually recover from fibnllation whereas mn large animals
(dogs, calf) and 1 man the reverse 1s the case, and that a certain muscle mass 1s necessary
to sustain fibnilation, Garrey assumed that fibrillation 1s due to circulating excitations in
closed mtramuscu]ar paths, which can only be mam!amcd in masses of adequate size and
shape A 1 spread of 15 2 prereq which Garrey assumed to be due
to areas of local block.

Ths theory may be tllustrated 1n the form sn whuch it was accepted by Ashman and Hull
(Fig 147). In this figure X indrcates an arer with a refractory period longer than that of
the test of the muscle O is the point of stimulation on the surface of the ventricle, Witha
weak shock applied at O the area tndicated by the smaller circle 1s immediately excited, the
excitation is assumed to penetrate slowly through the area of 1acreased refractoriness (arrows
a and b) and, when emerging from it, to encounter tissue which s still absolutely refractory
so that 1t cannot re-enter the area of the (smaller) circle. The result 1s one extracontraction.
If, on the other hand, a relatively strong stimulus 15 apphed at O, a larger area, indicated by
the larger circle, 18 immediately excited Again, the excitation wave 1s assumed to creep
round, and slowly penetrate 1nto, the zone X of increased refractormness {(arrows ¢ and d),
but by the time 1t reaches the boundary of the area which had previously been excited
immedtately (indicated by the pertphery of the larger circle) this need no longer be refractcry
so that the excitation wave re-enters thus circle and thus ding out from X 1
the whole ventnicle As the whole contraction was premature, the refractory peniod of X,
as elsewhere, 1s shorter than normal which facilitates re-entry of the impulse through the
paths indicated by arrows c and d

Our objections against the circus movement theory of ventricular fibrillation can be
summanized by stating that, not only 1s such assumption purely hypothetical without any
experimental proof but also observations made duning the last ten to twelve years have
cmphasnzcd the importance of the vulnerable period and of repetitive response to single
or snrnull m for the of vcntmular ﬁbn]]auon The theory

phenomena more fully 1n the chapter on ** Mechanism” In the present context it 1s per-
tinent to recall the nvestigations of Wiggers and Wégnia who demonstrated that only
stumuli falling up to about 0 06 second before the end of contraction (marked by the incisura
m the intra-ventricular pressure curve) produced ventricular fibnillation. Stimuli applied
during the ometric relaxation period or subsequent phase of diastale never yielded ventn-
cular fibrllation, but only premature beats The vulnerable pertod extended through a
considerable portion of late systole, corresponding toughly to the T wave of a standard
elecuocardlogram By means of studying local electrograms obtaned with three pairs of

it was sub ly found by the same school of workers (Moe,
Harns and Wxggers) that fibrtllation eheited by a very strong brief D C. shock was preceded
by discrete di recurring at ely mtervals By nvestigating the

order of excitation on the surface and interior of the ventricles during such beats 1t could
be shown that these discrete ectopic beats were due to repetitive enussion of several im-
pulses from the simulated area and were not due to a re-entry mechamsm. Similar condi-
tions were found to prevail regarding the beats mtiating ventnicutar fibnillation produced
by anadal polanization (Harns and Moe) In contradistinction to anodal polarization, the
cathodal one was found ineflective 1n tnittating ventricular fibnilation and this was attn-
buted to the reduction 1 accommodation by anodal polanization (which 1s ncreased by
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cathodal polarization). (Regarding accommodation, see chapter on “ Mechanism *, p.
504.) The reduction in accommodation was also found to be important to account for the
observation that local cooling facilitates the development of ventricular fibrillation as a
result of single threshold shock stimulation of 2 non-cooled region during early diastole
(Hoff and Stansfield) The ventricular fibrillation itself, however, as distinct from the
mitiating senes of ectopic beats, 15 assumed by Hzms, nggers and co-workers to be due
toa re-emry of impulses, attnbutable to a prog m the 'y period
bined with a prog ncrease in d time (Moe, Harnis and Wiggers)
Regnrdmg\emncular fibnllation produced in dogs by coronary occlusion, Harris and Rojas
d that a h very similar to that 1n ventricular fibrillation caused by
galvamc current prevails and that the partially 1schaemic border seems to be the zone of
origin of the ectopic beats. Multiple factors are, however, tesponsible for ectopic arrhyth-
muas, including ventricular fibnillation, occurning after coronary occlusion, of which sympa-
thetic nerve excrtation 1s one (Harms, Estandia and Tillotson).

This problem was investigated 1n dogs by Scherf et al. (1950b) by means ol‘ the topical
application of acomtine crystals to an area of the ventricular surface. This resulted within
a few minutes 1n the appearance of ventricular ectopic beats which soon changed into a
ventricular tachycardia of three hundred or more, rescmblmg vcnmcular flutter.

e Seaa . )
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Vcnlncu]ar fibrillation and sumchmcs, but not always, this transition was preceded by a
sudden 1ncrease 1n tate of the tachycardia. Once ventricular fibnillation was established
cooling of the site of acomtine application, or of any other portion of the ventricular sur-
face, had no effect on the arrhythmia  From this the authors inferred that other centres of
rapid ectopic impulse formation had become active so that cooling of one centre could no
longer abolish fibrillation. That during ventricular tachycardia other centres may become
active s certain; Fig 149 provides anillustration  Both Figs. 1492 and 149b show at their
beginning ventricular tachycardia, elicited by the applcation of aconitine to the nght
ventricle. Cooling immediately abolished this tachycardia which 1s replaced by a shightly
slower ectopic tachycardia onginating 1n the contralateral ventricle Similar observations
had been made by Scherf (1926) in a different context though :nterpreted differently at the
time.

Thus seems to us to suggest that the primary disturbance 1n ventricular fibrillation js the
rapid impulse formation 1n several ectopic centres, and that the local re-entries and inter-
ferences between such contractions are due to the rapid impulse formation in several centres,
but not to a circus movement. While Wiggers and his co-workers put the emphasis on the
progrcssnc increase in d time d with a reduction mn the y period,
resulting in local block areas and circus movements, we would stress the simultaneous
actwvity at 2 high rate of several ectopic centres as the essential prerequusite.

Without wishing to enter into a detailed discussion of all points which have been adduced
in support of the circus movement theory of ventricular fibrillation, two may be singled out
as having been considered by some to be pamcu]arly important.

1 The obsm’nllon thal a oertam muscle mass is necessary for fibrillation to occur was
IR " ha thnnce shae Bhellas’an o Auoe ta facal

¢ bn Aem

Sch:u’f and Goklen; Schcrf el al 1950b). ll is cnly wnh rales abovc a certain hgurc !hnl
precisely as a result of this high rate of impulse formation the islands of refractory tissue
oocur which Lews, Feil and Stroud have demonstrated in such conditions (see also Lewis’s
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diagrammatic llustration 1921; 1925, Fig 306). In our opinion it is the high rate of impulse
formatton which 1s the primary factor. A certain muscle mass is necessary for a sufficient
number of islands of refractory tissue of the requisite size to occur. We do not dispute the
possibility, or even probabulity, of local re-entries in established fibrillation, but we do not
believe that local circus movements either initiate fibnllation or are the primary factor in
perpetuating it.

2. The termination of ventricular fibrillation by a strong electrical shock has been held
to prove a circus movement underlying this arrhythmia, 1t being assumed that the termin-
ation 1s due to abolition of the * gap ** of excitable tissue between the head and tail of the
crrculating wave. We have already drawn attention to one objection to this interpretation
1n connexion with aurnicular fibrillation, namely that only a shock properly timed has this
effect. If the above reasoning were correct such shock should always termmate fibnllation,
irrespective of its timung, which 1s not the case. It may here be added that, if a focal origm of
tmpulse formation 1s assumed to underle ventricular fibrillation, the abolition by a properly
timed shock can be understood in a vaniety of ways For instance, depolarization of the foc
with consequent change in the sequence and rate of impulse formation, so that excitations
no longer occur at the same rate or falt within the supernormal phase of preceding beats
would be one possibility.

In conclusion we may state our belief that none of the observations made in connexion
with the initiation and establishment of ventricular fibnilation can be regarded as proving
an underlying circus movement, many objections against this theory are discussed in this
section On the other hand, we are not aware of any observations which could not be under-
stood as the result of rapid impulse formation in circumscnibed focy, resulting in local areas
of depressed conductivity and local re-entries, these being due to the high rate. Such con-
ception 1s 1n accordance with a wealth of observations made on nerve and cardrac muscle;
of the latter, the work of Lewss and collaborators, published over thirty years ago, is not
the least important.

Repetitive response to single and continuous stimuli 1s more fully discussed in the chap-
ter on ** Mechantsm ™

SUMMARY

The three main theories of the mechanism underlying auncular and ventricular flutter
and fibnillation are briefly reviewed, namely, the theory of dissocrated action of various
groups of muscle fibres, that of tachysystoly, and of circus movement. The reasons are dis-
cussed why until recently the circus movement theory was widely accepted to explan
auricular flutter and fibnillation, in spite of weighty objections raised against 1t almost from
the start; these are discussed in some detail. More recent work, employing the experimental
production of such arrhythmias by means of the topical application of aconitine, have
yielded results which are incompatible with the circus movement theory and strongly
suggest that auncular flutter is due to the rapid impulse formation 1 one circum-
scribed ectopic centre. This work is discussed 1n detail Auricular fibnillation cannot be

AOTRAN M cmeea et .

ama e meanbnntams  Daacaas aea o van fne tha atenmniinn

mation occurs in several ecto
of the “ vulnerable period ™

alone single stimul produce .: . .
instance of repetitive response to a single stimulus; some relevant work on this 1s discussed,

whilst the reader 1s referred to the chapter on * Mechanism * for a fuller discussion of this
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phenomenon The observation 15 described and illustrated that, during ventricular tachy-
cardia, the activity of one ectopic centre may awaken that of others. Evidence 1s discussed
in support of the view that, in ventricular fibrilfation, the pnimary factor 1s the simultaneous
activity at a high rate of several ectopic centres of impulse formation, resulting m local areas
of depressed conductivity and local re-entries, but 1s not a circus movement.
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PAROXYSMAL TACHYCARDIA

Paroxysmal tachycardia 1s universally regarded as an arrhythma due to a number of
occurring in . The close relation between this disturbance of thythm

and les has been ized for a long time and s discussed in several papers pub‘
hshed at the beginning cf thxs cen!ury (Mackenzxe 1902 Hoﬂ'mann 1903 Pan 1904 LCWIS
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as well as ventricular ones are well known, the last usually having a far more serious prog:
nostic significance than the others.
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Many varieties of paroxysmal tachycardia have been reported, Thus this arrhythmia
may occur in association with complete A-V block (Singer and Winterberg, Barker et al,,
Casc 16) or with vcnmcular ex\rasysmles (Samet and Schott); ventricular paroxysmal

dias with ta the auricles have been reported, often with some
dchce of retrograde block {Allan; Mahaim and Barrelet). The duration of the attacks
may vary from a few secands to many hours or even days, and equally great variations occur
in their rate of mncid It is therefore no ion to say that there are no two
patients in whom such attacks are identical, but in the same patient the same Jond of attack
may be observed over many years.

Since the essential reason for including paroxysmal ta:bycardxa 1 this ook 1s the close
association of this arrhythmia with Y , a detaifed d of the
vaneties of 1ts features would be ontside the scope of this book. A few special types may,
however, be briefly discussed

Tt was Gaﬂavardm ta whom credit is due for having described many important forms of

this arrh A ding to hum (Galf, din, 19221) the classical variety {type Bou-

Fic 150 —Paroxysmal nchycardn ansing in tre coronary sinus area a4+
before exercise, rate 136, b, ancr twenty genuflexions, increase in
rate to

veret) has no refation to single extrasystofes since no 1solated ectopic beats are observed
between attacks m such patients  Whale this 1s true for quite a propartion of instances we
do not think that, from a pomt of view of underlying or chimeal fi any
distnctian 1s justified between those cases and others in whom oceasional 1solated extra-
systoles are recorded

Gallavardin described two further types of paroxysmal tachycardia which, mn our
opinton, canstitute definite chnical entities:

1 The * tachycardie 4 centre excitable ” (Gallavardin, 19222) In this vanety the inds-
vidual attack is short and can easily be elicited by exettion or emotion Exertion may
fengthen the duration of such attacks as welf as sncrease therr rate.  Ventricular {Scherf
and Weissberg, Wenckebach and Winterberg, Walson et af ) and auricular (Scherf and
Wessberg) vanenes of thus arrhythmia have been described

Fig 150 shows such an nstance in which the arrhythmia oniginated n the coronary
sinus  Exervon (20 genufiexions) increased the rate from 136 to 214 per minute

2 “ Extrasystohe & paroxysmes tachycardiques ™ was described 1n its auncular and
ventricular vareties by Gallavardin in lhe same year (1922, 1922¢). This type is charac~
1enzed by the features that the individual p is short, of sertes of 20-200
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extrasystoles in such p being sep d by only a very few sinus beats,
often only one, rarely more than three. Clinically, the individual attack is therefore short,
lasting ot more than a minute or two, but as soon as one attack stops the next one starts
after a very brief respite. One peculianity of this condition is that 1t tends to continue in the
same fashion for many years Gallavardin observed a patient with the ventricular variety
for seven years, we followed one with the same condition for five years Another patient
with auricular paroxysmal tachycarda of this kind was under our observation for six years,:
and Parkinson and Papp—who called 1t repetitive paroxysmal tachycardia—teported such
paroxysms during ten years of an eighteen years® period of observation.

Fig. 151 provides an example of the ventricular form of this arrhythmia and clearly
demonstrates the shortness of the attacks, separated by only one sinus beat.

Fig. 152a 1llustrates the auricular variety, hastzing also the d 1c difficull
Actually, 1n the report of the cardiographic department of the hospital where a first short
record was obtamed from this patient, a diagnosis of S-A block was made Longer records,
reproduced 1n Fig 152a, show, however, that what might appear at first sight to be S-A
block, 15 1n fact normal sius rhythm The P waves of the tachycardia resemble the sinus

B A sl o o’ i e g, 4
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Fig 151

|
]

ap ventricular form  The
two strips are contimuous

P waves so closely in most leads that sinus tachycardia seems to prevail. While close

inspection of the P waves during tachycardia reveals 1n some leads only some minute d1ﬂj:r-

ences 1n shape, compared with the P waves duning slow cardiac action, these are fairly

obvious in lead CR-1 in which the P waves of sinus beats are high and peaked whereas those

during tachycardia are much lJower and round. Companson of Fig. 152a with 152b,

recorded from the same patient one week later during sinus rhythm, confirms the diagnosis

that the condition reproduced 1n Fig 152a was, 1n fact, auricular *“ extrasystolee & paroxysmes

»

tachycardiques ™. o 4 et vee ottt oo gad PapD

- . ation, gave

of rhythm

. itients such

ear after a varying period of time, 1n others the tachycardia gradually pro-

3::::: (s:ailis?alzpdﬂmaticn. wn}?;elauve mitral and mcu;pxd regurgitation, and may (ermmi\(:

in death due to congestive heart failure (Scherf and Kisch) We would therefore a.dVOC:ll%‘_

somewhat more guarded prognosis. This is also jusufied 1n view of the notorious dl lc

culties 1n the treatment of this arrhythmia which responds poorly or not at allto quguhle';c
or digitalis. And even in those cases whch do react favourably to one or the other of t
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drugs, neither can be given indefinitely and as soon as the effective remedy is stopped the
arrhythmia recurs
Tracings of this type of tachycardia are also reproduced 1n Figs. 175 and 200
Practically the same variety of paroxysmal tachycardra has also been termed * tachy-
cardie en salves ” {Gallavardin and Dumas 1924, Gallavardin and Veil 1927, 1929 a and b,
Lutembacher 1929).

Leads

2

Fic 1525
From the same patient as Fig 1520, recorded one weck later, sinus
thythm  For further explanation, see text

P Supra-Ventri Tachy ia with A-V Block

Until recently, 1t was thought that, with rare exceptions, in supraventricular paroxysmal
tachycardia the ventricles respond to every supraventricular stimulus This was, n faCf.
considered to be one of the 1 duffe between p. 1 tact dia and auri-
cular flutter, as in the latter some degree of A-V block, constant or varying, is nearly always
present. While sporadic cases of paroxysmal tachycardia with A-V block had been rcpor}cd
sice Koplik’s first communication 1n 1917, 1t was realized only in 1943 that this condition
1s by no means rare, when Barker, Walson, Job and Wishart d such
cases from the hterature and added eighteen observations of their own In 2 subscguenl
paper they reported alternation of cycle length i this type of arthythmia, which they inter-
preted as sugg a circus with of exther the S-A or the A-V nod¢
(Barker, Johnston and Wilson; Barker, Wilson and Johnston). This group of workers
amphfied this conception by stating that such circus movement 15 of a special kind for the1
following reasons: slowing of the auricular rate and termination of lh; attacks by vng::j
stimulation and by digitals, acceleration of the rate by exercise, the rclquvely slow rate ﬂf]’
long cycle length, and the separation of the auricular deflections by isoelectric 1nterva S

A G d
(Regarding our views .on this, see bclcw‘ ).‘ In lh‘: same year ])‘ccrfrii:‘l'{c‘_zr;l;:;& ::d

- sated with
. . . . ock: such
. - . vwith A-V
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block {28-6 per cent ) compared with only two 1n seventy cases without block. In view of
the theory, then generally accepted, that avricular flutter and fibnilation were due to a circus
movement, such observanons tended to suggest that paroxysmal tachycardia, at least the
variety with A-V black, was due to the same disturbance. Evans, who reported a senes of
twenty-seven cases of paroxysmal tachycardia with A-V block, emphasized the unity be-
twneen paroxysmal tachycardia and auricular flutter, However, by determining the momen-
tary atrial electrical axss for each G 01 second Decherd, Ruskin and Herrmarn failed to find

any evidence of circus in this arthythmia and concluded that * the weight of
evidence potnts to the existence of an ectopic site of 1mpulse generation . These authors
also found iderable d mthe ¥ atnial el axis between paroxys-

mal tachycardia with A-V block and auricular flutter  {See also Fig 163a.)

Fig. 153 illusteates a comparatively rare variety of this arshythmia, namely paroxysmal
supra-ventricular tachyeardia with penodically dropped ventricular beats (Wenckebach’s
periods). 1t was recorded in 2 man wath rheumatic mitral and aortic vabvular dssease.
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Fig 153 —Lead V-1 The two stups are contiuops.  Parowysmal spra-
tncul diawat! y dropped beats
{Wenckebacks periads)

1t should be recalled that the above conclusions 1 respect of paroxysmal tachycardia
with A-V block were drawn at a ime when the theory of circus movement of auricular futter
was almost universally accepted If, in spite of the closer association between paroxysmal
tachycardia with block and auncular fiutter no evidence of circus movement was found m
the former, such mechamsm would a fortiori seem far more unbikely to account for the
ordmary vanety of paroxysmat tachycardia without block. However, 1his problem 1s still
cantroversial and sts general aspects warrant a more detaed discussion

Mechanism of Paroxysmal Tach

At the beprmng of this section the elose assaciation between extrasystoles and paroxys-
mal yeardi hasized; the line between multiple extrasystoles and a short
attack of paroxysmal tachycardia is but vaguely defined Apy attempt to explan the

of p must have as 31s starting pont the conception that
thus disorder of thythm consists of a senes of ! g 10 = Thus
we seem Justified m ding paroxysmal tach dia and 2t all events

thewr usual forms, as atike genetically.” Lewis, 1925, p. 386. Lewss also pointed out that
thus tdea was ongmally mooted by Hoffmann (1903).
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In regard to the mechamsm underlying these arrhythmias Lewss, the protagonist of the
theory of circus movement n auricular flutter and fibrillation, later saw difficulties in
applying this explanation to paroxysmal tachycardra, the crucial obstacle being that the
“ auricle has no sufficient tract of tissue to mamtan a simple circus movement for a half
second, if a reasonable conducting rate is allowed ** {1925, p. 397).

In contradistinction to the very cantious way in which Lewis discussed the mechanism
of this arrhythma, Ashman and Hull, while not denying that occasionally 1t may be due to
a rapidly acting ectopic pacemaker, considered a circus mechanism often, though not
always, responsible. They thought 1t probable that in the aunicular vanety the circuit is into
and out of the S-A node, whereas in the junctional type it was probably often due to an impulse
re-entening the A-V node. In support of this view they pointed out that the termination of
such attacks by vagal stimulation could easily be understood by the strong vagal effect on
these nodes whereas such vagal action was inexplicable if ectopic focal impulse formation
were assumed. While, for reasons discussed below 1n this section, we do not think that a
circus movement underhes paroxysmal tachycardia, we admut that the effect of vagal stimu-
lation in terminating such paroxysms 1s difficult to und: d, a tentative 2} is
mentioned below As already stated, Barker ef al. also favour the conception of a circus
movement betng responsible for paroxysmal tachycardia 1n view of their observation of
alternation of cycle lengths duning the paroxysms since there were “ no published examples
of alternation 1n cycle length which have been clearly shown to depend solely upon the dis-
charge of impulses by a single centre ™. However, since this statement was made it has been
d d that ectopic lus formation 1n a centre may be associated with alternation
m cycle length (Scherf and Terranova, see Fig 146; Scherf, Chuck et af )

While we believe that 1n some rare cases a circulating may produce tachy
1n the manner discussed 1n connexion with return extrasystoles (g v.), the vast majority of
wnstances of paroxysmal tachycardia are in our opinion due to ectopic impulse formation.
This view 1s based on the following considerations

1 To a certain extent the circus movement theory as an explanation of paroxysmal
tachycardia has been considered 1n view of the analogies between thts disorder of rhythm
and extrasystoles, flutter and fibrillation  Since, for reasons fully discussed in the appro-
priate sections and chapters, we do not believe that, with rare specified exceptions, any of
these arrhythmias are due to a circus movement, but are a result of ectopic impulse for-
mation 1n a aircumscribed centre, this argument becomes invalid

2 Warmng of the focus of origin of extrasystoles elicited by the topical apphcation of
various compounds (sodium or barium chloride, digitahs, or strophanthin) results in
paroxysmal tachycardia which lasts for the duration of the warming of the focus. This
and similar observations, discussed 1n the chapter on * Mechanism ™, strongly support
the focal origin of such arrhythnuas and cannot be reconciled with the theory of circus
movement.

3. The order of the cycle lengths between i 1 beats during p: ysmal tachy-
cardia, particularly in the auricular variety, precludes a circus movement. This point, based

on Lewss's views discussed above, seems to us a very strong argument against the circus
movement theory

4. The observation of a sudden doubling of rate during p. y 1 tachycardia from

107 to 214 (Camp and Scherf) (see Fig. 154) contains two arguments agawmnst the circus
movement theory: a rate of 107 cannot be due to a circus movement in view of the .long
cycle length (0-56 second), moreover, a sudden change of path of the presur{lsd circus
movement to one of half the former length 1s an p which1s P for the
same reasons which were di din g _‘ simifar d cfA 1 J flutter
(p- 223). This observation is far better explained by assuming ectopic focal impulse

q
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formation, whereby during the slower rate either a 2 : 1 block was present or every second
impulse failed to be initiated (see chapter on ** Mechanism ™).

5 The sudden droppmng of a beat during tachycardia is incompatible with the circus
movement theory Such observations were made 1n cases of aurtcular (Gallavardin 1946,
Figs. 70 and 71 on pp. 130/1) and ventricular (Fig. 108) tachycardia. This phenomenon can
be understood by assuming rapid focal ectopic impulse formation with occasional block,
or occasional failure of one impulse to be imitiated.

6 The observation that paroxysmal tachycardia may be associated with dissocration
with interference (Schott) (Fig 155) can hardly be understood 1n conjunction with a circus
movement, but presents no difficulty if focal impulse formation 1s postulated

We therefore believe that the senes of ectopic beats, which constitute paroxysmal
tachycardia, originate 1n the same way as we assume all extrasystoles (in the strict sense of
the term) to anse, namely by being precipitated 1n an ectopic focus by the last preceding
beat  With the exception of the first beat of such paroxysms, which 1s an extrasystole with
fixed coupling initiated by a stnus beat, the only difference 1s that 1n paroxysmal tachycardia
the precipitating beat also 1s of ectopic ongin  In our oprmon all these beats anse in the

DT e
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FiG 155 —Lead CR-1 Parovysmal aurcular tachycardia with dissociation
with interference  From ScuotT  Proc rov Soc

same circumsenbed ectopic focus A crcus movement not only 1s not proved, but—apart
from rare excepuons—s unhkely in view of aff the evidence which we are discussing agamst
thes theory 1n connexion with extrasystoles

- NS DU S

an-hythm and Testores sinus rhylhm or has no effect In clinical flutter, on the other
hand, carond smus pressure never has this effect, and m expenmenml ﬁut\ervagal sumu}a-

and Mueller) faradic of the vagus abolished flutter in rare instances. While we
bebeve that the different chinical response of these two arrhythmias to carotid sinus pressure
alone justifies a separation between these two gmUps of auricular arrhylhmms——the unuy

of which tends to be hasized of late—a sat of the
accounlmg for lhc dxﬂ‘erence in vagn] action cannot be oﬂ”cred The tentative hypothesis
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Differential Diagnosis

While the general diagnostic principles of p ycardia will not be di d
a few remarks about differential diagnosis should no( be amiss

The of an individual attack of tachycardia of this kind must be
made

(a) between paroxysmal tachycardia and other disorders of rhythm assocated wath a
high ventricular rate, and

(b) between the various types of paroxysmal tachycardia according to the site of origin
of the ectopic beats

Regarding (a) In practice, the most frequent difficulty anses in the differentiation
between paroxysmal tachycardia and auricular flutter, which, at the same time, presents also
the greatest theoretical difficulies In both, the ventricular rhythm may be regular or
irregular and n both often 1s regular  Until 1t was realized that A-V block 1s not mnfre-
quently associated with paroxysmal tachycardia these two arrhythmias were separated by
the presence or absence of A-V block, this distinction 1s now no longer valid  While we
believe that these two arrhythmias are separate entities, because an attack of paroxysmal
tachycardia can often be stopped by way of reflex whereas all such procedures are without
effect in ﬂuttcr, we prefer (o admit that none of the criteria adduced for making the distrne-

tion electr y can be dered reliable (see, for , Israel and Mazzer)
To cite just one cxample Accordmg to Evans 1n auricular flutter the aurlcular rate 18 slower
thanm )i dia whereas ding to Decherd ef al (1943) the reverse 1s the

case We consider 1t necessary to await the result of further studies before considering it
possible to state distingmishing critenia with any degree of certainty  Fortunately, this gap
1n our theoretical knowledge does not interfere with treatment

Regarding (b) The site of origin of paroxysmal tachycardia can often be determined
by the usual electrocardiograms, particularly by chest leads taken from points 1 (and 2) or
special chest leads (manubrium-xiphoid) In auricular paroxysmal tachycardia the ventri-
cular complexes often are of normal shape, but aberrant ntraventricular conduction of
supraventricular impulses may closely simulate ventricular ongin of the tachycardia
Furthermore, 1 a considerable proportion of cases the P waves are buried 1n the QRS
complex or T wave of the preceding beat and thus not discernible; this may lead to the
erroneous diagnoss of atrio-ventricular tachycardia  Unless auricular ongin can defimtely
be excluded by special leads, of which oesophageal leads must be mentioned as being parti-
cularly valuable mn all kinds of aurrcular disorders of rhythm, 1t is preferable to use the term
supraventricular tachycardia  The same considerations obtamn as in auricular extrasystoles
(see also section on ** Incaidence )

R ding the d between sup: scular tact with aberrant mtra-
ventricudar conduction and veatreulac achycarda, the .‘Endmg of a slower independent
auncular rhythm, associated with a fast ventricular one with abnormally shaped complexes,
establishes the diagnosis of ventrrcular origin This 1s, however, not possible 1n every
case Another distingushing factor can be estabhshed if isolated extrasystoles are
observed between attacks these are usually from the same focus which gives nise to the
tachycardia

That retrograde conduction may occur in ventricular tachycardra has already been
referred to earlier in this section

From the point of view of prog and the essentral p: quisite is to deter-
mine whether an attack 1s supra-ventricular or ventricular in onigin
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Treatment

Supra-Ventricular Parexysmal Tachycardia

In the common varety of such attacks, that is without A-V block, the first approach
should always be to stop the tachycardia by one of the manoeuvres which often terminate
such paroxysms by way of reflex, the efferent path being the vagus It is true that, as dis-
cussed 1n the chapter on extrasystoles and the nervous system, stimulation of vagus or
sympathetic may abolish or precipitate ectopic arrhythmias also 1n man, but mn clinical
practice stmulation of the vagus by way of reflex as a rule termmates ectopic supra-ventri-
cular tachycardias whereas that of the sympathetic, for example by adrenaline, usually has
the reverse effect

The most important methods for ehciting such Reflexes tn clinical practice are.

1 CAROTID SINUS REFLEX Pressure 1s applied exactly at the site of the bifurcation
of the carotid artery The correct level 1s found by determining the point of intersection
of the carotid artery with the horizontal at the level of the upper border of the thyroid
cartilage, but as the exact site of the carotid sinus varies somewhat in different indi-
viduals attempts at compressing at a slightly higher or lower level have to be made if the
first trials are unsuccessful It 1s best to put the four fingers of one’s hand behind the
patient’s neck and exert pressure with the thumb by gently but firmly compressing the artery
downward and medially towards the spine. In the majority of cases pressure on the right
1s more successful than on the left, but 1n a minomity the reverse 15 observed Pressure
should always be carrted out with the patient in the supine position and never on both sides
smultaneously While pressure 1s exerted the heart action should be kept under obser-
vation by Itation and pi diately released when the tachycardia stops, if
this occurs 1t does so suddenly

The degree of pressure which has to be employed vanes greatly in different patients. In
elderly subjects with arteriosclerotic arteries merely touching the skin over the carotid stnus
may termnate an attack; in others stronger pressure maintained up to halfa minute may be
necessary Untoward effects arising from carotid sinus pressure have been reported, for
wstance fainting, hemiplega or dangerous cerebral anoxia, but these can be minimized by
strictly adhering to the rules mentioned above  Special caution 1s necessary in patients with
pronounced arteriosclerosis

The proportion of attacks which can be termnated in this way 1s considerable  [If this
method 1s at first unsuccessful it may prove effective if repeated after 2 time, particularly 1f
1n the meantime the patient was given quimdine or digitahs (see below) But drug treatment
should be resorted to only after carotid sinus pressure and simiJar procedures discussed
immediately below had been given a fair tnal, 1n our opimon drugs are often given un-
necessarily.

Most observers agree that carotid stnus pressure 1s ineffective 1n cases of ventricular
paroxysmal tachycardia and thus s easily understood in view of the absence of a direct vagal
effect in the mammalian ventricle  Exceptions to this rule have, however, been reported
Thus, 1n an observation published by Wenckebach and Winterberg (1927, Plate 190) carotid
SInUS pressure p d as well as supp d ventricular tachycardia  Other unusual

34 4baseal ok das alammant afvamic anlas tnabuansdin hafaea vartaeating

7. OCULO-CARDIAC RTFLEX. This manoeuvre may abolishanattack in patients in whom

other procedures had failed to do so. The patient 15 asked to Jook downward and close his
eyes; pressure is then exerted simultaneously on both eyeballs.
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3 PULMONG-CARDIAC REFLEXES The simplest of these 1s precipitated by taking a
deep breath Not infrequently this suffices to stop an attack In one of our patients, a
seventy-two-year-old lady who for many years had an average of sixteen attacks a day,
every paroxysm could be termunated in this way In his textbook on cardiac diseases Bam-
berger mentioned this measure as early as 1857, In some comparatvely rare cases deep
breathing precipitates such attacks. In other patients Valsalva's expeniment 1s successful
while deep breathing has no effect; this manoeuvre, too, may tn rare instances fire off such
attacks (Gallr)

4. OTHER REFLEXES One of the most useful measures 1s the gagging reflex, elicited
by the patient’s putting his fingers in hus throat It 1s as effective as vormting which
some authors advocate to induce artifially by drugs (for example, apomorphine), but
without the undesirable side effects

In some patients attacks of supraventricular tachycardia can be stopped by deep
bending, crouching, pressure on the abdomen or drninking rced water

Different individuals vary greatly in their response to any of these measures and each
patient soon finds out for himself which 1s the most effective  They all have this important
point m common that the patients can learn to carry out themselves whatever manoeuvre
they have found best The psychological effect of this, in addition to avoiding by the timely
termination any somatic effect caused by prolonged attacks, 1s by no means neghgible.

Drugs Drugs should only be employed if all the above measures have been tried, not
only at the beginmng of an attack, but at intervals during such paroxysms, and failed
Moreover, such procedures may become successful when resumed mn conjunction with
drugs

There 1s hardly a drug which has not been ioned as m
attacks, but 1n practice only three can be ded dine, digitahs and
suiphate, 1n this order

Quimdme. As mitial dose we recommend quimdine sulphate 0 2-0 4 gramme by mouth,
to be repeated at intervals of three hours as long as necessary and provided no signs of
cinchomsm occur (see section on ** Treatment ™, p 475) In the majority of pauents this
regume will termunate the attack within 2 short tme  If necessary the above dose can be
repeated one hour after the imtial dose, or given at two-hourly intervals

In patients with frequent attacks preventive treatment by gtving 0 2 gramme every four
hours 1s often successful If necessary medication 1s continued dunng the might. It 1s not
at all rare to find that after a time medication can gradually be reduced and subsequently
discontinued without attacks recurnng

The 1ntravenous njection of quinine or quinidine 15 not free from nisk and hardly ever
necessary. Only 1n patients with greatly prolonged attacks i which the arrhythma aggra-
vated pre-existing heart failure to the pomt of danger should tlus method be considered
which can yield spectacular results (Samet and Schott). The single dose varies between
0-2 and 0 5 gramme

Dy il o tatopn als apmamd wlann @ mam s mnt am et o e O e -

such

paroxysmal tachycardia develops after coronary occlusion and, contrary to the popular
belef, 1t 15 also effective 1f a ventneular tachycardia occurs 1n such cireumstances (see
below)

The dosage vanes widely 1n different cases  We recommend 1 mg. digoxin by mouth as
mitial dose, followed by 0 25 mgm  at six-hourly mtervals, the patient being kept under
careful observation for change i rhythm and signs of digitalis overdosage (p. 477) Instead
of digoxin, digitoxin may be used, 0-1 mg. of digitoxin being equivalent to 0 25 mgm of
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digoxin  If intravenous injections are resorted to, we recommend 0-5 mgm digoxin in
10-0 cc., followed by 0 25 mgm  at six-hourly intervals given by mouth. Oral digitalization
can be started at the time of the imection. Instead of the intravenous injection of digoxin
that of 0-25 mgm stroph may be given, followed by the same dose after twelve hours
if no untoward effects occur; oral digitahization should be started at the same tume (0 §
mgm. digoxin as tmual dose, followed by 0 25 mgm at six-hourly intervals). Strophanthin
should never be given if the patient had recerved digitahs within the preceding ten days and
we do not recommend to exceed the doses stated

Magnesium sulphate. This has proved useful in doses of 15 0—20 O cc. of a 20-per-cent.
solution, given intravenously, in supraventricular and ventricular tachycardias (Boyd 2nd
Scherf)

Other drugs will be discussed only shortly since their effect is either not convincing or
they cause unpleasant side-effects.

Choline and denivatives may be mentioned in the first place Of these, acetylcholine
(Schliephake; Boden and Wankell, Abbott; Segers ef a/) and particularly acetyl-beta-
methylchohne (Starr; Morgan) were used, but 1n view of the unpleasant side effects this
treatment 1s now used only rarely. Acetyl-beta-methylcholine 15 given hypodermucally
doses of 10-30 mgm (20-50 mgm, Morgan) A syrninge for the intravenous injection of
atropine (grain 1/50) should always be ready as antidote. For further detarls, the reader 1s
referred to the papers by Starr and by Morgan

Similarly, prostgmine methylsulphate (0 5-1-0 mgm ) (Battro ef al) or neostigmine
(1 mgm , Waldman and Pelner), both given intravenously, have been recommended. These
drugs too, produce undesirable side-effects

Other drugs which have been recommended, but the use of which we should like to
discourage, are epinephrine, atabrine, faganine and calcium salts The intramuscular injec-
tion of paredrine hydrobromide (20 mgm., Gniffith) or the ntravenous wjection of neo-
synephrine (0-5 mgm ) seem less nisky, but 1n view of the possible considerable rise in blood
pressure precipitated by the latter (Youmans ez al.) we do not recommend their use.

The efficacy of procaine anude (Pronestyl) m the treatment of auricular paroxysmal
tachycardia 1s not yet established and, while 1t seems promising to a certain extent, we should
like to await further reports before expressing an opinion.

Further particulars about most of the drugs mentioned will be found n the appropnate
sections of the chapter on ** Drugs ™

In 1 we would ad a healthy i agamnst any new drugs recom-
mended for the treatment of paroxysmal tachycarda,

All these remarks about treatment apply only to supraventricular paroxysmal tachy-
cardia without A-V block, The vaniety with block 1s far more difficult to treat  The response
of such patients to carotid sinus pressure, quinidine or digitalis 1s often poor and transient
The most effective therapeutic have to be blished 1 each case by tral and
erT

or.
Similar difficulties are experienced in the treatment of extrasystole & paroxysmes tachy-
cardiques, as already referred to.

Ventricular Paroxysmal Tachycardia
1t is universally recognized that this variety of paroxysmal tachycardia carries a far more
serious prognosis than the supraventricular type, since 1t 1s mostly associated with structural
heart disease and 15 a dreaded complication of myocardial infarction. While every effort
a coe *+ of the mncreasing
1duals with other-
et al, had no heart
¢ syndrome made
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the evaluation of the type of arrhythmia and its significance doubtful Reports of smgle
cases of this kind are those of Stemn and Driscoll, and of Mahaim and Perusset. The réle
played by dipitahs overdosage in the production of this arrhythmia must not be forgotten
tr all the based on reflexes, which were discussed in con-
nexion with supraventricular tachycardra, are meffective with rare exceptions The drug of
choice 15 quunidine  In many cases oral medication 15 effective. We recommend 0 2 gramme
as rmtial dose and, 1if no untoward effects occur, 0.4 gramme can be given every 2-3 hours
If the arrhythmia persists after six hours the single dose can be increased to 0 6 gramme  In
exceptional cases much larger doses have been given, for example the maximum single dose
employed by Armbrust ez a/ being 2 5 grammes! If, however, the ventricular tachycardia
occurred with my and is not terminated within six hours, the
mtravenous injection of quinidine 1n doses varying between 0 2 and 0 3 gramme 1s indicated
and justified the risk imherent in the arrhythmia in such circumstances outwerghs the risk
of the intravenous injection  This method may, however, be superseded by procaine amide
{Pronestyl), which has recently been introduced and has proved most successful in the treat-
ment of this dangerous condition; 1n some cases 1t was superior to quumidine The doses
recommended on the grounds of observations so far avatlable are If given by mouth,
1-25 grammes as imtial dose, followed 1n one hour by an additional 0 75 gramme 1f the
tachycardia persists  In the majonity of cases this proved adequate to termunate the tachy-
cardia, but 1f necessary subsequent doses of 0 5-1 0 gramme at two-hourly mtervals may
ehmmate the arrthythmia When given intravenously the drug should be imjected very
slowly, the maximum rate being 100 mgm per minute or less, the dose vaned n different
cases between 200 and 1,000 mgm (that 1s, between 2 and 10 cc of the Pronestyl solution as
supplied by the manufacturers) Continual observation of blood pressure and electro-
cardiogram during the mjection 15 necessary with the intravenous route, and the injection
should be diately if a more d fall in blood pressure occurs
or the arrhythmua stops (See also section on ** Cocame > )
Gonzalez Sabathie reported good effects 1n nine out of ten cases from the intravenous
mjection of 0 01 to 0 04 gramme of morphine

and our observations are in accordance with that of those authors  We may summarize our’
views on this subject by stating that 1n ventnicular tachycardia, provided the arrhythmia 1s
not due to digitals, this drug, if otherwise indicated, can be given far more freely than
Thitherto assumed and that in such cases 1t often abolishes the disturbance of rhythm

SUMMARY

The close relation between Ji and extr 18 and
while a detailed description of the countless vaneties of this arrhythmia 1s considered out-
slde the scope of thns book some speclal !ypes are bneﬂy dlscussed namely. tachycardie 3

pulses ansing 1n a circumscribed ectopic focus and not due to a circus movement  The mode
of ongm of paroxysmal tachycardia 1s thus assumed to be essentially the same as that of
extrasystoles Some points presenting special d in the diffe

between
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paroxysmal tachycardia and auncular flutter, and between supraventricular, atrio-ventri-
cular and ventricular paroxysmal tachycardia are briefly discussed.

The treatment 15 discussed 1n some detai]l under the following headings:

Supraventricular paroxysmal tachycardia  It1s pointed out that such paroxysms can be
termunated by way of reflex 1n a considerable proportion of cases; such reflexes are reviewed,
Drug treatment should only be resorted to after such procedures had been given a faur trial.
Amongst the great number of drugs whlch havc been reported as sometimes succ:ssful m
practice only three can be r idi digitalis, and in
this order Details of dosage and administration are given. Other drugs are bncﬂy men-
tioned, though not recommended. .

Ventricular paroxysmal tachycardia  The of choice 15 quinidine, but procaine
amude (Pronestyl), recently introduced, may to a certain extent replace quinidne 1n the
treatment of this arrhythmia, particularly if it occurs as a complication of myocardal in-
farction, and 1n instances in which intravenous injections of quimdine were considered
indicated hitherto  Details of dosage and administration of these drugs are gnen  Digitals,
whch 1s usvally thought to be contra-indicated in this arrhythmia, can 1n our opinion be
given far more freely than hitherto assumed, provided the arrhythmia 1s not due to the
drug, 1n such cases it often abolishes the arrhythmia
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CHAPTER VII
EXTRASYSTOLES AND THE NERVOUS SYSTEM

INTRODUCTORY REMARKS

The part which the nervous system plays in preciptating or modifying ectopic
arrhythmias 1s as important as 1t 1s complex. Using the words ** nervous system ™ n their
widest sense, that 1s to include the action of autonomic nerves, reflexes, the central
nervous system as well as psychological factors, 1ts i on such arrhythmias 1n man 1s
so widespread and profound that the resulting clintcal importance 1s obvious Moreover,
a great deal of experimental evidence on this problem 1n various ammals has been collected
under widely varymng conditions Taken together, such clinical and experimental obser-
vations throw some light on the h of and alhed arrhyth and are
thus also of physiological interest

The relationshep between the nervous system and cardiac arrhythmias had been noticed
for a long time, and ts significance was grossly overrated in the past by some who considered
such arrhythmias to be due only to nervous influence The observations that ectopic
arrhythmeas may occur 1n the 1solated perfused heart and thus imdependent from central
nervous control, that electrical stimulation of vagus or sympathetic nerves alone produces
such irregulanities only exceptionally whilst the opposite effects on the cardiac rhythm may
result from the same kind of stmulation of the same nerve accordmg to the conditions of
the experiment, demonstrate conclusively that no simple relanonshxp obtams It will be
seen that 1n most cases, 1n which nervous 1nfl lic and allied
arrhythmias with any degree of certainty, complex expertmental condmons were present
which resulted n the heart’s being predisposed to the exhibition of the arrhythmia It
seems reasonable to postulate a simitar predisposition 1n man to account for the widely
varying incidence of such arrhythmias under seemingly similar conditions

ECTOPIC BEATS PRECIPITATED BY DIRECT (FARADIC)
STIMULATION OF VAGUS AND SYMPATHETIC

While 1t was found that occasionally simulation of the vagus alone (Hening 1909,
Lewis 1914a) or sympathetic alone (Rothberger and Winterberg 1911a, p 344, 1911b,
p 520 footnote, Kuré 1913) may elicit ectopic beats, this occurrence 1s exceptional and it
soon became obvious that, in order for the sttmulation of such autonomic nerves to
produce ectopic rhythms, other conditions present at the same time had to render the
heart predisposed for the development of arrhythmias of this kind.

One of the earliest of such observations s that of Hering (1901): If, in the 1solated heart
preparation, a sudden nse of intra-ventricular pressure, precipitated by clamping of the

reappear by vagal stimulation It 1s important to note that in some of these expeniments the
253
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extrasystoles occurred without any noticeable vagal slowing of the normal rate; it is clear,
therefore, that the effect of vagal stimulation cannot consist exclustvely in the retardation
of the normal impulse formation, allowing more time for ectopic beats to become mamfest.
The further observation of Weiland’s that only weak stimulation of the vagus precipitated
extrasystoles, whereas strong stimuli had the reverse effect, points in the same direction.
(See also Luten below) Hering (1911) )i d the physiological signi of the
fact that the occurrence of extrasystoles was independent of a change of the normat rate

In discussing these observations we have used the term * extrasystoles ** for the heter-
otopic beats, 1n accordance with the authors of the papers discussed. However, the question
anses whether heterotopic beats of this kind should be considered extrasystoles in the strict
sense of the term  The nature of extrasystoles and the difference between extrasystoles and
automatic beats 1s discussed in the chapter on ** Mechanism *, reasons will there be ad-
vanced for our view that those ectopic beats, which are not preceded by a precipitating
beat at constant time intervals, are produced by a different mechanism and should there-
fore be distinguished as automatic beats from the more passive phenomenon of the true
extrasystole

Stmular considerations will have to be applied to the extensive investigations by Roth-
berger and Winterberg, where a more accurate determmation about the onigin and nature
of the ectopic thythm 1s possible since, 1n addition to the mechanical records of auricle and
ventricle, electr d were also ob In ther experiments on dogs these authors
found that simultaneous sttmulation of vagus and sympathetic precipitated beats origin-
ating 1n distal centres in the ventricles S of the ! tended to precip
impulse formation 1n the ipsilateral ventricle, when, at the same time, normal impulse for-
maton was inhibited by vagal stimulation  In these experiments stimulation of the right
vagus usually had a more marked inhibitory effect on the normal pacemaker than that of the
left (1911a) Ectopic beats occurred more readily 1f the ammal had previously been given
small doses of barium chlonde (0 005-0 01 g); with larger doses (0 025-0 05 g} such
arrhythmias occurred after stimulation of the left accelerans without stmultaneous vagal
stmulation (1911b) Calcium chloride had a similar effect, though much larger doses
{0 1-0 2 g.) were necessary, but stronttum and magnesium were ineffective It was also
found that barium chloride did not Jower the threshold for st ion of the !
and 1t was concluded that barium and calcrum chlonide had a selective sensitizing effect on
the impulse-forming centres m the ventricles, an impressive early example of a predisposition
of the heart to develop ectopic rhythms as a result of nervous influence. Other instances
will be detaled below In Rothberger and Winterberg’s records the ectopic beats occurred
tn groups, without any defimte time relationshup to the preceding beat, normal or ectopic
By duminishing the imtensity and particularly the duration of the electrical stimulation it was
possible lly to precipi single ** y ™ The arrhythmras observed in
such expeniments would, 1 our opinton, more appropriately be considered to be due to

d of a ventri centre or centres than to consist of extrasystoles
Lewis (1914b) had already expressed doubts whether the arrhythmias experimentally pro-
duced by Rothberger and Winterberg and extrasystoles have the same genetic origin, and
subsequent work has tended to substantiate such doubts.

In a ssmilar manner, chloroform (Levy) and cyclopropane (Allen, Stutzman and Meeh)
were found to sensitize the heart in such a manner that subsequent stimulation of the
sympathetic eliaited ectopic arthythmias - The latter drug seems to have predisposed the
heart to various arrhythmias on mampulation of the vagus though cxlmsyslq]cs were
observed 1n only three out of thirty-six operations (Freeman). During opcrauons.mvolvmg
section or isolation of the gastric vagi premature beats were found only rarely in chaical
and expenimental (dogs) observations {Gullickson, l\lcRne alld Campbell) This will be dis-
cussed in the appropriate sections of the chapter on ** Drugs™ (pp 301, 304)
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There can be no doubt, however, that true extrasystolic arrhythmias were produced by
vagal sttmulation 1n dogs after aconitine admunistration (Scherf, 1929) In these experiments
an amorphous preparation was used (0 5 or 1.0 g 1n 100 cc. of distilled water, acidified)
and the degree of mtoxication carefully adjusted individually in each expermment  If such
small doses were employed that alone failed to produce any noticeable change in the rate or
rhythm of the heart, faradic stimulation of the vagus, night or left, mvanably produced a
bigemunal rhythm or multiple extrasystoles ansing in the same focus The extrasystoles
usually were ventricular 1n ongin, ansing in the left ventricle more frequently than 1n the
night, they started immedately with the vagal sttmulation The extrasystoles of the big-
emim were ly coupled to the preceding beats and had constant shape m the electro-
cardiogram

Fig 156 provides an example of such an experiment The night vagus was stimulated
by a weak faradic current after the first normal beat occurred  Each automatic (escaped)
beat occurning duning vagal stimulation was followed by a group of four ventricular extra-
systoles, the first of which was accurately coupled to the automatic beat (coupling 0 32
second) The extrasystoles persisted after the end of vagal stimulation for various periods
of time, 1n some experiments for several hours, depending, amongst other condittons of the
expeniment, on the degree of acomitine If the extrasy had subsided,
renewed vagal stimulation c:\used them to recommence If extrasystoles were already
present as a result of the ad ation of of the vagus mnvarniably
increased thetr number and pr d multiple or short runs of paroxysmal

dia Atropme abolished the n certain stages of acomtine mtoxtcation
Cholme and choline derivatives as well as potassium chloride had the same effect as vagal
stimulation, cholme remaining effective even with full atropimzation

Conversely, short faradic simulation of the sympathetic (accelcrans) or, as unpublished
expeniments showed, injection of small doses of d the extrasy after
a short latent interval and at a time before the ensuing tachycardia would itself be likely to
have this result  Calcium chloride (1-5 ce of a 10-per cent solution) had a simular effect.

In a minonty of the expertments aunicular extrasystoles occurred, at times as auricular
bigemim Vagal stimulation had essentially the same effect on auricular as on ventricular
extrasystoles, with the important cifference that, whereas the ventricular extrasystoles
occurred immediately at the onset of vagal stimulation, the auncular ones did so shortly
after the end of stmulation,, if auricular extrasystoles were present as the result of acomtine
alone, they temporanly disappeared during vagal stimulation, reappearing n increased
numbers shortly after the end‘ o‘r stmulation Dunng vagal stimulatton the inhibitory

“ . RPSPRON ao .

common i man, can only with great difficulty be produced in aumals The few ot’her

methods known to produce this form of bigeminal action are discussed on p 194 The 1m-

portance of bemg ab[e m sludy 1N experiments an arrhythmz whxch s such a fxequent
.

rcccm obssrvatmn (Scherf and Chtek) that the toprcal apphcau:m of ace(ylcholme to lhe
R ot gt

<ctopic rhythms
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It 15 also significant that in those parbeul: vagal
had the effect of enhancing ectopic tmpulse formation m xhc ventricles winle haviag the
usual ifubitiag effect on the Mgher centres of impulse formation  This oppostte effect of
sumulmon af thc same nerve on the various centres, also proved for the sympathetie, 1s of

ical ymportance ding the ism of xmpu!se formation
{See Scherf, 1929 also the chapter o * Mech: of Ongm of E: "} Furthero
more, the sympathetic is known not only to have a direct effect on the mammalian ventricle,
but there to facilitate lhc onset of ectopic rhythms, so that the deseribed effect of stimulation
of the sy m exir les 35 the reverse of that observed i many other
expenimental conditions. A further instance of this kind #s the suppression, by sympathomi-
metic compounds given intravenously, of ventucular ectopic tachycards elicited i dogs
by the topcal apphication of acomtme (Charker and Klutz)

Ventricular ectope beats were also ehietted by vegal stimulohion 1n dogs after injectson
of digrtahs (Kobacker and Scherl)  The rate of the ectopic shythms appearing during and
shortly after stimulation of the vagus was shhtly higher than that of the prevaufing sinus
rhythm

That stumuiation of the vagus on the one band and of :hc symp:nhcuc cn the other need
not atways have the opposite effect 1 g and ab
arrhythmias was shown by Picarone and Scherf n expeaments on extrasystolcs caused 1 the
dog by the application of hypertome solutions of sodium or barm chlondc on the cardxac
surface or by subepicardial wnjectians. If tach d thus duced had subsided spon-

ty, faradic of the by 1y of the right stellate ganghon,
brovght them out agam and ther rate wncreased maskedly  But the abnormal beats also
re-appeared if the vagus was simulated. In some cases the 1atter phenomenon may simply
have been due 1o the slowing of the normal rhythm which facihtated the oceurence of
ectopic ventnicular beats  Not rarely, however, a ventriculr tachycardia which had dis-
appeared could be brought out agamn for a penod of three to four minutes by stmulation
of the nght or left vagus, and on these occasions the rate of the tachycardis was faster than
that produced by the previous chemical imtation alone without vagal stmulgtion This
would appear to be another of the few instances pointing to a direct eflect of the vagus on
the mammahan veatucle

Fig 157 was obtaned {rom such an expeniment. A subperwacdial imection o 0 § o
of & 30 per cent soluton of sodsum chlonde 1 the conus sea of the Fight ventricle was
foliowed by a ventnoulsr tackycardia (Fig 1373} The rate of the smus thythm was 115
and that of the tackycardsa was 162 Twe munutes later the tachyeardia had disappeared
At this stage the night vegus was faradically sumulated (Fig  157b), with the eRect that a
prolonged standstil] of the heart occurred, which was mterrupied by two beats angmating
1n the same area as the extrasystoles whxch followed the mjection of sedium chionide  Afier
& second, shorter mterval ( dation of the vagus tachycardia
with 3 rate of 180 and again enginating in the same focus occurred Since, by repeating

vagal stimulation after a few munutes, short bouts of the same tachycardia could be elicited
agaw, the assumption seems reasonable that such spells of tachycardia were not 2 coinci-
dence A short bugemunal thythm also could be precipitated by vagal stumulation m some
of these expenments.

In dogs, the d of 1t extra-
systoles appeared duning vagal mmummn even f they haa been absent befmc {Gruber).
Fig 158 Wo extrasysiokes, in different focy, followang

prolonged faradic shmmlauon of the nght vagus m 2 deg anaesthetized with nembutal
{without any other drug). The s!lmuhhcn of the mght vagus was repeated 55X times and one.
o1 two d after each

These e¢xamples xnustm(e how complex the action of stumulatton of vagus and

5
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sympathetic is mn its effect on extrasystolic and allied arrhythmias. According to the circum-
stances of the experiment, the kind of animal and anaesthetic used, and the kind of drug
employed 1n order to sensitize the centres of ectoprc impulse formation, stimulation of the
same nerve may have quite different and at times opposite effects. It is also evident that
stimulation of the cardiac nerves alone produced extrasystolic and alhed arrhythmias
only n 2 small mimonty of cases and that 1n all those experiments, in which such arrhyth-
muas followed stimulation of these nerves with any degree of certainty, the heart had been
rendered 1 a spectal cond predisposing 1t for the develop of ectopic arrhythmias

At this juncture the fact should be stressed that results obtained mn experiments on rab-
bits should only be used with special reserve for the analysis of the mechamism of such
arrhythmias in other amimals and man, since ectopic arrhythmas are apt to occur especially
easily mn the rabbnt, particularly if morphine, which 1s known to favour therr occurrence,
was used as an anaesthetic (Kuré, 1913, Hering, 1915)

Fi1G 158 —From an expeniment on a dog Two aurtcular extrasystoles follow-
ing prolonged faradic sttmulatton of the right vagus

ECTOPIC BEATS PRECIPITATED BY WAY OF REFLEX FROM THE CAROTID
SINUS AND THE PART PLAYED BY THE PRESSO-RECEPTOR NERVES

Some relevant observations, daung from long before the discovery of the function of the
carotid sinus and of the action of presso-receptor nerves, may briefly be quoted Thus
Cyon {(quoted from Koch) found in 1898 that stimulation of the depressor nerve abolished
bigemsnal heart action even if the lowering of blood pressure was negligible  This was subse-
quently confirmed by Hering (1922) Irregular heart action in rabbuts as a result of clamping
the carotid artenies was reported by Sewall and Steiner as early as 1885, and later by Hirsch
and Stadler with experimentally produced aortic incompetence after severing of the depres-
sor nerves  Kisch, who studied such arrhythmias more closely using, however, only a
record of the blood pressure for their analysts, interpreted them as extrasystoles and found
that their occurrence was facilitated b; 1 d. stimulation of the central
end of the vagus or of the superior laryngeal nerve, and that they persisted after bilateral

y or atr A better under d f the mech: of such arrhythma
became possible only after the discovery by Hering of the carotid sinus as a site of origin
of reflexes  Henng (1927) himsell added the observation that stimulation of the carotid
nenve abohshed arrhythmias produced by clamping the caroud arteres and that, just as i
the case of the depressor nerve, this effect was independent of a change 1n blood pressure
Heymans (1929), (quoted from Regners, 1930), noticed the occurrence of extrasystoles
when the pressure in the carotid sinus fell to 70-80 mm Hg

Such arrhythmuas elictted by clamping of the carotid artenies were subsequgntly studied
by means of electrocardiograms. Regneers fm}nd lhaldccl:opxc beats ccclurrc:l smgly as ::i{

3 that paroxysmal tachycardia as wi
ssmgroups hat ey onginatedfrom s oo nd tht proyysmal a2 )

e . + rergotanune.

! . f the carotid
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arteries occurred more readily if the amimals had been sensiized with barum chloride,
aconitine or strophantin, given in doses which alone did not produce any changes i heart
rate or thythm In some experiments with barium long chaimns of igemunal heart action
with constant couphing and constant shape of the extrasystoles mn the electrocardiogram
could be produced (Fig 159), the arrhythmia immediately disappearing on releasing the
carotids, to reappear on renewed clamping—another of the few methods expermmentally
to produce this arrhythmia  Severing of both depressor nerves facilitated the occurrence of
arrhythmias resulting from clamping of the carotid arteries (Hering, 1925, Regnters, 1929,
Schott) Ths was to be expected tn view of the synergistic action of depressor and carotid
sinus nerves By removing their compensating action severing of the depressor nerves will
enhance the effect of reducing the physiological sumulus of the carotid sinus nerves which
results from clamping of the common carotid arteries  In such expeniments 1t was also
found that stmulation of the intact vagus may precipitate the occurrence of extrasystoles
as well as abolish them (Schott) Simularly, Damelopolu, Marcou and Proca reported that
stimulation of the carotid sinus 11t dogs or cats, sensitized by means of ligatures n the myo-
cardium or of small branches of the coronary arteries, or by means of intravenous injections
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of caleium or banum chlonde or strophanthin, may precipitate as well as abolish ectopic
thythms ~ Dikshit (1934b) found 1 cats that sodum barbitone gwven intracerebrally or
intravenously lessened or abolshed cardiac arrhythmias eltcited by clamping of the carotid
atteries
It can therefore be said that stimulation of the presso-receptor nerves tends on the whole
to prevent or abolish ectopic rhythms whereas elmination of their action (severing of the
depressor and/or sinus nerves, lowering of the pressure in the stnus by clamping the come
mon carotid arteries) has the opposite effect It must be borne in mind, however, that the
reverse of this usual effect may be observed, depending, inter alia, on the rhythm prevailing
at the time of the experimental interference on such nerves
These experimental findings accord well with the observations that pressure on the caro-~
tid sinus 1n man may prectprtate as well as abolish ectopic beats Rihl (1912) found that
pressure on the * vagus ™’ eluiuec} “ e‘xlrasystoles ", but as he used only mechanical records,
eale Tza PRGN .- TS .
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1 4 oty o e e by L}
extrasystoles which 1n the electrocardiogram had the same or almost the same shape as
those occurring ly In both, les had started as a tesult of digitals,
but in one of them no digitalis had been given for ten days Digitalis extrasystoles with fixed
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coupling, but ansing from various foci, produced by * vagal » pressure and not associated
with any material change in the auncular rate had been described previously by Weil.

Fig. 160a shows a ventricular extrasystole which occurred during carotid sinus pressure
apphed for termimating an attack of auncular paroxysmal tachycardia. Observations of
this kind are fairly common.

Not only single, but also multiple ventricular ectopic beats may occur during carotid
sinus pressure  Fig, 160b provides an ple ob d in a fifty-four-year-old woman com-
plainng of palprtation  The tracing shows right bundle branch block; as a result of pres-
sure on the right carotrd sinus muluple ventricular ectopic beats were recorded and this
observation could be repeated at short intervals. It was made in the same patient whose
record 15 reproduced in Wenckebach and Winterberg’s monograph (Fig 190 on plate 80),
and 1t was also observed that pressure on the right *“ vagus™ precipitated a ventricular tachy-
cardia with a rate up to 278 which, moreover, could be abolished by the same manoeuvre
which elicited 1t

Meredith and Bechwith reported two cases in which ventricular tachycardia was recorded
duning caroud sinus pressure apphed for stopping an attack of paroxysmal suprasentricular
tachycardia.

The observation, quoted earlier 1n this chapter, that topical apphication of acetylcholine
nay precipitate ectopic ventricular rhythms 1n the dog may well have a bearing on the mode
of ongm of such ectopic arrhythmias occurring during carotid sinus pressure.

Regarding such arrhythmias anising in the auricles, auricular extrasystoles, paroxysmal
auncular tachycardia, auricular flutter and fibrillation have been described following carotid
sinus pressure (Aalsmeer, Mandel Bl feld, Sct ler and Zullo). Fig 160c
shows two ectopic auricufar beats which were recorded during pressure on the right carotid
sinus applied to ternunate an attack of supraventricular tachycardia

On the other hand, carotid stnus pressure may also suppress extrasystoles. This 1s
easily understood in the case of aurrcular ones, as tmpulse formation 1n the auricles 1s known
10 be largely under vagal control Thus Luten reported a carefully analysed case in which
aurcular extrasystoles disappeared soon atter injection of atropine (grawn 1/30) at a time
when the sinus rate was slowed as a result of the imtial vagal sumulation.  With the subse-
quent tachycardia in the vago-paralytic stage of the atropine effect, the ectopic beats became
more and more numerous  Apart from the effect of atropine the extrasystoles disappeared
as a result of ** vagal” pressure, but the effect was not constant. This observatron demon-
strates that, at least in some cases, vagal tone 1s a far more important factor in determentng
the occurrence of extrasystoles than the length of the diastolic interval,

cula N
and L . . .
neck was assumed to produce a direct mechamical stmulation of the vagus  Asitis now
known that stimulation of the presso-receptor nerves results not only wn an increase of
vagal, but also 1n a decrease of sympathettc tone, this latter effect may reasonably be assumed
1o be the cause of the disappearance of ventricular extrasystoles as a result of carotid sinus
pressure. The paramount importance of efferent sympathetic pathways in such reflexes
has been demonstrated 1n 2 great vaniety of expermental conditions By recording in cats
the sympathetic impulses in one of the small nerves runming from the stellate pnglfon to
the heart, Bronk, Ferguson and Solandt found that increase in the pressure within the
carotid sinus results 1n a d of the s hy impul. to Ts Y
complete inhibition if the pressure was raised to 125-150 mm. Hg The dur:.mon of this
inhibition depended on the height of the pressure i the sinus and was often increased by
section of both the aortic depressor nerves,

The effect of direct ical

by hing with a pair of forceps, of the
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carotid sinus in man was studied by Hill in twenty patients in whom the regton was exposed
for operation  Only in the two cases in which chloroform was used as anaesthetic were
ventricular extrasystoles recorded, here they tended to occur as bigemini, the extrasystoles
being only shghtly premature The arrhythmia was not accompamed by a sigmfcant
vaniation in the heart rate and clesely resembled that arising spontaneously under chloro-
form anaesthesia

1t 1s thus obvious that carotid sinus pressure 1n man may precipitate as well as abolish
extrasystoles. Hering (1925) pointed out that thts seemingly contradictory result may be
due to the exact site at which the pressure is applied: if the sinus itself is compressed it
results 1n a stimulation of the stnus nerve via the mechanical sumulation of the carotid sinus

admutted that such a sharp distinctron between the two points of compression often 1s not
possible; with compression below the sinus a mechamcal effect may be produced on the
sinus by traction, and n subjects with short and obese necks 1t may be allogethcrimpossxb!c
accurately to localize the site of pressure  While in the chmcal experiment the exact site of
the pressure 1s, of course, of importance, no such i i arise in wit
ammal experiments In our view the observation that the same procedure may have the
oppasnle cffect on lhe heart rhythm 15 only one ¢ of many : stmtlar nstances, well known in
“ 1of nerves depends wnter alia

- . gal stimulation was foundto
be dependent only on the condrtion of the organ, the atamc stomach responded by con-
traction, the hypertonic one by relaxation (McSwiney and Wadge) Simular conditions were
found by McCrea and McSwiney regarding the effect, upon the pylorus and fundus of the
cat’s stomach, of stmulatton of the hepatic branch of the vagus The effect upon the
uterus of stimulation of the hypogastric nerve differs according to the presence or absence
of pregnancy (Langley and Anderson}

Regarding the effect of nervous sumulation by way of reflex: mdependent of the site of
stimulation the excnation tends to favour stretched muscles (v Uexkull, Sherrington,
Magnus) and 1s thus dependent on the conditions 1 the periphery (Bethe) In decercbrate
cats pressure on the hard palate produces, by way of reflex, opening of the jaws1f the mouth
was shut, bu. lhexr clenching 1f the mouth was open In man a flexor reflex can in certaint

ding on the as a whole, be converted nto an extensor
one (Bethe and Fnscher) (For ref of the papers quoted tn the last two paragraphs, see
Schott )}

It seems to us that the condition of the heart and particularly sts rhythm at the time 15
one of the mam factors determining whether sumulation of the presso-receptor nerves
results 1n precipitating or abolishing ectopic arrhythmras

In a similar way as with carotid sinus pressure, extrasystoles were occasionally seen
durmg or following pressure on the eye bulb (Aschner-Dagmim reflex), (Jenny; Ferralis
and Pezzi; Danielopolu e al, 1925). Pruche stated, however, that he found extrasystoles
only 1n cases in \\hxch they had becn prcscnl before ocular pressure was applied. Sabena
and Postel d electrocard ly the effect of ocular pressure i fifty patients
and, amongst other variations n heart mtc and rhythm, found extrasystoles of several
kinds, namely auricular, ventricular and polymorphic No tracings are, however, repro-
duced in their paper. Landman and Ehrenfeld reported an observation in which eyeball
pressure was thought to have precipitated short runs of ventricular fibnllation, but m our
opinion the reproduced tracings demonstrate short paroxysms of multiform ventricular

extrasystoles
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Roth reported an observation on an erght td man with ocdema,
n which ocular pressure produced e‘masysm!es if adrenahine {1 mg.) had been mjected
previously. The analogy of this chiucal observation with the expenmental findings of
Rothberger and Winterberg, that combined stimulation of vagus and sympathetic may
produce ectopic arrhythmas, 1s obvious

ECTOPIC BEATS DUE TO RETLEXES FROM THE RESPIRATORY TRACT

Cardiac arrhythmuas resulting by way of reflex from chemical irriation of the nasal
mucous mermbrane have been known since Kratschmer’s investigations on rabbuts mn 1870,
Using a vanety of chemical mritants, amongst them chioroform, ammona and tobacco

affect the arrhythmias, but section of the trigeminal abolished them

Much of this early work has subsequently been confirmed and amplified  Knolt (1872),
studying wn detan) the pulsus b under the conditions 1n which K h found #
10 oceur, observed that its duration equatied that of two normat cycles, a finding that should
later prove of such decisive tmportance for the accurate analysss of extrasystolic arrhythe
muas. He also clearly recogmzed that the pufsus bigemnus and trigennnus were caused by

curred independently of a nise 1n blood pressure and confirmed that they persisted after
bilateral vagotomy, atropimzation and removal of the lower cervical and upper dorsal
gangial. The methods available at that time were inadequate for a rebable analysis of the
kind of arthythmia, but m view of subsequent observations the assymption seerms well
justified that they consisted largely of ectopic arrhythrmas and extrasystoles, as stated by
Hernng (1900, 1501)

Koblanch and Roeder, stariing from Kobfanch's observation that arrhythmias could
be eficited 1 man by stimutation of certain areas m the nose, nvestigated this problem 1n
dogs and rabbits It was found that arrhythmias could be produced by stimulation of a
circumsenbed area on the posterior part oﬂthe nasal septum opposite the middlie turbinate,

inadequate that it was repeatedly criticized
Magne, Mayer and Plantefol also found arrthythmias and bradycardsa sesulting from

As far as the bradycardia 15 concerned which occurs in rabbits as a result of the msufe
flavon of untating vapouwrs 1mto the nostnls, Brucke conclustvely demonstrated n 1917
that the efferent mechanism conststs fiot only of a sumulation of the vagx but also—at
Jeast 1n certamn animals —of an add b of the
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More recently this problem was extensively re-investigated by Allen (1930~33) Arrhyth-
muas (pulsus bigerinus) were found to result in rabbits particularly eastly from insufflation
of benzol and could also be produced by stimulation of the central end of the cut vagus,
but not by faradic or mechanical sumulation of the peripheral end of vagus, depressor and
cervical sympathetic, or of the lateral wall of the nostnils. No constant relationship between
the onset of bigeminal pulse and height of blood pressure was found, and the arrhythmias
occurred even if a rise 1n blood pressure was prevented by an equalizer, by ergotamine or
transection of the spinal cord 1n the midthoracic region; they were also independent of the
carotid sinuses (1930b) The afferent pathway was found to be the trigemunal though the
olfactory nerves may also have some part (1930a) The impulses descend the medran half
of the Jateral columns of the spinal cord and pass to the left ventricle by way of the upper
thoracic roots and the stellate gangha (1931a) The arrhythmias were abolished by sectton
of the lower cervical cord or removal of the stellate ganglia. The central connextons of this
reflex are discussed below (p 267) While 1t seems fau']y certam that the arrhythmras s(udxed
by Allen were extrasystolic in ongn, only very few elect arer d and
the diagnosis of the disturbances of rhythm is mainly based on carotd blood prcssure
tracings No finer analysis of the arrhythmias is therefore possible, in particular no con-
clusions can be drawn about the focus of ongin of the ectopic beats. Owing to the inertia
of the recording system employed not even a tentative explanation can be given of the nature
of changes m the arrhythmia which were observed n some experiments. Moreover, the
results about the relationship between rise of blood pressure and onset of premature beats
were inconclusive

A few words here may not be amiss to clarily our attitude toward work on arrhythmias
1 which only mechanicel records of blood pressure andfor arterial pulse tracings were
obtained Much 1s owed to work of this kind which showed under what conditions arrhyth-
nuas occur and by what interferences they are modified, prevented or abolished. The pres-
ence of ectopic beats and extrasystoles may be inferred from such records with a certan
degree of probability, particularly :f additional mechanical tracings of auncular activity ot
preferably electrocardiograms were recorded 1n at least a certain proportion of experiments.
We should like to emphasize, however, that no rehable analysis of the underlying arrhyth-

muas 1s possible on the strength of artenial pulse or blood-pressure tracings, as these fail to
give any information about auricular activity which 1s indispensable for analysis A great
variety of mechamsms may, for instance, result 1n a bigemunal pulse, as 1s discussed 1
the appropriate chapter (p 204) Moreover, with a mechanical pulse tracing or the usual
blood-pressure record the inertra of the recording system results in such marked distortions
of the record 1n shape and 1n time that not even the fundamental distinction between distur-
bances of impulse formation (ectopic beats, extrasystoles) and disturbances of conduction
can be made In order accurately to analyse zm'hythmms‘ either electrocardrograms or
records of ventricular and auncular activity ob d with ding systems, of
both, have to be postulated For these reasons the value of somc otherwise lmpon:mt work
15 himuted 1f a detailed analysis of the arrhythmias is the object 1n view

‘While, as already menuoned Magne, Mayer and Plantefol failed to find any cnrd‘ll:li

ed
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cord:d lhc latter sometimes ansmg from various foci A possible anatomical basts for
s o= Plasomecnn - g demonstrated, in the

: marked slowing of the

These findings are of
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practical importance as they demonstrate the need for caution in applymng mechanical
stimuh to the trachea or bronch especially 1n light anaesthesia, cyclopropane seems parti-
cularly apt to sensitize the heart n this respect.

Amongst the arthythmias i total f Y formed only
a small fraction (Massie and Valle).
Regarding the effect of ion on the inaid of les, Busquet observed

10 the dog that they were more frequent during exprration and atmhuled this to the slower
heart rate  Owing to the rather pnmitive method used no more detailed analysis of the
arrhythmia 15 possible.

Ventricular and auricular extrasystoles as well as auncular flutter and fibnllatton preci-
pitated by deep breathing have been repeatedly described (Stokes; Smith and Moody, Burak
and Scherf), Evans investigated the effect of deep mbreathing on lead 3 1n two hundred
healthy adults and found that m one case deep msplratlon always iduced a short bout of
paroxysmal tachycardia; in five ared with deep i
while in three they disappeared, having been presem in lead 3 taken dunng ordinary
tespiration  In Case 3 of the series of Snuth and Moody deep breathing caused paroxysmal
auricular fibrillatton only when the patient was apprehensive, whereas, after his fears had
‘been dispelied, deep breathing produced only extrasystoles, an interesting example showing.
the interaction of several predisposing factors in producing vanous arrhythmias. Tn another
of their cases (Case 2) return extr followed deep b

Extrasystoles occurring as a result of forced expiration against !hc closed glottis (Val-
salva’s experiment) are at Ieast partly due to reflexes Thus Burger found extrasystoles,

1l g the mise 1n y pressure thus produced, in fifteen amongst 145 subjects
and attributed these and other changes m the electrocardiogram to a vagal effect which,
under such conditions, outlasts the 1ncrease in sympathetic tone after the end of the effort.

Forssman and Stenqvist reported an unusual observation m a man of theety-six without
cardiac disease  This individual was able to produce attacks of paroxysmal tachycardia by
deep 1nspiration, by pushing forward his abdommal wall without straining and while
holding his breath, and subsequently also by Valsalva's experiment Carotid sinus pressure,
ergotamune tartrate or prostigmne had no effect on thcf tachycardia. As the result of quimi-

ECTOPIC BEATS DUE TO REFLEXES FROM THE GASTRO-INTESTINAL TRACT

The effect, on the cardiac rate and rhythm, of reflexes origiating 1n the gastro-ntestinal
tract has been known for a long tume and 1n 1ts extreme degree was demonstrated by Goltz’s
classic experiment on the frog in which he showed cardiac standstil] to follow a blow on the
abdomen Engelmann found in experiments on the effect, upon the frog’s heart, of direct
stimulation that subthreshold sumuh became effective as a result of faradic stmulation
of stomach or intestines, which he atinbuted to a sensitization of the heart due to reflex
vagal sumulation Clintcally, the mportance of gastro-intestinal maladies on the rhythm
of the heart had, at certain times, 1f anything been overrated, reference has already been
made to Solano’s and Laennec’s view that intermuttent pulse was a sign of impending
drarrhoea (“ Historical Remarks ™) e

- T PSS S

accurately coupled), and sometimes nodal rhythm was found, and such attacks could be
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precipitated by touching the left faucial pillars or the pharyngeal aspect of the tongue on the
left The attacks were abolished by application of radium to the left tonstlar regton. Extra-
systoles and short attacks of paroxysmal tachycardia produced by swallowing were reported
by Sakai and Morn, Wenckebach and Winterberg, Gallavardin and Froment (two cases),
Forsberg. In this connexion reports of the occurrence of Adams-Stokes attacks due to
swallowing are also relevant, as they not only show a reflex effect upon the heart rhythm of
swallowing, but 1n some cases they were associated with ectopic impulse formation Thus
Flaum and Klima reported a case of a sixty-three-year-old man in whom swallowing induced
Adams-Stokes attacks, the electrocardiogram showed complete standstill up to 5 minutes
28 seconds, nterpreted as sino-auricular block. During the long intervals of standstll
automatic beats occurred, partly of A-V, partly of ventricular ongin. Such attacks could
mvanably by produced by touching the superior laryngeal nerve 1n the left pyniform fossa
or at its passage through the hyothyroid membrane, whereag carotid sinus pressure was
without effect Reimiger, 1n discussing what appears the same case, mentioned that ventri-
cular extrasystoles occurred before the attacks, disappeared during paroxysms, to reappear
when the oniginal rhythm was restored, the extrasystoles having various forms and varymg
coupling. Weiss and Fernis reported the occurrence of Adams-Stokes attacks on swallowing
mn a sixty-four-year-old man which onginated from a traction diverticulum of the oeso-
phagus; such attacks could be precipitated by distending the diverticulum by means of 1n-
flating a balloon inserted into 1t The electrocard. showed lete heart block dur-
ing*the attacks, epinephrine and ephedrine, while not preventing the block, so increased
automatic impulse formation that a regular ventricular rhythm ensued, the rate of which
was sufficiently lugh to prevent the onset of symptoms The afferent path of the reflex, at
least in some of such cases, 1s beheved to pass through the supenor laryngeal nerve.

Arrhythmeas following experimental distenston of the stomach seem first to have been
reported 1 1872 by Mayer and Piibram, but were found only 1n a mmority of the experi-
ments, Subsequent studtes confirmed that the occurrence of arrhythmias under such con-
ditions 15 by no means constant and rather the exceptton Thus Burgess, Scott and Ivy
found periodically recurring premature beats on distension of the stomach 1n only one out
of twelve dogs, and Owen obtained extrasystoles only rarely upon distending the viscera 1n
anaesthetized dogs Pearcy and Howard found oles on d or sq of
various viscera in dogs which were sensitized with bartum or digitalts, In such experiments
the anaesthetic employed and the kind of ammal vsed are of paramount importance

In man the occurrence of extrasystoles after a heavy meal 15 a common occurrence and
other conditions productng a displ. upwards of the diapt also frequently
precip such arrhy , for example pregi Y

Kaestner reported numerous ventricular extrasystoles i a fifty-nine-year-old man with
a hiatns herma  They invanably occurred immediately after assuming the supine position
and then disappeared.

Climcal observations testify to the intimate relationship between gall-bladder and heart
action. Here again, however, experimental gave 1 results
Schrager and Ivy saw skipped beats *" 1n only one out of five degs on distending the bihary
passages. According to Crttenden and vy rcterus in unanaesthetized dogs seemed to
facilitate the onset of cardiac arthythmias, including ectopic beats, on distenston of the
bilary The cardiac however, were primarily associated with paumn,
vomiting or retching and were abolished by atropine.

In man reports of carefully investigated cases are few, Straus zlnf:l Hamburgfff""“"’g
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temporanly in the same patient after each of two operations for duodenal ulcer and periduo-
denal adhesions respecinely. In yet another case auncular exirasystoles and flutter became
more marhed after cholecystectomy. The authors emphasize that three out of those four
patients were * neurolic ”, another mstance of several factors being present to sensitize the
heart Another impressive example of the effect of a diseased gall-bladder on cardiac
function is provided by the first case of a series of six, published by Fitz-Hugh and Wolferth
In thus patient, suffering from nocturnal patn m the precordium and left shoulder, in addi-
tion to violent attacks of epigastric and night upper quadrant pain, the electrocardtogram
showed signs of myocatdial damage with ventricular extr les, six weeks
after cholecystectomy the tracing was entirely normal and the exlmsysloles had disappeared

Reports about the occurrence of extrasystoles as a result of handling abdominal viscera
at in man are confl Bettmann and Rubinfeld saw ectopic beats during
cholecystectomy, performed under spmal anaesthesia, 1n only two out of sixteen patients
Wakefield found extrasystoles frequently (tcgether with other electrocardiographic changes)
when traction was made on the gall-bladder or when 1t was distended with normal saline
solution  The effect of major abdeminal operations on the cardiac thythm was studied
electrocardtographically by Maher and collaborators  In eighty-nine operations (in which
ether or nitrous oxide was used) extrasystoles were found in thirteen cases (auricular m
five, ventricular 1n four, nodal in two and auricular and ventricular i two); only in ten
1nstances was the occurrence of the arrhythma related with certainty to a definite operative
procedure, for example, stretching the mesentery, pulling the gall-bladder or omentum, or
palpating a neoplasm

CENTRAL NERVOUS SYSTEM—BRAIN—AND ECTOPIC BEATS

A G Levy’s extenstve work on the occurrence of extrasystoles i cats under light
chloroform apaesthesta was the starting point of important mvestigations demonstrating
the part played by certain areas in the brain 1n the production of such arthythmias  Levy
himself demonstrated that, when epinephrine was mjected mtravenously into cats under
light chloroform anaesthesia, extrasystoles and ventricular fibrillation ensued within a few
seconds and that this effect was sufl present in pithed cats with the brain destroyed

Stimulation of the central end of the vagus also may precipitate extrasystoles in cats
under chloroform anaesthesia (Brow, Long, and Beattie, Dikshit, 1934a)

Further pregress was made by the detaled mvestigations of Bmw Long and Beattie,
starting from the chance discovery that such les 1n lightly 'med cats were
abolished or prevented by decerebration at the Sherrington level It was found that a centre
or centres exist 10 a certain region in the brain stem, the removal of which resulted tn the
abolition of the extrasystoles, the area having the followng boundaries anteriorly and
supeniorly, a Iine joining the anterior edge of the supenor collicul to the posterior edge of
the optic chiasma, posteriorly, a hine joimng the anterior edge of the superior colliculi to
the posterior edge of the mammulary bodies, laterally, an mmaginary plane not more than
3or4mm from the medial sagittal plane  Styimulation of this region was found to produce
extrasystoles when they were not already produced by chloroform Moreover, sumulation
of certain points of the hypathalamus produced extrasystoles, one such point was close to
the entrance of the aqueduct of Sylvtus mnto the third ventricle, another one about 3 mm.
above and s]xghlly poslenor to the ongin of the dib recess Dy experi-

' P

stimulation of the above region of the hypothalamus, was due to snmu]:mon of the general
sympathetic pathways as well as of the paths the of for 1t
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was found that lation of the hypothal. still produced extrasystoles after the
removal of the suprarenals,

Blocking or interruption of afferent pathways of the carotid sinus caused extrasystoles
which disappeared after cutting of adrenergic fibres which descend from the posterior
hypothalamus (Muller)

In a certain proportion of expeniments ectopic arrhythrmias were abserved after injection
of 0 1-0-5y of acetylcholine nto the lateral ventuicles (Dikshit, 1934a). Such rregulanties
could also be produced 1n cats by the intraventricular injection of caffeine and nicotine;
sodtum barbitone given intracerebrally or mtravenously lessened or abolished such arrhyth-
muas provehed by caffeine (Dikshit, 1934b). Dikshit concluded that caffeme can produce
cardiac 1rregulanties by some action on the hypothalamic centres

In unanaesthetized dogs intracerebral (ventricular) injection of strophanthin produced
numerous extrasystoles, followed by ventricular tachycardra of about three hundred per

minute  Such arrhythmias were abolished by intravenous barbital, but not by vagotomy.
Thus effect was specific for strophanthin; the only other substance which was found to have
a somewhat simitlar, though considerably less marked, effect, was pitressin  Histamune
caused auricular, but never ventricular extrasystoles (Korth, Marx and Wernberg)

Allen (1931b) obtaned 1n rabbits similar results regarding chemucal or faradic stimu-
lation of the hypothalamus 1n three animals premature systolic arrhythmias followed such
sumulation {In the few nstances in which arthythmias were produced by strong faradic
stimulation of the supenor colliculi this was attributed to the concomitant marked rise in
blood pressure, as no such arrhythmias occurred 1f the tise in blood pressure was kept
below 5 mm. Hg) On the other hand, the arrhythmias produced by insufflation of benzol
persisted after section of the brain in a plane stmular to that which Brow and his collabor-
ators found in cats to abohish chloroform extrasystoles Allen concluded that the pathway
1s through some connexton between the trigeminal and a centre below the diencephalon

A similar mechanism seems 1o have been present tn the arrhythimas produced in dogs
by intracisternal injection of potassium phosphate (2 m/6 mixture of mono- and di-potassium
phosphate of py 7-6) (Walker, Smolik and Gilson) The irregulanities consisted 1n ventri-
cular extrasystoles, at times occurming as bigenunal thythm  They were abolished by sec-
t1on of the cord at the level of the sixth cervical vertebra, though they could still be ehested
by tetanic stimulation of the spinal cord just below the level of sectron or by stimulation of
one or the other stellate gangha, especially the left. They were not abolished by brain stem

n the Ilicular or pontile region and were more pronounced after vago-
tomy. Withntact vag ectopic beats occurred more frequently during inspiration, when the
heart rate was higher, and in the case of bi the coupling of the extrasystoles was con-
stant even If resprratory arrhythmia was marked. It 1s constdered possible that the arrhyth-
muas were due to sumulatian of cells it the floor of the fourth ventricle, causing excitation
of pathways which descend 1n the spinal cord and leave in the sympathetic nerves at the
upper thoracic levels Ectopic impulse formation was enhanced by the absence of vagal
influence and was independent of the hypothalamus

Regarding ventricular tachycard duced by ad Iine 1n dogs under cyclopropan¢
anaesthesia, 1t was found that no such arrhythmia occurred 1n two dogs after a lesion 1
the pons at the level of the tngeminal nerve (Allen, Stutzman and Meek)

As far as the efferent pathways are concerned the stimulation of which produced, and
the section of which prevented or abolished, ectopic arrhythmias due to chloroferm, benqu
or cyclopropane, the paramount mportance of the sympathetic, that s, the rami communi-
cantes of the upper thoracic segments and the stellate ganghia, has been cslub.hshed 'by \hi_
work on these subjects discussed in this chapter The above findings that snn.1ulnl|on g
the posterior and lateral parts of the hypothalamus produces such arrhythmias accords
well with these observations, since 1t 1s known that these parts of the hypothalamus contain
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centres of wital importance for the activity of the sympathetic nervous system  Contrar-
wise, vagal stimulation tends to prevent or abolish ectopic arrhythmias m such circum-
stances It may be mentioned that stimulation of the tuber nuclei of the hypothalamus, which
are known to be concerned with the function of the para-sympathetic, produced slowing of
the heart and lengthentng of the A-V conduction time from 0 06 to 0 08 second (Beattie,
1932, a, b), but no ectopic arrhythrmias were observed

That the importance of the sympathetic nervous system as efferent paths 1n ectopic
arrhythmias of central nervous origin 15 not confined to those of hypothalamic origin 1s
shown by the part it plays |n the ex(msyslohc irregulanities produced by the intracisternal

of p d above.

Also, abnorm:\l electro-encephalograms were reported duning the occurrence of ** neuro-
genic arrhythmias ™ (Weinberg, 1947), and attacks of paroxysmal tachycardia were observed
1n infants with encephalitis (Bernuth and Steinen)

In electroshock ectopic arrhythmias were found 1n a considerable proportion of the
electrocardiograms recorded in 304 major convulstons 1n 126 consecutive curanized patients
(atnial 26 per cent, ventricular 18.7 and nodal 5 9), their incidence was much higher in
seventy tracings taken from patients with cardi disease, the cor ding figures
being 47.1, 40 0 and 7-1 per cent respectively (Hejtmancik ef af) In a senes of ten
patients treated with electroshock, eight showed arrhythmus of which auncular extra-
systoles were the most frequent (Altschule ez ol )

In however, of the vagus may produce extra-
systoles 1n the expenimental ammal (see p 255). Regarding a possible central vagal onigin
of extrasystoles 1 man a clinical observation of Korth may be quoted n a digitalized
patient of fifty-eight, with auricular fibrillation and an old ding mutral lesion,
ventricular extrasystoles occurred after an apoplecnc ﬁl due to cmbohsm n the basilar
artery and resulting 1n a softening of the left The
which were abolished by atropine, were considered central mn ongin and due to an mvolve-
ment of the vagal nucleus If the explanation is correct the observation would demonstrate
m man a central vagal ongin of extrasystoles in the presence of digitalis as a sensiizing
agent This would be analogous to the expenimental pmducllon of extrasystolic arrhyth-
mias by heral vagal n dogs d with or to the extra-
systoles elicited by stimulation of the central end of the vagus 1n chloroformed cats (Korth)
The alternative explanation that the extrasystoles were due to impairment of vagal action
by the cerebral lesion 1s unlikely in view of their abolition by atropine

The question of a central nervous origin of extrasystoles may be of medico-legal impor-
tance, as shown by the first of two cases reported by Lucke A man of fifty-four sustained
concusston by a fall from a ladder, and a cardrac arrhythmia discovered after the accident
was at first thought to indicate previous heart disease which was considered to have caused

the acaident  Subsequent fuller investigations failed to reveal any evidence of a cardiac
leston prior to the accrdent and 1t was concluded that the accident was the cause of the
arthythmia  This consisted 1n blocked aunicutar extrasystoles, the disturbance of conduction
being abolished by 1 mg of atropine  The arrhythmia was still present one year after the
accident, though its character had somewhat changed (Lucke) In our opmion, unless there
15 proof to the contrary, 1n a case of this kind an arrhythmia may well have been present
unnoticed for quite a time before the accident and may have caused the fall

Regarding the part pla‘yed by the central nervous system in the production of ectopic
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the impulses precipitating the arrhythruas travel also vary widely Regarding the efferent
paths the predominant importance of the sympathetic became manifest at almost every
stage of the d but a few ditions have been shown to exist 1n which surprisingly
the vagus enhances or precipitates ectopic impulse formation and the réles usually played
by vagus and sympathetic seem reversed

The relationship between extrasystoles and emotional factors 15 discussed in the chapter
dealing with predomnantly chnical aspects of such arrhythmias (see p. 448).

SUMMARY

In this chapter the nfluence of the nervous system in elicting or modifying ectopic
arrhythmias 1s discussed  Using the term ** nervous system ** to include the action of auto-
nomuc nerves, reflexes, the central nervous system and psychols 1 factors, this
1s profound and of great phystological and cltmical importance

It 1s pointed out that i most cases, m which nervous nfluence precipitated or modified
ectopic and allied arrhythmias, complex condittons were present which resulted in the
heart’s being predisposed to the exhibition of such disturbances of thythm.

The 1nfluence of the nervous system 1n this respect is discussed in some detail under the
following headings

Ectopic beats precipitated by direct (faradic) sumulation of vagus and sympathetic;

due to reflexes
from the carotid sinus, including the part played by the presso-receptor nerves;
from the respiratory tract,
from the gastro-intestinal tract,

precipitated from the central nervous system .

The relevant Iiterature about these aspects 1s reviewed and several personal observations
are described )

Regarding the relationship between emotional factors and ectopic arrhythmias the rc:‘\'dtf
15 referred to the appropriate section of the chapter on ** Some mainly Clinical Aspects of
such arrhythmuas (p 448)
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CHAPTER VIII
EXTRASYSTOLES, DRUGS AND ELECTROLYTES

INTRODUCTORY REMARKS

There is hardly a chemical compound which 1s not known to have precipitated extra-
systoles 1n certain circumstances, It would be as unprofitable as 1t 1s impossible to give a
complete list of such substances and to attempt anything ltke a review of the literature on
this topic  Instead, an endeavour has been made to select, in this chapter, certain com-
pounds which are of a special physiological or clinical interest regarding their relation
to extrasystoles, or ectopic arrhythmias generally, and to confine discussion to the more
important aspects. Moreover, 1t 1s hoped that the various bibhiographies will be found
helpful by those who are especially interested 1n any particular aspect

As combination of drugs has often to be discussed some repetition 1s not entirely
avoidable, but by making use of cross-references we have tried to reduce 1t as much as
possible. Much work 1s 11 progress at the moment on some of the drugs discussed, for
example on procamne and related compounds, so that many of the most recent papers could
not be included and any conclusions on such compounds should be constdered as neces-
sanly provisional

DIGITALIS

Of all the mnumerable drugs which have some relation to ectopsc arrhythmuas,
digitalis unquestionably occupies pride of place It shows par evcellence the dual property
of being able to elicit, as well as to suppress, such disturbances of rhythm With a drug
employed on such a vast scale, 1ts modes of action are bound to assume the greatest rm-
portance, physiological as well as chmcal

Experimental
Introductory Remarks

While a review of the complex mode of action of digitalis would be out of place n this
book, 2 few remarks are opportune about its effect on the refractory phase and on cardiac
excitabiliy, these aspects having a close bearing on the subject under discussion

In this connexion 1t should be recalled that, in additton to its direct effect on cardiac
muscle, digitals exerts an indirect one through increasmg vagal tone  In the mammahan
heart the latter 1s confined to auricles and the A~V node, since direct vagal influence does
not extend to the ventricles

[ U PN .. P

(Lewss, Drury, Wedd, and Iliescu) In view of the method employed in such experiments
(discussed 1n the section on quinine) such results were subsequently quenied by Lewis and
collaborators themselves, re-investigation of this problem with an improved technique
revealed that digitalis invanably shortened the absolute refractory period 1n the ventricle
of the tortoise (Love) and of the dog {Lewis and Drury) These conclusions were in accord-
ance with those of Junkmann and were confirmed (Schell
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McLeod; Wedd, Blair and Dwyer) The pronounced shortening of the Q-T intervals in f
electrocardiograms of man during digitals treatment also indicates a shortening of t
refractory period (Berhiner) Certain reservations seem, however, to be necessary Lev
and Drury, when reversing their onigwnal views, pointed out that what they termed the eff
tive refractory peniod (that 1s the interval required for a subsequent stimulus to yield
propagated wave of excitation) s lengthened by strophanthin, and Schellong arrived
simlar conclusions

That digitalis diminushes the excitability of the heart has been known for a long tir
(Traube 1871, Tschistowitsch, Brandenburg, Hering 1907, Sollmann er al, Guthrie)
seems desirable to recall such observations, as the contrary statement can be found 1n sor
textbooks, namely that digitalis increases cardiac excitability. Such statements are based ¢
the assumption, erroneous w our opinion, that the precipitation by digrtaiis of ectopic bes
indrcates increased excitabihity of the heart. Such reasoning seems to us open to doubt smn
mcreased excitability alone does not give rise to ectopic impulses,

Experimental Imestigations on Ectopic Arrhythmias Caused by Digitalis ana Strophanth

Amongst the earliest observers of arthythmias caused experimentally by digitalis, Traul
(1850-51) may be mentioned and particularly Boehm, who reported 1n 1872 that, in frog
the ** diastolic part of the wave was nterrupted half~way by the rudiment of a second systole
(our translation), and found similar condittons in dogs His explanatron—that digital
increases the contractility to such an extent that two contractions became necessary to exhau
st—seems a hittle nawve to-day, though eighty years' intenstve research have still not e
hausted the problem  Other early reports mclude those of Poprer (1889), Fran¢oss-Franc
(1894) and Cushny (1897)

The first systematically to mnvestigate electrocardiographically the arrhythmias occurnir
in dogs as a result of strophanthin and digitalis were Rothberger and Winterberg in 191
In all stages of strophanthin intoxication ectopic beats were found, onginating, as a rul
1 the left ventricle During the early stages of the drug effect such ectopic beats occurre
only 1f the normal impulse formation in the S-A node was inhibited by faradic stimulatio
of the vagus Duning higher degrees of intoxication they were observed without vag:
stimulation, and with still more pronounced poisoning ventricular ectopic rhythms com
pletely replaced sinus rhythm These results were confirmed by Egmond and by Scher
(1927b)

The dose of strophanthin or digitalis necessary to elictt such ectopic arrhythnuas vared
as reported by different investigators In an early study on dogs Halsey found 19-33 pe
cent of themld of strophanthin necessary for p termmal ectoprc arrhythmia
(precursors of ventricular fibriiiation), whereas at least 40 per cent. were required 1f digitalr
was employed Later investigations gavé almost the same figure regarding strophanthir
(18 per cent , Hoekstra and Schleustng); whereas those for digitalis varsed between 20-30 pe
cent indogs (Seevers and Meek), and 50 per cent. (Levine and Cunmngham) and 63 per cent
in cats (Bauer and Reindell) If ephedrime was given 1n conjunction with digitalis, suct
arrhythmias were more pronounced and persistent, and ventricular fibriftation occurred 2
an early stage (Johnson and Gilbert, Seevers and Meck).

Qne important feature of such ectopic arrhythmuas, caused by digitalis or strophanthin,

.{gn;tl)nd). As distinct from extrasystoles in the strict sensc of the term, such expenimental
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digitalis or strophanthin arrhythmias have to be considered as due to increased auto-
maticity of ventricular centres The importance of thes distinction 1s discussed 1n the chap-
ter on ** Mechanism ™.

In view of the paramount chmical importance of t inal rhythms due to )l
were made exper Iy to produce this type of arrhythma by modifications in
technique. .

- . e PP e

and Schcrf) The only me\hod kncwn to us, by whxch 1t was posslble to produce, by thc
systemic Y arrhy with of
constant shape and accuralc phing, is by its ion with the inhal. of a mixture
of 25 per cent CO, and 75 per cent. O, (Goldenberg and Rothberger). Admmustration of
such muxture at the stage of ectopsc (pre-fibrillary) tachycardia quickly converted 1t mnto a
polygerminal rhythm and finally into a true bigeminy  Thes procedure was reversible, the
former irregular tachycardia recurring within a few seconds on subststuting arr for the above
gas mixture.

Another method consists 1n the foprcal apphication of dgitalis to the surface of the ex-
posed heart. As early as 1894 Langendorff observed abnormal arrhythmuc pulsations after
the application of digitalis or hc]lcborem to the isolated apex of the frog’s heart A similar
method was used when str C or was apphed 1n dogs to the
exposed heart i sty (Scherf 1944, Kisch 1944)  Figs. 161 and 162 1illustrate archythmias
produced in this way

Fig 161a shows persistent trigeminy recorded six minutes after the subeprcardial mjec~
tion of 0 05 cc. of a 0-1 per cent solution of cuabaine 1nto the conus of the right ventricle.
The first y of each tr 15 coupled to the preceding sinus beat
and the interval between the two Y equals the coupling  All have
the same shape. The arrhythmia persisted for six mmutes

Fig 161b demonstrates ventricular extrasystoles with accurate coupltug and constant
shape, occurnng after every second sinus beat, the arrhythmia was elicited by brushing a
0 1 per cent solution of dlgnoxm on a circumscribed area of the  conus of the right ventricle.
Simular results were obt; by the to the surface, of a few crystals
of strophanthin or digitoxin

Tha amm seemt nm gl 5 ol ayy
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wrregular ventricular tachycardia which had been elicited by the apphcauon of stmphanthm
(strophosid, Sandoz) to the conus area of the right ventricle During warmung of this area
a conspicuous mcrease 1a rate occurred, though the shape of the ectopic beats remaied un-
changed 1n the record
E d m this way d d d when the stnus rhythm was
mhibited by vagal stmulation  This demunstratcs that they were precipitated by the
precedig (sinus) beat and were not due to an independent automatic activity of the ectopic
centre
A more detalled analysis of the extrasystolic arrhythmias produced by such methods
revealed several pornts of mterest They occurred after a considerable latent interval,
amounting, m the case of strophanthin, to about stx, and in that of digitalis to about
eleven muinutes A similar latent period was seen with the topical application of barium,
but not with that of sodium (Piccione and Scherf, see respective sections) Such arrhythmias
lasted for a considerable time, that 1s up to twenty-two munutes n the case of strophanthin
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and up to forty-five minutes in that of digitalis  Extrasystoles could be elicited from any
part of the auricles or ventricles which was tested by this method. 1f, as was occasionally
observed, ventricular tachycardias occurred, they showed the same kind of irregular
as those p by the focal appheati ofbanum or by the systemic admunis-

tration of digitals or strophanthin in larger doses
These observations emphasize an essennal slmxlanly between the arthythmas caused

by the topical app of {or digitalis) and barwm, as distinct from
sodlum and warrant the concluslon that they area speclﬁc drug effect and not due to local
1 or osmotic Furt such e les have to be assumed

10 oniginate in one circumscribed focus in which they are prccxpn(nled by the preceding beat;
they occur without the automatic 1mpulse formation 1 other ventricular centres being
altered Hence also, as distinct from the arrhythmias due to systemic admunistration of
strophanthin or digitalis, the constant shape and accurate coupling of the ectopic beats
{and the possibihty of eliciting them from auncular centres) The significance of these
views 1n telation to our ion of the of lic impulse formation,
and also tots scparahon from automatic impulse formation, is discussed in the chapter on
“ Mechanism ™

In studies on 1soIaled strands of Purkmje tissue of dogs® hearts digitalts or strophanthin
caused arrhythmias akin to bigeminal or tnigemunal contractions {Wachstein; Spuehler and
Zwillinger; Ferranint).

Auricular ectopic arthythmias caused by systemic administration of digutalts were
reported by Cushny (1897)

Arrhythmias caused by njection of strophanthm to the fourth ventricle are dis-
cussed 1 the chapter on * Nervous System * (p 268)

Clinical Observations

The occurrence of arrhythmias in the course of digitalis treatment has been known for
along time. Mention must be made in this context of Traube’s description of the irregular
pulse (1850-51); sumilar observations were made by Lorain m 1870 and by Riegel in 1877
(see also Josué and Godlewski 1912, and chapters on * Historical Remarks ™ and on
“Coupling™) In particular, the bigemmal pulse was bound to attract attention at an
early stage.

It was soon recognized that different patients vaned widely regarding the dose of digi-
tahs necessary to produce wregular pulse and heart action.

Predisposing Factors of Ectopic Digitalis Arrhythmias

It 1s a curious fact that in normat subjects digitalis does notcause ectopic arrhythmias,
This was recognized by Huchard as long ago as 1892, and later ots:rvations have shown that
even lethal doses, taken accidentally or with the intention to commit suicide, do not preci-
prtate extrasystoles, though abnormal rhythms and A-V block were found {Eckstein, Fro-
ment et al , Tomaszesk1 and Lapa, McGuire and Richards, Duvorr-et al., Albeux-Fernet
and Welty, Bickel et al ), unless structural heart disease 1s present (Wilkinson) While the
statements that extrasystoles occur only 1n patients with hypertrophy or dilatation of the
heart (Edens) or with increased serum calcium (Edens and Huber) were not confirmed,
there 1s a great deal of evidence that ectopic digitalis arrhythmias are observed only 1n
patients with some slructural heart disease. This 1s already xmplmt m Huchard's wnitings
of 1892(cp also F 1904) Mack (1905) d the fr with which
digitahs causes bigeminal rhythm n patients with rheumanc valvular dxsease and with
auncular fibnllation The opinion, expressed rcpeatcdly (Huchard, Gallavardin, 1926a)

that digitahs y are espe y in patients with enlarged hearts due to
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rheumatic mutral valvular disease, and that they carried an unfavourable prognosis
(Huchard; Leconte, Edens and Huber; Gallavardin, 1926a) was confirmed by Scherf (1932)
who found that, amongst twenty-one consecutive patients with digitalis bigemny, twelve
had mitral lesions and that sixteen of this sertes died within eighteen months after the
arrhythmia had been discovered These figures are comparable with those of Edens and
Huber who reported 2 mortality of 80 per cent. within two years While such extrasystoles
are very common 1n auncular fibrillation, they are by no means rare 1n sinus thythm We
agree with Leconte’s description that digitalis extrasystoles are a * geste de souffrance ™,
rather than with minimizing the prognostic significance of this kind of arrhythmia (Gold
and Otto)

If structural heart disease 1s a predispostag factor for digitalis extrasystoles, it is not the
only one  This follows from the great individual differences regarding the dose required to
produce them. While some patients with unquestionably diseased hearts can take large
doses of digitalis over long pertods without exhit any les, though pra d
disturbances of conduction testify to the marked drug effect, others develop bigeminal heart
action after very emall doses. For example, 1n one observation, 0 1 gramme of powdered
: e, - - Nt . PR ittt

S e e e e e a

1zed patient soon after a mercunal diuretic had been given; this is due to a re-digitalization
of the patient by re-absorption and re-ctreulation 1 the body of fluids with a high content of
digrtalis  The other extreme 15 represented by patients who develop extrasystoles only after
several years’ treatment with large doses of digitalis In one patient, observed for many
years, a woman with hypertenston, grossly enlarged heart and auricular fibnilation, a weekly
maintenance dose of 5-5 mgm of digoxin was taken for years with hardly any extrasystoles
on periodical electrocard; pt (Schott, unpublished observation)

The rate, at which the premature beats disappear after discontinuation of the drug,
equally vanes within very wide hmits, ranging from a very few days to one month; 1t s
known that it may take that time for the drug to be eliminated from heart muscle.

What the cardiac condition is which predisposes the heart to such arrhythmuas, the
nature of this ** terrain cardiaque special ” (Gallavardin, 1926a), 1s not known

Descriptive Features of Digitalis Extrasystoles

Extrasystoles caused by digitalis have two important charactenstics  with rare excep-
tions they are ventricular in origin, and their shape tn the electrocardiogram 1s not constant
whereas their coupling, practically, 1s.

Auricutar Ectopic Digitalis Arr i It should be h d that the great majority
of digitalts extrasystoles originate 1n the ventricles. While the cause of thes 1s not known, 1t
15 ikely that vagal tone, which 1s increased by the drug and which, 1n the mammahan heart,
does not affect the ventnicles, 15 of importance in this connexion  The statement that such

A . S - e lam md o e .

e man mmeaeme = sk latter

vation may be added: . ) )

Fig. 163 reproduces records from an cighty-six-year-old woman with ar(cnosf:krOSlS
and moderate dilatation of the heart; blood pressure 180/90. ngi(.alls was prcscrlbcd.hy
her medical adviser because of moderate dyspnoea, 0-8 mgm  of digitaline Natvelle being

.
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Ventricular Ectopic Digitalis Arrhythmias, Whereas some authors are of the oprnion
that digrtalis extrasystoles are constant in shape and thus do not differ from the common
variety occurring spontaneously (for example, Lewis), we believe that, generally, their shape

FiG 1635

From the same patient as Fig 163a Ten days after discontinuing digitalis
Sinus rhythm  For further explanatton, sec text

vanes in the electrocardiogram, a view held also by others (for example Gallavardin, 1926a,
Mahaim). In a series of fifty-eight cases with extrasystoles due to digualis, such
changes in shape of the extrasystoles were encountered in every case (Scherf 1931, 1932).
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Often the form alters from extrasystole to extrasystole It is true that, in some cases,
longer tracings have to be taken in order to detect greater vanations in shape, and short
records may reveal only differences in the height or depth of the several waves; in such
i in the ap of the ystoles tend to become more pro-
nounced as digitalis treatment continues (Scherf, 19223), 1n other t,:ascs, however, conspicu-
SR g ST o G e e ORI

been called multifocal, but such designation seems to us of questionable accuracy since
disturbances of cond of the ystoles or ing in one focns cannot be excluded
as the underlying mechanism and, actually, seems the more fikefly alternattve in some in-
stances. This view is supported by the observation that, in spite of their varying in shape,
digitalis extrasystoles have a fairly constant couphing® in eleven out of fifteen cases variations
i coupling did not exceed 0 02 second (see also chapter on * Coupling™). ** Multtform ™
seems to be a better term

. L
by this drug

1, lt ;luus‘sl-:xge, the exhibition of the drugis
along one of three lines

(1) Bigenuny persists, (2) the les disappear; (3) the Iesease in
number and, with further continuation of digitabs treatment, ventricular tachycardia and
Jastly, ventricular fibrilation ensue Each of these possibilities warrants 2 more dchul::i
discussion

(1) Persistence of bigeminy, in the course of continuanion of digitals treat;
doses, 15 comparatively rare. In Euch cases the' number of cxlmiyslolcs does

RO 3

further devet

take place

ment 1o full
not increase

JLapust 10 e tew s s s .
(2) In other mstances, amounting to about 30 per cent, the extrasystol
- A e R satnc amdd des s 7 sramnar s of o rolS disappear

(3) The largest, and chmcally the most important, group reacts to the contin
tratson of digitalis by an mcrease 1n the number of extrasystoles  The bigemuny cf,
Jnto tri- or polygemmy, and eventually m vemtricular tachycardia and ventrieyy, ?n s
lation Several electrocardiographic aspects ment spectal consideration r fibyf.
Qne vamety seen tn more advanced drgitalis Intoxication 1s the occurre:

w« " e of
matic idroventricular beats to which extrasystoles may be ** coupled ™ in a simifay wi:m.
- S L TE R R e

Ued admyrys.
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ystoles follow an 1cular beat with the same couphng as those
coupled to supraventricular beats  Such idioventricular beats should not be confused with
extrasystoles  They are recognized as such by their occurrence late in diastole. They also
may show continual vanations in form (Christsan, 1915b)
and ystolic beats have the same form in the record, which
mdicates onigin n the same focus (compare the great similarity between the second extra-
systole and the second automatic beat [the thicteenth complex] in Fig 164), similar obser-
vations have been made by Rachmilewitz and Scherf, and by Scherf and Schott (see also
chapters on * Pararrhythmia ”, and on ** Mechanism >
Other varieties are polygeminy and ventricular tachycardias with alternating shape of
the ectopic beats  Fig 165 illustrates both  The tracing was obtained from a patient with
emphysema, shortly after the injection of 0 2 mgm of strophanthm It shows auricular
fibrillation. The first supraventricular beat 1s followed by two, the second by seven ventr-
cular extrasystoles, all having different shapes The third conducted beat 1s followed by a
ventricular tachycardia with alternating shape of the complexes In some cases such alter-
nation 1s maintamed for considerable periods In order to explain the alternation various
views were put forward

(a) A rather complicated circus movement was assumed, 1nvolving the two ventricles
alternately (Gallavardin, 1926a, Palmer and White) As there are no data pointing to the
existence of such paths 1n the ventricles, thts hypothesis, for which no proof was attempted,
can be disregarded

(b) The presence of two centres of impulse formation alternating in action was postu-
lated by Felberbaum Tt has to be remembered, however, that not infrequently such tachy-
cardias are entirely regular and that no alternation of cycle length 1s associated with alter-
nation of form It would be difficult to imagine an exactly equal rate of impulse formation
1n two centres situated in different ventricles This hypothests bas to be considered improb-
able, though not 1mpossible

(c) The most probable explanation seems to be the assumption of impulse formation
1n one centre with alternation of tntraventricular conduction (Scherf and Kisch) Ths view
1s supported by experimental and clinical observattons regarding similar alternation of
ventricular n of auricular tachycardia, i which such alternating ntra-
ventricutar conduction 15 observed 1n tespect of supra-ventricular beats An example 15
provided in Fig 137 in the chapter on ** Coupling ™

Such tachycardias are often precursors of ventricular fibrillation and therefore have an
omunous signtficance (** tachycardie termnale ”, Gallavardin, 1926b) In elderly patients
they may be observed after moderate doses of digitalis (Currens et al) They call for

1on of the drug O this arthythmia 1s encountered with-

out digitalis (four out of eighteen cases, Scherf and Kisch, see also Fig 198) In one such

case the tachycardia was observed, 1n an otherwise healthy subject, for many years and

could always be stopped by digitalis (Scherf and Kisch)  Ventricular tachycardia, even with
p o F P SNt .

time when rapid (for example, ’s method of admmlslermg withim
twenty-four hours large doses of the drug calculated by the patient’s weight) was practised
on a wider scale (Schwensen, Felberbaum, Reid 1923, 1924, Marvin, Palmerand White)
Owing to the present revival, 1 the US A, of this way of dxgltal(s administration such
arrhythmias are being described again with increasing frequency (Levine, Stone; Fremont
and King)

While ventricular tachycardra, and particularly its variety with alternating complexes,
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1f caused by digitalss, is an absolute conti dication against inuing medication, co
ditions are more comphlicated 1f bigeminal rhythm or single extrasystoles occur duri
digitalis treatment According to Mackenzie digitalis bigeminy “is a signal to lessen
once ™" the dose, * no good is obtained by pushing it further ”. Christian (1915b) state
that ““jt 15 a sign of omussion of digttalis ”  Leconte’s view was that it is permisstble
continue the treatment 1f single extrasystoles occur, but that it 15 necessary to stop the dr
immediately the number of extrasystoles mncreases.

Our views may be summed up thus' If extrasystoles had not been present before tl
exhibition of digitalis and occur 1n the course of its employment, great care on the phys
cian’s part 1s always called for; to continue with the drug always requires special precautio:
and,ifatall ble, repeated electrocar Furthermore, each case must be co:
sidered 1ndividually and we would discourage all generahizations. With these provisos
recommend that, having regard to the arrhythmra, the drug be discontinued if the maximui
beneficial effect on congestive heart failure had been attamned which can be expected in t!
mdividual case, mn other words, if compensation had been restored as fully as 1s reasonab
to expect In nearly all such cases a smaller maintenance dose has to be re-instituted, whie
can usually be effected after a short interval of, say, 2-3 days The situation 15 different 1
cases tn which extrasystoles occur at a stage of treatment when congestive heart failure
stll pronounced and when, with further exhibition of the drug, further improvement ca
be expected In such cases continuation of the drug in temporanly reduced doses unde
strict superviston and repeated electrocardiographic control 1s justified. This view 1s base
on the fact, discussed above, that, for the development of such arrhythmias in the course
digrtalis treatment, the condition of the heart 1n the individual case 1s of as much impo
tance as the dose of the drug, and that in a certain proportion continuation of medicatio
does not increase the number of the premature beats Should the arrhythmia become mor
pronounced, immediate cessatron of the drug treatment ts imperative. ‘

Simlar problems sometimes arise 1n the treatment of certan arrhythmuas In one suc
nstance, a patient with Lutembacher’s syndrome and aurtcular flutter, with occasion:
ventricular extrasystoles, bigemunal heart action developed 1n the course of digoxia treat
ment, the cautious continuation of drug treatment made the desired conversion int
auncular fibrillation possible (Schott)

It will have become evident that success or failure will, in many cases, depend on th
optimum adjustment of the dose of the drug in the individual case and much has to be Tef
to the physictan’s discretion and experience  This 15 not possible with the admimistration o
large amounts of the drug within a short tune (see above) For the same reason we advist
to employ the same principle when using of strophanthin we recom
mend that the first dose should not exceed 0 1S mgm and the patient be closely observed
for the occurrence of premature beats, for thirty munutes. Only in the absence of extra
systoles should the daily dose be increased to 0 25 mgm and the strict supervision of the
patient should be continued after each myection. 0 5 mgm. should never be exceeded and
this dose seems rarely necessary.  Strophanthin should not be given if the patrent had taker
digitalis within ten days before the intended wyection  With these precautions the use of
strophanthin can be considered safe (Laubry and Leconte, Simici}

The Abolition of Extrasystoles by Digitalis
Extrasystoles which are not due to digrtalis usually disappear when this drug is gven

This th effect upon ystoles of digitabs 1s discussed in the section on * Treat
e e a i LU Ly 28 il D —n Am e invectioation

e - . . « . ol

- o vla

;xlr:l.'sysl‘oks shortly before death (Otto and Gold).
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Other Glucosides with Digitalis-like Action

Regarding hic arrhythmias, too, such gl have an action simular to digi-

talis Experimentally, bigeminal action was observed after the admnistration of apocynum
cannabium (Hecht) and squills (Turnbull} The effect of scillaren upon 1solated strands of
Purkiyje tissue was similar to that of digitahs or strop}mmhm, described above (Roth-

berger and Zwilhinger) The of bl des of squills caused
extrasystoles 1 twelve out of twenty-five cases (Maher and Sittler) Simular effects were
seen with fohandrin (Schindel and Braun), and with hellet both exper

(Hering, 1901) and 1n chmcal observations (Scherf, 1937) In all such instances the ectopic
beats were ventricular it ongin and showed continual variations 1n shape

SUMMARY

Experimental Investigations

Some work on the effect of digitahs on the refractory persod and on the excitability of
the heart 1s briefly of strophanthin or digitahs results
1n ectopic arrhythmias, oniginating in a ventricle, whereby the ectopic beats have varying
shape and varying ling in the electr am  Extr 1n the strict sense of
the term (that 1s with accurate coupling and often of constant shape), so common 1z climcal
practice, cannot experimentally be produced by the systemic admsmstration of these drugs,
except by the concomitant iphalation of a muxture containing 25 per cent CO, and 75 per
cent O, True extrasystolic arrhythmuas can, on the other hand, be elicited by the topical
application of these drugs to the surface of the exposed heart in situ Such arrhythmaas are
discussed 1n some detail and the importance of such investigations for the experimental
reproduction of a common chimcal disturbance of rhythm 1s emphasized The significance
of such investigations 1s pomnted out regarding our views about extrasystolic, as distinct
from automatic, impulse formation, and about the mechanism of the ongin of extrasystoles,
discussed 1n more detail 1n the appropriate chapter.

Chimcal Observations

It 15 pointed out that digitalis or strophanthin does not cause extrasystoles 1 normal
subjects and that some predisposing factors are necessary for such arrhythmias to be pre-
cipitated by these drugs  Structural heart disease 1s one such factor, some aspects of which
are discussed 1n detail  The dose of the drug necessary to ehcit extrasystoles vanes widely
n different cases, and so does the time required for them to disappear after cessation of
medication  Of the features of digitalis extrasystoles, the comparative ranty of auncular
ones 1s stressed and one personal observation of such an instance 1s described  The varying
shape but fairly constant coupling of ventricular digitalis extrasystoles are emphasized as
mportant ch istics  The of extrasystolic arrhythmras dunng digitalis
treatment 1s drscussed under the three headings (1) persistence of bigeruny, (2) disappear-
ance of extrasystoles during continued digitalis treatment, (3) increase in the number of
extrasystoles, resulting in trt- or polyg y, ventricular tact and ventricular fibnilla-
tion The occurrence of automatic idioventricular beats 1s mentioned as one variety of
such arrhythmias The association of automatic idioventricular beats with extrasystoles
1s discussed and illustrated by a personal observation Ventricular tachycardias with
alternation of the complexes are described in some detail, illustrated by one personal
observation, and the various explanations of this arthythmia are entically discussed. The
dangers, as by such arr , of the ad. within a short time of

PR AU U S I R a.
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in the employment of strophanthin, given intravenously, 1s briefly discussed. Some work
on the effect of other glucosides with a digitalis-like actron is briefly reviewed.
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QUININE AND QUINIDINE
Some Introductory and Historical Remarks

Though Senac wrote 1n 1749.

the value of quimine was not generally known until it was rediscovered by a patrent of Wencke-
bach (1914) who realized the great importance of this observation; Wenckebach retold the
story 1 1923. Itis true that, long before 1914, individual observers, amongst them eminent
chnicians, recommended quinine, often with other measures, for the treatment of patients
with iregular heart action, some of whom may well have had extrasystotic arrhythmras
(Oppolzer 1866, Sir Walter Foster 1890, Hochhaus 1907, Huchard 1908), and 1t must have
been as early as 1892 that Wm  Pepper (of the University of Pennsylvania) recommended
cutchona and bromides to Walsh who suffered from extrasystoles for decades ( Wa!sh, 1927
In 1918 quinidine, another alkaloid of the cinchona bark and an isomer of quinine, was
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fouud by Frey to be more effective than quinine in the treatment of cardiac arrhythmias and
1s now umversally used for this purpose The note about quimidine m the epitome of the
U.S Pharmacopea and National Formulary of 1916 * at one time recommended as a cheap
substitute for quinine. Infersor and obsolete * (White, Marvin and Burwell) thus became
obsolete

Frey’s observations about the superiority of quinidine over quinine were repeatedly con-
firmed (Lewis, Drury, Wedd and Ihescu; Drury, Horsfall and Munly; Clerc and Des-
champs, Boyer) Lewis et al. (1922) found quinidine about five to ten tunes more effective
than quinine According to We (1942) 1 dine contains 80 per cent of
pure qumdine, which 1s a marked cardio-vascular depressant, and 20 per cent of hydro-
quimidine which has only shight depressant properties

While, at present, quimdine sulphate 15 almost Jy used in the of
cardiac arrhy 1t should be bered that, 1n this respect, qualitatively quinine has
the same effect as qumdine.

Experimental Findings

The quinine alkaloids are general cell and protoplasmatic potsons  Their most impor-
tant effects upon the heart can—somewhat artificially—be summanzed thus

(1) Effect on excitabihty

(2) Effect on impulse formation

{3) Effect on refractory period

(4) Effect on vagus

(5) Effect on conductivity

‘While some particulars of the above modes of action, as far as they are relevant in the
context of this book, will be briefly d d under these head 1t should be d
that the various properties are interdependent and that 1t 1s thus hardly ever possible fully
to analyse the resulting effect in a given set of circumstances

(1) Effect on Excitability .

A depressant effect, upon bility, of quimne alkaloids has been d dm
vanious ways (Hofmann 1915, Hirschfelder and Cervenka) The threshold for eliciting
ectopic beats by electrical stimuli was found to be raised by quime alkaloids (Hofmann
1915, Drury ef al , Lews e al, 1921, Wedd, Blair and Gosselin, Wégnia and Nickerson).
The chronave of the myocardium 15 increased (Espanés) In experiments on cats and dogs,
treated with qunine, even prolonged faradic stimulation of the ventricles did not ehcit
persistent fibrilfation (Hecht and Rothberger, Boekelman) In the perfused surviving
heart of man quinine was found to dimimsh contractility, stimulus formation and excitabity
{Boden and Neukirch)

(2) Effect on Impulse Formation
Like so many compounds, emnchona alkaloids may suppress as well as precipitate ectopic
beats The first of these predominates
Depression of ectopic impulse formation was observed by Santesson 1n 1893 m the
L e T T L T
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et al., Clercand Deschamps; Haskell, Friedbergand Levinson) Those produced by stroph-
anthin responded 1 the same way S of ectopic arrhyth elicited 1n dogs by

means of barium were stated by Singer and Winterberg to be abolished by quinine, but thrs
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{3) Effect on Refractory Period
In considering the effect, upon the refractory period, of
quinidine 1t has to be noted that its direct effect may be modified
by its paralysing action on the vagus and by uts effect on excit-
ability
That quinidine lengthens the refractory period, as it had first

been reported by Santesson in 1893, seemed established by
repeated subsequent confirmations (Drury, Horsfall and Munly;
Lewis, Drury, Ilescu and Wedd; de Boer; Junkmann and Star-
kenstein; Decherd and Ruskin) Such work was based on the
determination of the time interval at which cardtac muscle
responded to an early testing shock apphed after a conditioning
shock. It was then found that the response or non-response of
the heart to a test shock, appliedin such circumstances, was not
a reliable criterion for determining the refractory period, as
non-response may be due, not to absence of excitability, but to
extinction of the impulse by disturbances of conductron  If this
source of error was eliminated, shorteming, by quinidine, of the
absolute refractory period was found m the ventricle of the
tortoise (Love) and of the dog (Lews and Drury). This does not,
however, affect what Lewis and Drury termed the effective
refractory period, namely, the interval required for a subsequent
stumulus to yield a propagated wave of excitation: this effective
refractory period 1s lengthened by quimidine. Experiments on
1solated strands of Purkinje tissue did not yield uniform results
{Berk and Wachsten).

(4) Effect on Vagus

There 15 general agreement that quinidine paralyses the vagus
to a greater or less extent This vagal action increases the direct
effect of quimdine upon the auricles as 1t tends to prolong the
refractory period and to slow conduction. Differences of opinion
exist as to the site of the drug effect, but a discussion of the
various views 1s outside the scope of thts book (see Dale, Clerc
et al, 1922, Lewss et al 1922, Hiatt et al) Recently, a sym-
pathicolytic effect of quinme and quimdine has also been
described  In dogs quimdine counteracts the pressor effect of
epmnephrine and of the stimulation of the splanchnic nerve
(Hiatt, 1950)

(5) Effect on Conductivity

This may be summed up by quoting Lewis (1925, p 359) “In
fact the general statement may be made that the alkaloid quinidine
d d d 1n all the tissue of the heart ..”.

Clinical Observations

As stated in the introductory remarks to this section, appreci-
ation of the value of quinine in the treatment of extrasystoles 1s.
due to Wenckebach (1914), and of the supertonity of quinidine,
to Frey (1918) Their reports about the beneficial effects of these

M

From an expertment on a dog  The beginning of the record shows bigeminal rhythm resulting from faradic vagal simufation

during the action of acomtine Quinidine
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alkaloids were soon confirmed (Smith 1922; Deschamps; Levine and Fulton, Gouley and
Soloff) Some di: pinions (for ple, Lian and Blondel), while understandable
mn view of the occasional refractory case, can be disregarded

It was stated by Singer and Winterberg that quinidine suppresses ventricuiar extrasystoles
more readily than auricular ones.

The detailed mode of action by which quimidine abolishes extrasystoles in man cannot
be stated with any degree of certainty. The result is hikely to be due to a combination of
several factors, namely the effect of the quimne alkaloids on excitability, stimulus formation
and perhaps also on conductivity and refractory petiod.

Experimental and Clinical Observations on Absorption and Elimination

In connexion with the practical apphcation of these compounds, data concerning their
rate of absorption and eltmination are important, some relevant papers may be briefly
drscussed

Lewis et al. (1922) studied the effect of specially purified cinchona afkaloids in patients
with auncular fibrillatton  After one single dose of 0-8 gramme of quinidine an effect was
first noticeable after thirty minutes and was fully developed after one~and-a-half and three-
and-a-half hours It had subsided after twenty-four to thirty hours, save in exceptional
cases when some residual effect could still be traced after forty hours

The results obtained by Weisman (1940) 1n dogs are in agreement with the findings of
Lewss and collaborators  Weisman found that after a single small oral dose of 100 mgm.
the maximum concentration 1n the heart muscle was reached tn about thirty menutes and
no trace was present at the end of four hours  When repeated doses of 100 mgm, each were
gtven three or four times at one-hourly intervals the maxmmum concentration in the myo-
cardium was seen after two hours  After a single Jarge dose of 585 mgm the maximum
concentration 10 the heart muscle was observed n about one hour and it took seven hours
before the last trace had disappeared from the heart If approximately the same large dose
of 585mgm was given 1n three divided doses at one-hourly intervals (200 mgm  three times)
the maximum concentration 1n the heart was reached only after two hours and attained
only 50 per cent of that produced by giving the same amount as a single dose. Similar
results were obtained by others (Weiss and Hatcher) Comparable time relations were
found in man by Sagall, Horn and Riseman who used the changes in the Q-T interval as
criterton to measure speed and duration of the effect of this group of drugs.

This diffe ding the maxi of quinidine 1n the heart and the
speed at which 1t 1s reached 1s 1mportant for the mode of clintcal applicatron of this drug:
1t has often been observed that, for the purpose of stopptag aunicular fibrillation or paroxys=
mal tachycardia, the exhibition of quinidine 1n a few large doses is superior to that of the
same total quantity in more frequent smaller single doses.

Linenthal e af (1947) found that, 1n man, after one single dose of 0-2-0 6 gramme of
quinsdine, the alkaloid could be traced in the plasma after fifteen minutes; maximum con-
centrations were found after one to three hours and maintained for two to three bours,

appreciable amounts could still be traced after eight to twelve hours. According to Linen-
thal and Freedberg, following an oral dose of 0-2 gramme of quintdine the peak lc‘vel of the
drug 1n the plasma was 0 8 mgm per litre while 1t was 2.7 mgm. per litre when a single oral

dose of 1 0 gramme had been given. There was always a clear correlation between plasma
PR e . AT e s A e 1 alacmn levels

' . !
dose; the average residual level after twelve to eighteen hours was 42 per cent, of the pc‘-&
level Such observations that this alkaloid can be traced in the blood many hours aﬂcrd h
exhibition of one single dose conflict with the I results of an
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Weiss and Hatcher, discussed above. They are of interest in view of the generally accepted
view that the phar ! 1 effect is clinically imited to a few hours and that the drug is
quickly eliminated  Personal experience shows, however, that the effect of one oral dose
lasts longer than some of the experimental work would lead one to expect.

A comparative study of the plasma levels reached with the same total daily dose of about
1 gramme by different members of this group ofdxugs showed considerable differences: the
plasma of cinch were g y less than 5 per cent. of those of quinine,
and those of quinidine {(and cinchomdme) were mtermedmte between these two extremes
{Taggart ef ul.)

Quimdine 1s partly destroyed 1n the liver (Plehn) and partly ‘ehmnated by the kidneys.
According to Taggart ef al , less than 5 per cent 15 excreted by the kidneys Renal excretion
1s relatively smaller with thc exhibition of one large dose than with the admimstration of
the same amount 1n divided doses. For this reason Wiechmann recommended to give the
largest possible doses nas few fractions as possnblc

fier i these loid: quickly. Weissand Hatcher
found in a cat that, after one single snjection of 59 mgm ol‘ quimdine, 95 per Fcnt had dis-
appeared from the blood withw five minutes and after one hour anly 1 per cent could still
be traced. Simularly, seven minutes after one single mjection of 10 grans of quinidine
“Weisman (1940} found only 6 per cent 1n the blood

Ectopic Arrhythmias Caused in Man by Quinidine

In accordance with experimental investigations, clinical observauons have shown that,
 may ] ectopic beats, or increase the number of those prev-

1ously present

The majority of such observations were made 1n cases ofauncularﬁbnllauon n which,
1 the course of quimdine treatment, beats with abnormal ventricular complexes were
recorded (White, Marvin and Burwell; Lewss, Drury, Wedd and Iliescu; Levy; Maynard),
Such beats occur, sometimes in groups of three or four in succession, at other times in
greater numbers presenting as short periods of paroxysmal tachycardia. Lewrs et al. found
such abnormal complexes in 25-30 per cent of their observations, and since they were absent
before, and subsided soon after the discontinuation of the alkaloid they were uhquestionably
caused by it, They tended to occur particularly at a ime when quimdine had slowed the auri-
cular rate, and showed constant shape in the electrocardiogram, but varying couplmg
Dlﬂcrcnces of opmmn exlstcd huwcver, whelhcr such b:als  actually wcrc ectopic in origin:

Whte,

. . beats
' . 1, who

found the number of such beats if dine was d after the first appear-

ance of 1solated beats of this kind, thought they were supraventricular 1n ongir, and
attributed their aberrant intraventricular conduction to an increase in auricular rate due
to vagal paralysis In one single case, on the other hand, Wilson and Wishart record:d
such beats for two to three minutes afl:r mjection of quini and
them 1o be extrasystoles

‘We have made similar observations in two cases of auricular fibnllation during quinidine
treatment (Fig 167). The pauent in whom Fig 167a was obtained developed the abnormal
bcats on lhe (hud day of treatment aner a total dose of 2 grammes (after a tesl dose of

ventri pl which 15 supg: but by no means conclusive, of a ventncular
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ectopic onigin of the abnormal beats  While n such cases it 1s not possible to decide with
any degree of certainty whether such beats are ventricular ectopic ones, or supraventricular
n ongin with aberrant intraventricular conduction, complexes which we have observed,
after the 1ntravenous mjecuon of qunmdme, in cases of paroxysmal auricular tachycardia
can be d to be Y , as a fi with aberrantly conducted
sinus beats 1s hardly possible

Several clinical instances have been reported in which short paroxysms of ventricular
tachycardia and even ventricular fibnllation were obsecved following the oral (Davis and
Sprague, Kerr and Bender) or intravenous (Schwartz and Jezer, Jezer and Schwartz)
administration of quinidine. In most of these cases complete A-V block was usually also
present; its relatron to the abnormal response to quimdine ts obscure  In two cases short
paroxysms of ventricular fibrillation were invariably observed on several occasions after
each injection of so thata d. can be excluded  In the case
of D et al the p I ventricular tact cannot with certainty be
attributed to the large dose of quinine which had been taken (and which also had caused
amaurosis), since the patient may have had a concurrent myocardial infarction

For particulars about the therapeutic use of qmmdine, see section on *“ Treatment *

SUMMARY

Experimental Findings The varous effects, upon the heart, of qmnine and quintdine,
as far as they are relevant to the subject of this book, are briefly reviewed, namely, their
effect on excitability, impulse formation, refractory period, vagus and conductivity. Tt 1s
pointed out that, while a depressing effect, upon ectopic beats, of these alkaloids predomin-
ates, 1n common with many other compounds they may also have the reverse effect, that 1s,
precipitating ectopic arrhythmras

Cluncal Observations are in agreement with expenimental findings  The impostance of
the quick rate of absorption and ehmination of quimidine for its mode of apphication
clinical medicine 1s emphasized; some relevant data are rewewed Two personal obser-
vations are described which d the d of beats with
abnormal complexes, occurring mn groups, the differentral dmgnosns of which 1s discussed.
The hterature on ectopic arrhythmias caused by quinidine 15 breefly reviewed
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ATABRINE

A certain number of pounds, though ch 1y lated to quinitie, exert upon the
heart a quinine-like action. They include papaverine, trasentin, some local anaesthetics
and antilustamuimics, syntropan, and atabrine (Dawes).

Atabrine, a synthetic anti-malanal drug of this kind, inhibits ectopic impulse formation
n the heart. Other quinine-like actions include 1ts istic effect to epinephrine on
blood pressure (Storm, Melville) It also abolished auricular fibrillation 1n the dog (Gertler
and Karp). Toxic effects consist of anorexia, respiratory disturbances, yellow discolor-
ation of the skin, pain in the epigastrium and also extrasystoles (Motta; Storm; Smith and
Stoeckle) Different species seem to vary in their susceptibility to the drug

According to Shannon et al atabrine di-hydrochloride can 1n man be given intraven-
ously 1n doses not exceeding 0 4 gramme without untoward effects provided it is injected
slowly, but this 1s not recommended as a routine measure.

Chinically atabrine has been successfully employed in the treatment of auricular fibnl-
lation and paroxysmal tachycardia (Ganguh; Gertler and Yohalem; Vega Diaz)
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FAGARINE

Fagarime, an alkaloid obtamned from the Argentinian plant fagaro cocco, has been
known smee 1932 to be a cardiac depressant (Stuckert and Sartors) Subsequently, ESPC‘"}“’S
established that 1t raises the fibnillation threshold for faradic stimulation and reduces the
mneidence of ventricular fibrillation after higation of coronary arteries Second

The therapeutic possibiliies of this drug attracted greater interest durng ‘,he ccom_
World War, when quimdine was scarce, and alpha-fagarine hydro.chlcndc was rccol'
mended for the treatment of cases of auricular flutter and ﬁbnllautcn (]2:“"’&“ et al;
Taquint) In one case, reported by Taquini (1945), multifocal ventricu
\kc?: ob:crvcd after the ’adn’;’inistmlign of‘zhc drug which can only be given ‘""“‘L’“SC“EEII!;
Subsequently, Scherf, Silver and Weinberg gave fagarme to thirteen patients I‘”‘rl c:l“:‘:nlri-
flutter or fibnllation, or paroxysmal tachycardia; six of these developed mulufoca 7 the
cular les and in twa ventricular fibnllation ensued. Only '“°d° i
patients with 1 ystoles had pr beats before the drug was admt

tered.
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In view of these observations fagarine has to be considered too dangerous to be employed
n man

1t should, however, be emphastzed that, 1 the dog, even intravenous injectton of rela-
tively Iarge doses does not precipitate extrasystoles while instantly abolishing auricular
flutter and fibrillation, without causing either a fall 1n blood pressure or dilatation of the
heart (Scherf, 1948) Such observations encourage the hope that some modification of
fagarine may result in a drug which, though effective, 15 free from the above dangerous
side-effects The recent 1nvestigations of DiPalma and Lambert, according to which the
presence of a methoxy group is essential for the effect, upoa arrhythmuas, of quinidine,
fagarine and other compounds, may pornt the way in which the search for such a remedy
mught be undertaken
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CHLOROFORM
While chloroform 1s now rarely used as an ,maesthctlc the anhythmms caused by this
compound are of great historical—apart from the p )l an t For

1t 1s due to the study of the chloroform arrhythmms that the mponancc of ectopic beats
and ventricular fibrillation was first appreciated and the close relationship between these
two arrhythmias reahzed

Experimental

R .

JT7.Y .. e . <.

be assumed to have been due m cclopnc beats

The probl-  --- -*-- ST
collaboration
0 5 per cent
cardiac rhythm were observed and ectopic beats were rare  Inhalation of chloroform in
concentrations between 0-5 and 1 per cent, on the other hand, caused ectopic beats in-
variably, such arrhythmias usually dnsappeared if the concentration of the gas was further
increased to above 1 5 per cent. and did so mvarably with concentrations above 2 per cent
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hal

The injection of 0 065 mgm. of epinephrine duning the of lower ¢
of chloroform caused ventricular fibrillation whereas, with higher concentrations of chloro-
form, the same dose of epinephrine precipitated only 1solated ectopic beats  Struggling of
the ammal or stimulation of the accelerans fibres had the same effect as epinephnine (Levy,
1912). It could be demonstrated that the arrhythmias resulting from the combination
epinephrine-chloroform were not due to a nse 1n blood pressure and that they could be
abolished by sevening the vagt (Levy, 1913), thus effect of vagatomy was attributed to the
tachycardia with the resultant shortemng of diastole (Nobel and Rothberger) Ventricular
fibrillation caused by nicotine during light chloroform anaesthesia was shown not to be a
vagal effect (Levy, 1926)

Levy became convinced that sudden death during chloroform anaesthesia was due to
ventnicular fibriflation From his extensive mvestigations he concluded that it is during light
chloroform anaesthesia that the heart 1s 1n the condition of greatest irnitability, during which
any of the ad ympathetic system may cause death due to ventricular
fibrillation (1913} During deeper anaesthesia with chloroform, on the other hand, cardiac
function 15 only depressed, but no arrhythmias occur  Such depression of function by
chloroform was also found n 1solated Purkinje fibres of the dog's heart (Ishihara and
Pick)

Levy’s findings were repeatedly confirmed (Cluzet and Tixier; Bardier and Stillmunkés,
Tiemann, Beattie, Brow and Long, 1930, 1936; Trimble) Other investigators, however,
obtained different results  Such apparent contradictions are largely attnibutable to differ-
ences 1n the species of ammals used, mn the drugs employed for pre-medication, and 1n the
dosage of chloroform (Embley, Caine and Reynolds; Meek, Liebenow and Orth) The
difference tn the reactions of different species becomes apparent from the observations of
Embley who found ventricular fibrillation duning inhalation of chloroform in three out of
five experiments on cats, but was unable to reproduce 1n dogs the results which Levy had
obtained 1n cats  Fibrillation was never observed Smirnow, on the other hand, reported
ventricular fibrillation, resulting from the bination chlorofor) hrine, 1 dogs,
but not 1n cats  In a recent comprehensive review of the action of chloroform (Waters)
only one mstance of ventricular tachycardia was found i over three hundred wnductions
with chloroform on 120 dogs Deliberate maladministration {overdosage) caused m.arkcd
depression of sims node actvity and abnormal automatic beats. Intravenous injection of
epinephrine (0 01 mgm per kilo) duning chloroform anaesthesia (eighty-two mnjecttons)
produced ventricular tachycarda twenty-one trmes and ventricular fibnllation seven times.
Pre-medication with atropine (0-5 mgm. per kilo) did not prevent epinephrine-chloroform
tachycardia, but DHE-45 (0 4 mgm per kilo) afforded protection.

Frommel's gatrons (1927, 1928) ize even more strikingly the importance
of the species employed 1n such experiments: working on guinea pigs he fgu"d that ectopic
beats occurning during chloroform anaesthesia were not influenced by the m{‘ectlon of epin-
ephrine and he went as faras tor d hrine as U for oceurnng
during chloroform anaesthesia  This may be mentioned as a rather glaring example "f an
ndiscniminate application to a clinical problem of results obtained mn expenimental work‘b

Quinine and quimdine prevent ectopic arrhythmias caused by chloroform, and )1/‘
chloroform -+ epmephrine (Bardier and Stillmunkés, 1926) Simlarly, deccrcbmmrm of
cats at the Sherrington level abolished ectopic beats produced by chloroform and, if per:

H heti Beatute,

formed prior to the ad of the prevents such arrhythmeas (
Brow and Long, 1930, 1936) This is discussed 1n some detail on pp 267-268. In 'doigs.
it {pyrit i ine) 1n relatvely large doses inhibited ventricular

fibrillation 1nduced by chloroform and adrenaline, but such effect was inconstant and only

of short duration (Levitan and Scott). Regarding the effect of atropine, se¢ sectiol
“ Atropine .

n on
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Clinical Observations

ying the electr d 1 a senes of s1x patients Cluzet and Tixier found
ectopxc bea\s dunng chloroform h in two Hill 1nv: d this prob-
lem electrocard mn cases, 1n sixteen of these special attention was

paid to the induction pertad. In seven nstances numerous ectopic beats were recorded,
closely resembling the arrhythmias seen 1n experrmental work. Sometimes they occurred
only when the patient was strugghng, an observation fully in accordance with those of Levy
discussed above

Waters, in the monograph already referred to, tabulated the various arrhythmias
recorded n fifty-two patients during chloroform anaesthesta (Table X on p 71). These
ncluded thurty-six of ventricular ext and twenty (') of ventricular tachy-
cardia, 1n only seven no rrregulanities were found  These observations emphasize the risks
inherent 1 this anaesthetic and seem to give little, 1if any, support to the contention, con-
tained 1n that monograph, that * much undeserved blame was being placed on an agent
which for almost a century has been used extensively and skilfully by practitioners *

SUMMARY
The extensive mvestigations of Levy demonstrated that in cats Light chloroform anaes-
A S R TPt Tale wl Y .

review of the literature reveals many conflicttng reports and 1t could be shown that such
discrepancies are largely due to differences 1n experimental technique. The different reac-
uon of various species 15 of particular importance. It can be considered established that
ectopic arrhythmias occur m man duning chloroform anaesthesia and that in man, as well
as 1n most spectes used n experimental work, fatal ventricular fibrillation can be precipi-
tated during chloroform anaesthesia by the exibition of epinephnine and allied compounds
Struggling has an effect similar to that of epmephrine and great care has to be taken 1n this
tespect by the anaesthetist 1n the increasingly rare instances, in which chloroform 1s used as
an anaesthetic
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CYCLOPROPANE

Cyclopropane is a cyclic hydrocarbon (timethylene). It 1s now widely used as a general
anaesthetic as 1t produces unconsciousness within one or two mnutes and patients are awake
within ten minutes of discontinuing the anaesthetre,

Experimental

When this compound was first investigated, prior to its introductton as an anaesthetic,
arrhythmias resembling missed beats were observed in the blood pressure tracings (Lucas
and Henderson) Such arrhythmras disappeared quickly when the concentration of the gas
was reduced.

As cyclopropane was used more extensively as an anaesthetic it became recognized that,
next to chloroform, this gas 1s most apt to produce ectopic arrhythmas At first ectopic
ventricular beats occur singly and at long intervals, then more frequently, subsequently
their number further increases, multifocal ectopic beats are observed and, finally, ventricular
tachycardia and venincular fibnllation may ensue.

Vas a oo swe have hapn exnressed regarding the underlying mechamsm At ﬁrss it was

be anoxia, in the presence of WHICH €CLOPIC UEALS WEIL saru (b W prvuipriaes .
concentrations of cycloprepane, such arrhythmaas were reported to rescmb{e those seen In
anoxia (Robbins and Baxter 1937, Robbins 1940) With adequate respiration and nmp!e
supply of oxygen, on the other hand, concentrations of cyclopropane of 30 per cent above
those producing resprratory paralysss were stated not to cause ectopic arrhythmias.

This view that anoxia plays a decsive rdle in the production of cyclopropane arrhyth-
mias was not confirmed (Lee ez al.) and, if the effect of anoxia on the cardiac action generally

. : -+ <mbla Claneralized anoxia, while producing marked disturbances
10t, as 2 rule, cause eatopc arthythmias; on the con-
ample, extrasystoles due to acomtine, are abolished
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by anoxia (Scherf) It is only local anoxta, that is, 1schaemia of circumscribed areas
as 1 myocardial infarction or coronary stenosis, that 1t 1s apt to cause ectopic beats (see
p 420)

Another view was that only light anaesthesta with cyclopropane causes ectopic irregu-
larities whereas deeper anaesthesia abolishes them (Guedel), but the existence of such an
* arrhythmua range ” was denied by others (Lee et o/ )  Simularly, the statement that con-
centrations of cyclopropane between 50 and 70 per cent. depress the hypothalamic centres
responsible for ectopic arrhythnuas (Thienes, Greeley and Guedel) and thus abohsh them
was not confirmed (Rait-Smith and Ostlere} A reflex origim of cyclopropane arrhythmias
has also been assumed by several mvestigators (Seevers ef af , Thienes ez al ) This view was
based on the observation that atropine abolished the irregularities  This argument seems to
s unconvincing, for the ensuing tachycarda with the resulting shortening of diastole alone
'may suppress ectopic beats, and atropine in Jarger doses 1s known to have a direct effect
upon the heart muscle where 1t inhubsts impulse formation  Experiments carried out with a
different technique and nterpreted as indicating a reflex onigin of such arrhythmas were
reported by Stutzman et a/  The only conditions 1n which we believe a reflex mechamsm
to have been responsible for ectopic arrhythmias observed 1in man under cyclopropane
anaesthesia are those descnibed by Reid and Brace (see chapter on “ Nervous System ™, p
264

AlL this tends to show that there 1s no agreement as yet about the mode of ongin of
ectopic arthythmias oceurring duning cyclopropane anaesthesta  The only pomnt which
can be dered lished 15 that the anaesthesia should be ligh as soon as
arrhythnuas occur (Eversole, Sise and Woodbndge)

Other Drugs and Cyclopropane

Epinephrine enhances the formation of ectopic beats during cyclopropane anaesthesia
(Meek, Hathaway and Orth) similar to its effect during chloroform anaesthesta In dogs,
the intravenous injection of epmephrine 1n doses of 0 01 mgm per kg during cyclopropane
anaesthesia caused ventricular tachycardia 1n eleven out of seventeen ammals, whereas in
seventeen control experiments epinephrine alone precipitated such arrhythmias only once
(Meek, 1941) The nise of blood pressure 15 not the only mechanism responsible for the
cardiac arrhythmias following cyclopropane and epinephrine (Moe ef af ), stnce compression
of the aorta m dogs under cyclopropane anaesthesia does not cause arrhythmias (Murphy
ct al, 1949)

Ectopic arrhythmias caused by the

R 1 "\: T
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1on of 1 hrine are
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tioned by others (Orth et al, Meek 1941, Lee et al) Ectopic arrhythmias due to cyclo-
propane 1n dogs could be prevented by a prior injection of sodium amytal or pentothal
sodwm (Betlach) 1In a series of sixteen experiments on dogs prepared with nembutal no
ectopic arthythmias were observed during subsequent cyclopropane anaesthesia, not even
with concentrations of the gas up to 75 per cent (Scherf, unpublished observation)

Other compounds stated to prevent such arrhythmuas i dogs are yohimbine, ergotamine
and procaine (Allen e al , Bennett, Dhuner and Orth) Inhalation of ether has been recom-
mended with discontinuation of cyclopropane as scon as arthythmias appear  After the
tissues have been saturated with ether yt 1s claimed that renewed use of cyclopropane does
not elicit arrhythmias (Milovsky and Rovenstine, ¢f also Johnstone)

The effect of procaine in such arthythmias 1s discussed 1n the section on  Cocaine and
Alhed Compounds ™ {p. 309).

\-

x



306 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Clinical Observations

On the whole these are 1n agreement with experimental findings. Isolated ectopic beats
occurring at first singly, then i increasing numbers, and ventricular tachycardia with multi-
form ectopic beats have been reported mn man during cyclopropane anaesthesia (Kurtz,
Bennett and Shapiro). This development closely resembles that during chloroform anaes-
thesia A Jugh degree of protection by the mtravenous admimstration of barbiturates has
been reported, amounting, 1n the case of pentothal, to 90 per cent. (Guedel) The value of
full doses of atropine in pr d for the p ion of arrhy during cyclo-
propane anaesthesia has recently been stressed by Rink, Helliwell and Hutton (see section
on * Atropine ). Regarding the suppression of such arrhythmmas by ether, see below, also
section on ** Ether ” (p. 309).

Johnstone studied the heart rhythm electrocardtographically in ninety patients, anaes-
thetized with cyclopropane, with special reference to the presence or otherwise of hypoxia,
CO, accumulation, and hyperventilation. He found that it was the accumulation of CO,
which precipitated ventricular arrhythmias  Hypoxia did not appear to have any nfluence
on such arrhythmias. They could be abolished by ether For their effective control the
effective elimination of CO, and avoidance of respiratory depresston 1s recommended

Freeman saw ectopic ventnicular beats 1ly durtng pulation of the vagus in
patients under cyclopropane anaesthesia.

While the occurrence of ectopic arrhythmias during cyclopropane anaesthesia can be
considered established they do not occur invanably Waters found such arrhythmias in
2-22 per cent of cases with the patrent 1n Plane I and 1n 12-72 per cent. with the patient in
Plane IV. In a senes of forty-one cases studied by Kurtz ez al , such arrhythmeas were ob-
served n 10 per cent. Ziegler found extrasystoles and paroxysmal tachycardia in 10 per
cent of 175 children with congenital heart disease and cyanosis submutted to the Blalock-
Taussig operation under cyclopropane anaesthesta These arrhythmias subsided under
ether and oxygen

The conditions favouning the occurrence of such cardiac rregularities are still obscure.
An admuxture of other hydrocarbons has been considered Cyclopropane is widely used to
the great satisfaction of anaesthetist and surgeon In cardiac patients this type of anaes-
thesia 1s avoided by many and ether preferred  Alimurung and Smith attnibute the absence
of senous cardiac arrhythmias in their series of ten patients, submutted to operation for
coarctation, to the fact that cyclopropane was not used. Moreover, cardac dilatation was
observed to be caused by thus compound (Brace et af ). There 1s general agreement that
in combination with cyclopropane the use of epinephrine and of allied compounds (pressot
amines) 1s dangerous

SUMMARY

In man and 1n dogs cyclopropane causes ectopic arrhythmias tn a considerable propor-
tion of cases. In spite of extensive experimental work, some of which is briefly discussed,
. T N ’ = '- . =-t - s The use of epin-

' HE sventive effect are

g (see section on

C-oc;:;me and Allted Compounds ™).
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OTHER HYDROCARBONS

Propylene, which is an 1somer of cy has been igated in expeniments on
cats and dogs {Caine and Reynolds). Ectopic beats originating in vanous foci 1n the ventn-
cles were observed, they di d when the of the gas was reduced. No

extrasystoles were observed in nme experiments performed on one individual in whom this
anaesthetic was used (Kahn and Riggs).

Tnlene (trichlorethylene) belongs to the chlorinated hydrocarbons and in this respect
15 related to chloroform Though less toxic than carbon tetrachloride it is apt to cause
ectopic arrhythmias (Geiger). Hewer (1941, 1943) studied fifteen cases during anaesthesia
electrocardiographically and found auncular extrasystoles 1n one and ventricular ones in
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two instances. He emphasized the frequent occurrence of auricular extrasystoles (Hewer,
1943). Frequent extrasystoles were also observed by others (Gordon and Shackleton, Hun-
ter), but reports about the relative incidence of auricular and ventricular extrasystoles are
conflicting. In an electrocardiographic study on forty patients (thirty males, ten females)
Barnes and Ives found a great variety of arrhythmias. The incidence in per cent. of those
due to ectopic beats was. aunicular extrasystoles 125, ventricular 40, coupled beats 27-5,

] 1 ventricular 15, multifocal ventricular tachycardia 10. These authors
found that, as a rule, ectopic arrhythmuas occurred later—~during the lower first or upper
second plane—than other arrhythnuas, though exceptions were observed They pomnt out
that arrhythmias giving the climcal impression of bemng due to auricular fibrillation were
probably cases of multifocal ventricular tachycardia. This observation makes special care
in the use of this anaesthetic imperative.

Isopropyl chloride (** Proponesin ) was found to produce pronounced arrhythmras,
including multifocal ventricular extrasystoles, n healthy subjects and caused fatal cardiac
arrest 1n a patient with thyrotoxicosis (Elam and Newhouse)

The effect of various hydrocarbons combined with eptnephrine was studied by Chen-
oweth who investigated, 1n particular, benzene, heptane, gasoline (65 octane), butane and
hexane Al these compounds were found capable of seasitizing the mammabhan heart for
epmephrine to induce ventnicular fibrillation The practical implication of these obser-
vations 1s that * apparently trivial accidents, quarrels and other disconcerting episodes may
render an individual highly susceptible for some minutes to ventricular fibnlfation if to the
discharge of epmephrine 1s added exposure to the various substances described ™. Aero-
planes and armoured vehicles, in which a combination of emotional stress and petrol fumes
normally exist, are places par excellence where such accidents may occur by this mechanism.
In a later study Garb and Chenoweth 1nvestigated the comparative effect of the hydro-
carbons chloroform and benzene and the non-hydrocarbons ether, alcohol and acetone on
the irritability of heart muscle (isolated papillary muscle preparation) and found that the
former produced a marked increase in irritability whereas the latter were far less active. In
a further sertes of experiments on cats these authors studied the relation of drugs affecting
the sympathetic nervous system to the initiation of ventricular fibnillation It was found
that during hydrocarbon nhalation (petroleum ether) epephrine and nor-eptnephnne
produced ventricular fibrillatron whereas N-1isopropyl epinephrine, a purely inhibitory com-
pound, failed to have this effect, though producing other arrhythmias, Dibenamine
(3 mgm per hg), while not altering the vasopressor effect of 10 or 30 micrograms per
kilogram of epmephrine, exerted a protective eq'gct.

N verer
cats . $
Bet: . ' e

- P ' . . ) . N b
authors’ claim that the ectoprc beats were of multifocal origin is not borne out by the repro-
duced electrocardiograms. .

Ventricular extrasystoles were seen 1n one human case of acute benzol poisoning (Ross-
mann)
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ETHER
As pared with chly 'm and cycloprop ether causes ectopic arrhythmias only

rarely. This 1s true for expenimental work as well as for clinical observations Regarding
the former, in many hundreds of experiments we never observed ectopic arrhythmias 1n
dogs anaesthetized with ether (with or without pre-medtcation with morphia) and can con-
firm similar earlier observations of Cluzet and Tixier, and of Caine and Reynolds. Not even
when pressor amines were given did ectopic beats occur (Meek; Ortheral ).

Some exceptions were reported, for instance i guinea pigs {Frommel) and 1 highly-
traned dogs (Betlach).

In man, too, ectopic arrhythmias duning deep ether anaesthesta are rare or absent
{Cluzet and Ter, Hilly

‘Whenever extrasystoles were observed they were of the supraventrcular type (Meek).
Kurtz, Bennett and Shapito found auncular extrasystoles four times amongst twenty
patients anaesthetized with ether.

The suppression by ether of ventricular arrhythmias duning cyclopropane anaesthesia
has repeatedly been observed (Milovsky and Rovenstine, Johnstone, see section on ** Cyclo~
propane , Runk, Helliwell and Hutton whose paper 1s more fully discussed 1n the section
on ' Atropine *; Stein and Buchberg)

REFERENCES
Terr e 7 T (10TTY € Tha affant af an o aasassthas aendmmis = 20 oo Lo 3 f sof the
ne and
CR

Ca B Dera ey w30

anaesthesia "’ J Amer med Ass, 106, 434
MEEKI,’W 1 ’( 1941) “"Somc Ca‘rdlac eﬁ;ects of the ;nhalanl anaesthetics and the sympathommetic amines **
MU SO RPN A I AT A e

ORTH ametic

TEt mtra-
thoraciques ' Arch Mal Coewr, 4, 417.

COCAINE AND ALLILD COMPOUNDS

Experimental Imvestigation

The earher observations that cocaine preparations applied to the epicardial surface may
dimimish the excitability of the heart as tested by mechanical or electrical stymuli and thus
prevent the occurrence of extrasystoles (Franqoss-Franck 1892, Heitler 1898, Froehhch
1904, Kochmann and Daels 1908, Fauconmier 1908, Froehlich and Paschkis 1923) did not
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attract much attention at the time, but became of increasing interest as thoracic surgery
developed  With the rise of cardiac surgery the importance of such compounds was further
enhanced since manipulation of the heart 1s apt to cause extrasystoles in operations for
congemtal heart disease or adh of the pericardium (Feil and Ros: Stewart and |
Bailey, Ziegler)

Mautz (1936) confirmed the earlier work that after the local application of cocame or
meticame on the epicardial surface of the heart the threshold for the production of extra-
systoles by means of induction shocks was increased, and Beck and Mautz recommended
the trapencardial ijection of 2 cc of a 5-per-cent solution of procaine or meticaine 1
order to reduce the risk of extrasystoles during operations on the heart.

Cocaine and related substances, if applied directly to the cardiac surface, cause -
medrate depolanzatron (Baron).

The intravenous admimstration of this group of compounds is the method most fre-
quently employed at the present time for preventing extrasystohc arrhythmias duning

1t has been d ated in experiments on dogs anacsthetized with chloro-
form or cyclopropane that ventricular fibrillation resulting from the injection of epin-
ephniae could be p d by p or a similar pound, for )

pie p
benzoic actd (Hermann and Jourdan, Van Dongen, Shen and Simon, Burstein ef al. 1940)
Ventricular fibrillation produced in dogs by the administration of benzol in combin-
ation with adrenakine could also be prevented by the simultaneous injection of 8-10 mgm.
per kg, of novocaine (Shen). Even in the stage of ventricular tachycardia was procaine
found effective 1 preventing ventricular fibrillation (Burstein cf af. 1940) Reports about
the action of intracardiac injection of this drug, once ventricular fibrillation had become
pctahlichad aes manfl meen oLy T acece e Tooimem e 40, - Ihythm
. Inthe
' . “ventri-
cular fibnllation by faradization was increased According to Hirschfelder and Tamcales,
procaine, pantocaine and nupercame stop n dogs auricular fibrillation produced by faradiz-
ation
Large doses of cocaine preparations are known to damage the heart: in the dog an
mtravenous mjection of cocaine or novocaine 1n a 2:5 or 5 per cent. solution may causeé
night bundle branch block (ShookhofT), and focal application of cocaine to the sinus node
produced smus block and A-V rhythm (Hofmann; Rothberger and Scherf) Venmcul:fr
tachycardia was observed by Tainter, Dock and Brown, and multifocal ventricular ectopic
beats—precursors of ventricular fibrillation—were reported by Uhley and Wilburne It
has, however, been pointed out by Doak and Selke that either the doses employed in th:§c
experiments were extremely high, or that the rate of mnjection was very fast If procaine is
given by means of slow infusion and in smaller doses, as it 1s employed 1n chnical practice,
the compound 1s quickly hydrolysed in the blood and the electrocardiographic changes are
very shght
ch%lrdmg the recently 1ntroduced procaine amide, see below i this section,

Clinical Observations

In a small senies (sx) of healthy humans the intravenous administratron of 1 g. of pro-
caine (0 1 per ¢ent. 1n physiological sodium chlonide solution, given in the course of one to
three hours) prodi in the el di only minor changes without any chnical
significance (Doak and Selke). .

In fourteen patients under a general hetic the dminists of
30-70 mgm. of procame (in a | per cent. solutton) abohished acute anhv(hmgns,‘oﬂcn
dramatcally (Burstein, 1946). No untoward effects were observed regarding respiration of
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cefitral nervous system. Fraser and Kraft found a combination of pentothal and procaine
effective jn preventing wrregulanities due to cyclopropane. Barbour and Tovell successfully
employed a slow 1ntravenous mnfuston of 2 weak solution of procaine as a preventive (1,000
cc of a 0-1 per cent solution mfused within one hour) Bittrich and Powers used a 1 per
cent. solution, giving 1t as a continuous intravenous infusion m seventeen cases In five
1mstances extrasystolic arrhythmias occurred in spite of such infuston berng given at a rate of
60-100 drops per minute and mn one case 1t was found necessary to increase the rate of flow
to 150 drops per minute. In two patients procaine precipitated convulsions  Schaffer, Stein-
man and Scherf studied the effect of procaine on varntous arrhythmas  One group of eleven
patients recerved an intravenous dnp of 300-500 mgm procaine hydrochloride, given 1n a
0.1 per cent sahine sotution in the course of 8-30 minutes A second group of twenty-one
patients were given 100 mgm by means ofa rapid mtravenous mjection (10 cc. of 2 1 per cent
solution ynzected within about four seconds) The effect on extrasystoles (ventricular, seven,
auricular, five cases) was disappomting  In three cases the drug preciprtated extrasystoles
In aunicular flutter the decrease 1n aurcular rate may result in an increase of the ventricular
Tate, owing to a greater number of impulses being conducted (akin to sinular observations
made with quimdine) In the doses given it proved a safe though rather ineffective
procedure
Recent reports on the usefulness of procaine 1n combating cardrac arrhythmas during
thoracic surgery are more optimustic. Thus Ziegler, in a sertes of 175 children with cyanotic
and twenty with acyanotic congenital heart disease submitted to operation, encountered
premature contractions in twenty-three and paroxysmal ventricular tachycardia in three
instances and mentions procaine amongst the measures to stop multtple extrasystoles and
ventricular tachycardia Burstein et af (1949) studied cardiac arrhythmias electrocardio-
graphically m thirty-three cases submtted to thcracxc surgery for various conditions Ec-
topic arrhythmras were found to be p: d 1n the three of per
durmg manipulation of the pencardium, for their suppression the authors recommend the
topical application of a 2-per-cent solution of procamne as well as the rapid ntravenous
njectton of 100 mgm of this drug wn a 1- or 2-per-cent solution Taylor et al , usinga I-per-
cent solution of procaine and starting with 40 mgm per munute 1n adults, concluded that
procame 15 “relatively effective 1n preventing cardiac arthythmias during intra-thoracic
operations with cyclopropane ” They warn against too rapid admmstration after starting
These conclusions are based on 211 admimstrations, maimnly m thoracic operatrons, no
electrocardiograms were taken
An unusual observation has been reported by Lampson, Schaeffer and Lincoln, con-
cerming a seven-year-old boy operated upon for laceration of a foot The patient had pre-
medication with morphia and atropine, also seconal, anaesthesta was inducted with cyclo-
propane and continued with ether  After the operation was finished ventricular fibnllation
suddenly occurred  Artificial respiration was given, the chest opened and the heart was
massaged after intracardiac injection of 3 cc. of a 1-per-cent. solution of procame, followed
by a second mjection of 2c¢  The fibrillation stopped and the boy recovered
Untoward effects and even fatal accidents have been reported as a result of novocaine
and alhed compounds. In some instances they were due to overdosage, 1n others to hyper-
ier;smvuy o;f !l’:e patient  Sensitivity to this group of drugs vanes considerably amongst

untoward eﬂect§ 1n a patient a spray on the nasal mucous membrane of 20 per cén‘l novo-
caine with 10 minims per ounce of adrenaline 1 : 1,000 resulted m bundle branch block with
tifocal ventnicular {Young and Glauber)
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Notwithstanding such observations 1t can be said that the administration of procaine,
in doses of 300 mgm. given slowly by intravenous infusion in the course of twenty to thirty
munutes, or of 100 mgm, given by rapid mtravenous injection within a few seconds is a safe
procedure.

Procaine 15 hydrolysed in the human body into p-amino-benzoic acid and d
ethanol The effect upon arrhythmias of the latter was investigated by Rosenberg et al.
and the compound found fairly effective in suppressing in man ventricular extrasystoles and
tachycardias, but not auricular ones It was, however, less effective than procaine and doses
employed were 0 5-5 grammes intravenously 1n a 11-2-per-cent aqueous solution. In dogs
diethylaminoethanol prevented ventricular tachycardia induced by epmephrine during
cyclopropane anaesthesia (based on Meek, Hathaway and Orth) and was the only compound
of two homologous alcohol series, tested m this respect, to do so in non-toxic doses (Mark,
Lott, Cooper and Brodie).

In a search for a drug possessing the activity of procaine without its toxicity various
esters of diethylaminoethanol were examined for stability and for their efficacy 1n preventing
the epmephrine-induced ventricular tachycardia in dogs under cyclopropane anaesthesia
The most promising compound to date 1s the anude of procame (N"(2-diethylaminoethyl)-
p-aminobenzamuide) (Pronestyl) which 1s unaflected by the enzyme responsible for the rapid
hydrolysis of procaine and which, 1n therapeutic doses, does not produce central stimulation
Thss drug 15 also effective by mouth (Mark, Berlin ef al.). According to a recent report
{Kayden, Brodie and Steele) 1t was tred 1n fifty-five patients with ventricular extrasystoles
and, admnistered esther orally or intravenously 1n doses of 0 4 to 1.0 gramme, suppressed
the ectopic beats for a peniod varying from a few munutes to many hours It proved partt-
cularly effective in controlling ventnicular tachycardia, which was termunated in fourteen
out of sixteen patients by this drug, given orally, intravenously, or by both routes. Amongst
these were eight who had myocardial infarction and seven m whom quinidene in Jarge doses
had been ul  With oral admnistration hy, ion, which 15 observed as a
sometimes serious side-effect durmg intravenous administration, did not develop and the oral
route 15 therefore the method of choice. The effective oral dose was found to vary widely in
different patients  An imtial dose of 1.25 grammes followed 1n one hour by an addittonal
0 75 gramme, 1f the tachycardra persisted, proved adequate in the majonty of cases, but if
necessary subsequent doses of 0 5-1 0 gramme every two hours may eliminate the arrhyth-

mia  In some cases the exhibition of the drug is necessary for a longer period 1n order to
prevent the recurrence of extrasystoles or ventricular tachycardia; the suggested mainten-
ance doses range from 05 to 1 0 gramme every three to six hours. In cases in which the
drug has to be given intravenously it should be given slowly (100 mgm /minute or less) and
blood pressure and electrocardiogram continually observed. Good results with Pronestyl
in the suppression of ventricular ectopic arrhythmias were also reported by Diaz and
Cabrera, Kinsman et al., and Berry et al

A recent expertmental study of Harris ef al. showed that the rate of ectopic ventricular
arrhythmias elicited 1n dogs by his method of occluding a coronary branch (p 421) was
markedly reduced by procaine amide. Complete abolition of ectopic activity was seen op‘Y
exceptionally, but the ectopic rate became so slow that the nisk of ventricular fibnllation
was practically elimnated  Furthermore, the marked reduction in ectopic rate resulted in
a great imp n d ic effici of the heart. In instances of low frequency

ectopic rhythms the effect of Pronestyl was vanable and unpredictable. (Procaine, admints-
tered intravenously, had either no or only a very transtent suppressor effect on such ectopic
rhythms.)

Recently this compound has also been full; ployed for the supy ressi of
 multiples arhythmies ventriculaires ™ precipitated by card:ac catheterization (mjection of
5-9 ml. of a 10-per-cent. solution through the catheter, van den Heuvel-Heymans)
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While Pronestyl seems to be a defimte advance m the treatment of ventricular extra-
systoles and tachycarduas, its effect on auricular archythmias, while not as firmly established
at the moment, seems to be promustng (Schlachman et al , Berry et al ) Schaffer, Blumenfeld,
Pitman and Dix found that an intravenous injection of 600 mgm abolished auricular extra-
systoles for several hours and converted auricular paro'(ysmal tachycardia, flutter and fibril-
lzmon mto sinus rhythm As already mcntlon:d the intravenous injectton has to be given

b . 2

produced nausea, dnarrhoca and headache. Schaffer made a quantitatrve comparison be—
tween the antr-arrhythmice potency of procaine amide and quinidme 1n cases with persistent
auticular and ventricular extrasystolic arrhythmias. He found that, weight for weight,
quimdine 15 approumately four times as strong as procaine anude For every grain of
quimdine necessary to obtamn a certamn therapeutic effect 0 25 gramme of Pronestyl was
found necessary In his experience the intravenous injectton of Pronestyl 1s superior to
quinidine, the usefulness of procaine amude given by mouth 1s limited by nausea and
vomiting

Observations on larger numbers of cases must be awaited before the value of this most
recent drug ¢an be assessed more definitely Our provisional opinion 1s that procaine anude
1s very useful m ventricular extrasystoles and ventricular tachycardias after coronary
occlusion, 1n such cases 1t may be hfe-saving, since not infrequently such patients do not
respond to quimdine In addition, Pronestyl 1s helpful n instances of intolerance to
quinidine which are by no means rare Its application n auncular arrhythmias seems
promising
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BARBITURATES

Barbiturates, even if given intravenously, do not affect cardiac function in any appreci-
able way provided the dose 15 small, the heart in good condltmn and the injection given
slowly. Larger doses have a d effect, the d hed bility causing ectopic
beats to disappear

Experimental

Ectopic arrhythmias produced 1n a variety of ways have been reported to be abolished,
reduced or prevented by barbiturates. A few examples may be quoted

1n cats, Dikshit found a great reduction, by sodium barbitone, 1 the number of ectopic
beats produced by clamping of the carotid arteries or by bral (ventricular)
of caffeme (see also p 268) Braun and Samet observed, also 1n cats, lhat the intravenous
imection of 0 1-0 15 gramme per kg. of Luminal-sod d the threshold for
faradic currents to cause ventricular fibrllation This was conﬁrmcd for cats and dogs
by van Dongen who also found that lumenal aboti: ectopic arrhy
by epinephnne and by barium chlonde Simlarly, such arrhythmias resulting from
ephednine were prevented 1n dogs by an myjection of sod barbital given 125-200 minutes
before that of ephedrine. This effect was attributed to 2 partial vagal paralysis and to a
central depressant action on automatic ccnlres (Meek and Severs).

The action of i on arrh due to P where they were
claimed by some to be an effective depressant, 1s discussed in the section on ** Cyclo-
propane ™.

‘While barbiturates do not cause arrhythmras (Gruber; Hafkesbring and MacCalmont),
thio-barbiturates are known to have this effect; if given intravenously in dogs, 10 mgm may
cause ventricular bigeminy (Gruber). Following an mtravenous myection of sodium thio-
pentabarbital ectopic beats occurred after a latent period of six munutes  This was con-
firmed 1n dogs, cats and rabbits by Kohn and Lederer who did not, however, find such
arrhythmeas in five monkeys after the mtravenous snjection of pentothal.

Clinical Observations

Clinical observations on the effect, upon arrhythmuas, of barbiturates are few Dikshit
studied a patient with numerous extrasystoles occurring at regular mtervals, within thirty
minutes of being given 1 gramme of sodium barbiturate by mouth the number of extra-
sysmles had become reduced by hall‘ this effect lasting for two hours

d thxo-b;\r were seen in seventeen patients after the

of such ds (Volpitto and Marangom) Extrasystoles

are not a feature 1n patients anaesthetized with pentothal {(which 1s a thio-barbiturate)
(Kohn and Lederer)

SUMMARY

Barbsturates tend to abolish, prevent, or diminish the number of ectopic beats caused in
vanious animals by vanous methods; this holds good particularly for the arrhythmias
resulting from clamping of the carotid arteries, from cyclopropane, epinephrine or ephe-
drme. Smular conditions seem to prevail 1n man, but the number of clinical observations
15 10adequate for formung a definite opimion.

Thio-barbiturates cause ectopic arrhythmias in certamn animals, but do not exert such
effect in man
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SALICYLATES

Experimental

Only very few experimental observations on the incidence of extrasystoles after admints-
tration of salicylates have been reported No such arrhythmias were found in the isolated
heart of the frog and turtle (Salant and Johnson) and in the heart i situ of rabbits (Renz).

Clinical Obseryations

Lommel described 11 1902 extr les during ad; ration of salicylates in a patent
with pyrexia and pleunsy and considered the possibility that the arrhythmia may have been
due to the drug  Subsequently, similar observations have repeatedly been reported, parti-
cularly tn patients with rheumatic fever (Leconte; Danselopolu; Bass, Marchal and H. de
Balsac, Laubry) Leconte had the ympression that extrasystoles were particulatly prone to
occur after prolonged salicylate treatment and constdered their presence as a sign of satur-
ation of the body with the drug

In hardly any of these investigations has any evidence been put forward that the ectopic
beats actually were due to salicylates and were not caused by the underlying disease for
which the patient was given salicylate treatment. The position 1s somewhat remimscent of
that regarding A-V block occurnng dunng saheylate treatment of patients with rheumatic
fever 1n the past this had frequently been attributed to the drug until the true situatton was
established, namely, that the disturbances of conduction were never due to the drug, but a
common sign of the disease

The only case which 1s somewhat suggestive 15 the isolated observation of Daniclopols
on a boy of seventeen with rheumauc fever In this case extrasystoles occurred duning the

exhibition of salicylates, p d when med, was d. to ppear when
the drug was re-instituted
SUMMARY
We concur with the view expressed by Parkmson ef af that the precipitation .°f extra~
systoles by salicylates cannot be considered hed and that, to say the least, 1t is doubt~

ful whether salicylates produce such arrhythmas.
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EPINEPHRINE (ADRENALINE), EPHEDRINE AND ALLIED PRESSOR AMINES

Epinephrine is one of the most important dsr ding the prod of ectopic
arrhythmias and this 1s true for the physiological as well as the clinical aspect. The arrhyth-
rmas resulting from epmephrine in association with other drugs are of paramount impor-
tance Those occurnng dunng chloroform and cyclopropane anaesthesta, and 1 associ-
ation with various hydrocarbons, are discussed 1n some detail 1n the appropriate sections
to which the reader 1s referred as well as to the chapter on **Extrasystoles and the Nervous
System ™

Experimental

Epinephrine

Arrhythmias occurning at the height of the action of epinephnine were noted early m
experimental work, but since at the time such 1rregulanties were only recorded by means of
blood-pressure tracings a more detailed analysis of the types of arrhythmua 1s not possible

An early electrocardiographic study by Kahn (1909) showed ectopic beats m the dog
following the intravenous mjection of 0 1 mgm of epinephnine  Subsequently, Levy pointed
out that, 1z these experiments, chloroform was used as anaesthetic and maintained that this
was responsible for the arrhythmia  After severing the vagi ectopic beats occurred less
frequently or were absent (Kahn)  This was confirmed by Nobel and Rothberger who
also found that after vagotomy or the administration of atropine larger doses of epinephrine
were necessary to precipitate ectopic beats, and that they occurred less frequently It 1s
probable that the smus tachycardia, resulting from vagotomy or the admunistration of
atropine, was one of the factors accounting for the rarer occurrence of the arrhythmia
A direct depressant effect of atropine certainly also plays a part (see section onr ** Atro-
pme ) Nobel and Rothberger also reported that during ether anaesthesia eprnephrine
caused ectopic beats 1 the dog whereas, according to Meek and Seevers, ephednine does
not have this effect 1n similar In this too, the part played by
sius tachycardia should be considered which, in the case of ether, results from peripheral
vagal paralysts In Egmond’s experiments on the automatically beating perfused heart of
the dog no ectopic arrhythmias were observed, but mn his investigations the excitability of
the heart can hardly be assumed to have been normal

In cats and rabbits premature beats were mvanably seen after the admimstration of
epmephrine (Petzetakis, Schlapp) In the experiments of Hoff and Nahum on cats the
intravenous injection of 0 1-0-2 mgm of epinephuine consistently caused ectopic beats
S L Lliila e e s T AR "
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effect is elimnated by an equahzer (Allen). Denervation of the carotid sinus or severing
of the depressor nerves in dogs did not abolish the arrhythmia caused by epinephrine
(Mulles and Smuth),

Ectopic beats could be elicited by epinephrine with greater and in greater
numbers 1f the animal had previously been sensitized by small doses of barium (Rothberger
and Winterberg) In such experiments the action of epinephrine was akin to that of faradic
sumulation of sympathetic cardiac nerves. An entirely different effect of epinephrine was
observed if the animal had previously been treated with aconitine in such small doses that,
except for the occurrence of extrasystoles, no changes in cardrac function occurred: in such
circumstances extrasystoles in bigeminal rhythm invariably disappeared on stimulation of
the sympathetic cardrac fibres and epinephrine had the same effect (Schesf, unpublished
observations). (See also chapter on * Extrasystoles and the Nervous System ™.}

According to Wégna and Nickerson, epinephrine raises the fibriliation theshold in the
dog.
Epimephnne also increases the automaticity of excised strands of Purkinje tissue of the
dog’s heart, as ascertamed by microscopic observation (Ishuhara and Pick, Wachstem)

Regarding the effect of barbiturates on arrhythmias produced by epinephrine, see section
on ** Barbrturates ” (p. 315)

Ephedrine

Indogs, 5-10 mgm. per kg given intravenously cause only slight changes in the T waves;
targer doses (20 mgm. per kg ) have a depressant effect on the specialized tissue (Chen and
Meek) The latter mode of action, which 1s charactenstic for ephedrine, 15 presumably l}gc
reason for the rare occurrence of dangerous arrhythmias in nstances 1 which ephedrme is
employed La Barre confirmed in cats the depressant effect of ephedrine in doses exceeding
20 mgm per kilo and did not see arthythmuas if doses up to 50 mgm per kilo were given
wntravenously 1o cats in deep chloroform anaesthesra According to Melville ephedrine,
unlike epinephrine, never induces ventricular fibrillatron during chloroform anaesthesia.
As mentioned above (p 317), ephednine, as distinct from epinephrine, does not produce
ectopic beats 1n dogs anaesthetized with ether Regarding the prevention by sodium barbital
of ectopic arrhythmas resulting from ephedrine, see section on ** Barbiturates ™ (p. 315)

Clinical Observations

The occurrence of extrasystoles 1s a common experience in patients who use epinephrine
1n the usual doses for such conditions as bronchial asthma, allergic conditions, €t¢ it
extrasystoles were already present before, their number 1s increased by epinephrine. EOU"‘C
mvestigated this subject wn some detail by giving subcutancously 1 cc. of a solution of
1 - 1,000 to eighteen patients with persistent ext ; electrocardi were taken
for one munute every five minutes  The results were umform* about five minutes after the
mjection the number of ext: les increased derably for thirty to sixty mmutes,
while the increase 1n the heart rate was slight, Patients with auricular extrasystoles developed
ventrscular ones and vice versa, additional centres of ectopic impulse formation being acti-
vated by the drug. According to Frey, 0-3 mgm of epinephrine injected into normal sub-
jects elicited extrasystoles in 9 pcf_ ‘c.:ent.

e - v a4 menmbnlae AHAFMmANN;
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Byrd: in a patient anaesthetized with ether focal application of epinephrine was touowcg
by severe arrhythmias and fall in blood pressure. It is probable that the epinephrine, an
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not the ether, was responsible for the acaident since, according to the author, “a large
pack  soaked with epiephrine m a 1 : 1,000 solutson was appled to a bleeding area during
the operation

In patients with A-V block and Adams-Stokes’ attacks due to transient ventricular
fibnllation the admunstration of small doses of epinephrine may cause ventricular extra-
systoles (Roelsen) and ventricular fibnillation (Danielopolu and Danulescu 1916, Dock,
Schwartz and Jezer)

In patients with suprarenal tumours enhancement of impulse formation has been
observed during hypertensive crises, attributed to adrenahne circulating in the blood  This
seems to affect mamly impulse formation in the A~ V node, with resulting A-V rhythm and

various forms of d d rhythms, mcl with interference (Burgess,
‘Watermann and Cutts, Hegglin and Holzmann, Espersen and Jorgensen) In Hegglin and
Holzmann’s patient 1 ventricular extrasystoles were also observed during such
Crises

and acetyl-beta-methylcholine abolish epinephrine extrasystoles (Hoff and
Nahum, Nathanson 1935, 1936)

In addrtton to epinephnine other pressor amnes were studied  Veritol caused auricular
or ventricular extrasystoles and short attacks of paroxysmal tachycardia 1n erght out of
thirty pattents (Aschenbrenner and Codas-Thompson) Intravenous injection of paredrine
also precipitated extrasystoles (Iglauer and Molle)

SUMMARY

It has frequently been demonstrated that pressor arumes, m particnlar epiephrine
(adrenaline), cause ectopic beats and paroxysmal ventnculur tachycardia m various species
If the admunistration of such drugs was d with chl 'm or cycl
anaesthesta, or 1f the animals had previously been given barium, ectopic beats ocourred 1n
great numbers and such arrhythmas tended to develop into ventricular fibrillation If, on
the other hand, acomtine had previously been given, the ectopic beats were abolished by
epmephrine  Ephedrine, owing to its depressant effect, causes ectopic beats more rarely

Chinical observations are 1n accordance with the experimental ones  even after the exhi-
bition of small doses of epinephrine, as they are commonly employed m clinical practice,
extrasystoles are frequently observed and auricular as well as ventricular fibrillation has
occasionally been reported  On the other hand, epinephrine may also abolish extrasystoles,
this effect 1s not only due to tachycardia

The greatest cautton 1s necessary 1f pressor amines are gtven during chloroform or
cyclopropane anaestbesia
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STRYCHNINE

Though the use of strychnine in the of extr les has repeatedly been

recommended its efficacy 1s doubtful and reports about 1ts effect are conflicting 5
The 1dea of employing strychnine mn this way seems to go back historically to the time

at which extrasystoles were believed to be due 1o weakness of the heart muscle, the arthyth-

mia indicating the difficulties of the heart muscle 1n contracting aparnst aortic prc:_s's:mc.”
" Lo e e TR s ek —F Buen

E;:;;nm:, see .scclion ox: “ Trca‘lmc;n ”, p. 477), was due to Wenckebach who credited hus

English fricnds with having given him this suggestion (Wenckebach, 1938)
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Experimental

According to Smith (1917), in the heart of frogs and rabbits strychnine acts as a depres-
sant and retards the occurrence of arrthythruas due to aconitine, ouabaine and cordnary
occlusion, From these experiments, which do not appear to have been repeated, Smith
concluded * with the greatest reserve ” that strychnine may have a place in the treatment of
ectopic beats.

Clinical Obseryations

In a critical review on the action of strychnine 1n heart failure Parkinson and Rowlands
arnved at the conclusion that there 1s no justification for the use of this drug

For the treatment of extrasystoles several investigators found strychnine effective
{Walsh, Fahr). Carter and Traut used a combination of 3 grains of quinidine sulphate and
1/30 of a grain of strychnine sulph In a sixty-year-old patient with frequent extrasystoles
nexther digitalis nor quinidine or strychnine alone in the above doses proved satisfactory.
The best effect on the extrasystales was achieved when quimdine and strychnine were given
combined

In a case of aortic regurgtation with strychnine r dly abolished the
premature beats which recurred whenever the drug was discontinued. As no other drug
was given this is perhaps the most convincing observation of a beneficial effect of strychnine
on extrasystoles (Wenckebach)

On the other hand Smth (1924) reported two instances in which strychnine precipitated
extrasystoles.

CONCLUSIONS

‘The number of controlied observauons on the effect of strychnine on extrasystoles is too
small to warrant any definite views  The impresston obtained by perusal of the relevant
hterature 1s that the efficacy of strychmne m the treatment of such arrhythmuas 1s highly
questionable
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CAFFEINE
Experimental

It may be of some historical interest to mention that as early as 1872 Aubert reported
arrhy 1n dogs foll g the mjection of 0-1 gramme of caffeine  Since
only blood-pressure tracings were recorded the kind of arrhythrmia could not be analysed.
Aubert quoted older observations of Lehmann regarding irregular and intermittent pulse
1 man after ingestion of 0-3-0 6 gramme of caffeine.

Following the adminstration of caffeine Pilcher observed ectopic beats 1n dogs, but not
incats  Beattie, Brow and Long, and Dikshit, who reported their oceasional occurrence
in cats as a result of caffeine, showed that they were due to 2 direct action of this drug upon
1he hypothalamic centres. In earlier experiments in dogs, carned out on the perfused heart

¥
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n situ, in which complete A-V block had been produced, Egmond found that caffeine
precipitated ectopic beats which gradually increased 1n number, the arrhythmia culminating
in an attack of ventricular tachycardia. In these experiments a direct action on the cardiac
centres has also to be assumed.

Clinical Observations

That the consumption of coffee or tea may produce extrasystoles is a common chnical
expenience and, 1n many textbooks, these beverages are rightly mentioned as important and
frequent causes of extrasystoles. Some reports of these irregulanities, then described as
mtermttent pulse, can be found in writings published long before the modern classtfication
of arrhythmuas (for example, Stokes 1854, Lorain 1870, Riegel 1877). Mackenzie descnbed
a case 1n which extrasystoles occurred after every cup of tea consumed. Even the time of
day at which tea 1s taken may determine whether or not extrasystoles are precipitated (see
section on * Treatment ”, p 473) The disappearance of the ectopic beats once the beverage
1s discontrnued demonstrates that, m such cases, 1t actually was the cause of the arrhythmra,

Very occasionally caffeine seems to exert the reverse effect, that s, abolishes ectopic
beats  Such an observatron was reported by Barton, regarding caffeine sod. citr. given in
doses of 3 gramns, thrice daily
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NICOTINE
Experimental

Reports about the effect, upon ectopic mmpulse formation, of nxcotine are conflicting.
Accordingto Clerc and Pezzi, the intravenous mjection of 0-1-0 2 mgm. per kg. of nicotine n
dogs occastonally causes ectopic beats which usually are auricular 1 origin. In one expen-
ment a bigemina thythm, and on one occaston trigemuny was observed In view of the
ranty of spontancous extrasystoles :n dogs these findings may be of some sigmficance
Other i i were 1 in therr pts to elicit arrhythmias, by micotine,
in cold-blooded animals or :n the mammalian heart (Barry, Frommel).

In experiments 1n which the ammals were sensitized for the development of ectopic
arrhythmuas results were more consistent  In dogs sensitized with barjium Rothberger anfi
Winterberg found that micotine elcited sych arrhythmuas, its effect rescm!?lmg,. in this
respect, that of eptnephrine or of faradic s‘uml{lation of the cardiac sympal{xeuc. S.xmllaﬂy.
A.G Levy seported ventricular fibrillation in cats sesufting from mcotine during light
chloroform anaesthesia; its occurrence was independent from any vagal mechanism.
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Clinical Observations

Reports about the occurrence of intermuttent pulse after smoking, and attributed to1t,
g0 back a considerable time (Graves and Stokes 1827, Lorain 1870, Nothnagel 1876, Riegel
1877) Regarding the amount of smoking which 1s necessary to produce extrasystoles
reports are conflicting (Grassmann; Gallavardin; Boas and Levy) On several occasions
observations were reported 1n which extrasystoles occurred duning smoking, disappeared
while 1t was discontinued, to re-appear again when smoking was resumed {Bickel, Leconte)

By smoking two or three cigarettes, Goodall could produce extrasystoles in himseif and,
accordmg to this observer, dunng the First World War abuse of smoking seems to have been

d method of p les 1n order to evade military service, Kulbs
reporlcd that smoking causes extrasysto\cs more frequently 1n young people while in the
elderly 1t 1s more apt to produce anginal pain

In a study on fifty-five cases on the effects of micotine intoxication, on the other hand,
Genkin, Piskarew, Serebrjanik and Braun observed auricular extrasystoles in only three,
and ventricular ones in two instances Tt is also noteworthy that in a recent electrocardio-~
graphic study 1n forty-six subjects (e1ghteen normals, twenty-four patients with coronary,
four with peripheral vascular disease) on the effect, upon the circulation, of the intravenous
1njection of 2 mgm nicotine bnartrate extmsysloles are not even menuoned (Bo le, Wegna,

I -

W en
o se de e ma e g o e
tine and smoking tn producing anhythmxas' which should be some comfort to mvetera(c
smokers,

SUMMARY

€extrasy has yet been d
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ACONITINE

There 15 hardly any other drug which experimentally 1s apt to produce cardrac arrhyth-
mias so constantly as aconmitine (Matthews; Cash and Dunstan; Cushny). In such expen-
ments ectopic beats occurred a short time after the admrmistration of munute doses of the
drug, soon followed by ventricular fibrllation,

A detailed electrocardiographic study demonstrated such arrhythmias to be due to
auncular or to ventricular multiform ectopic beats (Dasbach, working n Einthoven's
laboratory)

Fic 168 —From an expenment on a dog Tracings from above downward
indicate  suspension curves of right auricle and night ventrcle, electro-
cardiogram (ano-ossophageal lead), sme base 002 second, Bigemnal
rhythm owing to one ventricular extrasystole following each supraventri-
cular beat, produced by aconitine The extrasystoles have constant shape

and accurate coupling

Subsequently 1t was shown in dogs that, with careful intravenous admintstration of
and d vagal i} i; heart action, persi for over one

hour, could be produced with great constancy The bigemuny was due to extrasystoles,
auncular or ventncular in ongn, which in the electr d. showed of
shape and of coupling (Scherf, 1929) This method made 1t possible expennlenlnlly to

~anarally

More recently it has been lished that focal appl of 0 05 cc. of a 0 U3-per-celis.
solution of crystallne aconitine, tn the form of a subepicardral injection into the dog’s

1s followed by a prolonged regular auricular tachycardia with a rate of about
. ot L e e eiman + =e Lar alamning fram the

er-

auricle,
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Thss auncular tachycardia showed a marked increase of rate during vagal stimulation
and 1n rare cases aurcular fibrillatron developed. If the same amount of aconitine was
injected near the head of the stnus node into the taenta termmalts aunicular fibnllaton often
appeared (Scherf, Romano and Terranova) In these studres it was possible to produce
auncular arrhythouas, by aconitine, without additional vagal stimulation, etther faradic
or by vagomumetic drugs, and they could thus be investigated without the complications
inevitably created by additronal interferences The result of these mvestigations also made
1t possible to form an opinion about the nature of such auricular tachycardias, 1n particular
whether they should be considered as paroxysmal tachycardia or as auricular flutter, and
seem to have an ymportant beanng on the acceptance or rejection of the theory of circus

t as for the h underlying auricular flutter and fibnllation
{see p 223)

‘That impulse formation in 1solated strands of Purkinje tissue 1s enhanced by aconitine
was shown by Ishihara and Pick, and by Wachstein

Regarding the effect of the toptcal application of aconitine to the ventricle, see sections
on *“Flutter and Fibnllation”, p 232, and on “ Atropine™, p 333.
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VERATRINE

Veratnine 1s a muxture of several vcralrum alkalonds contamed m various species of
Itlraceous plants Recent work has d our k ledge of the ch

p and brol I action of ndividual alkaloids This whole problem has been
comprehensively reviewed by Krayer and Acheson m 1946

Regarding the action of these ds upon the Jatory system,
were mamily concerned with their effect on blood pressure and heart rate, wherens that on
ectopic impulse formation has attracted less attention  There are, however, several nvesti-
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Seemann and Victoroff found * Wuhlen » of the frog’s heart in the late stages of vera-
trine poisoning. Their tracings show ectopic ventricular thythms and some are suggestive
of ventricular flutter and fibnllation. Ectopic rhythms are also suggested by tracings of
subsequent papers by this group of workers (Kretzer and S S ). Wachsteil
optically recording the contraction of Purkinje fibres of the dog’s heart, interpreted his
records as indicating bigerinal rhythm, often with constant coupling of the smaller beat,
the extrasystoles displacing the domunant rhythm and sometimes being interpolated.
Gibert-Queralté and Pescador, recording in dogs electr d ams and ion records,
reported extrasystoles with fixed coupling, but their tracings can be better interpreted as

+eIps are Cone
t-ventnicular
' - Note slow

. . absence of

. . i, see text,

showing ectopic ventricular rhythms. Some records believed by those authors to demon-
strate bigeminal rhythms with extrasystoles occurring very late in diastole (prematurity of
only 0 01 second) seem more likely to indicate alternation of intraventricular conduction

Soaje Echague found in dogs and rabbuts that extrasystoles (usually multiform ventricu-
lar) occurred at the stage of hypertension, but does not reproduce any tracings Terminal
ventricular fibnillation was observed in dogs, but not 1n rabbuts.

In strips of the left auricle of the heart of gumea pigs Rothberger and Sachs found that
0.7 mgm. of veratrine in a 1 : 1,000 solution in divided doses invariably precipitated rhyth-
mic activity of high frequency, up to 360, but that ths response was only transient and was
soon followed by contracture. If, however, by changing the nutnent fluid, veratrine was
removed at the start of such rhythmiic actwvity, this persisted up to four-and-a-half hours,
arrhythmias being common Awakening of rhythmic activity by veratrine was also foun
in strips of ventricles of the turtle’s heart (Rosenblueth et af).
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There 1s therefore no doubt that veratrine alkaloids can precipitate ectopic rhythms. The
underlying mechanism is intumately related to the property of such compounds to increase
and prolong the negative afm~po(emml The relation between negative after-potential,
supernormal phase of recovery and 7 10 single or stimul: 15
discussed in more detad in the chapler onr * Mechanism ™. Suffice 1t to say here that, in
connexion with veratrine, such refations were established in nerve by Graham and Gasser
Goldenberg and Rothberger showed in Purkinge fibres of dogs’ hearts that veratrine
Tugher doses produced abrormal rhythms very akin to tachycardic attacks whereby the
rapid impulses followed an witating beat during its greatly prolonged after-potential,
their paper is discussed in some more detail 1n the chapter on * Mechamsm ™ (p 502)
Observations on the effect of veratrine vpon nerve were also important in showing that the
negative after-potential, though a very important factor, 15 not the only one to account for
supernormality Such findings are discussed in the review by Krayer and Acheson

None of the papers discussed have provided any evidence that in the heart extrasystoles
1n the strict sense of the term are produced by veratnine atkaloids Recently, Scherf and
ot e e e e e Piare .

nterference between sinus and an ectopic thythm  Fig. 169 provides an example. It shows
parasystole with interference between S-A and an ectopic left-ventricular thythm. The sinus
beats have slender, igh and peaked P waves which are easily identified, followed by R
waves which vary in height and wnverted T waves  The initial deflections of the ectopic
beats have deep S waves which are followed by upright T waves. The cycle length of the
sinus thythm is 0-40 second (rate: 150 per munute), that of the ectopic rhythm 0 38 second
(rate: 158 per minute). Owing to the close proxumity of the rates of these two thythms, a
slow shuft between them occurred  Combination beats were also recorded, for example, the
third and fourth but Jast complexes

The main diff between such experi \ fe and that observed in chmcal
nstances was that in the expenmental variety the ectopic rate was much faster. If several
such parasystolic focy were produced in different portions of the heart interferences of several
rhythms ensued It 15 of interest that extrasystoles with accurate coupling were never ob-
served in these experiments, this 1s the more noteworthy as true extrasystoles can readily
be elicited by the topical application of d;gnahs or phanthin, that 1s, by p
with which veratrine has often been ding some of 1ts biok 1 actions

Stutzman et al found 1n dogs anaesthetized with pentobarbital that the wntravenoos
injection of 20-50 times the mimimal effective dose of Verilod produced mter aha transient
A-V thythm, and stifl larger doses ventricular tachycardia, at 200-500 times the minimal dose
a coatse ventricular fibritlation was occaswaally observed  In the unanaesthetized animal
very hugh mtravenous dosagc pmduced sumla\‘ effects except that ventncu)ar ﬁbnl)auon

< e e Son TaTd o =6 emmetn

wtme mavan nheac ad

according to its vasodcm:ssnr effect in dogs It does not contain several of the powerful
wdenufied alkaloids (Kauntze and Trounce, 1951a)

Cliical Observations
n studres rcpomd so far on the (xentmem of hypenenslon wnh Ven]md nrxhylhmras
[T

eaamn fn mlas n conall of nne mack Amennn

mation may become important.
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CHOLINE AND DERIVATIVES
Experimental Investigations

Of this group of drugs, acetylcholine 1s the most important and most widely studied.
Regarding its action on the heart, its direct sumulating, “ nicotinic ”-—as distinct from its
parasympathormmetic, ** muscarinic ’—efTect has attracted increasing attention of late.

Most of such investigations are concerned with the effect of acetylcholine upon the con-
tractility. Regarding studies on the effect of this compound and its derivatives upon ectopic
rhythms, which alone are relevant in the present context, data are available which tend to
show that they may suppress as well as precipatate such arrhythmias.

A pronounced nlubitory effect of acetyl-beta-methyl-choline upon ventricular thythms
produced by adrenaltne has been established by several authors (Hoff and Nahum, Nath-
anson 1935, 1936). -

The stimul; effect has di i fon in ion with the réle played
by acetylcholine in the ission and ion of impulses in various tissues (for ex-
ample, sympathetic ganglia, Bronk; sensory nerve endings, Gray). In the heart, such
stimulating effect has been reported in a variety of experimental conditions.

1f, 1n expertments on dogs with the heart in situ, such small doses of aconttine were in-
jected that no changes 1n the electrocardiogram occurred, the intravenous injection of
choline or acetylcholine p d ystol This effect was not abolished by
atropinization (Scherf 1929, see also section on ** Aconitine ** and chapter on ** Nervous
System ™). A stimulating effect upon ectopic impulse formation in the dog’s heart was also
seen by Hall, by Noth, Essex and Bamnes, and by McDowall, also by Goldenberg and

Rothberger in isolated Purkinje fibres, and by Garcia Ramos and Rosenblucth in the
isolated appendage of the dog’s auricle.

The starting point of Burn’s studies on the

lating effect of acetylcholine was the
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i

Judliy

E

by shght hi of the auricutar
to the sinus node of the heart i sitn

topical

Fia. 172 —From an expenument on a dog  Auricular fibrl
after and

observation that, in the spontaneously beating auricle
of rabbits, paludrine nhibited the contractions which
were then stimulated by acetylcholme: paludrine reversed
the usually depressant effect of this compound (Burn
and Vane). The same change could be demonstrated,
without paludrine, by allowmng the avricles 10 beat until
they were exhausted and contractions ceased after
twenty-four to thirty-six hours; at this stage addition of
acetylcholine caused contractions to occur again and
further additton of the substance strengthened them
(Bulbring and Burn). This was interpreted as indicating
that contractions can only oceur as long as the tissue 1s
capable of synthesizing acetylcholine This view was
strongly supported by the observation that acetylcholme
added to powder prepared from fresh auricles depressed
the synthesis, whereas added to the powder prepared from
exhausted (stopped) auricles augmented 1. There was
thus a clear relationship between contraction and
synthesis, and between change in activity and change in
synthests.

Burn (1950) put forward the suggestion that, just as
i skeletal muscle acetylcholine is liberated by the
nervous mpulse, so m cardiac muscle the “ mechanism
for finng off the contraction is also acetylcholne, but
mstead of being hberated by a nervous mmpulse, 1t 15
synthesized and causes a contraction probably when a
certain concentration 1s reached It is possible that the
pacemaker controls the rate of beating by controlling the
rate at which this concentration 1s reached . These
considerations may well have a bearing on the mech-
anism underlying the ectopic impulse formation 18
parasystole.

In Nahum and Hoff’s experiments on dogs, 2ppli-
cation to the area of the sinus node of acetyl-beta-
methylcholine caused auricular fibrillation tn some
mstances and did invartably so if, in addition, the auncles
were stimulated mechanically  Scherf and Chick,
investigating also 1n dogs the effect of acetylcholine
apphed topically to the aurrcles and ventricles, made
the following observations: Apphication of a 5-per-cent
solution of acetylcholine to the area of the swus node
caused wmmediate auricular fluyter or fibrillation (Fig.
170); this was mvarably abolished by atropine. Acetyl-
choline 2pplied 1n this way after atropinization no longer
precipitated aunicular fibrillation, but transient auricular
tachycardia or auricular extrasystoles (see Fig. 171). But
for about ten munutes after the application of acetyl-
choline the auricles were extremely writable and the
shightest mechamucal stmulus provoked fibnllation. This
15 illustrated 1n Fig. 172, obtained in another experiment
1n which acetylcholine had been applied already three
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times with the same result 25 that shown 1w Fig 170. Then atropme sulphate (0 1 mgm.
per kg ) was sected intravenously and acetylcholne apphied locally once more to the sinus.
node. After the ﬁrs& few bcms shown n Fig 172, the right auricular appendage was shghtly

hed; thus increase m rate of the prevading sinus rhythm,
quickly followed by xxurxcular fibritlation.

Application of acetylcholine to the inthe p d anmmal caused tran-
sient regular eciopic ventrnicular tachycardia and, on the whole, the sesponse of the ventricles
to the topical apphicatson of acetylcholine was similar to that of the auncles

As dxsnnct from the mpxc:ﬂ apphcanon of aceiylcholme, after its systemic application
and plete ate { or t stumuly applied to the ventnicles
archythma whereby ectopre beats occurring m groups
were also observed (Schcrf Chuek, Scharfl and Terranova} Tlus has to be considered as
another variety of a styimulating eﬂ’ect of this drug on ectoprc ympulse formaton

"The mechanism underlymng such stimulating effect of acetylchohne on impulse formation
1s hitle undesstood  Much work on this topic 15 1n progress and any views on this subject
can only be considered as provisional and largely hypotheticat

Acetylcholine has been reported to shorten lhe chronaxie of the frog s ventricle (Freder-
1eqy Hoffmann and colfaborators 4, by several phar tests, the pres-
ence of an epmephrine-jike substance i the pesfusate of the 1solated heart of several mam-
malian speees after acetylcholine was hberated or meotine inpected mie the heart. These
authors consider the possibility that such release takes place n certain nervous structures
of the heart and that such mechanism may have 2. bearmg an ** vagal escape ™ and on the
acceleratmg effect of vagal i er and after
McNamara and co-workers showcd 1n the 150lated hcaxt of rabbus that the cardiovascular

1 produced by acetyleh 8P by calcium and attnbute o 10 the
elease of a P b possxhly pinephnine. Winle these expenments
demonstrate posssble links between the it acuon of acet; and of adren-
ahne, 1t has fo be borne i mund that these relationships are complex. tomeal apphcation.
of epsnephining 1n & concentration of § . 1,000 and 1 1 20,000, following mtravenous myec~
tion of 001 gramme of acetylchohne m the atroptmzed dog, &id not produce ectopic
thythms {Scherf and Chiek).

There 15 reason to assume that the suppression of ectopic rhythms by quimae and cocaine
compounds may be due to thar whibitory effect on the liberation of acetylcholine {see
Dawes 1946, Burn 1950, Feldberg 1950).

In sympathetic ganpha there seems also to exist some rel hip between ichal

fatlure of of and actmity 1 the form of
repetitive discharge. If the stc!la:e ganghon was perfused with a solution deficient 1n cal-
crum, 1t was observed that ** e cells discharge spontanecusly ar 2 tupe when Synaplic
transmsston s blocked In scveral expeniments we have observed, dunng the early stages.
of low calcium, the ftes-discharge foll each p
volley ™ {Bronk ef al. 1938) ’ﬂus ws\s conﬁrmed by Harvey and Maclmash and atirtbuted
to fature of acetylcholne t0 appear 1n active concentration. Winle observations made on
one land of fissue cannet be apphed to another without the greatest reserve, these obser-
vations are qumed to dmw a((crmon to the simultaneous presence of 2 state of blocked
smpulse {ormation, in which acetyl-
choline deﬁcxcncy seems to play 2 part and which may well have 2 bearng on the mechan-~
1950 underlying parasystole {see chapters on ** Pararthythrmias * and on * Mechamsm .

Clinical Obsesvations

At one tune, choline and related substances were used for the purpose of stoppiog attacks
of paroxysmal tachycardia (Boden and Wankell, Starr, Morgan), but 11 wiew of the

s
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unpleasant side effects this method of treatment is now seldom used. In man, too, this group
of drugs may precipitate ectopic beats (Boden and Wankell, Schliephake, Segers er al),
and this accords well with the analogous expenmental findings that choline and derivatives
may cause, as well as abolish ectopic arrhythmias.

Recognition of the stimulating effect of acetylcholine on ectopic impulse formation is
of chinical interest as it affords an understanding of certain observations often termed
paradoxical They include, for example, the occurrence of ventricular and auricular beats
and tachycardsas during carotrd sinus pressure, and of ectopic arrhythmias n other crrcum-
stances d with vagal st

Appreciation of the dual mode of action of these substances 15 of clinical importance as
they are widely used n vartous chnical conditions
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of atropine on arrhythmas caused by direct stimulation of the medullary centres and found
PR — e S (PSR

Experimental

Nobel and Rothberger found 1n dogs anaesthetized with chloroform that after the adman-
sstration of atropine larger doses of epinephrine were necessary to elicit ectopic arrhythmias
(see also sectrons on ** Chloroform ™ and on * Epinephrme ) Ventrcular extrasystoles
produced 1n dogs by aconitine were abolished by atropine (Scherf 1929, see also section on
“ Aconitine ”) It could be shown that thes effect was not due to the increase n the sinus
1ate, as extrasystoles remained absent if the sinus rhythm was slowed by cooling the sinus
node A transient increase in the number of extrasystoles before their disappearance was
also observed Hly In more pr d disturbances of thythm, caused by
acomtine, atropine was without effect

Of 1interest 1s the observation that, after atropinization, topical application of acomitine
crystals to the ventricles of the exposed heart of dogs does not lead to ventricular fibril-
lation, whereas without atropine ventricular fibrillation 1nvarably occurs after a ventricular
tachycardia This experience also suggests a direct actron of atropine upon the myocardium
since direct vagal effects cannot be assumed to exist w the ventricles

In this connexion an observation made by Winterberg as early as 1908 1s of interest,
namely, that the admtrustration of atropine makes 1t impossible subsequently to elicit
auricular fibrillation by faradic stimulation of the auricles

Aurcular fibrillation caused 1n the dog by focal application of aconttine to the auricular
surface of the heart iz situ mvanably disappeared after the mtravenous mjection of large
doses of atropine (Scherf, 1949) This was attributed to lengthenmng of the refractory period
of the auricle

Clinical Observations

The suppression of extrasystoles by atropine i man has repeatedly been reported
(Robinson and Draper, Halsey; Danielopolu and Proca 1925; Marchal and Heim de Bal-
sac) Sometimes large doses of atropine were given for the purpose, as much as 3.6 mgm
(Mrchailoff and Sohtermann)

Gold and Otto reported that in five patients with bigeminal heart action due to digitalis
4 mgm of atropme given hypodermucally i a single dose reduced the number of extra-
systoles which finally disappeared altogether

Ina senes of eleven cases, Bourne gave atropine subcutaneously (grain 1/50) In ten
of these, the number of extrasystoles dimimished after the mjection while, at the same
time, the heart rate became slower for about four mimnutes as the result of the mtial vagal
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stimulation by atropine  This observation demonstrates that the reduction in the number
of extrasystoles could not have been due to a shortening of diastole (see also chapter
on * Nervous System ).

The importance of atropine in preventing arrhythmias during cyclopropane anaesthesia
15 stressed 1n @ more recent paper by Rink, Helliwell and Hutton. It is based on obser-
vations in forty-two patients operated for the relief of congenital pulmonary stenosis. Most
of them were children. Pre-medication consisted of a full basal narcosis with nembutal
{4 gramn per 14 Ib. body weight), and atropine grain 1/100. Regarding the importance of
atropine these authors wrote: “ Cardiac irregulanity has likewise not been frequent and has
been easily mastered by a brief perniod of substituting ether. This relative immunity from
bradycardia and rrregulanty we aseribe to the use of a full dose of atropine; 1n Blalock's
own practice, where much smaller doses were grven, both these phenomena caused concern
and had frequently to be corrected by a further dose admimstered mtravenously

While the effect of atropine mn suppressing or pr ing ext is
occastonally the reverse action was observed, namely, that the admimstration of atropine
elicited extrasystoles (Lulen, Scott, Fogelson) In Danielopolu’s case (1914), concemmg a
patient with { auricular extrasystoles, atropine p
due to auncular extrasystoles. Galli reported an observation in which an attack of paroxys-
mal tachycardra occurred after atropine had been given orally as well as intravenously.
Dantelopolu and Proca claimed that ocular pressure rarely precipitated extrasystoles unless
atropine had previously been given

The vahdity of a test, suggested by Leconte, to disti h between “ fi 1”7 and
** organic " extrasystoles by the effect upon the ectopic beats of atropine seems questionable.
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PAPAVERINE
Experimental

Rossler, investigating the effect of papaverine on the dog’s heart (Starling preparation),
found an merease m contractility. Accordmg to Elek and Katz, 1n larger doses this com-
pound 1s a cardrac depressant  These authors also found lengthening of the refractory period
of auricles and ventricles and, after intravenous 1njections of doses varymng between 92 and
845 mgm per kg, observed 1n dogs disturbances of conduction, multifocal ectopic beats
and paroxysmal ventricular tachycardias In therapeutic doses papaverine raises the
fibrillation threshold (Lindner and Katz, Wégria and Nickerson) The mortahty of dogs
after ligation of coronary branches was found to be reduced by over 50 per cent as the result
of prior admimstration of papaverine (McEachern, Smuth and Manning)

Clinical Observations

In an early clinical study on the therapentic uses of papaverine Pal (1914) observed the
disappearance of extrasystoles

More tecently Katz and Elek reported that 1n twelve patients with numerous extra-
systoles the intravenous injection of 0 06-0-1 gramme of papaverine reduced their number
considerably, sometimes abolished them altogether When this drug was given by mouth,
1 doses of 0 1-0 2 gramme, four or five times daily, 2 defimite reduction in the number
of extrasystoles was observed, the efficacy of papaverine being comparable, in this respect,
to that of 0 2 gramme of quinidmne, given four or five times daily Ths effect, on extra-
systoles, of papaverine was not confirmed by Laake.

The travenous admunsstration of larger doses of papaverine to patients with damaged
hearts 15 by no means free from risk  We saw two patents die suddenly a few minutes after
two intravenous mjections, each of 0 06 gramme, of papaverine had been given 1n quick
succession It 1s too readily forgotten that the experimental observations, discussed above,
were obtained on normal hearts whereas chnically the drug 1s useally given 1o patients
whose heart 1s anything but normal

SUMMARY

The effect of papaverine in suppressing extrasystoles 1s a useful property of this drug
which, however, should never be given with the sole purpose of abolishing extrasystoles
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AMYLNITRITE
Experimental

In experiments on dogs Halsey found that ectopic beats caused by digtalis or strophan-
thin disappeared for a short time after the inhalation of amylnitrite, In one experiment,
however, 1n which digitalis failed to produce such arrhythmia, ectopic beats were precipt-
tated by amylmtrite and persisted for 90 seconds

Clinical Observations

In subjects prone to extrasystoles at certain times, amylmtrite—in doses commonly used
for the relief of anginal pain—is apt to ehcit the arrthythmia  This effect is so frequent that
1t can be employed as a diagnostic test 1n cases in which the patient gives a history sugges-
uve of extrasystoles, but does not exhibit any premature beats on examination—an occur-
rence which 1s by no means rare (see section on *“ Incidence ') (Scherf). In such instances
extrasystoles are usually observed a few minutes after the inhalation of amylmitnite, duning
the height of the drug effect they are not present since the tachycardia, which is an immed-
1ate, but transient effect of the inhalation, with 1ts enstng shortening of diastole prevents
therr occurrence. In this respect the action of amylnitrite 15 analogous to that of exercise
The most likely mechanism underlying this effect of amylmitrite is the pronounced fall in
blood pressure with its resultant changes in the tone of autonomic nerves.

In subjects in whom extrasystoles were present before the inhalation, their number 15
often mereased (Bourne) and inhalation for 15-20 seconds may even cause short attacks of
paroxysmal tachycardia (Scherf, Scherf and Weissberg)
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SODIUM

The importance of the inorgantc constituents of the perfusion fluid for the rhythmaty
of the heart has been appreciated since Ringer's classical investigation in 1880

Regarding the part played by sodium, wiile a general discussion of this subject 1s out-
side the scope of this book, brief references may be made to a few papers emphasizing its
importance for shmulus formation 1n the heart. .

More than fifty years ago Greene found 1n strips of the apex of the terrapin’s ventricle
that, upon 1ts immersion nto a hypertonic solution of NaCl, rhythmic contractions started
after a very short latent penod  According to Kisch, sodium salts 1 higher concentrations
appled to the sinus node of frogs® hearts have no mfluence upon impulse formation, b‘}'
Andrus and Carter found that substituting a 2-per-cent. solution of NaCl for Ringer's
solution precipitated ectopic beats ‘Bareuer and McDonald analysed in greater detail the
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by Piccione and Scherf. A 5-, 10- or 30-per-cent. solution was brushed on a small area of
the surface of an aurnicle or ventricle, or 0-1 cc. of a 10-per-cent, solution was injected sub-
epicardially By either method was it possible to elicit extrasystolic arrhythmias, but the
latter produced the rwregulanties more constantly and more readily, and they occurred far
more frequently 1n the ventricles than in the aurrcles. Such arrhythmias started within a
few seconds of the interference and disappeared within a few minutes

Fig 173 illustrates such observations. Fig. 173a shows the beginning of a paroxysm of
ventricular tachycardia which started twelve seconds after brushing a 10-per-cent. solution
of NaCl on the conus area of the right ventricle. Such tachycardias were regular and came
IO R N A S

JR TR AR TR DS i

either to the mechanical lation by the ion, or to the osmotic
pressure of the hypertonic solution Fig. 173b taken from another experiment, shows
numerous auricular extrasystoles and a short paroxysm of auricular tachycardia following
the application, to the tail of the sinus node, of a S-per-cent, solution of NaCl In the last
part of the tracing blocked avricular extrasystoles from another centre were recorded, one
of which can be seen during the attack of tachycardia

By the same method aurntcular or ventricular bigeminy and trigeminy could be produced

An important feature of such arrhythmias 1s that the coupling of the extrasystoles was
always constant in any given experiment This suggests that the ectopic beats ortgtnated
1n the same circumscribed focus, where they were precipitated by the preceding beat, thats,
they were extrasystoles in the strict sense of the term. This view 1s supported by the obser-
vation that warming, by means of a thermode, of the site of application of the NaCl solution
nvariably increased the number and the rate of the extrasystoles, or caused them to occur
1n those instances 1n which mjection alone had failed to elicit them (Scherf). This last
observation warrants the conclusion that the site of application of the hypertonic solution
was the site of the focus giving rise to the ectopic beats.
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prodUCmg cardiac standstill (Blake 1839, Traube 1864, Guttmann 1866, Boehm 1877,
Braun 1904), but at an early stage 1t was Tecognized that the resulting condition ac(ually
was ventricular fibrillation (Aubert and Dehn 1874). Sub: 1nwve 101 h
the complexity of the potassium effect on cardiac activity.

1t was shown by Gross (1903) that the mode of action of potassium salts depended inter
ahia on whether they were applied to the tsolated heart, or to the amimal with the heart i
sty in the former event 1t produced cardiac standstll, i the latter ventricular fibnilation
The results of Hering's experiments, published 1n the same year, pomted n the same drec-
tion: he demonstrated that ventricular fibnillation, mduced i the 1solated mammalian
heart by various agents, was abolished by the ad ation of p ; after 1ts re-
moval rhythmic contraction set in again ~ These findings were confirmed by Mathison and
by Wiggers (1930a) In a later sertes of experiments Hering (1915) emphasized the differ-
ences between the isolated heart and that m situ regarding its reactton to potassium mtm-
venous injection of 4 cc. of a 1-per-cent solution of KClp. d ventricular
tn rabbits, and ventricular fibntation n dogs.

An mhibitory action upon ectopic rhythms of potasstum salts was found by McCord,
Hofmann; Kolm and Pick, and, regarding 1solated Purkmje fibres, by Ishihara and Pick.

It was thus demonstrated that the systemic application of potassium salts may precip:-
tate, as well as inhubat, ectopic arrhythmias and that one of the factors responsible for this
seemungly contradictory effect of the salts was whether they had been apphed to the solated
heart or that i s1t - Others were the concomutant exhibition of other drugs, and dosage.

Regarding the former of these, it was established by Scherf, and confirmed by Hueber,
that 1n dogs treated with such small doses of aconrtine that the electrocardiogram remained

d, the int; of 0 005-0 05 gramme KChnvariably elicited ventricular

extrasystoles with accurate coupling, and ventricular tachycardia  Such arrhythmuas dis-
appeared within a few minutes and could be brought out agan by a renewed njection of
KCl Inthts connexion 1t 1s noteworthy that in Hering’s experiments of 1915, quoted above,
prior to the ad ation of KCI, h had been employed which, to
unpublished observations (Scherf), exerts upon ectopic impulse formation an effect sinmlar
to that of aconitine

Dosage was established as a further important factor to account for the paralysing or
strmulating effect, respectively, upon ectopic impulse formation of potassium salts

Wiggers (1930a), as already d, reported the at by KCl of ventricular
fibrillation caused i vanous ways In such experiments on cats and dogs he injected
50 mgm (1 ce of a S-per-cent solutton) per kg 1nto the ventricular cavities In further
vestigations (Wiggers, 1930b) he established that smaller doses—for 1nstance, the fast
intravenous 1njection of 30-100 mgm —had in dogs the reverse effect, namely, elicited
ventricular fibnillation  Wiggers explamed the last finding by the assumption that such
smaller doses produce disturbances of conduction, causing the setting up of islets of refrac.
tory tissue and resulting 1n crrcus movement of the excitation wave, without yhibition of
stimulus formation If, on the other hand, doses of not less than 50 mgm per kg are mn-
Jected intravenously the excitability of the whole heart 1s diminished, impulse formation as
well as conduction being affected, and the result 1s cardiac standstill If 1t 1s desired to
abolish ventricular fibnllation the potasstum salt should preferably be 1njected simultan-
eously 1nto both ventricles

Ventricular fibnillation caused by potasstum shows certain charactenistic features

diff it fram nread her athias cmanon (VI oo R
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caused ventricular fibnllation within one or two munutes  On the other hand, that of 30—50
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' cc. of a 1-per-cent. solution, given at a rate of
1-2 cc. per minute, was followed in rabbuts and
cats by a diminished rate of strmulus formation,
disturbances of conduction and cardiacstandsull,
without any ectopic impulse formation being
observed. The ventricular fibrilfation caused by
the rapid injection was attributed to disturbances
of conduction occurring before depression of
mmpulse formation had become manifest—a
conception very similar to that of Wiggers, dis-
cussed earlier

Chamberlain, Scudder and Zwemer found 1n
cats that slow intravenous injection of potassium
salts was followed first by ventricular ectopic
beats, then by ventricular paroxysmal tachy-
cardia and, finally, by ventricular fibnllation
The vanious arrhythmias corresponded to differ-
ent blood levels of potassium

As distinct from the systemic administration
of potassium salts, discussed so far, their ropical
application has, on the whole, only a depressant
effect.

According to Kisch topical application of
potassium salts to the sinus node of the frog’s
heart causes increase in the rate of impulse
formation; this was found to be more pro-

di 1 had resulted
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ythm by the topical application of potassium chlonde

arrhythmia elicited by the topical application of sodium chlonde

e ectopic rh:
For further explanation, see text

i1 p
1 a slowing of rate (Kasch, 1926a)

With a similar method Hofmann found in
the mammalian heart that topical application of
potassium chlortde (1 per cent ) caused inhibition
of sumulus formation 1n the sinus node.

In the dog, topcal apphcation of a 5-per-
cent solution of KCI to the area of the sinus
node, or to different areas of the ventncular
surface, never produced premature or ectopic
beats (Boyd and Scherf). On the contrary, if
such arrhythmias had been produced by means
of sodum or barium applied topically by the
same technique, subsequent applcation of KCI
to the same area abolished them immediately
(Piccione and Scherf). This s illustrated in Fig
174

a
b Suppression of the

to the same area

on a dog

Fig 1742 shows series of three or more
extrasystoles occurring m succession which had
been elicited by brushing a 10-per~cent. solution
of NaCl on to'a small area (4mm_diameter) of
the conus of the right ventricle, The first extra-
systole of such series was accurately coupled to
the preceding beat, Sut pplication of
a 5-per-cent. solution of KCI to the same area

to the conus of the right ventricle

Fic 174 —From an
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first slowed the ectopic thythm and then abohshed the extrasystoles (Fig 174b).  Simlar
results were obtained in regard to ectopic beats precipitated by the topical application of
digitalis (Scherf, unpublished observations). If by the sub-epicardial injectron of 0 05 cc of
a 0 05-per-cent solution of aconttine into the area of the smus node avricular flutter or
aurtcular fibrillation had been elicited, injection into the same area of 0 05 cc. of a I-per-
cent. solution of KCI restored sinus rhythm immediately (Scherf and Terranova),

Cliical Observations

Clinical observations are 1n accordance with those made experimentally that potassium
may abolish as well as precipitate ectopic arrhythmias Thus, extrasystolic arrhythmias
DR TR T P PR P -

{Elel et al) and ventricular brgemmy with low serum ¥ n durmg Lyt

acid treatment (Cayley) On the other hand, ectopic arrhythmias have been reported n

patents with hypexkalaenua (Somervxlle Levine, Memn and Somervﬂle) The complex
e s
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In fifty-exght patients with auricular or ventricular extrasystoles Sampson and Anderson
studied the effect, upon the arrhythnua, of various potassium salts, they included bromde,
10dide, acetate, chlonde and citrate. In twenty-nine cases a defimte reduction 1n the number
of extrasystoles was observed, in ten the results were doubtful and mn sixteen no effect was
seen  Three patients responded by an increase n the mumber of extrasystoles, one of whom
developed an attack of ventricular paroxysmal tachycardra The effective dose varied
between 1 and 16 grammes a day in different individuals It took between forty and minety
minutes for a single oral dose to produce an effect which lasted for between three and eight
hours In older patients, and those with structural heart disease, the smaller doses proved
effective In those cases in which no effect was observed, 1nadequate dosage or impauwred ab-
sorption could be excluded as hugh potassium levels 1 the serum were found Untoward
effects consisted 1n abdommnal cramps and diarrhoea; of the vanous salts, the acetate
canced nm |e«:( a’u'n\.wﬂ»:tlnal Arctprhangs  Ranal @ rnaca s
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10 a diminished amount of potassium 1n the cells,
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SUMMARY

In experimental work 1t has been established that potassium salts may abolish, as well as
precipitate, ectoprc arrhythmias  The factors responsible for the kind of action are not fully
understood The effect was found to depend, 1nter alia, on whethet the salts were applied
to the 1solated heart or to the animal with the heart in situ, on the concomitant employment
of other drugs, the speed of injection and on the dosage used. Topical applicatron of potas-
sium salts, by means of brushing KCl solutron on circumscribed areas of the exposed heart,
or by sub-epicardial injection, have almost exclusively a depressant effect on such arrhyth-
mias

Chinteal observations have shown that ectopic arrhythmmas are found in association
with hypo- as well as hyper-potasserma  Potassium salts have a limited value in the treat-
ment of extrasystoles The effective dose vartes greatly in different individuals. Their effect
1s not constant and 1n some cases they may precipitate ectopic arrhythmias. Renal disease
1s a contra-indicatron agamst the use of potassium salts which, in any case, are much in-
fertor to other drugs (for example quimdine) and which should only be given under medical
supervision  See also sectton on “ Treatment .
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CALCTUM

‘Whereas the importance of the ealcium ion for maintarmng normal impulse formation
has been firmly established since the classical work of Ringer, Lingle, Howell a o., 1ts effect
upon ectopic impulse formation is far from clear Experimental as well as chnical obser-
vations are conflicttng and much seems to depend on the species studied, the dose employed
and other drugs given in conjunction with 1t

Experimental

Stimulation as well as mhibition of ectopic impulse formation has repeatedly been
reported, a few examples may be quoted

On the 1solated ventricle of the frog’s heart Sakai found that small doses of calcium
ncreased automatic thythm whereas large ones had the reverse effect

Direct application, to the sinus node of the frog’s heart, of calcium chloride m the lowest
effective concentrations (m/100-m/75 CaCl,) was found to anhibit normal impulse for-
mation, higher concentrations (mf5 CaCl,) increased 1t whereas still higher ones agam
resulted m inhibition  If different concentrations of calcium chloride were topically apphed
to the ventricles the ectoprc centres were affected m the same way here, too, small and large
doses inhibited, whereas medium doses enhanced impulse formation The latter effect
mamfested 1tself also by multiple responses of the heart to one mechanical strmulus  Dif-
ferent results obtained by other nvestigators were explained as due to the use of different
preparations and to differences 1 prior experimental interferences (“ Vorgeschichte des
Praparates ™) (Kisch) In the isolated sinus of the terrapin’s heart focal application of cal-
ciumnhibited automaticity {(Baetjer and McDonald)

In the mammalian heart the effect of calcium was found qualitatively similar to that of
banum (in rabbits  Frommel; in dogs Rothberger and Winterberg, Egmond), but larger
doses of calcrum were necessary to produce the same effects In Rothberger and Winter-
berg's experiments on dogs 1t was found that, after the intravenous injection of 0 05 gramme
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of calcium chlonde, simultancous faradic stimulation of vagus and cardiac sympathetic was
followed by ectopic ventricular beats. With larger doses of calcium these occurred after
stimulation of the sympathetic alone, and still larger doses (0-1-0-2 gramme) precipitated
ventricular tachycardias without any stimulation of cardiac nerves (These doses should be
compared with those of barium employed 1n analogous experiments; see section on
“ Barium ™ and chapter on ** Nervous System ”, pp. 347 and 254.) The ectopic rhythms
produced by calcium resembled those following administratron of barium also in that the
ectopic beats had varying coupling and varying shapes in the electrocardiogram; bigeminal
rhythms with accurately coupled extrasystoles were not observed. Regarding the tmport-
ance of this distiniction, see chapter on ** Mechamism ™.

The stravenous mjection of 1-2 ce. of a 10-per-cent. solution of calcium chioride 1n
dogs caused smus bradycardia, auricular fibnllation and disturbances of A-V conduction
{Hoff et al , 1939} If larger doses were mjected and concentrations of calcium 1n the serum
of 30-65 mgm 1n 100 cc. attained, ectopic beats, bigerunal thythm, ventricular tachycardia
and ventrcular fibrillation ensued. Such abnormal rhythms could sometimes be suppressed
by sodium amytal (Hoff and Nahum, 1937)

Scherf, on the other hand, observed that extrasystoles produced by aconitine were sup-
pressed by calcium given intravenously It should be remembered, however, that extra-
systoles produced by acomtine respond 1n a parad 1 way to the 1 of the car-
diac sympathetic and of the vagus, respectively (see chapter on * Nervous System,” p 255)

Studies on the effect of calcium on the rhythmucity of Purkinje fibres emphasized the
importance of the concentration of the element: Ishihara and Pick reported an increase in
rate of the automauc rhythm whereas, according to Goldenberg and Rothberger, large
doses of caleium nvariably inhibited automatic rhythms. In the isolated mammalian left
aurrcle addition of 1-3 cc of a 5-per-cent. solution of calcium chloride to the Sogjima solu-
tion abolished sp t {Rothberger and Sachs). .

Focal application of calcium chlonde to the epicardium of the dog's heart only occasion-
ally caused 1solated ectopic beats; this 1s in marked contrast to the profound effect of sod-
1m or barium (g v ) (Piccione and Scherf)

. Nt 4 te e mmtams ntac the

e . .

Iished automatic thythms which had been abolished by strophanthin.

Clinical Observations

The experimental findings that caleium may abolish as well as elicit ectopic arrhythmuas

and even inhibit normal lus formation 1s d by chimical observations in which
. e . - T Ve e ary were

PO

i o . .
and paroxysmal tachycardias (Petzetakis, Wolffe and Bellet; Clarke) while the same dosage
precipitated such arrhythmuas in others. Berliner, who used 10 cc. of a 20-per-cent. solution
of calcium gluconate 1n twenty-six patients who had not recerved digitalis previously, saw
ventricular extrasystoles appear in two patients. T '. of
40 grains of calaium chlonde in a 2-per-cent. solution Clarke observed cc(opxcvbcals and
ventricular tachycardias in a patient without any evidence of heart disease and without pre-
medication with digitalts  Concerning the effect on normal impulse formation, Berhner

amd gimme arrech
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Two mstances of death, following the intravenous injection of calcium have been reported
by Bower and Mengle in patients who had been given digitalis previously. One of these was
a thirty-two-year-old woman without organic heart disease who had received IS cc. of
digalen within six days Two munutes after the intravenous injection of 10cc of a 10-per-
cent solution of calcium gluconate no heart sounds were heard and the patient died. The
other patient was a fifty-five-year-old man admatted for a fracture of the femur. Eight and
one-half cc. of digalen had been given within twenty hours and the subsequent ngection of
10 cc. of a 10-per-cent. solution of calcrum gluconate caused death within two mnutes
According to Bower and Mengle the effect, upon tmpulse formation, of calcium gluconate
resembles that of calctum chlonde.

Such observations demonstrate that the intravenous use of calcium even in patients
without orgamic heart disease 1s by no means free from risk. This applies equally to cases
with or without prior or simultaneous administration of digitalis

That even in subjects without evidence of structural heart disease the intravenous ad-

munistration of caloium may be followed by most ) is
observations on a twenty-three-year-old man who, otherwise healthy, suffered from numer-
ous short attacks of aunicular paroxysmal tachycardia, which were d by a few beats

of normal sinus thythm, that 1s, ** Extrasystolie 3 paroxysmes tachycardiques ” (¢.v.) The
frightening sequence of events which followed an intravenous injection of 10 cc. of a 10-per-
cent solution of calcrum chlonide 1s illustrated 1n Fag 175

Fig 175a, recorded before the mjection, shows the end of one, and the beginning of
another of such attacks  The ectopic beats have peaked tnverted P waves. Fig 175b,
obtained about forty seconds after the mjection, shows auricular bigeminy with gradually
lengthening P-R 1ntervals of the extrasystoles from 0-22 to 0 36 second, followed by com-
plete cardiac standsull lasting for more than one-and-a-half minutes which was associated
with loss of conscrousness. Following several blows to the precordium cardrac contractions
started agamn At first, the thythm (see Fig. 175c) was a slow A-V thythm, ether with pre-
ceding activation of the ventricles and disturbances of intra-auncular conduction as mani-
fested by the differences in shape of the P waves, or with blocked auricular extrasystoles
Subsequently (see Fig 175d), a slow sinus rhythm re-established itself, with blocked auri-
cular extrasystoles, having a shape different from those reproduced n Fig 1752 Fortun-
ately the patient d 1] h

ly from thes £ and fr wncident.

SUMMARY

Expenimental as well as chnical observations have shown that calcium salts may pre-
cipitate as well as abolish ectoprc arrhythmias  The kind of action seems to depend on the
species studied, on the dose employed, and on the simultaneous admimistration or otherwise
of other drugs  The intravenous use of calcium salts 1s not free from risk, irrespective of
whether they are given alone or in conjunction with digitalis. A potentiating action of
calcium regarding digitalis cannot be considered as established
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BARIUM AND STRONTIUM

Barium

While 1n clinical practice the importance of absorbed barium salts 1s confined to the
occasional—and fortunately rare—cases of accidental intoxication by soluble barium salts,

they have played a r6le 1n the physiol 1 studies of ectopic cardiac arrhyth-
mias

Experimental

In an extensive series of investigations, already referred to in the chapter on the “ Ner-
vous Syster , Rothberger and Winterberg first employed 1n 1911 barum 1n the form of 1ts
chlonde to study electrocardiographically the arrhythmias occurnng in the dog’s heart i
situ These authors found that ectopic beats, origrnating 1n a ventnicle as a result of the

1 faradic of the (| y night) vagus and sympathetic nerves,
occurred more readily if the animal had previously been given small doses of barum
chlonide (0 005-0 01 gramme) mtravenously With larger doses (0 025-0 05 gramme) such
arrhythrmas were observed after i of the left without 1|
vagal stimulation  Still larger doses (0 05-0-1 d ectoptc arrhy
without any stimulation of cardiac nerves A sumilar sensitizing action of barum was
observed regarding epmephrine (g v}

These effects of barium, namely, either to predispose the heart in certain experimental
conditions to develop, or actvally to cause, ectopic arthythmmas have subsequently been
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confirmed and studied 1n various ways. In experiments on the perfused heart of dogs,
which complete A-V block had been produced, Egmond found this element to cause ventri-
cular ectopic beats and tachycardias. Also in experiments on dogs Scherf (1926, 1927)
d. ated that, after of such small doses of barium that the electrocardiogram

d h d h I or electrical stimulation of 2 ventricle caused series of
ectopic beats, and local thermal stimulation, by means of a thermode, ventricular tachy-
cardia, such arrhythnmas originating at the site of stimulation.

Ventricular tachycardias elicited by large doses of barium can be abolished by the
mhalation of a mixture of 20 per cent CO, and 80 per cent. O,, whereas quinidine
terminated such arrhythmias 1 only four out of ten experiments (Friedberg and
Levinson)

The stimulating effect of barium, upon impulse formation, was also found 1n 1solated
Purkinje fibres of the dog’s heart (Ishihara and Pick), and various types of arrhythmuas,
sometimes resembling bigeminal rhythm, were observed by Wachstein on strands of
Purkinje fibres  On 1solated muscle bundles of the frog’s heart barium chloride constantly
imiated automatc activity, the threshold concentration being 0 3 X 10~"mol /ml (Deutsch
and Lundin)

An mportant feature of the ectopic arrhythmias caused by barium, which were encoun-
tered in the investigations discussed so far, 1s that the ectopic beats showed varying shapes
1n the electrocardiogram and were not accurately coupled to the preceding beat  If three or
more ectopic beats occurred in successton they did so n an irregular sequence. In dogs,
extrasy with ling, so frequently observed in clinical practice, could not
be pr d with any te by the sy d. ation of barium salts. In
Tabbits, on the other hand, anaesthetized with morphta and sensitized with small doses of
bartum, Schott observed long series of bigermnal rhythm, due to ventricular extrasystoles
with accurate coupling, as a result of clamping both caroud artertes (see chapter on ** Ner-
vous System ')}

In dogs, such arrhythnuas could be elicited by the focal application of barium chioride
{(Piccione and Scherf). This was achieved, exther by brushing a 2-5-per-cent. solution on a
small area (2-3 mm diameter) of the epicardium, or by the sub-epicardial injection of 0 05-
0 1cc ofa l-per-cent solution Inthis way b inal rhythm with ling of the
extrasystoles, tngeminy and various other ectopic arrhythrmas could be precipitated. Figs
176 and 177 llustrate some of them

The tracing reproduced 1n Fig. 176a was recorded after a 1-per-cent. solution of banum
chloride was brushed on a small area of the conus of the right ventricle. Extrasystoles
or at the site of lication of the salt were observed after a latent period of six
minutes The figure shows bigeminal rhythm, one ventricular extrasystole occurring after
each sinus beat  The length of the coupling alternates between 0-44 and 0 46 second  As
every second extrasystole occurred very late in diastole, at a ime when most of the P wave
of the next sinus beat was already inscribed, these late extrasystoles show in the record the
shape of combination beats (namely, a combination between the undistorted shape of the

ystoles as e d in the of the series of the earlier extrasystoles, nr}d
that of the sinus beats), the ventnicles being activated at such times partly by the ectopic,
and partly by the sinus impulse.

In the experiment from which Fig 176b was obtained, 0 0S5 cc. of a 1-per-cent. solution
of barium chloride had been injected sub-epicardially near the apex of the left ventricle
After an interval of eleven minutes series of five to six extrasystoles in succession were
recorded after each sinus beat, the first extrasystole of each sertes showing constant coupling,
and the rhythm of the short paroxysms being fairly regular. Such arrhythmias were usually
transient and rarely lasted more than one minute. At other occasions ventricular tachy-
cardia with irregular rhythm was observed (Fig 177).
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It 1s remarkable that ventricular tachycardias caused by barium salts, whether adminis
tered intravenously or apphed topically, always showed such wrregulanties in the ectopi
beats and often also different shapes of the ventricular complexes. The sigmficance of ¢
sharp distinction between ectopic beats with phng (and shape)in the
electrocardiogram, and those with varymg coupling (and varying shapes}is discussed in the
chapter on ** Mechamsm ™

Clinical Observations

Cases of porsoning by soluble barjum salts are on record in which irregular heart action
was observed which can be attributed to ectopic arrhythmias Such incidents have beer
reported 1n with radiol 1 1nve ions (Krause and Kading, Hirvonen), or
due to contamination of flour wath banum carbonate mtended as rat poison (Morton).

Because of the narrow margin between therapeutic and toxic doses the use of barium
chloride, recommended 1n doses of 20-30 mgm three to four times a day by Cohn and
Levine for the treatment of Stokes-Adams attacks in complete A-V block with sfow ventri-
cular rate, should be discouraged Untoward effects have been described by McMullan and
Wollerth, and by Mahaim Ephedrine 1s far preferable in such cases  On no account should
epinephrine be given in combination with bartum

Strontium

On isolated muscle fibres of the frog’s heart Deutsch and Lundin found that addition of
stronttum salts to the nutrient solution increased the automaticity 1n a way similar to bar-
1m, but 1n order to produce a threshold effect fifty times as much strontium was required.

In experiments on dogs the intravenous injection of 10-15 cc. of a 10-per-cent. solution
of strontium chlonide did not cause ectopic beats (Rothberger and Winterberg) These
authors considered the possibility that larger doses may have a simtlar effect a5 bansum sallts,
since previous expersments on cats had shown that * several cc ” of a 20-per-cent, solution
of strontium caused arrhythmas (no electrocardiograms were taken).

SUMMARY

In experimental work banium chlonde has played an important part in the investigation
of ectopic arrhythmias. Its systemic application, either alone in larger doses, or in smqller
doses combined with other experimental interferences, precip with rare ption
ectopic beats with varying coupling and varying shapes in the electrocardiogram, or ectopic
ventricular tachycardias.  Topical application of this compound to the exposed surface of
the heart, on the other hand, ehcits extrasystolic arrhythmeas with constant couphng of the
extrasystoles, apart from vartous other ectopic arrhythmias The relevant literature on
these 1nvestigations 1s reviewed and some aspects are illustrated by personal observations
The chnical use of barium chloride 1n the treatment of Stokes-Adams’ attacks in complete
A-V block 1s discouraged .

Brief reference 1s made to the very scanty Iiterature on the effect of strontium salts
regarding ectopic arrhythmias
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MAGNESIUM

The general effect of the magnesium 10n on the heart 1s that of a cardiac depressant; for
a short review of the relevant hterature see Kisch (p 750)

Experimental

In early studies on ectopic arrhythmias 1t was noted that magnesium salts failed to have
any stimulating effect on ectopic impulse formation (Rothberger and Wmterberg Abder-
halden and Gellhorn) The effect, upon such arrhythmuas, of magncSHJm salts did not
attract much interest when 1t was found that their it bohished
arthythmias which occurred m cattle as a result of calcium myections given for the treatment
of *“ mulk fever ” and * grass tetany ” (Seekles, Sjollema and van der Kaay)

The use of magnestum salts n the treatment of ectopic arrhythmas in man 15 largely
‘based on the report of Zwillinger sn 1935 who found that magnesium sulphate abolished i
man ventricular extr duced by digitalis  Sub: ly Rothberger :\nd Zwil-
- 1 L S TR R

Newoo ¢ o DO "

! ‘ v P D MY H ' .
these authors r¢ d the use of asat results in a smal[er drop m
blood pressure than other magnesium salts  Szekely and Wynne produced ectopic ventr-
cular arrhythmuas 1n cats by means of digitalts 2nd strophanthin and found that magnesium
sulphate (0 5-3 5 cc of a 20-per-cent solution, given intravenously) abolished ventricular
extrasystoles m all four mstances of bigeminy and restored sinus rhythm 1n three out of
eight mstances of ventncular tachycardia

More recently, Pines, Sanabrta and Arriens observed mn dogs a protective action of
magnesium sulphate agamst ventricular fibrtllation resulting from mercunal diuretics and
recommended the tcorporation of small quantities of this salt (0 5 cc of a 20-per cent
solution) mto the solutron of the mcrcunal dwretic. (While ths observation is of con-

derable ph 1 and phar I mnterest we should like to emphasize that, 1n

our opmmn clinmically mercurial diuretics should only be gtven mlramuscularly)

Like so many compounds, magnesium salts may in certain circumstances have the oppo-

site effect, namely, precipitate ectopic arrhythmias (Smith, Winkler and HofT 1939, Miller
and van Dellen)
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Clinical Observations

As already mentioned, mn 1935 Zwillinger recommended the intravenous administration
of magnesium sulphate for the treatment of extrasystoles and paroxysmal auricular tachy-
cardia. Ten to twenty cc. of a 15-per-cent solution, or 10 cc. of a 30-per-cent. solution were
found to abolish digitalis extrasystoles (Zwillinger , Bloch and Pick)  On the basis of expert-
mental observations Smuth, Winkler and Hofl (1939, 1942) expressed doubts whether the
salt in the recommended doses could have much effect on cardrac rhythm, but Boyd and
Scherf confirmed the efficacy in terminating attacks of paroxysmal aurjcular tachycardia®
1n eight instances the slow intravenous mjection of 15-20 cc. of a 20-per-cent. solution
stopped the attack 1n every case within a few seconds without any untoward effect. Favour-
able results 1n paroxysmal auricular tachycardia were also reported by Szckely, and 1n
ventnicular ectopic rhythms due to digitals by Szekely and Wynne. In ectopic arrhythmias
caused by digitalis, injections of magnesium may be hife-saving, but should not be repeated
at short intervals because of the depressant effect of the salt upon the myocardum

In chinical observations, too, the opp effect of Iphate was 1y
found (Boyd and Scherf). Sometimes, in cases of paroxysmal tachycardla, &enlncular
extl p 1ly occurred diately after the injectton In paucms with ventn-

cular extrasystoles a transtent mcrease m their frequency and sites of origm was often
observed (Enselberg et al). Such clmical findings accord well with similar experrmental
ones, referred to above

SUMMARY

The rather scanty literature on experimental work on the effect of magnesium salts on
ectopic an’hythmxas 1s reviened Regardmg the clinical application, it is concluded that the

of Iphate has a place in the treatment of parox)s-
mal aunicular tachycardia.
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MERCURIAL COMPOUNDS
Experimental

In experimental work organic mercurial compounds have been found to produce ventri-
cular premature beats, ventricular tachycarda and finally ventricular fibullation (Satant,
Jackson, McCrea and Meek, Barker ef a/) The doses employed 1n such investigations
were, however, considerably higher than those given in climical practice According to
Pines, Sanabria and Arnens this action of mercurial compounds can be prevented by
magnesium sulphate (g v)

Clinical Observations

With the introduction of mercurial dwuretics imto chinical practice the effect upon cardrac
rhythm of such compounds became of great chnrcal mmportance That the mtravenous
myection of a mercurial duretic may quickly be followed by sudden death has been known
since Redlich’s observation n 1925, concermng Novasurol More recently, such fatal
accidents have been reported on several occasions and while 1n some cases they may have
been due to an allergic reaction of the patient, 1n others ectoptc arrhythmias were respon-
sible Ventnicular extrasystoles and venincular tachycardia were observed by Chastan and
Mackie, Volim, Lewitt and Mnrlm Ben-Asher In a recent mnvestigation by Wolff and
q'l""“""‘"""" = Lok et e "Ill“- Paaay T
L e

n N

s
mal tachycardia.
QOccasional premature contractions were found 1n three out of a hundred patients who
had recerved m_\ectlons of Thmmcrm a more recent mercurml dluteuc (Herrmann et al)
+ - .
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MISCELLANEOUS DRUGS

This section 15 devoted to brief notes on some compounds which have or may acquire
some experimental or chinical interest in connexion with ectopic arrhythmias, but which do
not warrant a more detailed discussion.

Ergotamine. With the recent discovery of the di-hydrated alkaloids of ergot their effect
on ectopic arrhythmias was studied  This seemed promising in view of the part played by
the sympathetic 1n the precipitation of such arrhythmas and the sympatholytic effect of
ergot alkalosds g Ily These ively recent studies are, at present, stll very
much in the beginning

Bennett, Dhuner and Orth found in dogs and monkeys that dihydro-ergocornine
(DHO-180) seemed more effective than dihydro-er; ine (DHE-45) in p ting ectopic
arrhythmias induced by cyclopropane and epmephrme A chinical trial of such compounds
on twenty-three patients was * far from conclustve ”

Rothhin and Cerletts reported that 1n dogs lhe pre<ﬁbnllary ectoprc arrhythmxas due to
chloroform-adrenaline could mostly be p d by the of Hydergin
(0-1 mgm. per kilo on an average) Hydergm consists of equal parts of the three alkaloids
dihydroergocornine, dihydroergocnstine and dihydroergokryptine and 1s also known as
CCK 179 Further studies by these workers are announced about the extent of such pro-
tection agamst arrhythmias produced 1n vanious ways and about the mode of action of such

protection

Methy1 fluoroacetate, which was introduced as a rodenticide, caused ventricular fibril-
lation 1n monkeys, rabbits, goats and horses, but not in dogs and guinea pigs (Chenoweth
and Gilman). These studies the pr d 1n the reaction to this
compound of various species.

Emetine has been reported 1o cause ectopic beats both expertmentally (Boyd and Scherf)
and chnrcally (Baer; Hardgrove and Smith; Klatskin and Friedman) In clinical practice
ectopic anhylhmms play only a very small part compared with other electrocardiographic
and toxic of tht

During it d of hi: ine to twenty-five patients ventricular
extrasystoles were seen 1n four instances when the injection was given rather quickly (Peters
and Horton)

Ventricular extrasystoles were also observed as a result of the admmistration of low
fatty acids (Hall and Waldman)
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CHAPTER 1X

SOME MAINLY PHYSIOLOGICAL ASPECTS OF EXTRASYSTOLES AND OF
ECTOPIC BEATS GENERALLY

DYNAMICS OF CONTRACTION AND REFRACTORY PERIOD Of EXTRASVSTOLES
AND POST-EXTRASYSTOLIC BEATS

Extrasystoles and Ectopic Beats Generally

The force of an artificially induced cardiac contraction is independent of the mtensity
of the sumulus* the ali-or-none law. Bowditch’s description, in 1871, of is fundamental
discovery of this law, in the apex of the frog’s heart, 1s of such admirable lucidity that it
deserves to be quoted:

“ Annduction current of the smallest intensity which yields a cardiac contraction does
no( producc the sma“est possxble com\'achon, nor does the force of the latter 1ncrease to a

o~ s In our preparation the induc-

he former, 1t produces at once

“Iicit at the given moment It
follows that 1 strength of i of the cardiac apex are due to vanations
i the condition of its muscular ﬁbres. It seems hardly necessary to emphasize the great
practical importance of thus sentence.”™ (P 174, our translation )

This law was found to be valid for the mammahan heart by MchIham (1888) and is

nnwr nmvereally acrantad Tt ic trua that cnmen amonst

however, by Bornstein (1906b) and by Koch, that such observations can be reconciled with
the all-or-none law 1f the velocity of conduction of the impulse 15 taken into consideration
A stronger sttmulus directly affects a greater number of fibres In normal conditions, the
veloaity of conduction ss so great that the number of fibres directly stmulated 1s ymmaterial,
as far as the resulting force of contraction 1s concerned. In hypodynamuc hearts, on the
other hand, conduction may be retarded to such an extent that cons:derable differences 1n
the penod of latency and 1n speed of contraction exist between the various areas, so that a
drrect stimulation of a larger number of fibres produces a stronger contraction

ht showed 1cally on the hearts in situ of frogs cooled to a rectal
temperature of —3 C that d by ind shocks just before
the next normal contraction was due (that is very late 10 diastole), yielded higher intra-
ventricular pressures than normal beats, and that a stronger stimulus produced 2 greater
mcrease mn pressure even if 1t occurred a hittle earber 1n diastole and thus at a moment when
Tecovery was less pl He expl thes p from the all law
by the assumption that, owing to the pronounced cooling, conduction of the impulse of
normal beats was slowed and thereby lead to a smaller increase 1n intra-ventricular pressure
than that produced by the artificral beats 1n which many fibres were stmultaneously stimu-

lated Agam, the reduced velocity of conduction 1s beld to account for the apparent anom-
altes

The all-or-none law does not mean that the force of
355

of artificially produced
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beats 1s constant for any given preparation. On the contrary, Bowditch, in his paper of
1871 already quoted, pointed out that: * Cardiac muscle possesses the notable property
that its susceptibility for stimult 1s altered by the contractions which 1t has performed, that
is to say after a longer senes of contractions a weaker stimulus very often 1s effective in
productng a regular sequence of pulses than had been the case before.” (P. 151, our trans-
lation ) Bowditch also found that, if the apex of the frog’s heart 1s stimulated after a longer
interval, the contractions increase 1n height, at first steeply and subsequently more gradually,
until a maximum 1s reached Woodworth confirmed this observation of the “ staircase

for the lian heart (sp usly beating apex of the dog’s heart). It
1s due to a temporary ncrease, by the contraction, of the contractility of the heart in the
event of a subsequent stimulation, provided the stimuly follow one another at sufficiently
short intervals, and 1s probably related to, or a manifestation of, the supernormal phase of
recovery {sce chapter on ** Mechamism ™). During the interval after a contraction the heart
regains 1ts excitability, being refractory during most of systole The length of the optimum
interval between two successtve stimuli for yielding maximum contractions depends on
two opposite forces the stumulating effect of a rapid succession of contractions, and the
recuperative effect of a long pause Woodworth showed that, m this respect, a differ-
ence exists between the frog’s and the dog’s heart n the former the optimum interval be-
tween two successtve stimulr 1s four to five seconds whereas n the latter 1t 1s about one
second He demonstrated that the strongest possible contraction occurred 1f two or more
contractions were elicited 1n rapid succession and then the apex was stimulated after a
considerable interval, conversely, the smallest contractions were observed i1f the apex was
at first sumulated at a slower rate and the last of such stimuli was followed by one at the
briefest possible interval While Woodworth attributed these observations to the effect,
upon contractility, of contractions following one another 1n rapid or slow succession, the
empbhasis to-day 1s more on the supernormal phase of recovery and the varying duration of
the refractory pentod as the main factors.

The refractory penod 1s one of the important factors which, by affecting the condition
of the heart muscle at the moment of a subsequent contraction, determine the strength of
extra-contractions The fact that, duning most of systole, the heart muscle is in an absolute
refractory pertod which 1s followed by a stage of gradually increasing excitability, termed
relative refractory period, 1s too well known to merit any detailed discussion. In general
the extracontraction will therefore be the weaker the earlier 1n diastole it occurs. This has
. o Ve e ar senme T T T e

Ve ta
' ' H . ‘
Timuts, an extracontraction can be elicited the earlier in diastole the stronger the extra-stimulus
is—which is only another way of describing the relative refractory phase

A similar curve of the recovery of excitability is ot dif thed of imul
of constant intensity 1s vaned  Using condenser discharges as test stimulr, von Werz estab-
lished that the longer the interval after the preceding excitation the shorter a test simulus
can be to elicit 2 contraction.

The refi y phase d with rates and that of an extrasystole is
shorter than that of normal beats.

The change in the duration of the refractory phase with change of rate explains an obser-
vation first made by Trendelenburg (1903). 1f a frog’s heart is rhythmically stimulated V.lllh
gradually increasing rates, the ventricle will respond to each stimulus up to a rate which,
1f given abruptly, would have produced half-rhythm (that 15, the ventricle contracting only
i to every other stimulus). On the other hand, if with a hugh rate of stimulation

in resp m
half-rhythm was present and the rate of 1 was then gradually d whole
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rhythm did not occur at a rate at which 1t had formerly been present, ‘but only with a lower
rate of sttmulation  The refractory phase for these pt witha 1
increasing rate the refractory period gradually becomes shorter so that successive beats
tend to fall just outside the non-responssve phase, but if the rate 1s abruptly increased, the
P 2 Rl om 3 e mmn £l - el oL e A v et
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1s long, and a 2 : 1 response thus becomes Similar derations hold good
for the observations made with gradually decreasing rates of stimulatron.

Mines confirmed and amplified these observations He showed that, by this method,
the Jength of the refractory period can be determined and also demonstrated that the tran-
sition from “ half* to * whole ” rhythm, during rhythme artificial stimulation, can be

of the preceding beats, and although the next of the rhythnuc sertes of excitations will fall
withn 1t, the next but one (belonging to the hitherto ¢ unaccented * series) will find the tissue
ready to respond. But 1t will also reach the ventricle sooner after a response than had an
effective stimulus before, thus the refractory phase will be shorter again, and probably so
short that the next stimulus falls outside the refractory phase Once started the new rhythm
continues The nature of the mechamism by which one single extrasystole may under certain
circumstances produce enduring effects on the heart rhythm 1s thus quite evident ** (p 365/6)

Similar conditions have been demonstrated mn the frog’s heart poisoned with veratrine, 11t
which a 2 * 1 block was present (de Boer, 1915, 1916}, and a similar mechamsm was sug-
gested by Scherf 1n order to explain the prolonged conduction in the ventricles of the
second beat i chical cases of dropped beats (Wenckebach periods) and of the difference
11 shape of the first of a series of extrasystoles.

The observation that the refractory phase of an extrasystole 1s shorter than that of nor-
mal beats was first reported by Trendelenburg 1n 1903 ard has repeatedly been confirmed
(de Boer 1915, Umrath, Lews and Master, Schellong and Schutz, Buchthal, Andrus
and Padget, Eccles and Hoff)

Schellong and Schutz investigated on heart muscle strips the relationship between
refractory phase and monophasic action current, the duration of the latter could be con-
sidered to equal the duration of the state of excitation and to correspond closely to the
duration of the absolute refractory phase (Adran, 1921, Drury and Brow). The response

as the cathode of the stimulating electrodes applying the test stimulus, this arrangement
made 1t possible to investigate the refractory period of the very site from which the action
current was recorded The length of the absolute refractory period was examined by deter-
mimng the shortest interval after an excitation at which a test stmulus yielded an action
current ‘The relative refractory period was measured as the smallest mterval between two
contractions for the second one to have an action current of the same duration as that of
the preceding one. This was investigated both for excitations following mawumal contraction
and those following an extrasystole, 1n the latter event three stimuli were used and the action
current of the third contraction was compared with that of each of the two preceding beats

Schelleng and Schutz found that the end of the absolute refractory period comncided with
the end of the monophasic action current (that 15, with the end of the state of excitation)

An extrasystole was found to have a shorter action current and therefore a shorter absolute
refractory period Comparative measurements of the relative refractory period of an
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excitation following one with a normal, and one with a shortened duration of the mono-
phasic action current, respectively, revealed that, in these two instances, the duration of the
relative refractory period was the same. This means that the shortening of the total refrac-
tory phase of an extrasystole is solely due to that of the absolute refractory phase, while
the relative refractory pertod has the same duration in normal and in extrasystolic beats.
Smmular conditions were found after a series of forced contractions in short succession (Pohl)
and were also encountered 1n the auricle of the frog's heart (Buchthal),

The above conditions were established for contractions produced by induction shocks
For excitations elicited by rectilinear electrical impulses the results were different: in 92
per cent. of the observations threshold stimult were effective at the end of the monophasic
action current  With this kind of stimulation full excitability is regained very quickly and
the end of the relative refractory period comcided approximately with the end of the mono-
phasic action current. If contraction curves are recorded, this means that an extrasystole
can be produced by a threshold stimulus shortly after the summit of the preceding systole
(Schutz and Lucken)

Fic 178 —The Q-T mterval of the extrasystole (penultimate beat) measures
sec as compared with the 0'68 sec of the sinus beats

In clinical electrocardiography the length of the refractory period can approximately be
determined by the duration of electrical systole, that 15 by the length of the Q-T interval.
In Fig 178 the Q-T mterval of the extrasystole measures 0-60 second as compared withthe
0-68 second of the sinus beats (which abrormally long tnterval was due to myocardial
damage)

Reports 1 the hiterature about the length of the Q-T interval of extrasystoles are con-
fucting (Fridericia: Mihr, White and Mudd; Calandre and Rico). Most 1nvestigators con-
sidered the Q-T interval in relation to the preceding shortened nterval, that is, the coupling
of the extrasystole The lack of uniformuty of the reported results is not surprsing, for
vanious factors operate mn different directions in determining the Q-T duratton of extra-
systoles: the increased width of the ventricular complexes 1s apt to sncrease it, whereas the
shortened preceding interval tends to have the opposite effect. A more recent tnestigation
by Berhiner draws attentron to the fact that the QRS and the RS-T intervals of aurntcular

ystoles vary independently; the RS-T intervals were found to be usually shorter than
those of the normal beats though exceptions were observed; the greatest degree of shorten-
ing occurred 1n extrasystoles with marked widening of the QRS complexes so that the total
Q-T intervals of such beats were not longer than those of normal ones. Similar discrepan-
cies exist 1n regard to the Q-T interval of the first post-extrasystolic beat, with the added
source of confusion that the reverse interpretation of figures was given according to whether
the length of the Q-T interval was considered in relation to the long preceding compensatory
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pause or to the interval between normal beats (Heggln and Holzmann, Schlomka
and Komgslow, Marx) It seems to us that the disappointing result of such deter-
minations 1s only to be expected, since with abrupt change of rate the Q-T mterval
adapts stself to the new rate only gradually and 1n the course of several beats (4-10,
Lepeschkia, 5-30 i the frog, Blair, Wedd and Young) Taking this observation in
comunction with the various other complicating factors, detailed above, such mvestiga-
tions seem rather futile
Owing to the fact that cardiac muscle has an absolute refractory peniod which ss long as
compared with that of skeletal muscle, superposttion of contractions does not usually occur
and exiracontractions are, as a rule, not stronger than normal beats  Observations of super-
position of extracontractions have been reported 1n hearts which, for vanious reasons, were
1n a hypodynamic conditton or under the influence of poisons A few examples may be
mentioned: Frank (1899) reported superposition 1n the frog’s heart 1f stus and vagus were
simultaneously stimulated and intraventricular pressure was low, the same phenomenon
was found, also 1 the frog’s heart, as an effect of certam poisons muscarine (Walther;
Rhodws and Straub), chloral (Rohde, Schultz, Bornstemn, 1906a), potassium chloride
{(Burndge), also cooling (Frey) Most of these authors, also Junkmann, considered a
shortening of the refractory period to be the underlying factor This view was contested by
Mangold and Shimizu who, by means of a pure NaCl solution without K or Ca, obtarmed
superposition of extracontractions in the frog’s heart 1n a high proportion of experiments
(59 out of 132) They assumed that the damaged heart was only capable of partial contrac-
tions and that the superposition of extracontractions was due to the additional contraction
of fibres which had not taken part in the preceding beat  These authors did not therefore
consider superposition as a true summation A similar view was held by Mononobe, but
his experiments, mnterpreted to show that there was no constant relationship between the
length of the refractory phase and the occurrence of superposttion, are open to doubts on
techmcal grounds
Some light was thrown on this problem by Bertha and Schutz, and by Schutz. By com-
panson with normal hearts the damaged one has a shorter action current and thrs was
invanably the case 1n all instances of superposition of extrasystoles, that 1s to say, 1n those
precipitated by mduction shocks as well as i the rarer mstances of spontaneous super-
positon In all such cases two successive monaophasic action currents were recorded, each
of reduced duration and amphtude Whatever the mechamsm underlying superposition
may be—and this remamed unsolved—from an electrical point of view the phenomenon
consists of two separate events following one another 1n close succession, mechanically,
PO
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superposition, and (2) by being igher 1n itself, without superposition  The first variety was
PELAL IR L A L .

der erregbaren Phase eme grossere Contractilitat besitzt als in emem spateren » p. 262)
e R PR -

With the heart i sitw, or 1n the heart-lung preparation, once the stage of ventric~
ular filling has started the force of a premature contraction depends largely on the
mitia] Jength of the muscular fibres and thus on the degree of fillng 1t 1s this factor
which 1s of the greatest mportance clinically and, 1n many respects, physiologically, but
1t 1s not the only one., !
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According to Straub, extrasy cause a diminished systolic power of the systolic
contraction of the ventrcles and a dimimshed output. Furthermore, with the heart in siw
not only 1s the degree of ventricular filhng smaller the earlier in diastole the extrasystole
occurs, but also the pressure n the aorta is the higher which such extrasystolic contraction
has to overcome (Wenckebach and Winterberg)

The most comprehensive and convincing investigation of the force of beats elicited by
artificial stimulation 15 the one by Wiggers (1925) In experiments on dogs he optically
recorded the pressures in the left ventricle and in the aorta, 1n certain experiments also in
the night ventricle or 1n an aunicle, Stimuli were apphed by means of induction shocks to
the left ventricle in different phases of normal beats or durtag artficial thythm forced upon
the heart duning vagal standstill. Wiggers found that, compared with normal beats, the
premature contraction had a prolonged isometric contraction phase, a slower gradient of
nise of pressure and a shorter ejection phase, resulting 1n a shorteming of total systole. From
thes 1t could be concluded that the smaller systohc discharge of premature beats was not
solely due to the smaller pressure developed within the ventricle, but in part attributable
to the reduced phase of systolic ejection  Since the degree of diastolic filling and the imtial
tenston modify not only the volume of systolic discharge, but also the duration of the
ejection phase, Wiggers eliminated the first of these two factors by comparing normal and
ectopic beats under conditions where 1nit1al pressures and diastolte fillings were the same.
This was achieved by comparning a series of normal beats with a series of contractions arti-
ficrally produced at the same rate (duning vagal standstill). The result was that, with the
latter rhythm, intra-ventricular pressures still remamed lower and systolic discharges
smaller, but total systole was lengthened, the phase of 1sometric contraction as well as that
of ejection partaking, This indicated that the altered dynamucs of ectoptc beats were partly
due to peculanities 1n the nature of the i According to Wiggers, these
are due to an abnormal spread of the artificial contraction, having the result that the mus-
cular fractions are excited 1n an abnormal order or some of them not excited at all This
conception was largely based on Lew:s’ and Rothschild’s work on the spread of normal and
artificial ectopic beats Regarding the latter, these authors assumed the impulse to spread
slowly through ordmary muscle until it reached the Purkinje network through which con-
duction, to the contralateral and most of the remaining part of the ipsilateral ventricle, was
fast and occurred 1n the normal order {see section on ** Spread of the Exaitation of Ectopic
Beats ”, pp. 371-373) Wiggers' further results regarding the intraventricular pressure
curves seemed to find a plausible explanation by these views Thus, if a sttmulus was 2pphed
to one ventricle and intraventricular pressures were recorded simultaneously from the two
ventricles, the strength of the beat of the contralateral ventricle (that 1s the one not stimu-
lated) was proportionately greater than that of the sttmulated one, and the gradient of
pressure €levation was much steeper 1n the non-stmulated one. These differences were
explained by the fact that the ventricle, which had not been stimulated, was activated
through normal pathways and its contraction thus took place by the normal sequence of

on of the individual fractions. This view was supported by the observation that
contractions ehicited very late 1n drastole were never quite equal in height to normal ones;
1n such instances 1t was assumed that, owing to interference of the artificial and the normal
stimulus, some tar fr escaped being act d, or that an orderly mode of con-
tractions may perhaps be necessary to produce a maximal effect.

Rothberger and Scherf, on the other hand, found in dogs a higher pressure in the !cﬂ
ventricle (optically recorded) in left ventricular tachycardia, produced by direct stimulation
of the left ventricle with condenser discharges, as compared with the left intra-ventricular
pressure in right ventricular tachycardia, elicited in the same way.

Wiggers also re-i igated the d of the refi y period which, with his
method of optically recordmg intraventricular pressure changes, he was able to do witha
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greater degree of accuracy than had been possible by usmg mechanical records of move-
ments during contraction  He found that, while duting the phase of 1sometric contraction
and durning the early stage of the ejection phase the heart was refractory to all stimul, the
absolute refractory pertod did not extend throughout the latter part of ventricular systole,
the length of this non-refractory portion of ventricular systole covers, on an average, the
last 0 06 second before the termmation of systole No evidence of superpositton of such
contractions elicited during the latter portrons of systole was found and reports of such
superposition were attributed to faulty technque or to a grossly abnormal condition of the
heart Wiggers gives reasons for the behef that the contraction resulting from such early
stimuli 1s not due to excitation of fibres which are already relaxed, but to disappearance of

the state of refractorimess durrng the latter part of contraction
As far as a moderately strong, bnef D C. shock 1s concerned, which was apphed con-
siderably before the T wave of an electrogram recorded at, or near, the point of stimulation,
Moe, Harns and Wiggers (1941)found that a stimulus of this kind and timing produced one
N A it afamaa . [ SO S I RS

to such early stimuli 1s probably not due to an actual systolic excitation, but to the creation
1n the tissues of a decremenning polarization potential which 1s sufficient in duration and 1n
intensity to excite early 1n the next relatively refractory phase

To return to Wiggers’ work on the dynamics of artifically induced contractions  just
after the 1sometric relaxation phase, a small difference 1n the time of the premature con-
traction produced marked changes in the pressure maximum of the premature beat, thrs s
due to the mfluence of filling with the resultant increase n the length and tenston of the
muscular fibres

Regarding the factors which the of contrac-
1ons, according to Wiggers effective pi that 1s, those producing
ta rise 1 1cular pressure ly high to eject blood nto the aorta—are

recognized -
(1) by the production of a clear cut aortic pulse,
(2) by the fact that the intraventricular pressure nises beyond the point where eection
normally takes place,

1
(3) by the sharper drop 1n pressure during the tsometric relaxation phase, imdicating that
the contraction had not been of an 1sometric character
The fundamental factor which determines whether or not a premature contraction 1s effec-
tive 1s a nummal 1nterval of ventricular filing; on an average thrs was found to be 0-12
second between the end of systole and the onset of the premature contraction Since the
interval between the beginming of diastole and the opening of the A-V valves measures about
0 08 second, a mimimal interval of about 0 04 second 1s required for a degree of ventricular
filling adequate to cause ejection agamnst normal arterial diastolic pressure. The actual
length of this interval depends on the herght of drastolic pressure and the rate of ventricular
mflow
Ths effect of rate upon presence or absence of ejection 1s well shown m the study of

Coblentz er al  These authors cathetenzed adult patients with various cardias lestons and
recorded intra-ventnicular, and sometimes also pulmonary artery, pressure curves, and
electrocardiogram Y- e--- - of- -- - et e T : -
at vanous phases of L
or night) ventricular N [,
0 640 sezcond at 58 beats per munute; ths relationship was found to be linear (their Fig 11
onp 12),
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Of the various points anising from Wiggers’ extensive studies we should like to empha-
size:

(1) once ventricular filling has started, its degree largely determines the height of mtra-
ventricular pressure produced by the premature contraction;

(2) in addition to (1): the mechamsm of a premature contraction due to an ectopic
impulse differs from that of normal beats n such a way that the pressure maximum
of an ectopic beat tends to be lower than that of a normal beat originating in other-
wise identical conditions,

{3) 1n addttion to (1) and (2): the smaller systolic discharge of a premature contraction
1s partly attributable to the shorter phase of systolic ejection of the premature beat.

A more recent clinical observation 1s 1n accordance with Wiggers® experimental findings
By optically recording the pressure changes in the brachial artery 1n patients with auricular
fibnllation Buchbinder and Sugarman showed that the duration of the preceding cycle
length was the most important factor determining the degree of pressure changes; if extra-
systoles occurred 1n such cases, they produced a nise 1n diastolic and fall in systolic pressure
which were too great as to be explained solely by the short cycle length preceding the ectopic
beat extrasystoles occurring not more prematurely than some of the conducted beats pro-
duced so small an increase 1n intra-ventricular pressure that such contractions had no
appreciable mnfluence on the pulse curve, that 1s, failed to open the semilunar valves. This
seems to be an instructive confirmation of Wiggers® views that the abnormal mechamsm of
the premature contraction 1s an rmportant factor accounting for the reduced efficiency of
such beats. The fundamental mechanism seems to be the ** less perfect summatton of frac-
tionate co: when the waves spread from a ventricular focus, and mn part
to a less efficient mechanical twist of the ventricular muscle scrolls when the septum is not
excited first " (Wiggers, 1944). Differences, between normal and ectopic beats, 1t the rate
and sequence of activation of the vanous portions of the heart can be expected to be of
importance also from a different pornt of view H. C. Wiggers (1937) has shown that the
impulse of normal beats reaches all parts (except one area) of the ventricles within about
0005 second, that 15, practically stmultaneously (see also section on * Spread of the
Exetation of Ectopic Beats *, p 370). On the other hand, Ashman and Hull calculated
that 1t takes at least 0 035 or 0-04 second, possibly more, for an impulse to travel from the
Purkinje network 1n a lateral ventricular wall to the bifurcation of the bundle, and that
conduction by way of the interventricular septum does not take less time than via the bundle
branches and bifurcation It seems reasonable to assume that such great differences 1n the
rate of activation of the various portions of the heart play an important part in accounting
for the differences in the dynamics between normal and ectopic beats
Investigations 11 man about the length of the 1sometric contraction phase of extra-
systoles seem, on the whole, to be in accordance with the experimental findings. Blumberger,
and Blumberger and Meyer found that, with rare exceptions, extrasystoles, particularly
ventricular ones, have a lengthened 1sometric contractron phase. Their ejection phase was
shortened  The first post-extrasystolic beat showed the reverse alterations in the lengths
of these intervals
More recently Weissel and Vetter pointed out that it 1s an unjustifiable simplification to
designate as “Anspannungszeit " * the interval between the begnning of electrical activation

s eas e cex et an mmenloved bY
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of the ventricles and the opening of the semilunar valves, since there 15 a distinct interval
between the beginning of electnical activation (beginsung of the Q or R wave) and the
begsnning of the steep n1s¢ un sntra-ventuscular pressure.  They termed this wterval “ elektro-
pressonische Latenz ™ {electro-pressor fatent snterval)  In mine patients with congemital
cardunc lestons, 1n whom they feeorded intracardiac pressure curves and electrocardiogram,
they found that extrasystoles had a shortened * dsometric contractson phase ” whereby the
electro-pressor latent interval as well as the ssometrnic contraction phase wn sts purely
mechamcal sense partook  Both these phases were found shortened m the first post-
extrasysmhc beat. (.‘oblemz et gl , on the other hard, found the mterval between @ and
the b of n, far systole {cor ding to Weissel and Vetter’s electro-
pressor fatent mterval) of ventnicular extrasystoles narmal m mne cardac patients

We consider 1t destrable to make a brief reference to this recent work as 1t atlustrates
the difficulties in determning these vanous phases of cardiac contraction in man and alse
supports our doubts about the applicability to chmeal problems of Blumberger's wask sn
its present stage {see below, p 364), thus author identrfymg the moment of beginmng
mechanweat with that of electncal systole

The Post-Extrasystolic Beats

The first post-extrasystolic beat usually 15 stronger than the normal beats of the wmds-
vidual case  This was first reported 1 the 1solated heart of the frog by Langendorff1n 1885
and consydered by lum 10 be a vagal effect, a2 view which be subsequently abandoned (see
betow) The same was found to prevail 1 the mammalian heart by MeWilliam and by
Gley and studied in more detatl by LangendorfT (1895 and 1898) Langendorff found that
the smaller the cx(rasystole, the larger the ﬁrsx post-extrasystolic beat and mterpreted thus
observation as effecting a of work,
equal amounts of energy bcmg dcwclcped duning equal pentods  While ths explanation
proved untenable, the observation was confirmed by vanieus authors (for example, on the
bloodless amph:bzan heart by Bm\:\m on the mammaban heart by Cushny and Matthews)

mw d this p m more detaidt on the spomtanecusly beating
apex of the dog’s heart  He fou nd !ha! the first post-extrasystohic beat was stronger than the
normal * almost without exception ™, its average height beang 124 4 per cent, of that of the
nosmal beats  The eacher the extrasysto!e the lugher the first post-extrasystohe beat tended
to be, and the degree of prematurity was more important than the length of the post-
extrasystohic wterval  Even of the latter was not longer than the mterval betneen normal
beats, the post-extrasystohc beat was stronger and this was aunbuted 1o a strengthening
effect of the extracontraction. Woodwcr:h also found that two successive extracontrachions
tendcd 10 be rollowcd by an p fy strong, post-ext beat and that several
may show d hesght In the frog’s heart, on the other
hand the greater herght of the post-extrasystobe beat was found 1o be dut to the preceding
pause and no effect of the premature beat itself, as was estabhshed m the dog’s heart, could
be traced  Tius differance between the 1o species was attrbuted to the slower rate of the
apex of the dog'’s heart as compared with that of the frog's sentncle
Riht (1906}, conbrming Woadwarth's findings in the mammabsan heart, concluded that
the greater height of the fisst post-extrasystolic beat depended solely on the prematunity of
the extrasystole and on the lenpth of the post-exirasystobe werval, the ectopic ongin of
the premature contraction was thought to be without importance, smce premature nomotopic
Teats had the same effect  Again n accordance with Woodworth, Riht found that the

P ofthe was the salient factor, for a higher first post-gxtrasystolic
contraction was observed also after an mterpolated extrasystole, an observation !atcr con-
firmed by Busquet and Tiffenean ’s {1906¢) ob; that th

Y
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was the underlying factor accounting for Rihl's observation is unacceptable because of
‘Woodworth’s results on the isolated apex. Moreover, as early as 1888 McWilllam had
observed the ph in the lian heart when superior and inferior vena cava
were clamped and the ventricular cavities were no longer distended with blood.

Regarding the height of the subsequent post-extrasystolic beats conflicting findings were
published Rihl found that in some experiments they were of increased, in others of reduced
height  An increased amphtude of the second post-extrasystolic beat was reported by
Busquet and Taffeneau A gradual increase 1n the height of several post-extrasystolic beats,
reminiscent of the staircase phenomenon, was found by Goteling Vinnis 1n the radal pulse
tracing of a patient

Regarding the underlying mechanism of the stronger first post-extrasystolic beat, the
greater degree of diastolic filling 1s the most important factor. Incertain conditions, however,
this explanation cannot hold good, for instance, 1n the case of interpolated extrasystoles fol-
lowed by a post-extrasystolic beat with increased amplitude. Busquet and Tiffencau put
forward good reasons for the assumption that, 1n such circumstances, the phenomenon is
due 1o an increase in contractility whereas an increase 1n excitability could be excluded

Regarding the Q-T interval of the first post-extrasystolic beat, see above (p. 358).

At present, the investigations of the dynamics of premature contractions and post-
extrasystolic beats are only of physiological interest Attempts at applying them chinically
for the di and pr ic significance of extrasystoles tn individual cases
have been made (Blumberger, Blumberger and Meyer, Breu and Vetter), but the premises
on which the measurements of the various phases of systole, and the mterpretations of theif
results were based are open to so much doubt that, at this stage, the validity of this method
i chmical medicine seems highly questionable.

SUMMARY
The force of an artificially induced cardiac contraction is independent of the intensity
of the lus Some to this all law with their explanation

PP P :
are briefly discussed Owing to the fact that, after a contraction, the heart regains its
excrtability gradually mn the course of the relative refractory period, in general an extra-
contraction 15 the weaker the earlier 1n diastole 1t occurs  For the same reason an extra-
contraction can be ehcited the earher in diastole the stronger the extra-stimulus is The
refractory phase decreases in length with increasing rate, and that of an extrasystole 18
shorter than that of normal beats The shorter total refractory period of an extrasystole
elicited by an induction shock 1s due solely to its shorter absolute refractory period, whereas
the relative refractory pertod of an extrasystole has the same length as that of a normal.bf-’"
Approximate determmation of the length of the refractory penod of extrasystoles tn clinical
electrocardiograms by measuning their Q-T intervals has given conflicting results The
reasons for the discr ies are di d and it is d that such i are
devoid of any great importance. The conditions 1n which superposition of extrasystoles
may occur and the possible mechamism underlying this phenomenon are briefly reviewe
D ion of the dy of premature is largely based on Wiggers® extensive
work. It 1s pointed out that, 1n addition to the degree of ventricular filling largely determun-
ing the force of i therr hanism differs from that of normal beats in
such a way that 1t tends to reduce the force of an ectopic beat as compared with that ?f
a normal beat oniginating in otherwise identical conditions. This aspect 1s discussed in
some detail,

The first post-cxtrasystolic contraction is usually stronger than the normal beats oﬁh;
individual case This is largely due to the greater degree of ventricular filling which ha
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taken place durng the longer post-extrasystolic iterval. In certain circumstances

1his explanation cannot hold good, for instance, in the case of a larger post-extrasystolic

beat following an mterpolated extrasystole, and an ncrease mn contractility of the heart

seems the most hikely explanation

It 15 pointed out that, at present, attempts at applying the experimental findings of the
of premature to the clinical assessment of the diagnostic or prog-

nostic significance of extrasystoles have not yet yrelded rehable information
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INTENSITY OF ECTOPIC STIMULI

At one trme the intensity of the stimulus giving rise to ectopic beats attracted much
attention A brief discussion of the work on this subject 1s warranted because some of its
results enlarged our knowledge in several important respects though most of the original

c ave become qf 1n the light of more recent work much, if not most,
of this work requires re-interpretation.
‘The intensity of Y stimul was frequently assessed with reference to that of the

normal ones and a fewsalient points of the work on the latter subject must therefore beincluded

‘While the natural stimuli were originally thought to be very weak, of threshold intensity
(Engelmann, 1894, 1896, Gaskell), or of ** phasic threshold mtensity », that 1s, responding
to the phasically varying excitability of the heart (Henng, 1906), a great deal of evidence
accumulated subsequently which tended to show that the strength of normal stumuh was
many times above threshold. Amongst the numerous publications on this subject those are
relevant, 1n the context of this book, which base this conclusion on a comparsen between
normal and artificial stimuli applied in different experimental conditions, the greater
strength—or qualitative superionty—of normal as compared with artificial stmuli was
mferred from the observation that the heart continued to beat 1n response to pormal im-
pulses while artificial strmulatson even with strong stimuli failed to have any effect Such
observations were made on frog hearts beating under anaerobic conditions (Bachmann) or
under the influence of an excess of KCI (Bunnag); the results of such studies were sum-
manzed by Asher 10 whose laboratory much of this work had been carried out In the same
Institute 1t was subsequently found by Witz that local anaesthesta by novocaine of the
auricle or sinus of the frog heart could produce a condition 11 which the normal heart action
continued while the anaesthetized part failed to respond to strong artificial sumuli By a
different h Sct ing the gradient of rise of the action current—

ra < P Bt p

iAo llall Ta

because of 1ts considerable intensity, would, 1f 1t occurred at that moment, also yield acon
traction  This assumption was shown to be correct by Schutz and Buchthal who found that,
if the rate of normal mpulse formation 1n the frog heart was increased by warming, the
earbest moment at which normal stimul became effective also cotncided with the end of the
absolute refractory penod  From this 1t was concluded that the ntensity of the normal
stimult must also be at least four times that of threshold. Rothberger (1931a) observed that,
after interpolated the next sup: tcular beat may start before the end of
the T wave of the extrasystole in the electrocardiogram and concluded, with certain reser-
vattons, that the strength of the natural stumulus 15 considerably above threshold (see also
p 369) A smular view was expressed by Junkmann, based on the observation that anricular
extrasystoles yreld a contraction already at a time when strong stumuli are necessary to
stimulate the ventricle directly

Wiule the results of such i are of derable interest m th Ives, their
interpretation m regard to the intensity of natural and artificral strmuli 15 no longer accept-
able 1 1ts oniginal form for vanous reasons:
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(1) In all experiments discussed above, inductton shocks were used as artificral stmull,
Such faradic shocks are of very short duration and therr characteristics (for example, vol-
tage, duration) were unknown A so-called calibration of such currents according to an
arbitrary scale (for example, Kronecker units) is as meaningless i experiments of this hind
as 1t is valueless for any general theory of excitation (Schaefer, 1940).

(2) The duration of the artsficial electrical stimuli was not considered

(3) The effectiveness or otherwise of natural and artificial sttmuli was predommantly
attnibuted to the intersity of the strmulus and not sufficient consideration was given to the
excitability of the tissue.

Amongst the studies of cardrac excrtability, 1n which a well-defined electrical stimulus
of known duration was used, that of von Werz may be mentioned This author studied the
chronaxie of the frog’s ventricle duning the relative refractory period (chronaxie being the
mimmum time during which a current of double the rheobasic strength must flow tn order
to excite, a current has rheobastc strength if 1t 1s just capable to excite when flowing for a
long tme). The chronaxe 1s a measure of excitability inasmuch as the shorter the chron-
axie the more quickly excitable the tissue. In von Werz's experiments the ventricle was
rhythmically stimul: (by ind shocks) and d discharges were apphed as
test shocks during the various phases of the relative refractory period. It was found that
mmmediately at the end of the absolute refractory pertod the chronaxie was lengthened two
to three times and that it returned quickly to its original Jevel during the relative refractory
period Regarding test stumuli of the same absolute intensity von Werz also established
that the longer above the utihzation time therr duration was, the earlier in the relative
refractory period did they produce an extrasystole (utilization time being the mintmum
tme during which a current of rheobasic strength must flow n order to excite) At theend
of the relauve refractory pertod a natural sumulus of mmimum intensity will be effective if

its duration 1s at least equal to the utilization time of ventricular excrtation. Von Werz
pointed out that, because of their shost duration, induction shocks are nferior to natural
stimult even 1f the chronaxie 1s not lengthened, and even more so if ths is the case.(rm’
example, because of digitalis), and concluded that the natural stimu}; are ofcompamtl\'gly
tong duration, but less intense than commonly believed. Von Werz’s results conflict with
those of Asher who found no difference between the effectveness of condenser discharges
of long duration and of induction shocks Further mnvestigations are necessary before this
problem can be considered as settied.

One mstance of the different effect of induction shocks and of rectitinear currents 15 dis-
cussed m with the determination of the reft 'y period (see sectron o
 Dynamues ”, p. 358).

At present we have no information about the strength (or even nature) of the npatural
cardiac stimulus  In order to gain some msight, into the intensity of stimult necessary 10
elicit ectopic beats companison was made between the effectiveness or otherwise of arnficial
stimuh and that of natural ones. The criterton usually was whether the heart continued to
beat 1n response to 1ts natural impulses while artificial stimuli, applied in different phases
of diastole and 1n different expenimental conditions, were ineffective, or vice versa (Asher
and Garrey) It will be seen from what was said above that such investigations, if they are
to supply any information mn keeping with more recent neurophysiological work on excita-
tion, must at least employ an artificial smulus which 1s well defined and the strgnS‘h and

duration of which are known Moreover, the excitability of the strimulated portion of the
heart must be more fully considered than has been the case 1 some of the work discussed,
and some quantitative information about it should be available. One such expression
would be the chronaxie (see Rylant), though its determination, and that of the rheobase,
1n the heart meets with great difficulues (Schaefer, 1942). 5

Some of the more recent work, which has a bearing on the subfect under consideration
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and fulfils the above conditions, 1s discussed in the chapter on ** Mechanism ™ to which the
reader is referred (p 497)

Turmng to the data about the presumed strength of stimuh giving rise to extrasystoles
i man 1t has to be admutted that most of it is speculative Kaufmann and Ro(hbefger
assumed that such extra-stumuli are weak, just above lhrcshold and based this opinion on

the observation that in subjects with pr d sinus y les tend to
occur most frequently when the sinus rate 1s about midway between more marked tachy-
and bradycardia The exp was that, 1n order for extrasystoles to occur, a

cenam degree of sympalhenc nervous tone was necessaty, so that extrasystoles tended to
ppear tone d d or vagal tone increased Winterberg
endeavoured to explain a periedicity of cardiac rhythm, consisting of pertods of supra-
ventricular tachycardia separated by two or three slow normal beats, by the assumption that
the stimuls precipitating the fast senes were just above threshold and that, as the result of
their quick succession, the excitability of the heart slightly decreased so that the weak
ectopic stmuli became sub-threshold and the stronger normal stumuli dominated the
rhythm for a few beats (In retrospect, thus seems to have been a case of ** Extrasystole &
paroxysmes tachycardiques ”', occurnng in an otherwise healthy male of twenty.)

The opposite view, namely, that extrasystolic stimuli must have a considerable strength,
was put forward by Rothberger (1931b) because of the observation that interpolated extra-
systoles may commence before the end of the T wave of the preceding supraventricular beat
had been completely inscribed  In the light of more recent knowledge such observations
seem far better explamed by attnbuting them to the varymg excitability of the tissues
following excitation, 1n particular to the supernormal phase of recovery, and the same holds
good for the observations of Rothberger (1931a) mentioned above Thus Smirk, who
recently published seventeen cases m which R waves mterrupted T waves, interpreted his
observations entirely mn terms of cardiac excitability

Scherf emphasized the complexity of factors which determine whether or not an ectepic
focus becomes effective and stressed the mmportance of excxtablhty, strength of stimulus,
nervous and 10nic Simularly, F: hek and Scherf attributed
the presence or otherwise of an exit block 1n parasystole to the relationship between strength
of impulse formation in the automatic ectopic centre and the excitability of the surrounding
ussue (see chapter on * Pararrhythmias ”, p 173).

Conclusions It seems to us that neither experimental nor clinical observations make 1t
possible to draw any reliable conclusions about the strength of a stimulus, normal or ec-
topic  Schellong’s statement of 1925 still holds good ** As one has to measure the stimulus
by 1ts effect, namely excitation, and up to lhe presem no feature of erther the mechanical or
the electrical of y be attributed solely to the
strength of the stimulus, any views abou! 1( are nc(hmg mare than suppositions ” (our
translation)

REFERENCES

Asuer, L (1935) * Natuchche und kiinstiche Retze ** Schweiz med Wsekr , 65, 513
Asuer, L, and GARREY W E (1930) * Some condittons affecting the responses of Iimutus heart to arti-

e B kM N

. wlogischen Egen-

Med, 23, 269 " Wien Arch inn

BB



370 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS *

GaskerL, W H (1900) ** The contraction of cardiac muscle ** In Schafer, E. A., Texrbook of Pivsiology
ol 2, p,

Hering, H:!’S {1906) ** Die Ueberschwelligkert des Leit

m Herzen " PAug. Arch ges Phynol
111, 33
fert " - ' . RS e e e w

Jum

. . .
2 ges exp Mea v, 113, . ~
Wirz, H (1938) *F L uber den | hied zwischen und kiinst-

lichen Reizen am Froschherzen ' Z Biof , 98, 551

THE SPREAD OF THE EXCITATION OF ECTOPIC BEATS

The development of our ideas about the mode of spread of the excitation of ectopic
beats reflects the gradual r of the great lexity of this subject which, in the
past, appeared comparatively simple

The starting point may be placed 1n the work of Marchand (1877) and Engelmann
(1878) who established in frogs that, 1f a point on the heart’s surface 1s sumulated and the
action currents are led off from two places, the one situated nearest to the pownt of stimu-
laton b electrically neg: n ad of the other situated at a g:catsr d stanc::

(1906) expressed the opimion—which ran contrary to the conception of contemporary
ph 1l that the lized fibres d d the impulse faster than the ordinary
myocardial fibres
Kraus and Nicolai, in developing this conception, distinguished between no{mal
systoles and abnormal ventricular beats (normale Systolen und abnorme Ventrikelschlige).
They considered the essential difference to be that the impulses of the former were con-
ducted 1n the ventricles through preformed pathways, whereas the latter spread evcnly‘x‘n all
directions without using any preformed channels of conduction (* gebahnte ™ und ** un-
gebahnte * Reizausbreitung) By leading off the action currents from a scries of very small
areas of the cardiac surface by means of a specially designed cotton thread electrode (called
fal de) it was subseq y ished in the frog and tortotse (Clement) and

1n the mammalian heart {dogs and cats, Erfmann) that the normal excitation ac(nnlgs the
whole cardiac surface practically simultaneously whereas ventricular ectopic bgalsv elicited
by break shocks, spread from points nearer the site of sumulation to those sglunlcd :llh:l
greater distance. Rothberger and Winterberg, as a result of their investigations On{"hc
shape, in the elect di of ventricular e les elicited in different parts of the




PHYSIOLOGICAL ASPECTS OF EXTRASYSTOLES ~t

dog’s heart (discussed 1n the chapter on “Localear = 7 0 s
on pp. 382~4), conciuded that the excifatiar -
muscle to the nearest =~ ~*
and that 1t was this >
In Lewis’ and F ey . ave

through the vestnicas i dags, that of erton tof
thus work, as far ag s < =* s 0
Lewis’s ow

Fic 179 ~¥Fsom Lews, The Mechanism ond Graphic ngn:lmlwn of the feart
Bear Third €@, 1925 Shaw and Sons, Londoy
Desmpnon B fext

*If an aruficral wave is started . R
electrodes tha ¢

can be acc peivs U the
ventrcuiar . «wa vl surpasses 2,000 mm per
second wh .» 1w 1owest and approaches 400 mm per second
where the cuseatst It vanes because the rate o conducuan wn muscle proper s

slow, whule i Purkime substance it 15 very rapsd 11 the wall 15 stunulated where 1t s thun,
the artsficial wave quickly penetrates the whole muscle thickness and 15 pieked up and con-
veyed ajong the Puskinye network, from which st spreads ontwards through the muscle
agam to veach the electrodes; 1, as i the feft ventricle, the walf s thick, the wave may be
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conducted across the superfictal electrodes before 1t travels to the hning of the heart and out
agarn, These conclusions follow from expeniment. The border of the night ventricle 15
t d and an excitation wave 1s prop d from B to A; 1ts arrival at the two points
is imed. A deep cut in the muscle between the electrodes does not affect these readings; a
shallow cut or scratch on the endocardial surface at once delays the wave reaching B.
Clearly the wave passes along the endocardium over the greater part of its course.” (Fig.
179)
* If electrodes are placed on the pericardial surface (P) and on the corresponding part
of the endocardial hining (E) and the surface 1s then stimulated at some distance from them”
e apes s P M L Py I

15 the quicker on account of the high conductton rate in the lining  If the stimulus 15 applied

P

. Bl

brememe——

Fic 180 —From Lewss, The Aechanism and Graphic Registration of the Heart
Bear Thid ed, 1925 Shaw and Sons, London
Description in text,

nearer the electrodes, the wave may reach P along the path a-a  If the thickness of the muscle
wall, and the distance from the point of stimulation, is known, then in an expenment ia
which the natural readings at the two }? are just mai d, the relative rates Ofyon'
duction 10 Purkinje substance and muscle can be calculated. The rate s at least five times
greater 1 the network than in the muscle. The experiment is arranged so that the wave
reaches P along the two paths a-a and b-b simultaneously; the length of muscle traversed
along b-b 1s ascertained and from these data the conduction rates are calculated, When the
results of experiments of this and other kinds are considered, 1t is found that m muscle the
rate of conduction 1s about 400 mm. per second; in straight, as opposed to the usual branch-
ing, Purkitye strands 1t 1s approximately 4,000 mm. per second ™

This view, that the rate of conduction n the Purkinje substance is ter trmes that 1 the
myocardium proper, was contested by vanous authors on various grounds

de Boer questioned altogether that the velocity of the ;xciga}ien \'vavc‘n

cater in the
« 4 Marepce
+ ental
lered

teof

f



PHYSIOLOGICAL ASPECTS OF EXTRASYSTOLES 373

conduction than the myocardium proper, found the former to be only 730-740 (Erlanger)
or 500 mm. per second (Lapicque and Veil) Both these series of experiments were, how-
ever, conducted under rather unphysiological conditions and cannot be expected to yreld
more than very approximate results; Lewis remarked that Erlanger’s ﬁgure 15 likely to be
too small (Lewss, 1925b) In view of the discovery of 1on

of Purkinje substance the meamng of some of these figures has become questionable
Another objection, based on quite different grounds, was raised by Rothberger He pointed
out that, 1f the rates of conduction 1n the speciabized system and 1n ventricular muscle were
1n the proportion 10 . 1, in cases of ntraventricular disturbances of conduction in man
initial ventricular deflections of 0-2-0-5 second would have to be found, which has never
been the case

If the actual velocity of conduction 1 the speciahized system and its exact relatron to that
m heart muscle proper was thus controversial, two main facts scemed established first, that
the Purkinje fibres d d faster than the my d and second, that a forced ventr:-
cular beat was slowly conducted through the heart muscle until 1t reached the nearest pomt
of the specialized system whence the fast conduction started to the remaining parts of the
ventricles 1In order lo reach the opposite ventricle the excitation wave was assumed to
travelm a d through the ipsil 1 branch of the lated ventricle as
far as the bifurcation and thence to activate the opposite ventricle by spreading in the normal
way through the contralateral main bundle branch and 1ts ramifications.

Observations on 1nterpolated ventricular extrasystoles were 1n accordance with this con-
ception  As discussed 1n the appropriate section, the first post-extrasystolic beat after inter-
polated extrasystoles frequently shows a lengthened A-V conduction time, but often has a
normal shape 1n the electrocardiogram  Ashman pornted out that the blocking of the inter-
polated extrasystole must therefore occur either i the mam stem of the bundle of His or
within the A-V node itself, because, if the blocking occurred below the bifurcation, the
ventricular portion of the post-extrasystohe beat could not be normal, but would always
have to be aberrant because of altered intraventrnicular spread of the excitatton That
ventricular extrasystoles are conducted over a longer or shorter distance through the bundle
branches, probably as far as the A-V node, also follows from their effect on A-V rhythm
(see section on “ Extrasystoles 1n A-V Rhythm and Return Extrasystoles ”, p 102)

However, when 1t became possible experimentally to produce chains of extrasystoles
origmatmg from one circumscribed focus m a ventricle and thus to put these views to experi-
mental test, some rather unexpected results w btained For |f the above conception

ahant tha mada ~F o e -

PERNPASDURr

whatever the method by which the chains of ectoplc beats were produced
Tbrao m Tomatn o

latu '
elect d remain unaltered after cutting the 1psilateral bundle branch between its
upper and middle third, but also severing of both main branches did not affect their graphic
record though complete A-V block ensued (Fig 181, Scherf, 1926)

(2) Chains of ectopic beats were ehcited by local warming of a pomnt on a ventricle m
dogs senatized with harmm  Aoaim sevarng af ana nr hath hiadla heaastian 4 4 w2 -

this form, too, of an ectopic ventricular arrhythma, caused b): true extrasystoles 1n the
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strict sense of the term and oniginating in one focus of one ventricle, no effect on the electro-
cardiographic appearance of the extrasystoles by untlateral or bilateral severing of main
bundle branches was observed The coupling of the extrasystoles, however, showed certain
analysable and instructive changes: 1f the bundle branch of the contralateral ventricle was
severed, the coupling remained the same as 1t had been before the interference, 1f, onthe
other hand, the bundle branch of the ipsilateral ventricle was cut, the coupling increased
by 0 035 to 0 04 second (see Fig. 125) From this observation it could be concluded that
the length of the coupling depended entirely upon the exact moment at which the excitation
wave reaches the focus of onigin of the extrasystole, which moment 1s itself dependent, inter
aha, on the length of the path which the excitation wave utilizes to reach the extrasystohc
focus (Scherf, 1930)

Scherf concluded from the results of these three series of experiments that ectopic
~ventricular beats, whether elicited by artificial stimulation or ortginating spontaneously 1n
certain expenimental conditions, spread through the myocardium proper and do not vtilize
the larger branches of the specialized conducting system

Fic 181 —From an experiment on & dog’s heart m situ Tracings from above
downward  signal, suspension tracing of auricle, suspension tracmg of
pasletiaity s a2 mpenhnnaal Taadl ¢ o hrea P O camnd

i i

A view intermediate between that of Lewis and Rothschild and that of Scherf was
adopted by Drury and Mackenzie  In experiments on dogs these authors produced ectopic
beats in the left ventricle and recorded the arnval of the excitation wave in different portions
of the right ventricle before and after cutting of the right bundle branch  Such experiments
demonstrated that sone parts of the right ventricle were activated via the bundle and some
parts via the ventnicular muscle proper. It should be noted that a difference of 0 005 second
1n the relative occurrence of lagvo- and dextrocardiogram is sufficient to produce noticeable
changes 1n the electrocardiogram, so that an effect of this order, caused by the cutting of &
bundle branch, would have been traceable. No effect of vagal stimulation was found on
conduction either through the bundle branches or through ventricular muscle. It was con-
cluded that the mode of activation of the contralateral ventricle by an ectopic ventricular
beat is the result of a race between an impulse travelling via the specialized system and one
utilizing myeccardial muscle

It will be app d that the mterp: of all the work, discussed so far, was based
on the assumption that no communication existed between the right and left bundle branch
and their arborizations. The absence of such was ificall joned bY
Lewis (1925¢) The subsequent discovery of such hinks, while clarifying some discrepancies,

revealed the great complexity of this subject.
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The first to demonstrate septal connexions between the Purkinje fibres of the two ventri~
cles of the heart of calves, particularly in the apical portions of the septum, was W"ahlin
(1928, 1932) Cardwell and Abramson, and Abramson and Margohn confirmed this in the
heart of other mammals and also showed that Purkinje fibres extended throughout the myo-
cardium to withun a few mm  of the epicardial surface. These were directly contmuous and
structurally identical with those of the subendocardivm. .

In the hight of this wider distribution of the Purkinje Rothberger igated
the problem in 1933, Wiule confirnung Scherf’s observations, discussed above, he thought
that their interpretation had 1o be revised  The farture of cutting one or both bundle bran-
ches to affect the shape of ectopic beats in the electrocardiogram could no longer be taken
to indicate spread through the ventricular muscle proper, as Scherf had done before the
presence of septal connextons between the Purkinje network of the two ventricles was

Fic 182 ~The effect, upon the spread of an ectopic impulse, of cutting a
‘bundie branch at different levels For further description, see text  From
OTHBERGER, 1933 Z ges exp. Med

known The site at which Scherf cut the bundle branches (between the upper and muddle
third, as mentioned above) was too high to block the mterseptal connexions (Fig 182).
Rothberger showed that, 1f the conducting system was severed at a point so that these were
blocked, a considerable widemng of the mitial ventnicular complexes of the ectopic beats
ensued (from 0 08 to 0 12 and 0-125 second) By this experimental mterference the impulse
15 forced to leave the specialized conducting system and travel through veatricular muscle
proper over a certam distance  These experiments had also a bearing on a re-interpretation
of curves of so-called arborizatron block. A more detailed discussion 1s outside the scope
of this book and the reader Is referred to Rothberger and to Mahaim

The 1mportance of the interseptal connexions for the conduction of normal as well as of
ectopic ventricular impulses was also stressed by Abramson and Jochum  They found that
the average ume consumed in the spread of an artificially induced stimulus over a constant
eprcardial distance on the right ventricle was only shightly less than on the left one; this
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observation is contrary to Lewss’ and Rothschuld’s conception that the impulse penetrates
the ventricular muscle proper at a slow rate and is subsequently conducted through Purkinje
substance at a much faster rate, then to traverse the muscle again slowly to reach the epi-
cardium. * By obtaiing the times of arrival of artificially induced ectopic impulses at
various spots before and after cutting the night branch of the bundle of His, evidence was
found which indicated that the mmpulse origimating on one ventricle might reach the oppo-
site one through the myocardial Purkinje fibres in the septum, rather than over the bundle
branch pathway via the bifurcation of the bundie of His ” (p 647) Their investigation did
not support the contention of Robb and Robb that the impulse spreads through the super-
ficral spiral muscle 1n the direction from apex to base, or that the superficial muscle bundles
determined 1n any way the spread of the excitation wave.

Ashman and Hull compared the widest QRS complexes seen 1n extrasystoles in a normal
heart with those found 1n bundle branch block and concluded that * it takes at least as long
for an impulse to travel from one ventricle to the other by way of the bundle branches and
bifurcation as by way of the interventricular septum ”. They calculated that conduction of
an impulse from the Purkinje network 1n the lateral wall of the ventricles to the bifurcation
takes at least 0 035-0 04 second, the delay 1s assumed to occur mostly 1n the proximal part
of the bundle branch

A vword of warning should be given agamnst accepting too readily the existence of trans-
septal or, 1f therr ical presence 15 considered established, against over-
rating their physiological function. As far as the anatomical work 1s concerned, much of it
was carned out by means of an injection technique which cannot be considered to give
entirelyreliable results The histol 1diffe betweenspe( dand ordinarymyo-
cardal fibres 1s notortously difficult. Moreover, results obtained 1n one species cannot un-
reservedly be applied to others In this connexion the experimental work of Alfredson and
Sykes 1s of interest. They found 1n experiments on calves that cutting of a bundle branch
resulted 1n only a very shight increase (0 01 second) in the width of the QRS complex as
compared to conditions prevarhng m the dog and in man The most likely explanation 15
that 1n the heart of oxen functioning trans-septal connexions are present which do not exist
1n the dog or n the human heart. This view 1s supported by the observation that, 1n spit¢
of the larger size of the ox’s heart, the width of the QRS complex tn this species 1s almost
the same as 1t 1s 1n the dog and 1n man. Further studies are necessary before the anatomical

and physiological fi of tra ptal ions can be considered estab-

lished

With these reservations Rothberger’s views can be sard aptly to sum up the physiological
significance of the trans-septal Purkinje fibres. According to him these fibres normally
serve to activate the septum and, i addition, provide a safety mechanism in the event of
disturbances of conduction 1n the bundle branches. If the normal paths are intact these
septal connexions are not uttlized. The possibility of trans-septal activation in case of need
may be likened to that of A-V impulse formation tn the event of failure of rormal impulse
formation 1n the S-A node, or the presence of collateral blood vessels not utilized until the
normal channels of crrculation fail in their proper function.

Tt will have become apparent that the problem of the manner of spread of ectopic beats
1s far from solsed. This 1s understandable if the great difficulties in ascertaimng the exact
sequence of activation of the various portions of the ventricles in normal beats are recalled.
One of the main problems in this kind of work s the determination of_ th; _r_n)ortl’tn.!. Df
1= ' e LR . o

;r-r;dc. The validity of Wiggers' method was challenged when st was found that {particularly



PHYSIOLOGICAL ASPECTS OF EXTRASYSTOLES 377

bai 1

when Wiggers’ que for ic action currents was used) the injured
region becomes electrically positive as the result of activity of the surrounding myo-
cardium (Eyster, Meek, Goldberg, and Gilson); and 2 more recent investigation by Harris,
while being partially in accord with that of Lewss and Rothschild, seemed to indicate that
the different size of the heart in different species is of importance regarding the ntervals
between the activation of the several portions of the ventricle  Still more recently it has
become altogether extremely doubtful whether the tip of the R wave mdicates the arrival of
the 1mpulse beneath the exploring electrode and the vahdity of the whole method has thus
been rendered highly uncertain

It seems to us that such investigations have an important beaning on the subject of this
. - - B P PPV AN

seem to be the next step in the elucidation of this problem.

SUMMARY

‘When the advent of electrocardiography made 1t possible to examine experimentally the
mode of spread of the excitation wave of ectopic ventricular beats i the mammaltan heart,
the result of such investigations was mnterpreted as indicating that the excitation spreads

- . . el D e e e e

fromwithinoutwards It was belteved that the rate of conduction in ventricular muscle proper
was constderably lower than m the Purkinje substance, but differences of opinion existed as
to the relation between the two rates of conduction, and regarding the veloaity of spread
through the Purkinge network  The failure, by cutting one or both main bundle branches,
to affect the shape 1n the electrocardiogram of artificially elicited or of spontaneous ventri-
cular ectopic beats was first mterpreted as mdicating that the ectopic impulse utilizes only
ventricular muscle 1n order to reach the opposite ventnicle  This view had to be abandoned
1 the light of the subsequent discovery of trans-septal connexions between the Purkinje
network of the two ventricles. The further discovery that Purkmye fibres, continuous and
structurally 1dentrcal with the sub ones, extended th hout the myocardiom
to within a few mms of the epicardral surface created further difficultres m any longer
accepting the view that conduction through ventricular muscle was much slower than
through the ) d system R of the seq of surface acti-
vation by means of monophasic action currents suggested the necessity of” TeVISINgG our con-
ceptions about the spread of normal excitation to the varous portions of the ventncular
surface which, contrary to previous views, seems to be icall 1
1n 1ts entirety (except for one small portion) As the result of later mnvestigations this view
was challenged on technical grounds The doubts which have been cast by these more
recent anatomeal and phystological studies upon the views about the mode of spread of
ectopic tmpulses through the mammalian heart are so great that this problem cannot be
considered as clanfied The present state of our knowledge may be summed up by the
following tentative suggestion which does not seem to conflict with any established facts:
If the conducting system 1s mntact, the ectopic mmpulse spreads from the point of ongin
through ventricular muscle proper and the dial fi of Purkinje sub
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to and through the ipsilateral man bundle branch as far as the bifurcation and thence acti-
vates the opposite ventricle through normal pathways; the rate of conduction through
ventncular muscle proper 1s, however, not so much slower than 1n the specialized conducting
system as ongnally believed, In the event of mterruption of conduction in one or both
main bundle branches the excitation wave utihzes trans-septal connexions between the
Purkinje networks of the two sides In case of imparrment, but not complete mterruption,
of normal conduction the activation of the opposite ventricle 1s the result of a race of the
excitation wave travelling through the bundle branches on the one hand, and through trans-
septal connexions on the other
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MISCELLANEQUS PHYSIOLOGICAL CONDITIONS

Extrasystoles in Animals

Though our lmowlcdgc about the oceurrence of extrasystoles m rormal ammals and 1n
assocationwith various diseases 1s scanty 1t can be said that spontaneous ectopie arrhythmsas
are certanly uncommton 1n most animals used 1 laboratory experyments, since otherwise
their preseace would have been reported far more frequently.

One possible exception are rabbits which show i!
and which are prone to develop this type of arzhythmia as a result of drugs and vagal re-
flexes Regarding the fosmer, morphine should be mentioned especially (Ken Kuré,
Hering), regarding the 1atter the reader is referred to the chapter on * Extrasystoles and the
Nervous System ™

As fac as dogs are concerned, 1 mare than one thousand experiments on anunals
anaesthetized with ether or a barbiturate we did not encounter one stngle instance of spon-
tancous extrasysmlcs fonncL considers even single auricular or ventricalar extrasystoles

t and bie, in this respect, 10 heart block

In the lmrsc extrasystales are uncommon (Lewis} and seem to have a sumilar sigruficance
Amongst a hundred cases of arrhythmias observed m horses, Norr encountered fifteen
tnstances of extrasystoles, 40 per cent of which took a fatal caurse  Auncwlar, atrio-
ventricular and ventricular types were rccordcd If they occurred during an infection, of
which p and gast d, the
d;sappeared when the mfection had subsided Analomxcnlly, gross pathologieal lestons
were found m four horses  In only ane case were extrasysioles encountered 1 a healthy
ammal In the horse extrasystoles are much rarer than disturbances of atno-ventticular
conduction witeh were four times as frequens and were often found in otherwise heafthy
and strong anrimals  Auncular fibnifation has been reported by several authors (Lews,

Norr, Roos)

Extrasystoles in only One Auricle

Extrasystoles confined to only one avncle have been reported i experimenta conditions
it which such  premature beats were snduced by induction shocks m an avncle afer mter-

had been abolished (Scherf and Siedek)

Fig 183 provides an example of such an observanon made on a dog  Both vapt had
been severed and, as the resuibng sinus fachycardia made the study of auncalar actwty
umpossible, complete A-V biock was produced by clamping the bundle of His  After the
sinus node had been separated from the nght auncle by means of smal} Iigatures, applied
between the A-V border and the angle between the supersor vena cava and the right aun-
cular appendage, mter-auncular block was obsecved  The night aurele beay at a rate of
111 per mnute (eycle length 0 54 second), the left, ndependently from the nght, at 120 per
nmute {cycle jength 0:50 second)  An extrasystole ehaed 1n the nght aunicle by an mnduc-
tion shock was not conducted to the left avncle  The post-extrasystolic nterval equalled
the spontaneous nght-auncular cycle Jength, which indicates thay the site of engin of xhe
extrasystole was at or near the site of the mpulse
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right auricle In these experiments, extrasystoles precipitated from the left auricle remained
confined to this chamber, the post-extrasystolic interval being slhightly longer than the
spontaneous left-auricular cycle length, but not being compensatory. Aurncular flutter
confined to one auricle could also be produced in this series of experiments.

I
i A

AN

R

Fic 183 —From an experiment on a dog  Tracings from above gown)wgrrd

alincle 1s not transmutted to the left auncle  From Scherf and Siedek. 2.
Rin Med
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CHAPTER X

THE LOCALIZATION OF THE SITE OF ORIGIN
OF EXTRASYSTOLES
INTRODUCTORY REMARKS '

To a certain degree Jocalization of the site of origin of extrasystoles became posstble 1n
the pre-electrocardiographic era at an early stage of the work on extrasystolic arrhythmras.
The analysis of artersal and venous pulse tracings and mechanical cardrograms made pos-
sible the distinctton between extrasystoles ansing in the ventricle, auricle, A-V node and
S-A node With the advent of electrocardiography this work was, on the whole, confirmed,
though 1n regard to some details previous conceptions were demonstrated to be based on
fallacious interpretation of mechanical records and errors could be rectified The msinter-
pretation of atrio-ventricular extrasystoles as ventricular cxtrasystolcs with retrograde
conduction to the aurncles may be cited as an mslance (see sectron on ** Atrio-Ventricular
Extrasystoles ™, p 168) But el aphy was expected to achieve far more than
this* accurate localization of the site of ongin of extrasystoles, that 1s, 1n night or left
auricle or ventricle, and even accurate delimitation of the area within an auricle or ventricle
was hoped for. In sprte of much work and thought spent on this problem progress was dis-

Iy slow, results d y and even now this aspect of ectopic arrhythmuas 1s
far from solved

Up 1o quite recently 1t could be said that deter of the site of ongin
of extrasystoles had only an academuc, if any, importance and that such studres were devord
of any general physsological or pracncal chinieal value. That this view 1s no longer tenable
will become apparent later 1n.this chapter

VENTRICULAR EXTRASYSTOLES
The various stages in the development of our 1deas about the site of origin of ventricular
extrasystoles can couventently, if arbitranly, be divided 1nto four periods: the first, from
the mvestigations of Kraus and Nicolat starting m 1907 up to those of Rothberger and
Winterberg 1 1913 and of Lcw:s mn 1916 the second, from 1913 to 1930 when the obser-

First Period, 1907-1913

Tha oo

estabhshed with comple(e certainty (** welches wir vclhg sichergestellt haben ") The dnffer—
encesn th were most pr tfthe heart
381

picallyas far
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to the left as possible and basally as far to the right as possible (Nicolar and Rehfisch, 1908).
It 1s an instructive lesson, certanly of more than historical interest, that this ““complete cer-
tainty ** had to be partially questioned by the authors themselves as soon as the followtng
year (Kraus and Nicolas, 1908) One year later Nicolar (1909) admrtted that it was only
possible to determine experimentally whether the abnormal contraction started in the nght
or left ventricle, somethung he considered akmn to hemisystole, and 1n there monograph on
the electrocardiogram Kraus and Nicolai, 1n 1910, gave up the tdea of hemusystole alto-
gether For Hermg (1910) had concluded from his mvestigations that the direction of the
mmtial deflection of extrasystoles depended on whether they were elicited from apex or base,
and not whether they onginated 1n the right or left ventricle; he used lead 1.

Nicolai (1909) and Kraus and Nicola: (1910) distinguished three different types of extra-
systoles type A, onginating in the apical portion, type B, ansing m the basal parts, and
type C, a central type, onginating in an intermediate zone, In a lead from the right aurcle
and the left apex the imtial deflections of type A were directed downwards, of B, upwards.
To a certamn extent the types A and B could, according to Kraus and Nicolar, also be as-
cribed to the left and right ventricle respectively This was supposed to be only accidental
{p 164) and due to the fact that the anterior basal portion was predomtnantly formed by the
right, and the apical by the left ventricle In a later section of the same book (p:‘ 39_%/3),

f

the other hand, definitely expressed himself in favour of the former, and rejected the latter
alternative He found that 1n lead 1 extrasystoles from the base and the apex of the night
ventricle were directed upwards and those from the left apex in the opposite direction
Results with lead 3 were mconclusive  In Jater expertments (1910) he included for the first
ume the posterior aspect of the heart 1n such investigations and, using lead 2, arnived at the
same interpretation

Rothberger and Winterberg (1910) examned the shape mn the electrocardiogram of

extrasystoles elicited mechanrcally i dogs, using an ano-oesophageal lead which closely
corresponds to lead 3 In precipitating extrasystoles along a Line running from the anterior
border of the nght auricular appendage to the apex the deflections were upright when
precipitated from the first three points, all belonging to the right ventricle, and downward
i the case of apical extrasystoles The direction changed as the line, along which the pomts
of stimulation were situated, crossed the coronary sulcus Rothberger and Winterberg also
showed that from an intermediate zone extrasystoles could be elicated which had an al{nost
normal form i the electrocard The based on the view of Eppinger
and Rothberger (1909) that the normal electrocardiogram is the resultant of two ** antagon-
istic ™ forces, was that an artificial stimulus, 50 placed that 1t activates the ventricles n the
same successton as the normal impulse, yields an electrocardiogram which resembles that
of normal beats. Smular views about the ongtn of the normal electrocardrogram were
expressed by Nicolar and Rehfisch (1908) and Selemin (1911). They are considered to
deserve a brief reference as they anticipate by a considerable number of years the con-
ception of the dual nature of the normal electrocardiogram which was later stressed by
Lewss in 1916,

The mawm enticism of these earlier investigations js that the importance of the lead used
for recording the action currents was not appreciated This 1s the more noteworthy as
Finthoven fully realized this as early as 1908. He stated that, regarding the site of ongin
of ystoles, lead ! di: between right and left half of the heart, and lead 3
between apical and basal portions. Upward directed deflections 1n lead 1 indicated onE‘{;
in the night, downward ones in the Jeft half of the heart; upward and downward directe
deflections 1n lead 3 were interpreted as signifying basal and apical origin respectively.
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Second Period, 1913-1930

With the re-investigation on a large scale of this subject by Rothberger and Winterberg
in 1913 work on this problem entered a new phase—the second part of our arbitrary divi-
sion. In expenments on dogs extrasystoles were elicited from many pomnts of the exposed
heart and their shape in the electrocardiogram studied, lead 1 and the ano-oesophageal lead
being recorded m mmmedrate succession The main results regarding the direction of the
1tial ventricular deflections were:

1. Extrasystoles from the anterior surface of the left ventricle, near aunicular appendage
at the base® downward n lead 1, mainly upward 1n ano-oesophageal (a-0) lead

2 Extrasystoles elicited from a line starting at the left auricular appendage and runming
across the heart at equal distance from the apex upright throughout i 2-0 lead, 1n lead 1
changing from downward to upnight at about a pomt where the above line crossed the
coronary ulcus

3 Extrasystoles precipitated from a hne runming from the left auricular appendage to
apex: downward throughout 11t lead 1; 1n a-0 lead at first upnight, but the height of the
deflection decreased and an S wave of gradually increasing depth developed as the pomt of
stumulatton approached the apex, the direction of the T waves also became gradually
reversed and from the apex typical “ left ™ extrasystoles were obtained, that s, the imtial
deflections being directed downward, followed by high upnight T waves.

4 Extrasystoles from the posterior surface usually the imtial deflections were directed
downward 1n both leads, but on crossing the interventnicular sulcus from the left auncular
appendage in the direction of the right ventricle they became upright inlead 1 The degree
of rotation of the heart around 1ts longitudinal axis was found to be of paramount impor-
tance

5 Extrasystoles from the night ventricle, precipitated from a ltne running from the
middle of the right cardiac border to the apex and left border* upright 1n lead 1 as far as
the coronary sulcus, thence smaller deflections until they became directed downward from
pomts of the left cardiac border In the a-o Jead transition also occurred at the coronary
sulcus and 1t was noted that * basal » extrasystoles, (that 1s upward), were obtained froman
area near the apex

These extenstve investigations showed that the direction 1n the electrocardiogram of the
1nstial deflections of ventricular extrasystoles could not unreservedly be assumed to indicate
whether they onginated, either in the right or the left ventricle, or in the basal or apical por-
tion of a ventricle It s true that, regarding lead 1, the dividing line on the anterior surface
between ** right ** and * left  ventricular extrasystoles ran along the coronary sulcus, but
this was the case only 1n the more cramial portion  More caudally, the Iine deviated to the
Ieft so that extrasystoles from the nght portion of the apex of the left ventricle yrelded
“ right ” shapes, On the postenior surface the dividing line comerded more closely with the
mterventricular sulcus, particularly in its basal portions, but the degree of rotation of the
heart had a decisive infl on the electrocar h of the !

Regarding the a-0 lead, no sharp dividing hne between * r1ght ” and ** left ” or “‘apical
and *“ basal ™ extrasystoles was found on the anterior surface and an extensive zone yielded
atypical complexes, extrasystoles from the postertor surface showed, 1 this lead, “ left >
(that 15, downward directed) imtral deflections except for a part at the base of the night
ventricle, in which they had the opposite direction

The conclusion of Rothberger and Winterberg was that the appearance 1n the electro-
cardiogram of ventncular extrasystoles did not depend on the relation of the stimulated
point, esther to night or left ventncle, or to the distance from the midhne, but probably
depended on which muscular portions were first activated from the stimulated areza  Based
on Nicolar's views about the distinction between spread of excitation through muscle and
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that through the specialized conduction system Rothberger and Winterberg thought that
the location of the stimulated point inrelation to the point of the specialized system, whence
the further spread of the excitation took place, was the factor decisive for the appearance in
the electrocardiogram of the forced beats

Lewis, whose views on the subject were to determine for many years the conceptions
about the site of origin of extrasystoles, arrived at the same conclusions. In experiments on
dogs (1916) he stimulated numerous (fourteen) points on the anterior surface of the nght
and left ventricle and, using an axial lead (lead 2), found the main initial deflection directed
upward in extrasystoles elicited from the right, and downward in those from the left ventri-
cle No two stimulated points yielded 1dentical deflections, but the nearer the points the
closer was the resemblance 1 the record. On crossing the descending branch of the left
coronary artery the type of lex 1n the electrocard, changed abruptly. This was
attributed to the change m the side of the Purkinje network through which the impulse
spread By stimulation of a point immedately to the left of the coronary sulcus intermed:ate
forms were recorded, closely resembling the complexes of normal beats This observation,
confirnung that of Rothberger and Winterberg (1910), was explained by assuming that
the excitation wave of the ventricular extrasystole spread through the Purkinje network
of both the adsacent ventricles tn a fashion simular to that of supraventricular beats The
study of such extrasystoles, arising near a septum, has recently attracted special interest
(see below)

Applying these experrmental observations, 1n which lead 2 was used (Lewis, 19252), to
the 1nterpretation of human curves Lewss considered extrasystoles with upnght mitial
deflections 1n lead 2 as arising 1n the night ventricle, those with a downward one as left
ventricular inorntgin - The examples reproduced by him (Lewss, 1925b) dicate that down-
ward mutal deflections in lead 1 and upright ones 1n lead 3 were considered to mdicate night
ventricular onigin, while downward complexes 1n all three leads 1n an instance of left ventr-
cular extrasystoles were considered ““atypical ”; left ventricular extrasystoles were ex-
pected to yield upright deflections 1n lead 1 and downward ones tn lead 3. Although Lewis
himself pointed out, at the time, that 1t was impossible to localize I
more than approximately and warned agatnst applying to human records findings obxamc‘d
1n the dog heart, the above interpretation went unchallenged for many years For Lewis’s
reading seemed to accord well with the electrocardiographic features of other conditions
producing a predommantly left or nght ventricular effect. Regarding the former, left
ventricular preponderance 1n cases of hypertension or aortic valvular disease, and what was
then believed to be night bundle branch block (old terminology) may be cited as instances:
1n these conditions, too, the main initial deflections were usually directed upwards 1 Jead |
and downward 1n lead 3 Similarly, predominating right ventricular effects were recorded
as night ventuicular preponderance in cases of mitral stenosts or chrome cor pulmonale, ot
1n cases of what was then thought to be left bundle branch block (old terminology)” such
tracings showed the main umtial deflections directed downward 1n lead 1 and upward 1n
lead 3; the nght ventnicular ongin of extrasystoles displaying such features seemed thus
hardly questionable It will be shown below, however, (p 386), that all these interpretations
had subsequently to be dered

Another line of approach to this problem was provided by investigating the shape the
electrocardiogram of ectopic beats elicited in man when the heart had become accesstble for
such studies  Considerable sources of error are present in such investigations as, 1f the heart
was not exposed at operation, local of the st d posnt 1s not possible,
and f the exposed heart was used, the very fact of exposure is Iikely to h?ve 1nfluenced the

—am tha hanrt
'
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heart itself has to be excluded, With these reservations the most important papers on the
subject may be briefly reviewed

In a patient, H (1913) stimulated h lly the heart which, after rib re-
section, was covered only by soft tissues and found that the initial ventricular deflections of
the forced beats were directed downward in lead 1 and upward in lead 3, whatever the place
of the mechanical stimulation was The published data are inadequate for any detailed
analysis

zz similar study was carried out in 1927 by Oppenheimer and Stewart 11 a man of sixty
with marked scoliosts with 1ts convexity to the left, i whom the lateral portions of the
second to the eighth left ribs had been resected for empyema Auncular and forcible ventri-
cular contractions were visible through the chest wall and helpful regarding the location of
the mechanscal stimul (strokes with a percussion hammer) The presence of bradycardia
due to plete A-V block facthitated effective st Eight points were selected, four
as much as posstble to the left and four along the left sternal border as near as possible to the
midline. If a pomt beheved by the investigators to belong to the nght ventricle was stimu-
Ialed the 1mtial deflections of the forced beats were directed upward n lead 3; opposite

was found 1n les elicited from areas beheved to be situated 1n the left

ventricle It 15, however, noteworthy that the small deflections 1n lead 1, hardly referred to
by Oppenheimer and Stewart, were always directed downward, which, according to present
views, tends to indrcate left ventricular ongin  This possibility, also considered by the
authors of the paper, became 1mportant 1n connexion with the subsequent work of Barker,
Macleod and Alexander, referred to below. Oppenhermer and Stewart’s tracmgs also show
that, 1n Jead 3, simulation of points Iying closer to the base yielded upright deflections, those
situated near the apex, downward excursions, these results are 1n agreement with Em-
thoven’s conceptions, mentioned above Apart from the maccuracy of the location of the
stimulated ponts, the mamn doubts about the validity of the r:sults anse from the abnormal
position of the heart and from the possibility of a of the
and/or conducting systern, made pmbable by the presence of complete A-V block

A similar observation made by Fossle ne with congemtal

B (R
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point 5 being far to the right and 6 as far left as possible The conclusions were that pre-’
mature the 1mtial defl of which were upright 1n leads 2 and 3, onigmate
from the basal portions, while the opposite drrection denotes aprcal origin

Third Period, 1930-1940

These investigations 1n man did not arouse much mterest until Barker, Macleod and
Alexander publlshed m 1930 their obscrvalmns on the resulzs of amﬁcnal extrasystoles
rAsnad Pt T

t

cardium 6 X 4 cm. Subsequent necropsy showed the heart to have been essentially normal.
In all curves of forced beats from the right ventricle the initial deflections were upright @
lead 1, they were downward m extrasystoles from the left ventricle It was thought that the
d of the on whether lhe Purkmjc system of the rxght or of the
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Teads 2 and 3 (particularly 2) signified the level of the focus of origin with reference to the
Jong axis of the body These views are remarkably similar to those put forward by Ein-
thoven more than twenty years earler.

To a certain extent these results are also d. with those d experi-
mentally by Rothberger and Winterberg (1913) They can also be reconciled with those of
Fossuer, after a shght re-interpretation of this author’s findings, and with those of Oppen-
heimer and Stewart, if their curves are considered to have been obtained from the left
ventricle which 1s very possible (see above)

The main importance of the study of Barker, Macleod and Alexander lay 1n the fact that
their discrdant curves were not 1n agreement with the views then held generally. (The term
discordant signifies opposite direction of the mam deflections 1n leads 1 and 3, whereas
identical direction of these deflections 1s termed concordant.) If discordant curves with
upnght deflections 1n lead I were yielded by night ventricular extrasystoles, the conclusion
became mevitable that these features, up to then considered to be a left ventricular effect,
actually were right ventricular ones. A similar reverston of interpretation applied to dis-
cordant curves with downward deflections n lead 1, and such tracings had now to be
assumed to be left ventricular effects The findings of Barker and collaborators had there-
fore a fi far ding that of localization of the focus of onigin of extrasystoles
They led to a re-interpretation of the curves obtamned 1n cases of bundle branch block and
to a new explanation of those indicating night or left ventricular preponderance.

The inference regarding bundle branch block was that, if discordant curves with initial
deflections directed upward 1n lead 1—the common type—were a right ventncular effect,
bundle branch block curves of this kind indicate left bundle branch block, and those with
downward directed deflections m lead 1, night bundle branch block—a reversion of the
terminology generally accepted up to that time. This view was supported by Wilson,
Macleod and Barker By means of semudirect leads from the surface of the dog's heart with
bundle branch block and by senal precordial leads in subjects with bundle branch block,
tracings were ob which d d that the * type ” of bundle branch
block was a block of the left bundle branch  As far as preponderance curves were con-
cerned, 1t could not be questioned that 1n cases of hypertrophy of the left ventricle ds-
cordant curves with upright deflections i lead 1 were encountered 1n the majority of cases

If such tracings had now to be considered as representing night ventricular effects, a new
explanation for their occurrence 1n cases of left ventricular hypertrophy had to be sought.
This consisted 1n the assumption that, 1n such cases, the spread of the excitation wave
through the hypertrophied left ventricular wall resulted in a delay of the spread of impulse,
with the result that the first portion of the initial ventricular deflections was determned by
the night ventricle, displacement of the septum to the right and rotation of the heart were
further factors resp ble for the elec d hic features

This reversal of terminology regarding focus of ongin of extrasystoles as well as that of
bundle branch block has become generally accepted  Objections were first raised by Roth-
berger (1933) who compared the shape of extrasystoles obtamned 1n experiments by him with
Winterberg (1913) with those in which one mam bundle branch and all divisions except one
of the other branch were cut (Rothberger and Winterberg, 1917) and concluded that the
old terminology was correct  He also stressed the difference 1n structure and position of the
heart of the dog compared with the human, and the necessity of very 1horough‘ and expert
P . e lea b e e e 2L Den i L hia
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and collaborators as a result of stimulation of various points of the exposed human heart
were confirmed in similar cases by severat authors (Marvin and Oughterson, 1932, electrical
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stimulation of one point each of the anterior and postersor surfaces of the heart in a man of
thirty-eight with right-sided empyema and pencarditis, Padilla and Cossto, 1932, by mech-
anical puncture of the nght ventricle in a patient with Hodghins disease; Vander Veer,
1933, mechanical stimulation of the right ventricle m a boy of eleven operated for Pick’s
syndrome; Lundy and Bacon, 1933, 1n a boy of four with purulent pericardial effuston,
electrical sumulation of two points on the left ventricle, one near its base on the lateral
postenor border, the other near the apex, both yrelded discordant tracings, from the first
point the deflection bewng upright m lead 1 and downward in lead 3, from the apical point
the reverse) -

The revised terminology was also supported by experimental work amongst which the
extensive mmvestigations by Storm (1936) on Javanese monkeys (mmacaca irus) should be men-
troned 1n some detail, since Storm’s monograph 1s an important contnbution and not easily
accessible. Storm ponts out that much of the work on this subject had been unsatisfactory
or at least not entirely convincing for the following reasons

1, An msuffictent number of leads were taken or the type of lead employed was not
ndicated;

2. Leads were used 1n expenmental work which were not comparable to those used 1n
clinical practice (for example, ano-oesophageal or direct leads);

3 The three Iimb leads were not recorded simultaneously,

4 The heart was 1n an abnormal position (for mstance, because of the thorax having
been opened or pathological conditions being present in the surrounding structures);

5. The contact between the heart and surrounding structures was inadequate or vanable
{for instance, resulting from opening the thorax),

6 The sumulus was not sufficiently localized,

7 An insufficient number of points were stimulated,

8 The stimulus was applied on the surface whereas deeper layers should have been
used,

9 The applicability to condtions in man of results obtained in some of the experimental
work 1s doubtful,

10. The heart was 1n 2 pathological conditron.

Storm took great pamns to avord these pitfalls In twelve monkeys he stimulated by
means of induction shocks eighty-six different points on the anterior and posterior surface:
of the heart, the thorax bemng closed and r bemg sp The three dard
leads were recorded simultaneously His results were as follows

1 The mmtal defiections 1n lead 1 of all premature beats onginating in the right ventricle
were directed upwards, of those originating 1n the left ventricle, downwards,

2 Themtial deflections m leads 2 and 3 of all premature beats ongmating from the base
were directed upwards, of those onginating 1n the apex, downwards, irrespective of
whether they were elicited from the right or the left ventricle,

3 As the pont of sumulatron was moved from the apex towards the base an inter-
mediate zone was found 1n which the 1nitral deflections changed from a downward to an
upright direction,

4 Generally the ectopic beats showed a pure diphasic form, consisting of an wual and
final deflection, the latter bemg 1n an opposite direction to the former, but beats elicited
from the region of the mterventricular groove showed polyphasic features often having
some resemblance to complexes of normal beats,

5. Ectopic beats onginating 1n corresponding pomts of the antertor and posterior sur-
face of the heart showed, as a rule, simlar features 1n the electrocardiogram.

These conclusions support the revision of Lewis’s terminology and are m accordance
with the older work of Einthoven.
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In the light of recent devel Storm’s is of particular interest that his
results conflict with the opinion of Lewis that, in the case of ventricular premature beats,
activation of the ventricular wall “ just as in the case of the normal contraction, always
proceeds from within outwards and in the same way . (Storm, p. 179.) In Storm’s opinion
Lews’s observations are better explained on the basis of the old interference theory, that is,
by assuming that negatiity of the ventricular wall starts at the point of stimulation rres-
pective of whether that negativity had travelled from within outwards or n the reverse
direction By way of comment we should like to point out that Storm’s account of Lews’s
work seems incomplete, since Lewss fully considered direct spread through muscle (see
section on ** Spread ™, p 371)

y a diffe 2 method, d d by Battro, Braun-Menendez and Orias for
mvestigating patients with bundle branch block, Castex, Battro and Gonzdlez (1941)
obtained results which were 1n accordance with Barker and collaborators, as far aslead 1 is
concerned The method 1s based on detecting and analysing the asynchronism between the
contraction of the two ventricles by simul ly recording elect di phono-
cardiogram and central arterial or venous pulse. Out of twenty-three cases of spontaneous
extrasystoles examined in this way, ten showed downward and thirteen upright deflectionsin
lead 1, and by the above method 1t was found that those with a downward deflection arose
1 the left ventricle, whereas upright deflection was associated with onigin 1n the nght
ventricle

Other investigations, while essentially confirming the view of Barker and collaborators,
lead to the r of various hcating factors

The patient d by Pr 1, Oppent and Dack (1937), aman of thirty-

eight, with constrictive pericarditis and a right-sided hydrothorax, had right axis deviation
1n the electrocardiogram  During the second of two operations for partial pericardtectomy
extrasystoles elicited from the left ventricle, about 3 cm  to the left of the septum, yielded
small upnight deflections tn lead 1 and upnight deflecttons in lead 3, the two leads being
simultaneously recorded Subsequently, some time after operation, extrasystoles were
precipitated through the chest wall by tapping and, since at operation the right ventricle had
been noticed to form nearly the whole area 1n contact with the anterior chest wall, it seems
reasonable to assume that such extrasystoles onginated in the right ventricle In three ofﬂ.w
four d points the extrasystoles gave deflections which were directed downwards in
lead 1 and upwards 1n lead 3; the oppostte was found only 1n the fourth point situated fur-
thest caudad  These findings do not conform with the new terminology. Prinzmetal and
his collaborators attribute this discrepancy to the presence of right axis deviation and claim
that the new nomenclature seems applicable only if the direction of the electrical avws 15
normal or if there ts left axis d Similar discrep due to the same factor, scem
1o have been present 1n the case of Lundy and Bacon (see above) and possibly 1n that of
Oppenheimer and Stewart (sce above) The fact that at the first experiment the heart was
exposed, whereas at the subsequent one 1t was covered may also have contributed to the
different results ob d by Pr 1, O t and Dack

By eliciting extrasystoles from the points used by Barker and collaborators, Kountz,

Prinzmetal, Pearson and Koemg (1935) confirmed tn human hearts revived immcdm.lcl)’
after death the findings of Wilson and collaborators regarding bundle branch block tracings
and, with unimportant exceptions, those of Barker and collab s regardi 2 fes
By shifting the heart they also confirmed Barker’s prediction that what was right axis
jation in the old inology actually is left axis deviation and vice versa. In casesin
which there was right axis deviation (old terminology) because of an abnormal position of
the heart or of failure of a portion of the left heart to revive, the tracings of bund{: branch
block may be reversed. The last observation, in accordance with lh.osc of !’nnzm:(:\lv
Oppenheimer and Dack on the living subject (discussed above), emphasizes the importance
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of the direction of the electrical axis in such determinations. Rotation of the heart was also
found to be of importance

Further investigations of Kountz, Prinzmetal and Smuth (1935a) were directed to clanfy
the differences in observations on the heart of dogs and of human beings By accurately
placing dogs’ hearts into the human thorax these authors confirmed the findings of Barker
and collaborators regarding bundle branch block and extrasystoles Some differences were
found to be due to the different configuration of the chest in the dog as compared with that
in mam, since, 1n the dog, the thorax 1s deeper and on opening the chest the heart falls back
mto the posterior medrastinum This accounts for certan changes in the expermmental
findings on these two species, not only because of differences in the positron of the heart,
but also as a result of altered contact between the heart and surrounding structures In
monkeys, whose chest resembles more the human one than that of dogs, the above results
were conﬁrmcd (l\oun(z Pnnzmetal and Smuth, 1935b).

At~
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authors elicited extrasystoles from many points 1n close proxamity to one another. Such
Imes of transition were found not to conform with any anatomical boundaries or the sur-
face of the two ventricles Localization of exlrasystoles regarding night or Ieft ventricle was
found not possible from lead 1, and the m lead 3 d di on
whether the antenor or posterior surface of the heart was simulated No dxagnosnc signufi-
cance was found to be attached to concordancy or discordancy of the tracings and such
terms were censldered supcrﬂuous With rotation of the heart around its long axis the Lines
of 1n relation to the long axis of the body {that 1s,
the hnes shifted comspondmgly on the surface of the heart), whereas with other types of
change of position (moving apex to 1ight or left without rotation, or displacement of the
apex sternad or vertebrad) the lines of transition remained unchanged 1n relation to the
surface of the heart and shifted correspondingly relative to the long axis of the body.
Another pomt of mnterest 1s that such lines of transition could be modified by a shunt
between the heart and the axilla or by interpostng an insulator between the posterior surface
of the heart and the muscles, illustrating the importance of the structure of the surrounding
medta  Some of these results had previously been obtamned in cats by Abramson and
Weinstein (1936)

to g0 too far, for even if the shape of the complexes n the tracings 1s materially changed by
an altered position of the heart, the direction of the main deflections often remains the same
Moreover, Foster (1935) pointed out that the degree of change of positton found necessary
expenimentally to produce such electrocardiographic vartations 1n bundle branch block was
often excessive. Further ot to appt to the locall of the focus of origin of
exlrasysmles, mterpretatmn of bundle branch block tracmgs wxll be dlSCuSSCd below To

and superficial sino-spiral muscles) (Robb, Robb and Hiss, 1935) was as unsuccessful as a
similar endeavour of the same school of workers to explain on the same basis the mode of
spread of the through the (see section on ““Spread”, p 376)
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The stage reached at that time, aptly surveyed by Moia and Batlle (1937), can be sum-
marized thus: On the whole, most of the work was in accordance with Rothberger and
Winterberg's results obtained in dogs in 1913. Contrary to Lewis’s view, with the heart in
a normal position extrasystoles originating in the nght ventricle generally yield upright
deflections 1n lead 1, and left ventricular eﬂmsysto]es, dowmward dcﬂccuons inlead 15 1n
both instances the tracings can be concordant or d ding to the si of
the stimulated point The reversal of the old terminology, rcsuhmg l’rom the work of Barker
and collaborators, had become generally accepted: discordant curves with upright intial
deflections 1n Iead 1 and downward ones in lead 3, previously considered to denote a left
ventncular effect, actually were right ventricular ones and vice versa, and this reversal was
appled to the location of the focus of origin of extrasystoles and to the side of the lesion in
bundle branch block. Lead 3 permits only differentiation between basal or apical origin
Therefore extrasystoles onginating in erther ventricle may show concordant or discordant
tracings  The importance of the position of the heart and of the structure of surroundmng
tissues was reahized. But the picture asa whole was still confused and confusitng  In par-
ticular, the meaning of discordant and concordant tracings was obscure, some exceptions
of expertmental tesults regarding the occurrence of *left” or * rght” ventricular
extrasystoles ehcited from portions of the contmla!cral ventncle could not be satisfactonly

)t d, and the appl, lity of findings ob d 1n cases of bundle branch block to those
of cxlms)sloles and vice versa was not entirely clarified.

Fourth Period, Since 1940

At thus stage the extensie imvestigations of Nahum, Hoffand collaborators started which
we took as marking the beginning of our fourth period. This work, 1f confirmed, would not
only throw light on some of the abose questions, but also, as will be shown, would re-open
some alfied problems of cardiac physiofogy which have a beaning on the principles of the
genesis and interpretation of ckctrocardiograms While this work is of suﬁ'cwem lmpﬁr-

tance to warrant a detailed ion in this h, st should be ) d at the
start that, at present, it has not been confirmed and that thc views of Nahum Hoff and
collaborators are not supported by the results of v Iysis and vec

These contradictions are pointed out later in this chapter (p. 397), after the lmesngauons
of ths school of workers have been discussed

These studies started by a re-investigation of the influence of the right and left ventricle
on the electrocardiogram (Hoff, Nahum and Kisch, 1941). By means of surface applicanon
of a M/10 or M/5 solution of KCl these workers claimed to have eliminated in experiments
on dogs the surface electrical activity of certain parts of the heart and, in this way, to beable
to obtain ** dextro- and laevocardicgrams ™. By warming or cooling the right or left
ventricle, and by eliciting extrasystoles from symmclnmlly located pornts equidistant to the
right or left from the septum, they obtai: in the jon between the
right and left ventnicle and concluded that the upstroke of the R wasc is formed by the up-
stroke of the dextrocardiogram whereas the downstroke 15 due to the laevocardiogram-
Extrasystoles precipitated from the left ventricle yrelded downward deflections in all three
consentjonal leads, provided that the point of stimuk: was Iy ed from the
septum for the excitation to activate the greater part of the left ventricle before reaching the
right one. Extrasystoles from the nght sentncle yiclded upright imitial deflections in the

three Jeads (Nahum, Hoﬁ" nd. !\aufman 194la), with simlar quahrcatmns rcgnrdmg actva-
. DL N RN v(‘v ..l»dnrl

sumed to be the source of action and it wasconcluded that the gram i
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lead 1 must be derived from the posterior surface of the right ventricle (called posterior dextro-

cardiogram) and, equally, the laevocardiogram 1n lead 3 must have been produced by the

postenor surface of the left ventricle (posterior laevocardiogram) If, on the other hand,

the posterior surface of both ventricles was treated with a KCl pledget, a laevocardiogram

ST T Ve D 1andn MLl lfe aan wnn dhns ks Jaevo-

interior

dextro-

of the

interior

dextrocardiogram and the posterior laevocardiogram Lead 2 was said to record trom the
whole heart (Hoff, Nahum and Kaufman, 1941)

‘We cannot accept these mterpretations as 1t 1s certain that the surface areas of the heart
are not the only portions which contribute to the electrocardiogram It 1s the same elec-
trical event which we record 1n all three leads at any given moment

Nahum, Hoff et al luded further that extr. ansing 1n the antenor or pos-
terior septal regions, and activating the anterior or postenior surfaces respectively of both
ventricles 1n advance of the opposite surface, should have a predictable configuration in the
electrocardiogram  For example, an extrasystole oniginating from or near the anterior
septum should reveal activation of the antertor surface of the left ventricle 1n advance of 1ts
postertor surface (that 1s, anterior Jaevocardiogeam, downward deflection m lead 1) and also
activation of the antertor surface of the right ventnicle in advance of 1ts postenor surface
(that 15, antersor di upright defl m lead 3) Similarly, extrasystoles
anising from or near the posterior septum, and activating the posterior surfaces of both
ventricles 1n advance of their antersor ones, should yield upright deflection 1n lead 1 (pos-
terior dextrocardic : T ot ) ' N
These predictions '

Kaufman, 1941b) .
antertor surface of both ventricles resemble those of ** night axis deviation ™ and right bundle
branch block (new terminology), those resulting from the preceding activation of the pos-
tertor surfaces of both ventricles, « left axss deviation ” and left bundle branch block All
these tracings were, of course, discordant Symularly, concordant records with upright
deflections 1n leads 1 and 3 were interpreted as indicating that the major portion of the
right ventrcle 1s activated before the left one, and concordant tracings with downward
deflections 1n feads 1 and 3, preceding activation of the major portion of the left ventricle
before the nght

A more detailed of the electrocard hic features of

elicited 1n vartous parts of the two ventricles showed that night ventricular ones showed
downward deflections 1n certain leads (except those from an area equidistant from all points
along the septum, termed centre of the ventricle, which yielded upright deflections 1n all
three leads) Those downward deflections were shown to arise from exctation of the contra-
lateral—left—ventricle Conversely, left ventnicular extrasystoles yielded downward deflec-
tions m all leads only if they onginated from a restricted area 1n the “ centre ” of the left
ventricle, upward deflections produced in certain leads by left ventricular extrasystoles
ansing 1n other portions of the left ventricle were shown to result from stimulation of the
night—contralateral—ventnicle (see also above in this chapter, p 390) (Nahum, Hoff and
Kaufman, 1942)

e el setlae

.

cardiogram had previously been reported by Marcu (1936), Loukomsk1 and Gumodman
(1937) and Van Bogaert (1937), but had not attracted much attention Hoff and Nahum



392 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

(1943) confirmed this and realized the great importance which this observation has in regard
to the interpretation of the genesis of the various deflections in the electr d (see
below) They also found two areas in the heart (one in the anterior left and the other in the
posterior right ventricle) where epi- and endocardial extrasystoles showed different shapes
in the electrocardiogram and here again they explained such differences as being due to
excitation of the contralateral ventricle.

It was then constdered possible that chest leads might be more sensitive to detect differ-
ences 1n endo- and epicardial ext les. Epicardi les and therr exact endo-
cardial counterparts were therefore studied in seven dogs by a transthoracic lead, lead IVR,
1VF and unmipolar (Wilson) lead V. The position of the stimulating electrodes was carefully
arranged 1n some experiments they were perfectly centred in line between the transthoracic
leads, or placed directly beneath the exploring chest electrode; in others they were deliber-
ately placed out of alignment: either the exploring chest electrode remained in position
over the night or left apex and the position of the stmulating electrodes was altered, or the
precordial electrode was shifted whilst the sumulating electrodes remained in position
With the simulating electrodes 1n line with the transthoracic lead, or immediately beneath
the exploning chest electrode, no differences between endo- and epicardal extrasystoles were
found, both showed downward (QS) deflections, that is negativity beneath the exploring
chest electrode When the sttmulating electrodes were not in alignment with the trans-
thoracic lead, or not beneath the exploning chest electrode, various kinds of differences be-
tween endo- and epicardial extrasystoles were ded Nop ials which must accom-
pany the outward passage of an impulse from endocardium to epicardium were recorded.
The optimum conditions in which such potenttals could be revealed would be those tn which
the stimulating electrodes were directly in line with the transthoracic lead, or directly
beneath the exploring chest electrode, and these were precisely the conditions in which no
differences between endo- and epicardial extrasystoles were encountered (Nahum and Hoff,

1946)
This observation conflicts with that of Lewis (1922), which had been of such great im-
portance for our views regarding the mechanism of origin of the deflections in the electro-
cardiogram, Using a transthoracic lead in experiments on dogs, Lewss stimulated the endo-
cardial and ly overlying epicardial surface of the right ventricle. With forced
beats from the endocardiun the deflections started with a small downward wave, whereas
with epicardial extrasystoles the small first wave was directed upwards. From this obser-
vation Lewss developed his theory of ** hmited potential differences ™. By this is meant that
the ventricle should be considered to be composed of a great number of small umits and (!mt
1t 1s the drrection of successive activation of such muscle units which governs the deflection
1n the electrocardiogram. Lewis expressly refuted the view that the position of the activated
muscle relative to the rest of the ventricle influenced the electric record.

By this time, certamn factors responsible for disagreement in the past had become
apparent of which Nahum and Hoff considered three as the most important (Nahum and
HofT, 1945)-

1. Failure to provide for normal conduction from the heart to distant leads. This factor
tends to become operative 1n experiments on animals with widely opened thorax and on
human beings with exposed hearts, as already stressed by Storm.

2. Preoccupation with the site of origin to the neglect of the sequence of
adjacent and distant regions of the heart. The d interp of |
arising in the right or the left ventricle failed to consider those ectopic beats which ongin-
ated at or near a septum and thence spread simultaneously to adjacent portions of both
ventricles before reaching the more distant parts of the ventncle in which they had ansen
Thus factor accounts for some of the * exceptions ** which were mentioned earher in this
chapter. Basing their ion on i igations di d abose (p. 390, Nahum, Hofl

excitation of
oles as
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and Kaufman, 1941a, Hoff, Nahum and Kaufman, 1941}, Nahum and Hoff recognized
four basic patterns which included concordant as well as discordant tracings, namely:

(1) night lateral, concordant, main mmtial deflection upward in all hmb leads, from the
base of the right ventricle to within a few mm of the septum at the apex,

(2) left lateral, d main 1n1tial defl d d 1n all imb leads, from the
left lateral margin of the heart including the apex to within about 5 mm of the
septum;

(3) antenior septal, discordant, mam mtral deflection downward mn lead 1, upward 1
3, from a zone not more than 0-5-2 cm of the apex,

{4) posterior septal, discordant, mam 1mitial deflection upward 1n lead 1, downward 1n
3, from a zone 0 5-1 cm wide extending from the apex (or 2 few mm. anterior to1t)
to the base

In all types the T waves were directed oppostte to the direction of the maim imtial deflec-

tions, ¥n terms of exeitation of the vanous parts of the heart these four basic patterns were
interpreted thus

(1) night lateral pattern antersor and postenior surface of the night ventrcle activated
1n advance of the counterparts of the left ventricle, ongin of extrasystole 1 the
“ centre ** of the right ventricle (that 15, equidistant from the septum);

(2) left lateral pattern- antertor and posterior surface of the left ventricle activated 1n
advance of the counterparts of the night ventricle, ongm of extrasystole in the
* centre ” of the left ventricle,

{(3) anterior septal pattern anterior left ventricle excited 1n advance of posterior night,
and antersor nght ventricle excited 1n advance of postertor left ventricle, ongn of
extrasystole at or near the anterior septum,

(4) posterior septal pattern  posterior surfaces of the two ventricles excited 1n advance
of their antenor surfaces, onigm of extrasystole at or near the posterior septum

{For the detailed reasoning, see the ongmal paper )

3 Inferences from experiments on bundle branch block regarding the site of origm of
extrasystoles  Some of the difficulties created by such inferences became apparent m earher
parts of this chapter Barker and collaborators had pomted out that stimulation of all
pomnts on the right or the left ventricle does not necessanly yield complexes 1n the electro-

which closely ble 1n all leads those produced by cutting the bundle branch
Teao Tl s e e L A e - - .

** Ihis does mot imply that the whole of the normally strmulated ventricle 1s necessanly
actwated in advance of tha pther  Thav e veasanovapiadtaon] o, ¢ 0 710 -

Wy el

+Lewis, wilson and their collaborators In the present context the relevant point of this
theory 15 that mn umpolar Jeads the direction of the deflections 15 entirely due to the
direction of the spread of the excitation relative to the explorng electrode and that more
distant parts of the heart contribute only to a small extent
This view cannot be reconciled with the observation of Nahum and Hoff, discussed
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above, that extrasystoles from the epicardium and a point immediately subjacent on the
endocardium are virtually ind ishable in the elect di . On the contrary,
these workers claim that excitation and recovery on the surface are the factors which deter-
mine the electrocardiogram.  Morcover, 1t was found that ** all experimental procedures
which modify the several components of the normal ventricular complex of an electro-
cardiogram n a special way produce similar modifications in the same p ofa
sentnicular extrasystole ™ The tncrease in height of the R wave by cooling the left or
warming the night ventricle, applying equatly to ext: les and normal 1! and
the rdentical mode of ongin and significance of Q wases in ventricular extrasystoles and
normal beats (Hoff, Nahum and Kaufman, 1942), may be quoted as two of severa! instances.
{For others, see Nahum and Hofl, 1945, p. 548.)

This led Nahum and HofT to the conception of the ** zonal interference ™ theory accord-
ing 1o which the electrocardiogram of umipolar leads s the result of only two opposing
forces the excitation of a proximal region, that is at or near or facing the exploring elec-
trode, producing a downward deflection, (negativsty of the exploring electrode), and that of
a distal region resulting 1n an upward deflection, the two zones being separated by an inter-
mediate zone. These deflections are stated o be independent of the pathway by which the
excitation armes.

This conception was developed 1n regard to unipolar imb leads and the praecordial
electrocardiogram of the deg

Findings regarding unipolar hmb leads may be illustrated by lead VR, obtained by an
exploring electrode on the right forehmb, which was paired with a central terminal from
night and teft forelimbs and left hind imb  In order to delimit the proximal, distal and inter-
mediate zones, several methods were employed. By momentarily applying posittive or
negatine electrical potentials of low voltage to varrous parts of the heart, the areas from
which downward or upright deflections were obtained were mapped out. The direction of
the main imtial deflection of extrasystoles, produced by break shocks, in various parts of
the heart was charted and simularly the effect upon the S-T segment of localized surface
myury from applicatton of M.5 KClI solution or superficial cautery, These methods gave

results 1n del a proxuimal zone, facing the electrode, and a distal zore,
facing away from the electrode, which were separated by an intermediate zone. Extra-
systoles ongimating in the proximal zone showed the main deflection directed downward
(QS complex), those ansing 1n the distal zone produced an upward deflection (R wave),
those from the intermedsate zone an 1S or qRs complex. Similarly, elesation of the S-T
segment as a result of local njury localized the site of injury 1n the proximal, depresston of
S-Tinthe distal zone Impressed negative potentials on the right ventricle caused a negative,
ou the left ventncle an upward deflection. By these methods the prowimal, distal and inter-
mediate zones were mapped out 1n detail for leads VR, VL and VF (Nahum, Chernoff and
Kaufman, 1948a).

Stmilar tnvestigations were carried out regarding the mode of ongin of the T wave (Hoff
and Nahum, 1948)

As already mentioned, this group of workers endeavoured to show that in each of the
three unipolar hmb leads a proximal, distal and intermediate zone, specific for each ol’lhes;

leads, could be delimited. Extrasystoles i in the proximal zone were ch

1n the particular lead by an intinal downward, those from the distaf zone by an up.\wrd
deflection. These zones were, however, Iy large. D: ion of the site qf
origin within a smaller area was pted by simul ly recording two or three unl-

polar extremity leads. Since the proximal, distal and intermedrate zones of these threc Icn{is
overlap, such simultaneous recording would delimit the site of onigin of extrasystoles within
a far narrower area. This may be illustrated by Fig. 184, taken from Nzhum, Cherno'ffaqd
Kaufman, 1948b. For example, an extrasystole showing 2 downward nitial deflection in
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leads VR and VL and an upward deflection 1n lead VF can be assumed to oniginate in a
zone which is proximal in leads VR and VL and distal 1n lead VF and therefore would be
situated 1n the basal part of the antertor surface of the right ventricle (marked PPD 1n the
diagram) In a similar way an extrasystole showing an upward deflection 1n leads VR and
VL and a downward one in lead VF was assumed to have arisen 1n a zone which 1s distal

BASE

APEX

Fio 184.—Sch=n}a‘m‘: drawing of vcntrxcglar surface of dog heart showmng

i leads VR and VL and proximal 1n lead VF, which locahzes 1its onigin 1n the apical por-
tion of the antenior surface and the aprcal and middle portions of the postenior surface
of the left ventricle, designated DDP

Ths group of workers also apphed their methods to a more detailed analysts of standard
(bipolar) limb leads

An 1soelectrsc interval in the record of a bipolar lead may be due to any one of three
possibilities

(1) negative potentrals of equal magnitude at both extremities;
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{2) positive potentials of equal magmtude at both extremitics;
(3) zero potentials at both extremities (Nahum, Chernofl and Kaufman, 1948b)

By simultancously recording one bipolar and two unipolar limb leads the authors considerec
possible

1. to determune which of the b of p ials of the two individual extrem
ites resulted, in a bipolar imb lead, in an upward or downward deflection or an isoelectric
mnterval, and

2 to delimit within a narrower area the site of onigin of extrasystoles yielding upright
or downward deflections in lead 1 or 3 than had been possible by the limb leads alone.

In the contet of this book the second aspect is the more relevant.

In earlier investigations (Nahum, Hofl and Kaufman, 1941a; Hofl, Nahum and Kaul-
man, 1941, Nahum and Hoff, 1945), discussed above, these workers recognized four basic
patterns of ventricular extrasystoles according to the direction of the deflection in the bi-
polar hmb leads, each pattern indicating the site of ongin within a comparatively large
area of the heart By analysing the mechanism of these deflections in the imb feads into
the il ly recorded def 1 each of the two component umpolar feads the
authors attempted to delimit the area of depolanization—and in the case of extrasystoles
this gives an indication of the site of ther onigin—within a considerably smaller portion of
the heart Lead [ was studied as a denivation from an analysis of simultaneously recorded
icads VR and VL, lead 3 of leads YL and VF

This may be illustrated 1n respect of lead 1. From earlier investigations the same group
of workers had concluded that, tn this lead, an upright deflection resulted mainly from
depolarization of the posterior nght ventricle, and 2 downward deflection from that of the
anterior left ventricle  Further ons with ly recorded unipolar imb
leads revealed that the greatest upward deflection occurred as a result of depolarization of
the mid-third of the posterior right ventricle. The reason was found to be that extrasystoles
precipitated from this area yielded opposite deflections n the umipolar leads VR and VL
(downward 1n the former, upright 1n the latter), and stnce the night forelimb was initially
negative relative to the left one, fead 1 showed a large upward deflection. Consersely, the
largest downward deflections i lead 1 were found when the mid-third of the anterior left
ventricle was depolanzed, extrasystoles ehcited in this area produced opposite deflections
i leads VR and VL {upright in the former, downward in the latter), and since the nght
forehmb was mitially positive relative to the left one, such extrasystoles yielded large down-
ward deflections n lead { .

The incluston, 1n these studues, of those parts of the heart the depolarization of which
did not mamfest 1tself by an appreciable deflection in lead ! made it possible to analyse
which of the three possibilities, mentioned above, resulted in 1soelectricity. F_xtrnsystplts
elicited from one of these portions, namely, the lower third of the postertor left ventricle,
showed an interesting feature: during the first 0 04 second an soelectric interval was r¢-
corded 1n lead 1, although the rapid downward deflection 1n lead 3 during that 1nterval
indicated that parts of the heart were being activated during that time. The explanatton
for this isoelectric interval 1n lead 1 was revealed by leads VR and VL 1n both of which the
deflectron, during that 0 04 second, was ascending with the same gradient: since at both
forelimbs potentials of the same magnitude and of the same electrical sign developed at the
same speed, no potential differences between the two forelimbs were recorded in lead 1.

In a similar way lead 3 was analysed from stmultaneously recorded leads VF and vL
with regard to regtons of the heart, the depolarization of which yielded maxmal, less than
maximal and no deflections in this limb lead. In both leads 1 and 3 the effect upon the T
wave of accelerating or decelerating repolarization by warmng or cooling various portions
of the heart was also investigated.
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‘These extensive investigations seemed to their authors to be in agreement with their earher
findings that lead 1 records the algebraic summation of potentials derived mainly from
depolarization of the posterior right and antenior left ventricles, whereas that of the anterior
nght and posterior left ventricles was not represented in this lead; that lead 3 records the

1geb of p Is derived mainly from depolanization of the anterior right
and posterior left ventricles, whereas that of the anterior left and postenor right ventricles
was not represented 1n this lead. By this method delimstation of the area of depolanization
within a more specific and circumscribed area of the heart was claimed and a “ basis for the
presence or absence of electrical representation of the vartous regtons of the heart ™ 1n leads
1 and 3 was thought to have been established

In a similar way proximal, distal and intermediate zones were mapped out for prae-
cordial leads (Nzhum and Hoff, 1948) The explonng chest electrode was placed either
opposite the left apex on the left side of the chest, or the right apex on the right side of the
chest CF, CR and CV leads were employed and the dehmitation of the zones d
by three methods~

(1) 1nfluence on the S-T segment of localized application of 0-1 M KCl solution,
(2) influence upon the T wave of local warmtng and cooling;

and
{3) the shape of extrasystoles elicited from vanous parts of the heart,

These three methods gave consistent results ~ As far as extrasystoles are concerned, those
precipitated 1n the proximal zone yielded simple QS deflectsons, those anising 1n the distant
zone, R waves, and those ehicited 1n the intermediate zone showed QRS patterns, with the R
wave becoming more prominent as the point of simulation approached the distal, and the S
waves as 1t approached the proximal zone In all Jeads studied the ** method of extra-
systoles ” permitted a more exact definition of the various zones than did the effect of
warrung ot cooling or lecalized surface injury. The three leads employed yielded essentially
the same information, but leads CR and CF were slightly supertor to CV regarding sharp~
ness of delimitation of the vartous zones * With each position of the chest electrode, the
proximal zone always included at least the apex of the ventricle corresponding to the side
of the chest lead selected, while the distal zone always included some portions of the base
of the heart. In other words, the chest Jeads always included an element of base-apex inter-
ference  Figs. 185 and 186, taken from their paper, show the position, size and shape of
the three zones

Allsuch analyses are based on the ** zonal interference theory > of ths school of workers
This conflicts with Lewss’s theory of “ limited potential differences *” which, as further
developed by Wilson and his collaborators, has been the universally accepted basis of the
O A U SR VIO e i e

\

been confirmed so far  On the contrary, Attyah found in dogs that electrical sumulation of
the endocardial surface of the free wall of the nght ventricle consistently yielded mitial
positivity on the superjacent epicardial electrode (which was pared with Wilson’s central
termnal) Thus 1s 1n accordance with the dipole theory and at variance with Nahum and
Hoff’s findings On the other hand, Durant and Oppenheimer, studyng m dogs extra-
systoles elicited mechancally, found a small area producing imtial negativity 1n direct leads
from the site of stimulation They also obtained a small pont of imtal negativity 1n
spontaneous systoles, and found that the zonal interference theory best explamed their
experimental results which would be difficult to understand on the basis of the dipole theory
A more serious, fund. 10b to the zonal e theory 1s the fact that 1t
conflicts with the results of ysts and phy. These methods have
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shown that all parts of the heart contnbute 10 the electrocardiogram at any moment in any
lead They have also demonstrated that the degree of proximily of an clectrode to a given
region of the heart influences the contour of the record to a far smatler extent than prev-
1ously assumed and have cast doubt on the possibility of identifying an ** intrinsic ™ deflec.
tion as indicating the arrival of the excitation beneath the exploring electrode. Moreover,
tracings obtained from diametrically opposite points of the chest yield deflections which are
mirror images of one another. For further particulars of these mvestigations the reader is
referred to the monographs of Duchosat and Sulzer, and of Grant and Estes

CR CF cv

JVY
DO

Fig 185 —Summary of the proximal and distal zones of the dog heart when
the lead 1s taken with the exploring electrode placed over the night apex,
CR, CF and CV leads  Above, ventral susface of the heart, apex do\m:
below, dorsal surface of the heart, apex up  Fine shading provumal zones;
coarse shading, dista) zones  For further explanation, see text  From

Nanusm and Horr, 1948 Amer J Pinsiol

The relevant fact in the present context is that, because of these findings, grave doubts
exist about the vahdity of the conclusions which Nahum, Hoff and their co-wprkcrs have
drawn from their investigations, and 1n particular about that of the zomal |{|lerfer€"C€
theory. The of further i has to be awaited before a definite opinion
can be formed.

Oesophageal Leads
The use of oesophageal leads has not proved very helpful in the determinati .
of origin of ventricular extrasystoles (Brown, Spuhler, Wunsche, 1948) Ttis of interes

on of the site
that
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the oesophageal pulsations (that is pulsations of auricle and ventricle transmitted to the
oesophagus) were used for the analysis of extrasystoles as early as 1907 (Rautenberg)

Endocardial Leads
Of late, studtes on intracavity potentials have supplemented these observations, but a:
. PPN P18 ollil e maFott afe aean - e aphan

CR CF cVv

POY
LED

Fic 186 —Summary of proumal and distat zones of the heart when the lead
15 taken with the exploring clectrode over the left apex  Fine shading.
proximal zones, coarse shading, distat zones  For further explanation,

see text From Nanom and Horr, 1998 Amer J Phssiol

1947, Battro, 1948, Levine ef a/, 1949), and in dogs (Sod: Pallares er a/), whereas left
ventricular extrasystoles give RS deflections (Hecht, 1946, Battro and Bidoggia) The elec-
troendocardiogram from the rght ventricle of right ventncular extrasystoles resembles 1n
1ts deep QS deflections those of left bundle branch block, and that of left ventricular extra-
PR DA -

as to the underlymng mechamsm. Apart from having been established as yet on a small
number of cases the tracings in the few publ are not strictly
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because of technical reasons (for instance, wide exposure of the heart and the use of only
one limb for the indifferent electrode, Sodi Patlares). With these reservations it may be said
that most findings are 10 accordance with the dipole theory and Wilson's views based
thereon, but the intracavity potentials recorded of extrasystoles wou'ld also be i accordance
with the conception of Nahum and Hoff. In most observations made on man these refer
to right ventricular extrasystoles, and there are good reasons for assuming that they were
produced by the exploring intracavity electrode mainly from the point where it was in inter-
mittent contact with the endocardial surface of the right ventricle (Levine ef a/) In this
event, the intracardiac clectrode being at the same time the (mechanically) sumulating and
the recording electrode, the deep QS deflections, being obtained from the very site of stimu-
lation, would accord well with Nahum and Hoff’s anal findings on extrasystoles eltcited
1n the * proximal ” zone, but would accord equally well with the dipole theory, The presence
of a high R wave in the night ventricular electroendocardiogram in cases of left ventricular
extrasystoles (Hecht ; Battro and Bidoggia)could be interpreted as being due to the ongin of
the extrasystoles in the ** distal ” area. The close resemblance of supraventricular beats in
the nght ventricular electroend dtog and in a simull Iy ded praecordial
lead obtained from a point immediately above the endocardial-electrode (Kossmann ef
al, 1948, Fig. 11) tends to support Nahum and Hofl's views However, since the exact
position within the right ventricle of the endocardial electrode cannot be ascertamned and
the praecordial lead can be considered to be only an approxi to a direct eprcardsal
lead, further investigations hasve to be awaited until more definite conclusions can be drawn

Vectorcardiography

The possible value of vector diagrams for the determination of the site of ongin of extra-
systoles was already pointed out by Mann whose ** Monocardiogram ™ is one type of frontal
vectorcardiogram (Mann 1931, 1938), also by Schellong (1939). Another early attempt
along similar fines (Hollmann and Guches, 1939), based on a * Triogramm ™ (a vector
recorded by three leads by means of a specially adapted Braun's tube), proved unsatisfac-
tory regarding delinutation of such focus of onigin in any definite portion of the heart
With the more recent dev * - " et
sidered by several authors
ventricular extrasystoles | . . . - . '
The most comprehensive apphcation so far of vector methods to this problem 1s that ol
Donzelot, Milanovich and Kaufmann, It is climed that the hind of vectorcardiography
and electr torcardiography as developed by this group of worhers makes the lo(.:?hon
of ventncular extrasystoles a matter ** d'une étrange simplicité . ** Vectograms ' ar¢
recorded by a cathode-ray tube tn one of three planes from two unipolar leads as {?IIO\\S.
frontal (V-6, V-F), horizontal (V-2, V-6), and sagittal (V-2, V-F} In the frontal *vecto-
gram” ongin of the extrasystole n the right or left, and upper or lower part of the h:ar'l,
can be determimned by the nchnation of the QRS loop; the horizontal *“iectogram .
provides additional information as to anterior or posterior location of the focus 1
* vectograms ” 1n these two planes are avatlable a ventricular cxtra.sys!olc can ;):
classified 1 a more detailed way, for example as left posterior and superior, or as "ge:‘l’
anterior and inferror, and from such information the part of the ventricle can be deduc:
where the ectopic beat arose. In support of this view these authors point out () that .‘“}ﬁ

1n the exposed hearts of arumals and man  While we cannot claim any personal “p;’:;‘le';:
in vectorcardiography we should hike to state by way of general comment that bot
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arguments seem to us unconvincing: the first, because the criteria for determining the site
of ongin of ventnicular extrasystoles 1n any scalar lead are still controversial, the features
of such records depending also on factors other than the site of origin of the ectopic beat;
the second, because results obtained 1n artifictally elicited ectopic beats n such conditions
are applicable to the localization of the site of origin of spontaneous extrasystoles i man
only with the greatest reserve because of the modifying mfluence of many factors (for
example, position of the heart, exposure of the organ, electrical properties of surrounding
medsa, manner of spread) Even f the direction of the loops 1 “ vectograms * in various
planes made possible an exact spatial Jocalization of the focus, its location tn a definite
portion of the heart would still not have been established, this would only be possible 1f
the anatomical position of the heart in relatton to the three axes could accurately be
determined from the * vectograms ™

1t seems to us that recent devell 1n vectorcard hy are promustng 1n furthering
the elucidation of this problem, but that the present stage 1s only a beginning  as Donzelot
et al themselves say. “ L’étude des extrasystoles ventriculaires est d’ailleurs loin d%étre
close™

Clinical Applications

Compared with the great physiologteal interest of these more recent nvestigations therr
chimcal importance 1s, as yet, small  One chmeal application seems to be the determination
of the site of myocardial infarction m cases of coronary occlusion, for which some exper:-
mental basts is already laid. The occurrence of ventricular extrasystoles 1n cases of myo-
cardial infarction 1s, of course, frequently observed, and there are good reasons to assume that
they originate 1n the partially ischaemic border zone between the infarcted area and normal
muscle (Harris and Rojas, 1943) In view of this, Hoff and Nahum (1945} correlated 1n
experiments on thirteen dogs the shape 1n the electrocardiogram of spontaneous ventricular
extrasystoles and the direction of the displacement of the S-T intervals in leads 1 and 3
resulting from local myocardial 1schaemia which was produced m four different areas of the
heart by ligating branches of the coronary artertes, namely, in the night lateral, left lateral,
anterior and postenior portions of the myocardium In all cases complete agreement was
found between

1 the position and course of the occluded artery,

2 the region of the heart which became cyanotic,

3 the pattern of the S-T displacement, and

4 the configuration of the extrasystoles 1n the two Jleads

The appearance of extrasystoles 1n the standard leads may thus be helpful to determine the
site of myocardial mfarction  This method might lend itself to be further developed by
being extended to chest and unipolar limb leads and eventually to be applied to the localiz-
ation of myocardial mfarcts 1n cltmceal cases, but we are aware of considerable difficulties
which are likely to arise

AURICULAR EXTRASYSTOLES

Compared with the amount of work and thought lavished on the localization of the site
of origin of ventricular extrasystoles, that of auricular ones has attracted far less attention
Thus 15 understandable for various reasons the greater frequency of ventricular ectopic
beats, the larger size and the more conspicuous vanations in shape of their deflections in
the electrocardiogram, the greater mass of ventricular musculature, the presence of a well-
defined conducting system 1n the ventricles, the recognized great cltmeal importance of
muluform ventricufar extrasystoles and the ominous significance of ventricular fibrillation
of which these may be the precursors. all these factors make the study of the site of impulse

D
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formation of ventricular extrasystoles appear more important and promising than that of
therr aunicular counterparts. All the same, a more intimate knowledge of the site of im-
pulse formation {(and mode of spread) of auncular extrasystoles may in future well become
of greater physiological and chinical importance than may be obvious at present. For, quite
apart from any intrinsic nterest of this problem, auricular extrasystoles are so often the
precursors of other disorders of auricular rhythm, such as auricular fibriliation, flutter and
paroxysmal tachycardia, that any such increase in knowledge appertaiming to aurtcular
ectopic beats may 1n 1ts tramn bring about a better understanding of auricular arrhythmias
generally
It 15 to be expected that, the nearer to the normal pacemaker an aurrcular extrasystole
onginates, the more closely does its PP wave resemble that of the sino-auricular beats. This
was established by Lewisin 1910, 1 the early days of electrocardiography. Inexpenimentson
dogs he found that, 1n lead 2, auncular premature beats elicited by induction shocks
showed normal P waves only if they were produced from points 1n close proximity to the
sino-auricular node, that 1s, from the superior vena cava—auricular junction. An instruc-
tive tracing 1s to be found in Lewis’s monograph (1925¢) Those from the inlet of the 1n-
ferior vena cava showed small polyphasic P waves with a tendency to isoclectricity (see
also Lewss and White, 1914, Fugs. 2 and 5), those from the inlet of the pulmonary veins
usually yrelded P waves which started with an inverted phase  Those from the interior of
the right auricle, namely the coronary sinus, showed also inverted P waves, and in one such
mstance the P-R interval was shortened and the origin of the premature beat was considered
to be very near the A-V node  Upnight P waves, but differing in outline from normat ones, ,
were found 1n extrasystoles oniginating n the base and tip of the right auricular appendix
In the same paper Lewis applied these experimental findings to the interpretation of human
curves Using lead 2, he distinguished three matn types of auricular extrasystoles in man:

(1) thosewith upnght P waves in which cases the ectopic beat was considered to ongiate
1 the upper regions of the aurcle, 1n the neighbourhood of the S-A node; 3

(2) with inverted P waves  these were taken to indicate origin in the ** Jowest regions
of aunicular musculature ™, namely, in the neighbourhood of the A-V node or, in
the absence of a shortened P-R interval, possibly in the region of the pulmonary
vens,

(3) those with isoelectric or diphasic P waves, sigmfying impulse formation in the middle
part of the auricle, the neighbourhood of the inferior vena cava, or pulmonary veins,
or appendix of the left auricle

Lewts luded ** Anab: ion 15 of necessity impossible at the present_ftﬂge
of the enquiry, nevertheless localization 1s obviously possible within certain lumits (p.
34) And this concluston sull holds good after about forty years. While in many olhtfr
fields of electrocardiography great progress has been made during that period, our know-
ledge 1n this particular question has not materially advanced The realization of the impor-
tance of mtra-aunicular disturbances of conduction in relation to the shape of P waves
(Scherf and Shookhoff, 1926; Rothberger and Scherf, 1927) has brought tnto rehef an
important difficulty 1n the elucidation of this problem If abrormal conduction 11 ll}e
auricles can alter the shape of P waves to such an extent that 1nverted P waves can, 111 cerm;
circumstances, be observed 1n cases of unquestionable sinus rhythm, and A-V beats can
associated with upright P waves, 1t is no longer possible, unreservedly, to consider the s!lﬂPC
of P waves as indicative of the site of impulse formation within the auricles This consider-
ation alone also mvalidates Schellong’s attempt, dubious 1n many other respects, at loi_nlxz-
ation of auricular beats from the shape of P waves 1n three special lgads, each recorded rugll_
two points on the anterior chest wall, the lines of the leads all passing through the centre
the auricles projected on to the antertor chest wall (Schellong, 1926).
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1t is certain, however, that aunicular extrasystoles onginating in the lower parts of the
auricles, near the A-V node, show a very low posttive P wave in lead 1 and deep sharply in-
verted P waves in leads 2 and 3. This pattern of P waves m the standard leads 1s typically
seen tm A-V rhythm.

In the augmcntcd unspolar extremity (aV) leads extrasystoles onginating 1n the upper
parts of the auricles, near the sinus node, show inverted P waves 1n lead aVR and upnight P
waves in lead aVF. With a focus of ongin of the extrasystoles 1n the area near the aunicular
part of the A-V node, the P waves are upright 1n aVR and inverted i aVF (see F1g 58).

Oesophageal leads, m which the exploring electrode 15 m close proximity to the left
auricle, lend themselves to the study of this problem. Brown (1936) drew attention to the
importance of the moment of onset of the intrinyic deflection of the extrasystole, which
(ndtcates the moment of activation of the area beneath the explorning electrode. If, 1n the

b 1 lead, the le starts diately with the ntrinsic deflection, the con-
clusion seemed warranted that the extrasystole originated almost exactly beneath the
oesophageal electrode. In one suchinstance (see his Fig 12,p 26), the total duration of the
P wave of the premature beat was lengthened to 0 1367 second from the 0 0849 second of the
normal Pwaves Brown interpreted this as indicating a different path of spread through the
auricles of the ectopic beat A similar observation is contained in a paper by Wunsche (1945)
Using an oesophageal lead in which the exploring electrode was paired with a central term-
1al (Wilson), he obtamed upright P waves of normal beats whereas those assumed to have
ongmated in the left auricle yrelded nverted ones; therr downstroke started immedrately
This * mirinsic ”* deflechion was often sphi; this was attnbuted to a different intra-auncutar
spread of the ectopic impulse, and the shght lengthening of the intra-auncular conduction
time supported ths explanation  In view of the grave doubts which have recently been cast
on the possibility of identifying an intninsic deflection the interpretation of these investi-
gattons has to be accepted with great reserve; see also p. 377 (“* Spread of the Excitation™),
also Bmwn (record 4 or hls Flg 24 p 41) Both Bmwn s and Wunsche s observauons xllus-

i thal eads are employed for such the chorce of the indifferent
electrode 1s of great importance A central terminal 1s far preferable to either CR or CF
leads since, m the atter, the potential differences of the ndifferent electrode exert a pro-
found influence on the shape of lhc P waves (Brown and Ellis, 1947)

The more recently 1 h of the ding of by
means of cardiac ca(hetmzahon has ylelded some further mformauon about (hls problem,
without as yet contributing much to the determnation of the site of origin of spontaneous
aurncular extrasystoles. For, Just as with ventricular extrasystoles, there 1s every reason to
assume that aunicular ones occurning duning cathetenzation are ehcited by the exploning
electrode, by means of mechanical stimulation of (he endocardial surface of the (nght)
UAICT>  Aemen feo et .
by F . N
194
cula:
reme
favourable lor elicating extrasystoles by being 1n intermuttent contact with the wall of the
chamber (see also section on ** Catheterrzation ") Auricular premature beats were found
by Levine et a/ 1n four out ol'twenty~0ne studied subjects  Usually the P waves of the extra-
systoles started with a sharp d fl terpreted, to the dipole theory,
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as being the “intrinsic” deflection and indicating that, at that time, the impulse travelled
away from the clectrode. The inference is that the contact of the tip of the electrode actually
eheited the ectoprc beat  In one tnstance 1t was found that, while tn the intracavity lead the
P waves of the ectopic beats differed somewhat from that of normal beats, such differences
were more pronounced 1n lead V-2, ! ly recorded; the p seemed justi-
fied that, in this case, the praecordial electrode was nearer to the site of ectopic impulse
formation than the mtracavity one In only one case were four auricular extrasystoles
observed n succession, all showsng sharply imverted P waves, which, however, differed in
shape somewhat from one another  Simultaneously recorded intracavity and oesophageal
electrocardiograms, both electrodes being mserted at the same vertical distance from the
suprasternal notch, showed that the * intrinsic deflection *” of normal beats occurred in the
oesophageal clectrocardiogram 0 05-0-07 second later than in the right auricular electro-
endocardiogram  In the case of aurcular extrasystoles this delay was increased to 0-11 to
0-13 second  This 1s interpreted as indicating ** that the impulse arising at the ectopic site
at or near the tip of the wntra-auricular electrode pursued a longer course to the point in the
left atrium tapped by the oesophageal electrode than impulses arising n the normal pace-
mahker ” (Levine ¢ al, 1949)

ECTOPIC IMPULSE FORMATION AND SPECIALIZED TISSUE

Another aspect of the problem of focalization of the focus of ongin of extrasystoles, and
of ectopic impulses generally, 15 the question whether the origin of such beats is confined to
spectahized ttssue or whether they can also oniginate 1n the common myocardium.

Although, for reasons discussed below 1n this section, the problem has now lost much of
1ts importance, it seems desirable to discuss 1t briefly as it had given rise to consrdem_ble
controversy in the past and tn its investigation some findings of more general physiological
interest were obtained

The view that ectopic beats can onginate only 1n the specialized tissue was atlrﬂclivcfrom
the start because of the fact that the normal impulse otigenates in such specialized tissue.
Some early observations seemed to support this view O these, Marchand's findings may be
mentioned that one make shock applied to the A-V border of a frog’s heart produced several
contractions, Gashell's analogous findings regarding a mechanical sumulus apphed to lhfs
region, and Tigerstedt and Stromberg’s similar observations made on the sinus ofl_h: frog’s
heart, though such repettive response to one stimulus could be obtained from various por-
tions of the heart (sce chapter on ** Mechanism ") However, the assumption that the
specialtzed tissue is the only one which may give rise to ectopic beats was supported by Mack-
enzie, by Lewss and Silberberg, and by Koch Ishihara and Nomura found automatec 1mnpulse
formation in the * spurious tendons ™ of the dog’s heart, while it was absent in the common
muscle fibres. Lewss, m the last edition of his classical monograph, stated (1925): ** There
15 hittle to suggest that extrasystoles can spring from ventricular muscle as opposed to
Purkinje tissue . ™

Even 1f automatic impulse formation was found tn stops of the common myocardium
the presence, 1n such strips, of specialized fibres could not be excluded. Actually, it was found
histologrcally 1n many of them and spontancous rhythms were more pronounced in those
which contarned such fibres (Greene and Siddle), The smaliest groups qf'SPCC‘“]‘"d fibres

were found to be capable of iitiating contractions (Sk k .
The difference 1n the effect, upon ectopic impulse formation, of warming different por-
tions of the heart in dogs d by the sy ppl of small doses of batium

seemed to support this view  If such small doses of barrum were used that no altc'rauonl::
cardiac rhythm resulted, warmung, by means of a thermode, of any part of the m;l:tco“
elicited ectopic tachycardias originating in the warmed area  Warming of the avrscles,
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the other hand, at a distance of the S-A and A-V nodes failed to precipitate such ectoptc
arrhythruas  The inference was that the ectopic ventricular tachycardias were due to the
enhancing effect of warming upon the specialized system (Purkinje ramifications), so that the
automaticity of the warmed portions of this system exceeded that of the S-A node and thus
became the pacemaker In the auricles, on the other hand, this effect was absent because
specialized fibres were absent (Scherf, 1927 a and b)

The frequent occurrence of ectopic arrhythmias during catheterization was interpreted
as supporting the origin of such ectopic impulses 1n specialized tissue, namely, the subendo-
cardial network of Purkinje fibres (Landtman)

Support for the opposite view was not lacking, namely, that ectopic tmpulse formation may
take place in the common myocardium, being independent of specrahized tissue  Tausstg and
Meserve found rhythmic strmulus formation m 1solated strips of the myocardium and even
questioned whether 1solated specialized tissue, without any common myocardial fibres
attached, was capable of automatic impulse formation. In the hearts of rabbits and guinea-
ptes Rothberger and Sachs investigated spontaneous impulse formation 1n isolated stups of
the outer wall of the left auricle, or of the apex, and found it present 1n seven out of sixty-five
preparations  If acomstine or veratrine was added to the nutnent (Soejima’s) solution rhyth-
mic activity was observed i all preparations In these portions of the heart specialized ussue
1s thought to be absent and, n fact, Aschoff’s histological exammation of such strips failed
to demonstrate it Rothberger and Sachs concluded that ectoprc impulses may be formed
independently of spectalized tissue  Moreover, topical application of various compounds
(sodium chlonide, bartum chloride, strophanthin, digitalis, acomtine, veratrine) to any
part of the dog’s heart m situ, ventnicle or auricle, even appendix of the left auricle, results
1n ectopic impulse formation and ectopic tachycardias oniginating at the site of application
These studies are discussed 1n the approprtate sections of this book (*“Extrasystoles and
Drugs and Electrolytes ™)

The conclusions drawn from such observations had to be modified in view of the more
recent discovery that the ramifications of the specialized system were far more extensive than
previously assumed It was found that such fibres, contiguous with and structurally alike
the subend dral network, ded th h the d to within a few mm of
the epicardial surface  The relevant investigations are discussed 1n the section on “ Spread
of the Excitation ™ (p 374), where 1t 15 also pointed out that the histological differentr-
ation between specialized and common myocardial fibres 1s fraught wath difficulties  On the
other hand, none of the various claims to have demonstrated speciatized fibres 1n the auricles
have stood the test of more careful histological re-examination and none of such fibres
could be shown to possess the capacaity of automatic impulse formation

The conclusions to be drawn from such contradictory findings seem to be that m
certain experimental conditions ectopic tmpulse formation 1s possible 1n any part of the

heart Whether the presence of d tissue 15 1nd remains
observation that skeletal muscle may, 1n certain aircumstances, show rhythmie ympulse
farmatinn swunnld casm ¢n g mnast gho sog et on thos [ .

tron 1s therefore admittedly only conjectural

SUNMMARY
Ventricular Extrasystoles

The determination of the focus of origin of ventricular extrasystoles, while until recently
considered to have only an academe, if any, importance, has become of ncreasing
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consequence during the last twenty years, since such investigations proved to be of con-
siderable moment 1n conncxion with other problems of cardiac physiology and pathology
and, of late, with the intery ion of the electrocardrog generally,

The various stages in the research on this problem can conveniently be divided into four
peniods:

First Period

From the mvestigations of Kraus and Nicolai starting in 1907 up to those of Rothberger
and Winterberg in 1913 and of Lewis in 1916, Much of the work published at this stage 1s
now only of historical interest. This applies, for tnstance, to the controversy whether the
direction of the inial deflections signified a night-left ventricular or apical-basal ongm of
the ectopic beat, nesther of which views has in this form stood the test of time. The impor-
tance of the lead employed was often not realized, although as early as 1908 Enthoven
stated that lead 1 distinguished between night and left half of the heart and lead 3 between
apical and basal portions; upward directed deflections in lead 1 he considered indicative
of ongtn of the ectopic impulse 1n the rnight, downward ones in the left half of the heart,
upward and downward directed deflections in lead 3 he assumed to signify basal and apical
ongin respectively  As far as a night-left ventricular or apical-basaf localization can be at
all deduced from the direction of the imitial deflections in the various limb leads this early
view of Einthoven’s has been shown 1o be remarkably correct by subsequent investigations,
some of them comparatively recent.

Second Period

From the invesugations of Rothberger and Winterberg in 1913 and those of Lews in
1916 to those of Barker, Macleod and Alexander in 1930, Rothberger and Winterberg con-
cluded from extensive experimental observations that the factor which determined the shape
1 the electrocardiogram of ventricular ectopic beats was the location of the stimulated pornt
1n relation to the pont of the specialized conducting system whence the further spread of the
exctation took place. The work of this period which was to have the most lasting effect
was that of Lewis in whose opimon les showing d d inttial m
lead 1 and upright ones in lead 3 arose n the right ventricle, whereas left ventricular ones
yielded upright mutial deflections in lead 1 and downward ones in lead 3. This interpre-
tation prevailed until 1930

Third Period

From 1930, when the observations of Barker, Macleod and Alexander on an cxsttfl
heart tn man threw doubt on Lewis’s iterpretation, to about 1940 when the extensive experi-
mental tnvestigations of Nahum, Hoff and collaborators started. As a result of direct
stimulatton of a human heart exposed at operation Barker, Macleod and Alexander nmyed
at the 1 that Lewis’s ter logy should be reversed, namely, that the direction
in_the vanous imb leads, which Lewis took to indicate right ventricular, actuallys}gnlﬁtd
left ventricular origin and vice versa. This entailed, not only a reversal of the tcrmlr{ology
regarding the side of origin of ventricular ectopic beats, but also a similar reversal in the
wmterpretation of bundle branch block curves and the necessity of new explanations gfrlgh:_
and left ventricular preponderance. Durning the subsequent decade the observations ol
Barker, Macleod and Alexander were confirmed, and the reversal of the term_moloz)’ re-
garding the interp ion of electrocar 1n relation to the side of ongin of extra-
systoles, and of those of bundle branch block curves, was supported by expenimental and
clinical observations. At the same time it was realized that the new terminology was g"‘)}
applicable with certain quahfications. The importance of the‘posmon of the heart an os
the structure of the surrounding tissues was realized as accounting for some of the exception
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encountered 1n some mslances, climical as well as :xpenmen(al Other exceplions had not
found a such as the I occurrence of * left  dr ** right ™
ventricular exxrasyslolcs ehicited from portions of the contralateral ventricle. The meamng
of concordant and discordant tracings was obscure and the applicability of findings ob-
tained in cases of bundle branch block to those of extrasystoles and vice versa was not
entirely clanfied

Fourth Period

From 1940 to the present. This phase 1s d d by the of
Nahum, Hoff and collaborators. Starting from a remvestigation of the dual na(ure of the
normal electrocardiogram as a Tesultant of dextro- and laevocardiogram, these workers, by
eliminating the surface potentials of known portions of the heart, claimed to have estab-
Tished four basic patterns of extrasystoles

(1) right lateral, d: main 1mitial defl upward in all mb leads, ongmn of
extrasystole m the * centre ” of the night ventricle, that s, equidistant from the
septum;

(2) left lateral, d main mtial d 1o all imb leads; ongn of
extrasystole 1z the ** centre ™ of the left ventrcle,

(3) antenor septal, d d mam 1mtial defl d d 1n lead 1, upward in
lead 3, ongin of extrasystole at or near the antenior septum,

(4) postenior scpta] main initial defl upward 1n lead 1, downward in

lead 3, origin of extrasystole at or near the posterior septum.

Certain exceptions were shown to be due to the activation of portions of the contralateral
ventricle 1n advance of the one in which the extrasystole had been ebated. The lmits
withm which the findings obtained 1n cases of bundle branch block were applicable to those
of extrasystoles and vice versa became better understood The observation that extra-
systcles chcned from a point of the epicardium and from one immedrately suhjacem of the
were hable tn the d was made again (but objec-
tions to the technique were rarsed) and its great importance for the interpretation of the
electrocardiogram generally was realized For this observation, if confirmed, 1s not com-
patible with the current dipole theory of the electrocardiogram, according to which the
direction of the spread of the excitation wave 1n relation to the explonng electrode deter-
munes the direction of the deflection n the record. As a result of further investigations,
which included the use of chest leads, this school of workers developed a new conception
of the genesis of defl 1n the electr termed ** zonal interference ** theory.
ding to ths, the el diogram of umpolar leads 1s the result of only two opposing
forces the exatation of a proximal region, that 1s, at or near or facing the explorng elec-
trode, producing a downward deflection (negativity of the exploring electrode), and that of
a distal region, facing away from the exploning electrode, resulting in an upward deflection,
the two zones being separated by an intermedrate zone; the deflections 1n the record were
found to be independent of the pathway by which the amves The p ],
distal and intermediate zones were determined for the three umipolar imb and fcr 1wWo uni-
polar ches‘ lcads. Since, i the three umpolar hmb leads, these three zones overlap 1t was
g two or three unipolar imb leads, to delimit the site
of entgin of e“rasystolcs wathin a far narrower area than had been possible by using only
one unipolar Lmb lead. By simultaneously recording one bipolar and two umpolar limb
leads 1t was attempted to dctcrmme the mcchamsm underlymg lhe appearance of upnght

e mrastad daflant aan Al




408 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Jeads alone At the present moment 1t does not seem possible to reconcile the observations
of this school of workers with the current theory of the onigin of deflections tn the electro-
cardiogram, on 1ts part based on a wealth of experimental and clinical observations, These
investigations are, at present, not confirmed. Moreover, vectoranalysis and vectorcardio-
graphy have demonstrated that a// parts of the heart contribute to the clectrocardiogram at
any moment tn any lead, that regarding the contour of the electrocardiographic record the
degree of proximity of the exploring electrode 1s of far less importance than believed in the
past, and that our It about the determi of an intrinsrc deflection as mndt-
caung the arrival of an excitation beneath the exploring electrode need reconsideration
For these reasons grave doubts exist about the validity of the zonal interference theory. Any
d; of the of these £ must of necessity be provisional.

The results of more recent tnvestigations by means of oesophageal leads, by records of
miracavity potentials obtained with cardiac catheterization, and by veetorcardiograms are
briefly reviewed

The use of the shape of extrasystoles as an additional criterion for the localization of the
site of myocardial infarction is briefly discussed.

Auricular Extrasystoles

The nearer to the normal pacemaker an aurcular extrasystole originates, the more
closely does its P wave resemble that of the sino-auricular beats Lewis, who established
this fact 1n 1910, distinguished three main types, according to the shape of the P waves in
lead 2, namely, ongin of the ectopic beat i the upper auricular portions, characterized by
upright P waves, in the lowest regions of auricular musculature, showing mverted P waves,
and those giving rise to isoclectric or diphasic P waves, the ongin of which he behieved to be
1 the muddle portions of the auncle it was subsequently realized that the shape of the P
wave of an auricular extrasystole cannot unreservedly be taken to indicate its site of ongin,
since intra-auricular disturbances of conduction may profoundly modify the appearance of
these waves  More recently attempts have been made to determine the site of orign by the
time at which the ““ mntrinsic deflection ™ occurs in the oesophageal clectrocardiogram:
immedate occurrence was taken to indrcate that the ectopic beat arose in close proximuty
to the explormg electrode. The results so far obtained with recording of intracavity poten-
tials by means of cardiac eathetenization, which are briefly discussed, have not yet brought
any significant advance 1n our knowledge of this problem  To a certamn extent this 1 due
to the difficulty n determining the beginning of the * intrinsic ™ deflections It 1s pointed
out that, 1n view of the close relationship between auncular extrasystoles and other dis-
orders of aurrcular rhythm, the study of the site of onigin of auncular ectopic beats may
well be of a greater importance than 15 attached to it at present, since it 1s likely to result in
a better understanding of auricular arrhythmuas generally.

Origin of Extrasystoles and Specialized System
Regarding the q whether ext toles originate only in the specialized system of
whether they can anse in the common myocardium, the relevant hterature i§ rc‘{te\vcd_ It
is concluded that in certain experimental conditions ectopic impulse formation is possible
inany part of the heart In view of more recent findings that the ramificanions ofthe special-
ized system are far more extensive than previously assumed it remains undecided whether
the presence of specialized fibres is indispensable for the ongin of ectopic beats.
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CHAPTER X1

SOME MAINLY CLINICAL ASPECTS OF EXTRASYSTOLES AND OF
LCTOPIC BEATS GENERALLY

EXERCISE

The usual effect, upon extrasystoles, of physical exercise 1s their dlsaqpcarance dunng
and immedsately after exertion  In 2 munonty of cases exercise precipitates, or increases
the number of previously present, extrasystoles Increase m rate of ectopic tachycardia,
resulting from physical exertion, 1s observed mn rare instances  Each of these possibilities
merits a brief discussion

Disappearance of Extrasystoles on Exertion

bohshed **

Magnan’s observation (1877) that exercise certaines inter du pouls”
may well have referred to extrasystoles. In chmeal practice it 1s indeed 2 common experience
that a patient seeks medical advice because he ts wornied about lus heart missing beats,
which he noticed after going to bed, or on other occasions when he was at rest, whereas he
forgets a1} about it while going about fus daily routine  what sensations the premature beats
may have caused i the mdmdual case, d with the les dunng activity
Such observations, indicaung that the arrhythmia occurred only duning rest and was abol-
ished by even mild exertion, are of d as well as therap wterest  d
because, if extrasystoles are absent duning examination, such a lustory points strongly to
their being the cause of the symptoms (see section on ** Differeatial Dragnosis ); thera-
peutic, because fay people ofien realize nowadays that structural heart disease tends o
mamfest iself during exertion rather than dunng rest and thus the patient’s own obser-
vation about the tuming of his trouble, suitably explamned, can with advantage be used to
convince hum of the harmlessness of s complamt

The disappearance of extrasystoles as a result of exeraise 15 partly due to the ensuing
increase in heart rate, with shorterang of the diastolic intervals, and partly to nervouns influ-
ences upon the heart (see chapter on * Nervous System )

An unusual observation in which exercise converted ventricufar tachycardia with alter-
naton of the } m the d mio sinus rhyth particularly stnking
example of suppresston of an ectapic arthythma by exercise~is a case described i & some-
what different context by Scherf and Kisch (Case 2 The patient, a man of twenty-one (who

plexes (Fig 187a) They were separated by one or two sinus beats (Extrasystohe a parox-
ysmes tach Y Mod exercise (40 fl converted the tachycardia into
Digeming) shythm with constant shape of the extrasystoles (Fig 187b) Fig 137c, taken
five munutes after the end of exercise, shows that the ventricular tachycardia re-estab-
hished wsell In this patient more severe exertian resuited in the temporary establishment
of sinus rhythm, as iflustrated by Fig 188, obtaned on another day. Fig. 188a demon-
strates bigermnal heart acuan after d exertion {30 £l When, at this
413
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stage, the same amount of exercise was carried out again, sinus rhythm ensued (Fig 188b),
but five munutes later bigerminal heart action was again present (Fig. 188c).

In this case, 1n which also digitahs and quinidine abolished the arrhythmia temporantly,
1t was not possible to restore sinus rhythm for any length of time and the patient died after
five years from congestive heart failure. Necropsy showed a grossly enlarged heart without
hypertrophy or any structural {macroscopic or microscopic) abnormality—a remarkable
ilustration of fatal myocardial weakness resulting entirely from disturbances in the cardiac
dynamics

Precipitation of Ectopic Archythmias by Exercise

The reverse <flect, upon extrasystoles, of exercise, namely, precipitation of the arrhyth-
mia or wcrease in the number of previously present premature beats, while not so common,
15 by no means rare  Patients responding to exertion in this way usually, but not invarably,
suffer from structural or towic heart disease. A few relevant papers may be briefly dis-
cussed

In an investigation on thirty-five normal children with extrasystoles, Lyon and Rauh
found after exercise an increase in the number of the premature beats tn four and a decrease
in fourteen cases

Bourne examined this question 1n normal subjects and in patients with various forms of
heart disease  During the period after exercise, tn which the heart rate dropped tots resting
level, seven out of eight normal subjects showed a decrease in the number of extrasystoles,
or no change was observed In patients with rheumatic heart disease stmilar conditions
were found In mine out of eleven patients with arteriosclerosss, on the other hand, the
number of premature beats increased afier exercise. We concur with Bourne®s interpre-
tation that this was due to 1schacmia in some parts of the heart, resulting from coronary
sclerosss  Such increase m the number of premature beats after exertion was seen by several
investigators (" arhythmie d’effort ™', ** crises extrasystoliques >, Josue and Heitz; Luten;
Wilson and Robinson, Otto and Gold, Gallemaerts and van Dooren)

Klemola studied this problem especially in ion withi ious diseases. Amongst
215 pauents who had just recovered from some infectious illness, extrasystoles after exercise
were found 1n twenty-seven; eighteen of these had had diphtheria, the remarning nine some
other infection (for 1nstance, tonsillitis, scarlet fever, pneumonia). 1n twenty-three of these
cases extrasystoles occurred only after exertion (Klemola, 1942) [n a later study, devoted
to the effects of diphthena in children, he found extrasystoles after exercise mn erghteen out
of forty-one cases, 1n seventeen of these the premature beats occurring only after exertion
(Klemola, 1944) .

Kienle considers as pathol I all extrasystoles which occur diately or within a
few minutes after exercise  According to him an abnormal condition of the heart must be
assumed also 1f exercise fauls to abolish existing extrasystoles.

A personal observation may be added in which exercise precipitated, not only extra-
systoles, but also paroxysmal tachycardia (Scherf, 1924) (see also Gallavardin) The records
(Fig 189) were obtamned from a forty-four-year-old woman without evidence of heart
disease, who complamed of palpitation on exertion. At rest, this patient always showed
smus rhythm (Fig 189). Twenty-five genuflexions precipitated ventricular paroxysmal
tachycardia, the rate of which was 212 per minute, but soon dropped to 183 (see Fig. 189
andc) As the rate slowed down further, an increasing number of smus beats were ob-
served, separated by a steadily d hing number of les, (see Fig 189,d and
€), until finally sinus rhythm was re-established. In this patient exercise had nvariably
the described effect upon the cardiac rhythm,

Denolin reported a case of complete A-V block 1n which exercise precipitated atta

cks
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of paroxysmal ventricuiar tachycardia with varying shape of the ectopic ventricular beats
There is ample evidence of auricular fibnllation occurring after exercise in healthy sub-
Jects (Jervell, Kaenle)

TR T
FiG, 189 —a At rest Sinus thythm b-e  vanous degrees of cclg;:’n:

after excreise Time b
second me SCHERF, Wien Arch inn, Med

Increase by Exercise of the Rate of Ectopic Tachycardia
This effect of exercise upon ectopic—-auricular or ventr: h dia 15 rar
Instances have been described by Wenckebach and Winterberg, Wilson et af (1932), Scherf
and Wesssberg  Fag. 199, taken from Scherf and Weissberg's puper {Case 4), provides an
example. 1t was obtained 1n a man of forty-eight, a heavy smoker who complained of pre-
<ordial pain and palpitation on exertion At rest, venticular extrasystoles occurnng in

VTRt
3 24k
uﬁlﬁllmmiﬁﬁl;m
Fio 190 —izad 2 ([ncrease in rate et‘ ventricular ectopic rhythm from 100
{a) to 130 (b) resulung from moderate exercise  Time base : 0 04 seco;

g1cups of four or five were present, some sfowing of the ectopic rhythm being observed 1n
1egect of the last two tx\(asyswles of cach group  After exercise (knee-bending fifteen
i ¢s) the number of derably as well as their rate, for example
ficor 100 to 130 (see Fig [90b as compared with Fig 190a) Ttisreasonable to assume that
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this was due to a sympathetic nervous effect: this view is supported by the experimental
observation that stimulation of the sympathetic increases the rate of ectopic ventricular
tachycardia produced, in dogs, by the focal application of hypertonic solutions of barium
or sodium chloride to the epicardial surface of the exposed heart in situ (Piccione and
Scherf).
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POSTURE

The frequent occurrence of extrasystoles in the supine position is a well-known {?ct. A
great many patients find that they are only or mainly aware of the * missed beats when
they are 1n bed and settling down for a mght’s rest. Several factors are likely to b.c respon-
sible  durmg the daily activities the patient’s attention ts diverted whereas at night such
arrthythmias are more likely to obtrude themselves; the slower heart rate and nervous
factors also play their part Many patients, however, insist that rest in a chair will not
precipitate the arrhythmia whereas the horizontal pesition will 1nvariably do so. More-
over, i some mdividuals extrasystoles occur only while lying on one particular side. There
15 thus a definite positional element in a proportion of cases. .

Lyon and Rauh found in twenty-two children that change from the supine to the erect
posture ncreased the number of extrasystoles mn four, and decreased it in seven instances.

An observation of ventricular extrasystoles (namely short runs ofven!ncu]ar tachycardia)
occurring in an otherwise healthy woman of twenty-four only on assuming the erect po;!urc
was reported by Peters and Penner; it was attnibuted to an unusually strong sympat cm'r
tone on this change of posiion  An increase in the number of extrasystoles and the occdﬂ;)r
rence of auncular paroxysmal tachycardia on assuming the erect posture were observed by
Fine and Miller in a girl of sixteen,
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EXTRASYSTOLES IN RELATION TQ VARIQUS TYPES OF CARDIOVASCULAR DISEASE

Coronary Disease
Experimental Investigations

Arrhythmuas following higation of coronary artery branches were observed long before
any detailed analysis of such rregularsties by modern methods was possible (Bezold 1867,
Porter 1894, 1896), and the importance of such disturbances of rhythm in causing sudden
death of patients with coronary disease was grized by Cohnh and Schul -
Rechberg as early as 1881

In the first systematic mvestigation on cardrac arrhythunuas ebeited 1n dogs by higation
of the descending branches of the right or left coronary artery extrasystoles were recosded
{Lews, 1909) Usually, such ectoprc beats were ventricular in arigm, but after Iigation of the
ight coronary artery nodal and auricular extrasystoles were also observed (Lews, Smuth,
Kisch) The shape of the extrasy vared Hy and lar extra-
systoles with retrograde couduction to the auricles as well as interpolated varieties were
seen  In some expertments, howeser, extrasystoles were completely absent.

The time of occurrence of such ectopic beats varies, often they are observed within one
minute aftes hgation, but sometimes a much longer interval elapses, for example, forty-six
munutes (Goldenberg and Rothberger), ot even one week, as observed tn one monkey by
de Waart, Storm and Koumans (1936b)

The mcidence of ectoprc beats after hgation of coronary branches varies according to
different imvestigators, but scems to be about 35-50 per cent on an average Thus Harns
and Hussey saw them i fifteen out of fifty degs withia fifteen minutes after higation, fol-
lowed by ventrrcular fibrillation. n monkeys. de Waart and collaborators saw them tn six
out of seventeen expertments following ligation of the descending branch of the left, and in
six out of fifteen instances after that of the nght coronary artery In another series (Blum-
gart, Gifligan and Schiesinger), m which nembutat and ether were used as anaesthettcs, they
occurred 1a 50 per cent of thirty-nme dogs and were observed partcularly frequently sn
those which later developed ventricular fibrillation The one dissentng report of Damer
and Lampert that up to three hours after ligation of coronary arteries no extrasystoles were
observed sn dogs anaesthetized with morphme and ether can be disregarded  This report 15
strange, because m six out of ten dogs coronary artery ligation (ranwus descendens ant )
caused ventricular fibnilation, and paroxysmal tachycardias were also observed

No constant relaionship seems to exist between the stte of origin of ventricular extra-

systoles and that of the ligated coronary artery branch In one senes of experrments only
were right-ventricular extrasystoles found after hgatton of the nght, ard left-ventnicular
ones after that of the Ieft coronary artery (Clerc, Deschamps, Bascourret and Levy), but all
other mveshigators reported nght- or left-ventricular ectopre beats with Iigation of ether
coronary artery  Thus 15 rather surpnising an view of the avadable evidence, discussed on
p 401 and below in this section (p 420). that the ectopic beats ongnate in the boundary
2one between the rschaemyc and non-tschaemic areas

In a typical experiment extrasystoles occur at first stngly Then the intervals between the
ectopic beats become successively shorter while thewr number increases  The next stage Is

polygetminy, and short attacks of ectopic tachycardia follow, culmmnaung s flutter and
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fibrillation. Tn some experiments ventricular fibrillation sets in without extrasystoles having
previously occurred; this was obsened in six monkeys by de Waart and his collaborators,
In other experiments extrasystoles gradually disappear without any more pronounced
arrhythmta occurning. Longer chains of bigeminal rhythm are decidedly rare

As had to be expected, mjection of obliterating substances into the coronary artery has
the same eflect as figation (Hamburger, Priest and Bettman} When in cats air was injected
into the yugular vein estrasystoles onginating in the right ventricle were recorded; with
imjection of air into the left ventricle the extrasystoles originated in that ventricle (Pines).

Fat embolism has been seen to produce in man (unpublished p 1 obser-
vation)

In spite of extensive expenimental snvestigations the underlying mechanism is only
partially und d Spasm, or ing by way of reflex from the infarcted area through

the vagus as efferent nerve, has been claimed as being partly responsible for such arrhythmias
(Mannmg ef af , LeRoy and Snyder). 1t was found that, as compared with conscious dogs,
the mortality after coronary ligation in anmmals anaesthetized with morphine and ether was
reduced from 40 10 10 per cent. This difference was thought to have been probably due to
vagal paralysts (Manning ef al } We are not in agreement with this view for several reasons.
Amongst them, the failure of an antispasmodic drug, such as aminophylline, to prevent such
arrhythmias may be quoted (Mahatm and Rothberger). The absence of struggling of the
anaesthetized animals may also well have been of importance in accounting for the above
differences.

Quinine also was incapable of preventing such arthythmias In seven experiments
0-2-0 4 gramme of quimne was injected into dogs immediately after the first ectopic beats
had occurred, but 1n five experiments ventricular tachycardia, and in four ventricular fibnl-
lation were recorded (Goldenberg and Rothberger) Further data on the effect of quinidine
n such arrhythmias are given in the section on this drug (p. 292).

General asphyxia of the heart also cannot be dered to play any signifi part, for
ectopic arthythmras do not occur 1n such circumstances (Mathison; Lewss and Master;
Motta), though disturbances of conduction and shifting of the pacemaker were seen (Greene
and Gilbert) In extrasystoles elicited by aconitine even the reverse effect of asphyxia was
observed by Scherf who found 1t to abohish the extrasystoles in fifieen out of nineteen experi-
ments

In contradistinction to the failure of general asphyxia of the heart to have any effect
upon ectopic rhythm formation, that of Jocal ischaemia has increasingly been realized as of
great importance  Harris and Rojas put forward good reasons for the assumption that,
after ligation of coronary branches, the ectopic beats originate in the ischa¢mic-nonischacmic
boundary zone Local leads obtained from this zone showed abnormally high spxkc_s and
also monophasic R-T segments  These authors also drew attention to the striking s}mlldnly
between such rhythms developing as a result of regonal ischaemia and those elicited by
galvanic current and luded that certain ali in the permeability conditions of the
cells of that zone may be the common factor. Harris and Matlock found in the mammuh:{n
heart that moderate anoxia lowered the threshold to brief electrical stimuli whereas 11
severe anoxia the threshold rose rapidly. In excised nerve Lehmann found a lmns:;n(
1ncrease 1 excitability occurning during the first six to eight mmutes of asphyxia; during

this pertod spontaneous discharge of impulses may occur, This whole aspect js discussed m
more detail in the chapter on ** Mechanism ™. .

Wiggers, Wégna and Priiera showed in experiments on dogs that one to two minutes
after occlusion of the ramus descendens the fibrillation threshold to rectilnear D-.C. shocks
of 0 01-0 02 second, applied 10 the vulnerable period after a contraction, was tDnSldFmbly
reduced. At the same time centres of ectopic impulse formation occurred tn slfch circum-=
stances. On the basts of such observations these authors put forward certain views on the
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maode of origin of ventricular fiballation occurning after coronary occlusion  In essence,
these consist v the assumption that ventncular fibnliayon 1s precipitated by ectopic beats
becomung supra-threshold as a result of the lowerning of threshold, and thatany osne of them
may thus yutiate ventrscular fibrilfatton when it falls sn the vulnerable perod of etther a
nosmat beat or of an ectope one ongmatmg from another ectopic focus  This aspect 1s
discussed more fully in the section on ™ Fibnllation ™

Because of the delayed appearance of cxtrasysm)cs afzcr myocardxal mfaretion n was
clarmed that they onigmnate 1 the area of the d area
(Froment} Rothberger and Zwithinger found that aﬁcr hganun af a coronary artery
branch smalter doses of strophanthin produced ectopic arrhythmias, sice the drug could
not bave reached the infarcted area these auvihors tentatively conclnde *"uat the ectoprc

beats arose 1 the zane surrounding the infarct  Thees nble with the
assumption of Harrds and Rojas

Morse recently V- . By effecting
the liga ovs witiin an mterval of
one hou weutar tibrifation and was thus able to
nvestige .ewps thythms  In such expenments ectopic beats were
observed .. aug Nest ten nunutes after the teted A pertad

foltowed of four-and-a-haif to etght hours during which kittle or ne ectopsc activaty was
recorded  After this Jatency ectopic beats developed with ncreastng frequency, the
duration of the eciopic schvity varying between two and five days  While the immediate
ectopic thythm was attesbutable to the effect of local tschaerma via smjury potentials, the
long period of delayed ectopic actsvity was considered marnly due to the effect of products
of necrosis

Clinical Observations
These are, on the whole, 1n accordancc wnh the experimental findings  Ventrieular

extrasystoles and paroxysmal ta  coronary were reponed by
Robwson and Herrmann m 1928, a.nd Ebstesn an: (¢ SaW qj
during attacks of angina pectorns

A few data about the merd of such arrhy n m diat may be
usef] R and Levine saw ystolesin 25 per ccn: of thexr cases with coronary

thrombosss, amongst them ventricular as well as auncular ones  As the mortahity was 27
per cent 1 the pahtms wnhom acd 33 per cent wath extrasystoles, these authors demed
any ystoles tn thus d; This 1 1s not
accordance with our :xpemnce and that of others and may be due to the fact that these
authors used quuudine (a adequate doses once such arrhythras were noticed

Simsar findings were obtatned by Master, Dack and Jaffe

Padilla and Cossio seported Extrasystoles in fwenty out of muety-two cases of myo-
cardiad mfarction  Of these twenty, eight (40 per cent ) died, includsng 2l four pattents wath
muluform extrasystoles  The mortality of the pmzenls without exxrasysmles was 38 per
cent Woods and Barnes d an of £ 11 2 per cent. m
those of their patients who survived, and of 23 3 per cent 1 those who succumbed, The
number of extrasystoles also seems of importance occastonal extrasystoles, not more than
ane 1n twenty-one beats, were seen in three patients who survived, and mn another three
survivors ectopic beats uccun’:d once 1 eleven to twenty beats  More numerous exira-
systoles weee rocorded sn seventeen cases, 82 4 per cent of whom died

In Jervell's sertes of sixty-five patients with n icular extra-
systoles were found in ntre, ventncular ones 1o twenly-three, and bolh 1ypes 10 two i~
stances

Smith, Keyes and Denham stodred the records of 920 patients with acute myocardial
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infarcuon followed-up for six weeks. Arrhythmias in some form were found in 163 per
cent.; of these, extrasystoles were commoner than any other form, the incidence being 7-7
per cent.  Sixty-three patients had ventricular extrasystoles, with twenty-three deaths
(mortality of 35:6 per cent.) Of these, twenty-six had not received quimdine and ten died
(38-4 per cent.), and of the remaming thirty-seven who were given quinidine thirteen died
(351 per cent).  Seven had aunicular extrasystoles of whom one died, and one had nodal
premature beats. Total. Seventy-one patients of whom twenty-four died (33 8 per cent ).
These authors think that extrasystoles occur more frequently than these figures would indt-
cate, also that the presence of cxtrasystoles had a bearing on the mortality rate. Thiswas
particularly high in the thirteen patients with ventricular tachycardia of whom eight
died (61-5 per cent )

Two rather unusual personal expertences may briefly be mentioned; they are illustrated
1 Fig 191. Both records were obtained in patients with a recent infarction in the postertor
wall  The top tracing shows—in addition to the usual features of the ventricular com-
plexes—aurnicular extrasystoles with aberration of the ventricular portion of the first extra-
systole of each series and short paroxysms of auricular fibrillation. The bottom tracing
reproduces an unusual monophasic record with numerous ventricular extrasystoles. Both
patients survived the attack

in some patients with myocardial infarction the shape of extrasystoles may suggest the
dragnosts 1n the absence of diagnostic features of the sinus beats Some instances are
described 1n the sections on ** Veninicular * and ** Auncular Extrasystoles ** (pp. 31 and 52).

Aurcular ext les are more n nfz of the postertor wall; this 1s
understandable since the sinus node and Jarge portions of the auricles are supphed by the
night coronary artery

Abnormalities of the auncular h: auncular ystoles, are also
found more frequently in aunicular infarction, that of the right auricle being more common
than of the left This has been found expenmentally as well as climeally (Cushing, Feil,
Stanton and Wartman; Schott)

Stnce the cocurrence of extrasystoles in acute myocardal infarction often is 3 danger
signal and more numerous ventricular ones may be the precursors of ventricular tachycardra,
with the ominous nish of sudden death from ventricular fibllation, the routrne exhibiton of
quinidine (see p 475) as a preventine has been suggested in all patrents with acute myo-
cardial infarction (Morawuz and Hochrein) In a large hospital quimidine in doses of 0 1
gramme twice daily was routinely given to all patients with aortitis and coronary sclerosts
and 1ts exhibition continued throughout the patients’ stay in the hospital, sometimes for
months. This method was claimed successful on the grounds of the following data: in the
year before the medication was ntroduced (1927), twenty-four patrents died suddenly, the
presumed cause of death beng ventricular fibrillation. In the following year 1928, the first
duning which this method was applied, only five instances of sudden death were observed
The total number of patients was about seven thousand a year. The validity of this con-
clusion seems 1o us doubtful in view of the long intervals between the exhibition of such
small doses of the drug which 1s ehmunated so quickly There 1s also no experimental evi-
denge that quimdine prevents ventricular fibrillation after coronary ligation However,
similar good results were reported by Borg In his series the mortality due to sudden death
dropped from twenty-three in 1935 to five in 3936 when the routine exhibitron of quinidine
(0 2 gramme three times a day) was instituted.

Since 1n a large proportion of patients with extrasystoles after coronary occlus{o{l the
ectopic beats d after quimd di n, it is ded to mve quinid:
sulph. 0 15-0-2 gramme every four hours for the first three weeks following the m@rcuqn
tn all cases This is not done umversally, but quimdie should certamnly be given 1n
every case of coronary ocelusion in which extrasystoles occurred (except isolated ones at
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very long intervals). If necessary for the suppression of the arrhythmia the dose may
be increased

Ventnicular extrasystoles are often encountered in patients with coronary sclerosis
without myocardtal infarction or angina pectoris, Not infrequently they are the first
manifestation of the disease, particularly in men over forty. They occurred in forty-two
instances amongst 974 cases of coronary sclerosis, that is in 5.5 per cent. (Cowan and
Rutchue)

In such cases extrasystoles may occur after exertion or immediately after an exercise
test {Goldhammer and Scherf), and usually show varying shapes in lhc electrocardiogram.
Since, 1n subjects without myocardsal disease, extr systoles as a rule disappear during and
immediately after exertion, the above observation is of diagnostic importance. In some
mstances the occurrence of extrasystoles during exertion coincides with the onset of angina
of effort and the arrhythmia subsides with the pain (Mathieu; Wayne and Laplace; Proger,
Minnich and Magendantz; Porter, 1948)
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Hypertension

“The question of the incidence of extrasystoles in hyperiension s of mterest from varrous
pomts of view.

For a long tune, on expernimental grounds a disproportion between the contractile
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System " . PR N ce A
mental aortic stenoss 15 nod infrequently guoted

Clingcally, this problem s of interest in view of the very common occurrence of hyper-
tension,

Figures 11 the hterature vary greatly Warkentin reported no effect of rassed blood
pressure on the meidence of extrasystoles whereas Peel found an wncidence of 26 per cent.
amongst 184 patients with hypertension  The figures of other mvestigators fall between
such extremes, for mstance an ncidence of 7 per cent found by Koppang, and of 3.5 per
cent n eight hundred I d cases of hyp: by Flaxman In the fatter
series the immedate mortahty of patients with extrasystales was auly slightly higher than
he average of the whole series

@
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Wenckebach and Winterberg stressed the difficulties wn arriving at accurate figures.
Amongst the total of thetr cases with extrasystoles 8 per cent, had hypertension. A more re-
liable method seemed to these authors to determine the incidence of extrasystoles in 408
patients with hypertension  Of these, 243 had a systolic pressure cxcecdmg 190 mm. Hg
and twenty-six (11-25 per cent.) had extrasystol ; the ing 165 patients
with a blood pressure of 150-190 the incid ystoles was eighteen (11-1 per cent )
From these figures Wenckebach and Wmtcrbcrg ccncluded that neither the height of the
blood pressure nor the presence of hypertension per se had any significant effect on the
meidence of extrasystoles  This view was supported by the small number—twenty-six—of
patients under forty in a series of 385 hypertensives, since in that younger age group the
ncidence of extrasystoles i1s known to be high.

According to Fishberg, arrhythmias are common in the fatling hypertensive heart and
* extrasystoles are, perhaps, the most frequent form of wrregularity ™. However, this holds
good also for normal subjects.

Such discrepancies in the findings of the various investigators are not surprising since
thts problem 1s complex  On the one hand, 1t 1s common clinical experience that multitudes
of hypertensives have no arrhythmia  On the other, in those exhibiting extrasystoles other
factors are likely to be of importance Of these, coronary sclerosis takes first place: s
presence 1n a large proportion of middle-aged and elderly hypertensives s most probable.
Moreover, the influence of nervous and hormonal factors, discussed in the appropriate
sections, 1s of :qunl mportance Regarding the former, the proneness of many hyperten-
sives to bility needs no Concerming the latter, the appearance of
extrasystoles during a hypertensive cnisis in patients with a phaeochromocytoma of the
suprarcnals (Hegghin and Holzmann) provides an instructive example Here, 1t seems
reasonable to assume that not the hypertension per se, but the airculating pressor amines

hrine and nor hrine) are resp ble for the arrhythmia

The observation, made more recently by Scherf, Scharf and Gollen, that mn certain
expenimental conditions stretching of the auricles may precipitate auricular ectopic beats
points to the importance of mechanical stretching in this connexion, but this finding cannot
without reserve be apphed to the human heart However, the occurrence of paroxysmal
tachycardia and particularly of auricular fibrillation after unusually heavy exercise has
often been reported 1n subjects with normal hearts and 1t 1s thus quite possible that acute
dilatation of the heart may precipitate extrasystoles in some cases

SUMMARY

Chronic uncomplicated hypertension cannot be considered to favour the occurrence of
extrasystoles Pronounced acute nise 1n blood pressure seems 1n some healthy subjects to
cause ectopic beats, the stretching of the cardiac chambers possibly being a preciprtating
factor.
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Trauma

Stnce any shight mechameal sumulation of the heart may cause extrasystoles st 1s not
surprising that they are found in cases of penetrating 1nyury of the heart {stab or gun-shot
wounds} and it 15 very probabie that premature beats occur 1n most cases at the moment of
accident

Dunng surgical pulation of the heart les cecur freq Iy, 1t has been
proposed to prevent such arrhythmas by means of procane (gv) Incases of mjury to,
or ligation of, a coronary artery extrasystoles are hkely to oceur for longer pesiods and

ad s

Non-p wgury causing and ¢ of the heart may also cause
extrasystoles. Blunt trauma to the chest wall, particularly to the praecordial region, may
produce an arez of myocardial necrosts which, just as in cases of myocardial mfarction,
after a short time sets up an flammatory reaction  Moreoser, haemorrhages occur 1 all
layers of the heart 1In these circumstances extrasystoles were scen clinteally as well as
expertmentally

Climeal Obsensations. Since @ considerable number of chnical nstances had been
reported before this problem was first mvestigated expenimentally mn deta, the chincal
aspect 15 discussed first.

Amongst munety cases of non-penetrating angury to the heart ‘Warburg (1938) encoun-
tered n mne and 1n a sub sertes of fifty-mne cases, n two
(Warburg, 1940) Simlar findings were published by others (Kahn, Barber) Such statis-
tical data are, however, to be used with reserve, for the presence of exirasystoles occurnng
mdependently of traurra has to be dered , 10 those m which extra-
systoles developed as the result of trauma, they may well be absent duning the short period
of examination or may have already disappeared by that ume In one case, seported by

Hyrran and Fisher, lefi cular les were observed post. 1y after a stab
wound 1 the base of the left ventricle 1n Baledent and Byzasd's case the extrasystoles had
an p shape in the ek d i the site of the fesion

Experimental Imestigations. Mornz and Atlans produced bluat cardiac travma 1
thirty-two dogs: extrasystoles were observed m five The anatomical examunation showed
Iocal contuston 1n two animals and faled 1o reveal any smyury m the rematning three Others
{Kulbs, Schlomka and Hnrichs, Beck, Bright and Bech) akso observed extrasystoles
following blows applied durectly to the exposed heart and those to the tact chest wall

Sumular findings were obtaned by Scherf and Terranova from whase expenments Figs
192 and 193 are taken

Fig 192 was obtained from a cat By means of a gusfiotine-hke device a werght of 2 kg.
was made to fall on the praecordiat area from a herght of 100em A ventrienlar tachycardia
appeared immediately after the trauma  This was followed by ventricular extrasystoles
which had the same shape as the abnormal beats during the preceding tachycardia and which
oftent accurred as coupled beats In other expersments auncular extrasystales occurred
immedsately after the trauma (Fig 193) Such arrhythmuas as well as auncular fibrillation,
which was commonly observed in such experiments, disappeared within a few minutes  The
€xpeniments were not carned out sufficiently long for siudymg the possible re-appearance
of the ectopc beats, this mught well be expected 1n view of the reactrve changes in the snpured
tissue, discussed above

Regarding the mechamsm underlytng such arthythmuas, Schlomka and Hhnrichs
ascribed them to vasospasm consequent upon the trauma  fn our opunton it s far more
Iikely that they were due to the mechanical stimulus and damage of the trauma  The arrhythe
™ia-—as well as changes in the finat defl red after the trauma
and the nterval is thus too short as for vasospasm to account for the disturbance
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Catheterization

‘With the increasing use made of cathetenzation of the heart, disorders of cardiac action
elicited by this procedure are assuming great clinical importance  Amongst these, ectopic
arrhythmias are frequent and their study 1s also of considerable physiologtcal interest Tt
has, of course, been known for a very long time that exper: lly even shight
stimulation of the epicardial and particularly of the endocardial surface eheits abnormal
contractions

Extrasystoles were reported soon after catheterization was employed more widely
Bloomfield er ol found ventricular ectopic beats frequently in seventy-seven catheterizations
on seventy subjects and considered the arrhythmia probably due to contact of the tip of the
catheter with the heart. Sosman encountered extrasystoles m about one-half of a hundred
cases when the catheter was passing through the tricusprd onfice  Dexter ef al. reported
cardlac 1rregularmes durmg cathetenization 1n twenty-seven out of forty-two patients,

y electr pulse tracings or palpation, and ventricular extra-
systoles 1n five out of twelve patients with repeated electrocardiograms In a later study
(Levine et al , see below) 1t was found that the of ventricular extrasystoles actually
15 conslderab]y lugher than this carly sludy seemed to indicate

v € e T 10

.-...:..-.- . "'.'\'

cavity lcads cmphaslzed the slml]anty 1n shape of right ventricular extrasystoles in the nght
auricular electroendocardiogram and the right precordial leads, also lead aVR ; left ventr-
cular extrasystoles, which occurred during catheterization, showed an mutial upstroke 1n
leads obtaned from the nght aunicle and right ventricle  The bearing whnch the findings
of these authors have on the localization of the focus of origm of ectopic beats 1s discussed
1 the approprate chapter (p 399) In the nght aurtcular cavity record of auricular extra-
systoles their P waves started wathout the 1imtral upstroke of the P waves of sinus beats,
which was interpreted as indicating a focus of ongin of such extrasystoles beneath the
exploring electrode 1n the right auricle

Levmc ot aI,, :mploylng mlmcavlty Jeads, emphasized the relatlve rarity of auncular

ney were prempltalcd by the catheter "With the Catheter n the right venmcle on the mher
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hand, ventricular premature beats or paroxysms of ventricular tachycardta occurred in the
* vast majority ** of the series of twenty-seven cases. Such arrhythmias invariably dis-
appeared when the tip of the catheter was ad: d into the pul; 'y artery or wi

nto the night auricle  These authors assume that the ectopic beats were due to contact of
the tip of the catheter with the right ventricular endocardium of the interventricular septum
The reason for the more frequent occurrence of ventricular, as compared with auncular
ectoptc beats ts believed by these authors to be that, in the auricle, the intracardiac electrode
1s more prone to remain  midstream and thercfore not placed in a position favourable for
precipitating extrasystoles by betng in intermittent contact with the wall of the chamber, as
1s the case i the ventricle ' We should ike to add asanother probable reason that specialized
tissue 1s present throughout the ventricles whereas in the auricles it is imited to the S-A and
A-V nodes Some further details about the electrocard, phic app of such ectopic
beats are discussed on p 399

Some impression of the ncidence of such arrhythmias in connexton with cardiac cathe-
terization may be conveyed by Table 4 (p 433)

In the series of 133 cathetenized patients of Michel e al. the incidence of arrhythmias
was found twice as hugh in patients with congenital heart disease as in the remaining group
of acquired (mostly hypertensive and coronary) cardiac lestons; it was also sigmficantly
higher 1n patients with pre-existing electrocardiographic abnormalties

A few individual ponts may be briefly mentioned

The predomunence of ventricular over auricular ectopic beats is mentioned by most
investigators, for example Levine et af , Goldman et af , Landtman, Ravin ez al , Michel e7
al  Most authors also express the opmnion that the ectopic beats are elicited mechanically
by the contact of the tip of the catheter with the endocardial wall. However, the various
portions of the heart vary n their propensity to develop ectopic rhythms.

In the electrocardiographic study n connexion with angrocardiography of Biorck et af,
premature beats occurred 1n all twenty-one cases inected by a catheter into the nght
auricle, right ventricle or pulmonary artery whereas none were observed in the cases m
which the mjection was given 1nto the superor vena cava (three) or in the aorta (twenty-two)
Landtman found that such arrhythmias were elicited most readily from the infundibulum
of the right ventricle, the area near the tricuspid valve and the remarning part of the nght
ventricle whereas they occurred far less frequently from the stem or branches of the pul-
monary artery or the right auricle  The focus of ongin was assumed to be the subendo-
cardial specialized system, particularly the penpheral ramifications (Landtman)

The rel tup between the t 1 provided by the catheter and the
ensuing arrhythmeas seems, however, to be more complex Ravin ef al. pointed out that
ectopic beats elicited from the septum may vary in shape and trming, and expressed the
opimon that such arrhythmias onginated from multiple irritable foci. Stmilar observations
were made by Landtman when the tip of the catheter touched the infundibulum, (Regarding
the determination of the site of onigin of ectopic beats generally, as mentioned in some of the
discussed papers, some doubts may be expressed about the validity in those instances in which
thts was based on the shape of the ectopic beats in only one standard or praccordmllead )

Biorck et al remarked that the localization of the tip of the catheter did not scem to
decide the type of the premature beats ventricular extrasystoles were seen when lh}: con-
trast medium was 1njected into the auncle, and auricular premature beats with mnjection
1nto ventricle or pulmonary artery While these authors assume most electrocardiographic
disturbances to be due to some direct mechanical ntra-cardrac irritation, etther by the
catheter or the spout of the injected medium, * the possibiity of an indirect influence of
cerebral and nervous factors will also have to be taken into account ™.

Similar observations were made by Michel ef al , who found in a considerable propor-
tion of their 133 catheterized patients that * ntra-auricular locations of the catheter tip
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were associated with a variety of extra-auricular rhythms It appeared difficult to explan
the mechanism of impulse origin 1n these instances except on a basis of reflex excitation of
the endocardtal or endothelial surface other than the point of impulse formation.” This
view was supported by observations on serious arrhythmias occurning before the inserted
catheter had been advanced into the superior vena cava or past the axilla, or, 10 one fatal
case, even i diately foll g its @ d nto the vemn

The importance of nervous factors in the of ectopic arrhyth 15 d d
in the appropriate chapter (p 253). Furthermore, such observations recall the expen-
mental findings of Scherf er af that, in certain circumstances, activity of one ventricufar
ectopic centre may stimulate impulse formation 1 other ectopic focr.

Another form of a possible stimulation of an ectopic focus was seen by Kossmann et af ,
using an intracavitary lead. This group of workers observed the temporary occurrence m
the of closely bhing p i which they
due to a temporary increase 1n excitability of a ventricular centre by the catheter  They were
led to favour a functional rather than structural explanation of this phenomenon (W P.W.
syndrome), 2 conjecture at which Coelho et a/ also arnved as a result of simular expen-
mental and clinical observations. We do not apree with this view for reasons discussed m
the next section (g.v, p. 438).

In thirteen of the erghty-eight children with arrhythmias of Landtman’s senes the tip of
the catheter reached the left heart, in most of these cases through an inter-atrral septal
defect, and of the fifteen mstances of disturbances of rhythm extrasystoles were the com-
monest Auncular tachycardia was observed 1n a young child with an inter-atnal septal
defect when the catheter passed through 1t (Johnson ez al )

An unusual observation was made by Ravin ez al. on a patient with spontaneous attacks
of auncular paroxysmal tachycardra when, dunng such an attack, the catheter entered
the night ventricle, a ventncular tachycardia was precipitated which subsequently changed
into sinus rhythm, a truly ** unique method of stopping a paroxysmal tachycarda ™
Zimdah reported n a grl of four with an interventricular septal defect an mstance of lower
nodal tachycardia elictted by the catheter, which persisted after the catheter was withdrawn
into the superior vena cava and was terminated after thirty minutes by procamne His paper
contains a useful summary of expertmental and clintcal observations on the various dis-
orders of the cardiovascular system during cathetenzation

In the majonty of 1nstances ectopic arrhythmas cease when the location of the catheter

15 altered or, if necessary, withdrawn In some cases the exhibition of drugs proved neces-
sary, of which procaine, quimdme and atropine have been successfully employed. Procaime
amude (Pronestyl), which has recently been duced m the £
ventncular—ectopic arrhythmras, may prove useful m some nstances of this kind though
We are not aware of any reports yet published on the use of this drug 1n connexion with
cardiac catheterization except 1n one case in the series of Lasser er al. (see also section on
*“Cocame ”, p 309)
. Considening how widely cathetenzauion is employed, fatal ectopic arrhythmias caused by
it have been teported 1n only a small number of cases. Nevertheless they are of great
climscal sigmificance since they call for immedsate change of position or withdrawal of the
catheter, supplemented 1n some cases by the admimstration of drugs; they have to be
regarded as potentially ominous precursors of fatal ventncular fibrillation
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Extrasystoles and Pre-excitation Syndrome

The * pre-excitation * or ** Wolff-Parkinson-White * (WPW) syndrome 1s characterized
1n the clectrocardiogram by abnormally short P-R intervals followed by QRS complexes
of abnormal shape and tncreased width The latter indicate anomalous intraventricular
conduction

The syndrome 1s now generally accepted as being due to the conduction of the S-A im-
pulse to the ventricles by an abnormal pathway, namely an accessory A-V connexion

The condition is often found 1n otherwise normal subjects Numerous mstances were
published as a result of electrocardiograms taken during the war in service personnel with-
out any evidence of structural heart disease Grave and even fatal cases showing this
syndrome have, however, been reported (Broustet et al )

The frequent occurrence in this condition of attacks of paroxysmal tachycardia is univer-
sally recognized Scherf and Schonbrunner found 2 history of such attacks in twenty out of
thirty-five cases with this type of electrocardiogram In his comprehenstve paper on the
pre-excitation syndrome Ochnell reported paroxysmal tachycardia in 70 per cent. of a ]argc
number of cases collected from the world hiterature. Schott described this association in an
infant of eight months

Auricular and ventricular extrasystoles also occur 1n the WPW syndrome, but, as dis-
tinct from the association with paroxysmal tachycardia, only comparatively few cases have
been pubhshed (Scherf and Schonbrunner, Littmann and Tarnower) .

Fig. 194 was obtained from a forty-six-year-old man who stated to have always been
healthy except for occasional attacks of palpitation. Examination revealed 2 WPW syn-
drome which disappeared after exercise (see Scherf and Schonbrunner) Fig. 194a shows



433

CLINICAL ASPECTS OF EXTRASYSTOLES

9 13 1as5E]

5310J84s
-BINO IZJIOLUIA OJOW 10 £
JO SUDJ S2 PaUYIP TIPIEOAYIE]
JPNOUIUOA  SHIINA[EA  OIEW
“NOYI Yitw T ‘S[ELUOS p ‘asEd
<SIp LB |EIUBBUOD I SJudk
-12d WoJ) SpI030L BAI-ALO]

1913 PYIN

{eUIRla0 JO 7 3(qE, W0l
9susplut Jo 3geiuadisd pue
S19QWNU 03 a3yl sandy oL

(44 ¥

uRWwIpUE]

ssayuuazEd w1 U2y st
g3 291 1SBUOIE SEIUIIALLE
PpaisiayyoaduapIouIsTeIUIIad
UL bl 341 JO g8 Ut paALss
2q0' ssoueqInysip owpIes Apas
pLE paIpUNY 3UQ)  UAP(IY3 [y

® 1)
w

10 13 WBWP{OD

aucu w uone]
-fuqy Ienoune ‘suaned ¢ ui
JOURY  IENOUNY  HOISSAINS
UK PALINGOO SA|OISASEIIN LE[ND
-LUBA € UEY} 210U UM PISOU
-SEip BIDIEBAYDE] SEMOLGUSA
PSP WEAY [ENUIFUOD PRy
BIpIRIAYDE) [EPOU 1O IT[ioLNE
Sumoys suaned Jy  3sessip
JuE9Y [ENUAFUOD PEY X1S-ApuLL

17 13 uiaey

BWIGISE 2UO ‘SIs0[d
-13qn) pey s)udiied om-AIan

(34}
sl |
b

o« |

ES
-
-~

|

;‘N

rw‘om\mm_w +L il €

ooy

syaew

4
|

wad ! oN 7

1d

wao | oN | wad| o
52d 15d

N

w3
139

oN

weo | on | wa | oN
|

IEIOLUIA

woon__| semouny

epIEdAydEL

ovipaea yiim

|

FELERECTN

14 334
sastD

poN | mmuny |0 N

sajo1skseaixg

Ay 21dojg

4

uG3 &t pa1Iesqo
+ d474v.L

1



34 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

he typical features of the WPW syndrome with an aurscular extrasystole following every
r every second sinus beat. The P waves of the extrasystoles are visible in the T waves of
he preceding beat. Fig 194b also shows auricular extrasystoles: one occurred after the

e o -,-‘n.w’n e et aat
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Fic 194 —a and & from the same patient Py h auncular
For explanation, see text  From Scuerf and Scuouakuwm Z khn Med

irst normal sinus beat, the third sinus beat 1s followed by three auricular extrasystoles, and
inother two are seen at the end of the tracing  These extrasystoles show three kinds of QRS
;omplexes some resemble those of the normally conducted sinus beats, others are very
amilar to those of the stnus beats with anomalous intraventricular conduction, and others
1gain, for mnstance the last of the three extrasystoles following the third sinus beat, have an
ntermediate shape The assumption scems justified that some of these premature beats
vere normally conducted through the A-V bundle, some of them through an accessory
>undle, and some simultaneously over both pathways An interesting observation 1n this

FiG 195 —a The three standard leads  Pre-excitation syndrome
during normal rhythm

case was that exercise improved the conduction 1n the A-V bundle not only for the sinus

beats, but also for the extrasystoles
F;g 195 was d from a fifty-eight-year-old man of attacks of
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palpitation Jasting from a few minutes to several hours. The tracings reproduced in Fig. 1952
ndicate the WPW syndrome, 1n lead 1 the characteristic broad slurring in the ascending
Iimb of the R waves 15 easily recogmzed. Fig. 195b was obtained from the same patient
duninganattack of auricular fibrillation  Itis evident that most of the beats show anomalous
intraventricular conduction, though a few (the penultimate 1 lead 1, the fourth in lead 2 and
two in lead 3) have ventricular complexes indicating normal A-V conduction, but are other-
wise abnormal due to myocardial damage caused by coronary sclerosis Those beats which
show evidence of being conducted through an accessory pathway have continually varymng
form of the QRS complexes, the width of which varies between 0-10 and 0-14 second
Combination beats also occurred, The assumption follows that both the normal A-V and
the accessory bundle were functioning and that some of the impulses reached the ventricle
through both pathways

Recogmition of this syndrome is also important because of the possible confusion in
some cases with extrasystoles Fig. 196 provides an example. It shows sinus rhythm where-
by every other beat shows the pre-excitation syndrome Casual mspection may suggest
bigeminal rhythm with ventricular extrasystoles occurring late in diastole, whereas the
correct explanation s regular sinus rhythm with alternation of ventricular excitation be-
tween normal and anomalous intraventricular conduction (see also chapter on “ Coup-
hng ™, Fig. 136}

AT ‘”‘lg‘ S U R VN T (N I
N Wi Ll f i . ' f t . 1
‘U‘;E] ol N At et i Pt i
alffdty di Y

Fic 196 —Smvs thythm with every other beat showng the pre-excitaton
syndrome  See text

P
i

Underlying Mechanism

The most generally accepted explanatton of the syndrome of shortened P-R intervals
with anomalous intraventricular conduction 1s that put forward by Holzmann and Scherf
m 1932 and Wolferth and Wood 1n 1933  According to this view the impulse originates
normally in the S-A node, but 1s conducted to the ventricles by an abnormal pathway,
particularly, but not invariably, the right lateral bundle, described by Kent 1n 1892 and often
called the * bundle of Kent » Several such connextons have been described and some of
them were found 1n patients who had shown the WPW syndrome (for instance Wood,
Wolferth and Geckeler; Oehnell) Scherf and Schonbrunner ported out the phylo-
genetic significance of such accessory pathways as remnants 1 man of the more numerous
and broader connexions found 1n lower anmmals

Numerous other explanations were put forward at different times by different 1avesti-
gators; they are listed int the paper by Hunter ez a/  Of these, Holzmann and Scherf con-
sidered, but rejected, the assumption of an irntable focus 1n the ventricle which, i such
cases, is stimulated mechamically by each auriculfar contraction This view has recently
been tentatively put forward again by Kossmann ef al. In recording intracavitary leads,

these authors found the temporary occurrence of * pre-excitation ** complexes on slowly
B . R < abt e ala ned o et ohas b o procedure Created

which was stimu-
Jaas vy e . . ‘ntricular pressure
which 1t causes They thus suggest tentatively a functronal rather than an anatomical
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explanation of this syndrome Coelho ef al arrived at similar views as a result of clinical
and experimental observations. ,

While on the grounds of personal observations we can confirm the occurrence of
“ pre-excitation complexes ” during cardrac catheterization (see Fig. 197), we do not believe
that this indicates the creation of an irritable focus mn the ventricles activated by aunicular
contraction, but consider such beats to be ventricular ectopic beats, elicited by the catheter,
the timing of which results in the fortuitous appearance of pre-excrtation complexes. Such
tming 15 the more easily understandable as some varieties of ectopic ventricular rhythms
are known to have rates very sumilar to that of the prevailing sinus rate.’ For instance, the
rates of ectopic ventricular thythms elicited 1n dogs by mechanical stmuli parallel those of
the sinus thythm in the individual case (Scherf, 1926), and a sumiar parallelism between
ectopic and sinus rates was demonstrated 1n expertmental parasystole (Scherf and Chick)
{Comparable conditions were found by Luten in a case with auricular extrasystoles, dis-
cussed on p 260) Moreover, more recent observations in two cases have shown un-
questionable disturbances of atrio-ventnicular conduction in the presence of the pre-
excitation syndrome which, 10 our opinion, proves that this phenomenon is in fact due to

cond (Scherf, Bl d and Mueller),

An interesting problem is the high incidence of paroxysmal tachycardia in such cases
Hunter ¢z al found the WPW syndrome 1n 5 per cent. of 150 consecutive patients with par-
oxysmal tachycardra, other figures were given earher 1n this section. The association is
certamnly not forturtous and requires an explanation

One theory goes back to the hypothesis of Mines (1914) and de Boer (1927), put forward
at a ime when the pre-excitation syndrome was not yet recognized; this seeks to explain
extrasystoles and paroxysmal tachycardia as due 10 a circus movement involving the A-V
conductron system and the bundle of Kent  According to this view the impulse 1s conducted
through the A-V system from the auricles to ventricles and thence back to the aurncles
through the bundle of Kent A circus movement through this pathway was assumed to
underlie supraventricular tachyeardiz  Circulation of the excitation n the reverse direction
through the same paths was thought to precipttate ventricular tachycardia. It s true that
1n experiments on dogs and cats Butterworth and Poindexter were able to produce par-
oxysmal tachycardia by sumulating the aunicle by means of the amplified ventricular action
current However, the objection to this explanation 1s that sharply inverted P waves should
be found between two ventricular complexes in leads 2 and 3 and no such instance has so
far been published Moreover, the observation that 1n a case of WPW syndrome dunng
auricular paroxysmal tachycardsa the excitation was found to use exther pathway at different
trmes 15 not n accordance with the assumption of a circus movement {Scherf and Boyd)-

Another explanation seems more plausible, put forward by Scherf (1950) It1s based on
the observation that an excitation activating the heart late 1n systole or early in duastole,
that 15, during the “ crtical” or ** vulnerable ” phase, may precipitate a series of contrac-
tions, a repetitive response, mstead of one single contraction (see p. 483) It seems possible
that in patients with the pre-excitation syndrome the excitaton, which reached the ventricle
through one pathway, arrives by the other pathway 1n the auncle during its critical phase
and, 1n this way, causes a repetitive response 1n the form of paroxysmal tachycardia or
aurncular fibrllation

SUMMARY

The Wolff-Parkinson-White, or pre-excitation syndrome is characterized in the electro~
cardiogram by abnormally short P-R intervals and anomalous traventricular conduction.
In this cond oles are than the few published examples may suggest.
Several instances are given and 1illustrated. .

Activatton of the ventricles by an accessory A-V connexion 1s the explanation most
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generally pted. Af explanat p y rejected—based on the
tion of an yrntable focus 1n a ventricle which s activated by the auricular contraction, has
recently again been put forward on the grounds of observations made during the recording
of intracavitary leads. Reasons are given why we consider thts view to be unacceptable.

The difficulties in the differential diagnosis, 1n some cases, between the WPW syndrome
and ventricular extrasystoles are emphasized

The association of the WPW syndrome with paroxysmal tachycardia 1s umversally
recogmzed. The explanationt is put forward that thts may be due to the return of the impulse
from the ventricles to the auricles during the vulnerable phase of late systole or early diastole
of the auncles, thereby resulting 1 repetitive response
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EXTRASYSTOLES IN RELATION TO VARIOUS TYPES OF EXTRACARDIAC CONDITIONS
Cheyne-Stokes

In patients with Ch Stokes breathing arrh of various kinds are sometimes
observed, amongst them extrasystoles which periodically occur only durtng certain phases
of this periodic type of respiration

Intwo digitalized patients, extrasystoles were noted duning the hyperpnoeic phase (Roth).
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In Fischer’s case ventricular extrasystoles occurred at the end of hyperpnoea, and Wasser-
mann reported tachycardias with ventricular extrasystoles during apnoea. Extrasystoles
occurring during certain phases of the respiratory cycle were also reported by Wenckebach
and Winterberg, and by Hoesslin,

Fig 198 was obtaned from a sixty-seven-year-old woman with marked Cheyne-Stokes
breathing; she had not recerved digitalis. On clinical examination tachycardia was noticed
during the apnoeic periods which the electrocardiogram revealed to be an ectoptc ventricular
tachycardia, starting soon after the b of apnoea and ding mnto the begi of
the hyperpnoeic phase Alternation of the ventricular complexes was often seen during the
ventnicular tachycardia (see top tracing, Fig 198).

FIG 102 AMraracdctand 7 (heepaaf b b o op ets vanous phases of
5, S N dia starting soon
“l N . N “*  ncular complexes

. St s

Regarding the underlying mechanism of such penodically recurning arrhythmas, the
peniodical changes in the gaseous composition of the blood seem to be the most important
factor It may be recalled that a rise 1n the carbon dioxide content of the blood inhubits the
formation of extrasystoles (Scherf, Goldenberg and Rothberger) and may transform an
ectopic tachycardia into single extrasystoles (see sections on “ Coronary Disease ” and on
“ Drgitalis ”)  This aspect was studied by Steele and Anthony 1n respect of Cheyne-Stokes
resprration  As expected, the lowest concentration of O, was found during the early stages
of the hyperpnoetc phase, the highest at the end of hyperpnoea or beginning of apnoea,
regarding the concentration of CO, the reverse changes were observed. The patient nvesti-
gated by these authors showed arthythmias of various kinds, including paroxysmal tachy-
cardia, during apnoea, and varyform ventricular extrasystoles at the transition from apnoea
to dyspnoea
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In addition to changes in the gaseous composition of the blood, those 1n rate and in
nervous tone seem important contnbutory factors.
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Hyperventilation

As far as we are aware the effect, upon ectopic impulse {ormation, of hyperventilation
and alcalosts has not been mvestigated  One personal observation may briefly be discussed
1 which hyperventilation was repeatediy followed by a conspicuous reduction 1n the number
of ectopic beats,

The patient in question was kept under observation for many years and electrocardio~
grams invariably showed long paroxysms of ectopic auricular tachycardia  As the P waves
wete mverted 1n leads 2 and 3 the abnormal beats presumably originated 1n the vicimity of
paate O AN e e s LT T

rhythm ensued with marked aberration of intraventrnicular conduction (Fig 199d) A few
minutes after the termination of hyperventilation the arthythmia reverted to the onginal
ectopic tachycardia as reproduced in Fig 199a In this particular patient bi- or trigeminal
thythms were never observed except after hyperventifation

X-ray Irradiation

In view of the profound effect of X-rays on living tissue some influence on ectopie 1m-
pulse formation 1s only to be expected, but 1n actual clinical expersence 1s far less common
than anticipated

In 1897 Segny and Quenisset reported ntolerable palpitation and wrregular contractions
as a tesult of “ very long " X-ray trradiation  Some arrhythmias, not further analysed, were
reported by Coutard and Lavedan, in these, cxtmsyslulc‘s may have played a part

e . P S A DA ) An ..
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(Hartman et al , Warthin and Pohle, Werthemann, Desjardins), also the clinical observation
of pericarditis resuling from this interference (Leach, 1943a) Greater resistance, to the
damaging effect of the X-rays, of the heart than of the lungs was claimed by Desjardins, and it
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FIG 199—Lead 2 a Before hyperventilation  Ectopic tachycardia, pre-
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isnoteworthy how often irradtation with large doses is given for mediastinal tumour wnhgus
much climcal evidence of myocardial damage In the electrocard signs of m;

damage are by no means rare and gallop rhythm may appear in such arcumstances (un-
published personal observations), these features have 10 be ascribed to the Xeray treatment




CLINICAL ASPECTS OF EXTRASYSTOLES 443

{Gendreau claimed to have found ** far-reaching ™ effects of X-rays on the heart, but his
electrocardiograms show only artifacts )

Regarding extrasystoles, our personal experience 1s hmited to one case. It concerned a
patient with short paroxysms of auricular tachycardia which were separated by only one
sinus beat Y i paroxysmes tach dig p. 237)(Fig 200a) Thes arrhythmia
was invanably recorded during a pertod of observation extending over many years About
four hours after irradiation of the praecordial region with 100R the arrhythmia reproduced
in Fig 200b was found* the chains of ectopic beats had become shorter and two sinus beats
followed in succession; the last of the aunicular ectopic beats was blocked The same effect
upon the arrhythmia was repeatedly observed, also when other parts of the body were
irradiated, It seems reasonable to conclude that ths change 1n the arrhythmua was due, not
to any direct effect upon the heart, but to an indirect effect consisting, most probably, mn a

he change g from the 1n
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Hyper- and Hypothyroidism

Hyperthyroidism

In view of the common octurrence, in hyperthyroidism, of auricular fibrillation 1t 15
surpnsing that extrasystoles are comparatively rare (Wilson) This 1s the more remarkable
since 1n other conditions predisposing to aurcular fibrillation (coronary disease, nutral
stenosis) aurscular extrasystoles are found so often as precursors  The increased heart rate
was considered to be one factor to account for the ramty of e m thiy
condition (Bickel and Frommel, Wishart} and, 1f extrasystoles were found 1n such cases 1n
spite of a hugh heart rate, they were thought to indicate myocardial damage (Boas and Levy)
Towers considered the occurrence of extrasystoles in the presence of sinus tachycardia as
typical for hyperthyroidism  How infrequent extrasystoles are in hyperthyroidism may be
1llustrated by recalling Goodall’s review of the heart in Graves’ disease, 1n which 7 per cent
of the patients were found to have auricular fibrillation and extrasystoles were not mentioned
atall Similar findings were reported by Willus

On the other hand five instances of ventnicular and three of auricular extrasystoles were
encountered amongst 188 patients with hyperthyroidism (Parade) and Van de Velde espec-
1ally stressed an ineidence of 4 per cent 1m his sertes of five hundred cases  Other studres
include those of Bicke} and Frommel (three instances amongst eighty cases) and of Krumb-
haar (three amongst forty-seven) It appears that ventricular are
than auncular ones (Nicholson}—another surprising observation Thus 15 also borne out
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by the figures of Spang and Korth. of the twenty-four patients with extrasystoles amongst
two hundred cases of hyperthyrotdism, fifteen had ventricular and one ventricular and
auncular ones.

Experimental investigations do not seem to throw any hght on this problem  Bickel and
Frommel observed ventricular extrasystoles in rabbits which had been injected with extracts
of thyroid glands of sheep  But since such ectoptc beats occurred very soon after the injec-
tion, sometimes within a few seconds, and 1n any case rabbuts are very prone to exhibit such
arrhythnuas, this observation 1s of doubtful value.

It has to be admitted that neither the ranty of extrasystoles nor their predominantly
ventricular origin 1s understood  As the reason for the frequent occurrence, in hyperthy-
rordism, of auricular fibrillation 15 not clear this 1s hardly surpristng  There can be no doubt
that the association between auricular fibnillation and hyperthyroidism 1s more than for-
tuttous Increased sympathetic tone has been thought to be responsible for this connexion,
but this 15 far from certatn  On the contrary, there 1s some evidence that merease 1n para-
sympathetic tone may play a part administration of choline preparations to patients with
hyperthyroidism causes auncular fibrillation more readily than that to normal subjects
(Nahum and Hoff). There 15 also evidence of a direct action of the thyreid hormone on the
heart muscle fibres

Hypothyroidism
In our expertence the occurrence of extrasystoles tn patients with hypothyroidism s not
Tare, but 1t seems doubtful whether this chmeal d pred to extrasy In

ong-standing cases they are caused by the assocated coronary sclerosis
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Extrasystoles and Different Phases of Sexual Life in Women

The relationship between the occurrence of extrasystoles and the different phases in the
sexual life of women has been noticed for a very long time In the pre-electrocardiographic
era the “ uy 1an”’ + were a well d group of irregular heart action
Early such arrhythmias attmcted attention particularly amongst French clinicians who were
inchined to attribute them to reflexes (Leconte, Marchal and Heim de Balsac; Gallavardin).
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While such reflexes may perhaps play a part in some cas:s, xl IS certain that endocrine factors
are usually resp ‘With incr g endocri Tedge 1t became realized
that imbalance between the various endocrine glands, rather lhnn ovanan hypo- or hiyper-
function, had to be considered as the mamn underlying factor, acting most probably via
alteration of the electrolyte balance

The greater incidence of extrasystoles in women, as found in some statistics (see sectron
on “ Incidence ), was attributed to arrhythmuas of such etiology (Savini).

Pregnancy predisposes to extrasystoles to such an extent that not infrequently this 1s the
only time in 2 pattent’s hfe when they occur {Mackenzie, 1902} and 1t has been estimated
that as many as 50 per cent of pregnant women show extrasystoles (Mackenzie, 1921) As
a rule they occur durning the later months of pregnancy, about the eighth month, and dis-
appear within a few hours after delivery (Mosler and Sachs, Goodall, Schubert, Jensen,
Abraham, Hoskin}) Onigin by way of reflex is also hikely to be an important factor But
great vanations are found in different cases and 1n some women who develop extrasystoles
only dunng menstruation they may be absent throughout the whole of pregnancy. In
others, paroxysmal tachycardia 1s observed during pregnancy (Weyler and Dustin). Ander-
son (1933) followed up a patient during successive gestations and found that, during the first
three pregnancies, no attacks cccurred; three attacks of paroxysmal tachycardia were seen
during the fourth, one during the fifth (1n the eighth month), three in the sixth, and more
numerous ones during the seventh pregnancy when they started already in the course of the
fifth month, no attacks were seen between the pregnancies An unusual observation was
reported by McMillan and Bellet, namely, attacks of ventricular paroxysmal tachycardia
occurrng during pregnancy for the first time and persisting afterwards

The treatment of extrasystoles cecurning during pregnancy—which may be very trouble-
some——presents a spectal difficulty, since small doses of quimdine often are ineffective and
large ones contra-indicated  Fortunately, reassurance about the harmless and transient
nature of the arrhythmia often 1s all that 1s required.

Mensiruation, Menopause and Puberty

Ectopic arrhythmias may occur only durmg menstruation (Crawford, Sigler and Fruch-
ter) or just before 1t In others, extrasystoles and paroxysmal tachycardia were recorded
during the menopause {Hoffmann, Peel, Anderson, 1932). In such cases 1t is often impos-
sible to be certain whether extrasystoles had not existed before and were only noticed by the
patients dunng the menopause when the change in their general condition makes patients
more prone to notice such disturbances of rhythm

Disappearance of extrasystoles with the onset of puberty has also been reported (Ander-
son, 1933)

REFERENCES
Asranan, E. G (1931) * Extrasystolie und Schwangerschaft ™ Med kin ,27, 1638



CLINICAL ASPECTS OF EXTRASYSTOLES 447

MACI(ENZIE J (l9’|) Htart Dl:m:t andPregnancy Oxford, London
* Ventficular paroxysmal tachycardia ™ Amer Heart J, 7,70
. ** Les extrasystoles en chnuque ** Monde méd , 38, 641

. + uschen Bewertung der Extrasystolie " Ber! Alin, Wschr., 58,

PE!L; F (1928). ** A statistical analysis of a serses of cases showing extrasystoles  Glasg med J,

109

s.vm,E otz Etudes sur L tachycardie paroxystique ™ drch Mal Coeur, 5, 689

Scuusirt, V. (1923) * Ueber schwere Hetzehythmusstorungen bedmngt durch’ die Schwangerschafl
Z Geburts Gynak , 85,

Werte, H, and Dustiv, L L (1942) * Paroxysmal tachycardsa in pregnancy * New Engl J Med , 227,

Allergy
Experimental Investigations
In dogs, made anaphylacuc by the of horse serum, extrasystoles
were not observed though heart block occurred (Auer and Robinson) In rabbits, on the
. Pt s S s

paid to such observations in rabbits since, as mentioned repeatedly, rabbits develop extra-
systoles very readily 1n a great vanety of experimental conditrions  In guinea pigs extra-
systoles were seen during attacks of bronchial asthma experimentally produced {Ewert and
Kallos) According to Criep, arrhythmias seen 1n rabbits and guinea pigs during anaphy-
Iactic conditions are due to the concomitant asphyxia, since artificial asphyxia produced
the same kind of arrhythmias as did anaphylaws

Clinical Observations

Extrasystolic arrhythmias were reported in patients allergic to a great variety of agents
sweet food (Luria and Wilensky), cold (Duke), a variety of foodstuffs (Weill, Lapeyre,
Harkavy, Pantolini) Such arrhythnuas included single extrasystoles and pamxysms of
ventricular tachycardra  In view of the profound t particular
caused by allergy the occurrence of extrasystoles tn such conditions 1s easily underslood
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Emotional Factors

Changes of the pulse due to emotions were known to Galen. The following charming
anecdote, of which Avicenna (980-1037), the famous Arabian physician, is the hero, may
be quoted from E G Browne’s Fitzpatrick Lectures

“ When 1n his flight from Mahmud of Ghazna he came ncognito to Jurjin or Gurgdn
{the ancient Hyreanta) by the Caspran Sea, a relative of the ruler of that provinee lay sick
of a malady which baffled all the local doctors. Avicenna, though his identity was then
unknown, was mvited to give his opimon, and, after ining the patient, req d the
collaboration of someone who knew all the dstricts and towns of the province, and who
repeated their names while Avicenna kept his finger on the patient’s pulse, At the mention
of a certain town he felt a flutter in the pulse, * Now’, said he, * I need someone who knows
all the houses, streets, and quarters of this town * Again when a certain street was mentioned
the same phenomenon was repeated, and once again when the names of the inhabitants of a
certam I hold were d Then A said. It s fimshed, This lad 1s1n
love with such-and-such a girl who hves 1n such-and-such a house, 1n such-and-such a
street, in such-and-such a quarter of such-and-such a town, and the gurl's face is the patient’s
cure’ So the marriage was solemnized at a fortunate hour chosen by Avicenna, and thus
the cure was completed ™

The list of emotions reported to cause extrasystoles 1s long It includes anxiety, fear,
fright, hate, to quote a few (Webber, Lockwood, Bickel, Katz et af ), domestic or profes-
sional troubles, disappointment, feehing of guilt or shame and fear of organic heart disease
(Wenckebach and Winterberg, p 242)

Fleisch recorded extrasystoles in two-thirds of subjects investigated during an examm-
atton, and Miller and McLean described four nstances of extrasystoles occurring during
severe inner confiicts  Gallavardin and particularly Hoffmann reported attacks of par-
oxysmal tachycardia regularly ehicited by emotion, and Ken Kuré saw multiple extra-
systoles and tachycardias 1n a patient whenever he was asked to solve simple mathematical
problems.

That may pr extrasystol under dable if the effect of
epnephnne and acetylcholine and the part played by the hypothalamuc centres and by
autonomuc nerves and reflexes 1s recalled, these are discussed m the appropriate chapters

In view of the fact that premature contractions occurring during a certain pertod 1n
early diastole (the critical or vulnerable pertod, see p 483) may mitiate ventricular fibnl-
lation, sudden death caused by sudden great fright becomes understandable, some instances
are briefly discussed by Wenckebach and Winterberg (p 511)

There 15, moreover, a further relationship between emotion and extrasystoles, namely
the arrhythmia causing anxiety and apprehension  To most laypeople any irregulanty of
the heart’s action spells ** heart disease ” and once the patient’s attention is focused on the
“ missed beats ” the increasing anxtety about his discovery 1s an important factor 1n in-
creasing the number of extrasystoles (see also section on ** Symptoms ). Thus in some
1nstances 1t 1s difficult to decide whether anxiety or extrasystoles are the pnmary disturbance.
If Stevenson e? al. found anxiety patterns in eleven out of twelve unselected subjects with
extrasystoles, doubts may be entertained whether such series consisted 1n fact of unselected
ndviduals

The reverse phenomenon 1s also observed, namely the disappearance of extrasystoles
due to emotion (Robmson and Draper) The commonest experience 1s the absence of extra-
systoles on exammatton of patients whose history makes the presence of premature beats
most probable and in whom they can be brought out by certain measures {exeraise, amyl-

aitrite) In such cases the emotionalstrain nvarably associated with a medrcal examination,
particularly by a ** strange ** doctor, temporarnly abolished the arrhythmea (see also section

b
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DY SO RO BRSNS .

or the admimistration of epinephrine abolished ectopic arrhythmias  Chnucally the con-
clusion seems warranted that the by of ystoles 1s dependent on a
certamn mulieu intéricur the pecuhianties of which are httle known
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Miscellaneons Clinical Cenditions
Infectious Diseases

Since myocarditis 1s often a feature of the most deverse kinds of infections (coccal, virus,
bacillary, protozoal) (Scherf and Boyd, Saphir) 1t 1s easily understood that extrasystoles
occur frequently in therr course  With the exception of diphthenia, in which the primary
cardiac lesion 15 degenerative, with reactive inflammatory changes, no systematic tmvest-
gations are available about the rate of incidence and the various types of extrasystoles in
ndividual infections and no useful purpose would be served by undertaking such studies.
Brief references to some papers on this subject may, however, not be amuss

In view of the frequent of the d 1n diphtheria should
be expected to occur frequently m this disease, but reports about their cidence vary con-
siderably.

The great discrepancies become evident by comparing the papers of Seckel and of
Shookhoff and Taran (1931b) whereas the former reported extrasystoles in thirty-four
out of seventy-five cases of diphthenia (45 per cent }—only ten of these patients showing
cliical evidence of myocardial nvolvement—the latter found only one instance of (auri-
cular) extrasystoles 1n fifty patients In a series of rnety cases Marvin found only two
nstances of auricular and one of ventricular extrasystoles Such differences may, at least
partly, be due to the method of examination, thus, a longer rest before exammation, a
prolonged persod of observaton, an investigation carried out by a physician who 1s familiar
to the child, afl this may result 1n a lower heart rate and thereby 1n the occurrence of more
numerous extrasystoles

o eemteA L € aman Ml

und
' @3
., 'mith

1 .
20 per cent of 242 cases
e



450 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

stagrccmcm also exists about the most frequent site of origin of extrasystoles in diph-
theria: p; of auricular e ystoles was found by Gunson and by Koppang,
of ventricular ones by Begg and by Smith We are in agreement with the latter view.
O 1ly multiform extrasystoles and even short bouts of paroxysmal tachycardia with
alternating ventricular complexes were reported (Stecher),

Gunson’s statement that the occurrence of extrasystoles in dnph!heria was of no matersal
prognostic significance and did not indicate the ncocssny of bed rest is not acceplable tous.
Actually, Hume pointed out long ago that, in this condi extrasy s may y
be the first sign of myocardial involvement

In lobar preumonia extrasystoles were described by de Graff, Travell and Yager. Mac-
kenzie (1902) considered them to be an omi sign, but modified this in his later
wnungs Extrasystoles were described 1n scarlet fever by Kiss and Romhdnyi, but thought
to be rare in this condition by Shookhoff and Taran (1931a). In bacterial endocardstis they
were seen 1n 7 per cent. by Segal Chagas and Villela described a cardiac form of trypanoso-
nuasis with many ventricular and also auricular extrasystoles; this was confirmed by
Arrnillaga, Soldati and Gandulla

Rheumatic fever

In this condition extrasystoles were described as a common occurrence (Pecl); they
were seen 1n 25 per cent. of the cases (Campbell) Their occurrence 1s considered to indicate
active myocarditis

Scorpion’s bite

An observation of tachycardia with extrasystoles caused by scorpion’s bite has been
reported by Celona and Sloer
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EXTRASYSTOLES AND LIFE INSURANCE

In the assessment of proposals for Life Insurance the finding of extrasystoles 1s an impor-
tant factor  While with some companies therr presence alone appears to preclude acceptance
at the normal premium even 1n the absence of any other pathological finding (Salvesen), a
more scientific and discriminaung approach prevails with others and every case tends to
be judged on 1ts own merits

In order to obtain some information about the attitude taken by Insurance Companies
towards i who have oles, but are otherwise healthy, we directed an 1n-
quiry about this to fifteen of the leading Life Insurance Companies of the United States and
Great Britain. We recerved informative and often detailed replies for which we should like
to express our appreciation to the compames concerned

Two points were emphasized 1n many of such replies: The fact that each application 1s
considered 1individually, and the practice to accept applicants as “ good average ™ (first
class) hvcs 1f they are healthy 1n every other respect.

vary Teg: particular points to whuch they attach special
importance These are summarized 1n Table 5, in which such factors are marked by -+ It
15 based on the more detailed rephes which we received from eleven compares

TaBLE §
‘ Appear- ! Changes
rance
! Nugnber . ! or dis- Towaves
Companyi{ ofes ' Runs  Ageof | Persis- ' Rate of | appear- | Multi- of
per of es | patent tency basic ance form post~
minute | of es rhythm after €s extra-
'\ exer- systohe
tion beat
T
2 + + '
3
4 ' |
5 ‘ T ‘ -
3 + |
| 8
i |
8 | |
9 + |
10 !
no + + |
— . !

= extrasystoles
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The table shows that most companies pay much attention to the number of extrasystoles
per minute. According to one, more than eleven extrasystoles per minute indi asub-"
stantial increase 1n risk. Another holds that the nisk increases with age and with increase
1n the number of persistently intermittent pulses. This company instances an example that,
at the age of fifty-six with an intermittent pulse of under five per minute, 2 mortahty of §0
per cent. 1n excess of the normal should be expected; with five to ten per minute the ex-
pected mortality should be regarded as twice the normal. The same Company attached an
extract from a book writien by Dingman on the subject of ** Risk Apprassal ** in which the
effect, on the mortality ratro, ofpulse ntermittence 1s detatled. This extract shows that such
pulse mntermi extrasystoles and dropped beats between which no distinc-
tion seems to have been made. An approach which does not distinguish between these
basically different kinds of arrhythmias seems to us highly questionable,

In our optnron the number of cxtmsystolcs alone cannot be held to be a valid criterion
regarding life exp Since we true extrasystoles to be due to an abnor-
mality in one circumscribed focus (see chapter on ** Mechanism ) and such an ectopic
centre to consist of a very small number of cells—perhaps only one cell—it will depend
solely on the degree of the abnormality n such a small area whether one extrasystole will
occur per minute, or many. Thus, even if one extrasystole follows each normal beat and
brgemunal rhythm prevails, such an arrhythmya does not denote that the individual should
be regarded as a more serious nisk than those who have only three or five premature beats
per nunute

Even 1f short runs of extrasystoles occur, the importance of which was stressed by two
compantes, the heart often s normal 1n every other respect, as 1t actually 1s 1n the majonty
of individuals with supraventncular paroxysmal tachycardia, We agree, however, that in
such mnstances the case should be treated individually and with special caution, as in the
event of )t there is an probabiity of auricular fibrillation
occurring

Another point, to which great importance is attached by several companes, is the age at
which extrasystoles occur, or are found. In our opmion this 1s fully justified, since in ndi-
viduals over forty premature beats may be an early sign of coronary disease  One company
disregards extrasystoles in applicants under forty, but in those over forty an extra premium
is asked for Other companies draw the line at forty-five beyond which they request a
moderate mcrease in premium

A further point, stressed by two companies, is the persistency of the extrasystohc arrhyth-
mas. Thus, one company accepts such only at an add The
evidence available about persistent premature beats does not appear conclusxve for forming
an opinton whether this attitude has a foundation 1n fact and it seems to us that, in such
cases, indsvidual assessment 1s of particujar importance.

We would advocate the same attitude regarding extrasystoles occurring with sinus
rhythm of higher rates. Here, the length of coupling 1s a decisive factor: extrasystoles with
short couphing, that is occurning early in diastole, may and do occur 1 tachycardia, whereas
those with longer couphing require a diastolic pertod of greater length to become mamifest
and therefore are seen only with slower rates. As there 1s no reason to attach a prognostic
sigmificance to the length of coupling it seerns highly dubious in apphicants with extrasystoles
to expect 2 higher mortality in those with a faster S-A rhythm (Berliner and Huppert).

We concur with the view that extrasystoles occurring during or shortly after exercise,

s T T
.

: The slgmﬁcancc of alterations in the T wave of the first post-extrasystolic beat, which
was mentioned in the reply of one company, 1s discussed on p. 37,
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INCIDENCE OF EXTRASYSTOLES

Introductory Remarhs

There seems hardly a human being who at one time or another has not had extrasystoles.
They may be, and often are, accidentally found during a medical examination, the subject
bemng quite unaware of their presence The reverse 1s equally common: some symptoms
entirely due to extrasystoles made the patient seek medical advice, but none are found on

i Some tension bly caused by the investigation abolished all
arthythmia during the crucial half-hour or so of the examination, via changes n autonomic
nervous tone; often some shight inerease in rate occurs which shortens the diastohe phase.
For these reasons statistics about the frequency of extrasystoles have 2 very lumted value
In order to be rehable regarding diagnosss, they should be based on graphic records,
preferably electrocardiograms, otherwise they will be almost valueless for demonstrating
the true 1ncidence amongst the general population, Even regarding the frequency with which
extrasystoles occur amongst patients, hospital or private, wide differences in the figures have
10 be expected because of the inevitable selection of cases for such an investigation Thus
the incidence will vary according to whether such statistical studies are undertakenna gen-
eral hospital or 1n a cardiac department, i a more general private practice or 1n one with
predominantly cardiac patients, whether, regarding age groups, a cross-section of the whole
Ppopulation 1s examined or the study 1s based on the older age groups m which coronary
sclerosis forms a predisp factor, rendered even more important by the
exhibition of digitalis, particularly if this drug 1s given m larger doses. A cardiologrst will
see more cases with extrasystoles than a general physician

‘With these reservations a few staustical investigations may be quoted in order to convey
some general about the freq y with which exts les have been encoun-

tered 1n different circumstances

General Incidence

Amongst 5,124 males for hife Y were found 1n 194, that
is 3 8 per cent. (Leshe) In a group of 500 recruits for the Royal Canadian Arr Force the
incidence of extrasystoles was twelve, that 1s 2 4 per cent (Stewart and Manning), and in
one of 1,000 aviators of the Amenican Atr Force, fifteen (1 5 per cent ) (Graybiel ef e/ )

Passing from these sections of the general population to hospital patients generally and
<ardiac patients 1n particular, a higher 1ncidence of extrasystoles tends to be encountered.
Some relevant data are summarized 1n Table 6 The wide vanations in these statistics are
evident

Incidence of Extrasystoles in Subjects with Normal and Abnormal
Cardiac Conditions

To what extent does the occurrence of mdicate a cardiac

dition? Does the d of in normal subjects and m cardiac patents,
4as revealed 1n investigations on larger senies, prowide any rehable evidence about this prob-
lem? The answer, unfortunately, 1s 1n the negative. the figures 1n different investigations
{see Table T) vary to such an extent that nothing but a general impression is obtained
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TABLE 6

IncidEnce OF EXTRASYSTOLES AMONGST HOSPITAL PATIENTS GENERALLY
AND CARDIAC PATIENTS

Number Number }
of of Per
Patients Extra- | cent, | Remarks Author
exammned systoles
10,000 ‘ 1,503 15 | Patients eleﬂm:nrdmgmphed 1914-1931 at Massa- | White, 1944
chusetts General Hospital
25000 | 3,004 12| Patients :lzc(mcardmgraphed 19341943 at Massa- [ White, 1944
chusetts General Hospatal
16,810 - 1 Patients eleclrocardmgrzphed 1940-1942 at Metro- | Scherf
T pohtan Hospttal, New York. Electrocardiograms are
| taken routinely
12 473 286 23 1 General Hospital, medical cases Laake
000 270 45 — Unghvary
2500 — ,¢a 70 Patients examined for carduc complaints  Extra- | Holzmann
, systoles either deduced from history or present on
examuination
500 — | ca 20 ' Consecutive series referred to a Cardiographic Depart- | Campbell
+ ment

Tante 7

INCIDENCE IN PER CENT, AMONGST CASES WITH EXTRASYSTOLES, OF PATIENTS
WITHOUT ANY EVIDENCE OF ANY OTHER CARDIAC ABNORMALITY,

Incdence i | !
Number of | percent of |
patients patients with- |
with out any evi~ Remarks Author
extra- dence of any
systoles other cardiac
 abnormality
1,142 54 Examunation for Life Insurance. Ungerletder
and Gubner
194 342 Examenation for Life Tnsurance, 34 2 per cent with | Leshe,
evidence of heart disease, 31 6 per cent, borderline cases
100 35 Consecutive cases m a naval hospital White, 1927
278 55 — ‘Wenckebach
and
Winterberg
184 325 - Peel.
231 468 Patients aged 75-96 Wilhus
216 7 Hospital patients  81+5 per cent had evidence of heart | Unghvéry.
disease, 11 5 per cent were suspect of heart disease

A reasonable estimate seems to be that 1n 30-50 per cent. of hospital patients with extra~
systoles the cardio-vascular system 15 otherwise normal  This proportion is much larger m
patients seen in private practice. Contrariwise, the mncidence of extrasystoles 1n patients
with coronary sclerosss is considerably greater than in the gencral population and further
enhanced if digitalis 1s given, This also accounts for the more frequent occurrence of extra-
systoles mn old age (see below) Sn_nilarly, cemu'n 1nfections predxsp'ose to premature beats,
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Incidence of Different Types of Extrasystoles

Table 8 shows the distribution of extrasystoles according to therr site of origin  Jt will
be seen that, on the whole, the figures of the several authors are in satssfactory agreement.
Auricular extrasystoles are much fess commeon than ventncular ones, the incidence of the
former being, on an average, about half that of the latter

Taset 8
DISTRIBUTION OF EXTRASYSTOLES ACCORDING 70 THER SiTe oF ORIGN

age age B4

:
Number| Num | s Yerue |
o 2 ¢ UPra 0
Trcgs | of | P Ventr | Per  ven  Sups Remarks | Author
ewamd | Extra { cent | €8 me venuc )
1 systol | !
1 {
1000 55 pos g 3 5 7 © ¢ Young hralshy avators G[ray\ml e
§ &
s00 | 12, 24 9 77 3 © | Young healthy aviators Stewarteral.
0000, 1,503 15% 974 65 529 0 Pabentsn general hospital | Whate, 1944
25000 | 3304 | 121 2007 66 1,027 0 Pantents in general hospital | White, 1944
124731 2861 23 (s 64 105 Panents in generat hospital | Laake
5000 | 2i6 36 * 98 45 57 61 , Hosputal paeats Unghviry
3263 288 68 167 67 B4 Qualy cases vathout Organsc ;
i | heart disease | Nathan
LI A 7 ;e 6t 6 Ouly cases with evtrasystoles |
examned  In 7 cases ongn |
undetermined | Leahe
500 t14 228 0 &1 44 Patients of 4 Cardiographic
f . ! Department I Campbell
sel 8 s o @ Chitdren under 16 autending |
3 cardias chnee Landtman
et 1§ 66 384 0 Only cases with exteasystoles
. exammed Ungerlesder
! and Gubner
24000 3981 19 4t [+ 38 49 Only m 228 cases extra
i H i systoles classsfied | Dauwe
L 1600 170, T4 60 Only patients gver St In 26
| . | cases onmn of eurasystoles (
§ ¢ i undetermtned { Martinez
300 ®f 126 13 I 39| 1 4 Ambulatory pateents over 60
) # 35 6 per cent were -9 | Foxerof
100§ 20 200 { 15 ! 75 1 5 0 Pavents over 70 Elaser and
H ! ondo
(us| otos) 32 T 53 5 0 | Patients aged 75-96 without |
! : , caxdiae Giszase ' Wallms
Uams| w3) w9l 8| es | 40 0 Patests aged 7596 with |
carduac disease | Waltws
700 2311 3¥0 4 140 o 9t a Total of Willius' sertes 4
330 10| 32 2t ©  Patientsaged 80-103 Aver- | Wosika et

t

One or two common pitfalls 1 the classification of extrasystoles should briefly be men-
tioned. In many stances, the P waves of aunicular extrasystoles are buried in the T waves
of the preceding beat  Unless such a record 1s carefully d, the auricul
2T¢ apt to be misinterpreted, either as v tar ones, if the : it are
abnormal owing to sberrant conduction in the ventricles, or as A~V nadal ones, if the ventsi~
cular complexes are of normal shape. We believe that the madence of A-V nodal extra-
systoles, as gven m some statistics, 15 to0 high becavse of the wmclusion, in ths category, of
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auricular extrasystoles with indistinct or invisible P waves, The employment of chest leads
with the exploring electrode on the right sternal border, or of umpolar imb or oesophageal
leads, may clanfy this distinction. In our opinion A-V nodal extrasystoles are rare and i all
cases, 1n which the differential diagnosis between auricular and A-V extrasystoles is 1n any
doubt, the term * supraventricular extrasystoles ™ should be employed. This practice has
been adopted in our Table 8.

Regarding the incidence of various types of extrasystoles tn relation to the cardiac con-
dition of the patient, it may be mentioned that in Ungerleider and Gubner’s series ventri-
cular premature beats occurred less frequently tn cases with cardiovascular disease, the
figures being 61 and 72 per cent. respectively In old people the reverse relationship was
found by Willius (see Table 8)

Sex

It seems that extrasystoles occur with about equal frequency 1n the two sexes (Galla-
vardin, Campbell), though some authors report some shight predomunance amongst
males (Goodall, White 1926) The latter found in a sentes of 1,500 private pattents that
amongst 103 with extrasystoles and structural heart disease fifty-eight were men and forty-
five women and a sinlar sex tncidence was found regarding patients with extrasystoles and
a normal cardiovascular system Some predominance of males would be understandable
11 view of the greater incrdence of coronary sclerosts in men, but this would be compensated,
at least partly, by the tendency of extrasystoles to occur during menstruation and pregnancy.
Laake reported a preponderance of females in each age group

Age

Extrasystoles have been observed at all ages, including the foetal heart and at birth.

In a study on the inaidence of foetal arrhythmias, Sontag and Newbery found that
extrasystoles appeared about sixty days before birth, attaned thetr maxsmum frequency
about one month later, then became rarer and dlsappearcd about one week before delivery
Their and disapp was ¢ dered related to the stages of development
of the autonomic nervous system. Hyman considered arrhythmras between the fifth and
erghth lunar months as not uncommon, opimons about thetr mcidence, which he endeav-
oured to ascertain by means of a questionnatre sent to 100 obstetricians, varied widely,
namely, from 0 to about 25-33 per cent of all cases exanuned prenatally In a phono-
cardiographic study of foetal heart sounds Hyman encountered six instances in which
extrasystoles were suspected on the grounds of the phonocardiogram, after bith the
dragnosis was confirmed when right ventricular premature beats were found. In all cases
the arrhythma disappeared within a few days, as was also found by Holtermann,

Regarding new-born 1nfants, Hecht reported a case in which blocked auricular extra-
systoles were observed for seventeen days after birth, but the arrhythrma had already been
noticed during delivery  Auricular extrasystoles observed in such crrcumstances may be
persistently or occasionally blocked (Antome; Rihl and Weinzierl, Fenichel and Kurzrock)
or conducted (Barre and Henniet)  On clinical examination Lyon and Rauh found extra-
systoles 1n three amongst 5,114 newly born infants (0 06 per cent )

(Burghard and Wunnerlich claimed to have recorded interpolated extrasystoles in ten
out of thirty-two normal new-born infants, and Ratha to have found ten instances amongst
forty-five premature babies examined two to twenty-four hours after birth, but the repro-
duced tracings of these authors show only artefacts )

. ST e e .

o - ~lar
. It
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Some figures about the incidence of premature beats in children are given 1n Table 9.
Several of the authors quoted in this table mention that they have no prognostic significance
and they cannot be taken to indicate an abnormal heart (also Leffkowstz) According to
Gelman and Brown they increase in frequency at puberty Whether extrasystoles occur
more frequently in children with cardiac disease seems uncertain, while the figures obtained
by Lyon and Rauh in their various series seem to indicate this, the figures of the vanous
mvestigations tabled differ to such an extent that no definite conclusions can be drawn in
this respect.

TasLE 9
INCIDENCE OF EXTRASYSTOLES IN CHILDREN

Number |
[Number  with ' Per ! Remarks Author
Type of Group exam'd ' Extra-  ¢ent
! systoles ,
U s
Normal children . 2672 22 Lyon and
i Rauh
259 2 08 Shockhoff and
' aran
I 100 1 1
1100 2 2 Hafkesbring
I ) etal
Schoolchildcen 'L 40 22 Ages under 10to 19 Lyon and
! Rauh
C‘_hxldl{:n amongst patients
of alt ages with extra-
systoles I 2 7 31 Ages 10to19 Cowan and
Rutchte
100 3 3 up to 14 Smith
Hospital patient
zen:pral]yp s 1000 ¢ 48 4% Diagnoss made only by climcal
i , impression Visco
I o ° Antell
Children attending car-
e e "1nIE | 5600 86 153 | Chidren under 16 In most
cases predisposing factor pres-
! ent eg infecion Good pro-
gnosis Includes 200 normal
, controls Landtman
182 35 44 Ages2p14¢ Lyon and
Children with cardiac ! |
sease 100 1 1 | Rheumatic heart disease Drawe ef af
1100 o 0 | Congenital heart disease Drawe ef al
468 143 | Lyon and
Rauh

Regarding middle-aged and elderly subjects, there can be no doubt that extrasystoles
are a very common occurrence {see Table 10)  Their frequency tends to increase with age,
as also observed by Laake Generally, ventricular ongin of the premature beats 15 com-
moner than auncular one (see also Table 8)‘ kThe Engh incidence of extrasystoles in the
Punra u e il A cten b wead Lot A apenn mmmeee PO RIS

Heredity
Little is known about heredity of extrasystoles An octogenarian * cardiac ™ reported
in a letter to the British Medical Journal that he had had extrasystoles since the age of
fourteen and that hus father and two sisters had the same condition.
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Tabte 10
INCIDENCE OF EXTRASYSTOLES 1N MIDDLE Anp O1D Ack,

Number
Age ' Number with Per Remarks Author
Group examined [ Extra- cent
: i systoles |
Over 51 941 160 17 52 per cent. aged 51-60 . ««! Martinez
Oser 60 300 33 126 | Ambulatory patients «} Foxeral
60-90 102 9 88 ‘ Non-cardiac patients . - | Taran and Kaye
Over 70 100 ‘ 20 20 " " - | Ehaszrand
Kondo
Over 70 100 2} 23 “ " Lewite
Over70 1+ 100 28 28 " ”» -| McNamara
75-96 '700 23 33 108 without, 123 with cardiac dlseas!.
See also Table Willius
80-103 100 kil 3 Consecutive cases  Average age 842 . | Wosikaeral
SUMMARY

Reasons are given for the view that all statistical studies about the ncidence of extra-
systoles 1n the general population have only a very limited value. With this reservation
some relevant papers are discussed which deal with the incidence of extrasystoles according
to the presence or otherwise of cardiac disease, site of origin of the premature beats, sex,
and age According to a very approuimate estimate, in 30-50 per cent of hospital pa(icnts
with extrasystoles the cardio-vascular system 15 otherwise normal and this propurtlon is
much higher in patients seen in private practice  The of aurnicular
15, on an average, about half that of ventricular ones. Premature beats seem to occur with
about equal frequency in the two sexes. The presence of extrasystoles in the foetus and at
birth can be considered as established In middle-aged and elderly subjects extrasystoles
are a very common occurrence and their incidence tends to increase with age  Evenin very
old subjects their presence nced not have any more serious significance than in younger
persons  In view of the wide vanations of the figures in the various series no more definite
conclusions about their rate of meidence 1n the various circumstances can be drawn
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DURATION

Most individual ' les have them only oceasionally. The premature
beats occur singly and sporadically, bemg separated by fong periods of normal sinus
thythm, There are many who have extrasystoles for only a few minutes or hours and are
entirely free from them for many months or years. We know of persons in whom they
occur only 1n spring but not during the rest of the year.

Extrasystoles may persist for many years in otherwise healthy indwiduals Tt is by no
means uncommon to be told by a patient that Fe has had the irregularity ** ever smce I can
remember 7, Cases are on record in which extrasystoles were observed for twenty-four
(de Graff and Batterman), forty-six {Esler and White), fifty (Mackenzie) and sixty-seven
years (Grassmann) Walsh observed ventncular extrasystoles on himself for forty years.
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SYMPTOMS
In a great majonity of cases extrasystoles do not give rise to any symptoms. Evenin
individuals who have premature beats for a lifetime they may be asymptomatic. On the
other hand, extr les often cause p of greater or lesser severity, ranging froman
1 shight y d fort to one of such agony that it becomes frankly
disabling
Not infrequently symptoms date from the moment a doctor told the patient that his
heart action was srregular, or from the pattent’s accidental discovery of the arrhythmia.
Once the patient’s attention 1s focused on his heart a vicious circle often starts, the patient’s
observing his heart action more closely resulting in more numerous extrasystoles and vice
VErsa
There 1s hardly any other cardiac condition of which the patients’ descriptions vary
so much as extrasystoles The word most commonly used is palpstation. This term,
employed by patients to describe many diverse conditions, refers, in the event of extra-
systoles, not to any sustained or prolonged d t, but rather to rep d abnormal
sensations, each of which s isolated and of short duration. Further questioning ehcits a
surprising vartety of descriptive terms in different patients. Standstll of the heart, the heart

A}
more disunctly, content themselves with reporting a “funny feeling ”” (Fahr). Sometimes
the description 1s coloured by analogies to other expenences the patient has had  The
woman who had borne children might compare the sensation caused by the extrasystole
with that of quickening during pregnancy, the hunter with that of the quick turn of the hare,
the athlete with a sedden jump

Sometimes extrasystoles give nise to =
of sudden tension, or one like she blow of L 4
of oppresston 1n the chest (Wenckebach - : 0
fullness 1n the throat {Leconte) Some French terms for such discomfort are* éclair dou-
loureux, baillement avorté, and eructation immenente.

Occasionally extrasystoles give nise to frank pam (Gallavardin 1929, Wenckebach and
Winterberg) This 1s of very short duration, but may be very severe (Wenckebach, 1903,
1914) In one of our pattents it was 5o mntense that st made him jerk his head off the pillow
with every extrasystole, he compared the sensation with that caused by an electric shock.

More general sensations produced by extrasystoles include an indescribable anxicty, a
sinking sensation, a pecuhar fechng of emptiness, one of being conscious of the heart bc?i,
and dizziness. The fast may be associated with vertigo and pallor, particularly if longer serics
of such ectoprc beats occur Cerebral anaemia was constdered the underlying mechanism by
‘Wenckebach (1898) Regarding this last group of symptoms, it is often impossible to be
certain whether they are due to the arrhythmia, or to an underlying anxiety state or neuro-
circulatory asthenta which are themselves so often respensible for, or co-exsst with, extra-
systoles (see also p 448).

o~ fosling
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Gallavardin (1914) reported an observation 1n a sixty-three-year-old man with syphilitic
lic incompetence in whom auricular extrasystoles, occurnng periodically and then nearly
ays 1n the form of auricular bigemuny, precipitated verugo and syncope closely resem-
£ Stokes-Adams attacks.
Opimons about how extrasystoles give rise to the various symptoms vary and much 1s
.controversial. The varneties of palp , described above, are attributed
he same h which is responsible for the of the first sound of the
asystole (Ungerleider and Gubner) (see pp 463 seq)  Others, for instance Wenckebach
‘Winterberg, hold the view that such sensations are produced by the first post-extrasystohc
t because of its larger slmke volume The observation that patients suffenng from a
[ cardiac di g 1n an increased stroke volume (for example, aortic
ompetence) expenence particufarly unpl from tends to
port this view. This canception does not, however, explain certain other symptoms
amonly associated with this arrhythmia. In cases with single 1solated extrasystoles, for
mple, dizziness associated with a feeling of standsull of the heart might be attributed to
Tong post-extrasystolic interval. It s true that 1n patients with advanced arteriosclerosis
diastohic blood pressure may fall to very low levels during a long post-extrasystohc
:rval and dizziness be produced 1n this way If it 1s remembered, however, that much
ger intervals between successive ventricular beats, as they occur in vanious kinds of heart
ck and tn other conditions, do not produce any symptom of thus kind, 1t becomes obvious
t this cannot be the general explanation It seems probable that the extrasystole itself
ises the sensation which is 1nterpreted as standstifl and gives nse to the feeling of un-~
adiness Ths view 1s supported by Kline and Brdder’s recent mvestigation on the ongin
iymptoms produced by extrasystoles, which showed that they are caused by the premature
iractions themselves Moreover, 1n some patients with auncular fibrillation and extra-
toles, only the latter produce which disap if the ventrnicular
opic beats are abolished while auricular fibrllation contmues

An unusual symptom of some physiological interest 15 a short cough accompanying each
rasystole (Leconte) We encountered this phenomenon about ten times and 1n one fur-
case 2 short cough mvanably heralded the onset of an attack of aunicular fibnllation
ting on an average six hours This kind of cough occurs without any warmng and to the
lient is both ominous and embarrassing as he realizes the imvanable association with the
‘diac arrhythmia and 15 taken by surpnse by 1t It appears to be due to a reflex withm the
lonomous nervous system, with the receptors in the heart atself’

Discussion of symptoms may be concluded by a reference to notes left by a medical
dent, apparently a non-neurotic subject, giving a vivid desmp}ion of the _sut’[cnng wh{ch

e - - (i . © athin the narrow and limuted
ncompetence, the aggravating
was already referred to. But
en Wlth a combinatron of these conditions, suffering of such intensity fortunately is quite
ceptional.
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SIGNS ON PHYSICAL EXAMINATION
Tospection and Palpation

These two methods can with advantage be considered together. Both were used a long
time before the modern graphic regstration of arrhythmras had become possible.

Inspection refers to the yugular veins ard to the praecordial area, particularly the apex
beat, palpation to the latter and to the radial and carotid pulse.

In an otherwise p d case with 1 single les the indvidual
premature beat gives rise, 1n the jugular vemns, either to several smaller pulsations or to one
larger wave, depending on the trme of occurrence of the extrasystole,

if a premature beat falls at such a ume that an auncular and a ventricular contraction
occur simultaneously, or nearly so, the flow of blood in the normal direction from auricles
to ventricles 1s temporarily obstructed and a large amount of blood ejected backwards into
the Jugular veins, there giving nise to a much larger pulsation than those due to the normat
beats  Such conditions obtain 1f a premature ventncular sys(ole occurs at about the time
of the next auricular contraction, or 1f an auricular extrasy des with the p
ventricular contraction—this 1s common in auncular extrasystoles—or 1n the case of atrio-
ventricular extrasystoles Failing such time relations between auricular and ventriculat
contraction the premature beat gives rise to two or three smaller pulsations, the nature of
each of which, though analysable 1n graphic records, cannot be delermmed by mspccuon

Oninspection and palpation of the praecordial area th
apex beat which often differs 1n character from that of the norm:\l cnes. bemg sometimes
weaker, but more often more forceful and abrupt; it s followed by a longer pause.

In the radial and caroud pulse the extrasystole gives rise, either to a premature smaller
pulse, 1ts volume and timing depending on the degree of 1ty of the
which 1s followed by a longer pause, or to no palpable pulse. Many ined

1n Mackenzie’s book on the pulse (1902) In some instances a smaller pulse may be pal-
pable at the carotid, but not at the radial arteries, in others a pulse is absent in both
The absence of a palpable arterial pulse may be due, either to the failure of the extra-
contmcnon to eject a sufficient amount of blood with a pressure adequate to open the aortic
this occurs most Iy in the case of very early extrasystoles—or to faiture of
(h: extrasystolic 1mpulse to activate the ventricles which charactenizes blocked auriculac
and certain rare vaneties of atrio-ventricular extrasystoles.
If extrasystoles occur more frequently, and particularly if one premature contraction
follows each beat of the dominant rhythm, the resulting bigeminal action has given nse to
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controversy and great confusion in the past (see chapters on * Alternans ™ and on * Coup-
Iing ™) If, with bi, action, the extrasystoles fail to produce a palpable pulse at the
wrist, the pulse rate 1s half the ventricular rate, the resulting thythm being one variety of
« pseudo-bradycardia . The first report of such an observation of what was then thought
a * double contraction ” of the heart 1n relation to the pulse seems to be contained n a
paper by Charcelay pubhshcd in 1838 The slow pulse 1s only too readily interpreted as
dicating * bradycardia  and such musinterpretation s not nfrequently carried a step
further, particularly in over-digitalized patients with bi 1 action, by d

“ heart block ™. In such instances inspection of the jugular pulse might well suggest the
correct dlagnosu which can then be substantiated by auscultation and, 1f necessary, estab-
hshed beyond doubt electrocardiographucally (see also section on * Diagnosis ™}

In interpolated extrasystoles the extracontraction gives nise to jugular pulsatrons and to
an apex beat which are interspersed between two consecutive ones following one another in
the regular sequence of the dominant rhythm, no longer pause follows the last of such a
group of three beats. The arter1al pulse changes are described in the section on interpolated

les. Without a neither palpation of the arterial pulse nor inspection of
the Jugular veins will make the dragnosis possible which often necessitates the employment
of graphic methods

Auscultation

Just as apex beat and artenial and venous pulses, so were the heart sounds, produced by
premature contractions, studied long before the mechanism underlying the several varteties of
mtermittent pulse could be analysed according to modern standards The discrepancy
between a stronger and morc forceful apex beat, an accentuated, loud, boomung first sound,
and a weak 1Zes 3 large pmporuon of prcma!ure bca!s

' . e irmaean te -

Quincke and already at that time attributed by him to lack of normal co-ordination m the
mode of contraction of such beats, the effect of contraction of different parts of the heart
partially cancelling one another, perhaps under the influence of abnormal 1nnervation

These conditions were studied especially 1n connexton with premature beats which did
not give rise to a palpable pulse at the wrist or over the carotids  Early investigators were
Bozzolo (1876), one of the earliest correctly to attribute the small or absent pulse to in-
adequate filing of the ventricles and rejecting the then accepted theory of hemusystole (see
chapter on* Historical Remarks™ R »>=la=d ] ~~herqqbia b pxpes pastalip ase —toqs
and clinical observation, gave tl + - oS
Hochhaus and Quincke (1894) w' * H L 1] !
Hochhaus (1907) who stressed that the prema!umy of such contractions s not the soIe
essential feature, but that the quahtative difference as mamifested 1n the different character
of the apex beat and of the sounds were of fundamental impertance  Kordnyi's paper may
be quoted parenthetically as indicating that, as late as 1908, a confusion could exist between
tume relations and relatrons of strength of such beats, and that conclusions about therr
diagnostic sigmificance, functional effect and underlying mechamism could be put forward
which nowadays can only be termed fantastic

The majorty of extrasystoles produce two sounds, but 1f the premature contraction
fails to open the semulunar valves, only the first sound 1s present  In the case of bigemtnal
thythm this may easily be confused with gallop rhythm

That the first sound of extrasystoles often 15 accentuated and of a quahity different from
that of the normal beats was noticed by many observers, for example, Quincke, Hochhaus
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and Quincke, Hochhaus who stressed 1ts boom-
ing character, Wenckebach (1898, 1903) who
called it “dumpf™ (dull). At first this accen-
tuation was explained by the quahtative differ-
ence in the hanism of the exti

{Gerbardt, Hochhaus, 1907) and of the ejection
of the blood (Leconte). It was also stated that
the first sound of an extrasystole 1s particularly
accentuated over that ventricle which 1s prim-
anly under strain to maintamm compensation
(Kordnyi, Leconte) In other instances both
sounds may be faint or even absent, as was
noted by Mackenzie.

Some of these conditions are illustrated
in the phonocardiograms reproduced 1n Fig
201,

Phonographic investigations have shown
that the first sound of extrasystoles may be
louder or fainter than that of the normal beats
and that the underlying mechanism 1s closely
related to that responsible for the intensity of
the first sound generally It 1s now accepted
{hat this depends, above all, on the position of
the A-V valves at the beginning of ventricular
contraction This view was first put forward as

PR PRt SV,

mmbeman €4l duainn ~finmn ne nf o tabiac b

affirmed, within Imits, by the oniginal authors
(1950). The position of the A-V valves changes
duning auricular systole (Dean) and, whatever
the finer mechamism of this may be, 1t 15 faurly
certain “ that the eventual position of the valves
at the moment of ventnicular systole s the
determuming factor i the intensity of the sound
produced ”* (Levine and Harvey, p 17) The
A-V valves are at first propelled downward
mto the ventricular cavities with aurcular
systole and then gradually proceed to a hugher
level Therefore, 1f the ventricles contract
very soon after the auricles (P-R* 0-04-0-12
second), the leaflets * are quite low and relaxed
and snap back a considerable extent This
results m a loud sound” If the ventricles
contract at a ume longer than normal after
the auncles (P-R 0-22-0 30 second), the
valvular leaflets have already ascended to a
higher position 1 the ventricles “with the
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particularly pronounced in Fig 201—¢, which

@ and b on preceding page show that the extra-
-extrasystolic beats which was not recorded with the other

uced by each extrasystole Inall instances the first

ystoles
This 1s

ly one sound Fig 201—¢ shows two sounds prod

e was louder than that of the normal beats

ition, a systolic murmur tn the first post-
smus beats

systole had produced
sound of the extras;

Fig 201 —Phonocardiograms of three tnstances of ventricular extras
demonstrates, 1 ad
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slack taken up * and the first sound produced by the ventricular contraction in such circum-
stances is fainter (Levine and Harvey)

It was pointed out by Wolferth and Margolies (1930b) that, both in auricular and ventri-
cular extrasystoles, the intensity of therr first sound 1s dominated by the time relation be-
tween the beginning of the P wave and the first sound of the premature beat, rather than by
the degree of prematurity of the extrasystole. This could be established by comparing
the intensity of the first sound of extrasystoles with that of beats with a similar degree of
prematunty n auncular fibrillaion  With the exception of * very highly premature ™
beats the first sound of extrasystoles tended to be louder than that of the normal ones if
the interval® beginning of P—first sound was less than that of the normal beats.

Cossio, Dambros: and Warnford-Thomson investigated the first sound in auncular

and ventricular extrasystoles in some finer detail. In all but one of sixteen cases with
auricular extrasystoles the extrasystolic first sound was Jouder than that of the preceding
and succeeding normal beats and, compared with the normal beats, the accentuated first
extrasystolic sound occurred with a delay of an average of 0 03 second in relation to the
QRS complex of the extrasystoles. Both the increased intensity and the delay of the first
sound of the extr les were most pr d 1f the premature beat occurred in mid-
diastole of the preceding beat  Amongst fourteen cases with ventricular extrasystoles the
extrasystolic first sound was louder than the normal first sound in nine, of equal intensity
1n one, of equal or less mntensity 1n one and of less intensity in three cases; in all instances
1t was delayed, in relatron to the onset of the QRS complex, by an average of 0 05 second.
It was of greater intensity if the premature contraction occurred in mud-diastole of the
preceding beat or just after the next normal P wave. The accentuation and delay of the
first sound was more constant and more pronounced 1n auricular than in ventricular
extrasystoles  This was attributed by these authors to several factors: auricular extrasystoles
generally occur at 1 moment propitious for the accentuation of the first sound; ventricular
filling is more comolete 1n auricular than 1n ventricular premature beats; lastly, in the former
vanety the noninal synchronism in the closure of the tricuspid and mitral valves which, by
way of summation contributes much to the production of the first sound, is undisturbed
whereas, m ventricular extrasystoles, there is asynchromsm in the contraction of the two
ventricles  The latter factor also accounts for the authors’ observation that mn four of the
fourteen cases of ventricular extrasystoles their first sound was split whereas that of the
normal beats was not, such splitting of the first extrasystolic sound was never observed 1
the case of auricular premature beats. This accords well with the findings of Wolferth
and Margolies (1935) that, 1n cases of bundle-branch block, the split first sound has a nght-
and a left-ventricular component and that separation of these conmponents is due to asyn-
chronism n certain of the early phases of cardiac contraction in the two ventricles

It was stated above that, 1n aborttve extrasystoles, only one sound 1s produced by the

premature beat  While this 15 nearly always the first sound, Levine and Harvey published
an mstance m which only the second sound of a (ventricular) extrasystole was recorded
(therr Fig 1050np 106)  In the case of blocked auricular extrasystoles no sound may be
heard or recorded N

In nodal escape, in which the normally synchronized contraction of the two ventricles
follows the preceding auricular one at 2 short interval, marked accentuation of the first
sound may be noted (Levine and Harvey, Fig. 95 on p 98). .

With nterpolated extrasystoles the sounds of three beats occurring 1n quick succession
are heard, such group being followed by a normal interval N

In patients wath systoli¢ murmurs and extrasystoles the murmur usually is famt.er 1n the
extrasystolic beat. This was noted as early as 1884 by Stern (Case 2), also by Dehio (1891)
and Hochhaus (1907) Weyler pointed out that diastolic murmurs cannot become manifest
if the drastole 15 interrupted by an extrasystole; in such instances the murmur occurs m
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the diastolic phase of the extrasystole, that 15 so late after the precedmng beat that, unless
this sequence of events 1s borne 1n mind, all sounds are erroneously attributed to the ectopic
teat  Systolic murmurs tend to be louder 1n the first post-extrasystolic beat.

The study of Wolferth and Margoles (1933) on gallop rhythm and the physiological
third heart sound illustrates the value of  the method of extrasystoles * in the analysis
of such acoustic phenomena  These authors found that 1n all cases gallop as well as physio-
logical third heart sounds fell without exception within ore or both of two distinct time
zones, namely: (1) 0-10-0 21 second after the beginming of the second heart sound, that 1s
protodiastolic, or (2) 0 08-0-14 second after the beginning of the P wave, that 1s, presystolic.
When these two time zones become superimposed, which may be due to a vanety of causes
(for example, tachycardia), gallop rhythm may either appear for the first time, or, if already
present, become markedly accentuated, this 1s due to a summation phenomenon  The effect
of extrasystoles on gallop thythm was instructive In three cases with rapid heart rates,
loud gallop sounds and ventricular extrasystoles, the loud gallop farled to appear during
the compensatory post-extrasystolic pauses, but in each case, durning such pauses, esther
protodiastolic or presystolic gallop sounds or both were present  When the regular tachy-
cardia was resumed the loud gallop sounds immed:ately recurred This separation of a
loud summation gallop mto less loud protodtastolic, or presystolic sounds, or both, was
attributed to the fact that the aunicular contraction had become separated in time from the
protodrastolic zone and thereby bohished Observations on two
cases of auricular extrasystoles showed that, when lhe premature beats occurred at a time
50 that they were supenimposed on the protodiastolic period of the preceding beat, a loud
gallop sound invanably was recorded. This demonstrates that even an aberrant auricular
<contraction, timed m this way, 1s capable of producing a summation phenomenon One
similar observation was made 1n respect of the physiological third heart sound 1n a young
varsity oarsman with auricular extrasystoles the third sound was heard and recorded only
when the auricular systole of the premature beats fell in the range of ventricular proto-
diastole, trrespective of whether or not the extrasystole was blocked Such observations
were thus valuable for establishing that the gallop rhythm was, n fact, due to a summation
phenomenon

SUMMARY
Inspection and Palpation

The apex beat duced by a smgle le 15 not only and followed by a
longer pause, but also often differs 1n character from that of the normal beats

In the radral and carotid pulse an extrasystole either gives rse to a premature smaller
pulse followed by a longer pause, or fails to produce a palpable pulse. The mechamsm
underlying the latter phenomenon 15 briefly discussed 1In the event of bigeminal heart
action, due to one extrasystole following each beat of the dommant rhythm, absence of an
extrasystolic palpable pulse results 1n the pulse rate bemng half the ventnicular rate, in such
cases the pulse often 1s slow and this may be msinterpreted as bemg due to bradycardia or
complete heart block

Auscultation

The mayonity of extrasystoles produce two heart sounds, but 1f the premature contraction
falls to open the semulunar valves only the first sound 1s present. If this occurs mn assoct-
ation with bigemimal heart action such sequence of three sounds may be misinterpreted as
gallop rhythm



466 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

slack taken up ” and the first sound produced by the ventricular contraction in such circum-
stances is fainter (Levine and Harvey).

It was pointed out by Wolferth and Margolies (1930b) that, both in auricular and ventri-
cular extrasystoles, the intensity of their first sound is dominated by the time relation be-
tween the begmning of the P wave and the first sound of the premature beat, rather than by
the degree of prematurity of the extrasystole. This could be establhished by companng
the intenssty of the first sound of extrasystoles with that of beats with a similar degree of
prematurity 1n auricular fibrillation.  With the exception of ** very highly premature ™
beats the first sound of extrasystoles tended to be louder than that of the normal ones if
the interval: beginning of P—first sound was less than that of the normal beats.

Cossio, Dambrost and Warnford-Thomson 1nvestigated the first sound in auricular
and ventricular extrasystoles 1n some finer detail. In all but one of sixteen cases with
auricular extrasystoles the extrasystolc first sound was louder than that of the preceding
and succeeding normal beats and, compared with the normal beats, the accentuated first
extrasystoltc sound occurred with a delay of an average of 0 03 second in relation to the
QRS complex of the extrasystoles Both the increased intensity and the delay of the first
sound of the extrasystoles were most pronounced if the premature beat occurred in mid-
diastole of the preceding beat  Amongst fourteen cases with ventricular extrasystoles the
extrasystolic first sound was louder than the normal first sound in nine, of equal intensity
1 one, of equal or less intensity in one and of less intensity in three cases; in all instances
1t was delayed, i refation to the onset of the QRS complex, by an average of 0 05 second.
It was of greater mtensity :f the premature contraction occurred in mud-diastole of the
preceding beat or yust after the next normal P wave. The accentuation and delay of the
first sound was more constant and more pronounced in auricular than in ventricular
extrasystoles  This was attributed by these authors to several factors: auricular extrasystoles
generally occur at a moment propitious for the accentuation of the first sound; ventricular
filling 15 more complete 1n aunicular than in ventricular premature beats; Jastly, in the former
variety the normal synchromsm 1n the closure of the tricuspid and mitral valves which, by
way of summation, contributes much to the production of the first sound, is undisturbed

whereas, 1n ventricular les, there is h in the contraction of the two
ventricles  The latter factor also accounts for the authors’ observation that in four of the
fourteen cases of ventnicular extrasystoles their first sound was spht whereas that of the
normal beats was not, such sphtting of the first extrasystolic sound was never observed i
the case of auncular premature beats This accords well with the findings of Wolferth
and Margohes (1935) that, 1n cases of bundle-branch block, the sphit first sound has a nght-
and a left-ventnicular comp and that of these p 15 due to asyn-
chromsm in certain of the early phases of cardiac contraction in the two ventricles.

It was stated above that, i abortive extrasystoles, only one sound 15 produced by the
premature beat  While this 1s nearly always the first sound, Levine and Harvey published
an 1nstance mn which only the second sound of a (ventricular) extrasystole was recorded
(their Fig 1050np 106) In the case of blocked auricular extrasystoles no sound may be
heard or recorded -

In nodal escape, 1n which the normally synchronized contraction of the two ventricles
follows the preceding auncular one at a short nterval, marked accentuation of the first
sound may be noted (Levine and Harvey, Fig 95 on p. 98).

With iterpolated extrasystoles the sounds of three beats occurring in quick succession
are heard, such group being followed by a normal interval.

In patients with systohc murmurs zand extrasystoles the murmur usually is fainter 1n the
extrasystolic beat. This was noted as early as 1884 by Stern (Case 2), also by Dehio (1891)
and Hochhaus (1907) Weyler pomted out that diastolic murmurs cannot become manifest
if the diastole 1s interrupted by an extrasystole; in such mstances the murmur occurs 1n
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CLINICAL DIFFERENTIAL DIAGNOSIS
Sinple Extrasystoles

On soutine chnical i te 1s ch 1zed by the signs of a pre-
mature contraction whichis fouo“cd by alongernterval The presence of such a premature
beat can without difficoity be ascertained by inspectian, palpation, and particularly by

Ttation, so that the diagnosis can easdy be made And extrasystoles are so much the
commonest cause of this kind of disturbance of rhythm that in the great mayority of -
stances the clinical diagnosis will be correct

But this is not always the case  In vanous chapters of this book conditions are described
which can easdy be mistaken for extrasystoles whereas thewr uature and chmcaf significance
actually are entirely different  Conversely, extrasystoles may be missed, or the extrasystohc
arrhythmia erroneously be attributed to some other mechamsm,

Afew examples: dissocration with iterference invariably conveys the chmeal impression
of an arrhythmia due to extrasystoles, mn this mnstance the differential diagnosis can only
be made by graphic methods  The same holds good for that between extrasystoles i the
strict sense of the term, as employed in this book, and parasystole, though i the latter the
varying coupling may arouse the suspicion of a more comphcated archythmia. Dropped
beats after a varying number of conducted ones can, tg & certam extent, be distinguished
from extrasystoles by the abscncc of any sound sndicating a premature beat, but withouot
graphic methods a diffe between dropped beats and blocked
ﬂuncular cxxrasystolcs canno( be madc wx(h any d:gr:c of cenamly, only the differences

B e

beats the diffe fro il may be 3 dxmcuh Mod:

om
exescise, for example, raising the body from the supine position a few times, or iphalation
of amyl nutrite tend to increase the srregulanty of thythm an avricular fibrillation, whereas

les are tikely 1o be sup ¢ by such and the rhythm thus tends tem-
porarily 1o become regular, m this way a diffe fald 15 possible.
pts have repeatedly been mad ur opimon, withou! success—at dxszmgmshmg.

by chinical examination alone, between lar and The only
candition, ;m which we believe this to be possible, s mitral stenosis, of a distimet presystole
murmur pat associated with a diastolic one 15 present over the apical region. If such mur-
nwur, which is due to auncular contrachon, can distnctly be heard to precede the first
sqund of the extrasystole, tts auricular origin can be assumed. In the presence of 2 diastolic
murmue this method 55 unseliable since a diastolc murmur occurnng immediately before
2n extrasystole may simulate a presystolic one (Mond) Mond claimed that the differ-
entiation between avrcular and ventncular extrasystoles was possible by ascertammg
whether the first alteration. produced 1 the venous pulse by the extrasystole, occurred
before or after the first sound, the former sndcating an auncular, the Iatter a ventric-
ular orgin of the premature beat  We are not convinced that this method 15 either practic-
able—in many cases the several pulsations of the venous pulse cannot be distinetly seen—
or reliable,

It has also been clmmed that the distinctson between these two types of extrasystoles
could be made by tapping out the hmng of the underlying thythm, since this was shifted by
an suricnlar, but not by a veatricular premature beat. This method 15 bound to be quite
unsehable, in view of the great number of unpredictable factors which d the kength
of the post-exteasystohic intesval after an auncuiar extrasystole {see section on * Auncular
Extrasystoles ”) A simple staus arrhythmua, oo, makes such an attempt fail (Katz)
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The first sound of extrasystoles may be louder or fainter than that of the normal beats
of the indivrdual case. The importance of the position of the A-V valves at the beginning of
ventricular systole in determining the intensity of the first heart sound 1s emphasized. This,
1 the case of premature beats, 1s thus intimately related to the mterval: begmmng of the
auncular contraction—first sound of the extrasystole,

In blocked aurrcular extrasystoles no sound may be present.

In nodal escape the first sound tends to be particularly Joud.

In auricular as wcll as venlncular premature bcats the first ex!r.lsystohc sound is dclayed

in relation to the QRS plex of the extr: as pared with the time relations in
normal beats In ventricular, but not 1n auricular premature beats the ﬁrst sound is occa~
stonally spht, the underlying h of this ph is di

In patients with a systolic murmur and extrasystoles the murmtur tends to be fainter in
the premature beats. Diastolic murmurs may be delayed by an extrasystole, becoming
audible in the drastolic period of the extrasystole

Observations on patients with gallop rhythm and extrasystoles supported the view that
one form of gallop rhythmis a due to super of acoustic
phenomena occurring 1n two distinct portions of the cardiac cycle, namclya protodiastolic

and a presystolic time zone.
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which governs, in the first place, the physician’s attitude and action. To the lay person
irregular heart action spells heart disease and nowadays more people than ever are * heart
conscious . Nearly every one has had relatives or friends die of heart disease, often
suddenly, and much publicity 1s given to this topic in the press and popular books, with the
inevitable result that any irregularity in the customary rhythm of his pulse or heart beat
makes the pattent apprehensive of the dreaded disease

In the treatment of this group of patients the two most important conditions for success
are: to take the patient’s complaint sertously and to carry out a complete and thorough
examination including the taking of a detailed history

The patient’s complasnts must be taken seriously 1f only because hes physical symptoms,
and even more his anxiety, are very real. To tell a patient, after a cursory examination,
“your heart 1s perfectly sound and those few mussed beats don't mean a thing ™ results
only in the patient’s seeking medical advice elsewhere, there are not many conditions m
which patients change doctors as often as with extrasystoles.

A complete and thorough exammnation 1s ndispensable, not only 1n order to exclude the
presence of any other pathological condition, cardiac or otherwise, which may, and often
does require treatment, but also for psychological reasons If a patient 1s to be reassured
lhal he is otherwise healthy, which n this group of patrents s the crucial and decisive

measure, such must be given 1n an authontative, decisive manner,
making impossible any doubt 1n the patient’s mind about 1ts accuracy and good farth, and
1t can carry such weight only if the patient 1s convinced that all possible steps were taken
to exclude any other disease

In taking a detailed history special attention should be paid to the patient’s mode of
lfe and habits. In quite 2 number of cases extrasystoles can be abolished if the patient
gives up excess of coffee or tea, particularly if these beverages are taken strong, or if he
reduces smoking, or changes his dietetic habits  Regarding the last, the avordance of flatu-
lence, of indigestible articles of food or coptous meals are pomts of special importance  In
others adequate treatment of may cure the An enquiry into the
taking of drugs should not be omutted: extrasystoles may be the result of the taking of
thyroud for shmming, or of ephedrine or eptnephrine (for example, for asthma) Regarding
digitalis, see below under (3)

In some cases one has to go into great detail regarding the patient’s habits  Thus an
elderly patient, who has been well known to one of us for many years, used to have numerous
ventricular extrasystoles as a young man, without any evidence of any other cardiac ab-
normality The extrasystoles disappeared under appropriate treatment and were 1n abeyance
for many years, until one day he again sought advice in great anxety because * all my old
trouble has come back * He was greatly troubled by numerous extrasystoles most of the
early afternoon and closer questioning elicited the statement that, at the time the trouble
recurred, he had adopted the habit of taking a cup of tea at about 3 pm  Discontinung
thus newly-acquired habit resulted in the prompt disappearance of the symptoms and 1t
was noteworthy that, 1n Ius case, tea precipitated extrasystoles only when taken in the early
afternoon whereas he could take a much greater quantity for breakfast without any ill
effects.

Extrasystoles occurring duning the menopause can often be successfully treated by means '3
of ovatian hormone preparations 1f other measures, includimg sedatives, have farled In’
patients in whom premature beats appear during pregnancy assurance about their frequeut
occurrence and their innocuous character 1s nearly always all that 1s required

In the majority of cases of this group, however, no such precipitating factor c:mf
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shape of P waves.,
As far as the small pumber of reported cases makes possible to judge the p;
fi p le and return les seem to occur predominantly i
with structural heart disease. Dissociation with interference appears, on the wh
to be associated with other cardiac abnormalities, toxic or structural in nature.
In practsce, and considering ystoles and ectopic arrhythmi My, §
hardly do better than apply 10 all age groups the precept which Ritchie gave in re
patients over forty with extrasystoles, namely, to regard the presence of any ec(opizj
mmua with suspreion in every case and to examine the patient with every care. At ti L,
examination will reveal—perhaps a hitherto unsuspected-~cardiac disease, or sor;
systemic drsorder, for example, chromc gall bladder disease, and the prognosis wil}
determned by that of the underlying condition, but in the great majority of insta®

extrasystoles will be found to be of the harmiess varety and to have no prognosti
cance.
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** The best advice is that which is least unsuitable.™

IPPOKRATES  Tradiion wn Medicine.
Trans by Chadwick and Mann
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The great majonity of pattents with extrasystoles do not require treatment. The p:x; R
15 not aware of the arrhythmia which 1n very many cases is barmless and often discov’

aceidentally duning a medseal examination. %
There are three main conditions in which ext ) i : %
1. If 1n the absence of any other pathological condition they give nse to symptomsy

climeal importance, physical or psychological; ¥
2, If they are very numerous; )
3, If they occur 1n it with other pathological diti in which they ma

inttrate aunicular or ventricular fibrillation, or may further impair cardiac function

1. Treatment of extrasystoles because of clinical symptoms, in the absence of any othe
pathological cendition

While the great variety of symptoms which can be produced by extrasystoles :s.dxsms§c(

in the appropriate section, it is the psychological effect of the irregular heart action whic!

usually is the predominant cause to make the patient seck medical advice and it is this aspec
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which governs, in the first place, the physician’s attitude and action To the lay person
irregular heart action spells heart disease and nowadays more people than ever are ** heart
conscious . Nearly every one has had relatives or friends dic of heart disease, often
suddenly, and much publicity is given to this topic 1n the press and popular books, with the
nevitable result that any irregularity 1n the customary rhythm of his pulse or heart beat
makes the patient apprehensive of the dreaded disease

In the treatment of this group of patients the two most important conditions for success
are. to take the patient’s complaint seriously and to carry out a complete and thorough
exarmnation including the taking of a detaided history

The patient’s complaints must be taken serrously 1f only because his physical symptoms,
and even more his anxiety, are very real. To tell a patient, after a cursory examination,
“your heart is perfectly sound and those few mssed beats don’t mean a thing ” results
only in the patient’s seeking medrcal advice elsewhere; there are not many conditions 1n

e T r. .

that he is otherwise healthy, which m this group of patients 1s the crucial and decisive
therapeutic measure, such assurance must be given in an authoritative, decisive manner,
making impossible any doubt 1n the patient’s mind about 1ts accuracy and good faith, and
1t can carry such weight only 1f the patient 1s convinced that all possible steps were taken
to exclude any other disease

In taking a detailed history special attention should be paid to the patient’s mode of
Ife and habits. In quite a number of cases extrasystoles can be abolished if the patrent
gives up excess of coffee or tea, partrcularly if these beverages are taken strong, or if he
reduces smoking, or changes his dietetic habits  Regarding the last, the avoidance of flatu-
lence, of indigestible articles of food or copious meals are points of spectal importance  In
others adi of 10n may cure the extrasystoles. An enquiry into the
taking of drugs should not be omrtted extrasystoles may be the result of the taking of
thyroid for skmming, or of ephedrine or epinephrine (for example, for asthma) Regarding
digitalis, see below under (3)

early afternoon and closer q elicited the that, at the time the trouble
recurred, he had adopted the habit of taking a cup of tea at about 3 pm  Discontinwng
this newly-acquired habit resnlted m the prompt disappearance of the symptoms and 1t
was noteworthy that, 1n hus case, tea preciprtated extrasystoles only when taken in the early
afternoon whereas he could take a much greater quantity for breakfast without any 1il

effects,
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frequency of this arrhythmia in healthy people ; in others a short talk on the normal
mechantsm of the heart beat and the harmlessness of an occasional beat, arising elsewhere in
the heart and ly mterfering funct: Hy with the rhythm, will be helpful. Some
patients appreciate a simple explanation of the post-extrasystolic pause, as this allays the
anxiety which many patients have because ** the heart stood still for such a long time ™,

In most instances of this group 1t is advisable to await the effect of such explanatory tatks
before resorting to drugs. Sometimes the suceessful treatment of the anxiety caused by the
arrhythmia results in the disappearance, or rarer occurrence, of the extrasystoles. But even
if this 1s not the case, once the patient is reassured about the innocuous character of the
irregularity, he soon learns to disregard the ** missed beats ** and no further treatment may
then be necessary. A certain proportion remam, however, in which symptoms continue to
be so troublesome that an attempt should be made to abolish the extrasystoles by phar-
macological means In such cases quinidine is the drug of choice and its successful early
use, preferably for a short time, 1s also of great psychological mportance, since it demon-
strates to the patient that means are available to rid him of s troubles Details of
quinidine treatment are gnen below,

2. Treatment of Extrasystoles because of their great numbers, in the
absence of any other Pathological Condition

In this group drug treatment of the condition is usually necessary, not only because

p are more pr d, but also because very numerous extrasystoles may have
the same effect on the general circulation as more pronounced tachycardia, namely, reduced
cardrac output with all 1its consequences Such great numbers are, however, more fre-
quently found in i with other pathol 1 conditions, as di; d i !
below

3. Treatment of Extrasystoles occurring in association with
certain other Pathological Conditions
In a certain proportion of cases of this group the arrhythmia is found to be precipitated
by, or at least associated with, some dic hological d for p
chronic gall-bladder disease, hyperthyroidism, anxiety state, etc. In such mstances treat-
ment of the underlying condition obviously 1s the appropriate approach.

R ding the t of ex les 1 cardiac patients, two main considerations
determine the indication of treatment of extrasystoles :
(@) An d pathological condition in which ext les are known often to be

precursers of fibrillation, namely, auncular extrasystoles of auricular, ventricular extra-
systoles of ventrcular fibnlfation ; and R

(b) Structural myocardral disease in which, apart from (a), the additional impairment of
cardiac function produced by the arrhythmua calls for its treatment.

Conditions in which guricular extrasystoles are known frequently to be precursors of
auricular fibrillation are mutral valvular lesions and coronary disease In these two condi-
tions treatment of the arrhythmia is mdicated if only to postpone the onset of auricular
fibnilation Auricular extrasystoles occurnng in myocardial infarction call for prompt
treatment for the same reason ; they may be assocrated with other auncular arrhythmias
and, toa certain extent, may indicate possible auricular infarction (see section on ** Coronary
Disease ). Multiform ventricular extrasystoles occurring in coronary ot myocardial disease
always call for immeduate treatment as they are an unequiyocal danger signal of threatenmg
sentricular fibnllation. This is particularly smportant if they occur after an aftack of

Jial

More ansing from the same




CLINICAL ASPECTS OF EXTRASYSTOLES 475

bcus, occurring 1n coronary or myocardial disease or after myocardial anfarction, have to
¢ treated for the same reason ; moreover, in such conditions the extrasystolic arrhythmia
arther impairs the already reduced cardiac efficiency and for this reason, too, every effort
as to be made to regulanze the cardiac rhythm by drug treatment. Regarding extra-
ystoles due to digitalis, see p 283
e . Sah L . e
. ‘ toe
mide, which has recently been introduced, may well acquire special tmportance,

Juinidine

Regarding the mode of action of this drug and a discussion of experimental and chnical
bservations see section on * Quimne and Quimdine,”

In connexion with the climcal employment of quinidine, which m the vast majonty of
ases 15 given by mouth as quinidme sulphate, two ponts should be emphastzed : some

R IA i P PR <
ceur (see below) systematic treatment 1s started the following day The individual dose,
s well as the spacing of the doses, has to be adjusted according to the patient’s ndrvadual
eaction and reqmrement which vary widely As imitial doses we recommend :

02 gramme thrice daily 1n the treatment of troublesome extrasystoles in otherwise

ealthy individuals ;
0 2 gramme four-hourly 1n the treatment of extrasystoles of the above groups (2) and (3).

The effect of the drug can usually be assessed within twenty-four hours. The subsequent
ptimum dose 1s the smallest effective mdividual dose given at the longest wntervals without
he persistance, or re-appearance, of the arthythmia  Thus, 1f with imtial doses given as
ndicated above, extrasystoles cccur before the next dose 1s given, the drug should be ad-
mmistered at shorter intervals, 1f the individual dose of 02 gramme 15 madequate to
uppress the ectopic beats, larger doses, for example, 04 and in some rare cases even 0 6
ramme have to be given

Once cardiac rhythm has become regular it ts advisable to continue the exhrbition of
jumdine for about one week m the same mimmum dosage and at the same maximum
ntervals which have proved effecttve Subsequently the number of daily doses 1s gradually
educed, and 1f the individual single dose exceeded 02 gramme, this also 1s gradually
Jecreased It 1s common expertence that, with this method, extrasystoles remain in abey-
nce even 1if the drug 1s finally discontinued  This 1s, however, not always the case  Should
hey recur 1n an otherwise healthy subject 1t 15 often not necessary to re-institute the drug,
ince the patient has learned to disregard the occastonal “ missed beats ”, But:[\the arrhyth-

+ thmandibinme Liotad abons a s wdaa

leafness and urticania A host of others have been observed, but they are less common,
or example, abd aim ), headache and d marked rise 1n tem-
erature (Sturmick), blurring or mustiness of wision (Clark-Kennedy), photophobia,
fiplopia, even y blindness (Jezer and Schwartz) and optic atrophy
Pruntus (Wolff and White) and exanthemata (papular or scarlatiniform, Clark-Kennedy)
have been observed, also sweating, fullness in the head, flushes, excitement, confusion and,
rarely, syncope Gordon ef al reported apnoea and respiratory paralysis with collapse,
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and Licciardello and Stanbury observed acute hacmolytic anaemia. Occasionally the drug
produces intraventricular block (White, Marvin and Burwell) or ventricular tachycardia
(two such instances were reported by Wolff and White), Any of these signs of cinchonism
calls for discontinuing the drug, Whether, after the subsidence of toxic symptoms, the drug
should be re-instituted must be yjudged individually and much must be left to the phystcran’s
experience and judgement

Quinidine 1s certainly the most drug for the of extr
though not effective 1n every case (Deschamps ; Lian and Blondcl) Smith (1922) found a
marked reduction in the number of extrasystoles in seventeen out of twenty patients, that
is 1n 85 per cent., and Barrer reported a similar proportion (90 per cent.) of successes in
his cases. Our personal expertence 15 1n agrccment with this figure.

In one instance of ventncular tachycard g m dial mfarction Levine and
Stevens found it necessary to give 15 grammes of qmmdme five times daily 1n order to
abolish the arrhythmia. This report 15 quoted as an instance of an exceptionally large
dose, In cases of this kind procaine amide may well take the place of such excessive doses
of quinidine

The intravenous administration of quinine, ntroduced in the treatment of extrasystoles
by Hecht and Zweig (1917) and later advocated by Singer and Winterberg (1922), 1s rarely
necessary and the same holds good for the wntravenous use of quinidine sulphate (02-04
gramme 1n 100 cc, to be grven very slowly, or as a dop infusion). This method 1s not free
from nisk  sudden collapse may occur, particularly in patients with myocardial disease
1f the injectron 1s given too quickly, and even small doses of quinine or quinidmne given
ntravenously to patients with heart block have caused ventricular fibrillation (Schwartz and
Jezer, Smuth et al., 1940, Sagall ez al ). Collins recommended the intravenous admimstration
of quimdme lactate in doses of 0-2-0 4 gramme for the treatment of acute arrhythmias,
including extrasystoles, during chnical anaesthesia  The nature of the arrhythmas was,
however, diagnosed * entirely on climcal grounds ™.

It cannot be demied that in certain emergencies, for uample numcn)us or multiform
cxlmsystoles and vemncular tachycardla il ion or occurring

Al ectany amnen c ant e AF s T A . Lal £ cnuene
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Digitalis
In normal subjects digitahs preparations abolish extrasystoles 1n a large proportion of
' . RECE ., S el et

;md more specific regarding the suppression of ectopic beats, and the drug 15 Idr sore
. . PUER I S S La caafd .t -

Eu LI puysitian s va
signifying the presence of the dreadcd dxseasc, HOWEVEL wen 1¢asult p
pli?xa{xof may have been, the result of the prescription will be that the patient comes to

doubt the assurance and to dustrust the physician.
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The two conditions in which we recommend to use digitalis for the suppression of
extrasystales arc:

(1) faiture of quinidine to achieve the desired result, and
2) an iated card {: d in which digitahs 1s indicated, for example,
congestive heart failure,

Regarding (2) it should be stressed that the presence of extrasystoles in congestive heart
fasture not only is no contra-indication agawnst 1ts use, but an additional indication, Not
DS L. A pariie . .
wndication, the fatter calt for great caution m the further exhubition of the drug, in most
cases necessitating reduced doses and often discontinuing the drug, at Jeast temporarily
(see section on “Dugitals™).

In some instances great discnmination 1n dectding whether, or in what dosage, digitalis
should be continued is requred. Thus, 1 @ woman of forty-seven with Lutembacher’s
syndrome, at first ssnus thythm with occastonal ventricular extrasystoles was present; sub-
sequently aunicular flutter developed with occastonal extrasystoles. Saon after digtalis
treatment had been started with the object of converting flutter mto fibnillation, coupled
beats were ded due 10 one € following each beat.
Contrary 1o the generally accepted rule nt was decided 1n that case to continue with digtalis,
though temporanly to reduce the dose, since extrasystoles were known to have occurred
PRt PR A A .

. -

h The further showed thus assumption to have been correct; with
further judicions use of digttalis the number of e les d d and into
auncular fibnitation was actueved on the eighth day of digutalis treatment (Schott), it
should be emphasized that such cases are rare exceptions, It most cases the occurrence,
duning dapitatis treatment, of extrasystoles sn any but the smallest numbers calls for tem-

poranly discontinumng the drug
The employment of digitabs m ** very smalfl doses " for the treatment of extrasystoles
T LA AT T L AT B

lanata, 1n doses of 0 25 mg, three times a day wnitally, once or tuice & day subsequently
If digntabis 15 gaven to pauents with congestive heart faiture and extrasystoles the dose
depends on the underlying condition ‘Whatever preparaiion 1s given the patient must be
kept under supervision because of the possible occurrence of signs of digitalis intoxication
The most 1mportant ones are anotexia, nausea and vomiting, and the re-appearance of
extrasystoles after they had been abolished, als? ectapic wcn!ncul‘af tachycardia  [f dhgitalis
15 taken for fonger penods, yetlow vision and ( g D ) may be
the first signs of drug imtoxication.

ST sees e ventrienlar in
N .

ase vasd peeiny g . o , qumne (or
quinmdine) and strychmine was popular. 1t was known as ** Wenckebach’s pidlsy ', which
contained quimdine suiphate 004 gramme, digitalis (powdered Ieaves) 002 gramme,
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strychnine mirat. 00006 gramme. The usual dose was 3-6 pills daily. The efficacy of
strychnine for this purpose seems questionable (see section on * Strychnine ™).

Other Drugs

The drugs briefly discussed below have all occasionally been used successfully 1n the
treatment of extrasystoles, but, with the possible exception of the recently introduced
procamne amide, their effect 1s far less constant and they have to be considered as much
inferior to quinidine and digitalis, The pharmacological action of these drugs in relation
to ectopic beats 1s discussed 1n the appropriate sections in the chapter on drugs, where 1t was
shown that a great variety of compounds may cause as well as abolish extrasystoles. In
the following paragraphs some supplementary remarks will be found on their clical
application.

Procaine Amide (** Pronestyl )

This drug has been introduced 1 the treatment of extrasystoles and ventricular tachg-
cardia so recently that further investigations have to be awaited before its value can
assessed The reports so far available indicate that 1t is promising. The effective oral dose
was found to vary widely in different panients. In patients with ventricular extrasystoles
doses varymg between 0 4 and 1 0 gramme, given esther orally orintravenously, proved effec~
tive to suppress the arrhythmua for a period varying from a few minutes to many hours, In
some cases the drug had to be given for jonger periods and the suggested maintenance doses.
range from 05 to 1:0 gramme every three to six hours. This drug proved particularly
effective in abolishing ventricular tach dia (usual 1mtial dose 1 25 grammes, followed 1n
one hour by an additional 0 75 gramme 1f the tachycard:a persisted). The chief side-effects
were hypotension with the intravenous route, and nausea and vonmting with oral admunis-
tration. If admimstered intravenously the drug must be given very slowly (100 mgm per
minute or Iess) and with constant control of blood pressure and electrocardiogram For
some further details and references see section on * Cocaine *, p. 309.

Novocaine (Procaine)

In doses of 100 mgm , gtven intravenously, procaine has been successfully used in the
treatment of extrasy occurring suddenly, and especrally 1n that variety occurning during
anaesthesta It has also been employed 1n extrasystolic arrhythmias occurring after myo-
cardial infarction It scems fairly certain that procane amide will supersede novocaine

(procaine) 1n the treatment of such arrhythmas.

Potassium Salts
Potassium acetate, given as a 25-per-cent solution i pepperrmint water 1n doses
of two to four grammes every four to six hours, has been recommended repeatedly,
pecially for the t of ext les due to digrtalis mntoxicatton This method
should be considered particularly in patients 11 whom quinidine or Ifronesty] cannot be
given because of intolerance to these drugs, especially in of digitalis !
Impaired renal function 1s an important contra-ndication

Physostigmine )
was recommended by Hecht and Zweig in daily doses of 3 mgm. and is sometimes
replaced by Prostigmune,
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Atropine and Belladonna Prepacations

were sometimes used and Laubry recommended them as fate as 1933, It seems certain
that such drugs may ionally abolish extrasystoles, but the side-effects are by no means
negligible,

Papaverine

Although this drug has been claimed to suppress extrasystoles, for the reasons discussed
in the section on this drug (p. 335) we do not secommend 3ts use for the sole purpose of
treatimg extrasystofes,

Fagarine

which can only be given
side-effects.

, cannot be ded because of dang

Epinephrine and Ephedrine

were occasionally employed, their use should be discouraged since more often than not
they cause, rather than abolish ectopic beats.

SUMMARY

The great majonty of patients with :x\rasysm!es do not r:quue treatment. Three main
conditions are listed in which

(1} If in the absence of any other pathologicai condition they give rise to symptoms of
chmcal unportance, physical ot psychotogical,

(2} If they are very numerous,

{3) If they occur 1 with other 1 which they may
nttate auaicular or ventricular fbrillation, or may further impatr cardiac function.

Regarding the above group (1) |he importance of taking xhc pam:m s complamnts ser-

iowsly and of carrying out a 13 m great
detmi must be payd to the p:mcm s mode of ife, some re-adjustment of which often ensures

of the arth In many cases no pxmpnaung f acmr can be found
Frattmiant Af a Ak maasn camans tnsan mmmmrme nom mumlnon

In the above group (2) drug treatment of the premature beats 1s usually necessary because
of the seventy of symptoms and of the frequent impairment of circulatory effierency caused
by the pronounced arrhythma.

Regarding the above group (3), in some mscs the cxtmsystohc arrhythmia is found to
be assocmed with, or preapitated by, ATt extra ¢ ,msuch

a5 discussed 101 some detatl. Amongst othier drugs tecommended for the treatment of
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extrasystoles procaine amide seems promising, particularly in the treatment of ventricular
extrasystoles and ventricular tachycardia, but the result of further investigations has to be
awaited before 1ts value can be assessed, This holds good particularly 1n regard to the
relative merts of procamc amide and the ntravenous use of quinidine 1n emergencies
Other drugs briefly di d are 3 salts, physostigmne, atropine and
belladonna preparations, papavernne, fagannc and epinephnne and ephedrme. Of these,
potassium salts seem to deserve consideration; novocane has been superseded by the
recently-introduced procame amide. The remaining ones cannot be recommended and the
use of faganine, epinephrine and ephednine 1n the treatment of extrasystoles should definitely
be discouraged.
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CHAPTER XII

THE MECHANISM UNDERLYING THE ORIGIN OF EXTRASYSTOLES
AND OF ECTOPIC AUTOMATIC BEATS

INTRODUCTORY REMARKS

The discussion 1n the various chapters of this book will have made 1t apparent that the
‘mechanism underlying the different forms of ectopic arrhythmias vanies  Thus, i dissocia-
tion with interference, beats giving the impression of being extrasystoles were shown actually
to be sino-auricular ones, interfering at times with an otherwise regular A-V rhythm
Return-** extrasystoles ” can be assumed to be due to two successtive activations of the
ventricles by the same impulse In parasystole the co-existence of two centres exhibiting
automatic impulse formation can be dered blished, Other of arrhythmias

imul the p of ext were d mn the chapter on * Couplng ”,

None of the above mechanisms 1s, 1r our opinion, responsible for those ectopic beats
which are extrasystoles 1n the strict sense of the term as used 1n this book, namely, ectopic
beats with accurate coupling to the preceding beat In the present chapter their mode of
origin will be discussed and their relationship to automatic beats considered In doing so
we hope to substantiate our contention that this varety of ectopic arrhythmias should be
separated from the others

It seems to us that a discussion of this subject touches upon several aspects of great
phystological importance, while 1n view of the common chnical occurrence of extrasystoles
it should not be without some clinrcal nterest.

1t has to be admitted at the start that our knowledge about this problem 1s very scanty.
As long as the mecharusm of the normal cardiac mmpulse formation 1s incompletely under-
stood, our knowledge about that of the more complicated ectopic ones 15 of necessity very
imperfect--to say the least. We believe, however, that recent advances in physiology make
it possible to obtain a somewhat clearer prcture of the underlying processes than had pre-
viously been the case

Our thesis 1s that true extrasystoles are precipitated in the ectopic centre by the preceding
beat and are thus a passive, derivative phenomenon, as distinet from those forms of ectopic
arthy (for mstance | 1n which two independent automatic centres, of equal
importance, of impulse formation co-exist, the activity of neither of which 1s deriving from
that of the other

Qur thests, stated 1n this form, 15, from one point of view, the reverse of what was held
by some of the most competent authorities not o long ago. we refer to t'he conception that

and Winterberg, 1927), this latter group was thought to occur “ passively ” as the result of
failure of normal beats to be imtiated or to beconducted This 1s one aspect of the conception,
then held already for some time by several authoruttes, that there was a fundamental differ-
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as distinct from nomotypic (Henng, 1911). But Lews himself, under the influence of
Kaufmann and Rothberger’s work on parasystole, became doubtful about this distinction
and 1n the third edition of his book (1925) stated that he was * unable to rewrite with
sufficient confidence those distinctions between h ic and h ic impul
which I emphasized in the last edition of this book ", That such a distinction, though in a
different way of application, 1s in fact justified in our optnion will be shown 1n this chapter.
The 1dea that extrasystoles with phing are preci| d by the p ding beat
15, of course, an old one. But much controversy has evisted regarding the strict separation
of this group and 1ts relationship with others. Some of these views will first be discussed.

ALTERNATIVE HYPOTHESES
Extrasystoles and Parasystole

At one time attempts were made to explamn all ectopic arrhythmias on the basts of a
parasystol hani: and extr: les with accurate coupling were thus also considered
to be due to the ndependent activity of an ectopic centre, that s, to be automatic 1n ongin
In the chapter on pararrhythmas reasons were given why this view 1s untenable. The main
arguments may here be summarized by recalling that two of the three mamn features of
parasystole are absent m the varety of ext namely, varying coupling of
the ectopic beats and the occurrence of combination (= fuston) beats. The further hy-
pothesis that the accurate coupling of the extrasystoles 1s due to a tendency of the normal
and of the—presumed automatic—ectopic thythms to occur i simple mathematical rela-
tions to onge another (Kaufmann and Rothberger, 1922) was an obvious petitio princip
and this relationship could be shown to be the result, and not the cause, of the accurate
coupling of the extrasystoles.

‘With rare exceptions (for example Schaefer, 1951), the view that extrasystoles are due
to a parasystolic mechamsm has now generally been abandoned and it 1s sigmficant that
Rothberger, 1ts most important protagonst at one tume, finally gave it up himself (Roth-
berger, 1932).

Circus Movement and Re-entry Mechanism

The theory of circus movement, widely accepted until recently as an explanation of the
mechamism of auricular fibnillation and flutter, though seniously called 1n question of late,
SR T O A R

PUOEE SHDE O DB

this condition, a wave of excitation 1s d to in certain path of the
excitable tissue, the same impulse thus activating successtve portions of the heart muscle
agam and agan,

‘A mechamsm of thus kind 15, 1n our opinion, a satisfactory explanation of return extra-
systoles only, but not for the variety of with 1i
Before gaving our reasons for this statement 1t 15 opportune briefly to discuss the work on
which that theory was based. .

Two observatrons formed the main basis for the beltef that extrasystoles were due to the
re-entry of the impulse which had produced the preceding, that 1s mitiating beat.

The first ts that a single stmulus, applied at the end of the refractory phase, may pre-
cipitate two or more successive contractions .

The first to report such a phenomenon in the heart were Marchand and Munk, both in

1878. Marchand found that one make shock apphed to the A~V border of a frog's hear
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produced several contractions, increasing in number up to thirty with :ncreasing intensity of
the stimulus; Munk, also in the frog's heart, saw a series of pulsations after a single
mechamecal stimulation and also noticed that the sequence of contractions of the various
portions of the heart varied according to the site of the mechanically stimulated part of
the heart—an early clear description of an ectopic rhythm, Other early observations of
several contractions being elicited by one strmulus include those on the bulbus of the frog’s
heart by Engelmann (1882), also Lovén’s findings (1886) that a smngle mduction shock
apphed to the auncle of the frog’s heart yielded two, or rarely three, contractions provided
the stimulus was timed to fall within 0 1 second after the maximum of systole; the penod,
lasting about 0 1 second, duning which this phenomenon occurred Lovén called ** krttische
Periode ™ (critical period), a term which was to gain increasing importance with the investi-
- R b s em e e s . A

p a series of Andrus’s observation of a—presumably heterotopic—
auncular rhythm following one forced auricular contraction 1n certain circumstances may
be another instance.

The first to consider this phenomenon to be due to a kind of re-entry of the impulse and
to consider the possibihity of 1ts being responsible for extrasystoles seems to have been
Mines (1913, 1914). The phenomenon of several contractions following one stimulus was
extensively studied by de Boer (1921) and his observations were confirmed on the dog’s
auricle under vagal stimulation by Lewis, Dmr‘y and Ilescu. De‘Boe'r was the mam pro-

refractory penod‘s where, he believed, the excitation wave became temporanly arrested while
at the same time strll bemng capable of exciting other neighbouring structures. The resuit of
allthis was thought to be a return of the excitation to a point whence 1t had started and which
had become excitable agamn. Valid objections agamst thus theory were soon put forward,
summanzed m detarl by Wenckebach and Winterberg (1927, p 537) and by Rothberger
(1931, p. 630)
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there producing locally umdtrectional block 1n the direction from conducting system to
my d In such the excitation wave 1s assumed to enter the nearby
myocardium from the penultimate twig only by other branches, but be conducted backwards
through the affected twag. If, during that tume, the adjacent myocardium had become
excitable agam, the excitation wave could then produce a second contraction. Ashman and
Hull base therr views on the above findings of Schmutt and Erlanger. While such a mech-
amsm cannot be dxsproved Just as 1n our opimon it has not been proved, we do not con-
sider 1t an ) for the variety of extrasystoles for vartous
reasons Of thcse, the most important onc will become apparent in the succeeding parts
of this chapter, namely, that the mechamsm which we put forward is supported by a wealth
of physiological observations on the mttation and conduction of impulses in various
tissues, including the heart, whereas the assumption of a circus movement based on that of
a hypothetical area of unidirectional block 1s based only on findings 1n very special expern-
mental circumstances obtaned on strips of cardiat muscle and then, without any further
proof, apphed to the most penipheral branches of a lighly specialized tissue, that is the
Purkinje strands  The observations of Schmitt and Erlanger can themselves be interpreted
1n other ways, without postulating a circus mcvcmem accordmg to Bozler (1943a) the
second contraction ts due to ¢fe- A ~obosen s

phases of the afterpotential ' . .
Other difficulties are ment H . . -
that their l 10n of such d 1s wholly In partrcular, their state-

ment that the 1sland of depressed tissue need not be very large and that therefore the
premature beat produced by the mechamism favoured by them * would appear as if it
originated 1n a focus ” seems to us to evoke an unjustifiable assumption- 1f the assumed
area of depressed tissue 1s so small that origin n a focus of the extrasystole appears to occur,
1t seems far more hkely to base the explanation on such focal ortgin. This s what we propose
to show as actually occurring, Our view 1s also supported by more recent observations on
the effect, upon extrasystolic impulse formation, of warming or cooling of the focus of
ongm in such instances in which true extrasystoles were elictted by the toprcal apphcation of
varnous compounds: 1t scems most unlikely that such application creates an area of uni-
d 1 block which responds mvanably and instaataneously to warming and cooling of
the focus 1n the way which 1s described 1n various places of this book. Also, the action of the
systemic extubition of drugs and of emotional factors upon extrasystoles 1s far more likely
to be due to the effect of such factors upon the local conditions of the ectopic focus, known
to be susceptible to nervous influences and to be unstable, than to an influence on a (hy-
pothetical) area of umdirectional block  This, too, will, we hope, become apparent 1n the
course of the subsequent parts of this chapter.

The second observation assumed by Lewis (1925) and Wenckebach and Winterberg
(1927) to support the theory of a re-entry h bemg for les 1s
at first sight more convinctng. It concerns an observation of Lewxs, Fenl and Stroud who
noticed 1n the dog’s auncle that after simulation by rapid induction shocks some after-
effects 1n the form of flutter often extended beyond the end of stimulation, In one experi-
ment such after-effect consisted of one beat only, which was followed by a short period of
coupled beats (auncular bigeminy) Thes; authors argued that, 1f the one beat constrtuting
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oceurred. After the end of this auricular tachycardsa the P-R interval was lengthened from
the previous 0 06 to 0 08 second. The first two A-V beats were followed by two premature
P waves, the third one by only one, the interval between the two P waves following in short
succession corresponding to a rate of 650 per mmute. (The auricular contractions corres-
ponding to those P waves can also be traced in the suspension record.} The shape of these
P waves resembled that of some of those occurnng during stmulation, and if more persistent
Autter occurred 1 this experiment 1t showed P waves of the same shape. Later, stmiar
arrhythmias were obtained by the topical ) on of itine or acetylcholine.

A comparable tracing was recorded 1 a chnical instance (Fig. 203). The patient, a
thirty-six-year-old woman without any evidence of structural heart discase, suffered from
attacks of paroxysmal auncular tachycardia, flutter and fibrillation. In Fig. 203 several
aurtcular extrasystoles are seen, some of them occurring early in diastole and showing
aberrant intra-ventricular conduction  Following the third sinus beat, two premature P
waves were recorded, the first of which 1s superimpaosed on the T wave of the preceding beat.
The mnterval between these two P waves 1s 0 2 second, corresponding to a rate of 300 per
mnute. Here again, the mechanism underlying the ongin of these two P wases occurnng
1n quick suceession can be considered to be rudimentary flutter,

While we believe that such arrhythmias arc, i fact, rudimentary flutter we do not think
that they can be wmterpreted as being due o a circus mosement. The argument of Lewis,
and of Wenckebach and Winterberg was  since flutter is due to a circus movement, and
since the above arrhythmias are rudimentary flutter, down to one ectopic beat of a bigeminal
group, such ectopic beats must therefore also be due to a circus movement. As however,
for reasons fully discussed in the sections on flutter and fibrillation, we believe flutter to be
due, not to a circus movement, but to a repetitive impulse formation in an ectopic centre,
the above reasoming of Lewss, and of Wenckebach and Winterberg has been deprived of its
basic rationale, and we 1nterpret the mnstances of rudimentary flutter, described above, s
duc to ectopic focal impulses

In addition to this, there are vahd objections against the assumption of extrasystoles
being due to a circus movement  Apart from those discussed above tn connexion with
Ashman and Hull's views, the length of coupling of some extrasystoles, particularly of
auricular ones, 15 a great stumbhing-block which was also realized by Lewis (1925) he
pointed out that there 1s no path  the auricles of sufficient length for a circulating wave of
excitation to move duning such interval—and such continuous movement is, of course, 3
conditio sine qua non for assuming such a mechanism.

IMPULSE FORMATION IN AN ECTOPIC CENTRL

If our contention that auncular flutter and fibnllaton are due to the rapid stimulus
formation in a single centre, or several centres respectively, 1s correct, a closer resemblance
of these arrhythmuas to ext, would be ished than had hitherto been assumed-
For one of the more imporant conclusions of carlier studies on extrasystolic arrhythmtas
was that extrasystoles onginate 1n a cireumsenibed focus. The foundation of this vieW—
which also made 1t possible to exclude re-entry (or circus moyement) mechanism regarding
extrasystoles—warrants some more detailed discussion,

The Origin of Extrasystoles in One Circumscribed Focus
‘The fact that extrasystoles may originate in ome circumscribed focus was expenmentally
demonstrated 1n the following way,
'I|.1 experrments on the dog’s heart m situ it could be shown that, after the injection of
quinine for the purpose of avarding ventricular fibnlation, electnic shocks applied to 20¥
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part of the ventricular surface caused series of ectopic beats to occur after the end of stimula-
tion, The additional administration of small doses of barium—too small to cause any
changes in the electrocardiogram—facilitated the onset of such ectopic arrhythmias.

Fig, 204 was obtained from a dog, anaesthetized with cther, shortly after the injection
of 02 gramme of quinine. As the left bundle branch had been severed, the ventricular
complexes of the first two beats show the typical bundle branch block shape. Four ectopic
beats were clicited by stimulation of the right ventricle with induction shocks. (The first
coincided with a sinus beat and showed a combination complex of almost normal shape.)
Following these four forced beats a series of seven 1ve abnormal 1 were
observed, having a similar shape and assumed to originate 1n the previously stimulated
centre. Such series were occasionally much longer, compnising as many as thirty beats
{Scherf, 1926)

The view that such ectopic beats originated in the stimulated centre was strongly sup-
ported by the observation that warming the site of former stimulation resulted in an increase
1 rate of the ectopic beats. Fig 205 1s taken from such an experiment. A long series of
ectopic beats had occurred 1n a dog, sensitized with barium, after electrical stimulation of 2
cuircumscribed area on the surface of the right ventricle, Fig, 205 shows the last three
ectopic beats of this series, foliowed by four beats of the basic {A-V) rhythm; subsequent
warming of the ectoptc focus brought out again the ectopic rhythm with an increased rate
(Scherf, 1927).

More recently it has been found that exteasystoles with pling can experi-
mentally be produced by the focal epicardial application, or sub-eptcardral injection, of
solutions of barium or sodium chlonde, or of digitalis (see appropriate sections) Asis
pointed out there, such experiments tended to show that the extrasystoles originated mn a
circumscribed focus, namely, the site of application of the compound. Here 1t may be
added that the i pp! of the extrasystoles by cooling the site of origin,
and their immediate appearance by 1ts warming mn certain expertmental conditions, are
further observations which make the assumption of a local circus movement most unlikely,
to say the least (sec Scherf, 1942) Fig 206 reproduces some relevant observations.

Fig. 206a 15 taken from an experiment in which 2 10-per~cent. solution of sodium chlonde
had been ijected sub-epcardially into a small area of the conus of the right ventricle.
While this 1njection afone did not produce any arrhythmia, the recorded bigeminal action
ensued immediately on warming the site of injection by a thermode

Fig. 206b 1llustrates the converse phenomenon. focal application of 0 1 cc. of a 0 I-per-
cent, solution of ouabarne to the apical region of the left ventricle had yielded the arrhy-
thmia reproduced at the begmnmng of the record, namely, two or three left-ventricular
extrasystoles followwng each smus beat. Coolng of the site of application mmmediately
abolished the archythimua (second part of the record). This phenomenon could at will be
reproduced several times. o

Frg, 206¢ shows, 1n 1ts first portion, auncular bigeminy. The sinus beats are character-
1zed by tall, peaked P waves; cacl‘l 1s'folloxive§ l:y an a’}m‘cgk:‘r extrasystole, the P waves of

o #ha crhameseidial inteating

Fig. 206c, Begmming ana €nd ol wilinlig alu diuiaicu

i atter portion of
is shown in the | k ed two seconds after the beginning,

the record by arrows; the ventricular tachycardia start

i d 16 seconds after the end of warmung . i
and termirase bartum, strophanthin and aconitine, of various forms of

ion, by means of cor L
Th'c p.roduch' d o igeminy, in jsolated strands of Purkinje tssue (Wachstein) may

arr
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briefly be mentioned as further supporting the view that such contractions originate 1t a
circumscribed focus,

The Dependence of Extrasystoles upon an Initiating Beat

While the investigations discussed so far demonstrated that ectopic beats arise from a
circumscribed focus, they did not provide any information as to the mechantsm underlying
the common vanety of extrasystoles with fixed pling The td ‘between
the above experimental and the climcal arrhythmias was that, in the former, ectopic beats
were elicited by some local experimental interference and——with the exception of those due
to the toprcal ! of certain d re not ly coupled to the pre-
ceding beat, whereas 1n the latter the extrasystoles follow the beat with
couphng and without any artificial localized stimulation. The argument was therefore
always possible, and perhaps justified, that the above experimental arrhythmias were due
to increased automaticity of an ectopic centre, and that conditions prevailing in such arrhy-
thmuas were qualitatively drfferent from those in true extrasystolic arrhythmias about the
nature of which they did not yield any conclusive information,

This problem became accessible to experimental investigation when 1t was found by
Scherf 1n 1929 that true extrasystolic arrhythmas could expenimentally be produced by
means of the systemic application of acomitine. This made 1t possible to show that extra-
systoles are caused by the preceding beat. Such arrhythmias resemble 1n every way the
common clinical variety, the extrasystoles having in the electrocardiogram constant shape,
and pling to the ding beat. Arrhythmuas of this kind are produced by
aconitine only 1f this 1s given in a special way, the detals of techmique being described 1n the
chapter on ** Extrasystoles and the Nervous System™ (see p. 255). All authors who had
p ly studied arrhyth caused by itine ot d only 1rregular ectopic arrhy-
thmias, soon changing into ventnicular fibnllation, 1f bigeminal thythm occurred at all 1t
extended only through a few cycles. This fact deserves to be briefly mentioned m view of
some misleadmg statements recently made in this connexion. See section on ** Flutter and
Fibnllation ", p. 228,

If acomitine was admunstered according to the method published by Scherf (1929), not
only 1solated extrasystoles, but also long chains of bigernmal heart action due to extra-
systoles could be produced; this made 1t possible to d that the ext )
were precipitated, 1n the ectopic centre, by the preceding beat and were not due to an
1ndependent automaticity of the centre. This was shown 1n several ways.

(D If, duning a contmuous bigemny, a forced (ventricular or auncular) contraction was
elierted by a mechanical or elecincal strmulus, such forced contractions were followed by
the same extrasystoles as were the normal beats before such stimulation.

Fig 207 illustrates this condition. As a result of acomtine action trigeminal thythm was
present, one sinus beat being followed by two ventricular extrasystoles ansing in the Jeft
ventricle  On two occasions (the fourth and the tenth beat.ol‘ the record) a forced beat of
the nght ventricle was p itated hanical and these were followed by
the same couple of left-ventricular extrasystoles as were the sinus beats. With r'namfold
variations of this expersmental procedure it could bc.shown.that, whenever during bigeminal
or polygeminal thythm a forced beat was elictted, it was invanably followed by the same
extrasystoles as were the sinus beats. Irrespective of where such'forced beats were pro-
duced, whenever their excitation spread over the heart they preciptated extrasystoles in
a ROV S

- 1ra farmatinn

RPN

of the path which the ininating impulse had to traverse in order to reach the centre of
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492 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

extrasystolic impulse formation, thus proving that impulse formation n this centre d
1o fact, depend on an mitiating beat. This 1s fllustrated by the same Figure 207,

Extrasystoles experimentally produced by have an absolutely coup
as long as they follow the same kind of imnating beat. If, however, the site of origin of
mitiating beat vanes, the length of coupling of the les vartes in a sy ic v

Thus, i Fig. 207, the coupling of the first extrasystole following a sinus beat was invariz
031 second as compared with 0 35 sccond of those same (left-ventricular) extrasyst
followmg beats forced from the right ventricle. If, in the same experiment, beats w
forced 1n the /et ventricle, the coupling of the extrasystoles after such beats was (¢
second, Inthisexperiment the extrasystoles always ortginated in a focus in the left ventry
whenever they followed a beat forced in the cont 1 ventricle their coupling was 0
004 second longer, and when following a forced beat of the spsilateral ventricle,
0 01-0 02 second shorter, than the coupling of those premature beats which followed si;
beats  This observation indicates that the length of the coupltng depends imter alia ont

length of the path which the mittating imputlse has to traverse i order to reach the ext
systolic centre (Scherf, 1930,a) The difference 1n the lengths of coupling accords well w
the interval required for an impulse to spread from one ventricle to the other (Eppinger a
Rothberger, Lews and Rothschild) Simular observations regarding the length of the p:
of an impulse being responsible for the interval between two contractions were made

Bethe (1937) on strips of the umbrella of medusae (Cotylorhiza).

(3) If, during bigeminal thythm due to aconitine, bundle branch block lesions we
produced, sumlar sy ic and Iysable changes 1n the coupling of the extrasysto
were seen.  Such observations, described in the chapter on ** Coupling™ (p. 193), led
the same conclusians as set out under (2).

Extrasystolic and Automatic Impulse Formation

The work, reviewed so far, can be said to have established that extrasystoles are pr
cipitated by the preceding beat, that they onginate 1n a crrcumscribed focus and that th
are not due to re-entry (circus movement) of the iutiating imputse.

The question can now be discussed whether extrasystoles are due to increased aut
maticity of the ectoprc centre, or whether, as we believe, extrasystolic impulse formatic
should be separated from the automatic one, This problem may be approached from 1w
different angles. a critical review of the arguments put forward to claim an :dentical mec!
anism, and observations supporting the separation of extrasystolic from automatic impuls
formation,

The first approach has already been discussed earlier 1n this chapter under the headin
of ** Extl les and P. le ™, For co- of an ectopic automatic centre ¢
impulse formation with a normal pacemaker is the hallmark of parasystole and 1t wz
stated above, as well as in the chapter on * Pararrhythmias ™, that attempts were made ¢

explain, by such mect les with ling, Reasons were given wh
this view 1s untenable and the arguments need not be .rcpentcd here w‘hxch preciude th
application of a p: olic mect to the exp of ext

The secand approach refers to observations on true extrasystoles which showed absenc
of icreased automaticity, thus supporting the distinction between these two forms o
ectoprc impulse formation, . ) !

One mpressive example 1s contamed 1n the experintental investigations of Go}denb:fq
aod Rothberger (1931} on strophanthin arrhythmas. Inlcxpenmc_nts on .n:ggtshar'rhythnpa:

duced i i ) d wi c

were by the of strop ! 3 € .
ofa x:ﬂxturc contaiming 25- or 30-per-cent, CO, in O3 By this technique vnnzxn:ls cctoim
arrhythmias could be produced, including bigemmal rhythm with accurately couplec
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extrasystoles, polygeminy and ectopic tachycardias. If, sn such expenments, the vagus was
stmulated the result was cardue standstill through severaf seconds (in one expetiment
1406 seconds¥), during whech only very 1d rcular beats were
observed which usually had a shape different from that of the extrasystoles. This observa-
tion proves thai there was no vestige of increased automatiaty of the ventricles i conditions
where cxtrasystoles were numerous and that, therefore, these two forms of ectopic beats
must be due to scparate mechanisms, Such suppression of ventnicular activity by vagal
stimulation cannot, of course, be a direct vapal effect, for st s known that, 1n the mammalian
heart, such vagal influence does not extend to the ventncles, These same experiments of
Goldenberg and Rothberger contam a further proof of this, if proof were needed, for vagal

3 Sirced standsil

stimulation was of no effect :f apphied duning an ectopic tachy and p

only after us ter thatss by the next sinus beat  With the suppression
of the sinus beat the extrasystoles also failed to oceur, thus proving their dependence on an
initiating beat. A szmufar observauor was made by Schott 1n rabbits

Another convineing example was found 1 exp on arrhy g the
fopical application of strophanthin by means of sub-epicardial wmpectsion (Schesf, 1944)
As posnted out tn the section on * Digtalis *, by this method extrasystoles originating at
the site of the snjectson can be produced  As dastinct from ectopsc arrhythmas following

Fic 209 —Lcad 1 A ventricular extrasystole 1s followed by an automatec beat
of the same shape

the systemuc admunstration of strophanthun, those elited by sub-epicardial injection

have alf the of true les Fig 208 ss taken from such an expeniment
The beginnung of the recard shows bigemmnal rhythun whuch had stasted five nunutes after
the of 005 cc, of hanthtn (Strophosid) mte the conus area of the nght ven-

p
tncle  Faradic stimulation of the nght vagus produced cardiac standsuil of nearly four
seconds dunng which no nigns of ventricular automatic beats were noted. After the end of
vagal did not Pp 4, y when cardiac action was
resumed, but only after the fourth sinus beat and then bad the same shape and coupling as
before,

These observations mdcate, 1n our opinson, that the extrasystolic impulse formation,

being dependent on, and p by, an beat, should be separated from
automatc wapulse formation which, by defi 15 10d from any
factor.

Occastonatly, hawever, the same focus may gne rise o extrasystohe and 1o avtomatic
mpttses  Figs 209 and 210 provide examples.

Fig 209 was obtamned from a seventy-four-y Id patient with coronasy scleross.
‘The second sinus beat 13 followed by an extrasystole with a couphing of 0 54 second, which.
after an interval of 1 28 seconds, 15 succeeded by an automatic beat having the sam.e shapé
as the extrasystole. What small differences there are m the features of these two beats are
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most Iikely to be due to the combination of the second complex with a P wave which was
due at about that time.

Fig. 210 illustrates another mstance. It was recorded 1n a woman with mitral, aortic
and tricuspid valvular disease and congestive heart failure The underlying rhythm was
auricular fibrillation with frequent ext les, having a coupling of 0 40-0 44 second.
On several the first post- lic beat closely resembles the extrasystole so
that origin 1n the same focus of such two beats has to be assumed. The small differences in
shape between the extrasystolic and the post-extrasystoltc (automatic) beats are attributable
to the different lengths of the preceding intervals and the varying in supenimposttion of fibril-
lory waves. The most noteworthy feature of this record 1s that such automatic beats were,
on their part, sometimes followed by extrasystoles of the same shape, ther coupling betng
the same as that of extrasystoles following supraventricular beats (the first two couples of
beats in the top, and the eighth and ninth beats 1 the bottom strip). (From Rachmilewtz
and Scherf.)

U % 'ﬂ‘
e e ok S

FiIG 210 —Lead 3 The two strips are continuous  Ventricular extrasystoles
and automatic beats of the same shape  For further explanation, sce text,
From RACHMILEWITZ and SCHERF  Z ki Med

Similar observations of extrasystoles and automatic beats onginating 1 the same
centre were made experimentally (Rachmilewitz and Scherf) and, clinieally, during carotid
stnus pressure (Rihl) and dunng lete A-V block (Hoflr Christian, Scherf and
Schott, 1932, Bloch) A tracing reproduced mn a paper by Estapé shows this phenomenon
1 2 patient with aunicular fibnllation, though differently mterpreted by the author. Such
observations, as well as the rare from parasystole to extrasystoles of the same
shape with fixed coupling (see chapter on * Pararrhythmias ', p. 174) were believed by
some to indicate an identical mechanism of these two forms of ectopic impulse forma-
tion In our opion this concluston 1s not justified Such observatrons mndicate only
that there 1s a focus of ectopte rmpulse formation which, in certain rare instances, 1s capable
of both extrasystolic and automatic impulse formation  'We visualize {hese two mechan-
1sms to be qualitatively different 1n a way to be discussed below in this chapter. In the
great majonty of cases of ectopic arrhythmias only one of these two mechanisms 1s present
1n the focus  In the above mstances both these mccl'lamsms exist in Ihe.focus at different
times, the quickest observed succession being found in the two cases of intermittent para-
systole 1nvaniably starting with an extrasystole with fixed coupling, described by Scherl
and Boyd. Furthermore, that extrasystolic mpulse formation in a centre may predispose
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that centre to automatic impulse formation has been known for a long time from observa-
tions on auricular extrasystoles 1t 15 by no means rare that the first post-extrasystolic beat
has the same abnormal P wave as the extrasystole and sometimes this 1s observed in the
first few post-extrasystolic complexes (see section on ** Auricular Extrasystoles”, p. 61),

While there are thus several kinds of observations illustrating a relationship, 1n some
cases, between extrasystolic and automatic impulse formation, 1t should be emphasized
that the total of such observations s very small as compared with the countless instances

in which only ext or only rhythms are

PHYSIOLOGICAL PROCESSES UNDERLYING EXTRASYSTOLIC AND
AUTOMATIC IMPULSE FORMATION

If it is desired to formulate some 1dea about the physiological processes underlying
extrasystolic and automatic impulse formation such views have to be consistent with the
observations that

(1) these two varieties of ectopic beats mostly occur independently from one another,
whereby extrasy are than ectopic beats or automatic rhythms,
and

(2) in some, comparatively rare instances these two varieties of ectopic beats have been
observed to be related to one another 1n various ways, for mstance, a centre of extrasystolc
1mpulse formation producing, at times, automatic beats; automauc beats bemng followed by
extrasystoles originating 1n the same focus, parasy mto ext lic arrhyth-
mia with extrasystoles arising in the same focus

‘While, as stated above 1n thus chapter, we fully realize that our knowledge about this
subject 15 very scanty, we believe that recent advances particularly in neurophysiology have
thrown some light on this complex problem.

A few generations ago 1t may well have seemed heretical to base any concept of cardiac
impulse formation on 1 with neuro-physiol; 1 data, at a titme when the long
controversy between the neurogenic and myogenic theortes of the origin of the heart beat
seemed, at last, to have been firmly decided 1n favour of the latter. Of late, however, the
similarities rather than the differences 1n this respect betwcen heart, nerve, gangha and
keletal muscle have tended to be d. The g g from a recent

awe $6 A comcs Ton cm oo oL

heart, differing fwm an tmpulse passing over a nerve fiber only in the anatormical complexity
of the pathways 1t follows and 1n the vartations n rate of conduction associated with them.”
(Hoff, 1n Fulton, p. 596) “It wnll be seen that although the heart beat oniginates in muscle
tissues, the essential logical properties of dial cells which make
possible the thythmuc beat of the heart are little 1f any different from those of nerve fibers,
nerve cells, sense organs, and even skeletal muscle fibers, which can and under the proper
circumstances do act like the pacemaker to set up autogenic rhythms > (Ibid. p 599)
Regarding the electncal changes in skeletal muscle * Qualitatively and 1n general outhine
the muscle action potentials are 1dentical with those of a nerve . ” * The mechanism of
excitation, also, ts generally held to be essentially the same for muscle and nerve mem-
branes ” {Gelfan, 1bud. p. 116)
Such analogies will, we hope, become also apparent in the discussion which follows,

Some Relevant Ph Data about Initiation and Py ion of E:

This emphasis on the sumulanty of processes underlying the activity, particularly the
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a negative after-potential - A phase of subnormal excitability may succeed which is accom-
panied by a positive after-potential. Itis the supernormal phase of recovery with 1ts assocta-
ted negative after-potential which 1s of special interest 1n regard to extrasystoles.

The supernormal phase was first found in nerve by Adrian and Kerth Lucas (1912) and
described as a temporary overswing of the recovery curve of excitable tissue after the
transmission of an mmpulse. During this phase~lasting 1n nerve about 0015 second—
strmult of an intensity whieh at any other time would be subliminal become effective, Later,
Adrian (1920) demonstrated the presence of a supernormal phase of recovery n the cardiac
muscle of the frog in certain experimental conditions (for example, perfusion with a rela-
tively acad flud)  Wast) found 1t in the fatigued preparation, and Eccles and Hoff encoun-
tered 1t liy 1n the ker of d b cats Ashman demonstrated 1t 1n the
compressed heart of the turtle, but Lewis and Master were unable to establish 1t in the dog’s
heart Morerecently, Hoff and Nahum found 1t in the ventricle of fourteen cats anaesthetized
with barbiturates, while in seven out of nine decerebrate amimals 1t was absent. The super-
normal phase cotncided erther with the terminal portion of the T wave, or with a U wave
when present. It s, however, not proved that the U wave signifies an after-potential of the
kind of the negative after-potential (Schaefer, 1942, p 16)

The number of observatrons indicating the presence of a supernormal phase in man 1s
very small, and of the published cases several admit of alternative explanations of the
arrhythmia But even the most critical review of the published cases (Mack, Langendorf
and Katz, 1947) had to concede that in five cases a supernormal phase has to be considered
present (Luten and Pope; Jervell, Scherf and Schott, 1939, two cases, Froment, Masson and
Gonn, Case 1) and to these they added one of their own In others, while aiternative
explanations were preferred, the proposed alternatives are, in our optnion, no more prob-
able than the assumption of a supzrrormal phase A more detailed discussion of the in-
dividual papers dealing with such observations 11 man would be outstde the scope of this
book The reader 1s referred to the quoted paper by Mack, Langendorf and Katz, but
should bear in mind that the explanations favoured by these authors are, for some of the
cases, based on an alternative mechamism suggested by Wolferth (1928) on the assumption
that there was no proof that mammahan heart 1s capable of a supernormal phase; this
view 1s no longer tenable. Nor does 1t seem justified to consider supernormality of excit-
ability and that of conduction as separate phenomena, as 1s tmplied 1r the quoted paper,
since the two go hand 1n hand (Segers 1941, see also below) In our optaton a supernormal

phase of recovery may well play a greater r0le in clinical arrhythmias than was thought in
the past

One of the earlier expenimental studies 1z which the supernormal phase was considered
as one of several factors to account for ectopic arrhythmuas 1s the one by Ashman and
Hafkesbring (1925) Using turtle hearts in which the sinus was ligated off, they found ectopic
rhythms arising erther spontaneously or as the result of one sub-himinal shock. The rate of
such rhythms, resembling Luciam peniods, first mncreased, then decreased. Ashman and
Hafkest pl. d such arrhyth on the ground of the following assumptions dis-
charge of impulses from an ectopic centre on attainment of a sufﬁcxcn{ degree OffXCil'
ability, supernormal phase i the pertod of returning y; treppe in for
the first several recoveries of 2 period, fatigue of the ectopic focus resulting from 1ts activity
and recovery from fattgue during the quiescent periods, With increasing rates of electrical
stmulation dunng mtervals of spontaneous rhythm the ectopic thythms occurred at suc-
cesswely later tntervals and the groups of ectopic beats became successively shorter untit

with fast sumulation they became reduced to one single ectopic beat. These authors
concluded that, if the ectopic focus 1n man was similar to that i the turtle heart, 1t might,
as permutted by conditions of nerve influences, sinus rhythm, anq degree of supcmgrmnl
recovery, discharge erther single ectopic impulses, mulfiple ectopic impulses, or serjes of
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impulses producing paroxysmal tachycardia *. They pointed out that such a focus should
not be considered as an automatic blocked-off focus, ** but as a potential pacemaker, nor-
mally responding to every sinus impulse until di favour its of the role
of actual pacemaker * They also emphasized that very gradual changes 1n the condition
of the focus could lead to the sudden onset or end of 2 paroxysm It will be seen that much
of the more recent work, particularly on nerve, accords well with this view and has brought
to light some of the finer mechanism operating 1n such a focus.

Super-normal phase and negative after-p lare ting phi ‘When the
latter is prolonged by fatigue or drugs (for example veratrine), the former 1s altered 1n the
same way and both are shortened by cooling (Gasser and Erlanger, 1930) According to
Gasser and Grundfest the associatron, in the mammalian nerve, between negative after-

ial and sup mal y on the one hand, and between positive after-
potential and sub-normal excitability on the other, is so close that ** the curve of excnt-
ability should be as charactertstic of the nerve and its various states as1s the action-potential
We shall sec that the rule holds ”  These authors also found that a second, third and fourth
negative potential may follow the first one, that the play between negative and positive
after-potentrals behaved like damped oscillations, and that preparations showing this
phenomenon were also subject to spontaneous discharges which increased during the nega-
twve, and decreased during the positive pk}asﬁs of.a&er—potemlals It was then shown by

(1937b) to de-lonization of calcium, since exclusion of calcium or citrate had the same
effect as ncrease in pH, namely lowering of threshold to electrical sumulation and occur-
rence of spontaneous discharges  This explanation was contested by Lorente de No (1947)
1 whose opinion citrate and oxalate exert therr effect by lowering the membrane potential
He adduced several reasons why the effect of citrate 15 unlikely to be due to its immobilizing
calcium and established that oxalate does mn fact lower the membrane potential, namely
the L fraction {Lorente de N6 and Feng)

In nerve poisoned with veratrine, however, 2 large and prolonged negative after-
potentral may occur in the complete absence of supernormality and some unknown factor,
additional to the negative after-potential, seems to underhe supernormahty (see Krayer and
Acheson)

Erlanger and Gasser (1937) summarized some particulars about these phenomena of
which the following may brefly be mentioned supernormality was not found in freshly
1solated frog’s nerve, but developed 1 the course of the expeniment as the negative after-
potential grew * The end of the relatively refractory period comes earlier, but excitabihity
1ncreases for the same length of time as before, and thus the maximum of excitability gets
to be definitely greater than the excitability at rest. Supernormal excitability then con-
tinues duning the progress of the negative after-potential, and at the same time conduction
becomes supernormal 1n veloctty ™ Furthermore, these authors point out that, 1n contra-
distinction to the constancy of the sptke and of the absolute refractory penod, the after-
potentials are very vanable Regarding the significance of supernormality, the following
sentence wdicates its tmportance 1 the context of this book * Raising the excitability
temporarnly, exther from the restmg level or an equilibrated subnormal level, supphes an
excellent mechamsm for picking up excitation from a subthreshold background,” This
they illustrate by the following example which also confirms a similar previous observation

of Gasser and Grundfest a mammalian nerve 1s stimulated by thyratron shocks at a rate
somewhat above 100 per second and at a strength just at threshold for the most irritable
fibres If a smgle shock 1s added sufficiently strong to excite the whole nerve, the subsequent
thyratron shocks, falling 1n the supernormal phase—at first of the strong induction shock,
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subsequently of the preceding pr d disturb: b supra-threshold and this
phenomenon repeats itself until a gradually growing positive potential, associated with
subnormality, terminates the response. This 1s a modern iflustration of an observation of
great importance for the understanding of extrasystoles, namely, the Wedensky effect.

The Wedensky Effect and Allicd Observations

In 1886 Wedensky found in the saiatic-gastrocnemuus preparation of frogs that sub-
threshold faradic strmulatron of the nerve (whxch dld ofcourse not result in any comrac-
ton) was followed b * *- - -
mally to the site of 5
confirmed by sever . . v s
* Wedensky effect ™ 1s enhanced by hypertonic solutions of glucose or NaCl, by Ba*
Ca* and Mg - -, reduced by hypotonc solutions of glucose or NaCl, by H - OH
Rb andK M dowitsch sut ly d that the application ofa mmstened
crystal of NaCl between the muscle and the site of stimulation (induction shocks) also
preciprtated the “ Wedensky effect ”.  He made the further important observation that 1t
was mmmaterial whether the simulating electrodes were applied proximally or distally of
the site of application of the NaCl crystal  He offers the following explanation A single
excitation which has just arrived in an altered locus there produces a more or less lasting
mncrease 10 excitability owing to which subthreshold impulses become suprathreshoid. The
single excitation wave can act either direct or by way of ricochet  ** In order for a summa-
tion of excitation of the type of a tetanus-ltke single twitch to occur it 1s not always necessary
for the single excrtation to pass through the altered locus. It 1s sufficient if 1t penetrates
1nto the focus, irrespective of its position ** (Our translation }*  This observation illustrates
one varnety of conditions ** for picking up excitation from a subthreshold background ™
(see abave) and alse the importance of chemical simulatton n the production of repetitive
discharge, discussed below (p 507)

Samojloffi established that, contrary to Wedensky's wnterpretation, the phenomenon
acmaHy 1s @ true tetanus  He also made the important observation that the * activat-
ing” effect of the single induction shock lasted through a considerable tme It could
be d r'wd 1f the sub-thresh was staned as Iong as D 2 sccund

RN, _._,'.“‘_ PO

ceed the duration ot the SUPC{nO[IndI puasc 41 damojioll puts torward the explanduon that
such shocks act through ** Bah )l ) at the my al Junction, To a certam
extent this explanation 1s supported by an observation of Denny-Brown and Shernngton
on decerebrate cats stimulation of a sensory nerve (saphenus) at fifty per second resulted
1 a reflex tetame contraction of the M tensor fasciae femonis  If, 1n addition, another
sensory nerve ( ) was st d with a single shack, the existing tetanus

’ P (i o e TR A

o - ' . . ' o
durect electrical stmulation upon the contraction and action currents of fully curanized
skeletal muscle, and certain observations on paraesthesiae i man: if such sensation,
= Die Erregungssummation vom Typus der tetanusierten Etnzelzuckung verfangt micht durchaus ein

Hindurchgehen des Emnzelreizes durch die alterierie Strecke, Es genugt dazu das Eindnngen n den
Entstehungsherd, unabhang:g von dessen Lage
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elicited by a constant current, was disappeanng and already very indistinet, one induction
shock made the paraesthesiae flare up agam for some time (Ebbecke). Symilar observations
were made by Schaefer and Schmitz . a constant current of a certain strength, appliedtoa
cutaneous nerve, produced a sensation of warmth m the distribution of the nerve, 1f a
mechanical stumulus was applied 1n addition, 1t caused a transient sensatton of warmth
(ap:m from the tactile sensation) which was quite different from the effect of the same

ti of a hbouring area These authors draw attention to the
analogies between their observations and those of Wedensky, and of Denny-Brown and
Sherrington, quoted above.

Goldenberg and Rothberger (1933) confirmed the presence of this ** Wedensky effect
on exaised Purkinje fibres of the dog, st d by means of discharges, If the
fibres responded to near-threshold shocks by contraction to only a certam fraction of the
applied stimuli, single strong induction shocks lowered the threshold so thata ! : 1 response
ensued for a varying number of such juxta-threshold stimuli If sub-threshold condenser
shocks were used, a single induction shock so lowered the threshold that long groups of
1:1 followed §; beats had the same “ activating ™" effect.
Applymg these findings to “clinical ectopic arrhythmias, Goldenberg and Rothberger in-
terpreted lhem as indicating the activity of an ectopic centre, located 1n a branch of the

system, the Ises of which become effective only duning a certain
phase of increased excitability consequent upon the precedimng beat.*

More recently, Harns and Rojas concluded that coupled beats observed in the dog’s
heart after coronary occlusion were best explamed as resulting from recovery through
supernormality The employ of multiple electrograms made 1t posslble
1o exclude the possibility of a d being resp for such b
In expeniments on cats, Hoff and Grant found that wath an arterial pH of 7 2 thcre was no
supernormal phase and no spontaneous ectopic beats occurred. When, by mtravenous
jection of 4 cc of n/20 HCI, the arterial pH was lowered to 7 1, senes of ventncular ectopic
beats occurred after and d after 1t was di: d, short bursts of
tachycardia and coupled beats were observed When, subsequently, the admimstration of
acid was slowed and the coupled beats had disappeared, a supernormal period was found 1n
that part of the cycle in which the coupled beats had occurred.

In a subsequent paper Goldenberg and Rothberger (1935) mvesngated the effect, upon
such arrhythmias, of localized mjury by break
shocks  The result was an increase in rate, which the authors atln‘:uted to faster depolar-
1zation of the centre. That stretching increases the rate of depolarization markedly follows
from more recent experiments of Scherf, Scharf and Goklen which demonstrated that
stretehung mcreased the rate of ectopic aunicular arrhythmuas elicited by the toprcal applica-

tion of acomtme. If the effect of acomtine had subsided shon paroxysms of the tachycardia
could be made to reappear by stretching (see section on ** Flutter and Fibnllation ) Fig.
212 tllustrates a left ventricular tachycardia which occurred 1n 2 dog during an attempt at
cutting the left bundle branch. That continuous stumuly may result in rhythmucal discharges
will be discussed below

The rela‘ionship between It it d: h some i
already referred to (p 499)—enhanced excnablhty follows even more clearly from expen-
ments with veratrine, which 1s krown to produce a marked prolongation of the negative
after-potential  In addiion to causing prolongation of systole generally (which may n-
crease from 0 1 to 60 seconds) and of contracnon of Purkmje ﬁbres, 1t produccs vartous
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archythmas in Purkinje fibres which were investigated
by Wachstetn and more extensively studied by
Goldenberg and Rothberger (1936). The latter authors
used mechanograms and electrograms  Two kinds of
archythrmias were found nterferences and * osaill-
ations ”*  The latter, following a Jarge mitial contrac-
tion, were shown by the electrogram to be due to
tapid excitations superimposed upon an enormously
prolonged after-potential  They resembled tachy-
cardic attacks, having a fixed coupling to the large
1mitial beat and beng followed by a pause, free from
ascillations, which bled 2 postextrasy
wterval The authors concluded that such oscillations
were due to otherwise sub-threshold impulses which
became effective dunng the negative afier-potential
More recent work suggests as an alternative explan-
ation that the increased negative after-potentral 1s
alone sufficient to give nise to spontaneous impulse
formation This has been established m varous
structures, the end plate potential in the isolated
nerve-muscle preparation of frogs may be quoted as
one example {Eccles, Kaiz and Kuffier)

Other, allted, conditions which produce an ncrease
1 excitability and may have a bearing on the mechan-
1sm of origin of extrasystoles may briefly be mentioned.

One such nstance 15 the ncrease . excitability
beyond a nerve block, discovered also by Wedensky
and commonly known as Wedensky facthtation Such
a block can be induced in various ways, for example
cold, drugs, or pressure. Wedensky (1903), who used
vanious chemicals, found that the threshold of the
segment below the block becomes lower than 1t was
before Ifsuch a block has become complete, impulses
will not be transmitted through the block zone, but
as such impulses are stopped at the proximal margin
of the block, the threshold, to electrical stimuli, of
the nerve below the block 1s lowered, ““the lowering
of threshold being a cumulatuve and enduring pro-
cess ™ {Lorente de N6, 1939) Hodgkin {1937) has
shown that this effect, upon the excitability of the
zone below the block, of the stopped mmpulses 1s due
to the spread of electrotomc current, producing an
* extrinsic potential * beyond the block Lorente de
N6 (1939) demonstrated, 1n addition, that residual
negativity (resembling, but not necessarily 1dentical
with, true after-potentsals) 1s also transmutted through
ablock It scems that such slower changes in residual
negatiity (spreading over a greater distance than
those due to the faster spike-ike potentials) are
related to facilitation of transmission, without acting
as transmutters themselves

Fi6 212 —Fromanexperimentonadog Left ventricular tachycasdsa oceurring dunng an attempt at cutting the left bundle branch
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Changes of Excitability and of Potential after Sub-threshold Stimulation

Such changes, being local ones and closely assocrated with the * local response ™, are
mare conveniently discussed 11 with these ph (see below, p. 510).

The relevant points, i connexion with the mode of origin of extrasystoles, of these observa-
tions are

A supernoemal peniod of recovery, assocrated with a negative after-potential, has been
found 1n various tissues, and while the extent of 1ts importance 1n cardiac arrhythmias 1s
still controversial, its presence in cardrac muscle has been established, During such pertod
of enhanced excitability impulses, which at any other time are sub-threshold, become effec-

twe, or are formed. The after-p Is and d changes of excitability are less con-
stant, and more susceptible 10 envuonmemal changes, than the propagated disturbances
Such It 'y increase in 3 aﬂer a d mmust be assum f‘ to

the time relations 1n repetitive responses toa single stimulus which have now to be discussed.

it to C Stimuli

Introductory Remarks

The stnking it between ph observed 1n Lillie’s iron wire model and
those 1n hiving tissue has often been commented upon an rron wire placed n nitnc acrd of
certain concentrations develops a passive state owing to the formation of a thin layer of
oude If such a wire 15 ** sumulated " in one of several ways, that s, if the protective film
15 locally destroyed temporanly, local electrical currents onginate which the wice transmits
along 1ts length and which can be recorded with a string galvanometer; subsequently the
passive state of the wire 1s restored  This process of transmission 1s due to the breakdown
and subsequent re-forming of the oxide film  In certain experimental conditions a continu-

us “ stimulating ” reaction 1n a Jocahized region of the wire—for example contact of the
metal with glass—also produces rhythnucal electrical transmutted changes, the rate of
which depcnds on the concentration of the acid, after each transmussion there 15 a non-
transmussive “ refractory ™ period  The \! with Iing mn the heart
are obvious

Another chemical model, showing pertodicaty and rhythmucity, which has recently
been studied 1n more detail from the point of view of analogies with brological rhythms, 1s
the decomposition of H,0, 10to HO and O, 1n the presence of metallic Hg acting as
catalyst (Ernst)

The first observation 1n living tissue of a repetitive response to a constant stimulus was
reported in 1859 by Pfluger who found tn the nerve-muscle preparation of frogs that constant
currents of certamn intensities produced tetanus, whereas weaker or stronger currents failed
todoso He explained this observation tentatively by the extent of the zones of 1ncreased
and decreased excitability Pfluger’s observation was confirmed by several authors (for
refs see Schriever and Cebulla)

One year after Pfluger, Kuhne reported “wave-like excitations followsng one another at
short distances if a thin muscle with parallel fibres 1s placed across the electrodes of a chain
of galvanic battenes » (our ) (** dicht ged: wellenartige Er wenn
man emen dunnen Muskel mit parallelen Fasern uber die Elektroden emner konstanten
Kette legt ”) This phenomenon has recently been studied in some more detai by Kling-
hardt, including the effect of various 10ns and of veratrine Rhythmic contractions of




504 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

skeletal muscles due to continuous stimulation with faradic or alternating current were
described by Fraenkel and by Neuroth (see also Bethe, 1926, 1952, in whose Institute this
work was carried out)

The repetitive response to continuous stimult has been studied in a great variety of
circumstances (see for example Fessard, 1936, Lorente de N6 and Feng, 1946)  Earher m
this chapter reference was made to the effect, on arrhythmias observed in Purkinye fibres, of
continuous depolanization of a circumscnbed area  Altogether the rhythmic response to
continuous sttmuli 1s a widespread biological ph - the resp of the optic
nerve to hight, of sensory nefves to a great variety of continuous stimuli, to quote only
two instances (see also Bethe, 1952).

Some other relevant observations have now to be discussed 1n some detasl.

Injury

Adrian (1930) recorded, in nerves of cats and rabbts, the action potenttals resultng from
injury. He distinguished three main types of discharge (1) continyous and regular suc-
cession of impulses at a high frequency, rarely less than 150 per second, (2) an irregular
successton at lower frequency, and (3) a grouped discharge, each group consisting of
several impulses very closely spaced and the successive groups following one another at a
very low frequency, namely ten per second or less. Adnan concluded that “ the detailed
arrangement of the continuous and grouped discharges 1s due to the pertodicity imposed by
the recovery process of the nerve fibre, and that the excitation remauns relatively constant
over periods whuch are long compared with the total recovery time of the fibre ** Regarding
the observed iping of the impulses withn the individual groups, this could be explained
by assuming a steady exaitation of gradually decreasing intensity, this decrease being due
to some opposing change in the tissue *

Electrical Stimulation

The opposing change, as postulated by Adrian, was considered 1n more detail in the
studies of B Katz (1936) on multiple response to constant cursent mn frog’s medullated
nerve Katz based his study on Hill's theory of electric excitatron by a constant current.
According to this, the apphed current rapidly builds up at the cathode a “local potential
V which 1s maintamed throughout the passage of the current; excitatton occurs if and when
V becomes greater than the threshold U. This threshold rises at a rate determuned at any
moment by the value of V at that moment and by the time constant A of ** accommoda-
uon ”, the opposing factor of Adnan  Dunng the interval at which V 1s greater than U,
repetitive responses may be expected to occur at intervals determined by the refractory
phase, The length of the interval duning which repetitive responses can be expected will be
greater the slower the accommodation, that 1s the greater the value of X Katz found the
results of experiments 1n accordance with theory® 1n nerves of cooled frogs repetitinve res-
ponse to constant current of shghtly more than rheobasic strength was observed and in
such conditions accommodation was found to be very slow, A bemng at first 300 msec.
and even after four to six hours' soaking at room temperature still hetng above 100 msec.
On the other hand, interferences resulting in shortening the time of accommodation reduced
or abolished repetitve resp (for le, soaking the nerves in Ca-nich solution) The
widely studted effect of the reduction or removal of Ca 1n mducing repetitive response and
spontaneous activity was found by Katz to be associated with a great increase in the
time constant A of accommodation and a considerable lowenng of threshold. These

fter
® Tnyuey potentials were considered to be one of several factors in the ofigin of ectopic bef\ls al
g«pcnn‘x‘cnml coronary ocelusion (Harris) and are held to account for ectopt arrhythmuas which occur
during cardrac cathetertzation
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observations emphasize the importance of the jonic milieu and are related to investigations
on chemical stimulation, discussed below.,

According to Schnever and Cebulla the process termed * accommodation ” 1s more
complex, and it is the gradient of current necessary to excite, which variesin a characteristic
fashion according to whether the response 1s non-rhythmic or rhythmic,

Erlanger and Blair’s studies (1936) on repetittve responses in the phalangeal nerves of
frogs bring out several features of importance 1t connexion with the mode of orign of
extrasystoles. In these investigations I by means of rectangular currents was used.
While the usual response of the excised frog’s nerve consists of a single action potential,
Tepet ittve responses were observed 1n a variety of conditions  These authors point out that
repeti tion induced by current 1s ch 1zed by its and that,
1f a fib re repeats, 1t does so only when the current 1s applied to more or less definite loct of
the fibre. Repetition was found to be rapid (with rare exceptions) and was erther immediate
ordelayed, Regarding thelatter. * the interval between closing of the current and the begn-
ning of the repetition 1s longer, 1t may be very much Jonger, than the sum of the utilizatson
period and the conduction time involved . Delay as long as 02 second was observed
““though no effort has been made to determune the it ” Tt 1s noteworthy that such
figures are of the order of length of couphing of les (R the h
underlyimng such long periods, see below local resp ) Evenf dually failed,
the repetition pattern, as obtained from a fibre at a given point, usually remained constant
—another analogy to extrasystoles. Anodal polanizatton was found to be of great impor-

somewhat the number of responses. It was also found that by anodal polarization the
correlation between changes 1n excitability and repetition could be greatly improved, to
such an extent that the authors came to the following conclusions *,. that fibers that
have exhbited delayed repetition but which were not being subjected to artificral anodal
polarization, either were anodally polartzed, ly by local currents,
or else were subject to some ather condition which produces a state similar to the anelec-
trotonic state .

These findings, namely, the importance of lecal demarcation currents or of a condition
producing a similar effect, may well be apphcable to the mode of ongm of some instances
of extrasystoles The importance of anodal polarization in the production of fibnilation of
the dog’s heart (Harris and Moe) 1s referred to in the section on fibrillation (p 231) More-
over, amongst the data which Erlanger and Blair discuss in connexion with the exact
site of origin of repetition 1s the observation of Schaefer and Schmutz that an action potential
passing into an ijured locus may initrate an after-discharge there. In nerve-muscle prepara-
tions of frogs Schaefer and Schmitz investigated, by means of an osctllograph, the changes
1n the action currents which occurred if the excitation had to traverse a portion of nerve
imjured by compression The nerve was lated by 1nd; shocks of threshold
strength  These authors found that the previously smooth curve of the action potential
was, after injury, followed by a senies of small osaillatrons at intervals of 0 5-1 msec N
lasting 10-20 msec A sumular phenomenon was observed if the excitation had to traverse
a locus which was strongly polanized anodally here the action potential became steongly
deformed in 1ts descending portion and showed waves, ind that
action potentials had become superimposed on the otherwise umiform action potential
“ The arrving new discharges  Before the arnval of the
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action potential the locus mn question of the nerve was quiescent, as shown by the oscillo-
gram * (our translation) *

While Erlanger and Blair reject this mechantsm as explanation for their findings, 1t
scems to us that 1t may well be of mmportance n the mode of origin of extrasystoles
This opimon 1s based, mter ala, on the following observation by Arvanitak: (1937¢):
A small area a of a nerve fibre 1s anodally polarized or subjected to warming (that is,
1nterferences lengthening the after-potentials). One of two recording electrodes 1s placed
on a, the other at a distance at » The nerve 1s electrically stimulated beyond & with
juxta-threshold currents In these circumstances an impulse coming from & and conducted
to a—called * afferent 1mpulse "—is followed by a large after-potential at @ which there
imtiates a spike which 1s conducted from a to 4, called * efferent » impulse. It was also
found that the changes precipitated at @ by the ““afferent ™ impulse are an essentially
graduated phenomenon which 1s capable of summation (see also below, local response), If
the temperature at a was gradually raised, the after-potentials gradually increased and
repetitive responses occurred, The same repetitive response could also be observed if the
“afferent " 1mpulse did not actually reach a, but was blocked n 1ts neighbourhood
These observations demonstrate the rmportance, for precipitating an ectopic impulse, of
anodality (or alhied condirons regarding after-potentrals) of the ** ectopic centre ” as well
as the fact that the ritrating impulse need not actually reach the *“ ectopic centre

Simularobservations weremade on strips of the heart of the tortoise by Segers (1940). Strips
of 10 cm, length were suspended in two compartments A and B which were separated by a
partition, a hole 1n which allowed the strip to be put through. Such preparations did not
show spontaneous contractions. Addition m A of two or three drops of a l-per-cent
solution of adrenaline alone did not cause any activity, but after sufficiently long electrical
stmulation of the end of the strp 1n A a series of about ten spontaneous contractions
occurred which lasted beyond the end of stimulation  If the strip was stimulated at 1ts end
B, the forced bzat was propagated to A, but after the end of stimulation a series of spon-
taneous contractions occurred 1 A which were propagated towards B. Segers concluded.
* Le battement rythmé spontané de I'extrémuté A apparait comme conséquence de l'activiié
provoquée  ce niveau par les ondes d’excrtation physiologique provenant de l'extrémité B,
celles-c1 déterminent donc la méme réaction consécutive que la stimulation électnque de

> With d hne added it A, one excuation elicited
1n B precipitated a contraction wave travelling from B toward A, followed by a second wave
1n the reverse direction  Simular effects were seen with CaCl, and BaCl, (applted n A),
such repetitive or ** reflected ™ contractions were suppressed by K or yohimbine. Segers
attributed such after-reactions to the negative after-potential acting in the manner of a
catelectrotonus
More recently Dawes and Vane studied repetitive discharges i the isolated aurcle of
g pigs  They d the prep by means of square constant current pulses
at a rate slightly greater than the normal rate, every fourth stumulus was followed at a pre-
determined time mterval by 2 test-pulse of similar form and duration, but variable strength,
They found that f the test pulse, of adequate strength, fell just outside the abso]ute refractory
period the auricle not uncommonly responded by repetitive discharges, varying in number
between two and ten, and occursing at a frequency much greater than that of no;mal beats,
up to 15 per second  Spontaneous discharges sometimes continued for 2 long time, up to
one hour These authors assumed that such discharges oniginated from the bourhood
of the stimulating electrode and may be due to persistence of a supernormal period.
To revert to Erlanger and Blair's studies: amongst the conditions hsted as ** accessory
to the 1tiation of induced repetition ** 1s the nise 1n excitablity responsible for the treppe
m;tlegs!ladung:n Vor Ankunft war dic
1

* D¢ ankommende Erregung gibt den Anstoss zu neuen g
betreffende Nerveunstelle, wie das Oszillogramm zeigte, 1n Ruhe
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ph Regarding this, the foll ¢ observation is described - In one expertment a
rectangular current, which was just below the repeater th d, il d
one of more axons on breaking. ** Whenever a break response cocurred, the next applica-
tion of the constant current and several of the succeeding ones resulted i bursts of repeti-
tions appearing whea the rectangular current was closed, but some time after sts make—
—with a long delay, in other words. We have good reasons for believing that m ths
preparation the mcrease in excitability resulting from a single response lasted through a
second at least, and 1t 1s concluded, therefore, that the repetstive butsts occurning duning the
rectanguiar current developed in the treppe that was tnitiated by the response elcited by
the break of the constant current.” This observation seems to us of importance as beng
another i of a very long-asting increase 1n bility fobl one resp

Analysts of the stermussions (o a repetittve response showed that they were not due to a
block along the conducting path, but to osailfatory changes in the tecovery curve, wn par-
ticular ** that the recovery persod of a fiber 1s the first of a contmung senes af osciflations
n exctability with a period about equal to the recovery peniod * Such changes tn excit-
ability were actually found and Ecdanger and Blawr conrcluded that * the first low theeshold
potnt must be equivalent of, if 3t 15 not «ctually, the supernormal phase.” The penod of
such (decrementing} osciliations, about 5 msec, was of the same order as the pesiod of
repetition of the fibre.

The findings of these extensive mvestigations which seem to us most relevant 1n con-
nevon with the mode of ongin of extrasystoles can be swmmarized thus The oceurrence,
m certam d of repetative resp toa Jus which ordinarily results 1n only
one action potentral, the repetiive response being confined to certan loo of a nerve fibre
or portions of a stnp of cardiac muscle, the great smportance of anodal polanzation, or a
condition producing a sumilar effect, and thus of local demarcation potentials and of changes
m the 10nic rehen m prodi petit p the possibiity of an action s
passing mto an mjured or chemically aliered Jocus, there setting up new rhythmie action
potentuats, the long delay m the onset of repetition after the precipstating stmalus, greatly
exceeding utthzation time + conduction time (corresponding to couphng); the obsenation
of a very long-k £ INCTEDSE 1N bility after a single break response, the importance of
oscrltatory changes 1n excitabihty duning recovery

Chemical Stimulation

The work considered so far was concerned with thythmue activanses precipitated by myury
or by constant current {or single mnduction shocks or current pulsesy  Chemical stimulation
provides another mechanism of 3 constant simulus and the rhythnue activities resulting
from ths kind of i have been ly studied {for references on early work
see Mumes, 1908)  Several references to the topical application, 1o the epcardium or the
subrepicardial Jayers, of vanous chemicat compounds will be found m this chapter as weli
as i the appropnate sestions of the chapter on drugs {sodrum, barum, digitalisy  The
importance of the onic mibels in connexion with excitabihity to electne sttmulation has
been repeatedly mentioned eardicr in s chapter  Inadditon, a few imvestigations wasrant
a more detaled discussion 1 the present context,

In nerves the applicatson of crystals of caleium chlonde or any salt producing a hugh
osmatie pressure precipitated a high frequency discharge (Adnan, 1932)

in the nerve of the crab, where repetition is easily observed generally, 1t could be mduced
by a varsety of chenucals (Auger and Fessard, 1933). Rhythmyc discharges were not noted
1n fresh nerves, but by keeping them o sea-wnater for one to two houts this property could
casily be ehieited (Arvanmitaki and Fessard, 1934).  Besides vanous inosganic compounds,
amongst which Na hyposulfite proved particularly efficacions, excess of OH (pH abeut 11}
and vanous aleohols were found effective s this respect (Fessard, 1936) The slow
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vanations of the base ltne, which was found n such experiments n addition to rhythmic
discharges, will be discussed below m connexion with ** pre-potentials .

In numerous mvestigations partial removal of Ca * - has been found to favour the occur-
rence of rhythrme discharges. Brink and Bronk (1937) investigated this in the sciatic nerve of
frogs. By citrate, or by reduction in concentration, partial removal of Ca was effected at one
portion, usually one end of the nerve. In such conditions continuous trains of impulses of a
frequency of about 100 per sec. were observed to originate in the treated region  If Ringer’s
solution was then substituted, the continuous train of mmpulses was transformed into
series of thythmie volleys, that 1s bursts of Ises folll 21n The d
of such volleys then declined and after a period of transition a fairly constant state ensued
during which the duration of the volleys may amount to several seconds, or each volley may
continue for one or two minutes and recur every ten minutes. *‘ But even at these longer
1ntervals the volleys and the pertods of silence are constant to within a few per cent. for an
hour or more.” The authors point out certain similanities between these observations and
those made 1n connexion with njury (Adnan, 1930, discussed above 1n this chapter) and
alcohol-treated crustacean fibres (Fessard, 1936). While we fully appreciate the caution
necessary to apply such observations to cardiac arrhythmias, we belteve that they have a
bearing on the mode of origin of extrasystoles in the following respect. rhythmic discharges
following a contmuous stimulus, and constancy of volleys and of periods of silence even
with Jonger intervals are features comparable to the constancy of shape and of coupling of
extrasystoles which, also, may be precipitated by some ec and may, and
often do, occur at long intervals

In view of the extensive use which has been made of barium salts in the investigations of
cardiac arrhythmias Lorente de N6 and Feng’s * Analysis of the effect of barium upon
nerve with particular reference to rhythmic activity * (1946) 1s of special interest. Mention
was made earleer 1n this chapter of Lorente de N6’s working hypothes:s that the membrane
potential can be imagtned to consist of a Q (quick) fraction, related to the fast electrotonus
and nrtiatron of propagated spike potential, and a L (labile) fraction related to the after-
potentials and excitabihty. Regarding banium-treated nerves Lorente de N6 and Feng
point out that, 1 such nerves, the L fraction has a high value and, since lowerng of this
fraction 1s 2 nscessary di for firtng of Ises to occur, such spon-
taneous 1mpulse formation does not regularly take place This, however, can readily be
mitiated £ * PR [T e R A0 S N RV P SN
mation " . *
sharply di .
the slow component of the catelectrotonus, 1 ¢. the decrease of the L fraction of the mem-

brane potenual, reached a certain level” (p 448) During the flow of the applied current
the rhythmic finng passed through a maximum and then decreased to a lower intensity;
this 1s attributed to the fact that the catelectrotonus during the flow of current passes through
a maxymum and then decreases, but does not become low enough to allow a sufficiently
Tugh level of the L fraction of the membrane potential to be restored for the firng to be
abolished. If, however, the nerve 1s kept 1n an atmosphere contarming § per cent CQ,,
the decrease of the catelectrotonus s usually sufficrent to prevent rhythmic activity alto-
gether during the further flow of current, this being due to the property of CO, to increase
the L fraction of the membrane potential ™" SovTotmmmmsmteemestin the clhas o
ttons of Scherf (1930b) that, in dogs, inhal
abolished extrasystoles eheited by aconitir | . .
the same gas mixture lished v lar ectopic y precip by banum
(see also sections on acomitine and on barium).

Regarding the effect of conduction of impulses on the rhythmuc firng during the nega-
tive after-potential, Lorente de N6 and Feng pornt out that this is analogous to a Plluger’s
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tetanus. The phenomeson was studied 1n nerves maentamned 1a an atmosphere of S per
cent, CO, and 95 per cent. O, 1n which, owing o the presence of CO,, the rhythmic after-
discharge after 2 conducted impulse was short  In these expenimental conditions the repets-
ve firing after conduction of one volley was hardly detectable, mcreased with the number
of volleys 1 the train, attaining 8 maximum with rains of $-10 volleys and then decreasing
with increasing fength of tetanus, to duappear altogether with tramns having more than
25 volleys. Thus is correlated with the behavious of the negative after-potential observed
with the various numbers of volleys® 1t reached & mamxamum with trams of 9 wolleys, but
with increasing length of trains above this * the rate of recovery of the membrane potential
during the descending leg of the spike underwent a progressive increase duning the tetanus™
{p. 454)

There 1s thus an interesting sumfanty between these newrophystological findings about
the behaviour of barum-treated nerves and observations made upon ectopic arrhythmias
produced 1n various ways by banum sn mammatan hearts o the mstance of barum, the
b of the H 1 observ 1911~ preceded the neurophysiologica! ones
by several decades, whereas s many other respects meurophysiological work on impulse
mtation and conduction ss now far ahead of cardiotogical counterparts.  These analogies
also demaonstrate that, wathm hrts, the 2! to cardioph ! { nt of
corresponding observations made on nerves 15 justified

Another property of barnium salts deserves bnef mention  In addition to producing
repetive finng of umpulses, they give nse to conduction block in certain expenimental con-
ditions (see also Ferg) and of 2 pecuhar type  This assoctation, alse found with acetyl-
chohine, may be of importance to account for the protecive mechamsm of ectopre centres
{see p 331}

Tze extensive stuches of Brink, Bronk aud Larrabes {1946) are of importance in the
present context especially (rom four points of wew, namely, regarding the relationship
between rep harges and (1) ¥,(2) Oy 3Mp 1 gradient,
and (4} foeal oscillatory changes of petential

These investigations were carned out on nerves of squids and frogs and were concerned
marly with the effect of Ca, K and acetyl-chohne as chermcal stwouti.

U the concentration of Ca was lowered belaw a certasn level {03 mM 1n frog, 10 mM jy
sguid nerves), self- ted traws of § d ympulses staried, that 1s, the axons rins,
formed * the continuous action of a physical or chemical agent into a senes of recursing
events which are made mantfest as nerve " The of impulses di 3
on the degree of lowering Ca and repetitive activsty began after the rheobase had ﬁcéfcw/;
ta below § per cent of its 1mbial vatue Such impulses usually began at random dntersyt
and then 10 freg y, but they started witha hnghmmalfrcqucnf,p 74

then dechined to a tower fevel, the laiter occurred usually after a previous penod of Chirtt
excrtation that had been arrested by restoration of Ca, or during the actun} rcum(',l,:
“The former 15 h of les which so often precede LYY 1
tachycardia ongmating from the same focus, though the analogy breaks down f1f o+ o
rare exceptions, the rate of the tachycardia does notincrease  The latter observatios P
be ltkened to the chimeal asrhythaua of * Extrasystolie a paroxysmes tachycardny o
1t 1s assumed that, durnng the dechine w frequency of the sctapre thythm, tr {‘, s
takes over for a few beats il
The effect of calaium removal seems complex, thus these authors showns ., .

fmakes @ nerve more sesisitve to other sons, for instance KCIor tetret), Gorw :” I

nde ’ -

chlom studying conditsions sn pre- and postganghonse fibres these authayy Ly o

response 16 the synaphic regron also conld be réxod)ﬁed by varyimp the congeas ., o %

When pre-g; fibres were ¥ tepetitive elstne shocks 0::: ,as

P
(P
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the cells discharged repetitively, but at a much lower frequency which, inter ala, depended
on the characterstics of each cell. The question poses itself whether, or to what extent,

conditions of synaptic t: may be icable to the h of onigin of extra-
systoles

It was further found that increased rate of oxidation 15 essential for the itiation of

1 If an oxid: hik agent (sod azide) was applied to the crirate-treated

portion of the nerve, a concentration of azide suffictent to restore oxidation to a normal
rate was sufficient to suppress chemical excitation, but the Ca-deficient and azide-treated
regtons of nerve still conducted tmpulses produced by electrical stmuli  Ths higher require-
ment of O, for the initiation of impulses, as compared with that for their conduction, may
well have a bearning on the difference 1n mechanism between automatic and extrasystolc
mmpulse formation The parallelism between O, consumptron and spontaneous activity
was, however, not present in all experimental circumstances investigated by Brink, Bronk
and Larrabee.

The eflect, upon 1mpulse formation, of potential gradeents apphed at the site of Ca
removal was investigated by these authors by creating such a potential gradient esther
chemrcally, or by applying 1t externally. Both methods gave the same results If, by
ncreasing KClin the solution of Na cutrate, the Ca-deficient area was made electronegative
to adjacent parts, the propagated nerve impulses occurred with reduced frequency, con-
versely, 1f the region was made electropositive to adjacent ones (by sodium throcyanate), the
frequency increased  Swmlarly, if the direction of the externally applied current was such
that 1t entered the citrate-treated region, the average frequency of impulses was reduced
for a brief period; when the polanzing current was termunated, a transient increase n
frequency was observed With reversal of the direction of the applted current the opposite
changes m the frequency of umpuises were observed These observations illustrate the
great importance of 2 combination of chemical factors and potential gradients 1n 1mtiating
tramns of tmpulses and 1 modifying their frequency. The existence of local potential gra-
drents in the heart has to be din certain fornstance inyury potentials,
the importance of the 1ontc environment in connexion with impulse formation m the heart
has been assumed for a long time  The above observations, mn addition to showing that such
assumptions have foundation n fact, reveal the mechanism of such factors in some detail.

Another observation of Brink, Bronk and Larrabee has a considerable bearing on the
mode of origin of extrasystoles. In giant squid nerves deprived of Ca  they found a local
oscillatory response, of the same frequency as that of propagated mpulses which they
precede, but spikes were discharged only «f the Iocal oscillatrons were of sufficient magnitude.
If the freq of the prop pulses varied, 1t was found that they often did so at
rates of stmple multiples. It could be demonstrated that such longer intervals were due to
failure of conducted impulses to be mmtiated and not due to disturbances of conduction
Ths finding may well have a bearig on the mechanism of exit block (in parasystole, see
chapter on * Pararrhythmias ”)  The sumlanty of this observation with one of Erlanger
and Blair’s, discussed above, will be noted Such local oscillatory changes of potential
have been extenswvely studted in recent years, therr importance warrants a more detatled
discusston

Local Changes of Potential (** Pre-potentials ) and Local Response

The discussion so far was concerned with conditions resulting m enhanced excitability
after a pr d mmpulse, for ple the supernormal pha'SC of recovery, and those
generally e to repetitive Tesp: to a single or contiruous smeIus Another
aspect remans to be considered, namely, the local processes at the site of impulse formation
in their relation to the origin of propagated disturbances and to repetitive responses
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The relationship betweent changes n excitabiity and those of potentials ss discussed
earkier 10 this chapter, and the close assoaiation between nepative {afters) potentials and
snerease n excitability after a propagated impulse was emphasized. Swtlar refatsons hold
good for sub-threshold stimute A v sacrease 3 local excuabibity resulung from
brief sub-threshold shocks was found 1 1908 by Gitdemesster. Bishop confirmed this for
stib-threshold stimutation with galvamc currents, Erlanger and Blasr (1931a, b) studied
in mote detail such changes i e y, due 10 sub tant current as well
as to sub-threshold induction shocks  The relevant pomts of their results were that, duning
flow of 3 subrheobasic current ditected cathodally with respect to the studied portion of the
nerve, the excitabshty at first rises, attans 2 maximum and then falls to a fower, but stilt
supernormal level  Followsng the break of the cathedat cum:m the excitabiinty fafls rrom
above to betow sormal. The results afier a sub-th shock were quak:
the same. Gilson and Peugnet found the behaviour of heart muscle (staps of the ventricle
of turtles* heart} quahtatively very simmlaz to that of nerve, as found by Erlanger and Blaur,
but the time relations, as found n frog nerve at 25° €, had to be multiphed by about forty
for the turile ventricle  Some {ocal, afso catied secondary, process was assumed to account
for these absenvations, alsa Tor the latency to electrical sumulation. The study of Rushtos
{1932) about the exatabality of frog’s nerve at vanous instants after the start of a constant
current mdscated an acine Jocal non-propagating process at the site of shmulation, besng
additional to the passive electric effect of the stimulus which 1t activates 1o produce a propa-
gated spike {sec also Anvantaks, 1936, and Newton) These Jocal resportses have an electrical
sign, namely, slow potential changes (for a comprebensive deseniption, see Arvamtaks,

1938)

Such stow potentiaf chanpes preceding the discharge of propagated impulses were found
by Adman (1931) 1 the gangha of the water beetle (D) tiseus marginalis), and by Adnan
and Gelfan (1933) m the sastonus muscle of the frog  In the Iatter, the electne changes
were recarded at the point of ongin of discharges which were elicited by the stuctly tocal
appheatson, at the site of the explonng electrode, of Na crtrate, tartrate or oxalate. It was
found that a slow wave of neganvity preceding the discharge of the ympulse was “* almost
invariable 7 and that, at times, osciflatory waves of the same order were also observed after
the end of a discharge. A sustained negative potentiaf associated with repetitive fibre
discharges was found m some card:omers of the ganglionated median cardiac nerve of
Lunutus polyphe. by Hi who local the ongn of this phenomenen m the
large umpolar panghon cells and drcw attention to the correspondence of hus observations
with those of Adrian on the water beetle

In extensive mvestigations Arvamiaki came to the conclusion that 2 stumulating (supra-

} current p d the p: o discharge not ondy passwvely,
but that an active local process, prccedmg the sp\kc was set up sn addison  In crustacean
nerves, in which thythmic actety was mduced by OFF or ethyl alcohol, slow negative
potentials were recorded which preceded grouped discharges (Arvamtak; and Fessard,
1934)  The presence of such a process could also be deduced from 2 study of the latent
smtervals with currents of different steength and dumuon The conclusion was that the

by which stmulatson was effective, d of twa parts, namely, ong passively
conditioned by the curreat (passive pofatization) and another, active one, which could
continue in the absence of contininng polarization (Arvamtake, 1937a, b} ‘The mamn char-
actenstics of such local changes of potential were found to be* they are graduated, contsnu-
ous, of varying speed and while, as disunct {rom the spike, they are not propagated, they
spread along the nerve, but with a considerable decrement and are no longer traceable at
a distance of 3-5 mm (Arvangaky, 1938, p. 27) In this they resemble the spread of elece
trotonus. All these local slow potenttals, whether oceurring spontancously or induced, were
found to have negative and posctive companents and * ¢'est 4 1a vanabilité de fa résultante
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reverse conditions obtain the local response 1s large, can be produced by shocks which are
too weak to elicit any response 1n normal nerve, and turns into a propagated spike at a
potential which 1s lower than that in normal nerve. These conditions are illustrated in
Fig. 213, taken from Hodgkin's paper It seems to us that these findings have a bearng on
the mode of origin of extrasystoles, for they reveal some of the finer mechanism which may
underlie the occurrence of extrasystoles during the supernormal phase of the preceding beat,
The same holds good for Hodgkin’s observations regarding the local response during the
refractory period. he points out that, whereas 1 a normal resting nerve the response decre-
ments rapidly, 1n the refractory period this tendency 1s counteracted by the Fact that the
response 1s contnually working nself into more excitable nerve. If the local response en-
countered suddenly a patch of nerve where the recovery was much more advanced than
elsewhere, the activity would immedately start to spread faster, and the potential would rise
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steeply in the whole of the cathodic region  *“ If the rise 1n potential were farge enough, the
response would be able to sustain itself by re-stimulation and would ulttmately propagate
throughout the fibre.” * This experiment shows very clearly that there 1s no fundamental
difference between a wave of activity which just succeeds in propagating and one which

Just fails.”
If, in with ext; a impulse formation in the shape of a

local change of potential at the site of the ectopic centre 1s substituted for the artifictal
sublimmal sttmulus of Hodghin's expeniments, suntlar conditrons may well obtain m cardiac
muscle. Forin view of the constancy 1n shape and

ling of ext mthe
case the origin of extrasystoles of the common vaniety i one circumscribed and constant
focus has to be d, and the presence of islets of temporartly 'y tissue near
such focus has often been postulated in connexion with this and other vaneties of cardsac

arrhythmas, . .
In a more recent study Hodgkin (1948) mvestigated the Jocal response associated with
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repetitive discharges in 1solated axons of crustacean nerve (Carcinus maenas). Such pre-
parations could be divided into three main groups: (1) axons with a recovery cycle showing
no significant supernormal phase; capable of repetition over a wide range of frequencies
(5-150 per second); (2) axons with pronounced supernormal phase; this group usually
produced trains of impulses of 75-150 per second ** and was relatively insensitive to changes
of the applied current ™'; and (3) axons with hugh threshold which either fatled to repeat or
did so only if the strength of the stimulating current was much greater than rhecbase. Only
the first two groups will be considered.

In axons belonging to group (1) 1t was found that the Iccal response to sub-threshold
currents was small as d with the p d spike p 1, for le, 1n one
expeniment was 6 2 mV whereas the spike potential was 57 mV. The response time, that
1s the interval between the beginning of the stimulus and the first spike, was very leng
when the current was weak, measuring up to 0 098 second, and was of the same order as the
intervals between successive impulses 1n the repetitive train - ** This observation suggests
that response time rather than refractory period 1s the primary factor in determuning the
frequency of repetition when the current 1s weak.” That the repetition frequency was very
much smaller than could be accounted for by the refractory phase was observed also with
stronger stimulating currents. with 5 per cent. above rheobase the repetitive responses
would have had a frequency of 240 per second if the refractory period had been the sole
determunng factor, whereas the actual rate of repetition was about thirteen per second The
refractory period became of importance with strong currents which tended to reduce the
response time toward zero, but the repetition mterval never became less than 6 5 msec
Long response time makes, not only for a low rate of repetition, but also for stable low
frequency discharges and 1t coufd be shown, 1n confirmation of previous work of Hodgkin
and Rushton, that a long response time 1s assoctated with a prolonged local response  Its
growth can be very slow indeed, 1n extreme cases takmg up to 950 msec. Ths local response
15 supertmposed upon the passive depolanization and a spike potential originates when
the depolanization reaches a certain cnitical level  The whole process must repeat before a
second spike of a repetitive response occurs, and a marked resemblance could be shown
between the changes in potential which preceded the first impulse and those preceding
““any other tmpulse 1n the repetitive tram ™. Such changes need not be :dentical, because the

rate of growth of the local response 1s exceedingly sensitive to small changes in current
strength or excitability, and a very shight residue of supernormality or refractoriness may
modify 1t.

In axons of group (2), that 1 those showing a pronounced supernormal phase, the fre-
quency of repetitsive discharge was comparatively msensitive to changes n the apphed
current Although supernormality 1s of importance m accounting for this, m this group of
axons again this 1s not the sole factor determining the frequency Formstance, the repetition
rate was 90 per second at rheobase and 150 per second at 2 4] theobase whereas, 1f super-
rormality were the sole determimng factor, 1t would have been 540 per second Hodgkin
explams this by the assumption that, during the pertod of supernormality, the local response
develops at an increased rate and that, therefore, the sptke anses earlier than 1t would do
1n the absence of a supernormal phase. But this does not mean that the sptke must anse at
the height of supernormality, 1t need not ongmate until after the end of the supernormal
period This view 1s supported by the observation that the development of the local res-
ponse was much faster during a supernormal phase than 1t was after the make of the current
This accords well with Hodgkm's previous findings regarding the behaviour of the lccal
response and 1ts turming into a propagated spike potential during supernormality (see above)

In certam circumstances * the rate of growth of the Jocal response may be exceedingly
slow and both response time and repetrtion interval have exceeded 500 msec, on certain
occastons .

e
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Of the results of these studies, those most relevant to the origin of extrasystoles, and of
ectopic beats generally, may be summarized thus:

Local changes in potential, resulting from metabolic changes, apparently being a pre-
requisite for the discharge of propagated impulses; influence, upon such local changes of
potential, of the supernormal phase of a preceding spike; independence of response time—
corresponding to coupling—from the supernormal phase m the sense that the repetitive
responses need not arnse at the crest of supernormality and that response time as well as
repetition interval may be very much longer than the interval during which supernormality
can be assumed to exist; influence of the 1onic environment on the number of repetition and
on the setting up of automatic activity at the site of former stimulation, the effect, upon the
focal response, of refractory tissue with the result that the particular conditions may fead,
etther to a dying out of the local response, or to its growth into another propagated spike;
the observation that small fluctuations in the strength of a near-threshold stimulus may
produce very great differences n the local response and excitability, with the result that no
fundamental difference seems to exist between a wave of activity which just succeeds n
propagating and one wiuch just fails; the possibility that a higher rate in O, consumptron is
necessary for automatic impulse formation in a centre than 1s necessary for the conduction
of an mmpulse

MECHANISM OF ORIGIN OF ECTOPIC BEATS

If 1t 15 attempted to put forward some views about the mode of origin of ectopic beats
on the grounds of the work discussed in this chapter, 1t must be stated at the outset that
such views can only be tentative. Findings obtained in amimal experiments can be applied
L. A S U LA ST St

some 1deas which, based on more recent ad m physiol 1 k ledge and not
conflicting with any known facts, provide some satisfactory, even if only partial, under-
standing of the experimental and clinical observations.

For all ectopic beats activity 1n a crrcumscribed centre has to be assumed.,

Extrasystoles

To consider the variety of extrasy with accurate couphng and constant
shape first- here, the activity has to be located in one single circumscribed focus. In those
numerous i which 1 ext les are observed, separated by long
periods of an undisturbed dominant rhythm, the activity in the ectopic centre must be
sub-threshold for long periods. It seems reasonable to assume that 1t consists of some
metabolic change, a fluctuation 1n resting metabolism which, as discussed above, has also
been assumed to underlie the electncal sign of sth local processes, namely, the local
graduated, non-propagated changes in potential. Evidence has been discussed which tends
Tt . . d M meesmemses—mefe orin oscilla-

Such activity
hty and then

manifests itself by producing a propagated impulse. . .

In order to explam the t ling of the extra the possible ymportance of
the supernormal period of recovery comes first to xj:md. During mli phLas‘c such sub-
threshold stimuli of the ectoptc centre would temporarily ‘become sup: Regard-
ing the underlymng mechantsm, 1t was shown that, duting thr: supernormal pha;c, the local
response toa stimulus of a given strength is larger, and turns into a propagated impulse at a

lower potential, than outside the supernormal period. Morcover, the propagated impulse
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need not arise at the crest of supernormality, so that a strict comncidence between coupling
and height of super-normality need not be postulated. Evidence, based on the effect of
refractory tissue on the local response, was also cited which explains that not every beat cf
the dominant rhythm need be followed by an le. Whetheran le follows
each beat of the domunant rhythm or occurs only after a shorter or longer pentad of un-
disturbed dommant rhythm 1s, of course, only a matter of degree and 1s ltkely to depend
on ffe in the p at the centre The 1nhibiting effect, upcn the
Iocal response, of a propagated dnsturbance, and the possible presence of a pertod of
subnormal excitability following the supernormal phase would seem to explain the observa-
tion that usually only one extrasystole occurs after the imtrating beat.
The supernormal periad is, however, not the only factor accounting for the accurrence
and timing of the extrasystoles It was repeatedly mentioned earlier 1n this chapter that the
effect of a prop d rmpulse could be noted for mntervals which were far in
excess of the superniormal phase  For such instances Hodgkin'’s observations that the res-
ponse time, rather than the refractory peniod or the supernormal phase, determmne the
frcquency al‘rcpetmon, and that !hc growth of the local response may be exceedmgly slow

mality was discussed above

As far as the processes are concerned which produce the ** subthreshold background ”—
to borrow a term employed by Erlanger and Gasser (1937)—most of this 1s still unknown.
The local changes 1n potential, * pre-potennals found 1n vanous organs to precede tke

p were :arlxer m thrs chapter It seems signuficant
that, when these were Yy in , therr d: was found to be smallest in
parts of the heart with the greatest aummaucny, and greatest in those portions which have
the least tendency to discharge spontaneously (Bozler) It was also mentioned that various

attribute such pre-p 1als to fluctuations of metabolism, a view which 1s
perhaps supported by observations on the relationship between inttiation of unpulses and O,
consumption (p. 510) Beyond this, our 1deas are only conjectural In particular, 1t seems
obscure whether the underlying stimulus 1tself 1s continuous or rhythmical,

A wealth of evidence 1s available to show that contmnuous stumult of vanous kinds and
1m various circumstances can mutiate rhythtical responses  If this be the case regarding the
ectopic stimulus, injury potentials would first come to mmmd  While these seem to be cf
1mportance in ectopic beats cccurnng immedrately after myocardial infarction, 1n trauma,
duning cardiac catheterization, and possibly certain mfections (diphthena), such explanation
15 obviously mapplicable to those cases in which occasional extrasystoles with accurate
coupling and constant shape are observed over peniods of years Snce a strictly circum-
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akin to anodality, or may be related to the increase m excitability beyond 2 block, that 1;
allied to, or identical with, the Wedensky facilitation
In the former case local circulatory changes resulting in changes 1n the ioric milieu
would have to be considered 1n the first instance. In the latter case the local abnormality
VALl lleedan e e er - R é
t
each conducted beat
Whether or not a beat imiiates an extrasystole 1n such a focus would depend on the
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Of the results of these studies, those most relevant to the origin of extrasystoles, and of
ectopic beats generally, may be summarized thus,

Local changes in potential, resulting from metabolic changes, apparently being a pre-
requisite for the discharge of propagated mmpulses, mfluence, upon such local changes of
potential, of the supernormal phase of a preceding spike, independence of response time—
corresponding to coupling—from the supernormal phase in the sense that the repetitive
responses need not anse at the crest of supernormality and that response time as well as
repetitron interval may be very much longer than the mnterval during which supernormality
can bz assumed to exist; infiuence of the 1onic environment on the number of repetition and
on the setting up of automatic activity at the site of former stimulation; the effect, upon the
Tocal response, of refractory tissue with the result that the particular conditions may lead,
etther to a dying out of the local response, or to 1ts growth into another propagated spike;
the observation that small fluctuations in the strength of a near-threshold stimulus may
produce very great differences in the local response and excitability, with the result that no
fundamental difference seems to exist between a wave of activity which just succeeds in
propagating and one which just fails, the possibihity that a lugher rate in O, consumption is
necessary for automatic impulse formation in a centre than 1s necessary for the conduction
of an impulse.

MECHANISM OF ORIGIN OF ECTOPIC BEATS

If it is attempted to put forward some views about the mode of onigin of ectopic beats
on the grounds of the work discussed tn this chapter, 1t must be stated at the outset that
such views can only be tentative  Findings obtamed in animal experiments can be apphied
to human pathology only with great reserve  Moreover, however great the analogies found
between the various excitable tssues, here again the greatest caution is necessary 1n applying
findings obtained 1n one excitable tissue to others  All that can be hoped for 1s to formulate
some 1deas which, based on more recent ad m physiological ki ledge and not
conflicting with any known facts, provide some satisfactory, even if only partial, under-
standing of the experimental and ¢limical observations

For all ectopic beats activity 1n a circumscnibed centre has to be assumed,

Extrasystoles

To consider the common variety of extrasystoles with accurate coupling and constant
shape first here, the activity has to be located in one single circumscnibed focus. In those
nRumerous n which 1 extr les are observed, separated by long
periods of an undisturbed dommant rhythm, the activity m the ectopic centre must be
sub-threshold for long pertods It seems reasonable to assume that it consists of some
metabolic change, a fluctuation m resting metabolism which, as discussed above, has also
been assumed to underhe the electrical sign of such local processes, namely, the local
graduated, non-propagated changes n potential. Evidence has been discussed which tends
to show that such changes consist, either in a gradually increasing negativity, or in oscilla-
tions, and that increased negativity 1s associated with tnerease 1n excitablity. Such activity
becomes supra-threshold if 1t exceeds a certain degree for a given excitability and then
manifests 1tself by producing a propagated mpulse.

In order to explain the 1t coupling of the ystoles the possible importance of
the supernormal period of recovery comes first to mind, Dunng this phase such sub-
threshold strmuli of the ectopic centre would temporartly become supra-threshold. Regard-
1ng the underlying mechanism, 1t was shown that, during the supernormal phase, the local
response to a stimulus of a given strength is larger, and turns into a propagated impulse ata
Jower potential, than outside the supernormal period. Moreover, the propagated impulse
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neuromuscular block may be effected: the end-plate becomes less sensttive to the depolariz-
1ng actron of acetylcholine, or too much acetyl-choline 1s released so that depolanization
spreads beyond the end-plate region, or insufficient amounts of acetyl-choline are released
by the nerve impulse * (Feldberg). Any of those conditions might produce a protective
“*block . It would seem a reasonable, though admittedly entirely hypothetical assumption
to atmbu(c such a protective blocking mechamsm to acetylcholme which 1s known on the
one hand, to produce block 1n certain (for instance, d block,
Burns, Paton and Vianna Dias; ganghonic block, Paton and Perry) and, on the other, to
imtiate ectopic impulses i the heart (discussed n the section on *“Choline,” p. 328)
Another possibility would be that the conducted S-A impulses fail to release a sufficient
quantity of acetylcholine at the ectopic centre and thereby the centre 1s “ blocked ”  Vartous
conditions are known to produce ths effect, amongst them caleium deficiency (Brown and
Harvey) or perfusion with solutions rich in phosphate (Brown and Vianna Dias), Calcium
deficiency 1s also known to favour automatic impulse formation, and m sympathetic
gangha some relationship seems to exist between acetylcholine deficiency, failure of trans-
musston of excitation, and spontaneous activity 1n the form of repetitive discharge, 1a the
causation of which calcium defictency appears to play a part (Bronk ez al, 1938, Harvey
and Mclntosh, see also sectton on “ Choline ) Burn's suggestron (Burn 1950) may be
recalled once more in the present context that in cardiac muscle *“ the mechamsm for finng
off the contraction is also acetylcholine, but instead of being liberated by a nervous impulse
1t is synthetized and causes a contraction probably when a certain concentration 1s reached.
It 1s possible that the pacemaker controls the rate of beating by controlling the rate at which
this concentration 1s reached . If 1t 1s applicable to ectopic impulse formation 1t empha-
sizes the importance of acetylcholine and thus also th ditions whichnfl 1tseffective-
ness. That acetylcholine may play a greater part 1n the conduction of the cardiac impulse
than hitherto assumed has been considered by Rothschuh as a result of hus findings that the
(frog) heart consists electrophysiologically of very small units, of the order of 0 1-02mm,
whereby in the ltan heart the lated discs possibly form the anatomical basis.
Since metabolic changes generally are held to underlie impulse formation, an explanation
along these lines suggests itself
The postulated brochemucal disorder 1 or near the centre would be remimscent of a
similarly localized disorder 1n myasthenia gravis, though this comparison should by no
means be taken to imply that 1dentical conditions are assumed
Such a mechamsm would also explam, at least to a certain extent, why automatic
1mpulses do not become manifest during the supernormal phase of beats onginating 1n other
centres the altered condition of, or near the parasystolic centre, namely 11s reduced excit-
ability as postulated to account for 1ts protection, would equally prevent its sub-threshold
potential changes from becoming supra-threshold during the supernormal phase of other
beats  Only when the automatic impulse has reached a certam intenstty 1n the centre would
a propagated disturbance ensue, We assume, therefote, that in parasystole the activity of
the ectopic centre 1s more rhythmecal than in extrasystoles, and sub-threshold processes play
amuch smaller, tf any, part  The mechamsm of parasystolic impulse formation would thus
be more akin to the normal impulse formation 1n the S-A node
In instances of parasystole with a fast ectopic rhythm the refractoniness produced by the
fast ectopic rhythm accounts for the protection of the centre and no further mechantsm
need be assumed (see chapter on ** Pararrhythmteas *’)

ip between E; ic and Auty ic Beats arising in the same Centre

To take these relations 1n the same order as mentioned abowe (. 495)
Automatic beats oniginating in the same focus as ext Here, the e 1
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have to be assumed to origanate 1n the way discussed earlier 1n this chapter, In addition,
there 15 2 periodic protection of the centre, caused by the extrasystole in 2 way unknown,
which makes possible the undisturbed formation of an impulse in the same centre, In
addition to the extrasystoles, automatic beats are emutted whenever the Jocal potential
changes have reached the critical level at which they turn into propagated disturbances.
This view accords well with some experimental findings on 1mpulse formation in nerve
(for 1nstance Arvanitaki, Lehmann) and heart muscle (Segers).

Automatic beats foll d by extrasystoles ongi g 10 the same centre could be under-
stood as an arrhythmia in which the extrasystoles anse, 1n the supernormal phase of the
wntiating beat, 1n the same centre and in the same way as they are assumed to do after a
precipitating beat of the dominant thythm.

The transition from parasystole into an extrasystolic arthythmia, which has been
observed on rare occasions, 1s more difficult to explain on the grounds of the observations so
far available It could be understood as resulting from the disappearance of those conditions
which were discussed as accounting for a protective ** block  of the ectopic centre, Such
conditions were assumed to be functional ones, most probably metabolic 1n nature. (Their
functional character would also account for observations of internuttent parasystole, and of
the disappearance of parasystole after some tume which we have not infrequently observed )
If. owng to metabolic fluctuatrons, the broch 1 disorder for the protection
of the ectopic focus is no longer present, this will be depolarized by the impulses of the
dominant centre. A condition results it which the sub-threshold activities at the centre
become supra-threshold during the supernormal phase of the preceding beat, that 1s, the
centre produces extrasystoles with fixed coupling.

In concluston, we should like to emphasize once more that the views on the mechan-
1sm underlying extrasystohc and automatic impulse formation should only be regarded
as working hypotheses Whatever the mechanism 15, we trust to have adduced adequate
reasons for our contention that extrasystohc mpulse formation should be separated from
the automatic one. The former yield propagated impulses only dunng a certamn period of

\} d exci upon an tmtiating beat, in the latter the ectopic impulse
formation 1s independent of such other beat

The first meaning given i the Oxford Dictionary for avrduar-os 1s * Self-acting, having
the power of motion or action withinitself . Clearly, no brol I phi d
on another phenomenon of the same kind, and initiated by 1t with a constant time sequence
and 1n a defintte, though as yet only imperfectly understood manner can thus be called

“ automatic ™

SUMMARY

The thesis is put forward that true eatrasystoles, that 1s, ectopic beats with accurate
couphing to the preceding beat (and often with shape) in the el diogtam are
preciputated 1n the ectopic centre by an imtiating beat and are. thus a passive, derivative
phenomenon, as distinct from those forms of ectopic arrhythmia 1n which two (or more)
ndependent automatic centres, of equal importance, of mmpulse fqrmanon co-exst, the
activity of neither of which 1s detiving from that of the other. For Ih‘ls reason we advocate
that true ex should be sep d from ic ectopic arrhy (forinstance
parasystole) 3

Alternative hypotheses are discussed which have been put forward to explain extra-
systoles, namely the conception of a parasystolic orgin of cxtrasy§wles, and that of a crcus
movement as the underlying mechanism. The arguments, on which these views are based,
are discussed and reasons adduced why we consider these hypotheses to be unsatisfactory

explanations,
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The work is reviewed in some detail which demonstrates that extrasystoles anse in one
circumscribed focus, and that their origin there is dependent on an initiating beat. Reasons
are given for the statement that the origin of extrasystoles n such a centre 1s not due to
increased automatism of the ectopic focus, While the separation between extrasystolic and
automatic ectopic impulse formation 1s stressed it is pointed out that, in rare mstances, the
same focus may give rise to extrasystolic and automatic ectopic beats.

Any views about the physiological processes underlying extrasystolic and automatic
impulse formation have to be consistent with the observations that

(1) these two varieties of ectopic beats mostly occur independently from one another, and
(2) 1n some, comparatively rare, instances these two varneties have been observed to be
related to one another in various ways

It 1s pomted out that our knowledge about this subject 15 very scanty, but that more
recent advances mn cardiac and nervous phystology have thrown some light on this problem.
It is emphasized that observations made on one kind of tissue can only with the greatest
reserve be applied to another, but that anal, mthe i and d of
m living tissue exist which may show the waym which a fuller understandmg may besought.

From this pornt of view some relevant physiol 1 data about and propag:
tion of exc:ta!mn are revxewed based on the membrans theory Some mevan( \vork on

P e

observations demonstrating an mcrease 1n excitability after a2 propagated disturbance,
which may last for a constderable tsme  The local, graduated, non-propagated changes in
potenttal at the site of ortgin of a propagated impulse are described, as they were established
in nerve and skeletal and cardiac muscle.

The repetitive response to a constant stumulus has been observed in various experimental
conditions and ples are d of this ph resulting from inyury, electrical
and chemucal stimulation The bearing which such observations have i emphastzing the
rdle of metabolic factors 1n the onigin of extrasystoles 1s pomted out,

Such observations are considered to support the hypothesis that true extrasystoles anse,
in a carcumsenbed focus, as the result of sub-threshold activity 1n the ectopic centre tem-
poranly becoming supra-threshold during the penod of enhanced excitability consequent
upon the imtiating beat It 1s pointed out that the supemormal phase, while being of para-
mount 1n the of such d exciability, 1s not the
only factor, and that the local potential changes m the centre are likely to exert a profound
nfluence on the time of occurrence of the extrasystole

It 1s emphasized that, whatever the finer 15 which prod! the ext !
no circus movement, but impulse formation 1 a crrcumscribed centre 1s assumed

Regarding qutomaric impulse formation, tn particular parasystole, 1t 1s pomnted out that
the main difficulty centres around :he mechamsm of the protection of the ectopic focus
agamst the impulses of the ‘The p ofa block zone, sphen-
cally surrounding the centre, whlle p0551bly for some
as a general explanation for reasons pointed out in the chapter on pararrhylhmms We
wisualize such protection as due to reduced excitability of the ectopic focus  The difficulties
1n reconciling this view with the membrane theory are briefly discussed and 1t 1s pornted out,
by way of a hypothetical assumption, that more recent work on acetylcholine seems to
indicate that a biochemical disorder may be the underlyng condition In cases of para-
systole with a fast ectopic thythm the hugh rate itself accounts for the protection of the centre
and no further mechamism need be assumed.
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An atterapt 1s made at explaining those nstances in which a relationship between extra-
systoles and automatic beats has been observed, namely: automatic beats originating n the
same focus as extrasystoles; automatic beats followed by extrasystoles arising in the same
centre; and transition from parasystole into an extrasystolic arrhythmua,

In concluston 1t 1s emphasized that our views about the mechamsm underlying extra-
systolic and aotomatic impulse formatron should only be regarded as working hy-
potheses, but that we trust to have adduced cogent reasons for our contention that these
two vaneties of ectopic arrhythmias should be considered as fundamentally different.

REFERENCES

Aprian, E D (1920). * The recovery process of excitable tissues > J Physiol , Lond
ADRIAN, E D (1930) “ The effects of injury on mammalian nerve fibres ** Proc roy Soc B 106, 596
Acrtan, E. D. (1931} “’Po!ennal changes 1n the 1solated nervous system of Dytiscus m:.\rgm:lhs Jo

2, 1.

Aprian, E. D (1932) The Alﬂ‘/mmsm of Nervous Action. Oxford Uninersity Press, London, Untv of
Pennsylvama Pr:ss, Philadelptia

ADRIA! E. D, and GELFAN, 5. (1933) ** Rhythmic activity 1n skeletal muscle fibres ™ J Phystol , Lond ,
8

ADRIAN, E D, and Lucas, K (1912} “On the of d i nerve and
muscle" J Physiol , Lond, 44, 6

CR Soc Biol, Parss, 1o, « .
Avvairrave 4 (10770 % an‘lmnn:menr rvthmiaue et variations lentes de potentiel ”  C R Soc Biol ,

. .
I ; . . .
Brewd, Ly ,wm.......,w. - .

ardwlagm, Basel, 1

Botr, S pe(l92l) Frefzwuhlen, Flimmern, Flattern, gehaufte Extrasystolie, paroxysmale Tachykardi e.”
Pflug Arch ges Physol , 187,193,



MECHANISM UNDERLYING ORIGIN OF EXTRASYSTOLES 523

T(hc{ﬁhvuy of the pacemaker previous to the discharge of a muscular impulse *
12

Bozuer, E (1942a).
PR - O]

Amer.J Phisiol , 139, A7,
Bring, F,, and BRONK, D W (ll)!‘l) ** Rhythmc activity of single nerve fibers induced by Jow calaum ™

Froc, Soc exp B:ol NY,3T.9 s
Brivk, F, Brong, D w, and Larrager, M, G, (1946) * Chemcal excitation of nerve ™ Amn N Y
Amd Su . 47, 457

Bl iwmaner M (2 Gyuinn 10 and Doy T 1010 % Tha o e
. '
' "Ly,
. Membm\: Testing and action poteatials from the squd gant
. * Repetitsve discharges from the wsolated atra ™ J Physiol ,
LAVHAI s aal, o
, D E, and S , € S (1928) * Subliminal fringe wm spmal flexion ™ J Physiol ,
'-""d.;“ s, SV R ey

meum T°W (1882) ™ Der Bulbus aortae des Froschherzens ™ Pflug Arch. ges Phvsiol , 29, 425
P 451 Quoted from Tngemedl and Stromberg

Errwsmh "zza?g«) Rotocnaes, C 1 (1605 ~Zur Analyse des Elektrokardiogeamms * Wien &
Wachr

ErLanGER, S , and BLair, E A (1931a) * The imtabsiity changes 1n nerve in response to subthreshold
nduction shocks, and refated phenomena including the relatively refractory phase ** 4mer J Physiof ,

. 108

ERLanGER, I, and Brair, E A (19316) ™ The irntability changes m nerve in responss to subthreshold
constant cutrents, and related phenomena * Amer J Phvsiol ,99, 129

ERLANGER, J , and BLAR, E A (1936) “Obscrvations on repetitsve responses inaxons ™ Amer J Phverol ,

114, 328
ERUANGER, J , and Gasstr, B.§ (1937)  Electrical Signs of Nervous Actnuty Univ of Pennsylvania Press,

Phifadelphia
L T Gl * Perioden an emem
Esta extrassstolicas con
AL . Wien Arch tnn
Med , 23, 2
F“DBE;GJ“; (l;)il) “* The phy gy of and block ™" Brir

Feng, T P (1937) * Studies on the neuromuscular junction  VII The eserine-hike effects of barm on
motor nerve-endings ™ Chin J Physiot, 12,177

Frssaro, A (1936)  Propriéiés rythmugues de ta matiere vivante, Actual scentif et industr  Hermann,
Pars,

15,
FRAENKEL M (1925) ™ K an gerewzten Moskeln * Pfug
deeh @oe Dhieal 0T 1N



524 EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

P L T . . - e e = a-

. ) -
I’Iw:éol 17,1 . '
GeLEAN, S (1949) l\ uscle ** In Fulton, J F, Textbook of Prysiology, 110 P, 116
Gn.u;;-lnnlzk.ua/l 4.3'79 8) * Ober Interferenzén zwischen zwet schwachen Remzen ™ Pflug Arch. ges
hstol |, 124,

1. 146
HopGxin, A L (1937} » Ev:dcm:e for electrical transoussion (o nerve * J Physiof , Lond , 90, 183, 211
HODGKIN A L (1938-39) ** The na nerve fibre ** Proc, roy Soc B,

26,
HDDGKIN A L (1948) * The local electric changes associated with repetitive action 1 a non-medullated
" J Physiol, Lond ,
Honakm A L,and Hustv A F (1939) ™ Action potentials recorded from nside @ nerve fibre
Nnmr(. Loml 144, 710
Hoookmv, A L, and KATz B (1949) “The eﬁ'ecl of sodium 10ns on the electrical actvity of the grant
avon of lhe squd J Phystol . Lond , 108,

Horr, ) H E. (1949) " Events of the O ot Syale™ In Fulton, J F, Textbook of Phswology, 16th ed

Pr— .: seq A4 Spgaee D€ (10440 ¢ The sunernarmal neriod 1n the recaverv evcle of motoneurens ™

s . ventricle * Amer J.

L . - . omenkomplexes und

. N : . ++ Falle von partieliem

Lo - L . * J Physiol, Lond ,
83 &7 - - sar o~ eed Yinersity Press, London

ge zur Kenntnus der Entstehungswetse extrasysto-

** «elwogen (Kuhne) und scine Beziehungen zum

blem  pplg Aren ges 1 ppave,
Kouﬁx;l"nxusvm 1939). J““”Der Herzrhy(hmux zls Relaxﬂhonsschwmgung " Verh disch Ges. Kreisl

x 66
Kfogl:ffg ', lzfldIACH!SQN, G H.(1946) * The pharmacology of the veratrum alkaloids > Phvsiol Rev,
26, 333



MECHANISM UNDERLYING ORIGIN OF EXTRASYSTOLES 525

LorENTE DE N6, R (1947) A study of nerve physiology ™ Studies from the Rockefeller Institute for

London P 174
1al reference 1o the therapeutic

ransrrussion block 1n the cat’s

Hrrschwald, Berhn  Abschn,

RaCHMILEWITZ, M, and ScuErr, D (1930) * Uber extrasystolische und automatische Tatigkert der
E Serdd b R i iR

Ror '

ROTHBERGER, L J ‘ ' -
pathol Phvsiol

Roruscrun, K E
menten und u .

253, 238
RusHTON, W A H (1932) ** A new observation in the excitation of nerve and muscle ** J Physiof , Lond ,

75,
SAMONLOFF, A (1930) “ Die Aktivierung der fur den Muskel unterschwelligen indirekten Reize durch
einen maximalen Nervenemnzelreiz ** Pflug Arch. ges. Physiol , 225, 482



EXTRASYSTOLES AND ALLIED ARRHYTHMIAS

Pe LT OQIN AN Ellenast -ologe Deuticke, Vienna. Yol 1, 1940, Vol 2, 1942
zrdmgramm Theore und Kiimik. Spnng:r Berlm, Gottingen and

“Zur. des Ner it und der Ki "
Z Smnnplnsml 61 161
Screrf, D (19: der und der Allorhythmien >
ges exp Med l 816
SCHERF, 05(1927) " \Vcnercl uber die der " Z ges exp.
8, 22
Scuerr, D (1929) =L uber die der und der y
hischen Allorhythmien [I11° Z ges exp Med , 65, 198
ScHErf, D (19302)  * berd ang zwischen k E; und

lischen Tachykardien * Z ges exp Med, 70, 375
Scuerv, D (1930b)  Uber die Wirkung von Siure- un, 501 A
Gasgehaltes des Blutes auf die Extrareizbildung im Saugetierherzen ™ 2 ges exp AMed , 73, 382
ScHerr, D (1942) * Response of focus of origin of to warming or
cooling ” Proc Soc exp Biol (N Y .51,22

87,326
ScHoTT, A (1934) * Zur Frage der heterotopen Arrhythruen durch Carotidenabklemmung ™ PAag
rch ges Physiol , 234, 5
Scmuzvm H and Cwuu.A R (1938) “ Ueber Erregbzrkensandcrungen des Nerven beim Ueberg:mg
Plug Arch ges Phsiol , 241,

Scnu'rz, K (1934) * Das Ph:nomen d:r tetamesterien
Bl , 95,

Grrme KA 71090 1 a canns anmanatt sad napue? 7D Can Bl Do 121 44D
B e - . . .

. " . . ’ . .
i, 93z - , ,
. 2 ieiie cen e e i ms m = e e seen A enstrecke *
. ' . 7 Bl
BUBS e i een 4wt cece e D i cA T oo e v t00e R
N L 1

condenser shocks applied duning the valnerable phase ot ventricular systole * Amer J. Plysiof , 128,

\VOLf'[RTH C C (1928) * The so-called supernormal recovery phase of conduction 1n heart muscle ™

J, 3,7
\Vooununy L’:& HEc H H, and CHRISTOPHERSON, A R (1931) ** Membrane resnng and action

potentials of smgle cardnac muscle fibers of the frog ventgicle  Amer J Physiol , 164,



INDEX

Acetylcholine, cardiac effects, 328

— therapy in paroxysmal tachycardia, 248

Acomiine and nervous stemulation, ectopie rhythms
after, 258

— arrhythmlas due to, 3.

— auncular fibnllation pmduced by, 224

Adrenaline See Epinephrine

Age incidence of extrasystoles, 456

Alcalosis, extrasystoles 1n, 441

‘Allergy and extrasystoles, 447

Alternans, 211-17

— auncular, 213

— electnical, 213

Apogrmum cannabiom, bigemmal action due to,
Anhythmms ectopic  See also Extrasystoles,
ythmias, Parasystole

et aspects. 413780

— duning menstruation, 446,

— histortcal remarks on, 1-26

— lfe msurance in relation to, 451

— nervous influences, 253

. im aurn-

- imterpolated ventricular extrasystoles 1n, 93
bundle, extrasystoles onigmating in, 95
conduction, delayed, 1n auricular extrasystole, 53
extrasystole See Extrasystole, atrio-ventnicular
rhythm, classification of, 68. 73

— extrasystoles in, 102

_ interference by simno-auricular thythm, 178
Atropme, cardiac effects, 33

— ectopic thythms effect of, 255

— 1n treatment of extrasystoles, 479

~— return extrasystoles due to, 113, 114

Aurcular

AN

Barwm, cardiac effects, 347
~— effect on nerve, 508
Beat, premature, definition of, 27
n treatment of 479
Benzol, arrhythmas due to, 264, 308
Brgerunal rhy(hm 33,193, 194
-5 ogu: to avrhythmeas other than extrasystoles,

Bigemny, true, 140, 194
Borellt on cardiac movernent, 19
Bouveret type of parotysmal tachycardia, 237
Bowditch’s * all-or-none** law of heart muscle
contraction, 355

— of His  See Atrioventnicular bundle

Caffetne, arthythmias due to, 32t

Calcium and nervous stimulation, ectopic rhythms
after,

— cardiac effects, 343

Carolld sinus pressure, extrasystoles produced by,
258

7 extrasystoles suppressed by, 260

— — reflex, elicitation of,

— = — stmulation, eckoplc bezts precipitated by,
25!

Catheterization, cardiac, extrasystoles due to, 429
Cheyne-Stokes breathing, extrasystoles in, 439
Children, extrasystoles i, 457
Chinese studues of pulse, 1
and nervous
vhythms after, 254

— arrhythrmas due to, 301
Choline, cardiac effects, 328

. therapy 1n paroxysmal tachycardia, 248
Circus movement, relation to extrasystole 482
— ‘l)h:ory, of aurcular flutter and fibrillation,

ectopic

Cocatne, cardiac effects, 309

Coronary artery, arthythmuas after ligation, 419

— sinus, extrasystoles, 72

— — rhythm,

Coupled beats, 33 See also 7 Gousling

Coupling, definition of, 27,

— of extrasystoles, 193 209

—_ — chnical observations, 197

— — experimental work on, 194
= penodlcal spontaneous changes in length, 199

nervou: ectopic

rhythms after, 254

aurcular

ee
Auscultation of extrasystoles, 463

due to, 304

Dextrocardiograms, 390

Diagnosis_differential, 469

Daastole, Galen's definition of, 2

Dlgllasllls and vagal stimulation, ectopic beats after,

— arrhythmias due to, 275

527



530

Yafams w2 o, R

Luwer ou ine heart, 4

ac eﬁ'ec‘ts, 351

Nasal mucous membrane, arrhythmias preciptated
from,
248

therapy 10 p:

Nerve excitation, 495

— potential changes, local, 510
— stimulation, chemical, repetitive response to, 507
— —electrical, repetitive response to, 504

Nervous system, central, extrasystoles originating

from, 267
beliors role n extrasystole, 253-73

478

OQuabaine, smus extrasystole produced by, 82

P wave wn auricular extrasystole, 49, 402
— — In ventricular extrasystole, 36
Palpation, 462

Papavenne, cardrac effects, 300, 335

— in treatment of c\tmsystolcs, a7n
Papyrus Ebers, 1
Pararrhythruas, 2 151-92
Parasystole, 151-7:

— auncular, 161

— with simpie nterference of two rhythms without
exit block, 154
n treatment of 478

P

INDEX

Pneumonectomy, arrhythmuas due to, 265
Preumomnia, labar, extrasystoles 1n, 450
Polyto%:c stimutus formation (hcory of fibrillation,

P =

=1nson-

Pregnancy, extrasystoles in, 446

Presso-receptor nenes mle i precipitation of
ectopic rhythms, 2:

Procatne, ahohlmn o( arrhy‘hmms by, 310

— cardiac effects,

— therapy in cx(msystoles

— — n paroxysmal xachycard(a 248, 249

Prognosis, 470

** Pronesty! ,eﬁcct on zrrhylhmms 32

e

L
— capr
- p;eudo{leﬁclcns 17

PR PP )

Pam smemmt b

: .
i .
1

= b, 0, 13, 1
— — dueto anhylhmnas ather than extrasystoles,

2
— coronaty sius, 71



INDEX

531
T d

pes. 237

Rhythm, in aunicular 45
——m mterpolated extrasystole, 85
— — 1 ventricular extrasystole, 27
— dommnant, de‘ﬁmuon of, 27

_— vcmm:ul:r, (rtatmem 248
~— — after cardiac trauma, 427

— — precipitated by exercise, 416
P

a centre excitable, 237

en salves, 240
Tachvsysm!y theory of fibnilation, 219
and agal extra-
systoles after, 2§

Thiomenn cardiac eﬂ'ectS, 353

Trigemnal rhythm, 33, 193, 194
Trilene, arrhythmas due to, 307
‘Trimethylene, arrhythmias due to, 304
Trypanosomiasis, extrasystoles i, 450

— extra-
systoles 1n, 93
— trigeminal, 33, 193, 194
Saticylates, cardiac effects, 316
Scarlet fcw(\: e(trasystole 450
N I - .
IS P ae et
6 T
o P
. . an_gs
' . an, ectopic

Solano de Luque on intermittent pulse, 9

Squitls, arrhythmsas duc to, 287

Stimulation, continuous, repetitive respanse to, 503

Zsub-threshiold, change of excitability ~and
potential after, 503‘

Swallowing, paroxysmal tachycardia due to, 266
Sympathetic stimulation, ectopic beats produced by,
253

Symptoms of extrasystoles, 460
Syntropan, cardiac effects,
Systole, Galen’s defimtion of, 2

1 14

—— — 31 WOILI-FAIRUISOIL WIRLE SYlUroIe, 432

— — mechanism,

— - supra-ventricelar, with A-V block, 240
— ~ treatment, 248

— — treatment, 246

Utero-ovarian arrhythmas, 445

Vagus, effect of quinne alkalods on 293
— sttmulation, ectopic beats produced by, 253
— — reflex, m treatment of paroxysmal fachy-
cardia, 246
Vectorcardiography n determination of site of
origin of ventricular extrasystoles, 400
Ventricle, automatic beats, retrograde V-A con-
duction of, 133
Y See

ventr-
r
Veratrme, arrhythmias due to, 325

Wedensky effect, 5

‘Wenckebach’s perlods 24, 357

= pills, 320, 4

Weyer on the pulsc.

Withs on arrhythmias, 6

Wolff- Parkmson-\Vhlte syndrome, 206

extrasystoles in, 432

Women, extrasystoles i relation to phases of sexual
Iife, 445

X-ray trradiation, ectopic arthythmias and, 441

Zonal interference theory, 394, 397



